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SUMMARY

An alternative method of analysis to determine the dynamic response of
structures subjected to base accelerations is presented. The method is exact as
opposed to the approximate technique of using unusually large masses and loads to
enforce desired base accelerations. This paper presents the relevant equations of
motion, ALTERs for direct and modal frequency-, random- and transient-response rigid
formats, and illustrative examples.

INTRODUCTTION

N Dynamic environments of industrial structures and structural components are

. frequently specified in terms of base accelerations. The dynanics analysis capa-

. v Pbilities of NASTRAN, however, provide for the specification of loads rather thun

accelerations. An approximate technique is therefore, generally practiced wherein

the structural degrees of freedom with known (base) accelerations are _assigned very

.- large masses (or mass moments of inertias, of the order of 10% to 1012 times the
total structural mass) and subjected to correspendingly large loads to enforce the
desired base accelerations (ref. 1). This method can, in some instances, lead to
erroneous results as shown by the frequency response function in Figure 1. The

R function represents Oxx,l in element 2 when the cangilevered plate, shown in

Figure 2, is subjected to a unit base acceleration z (f) = 1. A concentrated nass

of 10% units was used in the z (translation) degree of freedom at grid point 1. The

solution was obtained using the direct frequency and random-response rigid format

DISP RF 8. A viscous damping matrix proportional to the structural stiffness matrix,

BDD = 2.0 E-0 KDD, was used enabling a direct comparison of the results with those

from the alternative methol.

T

The method discussed in the following sections avoids the use of fictitious
large masses thereby eliminating any associated cenditioning problems. For a modal
formulation of the problem, the modal basis currently available in NASTRAN rigid
formats is used. These modes are the base-relaxed modes including rigid body modes,
and counstitute a plausible basis for base excited dynamic response calculations.

The prevailing boundary conditions are satisfied by all modes. The user directly
specifies base accelerations on existing HASTRAN bulk data cards.

NOMENCLATURE 3

Ak

Note: A consistent set of FLT units has been used throughout this paper.
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Damping matrix, FL”lT

, : Viscous damping, FL-lT

-1 ORIGINAL PAGE 13
f Frequency, T OF POOR QUAL|TY
g Modal damping coefficient
i V-1
K Stiffness matrix FL-1
k Stiffness, FL 1
1.2 .
M Mass matrix, FL T
m Mass, FL—l'I‘2
P Load vector, F
d -1
P Derivative operator T T
A t Time, T
i ', u Displacement vector, L
: V.2 Translational accelerationms, L'I’—2
- w Circular frequency = 2nf, 'I'-1
wi Circular frequency of ith natural mode, T -
t ¢ Modal matrix
* Oyx.1 Normal stress compoment in basic X direction, z- fiber, FL
?
Subscripts:

a, d, h, 2, p, r NASTRAN displacement sets

D = d-r set

L¥

METHOD OF ANALYSIS

Direct Formulation

After the application of constraints and partitioning to both structural and
direct input matrices, the equation of forced motion is
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The displacement vector uy is partitioned as

{uy} = {;‘-’-} . ORITNEL Pa2F 13 (2)

r CF PUUR QUALITY

with u, representing the base accelerated degrees of freedom. Equation (1) can now
be rearranged into the following two equations:

, and 3)

u
: 2 | e 1Dy L
[[MrD:Mrr]p + [BrD:Brr]p + [KrD:Krr]J{ur } {Pr} . (4)
Given the base accelerations pzur, equation (3) is solved for uqs Puy and pzud.

Fquation (4), in turn, can be solved for P~ the loads required on the base degrees
of freedom to cause the desired base accelerations.

Modal Formulation

The displacement vector ugq is written as

u O
{u.} = {._D_} = [_P‘_‘
d Yr ¢)rh-

where the modal matrix ¢4, has been appropriately expanded to include any extra
points (ref. 2). Substituting equation (5) in equation (3), and premultiplying both
sides by ¢JL, the resulting equation of motion is

{uh} = [¢dh]{uh} , (5)

where . \
T , 0
(] = [ogp ['Bgfi;' (641 >
8,1 = [8L,1 + [o,1" Fgg@‘_’g;] [0g] -
[k, = [¢dh]Tngi‘fyg] [64,] , and Q)
' (continued)
91
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PD - [MDrlp {ur} OF POOR QUALITY (continued)

(.} = [0, 1" {-2- . (7)
S B W T

Consistent with the existing capabilities of NASTRAN rigid formats for modal
frequency- and random-, and transient-response analyses (DISP RFs 1l and 12), the
modal damping matrix By consists of contributions due to,

1. the damping matrix Bih proportional to the mass matrix as

(31 1= Cu g J Lo, 1" ”gD;”gr (041 > (8)

with the elements of the diagonal matrix corresponding to all extra points set to
zero, and

2. the direct input matrix.

Given the base accelerations pzur, equation (6) is solved for uy, pu, and pzuh.
Eguation (5) is used to recover the displacement vector uy and its rates puy and
pP“uq. Equation (4) can be used to recover the loads P,. The damping terms BrD and

B,., are partitions of the directly specified damping matrix B2PP.

IMPLEMENTATION IN NASTRAN

The method of analysis discussed in the previous section has been implemented
in NASTRAN April 1982 release in the form of DMAP ALTERs. The ALTER packages for the
displacement approach rigid formats 8, 9, 11 and 12 are given in the Appendix.
Fxisting NASTRAN utility modules have been used to partition and merge various
matrices for the rearranged equation of motion. The functional module FRRD2 for the
frequency response rigid formats has been modified to solve coupled equations of
motion. These modifications are also included in the Appendix.

In using these ALTER packages, the following points are to be considered.

1. The base accelerated degrees of freedom are specified on the SUPORT bulk data
card.

2. The base accelerations are specified on RLOADi or TLOADi bulk data cards akin
to specitying loads.

3. The base accelerated degrees of freedom must have non-zero mass (or mass moment
of inertia). No fictitious large masses are required.

4. In rigid formats 8 and 11, external loads can be applied to all (p-r) set
degrees of freedom.

5. In rigid formats 9 and 12, external loads can be applied to all (d-r) set
degrees of freedom.

6. An OLOAD request for the base accelerated (r set) degrees of {reedom in RFs 8
and 11 results in the Joads on these degrees of freedom necessary to cause the
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method of determining base accelerated dynamic response.
used to illustrate the accuracy of all the four ALTER packages.

"R g,

specified base accelerations. Such a request in RFs 9 and 12 will output the

specified base accelerations. This is due to the non-availability of puy and
P“uq in distinct data blocks.

If OLOADs are requested for the base accelerated degrees of freedom in RF8 and
11, a real diagonal matrix named FREQ must be input on DMI bulk data cards with
entries sorted in an ascending order from the FREQ or FREQi bulk data card.

The order of the FREQ matrix must be equal to the entries on the FREQ or FREQi
bulk data card.

Mode acceleration method of data recovery is available both in RF1l and
RF12.

The data recovery procedures in all the four rigid formats remain unchanged,
with the exception of stress recovery. The stresses are computed usiug dis-
placements (or modal displacements) relative to the base. This is due to the
fact that in problems with specified base accelerations, the absolute displace-
ments can become extremely large. The subsequent stress calculations, as a
result, are based on small differences of large numbers, and can be in error as
shown by the stress response at very low frequencies in Figure 1. It is to be
noted that any limitations imposed by these ALTER packages are as a direct
result of utilizing existing functional and utility modules, with the necessary

exception of FRRD2. These limitations can easily be overcome by creating new
(dummy) modules.

ILLUSTRATIVE EXAMPLES

Two problems (Figures z and 3) are considered to illustrate the alternative
The problem in Figure 3 is ‘
The problem in '

Figure 2 is used to compare response calculations with those shown in Figure 1.

tion at mass my.

Figure 3 shows a 2-degree of freedom system subjected to a known base accelera-
The problem is to determine the acceleration response of mass m,.

The following steps are followed in obtaining and cross-checking the solution by

various ways:

1.

2.

PF8 with ALTERs is used to determine y,(f) and P;(f), given yj(f).
RF8 without ALTERs is used to determine ¥;(f) and y,(f), given P;(f).
Steps 1 and 2 are repeated with RF1l.

RF9 with ALTERs is used to determine ¥,(t), given yj(t).

Step 4 is repeated with RF12.

Figures 4 and 5 show the results of steps 1 through 3 which compare well with

the theoretical results given by

. k + iwc . . .
¥,w) = [k ¥ 1o - ‘“7“‘2} yl(w) sand P (w) = my (W) + my,(.) . (9)
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R A LN N o ‘ " f tops 4 and 5 with theorv. The
-wnt
. = -_e____.—-‘_ /- _ :Z » 9
yz(t) 1 U cos (V1 g wnt + Y, ),
where ; =c¢/ (2vkm7) ,
w = /E/mz , and
> (10)
Yo' - tan”? (—2—)
v - 72
for §l(t) =0, t<0
=1,t>0. j

Figure 7 presents the frequency response function of Figure 1, using RF8 with
base acceleration ALTERs. For comparison, a damping matrix proportional to the
structural stiffness matrix was used in both solutions (BDD = 2.0 E-6 KDD). The
response does not rely on the selection of any fictitious large masses, The error in
the stress response at low frequencies is also eliminated.

CONCLUDING REMARKS

1. An alternative method of determiniug base accelerated dynamic response in
NASTRAN has been presented and demonstrated, avoiding the use of fictitious large
masses.

2. Although this paper discusses the problem and its solution in terms of absolute
degrees of freedom, a number of variations can be simply achieved to suit particular
problems. As an example, the introduction of the degrees of freedom relative to the
base degrees of freedom, at least in the absence of extra points, can be easily
accomplished by the transformation

0 u

) ' u
{ud} z {ua} = -{3[ = [Ei—?J{-&*fgll} , (set e null)

; (11)

with [0] = -[x,, 17" [x, ] .

o

This is useful in addressing shock spectrum response problems, and can lead to
symmetric coefficient matrices and uncoupled (modal) equations of motion.

4, The method can form the basis for considering displacement and velocity base
excitation problems in NASTRAN,
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APPENDIX

$$ ALTERS TO S0OL 8 (NASTRAN AFRIL 1982) FOR RASE ACCELERATION.

3

ALTER 87
REMG1
REMG2
REBMG3

ALTER 121

FRL.G

EQUIV
VEC
VEC
FARTN
FARTN
FARTN
~ARTN
FARTN
" MERGE
MERGE
MERGE
. MPYAD
= MFYAD
- MERGE
FRRLZ
ADlD
ADLD
I'TAGONAL
MERGE
MERGE
MERGE
SMFYAI
SMPYALD
Al
MFYAD
MERGE
EQUIV
COND
: VEC
! PARTN
MPYAD
LLAREL.
EQUIV
CONI
VEC

TR

$

USETsKARY / KNLLsKLRsKRRrrr $

KL 7 LLL %

LLLsKLRyRKRR / ©IIM %

y122

CASEXXyUSETDy LT FRLyGMDyGODY DITy /PFFyFSE FIOFyFOLyFHF/
XDIRECTX/FREQY/XFREGX $
FFFyFIIF/NOSET &
USETN/VF/XFX/XCOMPK/XKRK $
USETD/VD/Z XD/ XCOMFX/XRE ¢4

FFFy s VF/FFF1yPFF2ys /1 $

FIOF» yVL/FDF Ly FIF2y 9 /1 $

ML, Vs /ZMDDL 1 o MOD21 y MUDL 2 MIND22
RIDy VIy /BN 1 y ROD21 s RINL 2 BOD22
KODs VIty /KDDL o KOD21 y KON 2y KPD22
MOO1 1y sy MDD22yVDy/ MDINL /-1/70/1
BOD1 1y yBIDL2y»VIty/ RINML /-1/0/1
KOsy KOWL2y 9y VI / KON /17071
MODL2yFPF2yFPIOFL/ FIIFF1 /70/-1 %
MOD22yFFF2y / FOFF2 70 %
FOFF1sFOFF2y» vy VIL/ FIFF /17072 %
KRODLyBODOL e Dy y FOFFFOLZUDVF/70.0/0.0/-1.0 &
FREQs» /OMEGAT/Z(0.056,28318%5) ¢

FREQy /0MEGAL/(6.28318590.0) ¢
OMEGAL/0OMEGA2/XSQUAREX/2.0 $
ADD21Ly s MDD22y yUDy / MID2 717072 %
ROD21y y RODN22y sVIky / BRINZ2 /17072 %
KOD21 s yKOD22y yV0y / KIN2 /1/0/72 8

MID2 y UIIVF y OMEGAZysy / TEMFL / 3/-1 &
RIN2yUDVF y OMEGALyyy 7/ TEMF2 /7 3 8
TEMF 1y TEMF2 / TEMF3 $

KDD2yUDVFy TEMFS 7/ FFF2/7 O ¢
FEF1yPPF2yr99VF / FFF / 1/0/2 8
FFFsFPNEF/MFCF1

LBL1BAYMFLFL $

USETI/VECNEM/ XFX/XNEX/XMX $

FFEFy sy VECNEM/FRNEFyFMFry / 1§

GMDOy FMF»FBNEF/ FPNEF . 1 $

LRL18A $

FNEF s FFEF/SINGLE $

Lel. 18Ry SINGLE $

USETN/VECFES/KNEX/XFEX/XSY $

LR R IR
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FARTN
LAREL
EQUIV
COND
VEC
FARTN
MPYAD
LABEL

ORIGINAL PAGE 19

PNEF » NECFES/PFEF:PSFP’F f OOR QuALITY
LEL1BR $

FFEFyPDF/OMIT $

LRL1BCyOMIT $
USETI/VECDO/XFEX/XKDK/XOX $

FFEF» y VECTIO/PBDOF yFOF vy 7/ 1 8
GOLYFOFyFBOF/ PDF/ 1 $

LEL18C ¢

ALTER 123,123 $ USE FOL INSTEAD OF PFF

VDR

CASEXX»EQDYNYUSETD» UDVF s FOL» XYCDBy /0UDVCL v / XFREQRESF X/
XDIRECTX/SyNyNOSORT2/Sy Ny NOD/S» Ny MOF/0 €

ALTER 139,139 ¢ USE FOL INSTEAD OF FFF

SIIR2

VEC
VE(
FARTN
PARTN
MFPYAID
UMERGE
UMERGE
EQUIV
COND
Shki
LLAREL.
SHR2

ENDALTER

CASEXXyCSTMyMPTyDITyEQDNYNsSILDy » y BGFDFyFOL s QFCrUFVCYEST s XYCLIRY
PEF/0FFPC1y0QFC1»OUFVC1» yOEFC1yFUFVCE/XFREQRESFX/
SyNsNOSORT2 ¢

USETD 7/ VD2 / XDX/XAX/XEX §

USETD /7 VA2 / XAX/XLX/XRX $

UNIVE v VD2 7/ UAVUFYUEVF Yy /7 1 8

UAVFy»VA2 /7 ULVFYURVFyy /7 1 ¢

DMy URVFyULVF 7 ULVFF / 0 /7 -1 %

USETDyULVFFy / UAVUFF / XAX/XLX/XRX $

USETHsUAVFPSUEVF / UDVFF / XDX/XAX/XEX $
UDVFF s UFVCF/NOR $

LEL19AYNOA $

USETHy yUDVFFPy » 9y GODe GMIly 99y / URVCPy»y / 1/7XDYNAMICSX $
LRBL19A ¢
CASEXXyCSTMyMPTyDITYEQDYNySILLy y yBRGFOF9FOL » yUFVCFESTy
XYCIBy 7y v vy QESC1yy /XFREQRESFX/SyNyNOSORT2 ¢
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$$ ALTERS TO SOL 9 (NASTRAN AFRIL 1982) FOR BASE ACCELERATION.

1 14

ALTER 87
RBMG1
RBMG2
RBMG3

s

USETsKAA» / KLLYKLRYKRReyy §
KLL /7 LLL $

LLLsKLRYKRR 7 M ¢

ALTER 1255125 ¢

VEC

PARTN
PARTN
PARTN
PARTN
MERGE
MERGE
MERGE
MPYAD
MPYAD
MERGE
TRD

USETD/VN/XDX/XCOMFX/XRX $
PDyyUD/FD1yFPDR2yy/1 &

MDDy VDY /MDD 1 MOD21 y MDIL 2y MIDI22
BDDy» VD /BIN11yRDD21y RDD1 2y RDD22
KDDyUDe /KDN11 s KDD21 y KON 2 KON22
MDD11,y» yMOL22,VDy/ MDD1 /-1/0/1
BDD11s»BDD12»,VDy/ ROD1 /-1/0/1
KDD11ysKDD12,5sVUNty/ KDDL /-1/0/1
MnDI2yPD2yFR1/ PO /70/-1 &
MDD22,PD2y / FDR2 /70 %
FDD1»FODR2y sy sVD/ PID /17072 %
CASEXXs TRLYNLFT»DITyKDRD1yRDL1 yMDD1»FDDY/

UDVTyPNLD /7 XDIRECTX/NOUE/1/SeNyNCOL/CsY»ISTART $

L IR

ALTER 139,139 $

SDR2

VEC
VEC
PARTN
PARTN
MPYAD
UMERGE
UMERGE
EQUIV
COND
SDR1
LABEL
SDR2

ENDALTER

CASEXXsCSTMeyMPTsDIT+EQDYNySILDy y y BGPDF s TOLsQF s UFV»EST
XYCDEyPFPT/0PF1s00F1y0UFPV1y yOEF1sFUGV/XTRANRESFX $
USETD 7/ VD2 / XDX/XAX/XEX $

USETD 7 VA2 / XAX/XLX/XRX $

UDVT» s VD2 / UAVTYUEVTyy /7 1 $

UAVUT» s VA2 / ULVTIURVT»y 7 1 %

IMyURVT»ULVT /7 ULVTF /7 0 / -1 %

USETLyULVTPy / UAVTF / XAX/XLX/XRX $

USETDyUAVTPYUEVT / UDVTF / XDX/XAX/XEX $
UDVTPyUPVTF/NOA $

LRL19AYNDA $

USETDy sUDVTF sy s GODyGMIIyyyey / UFVTPy» / 1/XDYNAMICSX $
LRL19A $
CASEXXyCSTMsMPTyDITEQDYNeySILDy » yBGFLIFy TOL » yUFVTFYEST »
XYCIRs /9 »»OES1yy /XTRANRESFX $
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$$ ALTERS TO SOL 11 (NASTRAN APRIL 1982) FOR BASE ACCELERATION.

¢

ALTER 93
PARAM

s
//7%ADDX/KDEK2/NOGENL/NOSIMF $

ALTER 95,96 ¢

PARAM
PARAM
GKAD

EQUIV
FRLG

EQUIV
VEC

VEC

PARTN
PAR N
PARTH
PARTN
PARTN
MERGE
MERGE
MERGE
MFYAD
MPYAD
MERGE
GRKAM

MFYAD
SMFPYAD
SMPYAD
PURGE
COND
SMPYAD
LABEL
EQUIV
COND
VEC
MERGE
LABEL.
PARTN
MERGE
SMPYAD
DIAGONAL

/7/7%ADDX/NOBGG/-1/0 ¢

//XADDX/NOKAGG/~1/0 ¢
USETDsGM»GOYKAAY  MAAY y K2FF y M2FPF y R2PF/

KDDs BODy MDDy GMDy GO K20D s M20D0y R2DD/ XFREQRESFX/XDISFX/
XDIRECTX/0.0/0.,0/0.0/NOK2FF/NOM2FF/NOR2FF/MFCF1/SINGLE/
OMIT/NOUE/NOK4GG/NOBGG/KDEK2/Vy Yy MODACC=-1 %

R2DDy BDD/NOBRGG/M2DD s MDLI/NOSIMF /K200y KDD/KDEK2 $
CASEXXsUSETDyDLTsFRL»GMD»GODyDIT»/FFFyFSFyPOF s FOL y FHF /
XDIRECTX/FREQY/XFREQX $
PPFyPDF/NOSET $
USETD/VP/¥PX/XCOMFX/XRx $
USETD/VIO/XDX/XCOMFX/XRX $

FPFy »VFP/PPF1yPFF295/1 $

PDF s yVII/FIF1yPDF299/1 $

My Vhy /7M0D11 y MOD21 yMID12y MRI22
BDLyVDy /HODL11yBOD21 BDN1 2y RDDZ22
KODy VD0 /KOD11 y KDD21 KDDL 2y KIID2Z
MDDO11yy s MOD22yVDy/ MIODR1 /-°/0/1
ROD11,9yBDO12y»VIiy/ RODL /-1/0/1
KOD11lys KDD12y ¢ Vs / KN /-1/70/1
MDD12yFPFF2yFIOF1/ FDFF1 /0/-1 %
MDL22yFPF2y / FOFF2 /70 %
POFF1sPOFF2y9»»»V0/ FIOFF /71/70/2 %
USETDyPHIAYMIsLAMAYDIITy v » y CASEXX/
MXHHy BEXHHy KXHH» FHIDH/NOUE/Cy Y v ILMODES=0/
CrY)LFREQ=0.0/C»YsHFREQ=~1.0/~1/-1/~1/
SyNyNONCUF/SyNyFMODE $
FHIDHYFOFF» /FPHF /71717070 %

FHIDHy MDDl yFPHIDHY »y y /MHH/3/1/74/70/71 %
FHIDHyKDDL yFHIDMy » » /KHH/3/1/1/70/1 &
B2HH/NOEBR2FF $

LEBL13AYyNOB2FF $
FHIDHYRDDL e FHIDHY v y /B2HH/3/1/71/70/71 ¢
LBL13A &

MAAYMINID/NOQUE $

LBL13RyNOUE $

USETI/VD1/XDX/ XKAK/XEX &

MAAR yr sy VDIl / MILD /-1/0/1 &

LEBL13R ¢

MinbDy VD /MIDD1L1y s MIDD12y, ¢
M1IDD11yyMIDDI2y oWy / MILD2 /-1/70/71 %
FHIDHsMIDD2y PHIDHy » o /MIHH2/3/1/7170/1 $
MXHH/MINV/XSQUAREX/~1.0 $
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a0 2T VU,

SMPYAD
ADD
FPARAM
ALTER
FRRDZ2
DDR1
ADD
ADD
DIAGON
MERGE
MERGE
MERGE
SMFYAD
SMPYAD
ADD
MFYAD
MERGE
EQUIV
COND
VEC
FARTN
MFPYAD
LAREL
EQUIV
COND
VEC
FARTN
LABEL
EQUIVY
COND
VEC
FARTN
MFYAD
LAREL
ALTER
VIR

ALTER
DOR2

ALTER
ShR2
ALTER
SNR2

ALTER
SDR2

VEC

LAV

URIGINAL PAGE IS
OF POOR QUALITY

MINVsBXHHyM1HH2yyy / TEMF1 / 3 §
TEMFP1yB2HH / RHH $
//7%ADDXK/NONCUFP/1/70 $
299100 $
KHHs RHHyMHH s s FHF » FOL./UHVF/70,0/0.0/-1.0 $
UHVUFyFHIDH/UDVF $
FREQy /OMEGAI/(0.096.283185) ¢
FREQy» /OMEGAL/(6.283185»0.0) $
Al. OMEGAL1/0MEGA2/XSQUAREX/2.0 $
MIOD21 .,y MDD22y9V0y /7 MDD2 /1/0/2
BROD21 s RDD22ysVDy / RDD2 /1/0/2
KDD21y s KOD22y9yV01y /7 KDD2 /1/0/2
MOD2 s UDVF s OMEGAZ2y»y / TEMP2 / 3/-1 %
ROD2yUDVF s OMEGAIy»y /7 TEMF3Z / 3 $
TEMF2yTEMP3 / TEMF4 $
KDD2sUDVF»TEMF4 / FFF2 /7 O %
FFF1yPPF2s99»9VUF /7 PFF /7 1/0/2 %
FFFyFNEF/MFPCF1 ¢
LEL1SAsMFCF1 $
USETD/VECNEM/XFX/KNEX/XMX $
FFPFe yVECNEM/FBNEF sFMFyy /7 1 $
GMIDsFMFFRERNEF/ FPNEF / 1 $
LEL15SA $
FNEFyFFEF/SINGLE %
LEL1SRySINGLE $
USETL/VECFES/XNEX/XFEX/XSX $
FNEFy» yVECFES/FPFEFsFSFyy /7 1 &
LEL1SE $
FFEFyFIIF - OMIT $
LEL1SC-OMIT $
USETD/VECDO/XFEX/XDX/X0% $
FFEFs s VECDO/FRIOFSFOFyy 7/ 1 $
GOLyFPOFsFRIOF/ FIF/ 1 ¢
LEL1SC $
101,101 $ USE FOL INSTEAD OF FPFF
CASEXXsEQDYNsUSETDyUHVF s FOLy XYCDRy /OUHVCL » /XFREQRESF X/
AMODALX/SyNeNOSORT2/SyNyNOH/Sy Ny NOF/FNODE $
11621146 $ USE FOL INSTEAL OF PFF
USETDyUDNVIF s POF y K2DDe R2DD» MDDy FOL v LLL y DM/
UDV2F » UEVF s PAF /XFREQRESFX/NOUE/REACT/FRQSET $
1222122 % USE FOL INSTEADN OF FFF
CASEXX»CSTMeMFTyRITYEQDYNs SILIty » s BGFIOFyFOL yQFCUFVEEST »
XYCORyFFF/0FPCL1 s0QFC1yOUFVCLyOESCL1yOEFCL yFUGV/XFREQX/
SyNYNOSORT2 4
128,128 ¢
CASEXXyCSTMsMFTyDITYEQLYNsSILDry vy LAMAYQFHs FHIFHyEST» XYCDIR Y /
yIQF 1y IFHIFP1y y IEF 1y /XMMREIGX/Se Ny NOSORT2 $
129,129 ¢ USE FOL INSTEADI OF FFPF
CASEXX sy r s ERDYN»SILDly v s s FOLy»y v » XYCDRYFFF /
OFFCAyyy 2y /XFREQX $
USETD / VN2 7/ XDX/XAK/XEX $

L
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VEC USETD 7/ VA2 / XAX/XLX/XR%x $ OF POOR QUALITY

FARTN FHIDHy V12 /7 FHAVFYFHEVFsy / 1 ¢
FARTN FHAVF » » VA2 / FHLVFYFHRVFsy / 1 $
MFYAD DMy FPHRVF s FHLVUF / FHLVFF / O 7/ -1 $
UMERGE USETDy PHLLUFFy / FHAVFF / RAX/XLX/XRX $
UMERGE USETDy PHAVFF Yy FHEVF / FHIVFF / XK/ XAK/XEX &

SIDIR1 USETDy s FHOUFFy » y GODy GMI'y s vy / FHIFHEFYy» / 1/XDYNAMICSX $
SIR2 CASEXXyCSTMyMFTyDITsEQDYNySILDy vy » oL AMA» s FHIFHF sESTy

XYCLHBy /y»» IES1yy /XMMREIGK/SyNyNOSGRTZ $

ALTER 134,134 ¢ USE FOL INSTEAD OF FFPF

DIIRMM CASEXX»UHUF »yFOL s IFHIF2» IQF 2y IES2y JEF 2o XYCDR,ESToMFTH»DIT/
ZUFVC2yZAPC2»yZESC2yZEFC2y $

ALTER 138s133 $ USE FOL INSTEADR OF FFF

LHIRMM CASEXXsUHUF yFOLy IFHIF1 s IQF1sIEST1yIEF1,y yESTyMFT DIT/
ZUFVC1 s Z0FC1yZESC1+ZEFCLy $

ENDALTER
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$3$

$$ ALTERS TO SOL il (NASTRAN AFRIL 1982) FOR RASE ACCELERATION.
$$

ALTER 88 $

FARAM Z//7XADDX/KDERNA/NOUE/NOK2FF $

FARAM //7¥%ADNK/KDER2/NOGENL /NOSINP $

EQUIV NAAyYKDD/KDEKA $

ALTEF $0:91 $

FARAMN //7%ANDNX/NOBRGG/-1/0 ¢

PARAM //7X¥ADNK/NOKAGG/~1/0 ¢

GKAJ USETD»GM»GO» KAAY y MAAY 1 K2FF y M2PF» R2FF/
KDpDy BRDDyMONy GMD» GOD s K2DDy 20Dy R2DD/XTRANRESF X/ XDISFX/
XDIRECTX/Cr»Y2G6=0.0/CoYrW3=0.0/0.0/NOK2FPF/NOM2FFP/NOR2FF/
MFCF1/SINGLE/ZOMIT/NOUE/NOKAGG/NORGG/KIEK2/Vs Yy MODACC=~1

EQUIV EB2DLDy ROD/NOGPLRT /M200y MDO/NOSIMF/K2DDyKOR/KDERZ2 ¢

GRAM USETDyFHIAYMIyLAMAYIIT»»» yCASECC/
MXHH s BEXHHy KXHHs FHIDH/NOUE/C» Yy LMORES=0/
CrY»LFREQ=0.0/CyYyHFREQ=-1,0/~1/-1/-1/
SyNyNONCUF/SyNsFMODE $

VEC USETH/VD/XDk/XCOMFX/XRX $
EQUIV MAAyMIDD/NOUE $

COND LEL12yNOUE $

VEC USETR/VDL/ XD/ KAK/XKEX $
MERGE MAAr»y s VMl y/ MILDL /-1/70/1 %
LAREL i-BL12 ¢

FARTN M1DD YRy /MIDD11y y MINN12y $

MERGE MIDODt1y o MIDO12s »VEy/ MIIND2 /-1/0/1 $

SMPYAD FHIDH«M1DO2y PHIDHy »y » /MIHH2/3/1/1/0/71 $

DRIAGONAL MXHH/MINV/XSQUAREX/-1,0 $

SMFYAD MINVYyEXHHs M1HH2yy vy /R1HH/3 %

ALTER 9'9:99 %

TRL.G CASEXXyUST Ty Ty SLTyBRGPOT ySILyCSTMy TRL s DITyGMIIyGOLy yEST»
MGG/FFT .. STyPOT»FLOy»TOL / S»NeNOSET/NCOL $

ALTER 101,301 ¢

FARTN Flly»y VII/FDL1 s FD2y 9 /1 $

FARTN MDDy VDy /MDDA L MDD21 » MDD 2y MIID22 $
FARTN EODe VDy /BDINL 1y ROD21 y RO12 o ROD22  $
FARTN NODsVDy /KDDLy KOD21»KOD12yKDD22 $
MERGE MNNLly » yMID22,V0y/ MDD /-1/0/1 %
MERGE BON11y s RO 2y 92D/ RO /-1/70/1 &
MERGE KObilly oK 29 9VDy/ KID1 /~1/0/1
MFYAD MODL2yFD2yFD1/ FODYI /0/-1

MFYAD MEOD2D Fa2y / FOI2 /70 8

MERGE FOD1yHDDO2sys s VDi/ FOD /17072 ¢

MFYALD FhaDHyFLID» /7FH/1/71/70/0 $

SMFYAD FouIBHeMDD1yFHIDHy v » /MHH/3/1/71/70/1 $
SMPYAD FHIDHy KDDL yFHIDHe v » /KHH/3/1/7170/1 $
EQUIV BiHH» BHH/NORZFF ¢

conp LEL13AsNOR2FE 8

SMF Y AD FHIDHy BDII Ay FHIDHY y y RIHH/BHH/3/71/1/70/71 8
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OF POO
LABEL LRL13A $ R QUALITY
- FARAM //7XANNX/NONCUFR/1/0 $
. TRD CASEXXy TRLYNLFTyDIT»KHH» BHHy MHHy FH/UHV Ty FNLH/
. AMODAL X/NOUE/NONCUF/SyNsNCOL/C Y+ ISTART %
ALTER 128,128 $

SDR2 CASEXXsCSTMsMFTYDRITIEQDYNsSILDy vy » y LAMAYQFHyFHIFHYEST »
XYCDERy»/yIQP1y IFHIF1y »y IEF 1y /XMMREIGK $

ALTER 129 $

VEC USETD » VD2 / XDK/KAK/XKEX ¢

VEC USETIl / VA2 / XRAX/KLX/ARX $

FARTN PHIDHyY yVD2 / PHAVT»FHEVTY» /7 1 $

FARTN FHAVUT» s VAZ / FHLVUIsFHRVUTy» 7 1 $

MFYAD DMy FHRVUTyFPHLVUT / FHLVTFE / O / -1 &

UMERGE USETDyFHLVIFY / FHAVTE / XAX/XLEX/XRX $

UMERGE USETIHyFHAVUTF» PHEVUT / FHIOVTF / XDX/XAX/XEX $

SDR1 USETDy yFHIVTF » » yGODyGMD'y »» » / FHIFHFss /7 1/XDYNAMICSX $

SDR2 CASEXXsCSTMyMPTsDITyEQDYNeSILIDy s s y LAMAY y FPHIFHF yEST y
XYCDORys /992 IES1es /AMMREIGX/S:NyNOSORT2 $

ENDALTER
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CHANGE NAME=FRN2ER
NUMBER SEQ1=70sNEWL=71y INCR=19 INSERT=YES

COMMON FRD2BC IS INITIALIZED RY ROUTINE FRRD2.

COMMON /FRDZRC/ IH
NUMBRER SEQ1=410sNEW1=411rINCR=1yINSERT=YES

IF IH=0y USE COMFLEX DOURLE FRECISION ARITHMETIC.

IF (IH .EQ. 0) ITY = 4

NUMBER SEQL1=500yNEW1=510y INCR=1s INSERT=YES
CALL MAKMCR(MLyOUTy IROW»IFOLITY)

DELETE SEQ1=510,SEQ2=510

CHANGE NAME=FRI2C

NUMBER SEQ1=120yNEW1=121»INCR=1» INSERT=YES

COMMON FRD2BRC IS INITIALIZEI' RY ROUTINE FRRDZ2.

COMMON /FRDO2RC/ IH
NUMEBER SEQ1=240+,NEW1=241yINCR=1y INSERT=YES

IF IH=0s USE COMFLEX DOURLE FRECISION ARITHMETIC.

IF ¢IH .EQ. O0) IOUT = 4
NUMEBER SEQ1=370yNEW1=371yINCR=1y INSERT=YES

TF [H=0y THEN D0 NOT USE INCORE CAFARILITIES BRECAUSE FOR IH=0
COMFLEX DOQUERLE FPRECISION ARITHMETIC WILL BE REQUESTEL
AND SURROUTINE INCORE CALLEDR BRY FRD2C IS WRITTEN ONLY
FOR COMFLEX SINGLE FRECISION MATRICES.

IF (1H .EQ. 0) GO TO 102
NUMBRER SEQ1=1070yNEW1=1071yINCR=1y INSERT=YES

IF IH=0y USE COMFLEX DOUBRLE FRECISION ARITHMETIC.
F (iR .EQ. 0) IOUT = 4
CHANGE NAME=FRRD2
NUMRBEKR SEQL=270yNEW1=271» INCR=1s INSERT=YES
COMMON FRIZRC WYLL RE USED RY ROUTINES FRDZE AND FRDZ2C.

COMMON /FRD2RC/ TH
NUMRER SEQ1=440yNEW1 =441y INCR=1» INSERT=YES

LF QHHL I8 PURGED AND MACH NUMBER IS NEGATIVE THEN
SOLVE THE COUPLED EQUATION = (-WxXx2.M + IW.E + K)U = F
USING COMFLEX DOUBLE FRECISION ARITHMETIC.

VUARIARBLE TH WILL RE USED TO CONTROL SOLUTION LOGIC IN
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ORIGINAL PAGE 19
ROUTINES FRRD2y FRD2R AND FRD2C. OF POOR QUALITY

IF (MCRBC(1).LE.O .AND. M.LT.0.0) NONCUF = 1

C
+/ NUMBER SEQ1=720sNEW1=721»INCR=1yINSERT=YES

oo

IF IH=0y THEN DO NOT USE INCORE CAFABILITIES RECAUSE FOR IH=0
COMH! EX DOUBLE FRECISION ARITHMETIC WILL BE REQUESTED
AND SUBROUTINE INCORE CALLEDN RY FRD2C IS WRITTEN ONLY
FOR COMPLEX SINGLE FRECISION MATRICES.

IF (IH +EQ. 0) GO TO 20

«/ NUMBER SEQ1=1210sNEW1=1211yINCR=1» INSERT=YES

cooooOoOn

IF IH = Oy THEN CREATE NULL TRAILERS FOR SCR2(QHR) AND SCR3I(QHI).
THESE DATA BLOCKS ARE NORMALLY GENERATED' BY FRD2A IF
IH IS NOT EQUAL TO ZERO EACH TIME THRU THE LOOF ON
NFREQ IN THIS ROUTINE. SINCE FRD2A IS NOT EXECUTELD IF
IH EQUALS ZERO THEN AFTER THE FIRST FASS THE TRAILERS
FOR SCR2 AND SCR3 WOULD RE INCORRECT SINCE SCR2 AND
SCR3 ARE ALSO USER RY FRD2C AS SCRATCH DATA SETS.

IF (IH +NE. 0) GO TO 38
CALL MAKMCH(MCEsSCR2,050+0)
CALL WRTTRL(MCER)

MCH(1) = SCR3

CALL WRTTRL(MCR)

38 CONTINUE

C

+/ NUMBER SEQ1=1480yNEW1=1481yINCR=1y INSERT=YES

ocOoooOOoO oo

210

CREATE A FSEUDO FRL DATA BLOCK ON SCR1 FROM DATA BLOCK FOL FOR
INPUT TO ROUTINE FRD2F. (NO TRAILER IS NECESSARY).

THE FREQUENCIES FROM FOL HAVE EREEN READ INTO IZ(1) DURING THE
SET-UF AT THE REGINING OF THIS ROUTINE. THESE FREQUENCIES MUST
RE CONVERTEI' TO RADIAN FREQUENCIES FOR FRL (W = 2FI%XF).

CALL. GOFEN(SCR1»IZ(IRUF1)v1)

DO 210 I = 1sNFREQ

ZCI) = Z(I) % TWOPRI

CONTINUE

CALL WRITE(SCR1sZyNFREQs1)

CaLl. CLOSE(SCR1»1)

CALL FRD2F(MHHy BHHy KHHy SCR1» 1y NLOAD'Y NFREQ» FHFy UHVF)

«/ DNELETE SEQ1=1490ySERQ2=1490
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ORIGINAL PAGE 13

y OF POOR QUALITY
, 1
2 4 [ y 10 T
1 2 3 4
1 3
& % Z %/ 10 —mx
—— 10 — &
- 40
Young's Modulus = 1E8 FL >

Poisson's Ratio = 0.4

Material Demsity = B8E-4 FL “12
4
1.0 —_
Base Acceleration
o -2
zl’ LT
0.0, 1 500
Frequency £, T
Base Acceleration Input for Figures 1 and 7
Figure 2. Example 1
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OF POOR QUALITY

— &
m, = 2 FL-sz
c 1 -1_2
k m, = 8 FL T
-]

¢ = 0.6 FL'IT

Base Acceleration

.. '2
yl’ LT

0.0575 0.3 el

Frequency f, T

Base Acceleration Input for Figures 4 and 5

Base Acceleration
. -2
yl’ LT
0 N
0.0 4.0 >
Time t, T

Base Acceleration Input for Figure 6

Figure 3. Example 2
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