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YTO Takoe cynepanemMeHT?

e dPusmyeckoe U maTemaTuyeckoe npeactaBrieHuUs

e dusunyeckoe - NOACTPYKTYypa:. KOHe4YHO=-3JIeMeéHTHaA MmoAaesib 4YaCTu
KOHCTPYKUUN

e MatemaTnyeckoe — rPaHN4YHblIe MaTpulbl:. HArpy3kKkm, macca,

AemndupoBaHMe U XKeCTKOCTb peayLUupyroTCA CO BCeX BHYTPEHHUX Y3I0B
B HApY>XHble WU FrPaHNYHbIe Y3nbl

e [lpyrve Tunbl aHanu3a ¢ UCNONb30BaHUEM NOAKOHCTPYKLUU
e AHanus c MCNonb30BaHUEM LIUKITNYECKON CUMMETPUMN
e BBoa matpuy c nomouwbio onepatopoB GENEL n DMIG

e [lpeaycmoTpeHo ABa cnocoba onncaHnsa cyneparieMeHToB

e CynepanemMeHTbl - NTOAKOHCTPYKUUU (0OCYyXaaloTCA B AaHHOM pasaene)
e CynepanemeHT TUNa Main Bulk Data (cm. NMpunoxeHue D)
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Kak cynepaneMeHT-NOAKOHCTPYKLUS

NAS102 Oekabpb 2001, CTp. 16-5

3apnaetcda B MSC.Nastran?

Kaxpabin cynepaneMeHT NOMTHOCTbIO ONUCbLIBAaeTCA B OTAESNIbHOU NONTHOCTbLIO
camogocTtaTto4yHom cekuuu Bulk Data.

CynepanemMeHT 3Toro Tuna oobI4YHO MMeHyeTcA Kak yacmb B Bulk Data
Section.

OnucaHue Kaxgoro cynepasrieMeHTa HauMHaeTCcs ¢ oneparopa
BEGIN [BULK] SUPER=m

W 3aKaH4YMBaeTCsl ornepaTopom
BEGIN [BULK] SUPER=n

unu onepatopom ENDATA

OcHoBHas cekuma Bulk Data Section BknroyaeT nonHoe onncaHne oCTatouyHOWU
CTPYKTYpPbI U APYrMX CYNepanieMeHTOB, He ONMUCaHHbIX KaK MOAKOHCTPYKLUMN.
ATU cyneparnemMeHTbl (He NOAKOHCTPYKLMM) MOTyT ONUCBLIBAaTbLCA onepaTtopamMmu
SESET vnu SEELT. Cwm. lNpunoxeHune D ana onncaHna onepartopa SESET.

Mo yMOIN4aHU, eCJyin paCCTOoAHUA MexXxAay y3riaMuy, npuHaanexawmmm pa3HbimMm
NOAKOHCTPYKUUAM, MEeHbLUEe onpeagesieHHoOro gonyckKka, cooreertcrsyrowue
NOAKOHCTPYKLUUU 6y,D,yT coeaunHeHbl C NOMOLWbIO 3TUX Y350B.

Bbl MOXeTe nepeonpeaenuTb BeNIMYMHY AONycCKa.

MSC\ MECHANICAL
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Kak cynepaneMeHT-NOAKOHCTPYKLUS
3apaetca B MSC.Nastran?

e [lonyckaeTtcsi Ay6nnpoBaHue HOMeEpPOB Y3510B, 3JIEMEHTOB,
CBOWCTB U T.M. B pPa3fiMYHbIX NOAKOHCTPYKLUSX.

o Kaxnas NOAKOHCTPYKUUA MOXET UMETb CBOU HAlrpy3kmn v
CBOUN MOAaJIbHbI€ XapPaKTepPUCTUKWN.

e OGecneuyunBaeTca BbIBOA N300paXeHUs BCen Moaesnim Ha
rpacdonocTpouTenb.

e CynepanemMeHT MOXeT ObITb 3aAaH KaK Konus (ayonb)
Apyroro cynepaneMeHTa unv BBeAeH U3BHe.
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[Tlpumep — WTamnoBaHHaA AeTanb
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[Tlpumep — WTamnoBaHHaA AeTanb

e Y3nbl 1 n 2 3aKpenneHbl
e CBouncrtea martepuana:

o Ctanb t = 0,05 grouma

o E= 29 x10° byHT cunbl/kB. Atonm

o \ = 0,3

o p = 0,283 cbyHT Macchbl/KyO6. aronm
(yoenbHbIU

o Bec)

e [punoxeHHble Harpy3Ku
e laBneHue B 1 hyHT cuUnbi/KB. AOUM Ha KBagapaTHble “obnactun”
e HopmanbHaa cuna B 2 groum cunbl K y3nam 93 n 104

e [lpoTMBONONOXHO HanpaBreHHble HOpManbHble CUNbI B 2 (pyHTa
cunbl K y3anam 93 n 104 MECHANICAL

NAS102 Hexkabpb 2001, Ctp. 16-8 MSC\\ SOLUTIONS
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BxogHou chann

$

$ file - fsl.dat $

$ include ‘plot.blk’

$ all 7 s.e. brought in using begin super $

$ duplicate boundary grids id BEGIN BULK

$ each s.e. contains its own property description with $

the same id CQUAD4 5 1 13 14 24 23
$ condensed subcase setup $

S GRDSET 6
$ GRID 13 -.4 3.6 0.
_______________________________________________________ $ GRID 14 .4 3.6 0.
id allsepl dat GRID 23 -.4 4.4 0.
SOL 101 GRID 24 .4 4.4 0.
TIME 15 $

CEND include ‘propl.blk’

TITLE = S.E. SAMPLE PROBLEM 1 $

SUBTITLE = S.E. STATICS - RUN 1 - MULTIPLE LOADS begin super=1

DISP = ALL $

stress = all include ’loadsel.blk’

oload = all include ’'propl.blk’

SET 999 = 0,1,2,3,4,5,6,7 include ‘sel.blk’

SUPER = 999 $ ALL CASE CONTROL IS FOR ALL SUPERELEMENTS
PARAM, GRDPNT, 1

SUBCASE 101

LABEL = PRESSURE LOAD
LOAD = 101

$

SUBCASE 201

LABEL = 2# NORMAL LOADS
LOAD = 201

$

SUBCASE 301

LABEL = OPPOSING LOADS
LOAD = 301

$

NAS102 NekaGpb 2001, CTp. 16-9 MSC \NSIE)chlNolﬁgL
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BxogHou chann

$

begin super=2

$

include ’'loadse2.blk’
include ’‘propl.blk’
include ’‘se2.blk’

$

begin super=3

$

include ’‘propl.blk’
include ’‘se3.blk’

$

begin super=4

$

include ’‘propl.blk’
include ’‘se4.blk’

$

begin super=5

$

include ’‘propl.blk’
include ’‘se5.blk’

$

begin super=6

$

include ’‘propl.blk’
include ’‘se6.blk’

$

begin super=7

$

include ’‘propl.blk’
include ’‘se7.blk’

$
enddata
NAS102 eka6pt 2001, Cp. 16-10 MSC\\NslchmINo'ﬁgL
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S plot.blk
$

output (plot)
$

set 1 = all
axes z,X,Y
view 0.,0.,0.

BxogHou chann

seplot 5
ptitle = superelement 5
find scale, origin 1, set 1

seupplot 0 plot static deformation set 1 origin 1 label both
ptitle = full structure $

find scale, origin 1, set 1 seplot 6

plot set 1 origin 1 label both ptitle = superelement 6

$ find scale, origin 1, set 1

¢ deform plots plot static deformation set 1 origin 1 label both
? $

seplot 1 seplot 7

ptitle = superelement 1 ptitle = superelement 7

find scale, origin 1, set 1 find scale, origin 1, set 1

plot static deformation set origin label both plot static deformation set origin label both
$

seplot 2 S

ptitle = superelement 2 seplot 0

find scale, origin 1, set 1 ptitle = superelement 0

plot static deformation set origin label both find scale, origin 1, set 1

$ plot static deformation set origin label both
seplot 3 S

ptitle = superelement 3 seupplot O

find scale, origin 1, set 1 ptitle = full structure

plot static deformation set origin label both axes X,mz,y

S find scale, origin 1, set 1

seplot 4 plot static deformation set origin

ptitle = superelement 4 $

find scale, origin 1, set 1

plot static deformation set origin label both

$

NAS102

MSC A Meckawen.
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$
S sel.blk
$
CQUAD4 18
CQUAD4 19
CQUAD4 20
CQUAD4 21
CQUAD4 22
CQUAD4 23
CQUAD4 24
CQUAD4 25
CQUAD4 26
CQUAD4 27
CQUAD4 28
CQUAD4 29
CQUAD4 30
CcQuAaD4 31
CQUAD4 32
CQUAD4 33
CQUAD4 34
CQUAD4 35
CQUAD4 36
CcQuAaD4 37
CQUAD4 38
CQUAD4 39
CQUAD4 40
CQUAD4 471
CQUAD4 42
$
GRDSET
$
6
$
$
GRID 35
GRID 36
NAS102

PR R PRPRPRPRERRRPRRERRRRPRPRRERPRRRRP PR

boundary grids

BxogHou chann

33 34 46 45
34 35 47 46
35 36 48 47
36 37 49 48
37 38 50 49
45 46 58 57
46 47 59 58
47 48 60 59
48 49 61 60
49 50 62 61
57 58 70 69
58 59 71 70
59 60 72 71
60 61 73 72
61 62 74 73
69 70 82 81
70 71 83 82
71 72 84 83
72 73 85 84
73 74 86 85
81 82 94 93
82 83 95 94
83 84 96 95
84 85 97 96
85 86 98 97
-3.6 6. 0.

-2.8 6. 0.
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33
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37
38
45
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57
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93
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-5.
-4.
-2.
-1.
-5.
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-3.
-2.
-2.
-1.
-5.
-4.
-3.
-2.
-2.
-1.
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-4.
-3.
-2.
-2.
-1.
-5.
-4.
-3.
-2.
-2.
-1.
-5.
-4.
-3.
-2.
-2.

2 6. 0.
4 6. 0.

6. 0.
2 6. 0.
2 6.8 0.
4 6.8 0.
6 6.8 0.
8 6.8 0.

6.8 0.
2 6.8 0.
2 7.6 0.
4 7.6 0.
6 7.6 0.
8 7.6 0.

7.6 0.
2 7.6 0.
2 8.4 0.
4 8.4 0.
6 8.4 0.
8 8.4 0.

8.4 0.
2 8.4 0.
2 9.2 0.
4 9.2 0.
6 9.2 0.
8 9.2 0.

9.2 0.
2 9.2 0.
2 10. 0.
4 10. 0.
6 10. 0.
8 10. 0.

10. 0.
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$
S se2.blk
$
CQUAD4 43
CQUAD4 44
CQUAD4 45
CQUAD4 46
CQUAD4 47
CQUAD4 48
CQUAD4 49
CQUAD4 50
CQUAD4 51
CQUAD4 52
CQUAD4 53
CQUAD4 54
CQUAD4 55
CQUAD4 56
CQUAD4 57
CQUAD4 58
CQUAD4 59
CQUAD4 60
CQUAD4 61
CQUAD4 62
CQUAD4 63
CQUAD4 64
CQUAD4 65
CQUAD4 66
CQUAD4 67
$
GRDSET
6
$
$
$
GRID 41
GRID 42
$
NAS102

PR RPRPRRRRPPRPRRERRRPRPPRPRRRPRRERRRRRR

boundary grids

39
40
41
42
43
51
52
53
54
55
63
64
65
66
67
75
76
77
78
79
87
88
89
90
91

N

[ee]

40
41
42
43
44
52
53
54
55
56
64
65
66
67
68
76
77
78
79
80
88
89
90
91
92

BxogHou chann
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51
52
53
54
55
63
64
65
66
67
75
76
77
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87
88
89
90
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99
100
101
102
103
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BxogHou chann

S

S se3.blk

S

CQUAD4 14 1 19 20 30 29

CQUAD4 15 1 29 30 36 35

S

GRDSET p

S

S boundary grids

S

GRID 19 -3.6 4.4 0.

GRID 20 -2.8 4.4 0.

GRID 35 -3.6 6. 0.

GRID 36 -2.8 6. 0.

S

GRID 29 -3.6 5.2 .

GRID 30 -2.8 5.2 0.

S

N\ MECHANICAL
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BxogHou chann

$
S sed .blk s
$
CQUAD4 16 1 27 28 $ se5.blk
32 31 S
CQUAD4 17 1 31 32 CQUAD4 6 1 9 10 20 19
42 41 CQUAD4 7 1 10 11 21 20
s CQUAD4 8 1 11 12 22 21
GRDSET CQUAD4 9 1 12 13 23 22
6 $
s GRDSET 6
S boundary grids 3 .
$ $ boundary grids
GRID 27 2.8 4.4 S
0 GRID 19 -3.6 4.4 0.
GRID 28 3.6 4.4 GRID 20 -2.8 4.4 0.
0 GRID 13 -.4 3.6 0.
GRID 41 2.8 . GRID 23 -.4 4.4 0.
0. $
GRID 42 3.6 . GRID 9 -3.6 3.6 0.
0 GRID 10 -2.8 3.6 0.
s GRID 11 -2. 3.6 0.
GRID 31 2.8 5.2 GRID 12 -1.2 3.6 0.
0 GRID 21 -2. 4.4 0.
GRID 32 3.6 5.2 GRID 22 -1.2 4.4 0.
0 $
$
NAS102 ekabpb 2001, CTp. 16-15 MSC\
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BxogHou chann

S
S se6.blk S
S S se7.blk
CQUAD4 10 1 14 15 25 24 S
CQUAD4 11 1 15 16 26 25 CQUAD4 1 1 1 2 4 3
CQUAD4 12 1 16 17 27 26 CQUAD4 2 1 3 4 6 5
CQUAD4 13 1 17 18 28 27 CQUAD4 3 1 5 6 8 7
S CQUAD4 4 1 7 8 14 13
GRDSET S
6 GRDSET
S 6
S boundary grids S
s GRID 1 -.4 0. 0.
GRID 27 2.8 4.4 0. 123456
GRID 28 3.6 4.4 0. GRID 2 .4 0. 0.
GRID 14 .4 3.6 0. 123456
GRID 24 .4 4.4 0. GRID 3 -.4 0.9 0.
s GRID 4 .4 0.9 0.
GRID 15 1.2 3.6 0 GRID 5 -.4 1.8 0.
GRID 16 2. 3.6 0 GRID 6 4 1.8 0.
GRID 17 2.8 3.6 0 GRID 7 -.4 2.7 0.
GRID 18 3.6 3.6 0. GRID 8 .4 2.7 0.
S S
GRID 25 1.2 .4 . S boundary grids
GRID 26 2. 4.4 0. S
s GRID 13 -.4 3.6 0.

GRID 14 .4 3.6 0.

S

N\ MECHANICAL
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BxogHou chann

$

S propl.blk

$
MAT1,1,30.46,,.3,.283
PARAM, WTMASS, .00259
PARAM, AUTOSPC, YES
PSHELL,1,1,.05,1,,1

$

$

s file - loadsel.blk

S loads on s.e. 1

$

S LOAD CASE 1 - PRESSURE LOAD

$

PLOAD2,101,-1.,18,THRU, 42

$

S LOAD CASE 2 - 2 POINT LOADS AT CORNERS
$

FORCE, 201,93,,2.,0.,0.,1.

$

S LOAD CASE 3 - OPPOSING POINT LOADS AT
CORNERS

$

FORCE, 301,93,,2.,0.,0.,1.

$

NAS102 Hexkabpb 2001, Ctp. 16-17

MSC Moscow

$

$ file - loadse2.blk

$ loads on s.e. 2

$

$ LOAD CASE 1 - PRESSURE LOAD

$

PLOAD2,101,-1.,43,THRU, 67

$

$ LOAD CASE 2 - 2 POINT LOADS AT
CORNERS

$

FORCE,201,104,,2.,0.,0.,1.

$

$ LOAD CASE 3 - OPPOSING POINT LOADS
AT CORNERS

$

FORCE,301,104,,2.,0.,0.,-1.
$

MSC A Meckawen.

A Division of MSC.Software
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JTanbl peLleHns

e CteneHun cBoboabl (CC) kaxxpgoro cynepanemMeHTa AensAaTcs
Ha ABa rnodHabopa:

e BHewHune CC (HasbiBaeMble A-set): coxpaHsiromcsi pns
AanbHeuweun oopaboTku (peweHunsn) (ana cynepanemeHTta 1 - 3ato
y3nbl 35 n 36)

e BHyTpeHHUue CC: peayumpyroTcs B npouecce oopadboTku
cynepanemMeHTa U He YYUTbIBAKTCA NpU ganbHeULWeM peLleHUuu
(ana cynepanemeHTa 1 - aTo y3nbl 33, 34, 37, 38, 45-50, 57-62,
69-74, 81-86, 93-98).

NAS102 Iekabpb 2001, CTp. 16-19 Msc\ \NS“(EJCI.I:IIT\INOI%L
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JTanbl peLleHns

Onsa kaxgoro cyneparnemMeHTa ero noBefeHue onmcbiBaeTcst MaTpUYHbIMU
ypaBHEHUSAMU, coaepXXaWwmmMmmn rpaHnYdHble (unu BHewHue) CC.

e [1nsa kaxporo cynepaneMeHTa BbIYUCAAIOTCA MaTpulbl pa3amepHocTu G-set.

= ITU MaTpULbl peayLupyroTCAa B MaTpuvubl, NpeacTaBnsaowWmMe CBOUCTBA
cynepanemMeHTa “C TOYKU 3peHUA”’ NPUMbIKaKOLWEN YaCTU KOHCTPYKLUMN.

Ha ypoBHe ocTaTOYHOM CTPYKTYpPbI Npou3BoanTcs “coopka’ Bcex rpaHNYHbIX
MaTpuu.

e Bulk Data Section ansa octatouHOM CTPYKTYpPbI COAEPXKUT BCe “OCTalibHble” AaHHbIle
ANA 4YacTu, He ONMCaHHOMN KaK CynepaneMeHT, U HEKOTopble obLmne AaHHbIe.

BbluncnsoTcsa nepemMeLlleHUsa OCTaTOYHOW CTPYKTYPBbI.

Onsa kaxporo cyneparyieMeHTa no rpaHN4YHbIM NepemMeLlleHnAM onpeaendaroTcH
nepemMeLwieHnNA BHYTPpeHHUX y3o0B.

NAS102 Iexa6pb 2001, CTp. 16-20 Msc\ \NS“(EJCI.I:IIT\INOI%L
MSC Moscow

A Division of MSC.Software



Teopusa ctaTu4ecKou KoOHOeHcauun

Nocne noctpoeHusa matpuuy n yyeta MPC u SPC,
° K;U =P

O-Set - BHYTPEeHHWe y3nbl (peayumnpyroTcs)
A-Set - BHeLWHue (Unu rpaHuyYHbIe) y3rbl (COXpaHAKTCA)

PaspeneHue CC

NAS102 [ekabpt 2001, CTp. 16-21 MSC\ \NS“(E)cl.mlNolﬁgL

MSC Moscow A Division of MSC.Software



Teopusa ctaTu4ecKou KoOHOeHcauun

BepxHee ypaBHeHUe yMHOXaeTcsa csieea Ha K

-1

-1 = k-1
Koo [KooUo"'KoaUa} = KooPo

O6Go3HauYMMm G, - _ {fpaHn4Hoe npeobpasoBaHue)

Toraa

NAS102

00 "0a

Ugo:Tﬁgq,%lTeanoe nepemMeLleHue)

u_ - (GYMMapHOe BHyTpeHHee nepemeLleHue)

Oekabpb 2001, Ctp. 16-22
MSC Moscow
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Teopusa ctaTu4ecKou KoOHOeHcauun

e MoacraBum BbipaxeHne ana Uo B HUXKHee ypaBHeHMe

e TOrAa K,

KT [G

coa " a

] +U°:|+KaaU = Pa

= k{[PaHKHas XKeCTKOCTb)

P, = cirRaypyHble Harpy3Kku)

oa O

e PelueHue Ona oCcTaTOYHOM CTPYKTYPbI

NAS102

=K_"1Pa

d da

Oekabpb 2001, Ctp. 16-23
MSC Moscow

(rpaHMyYHbIE NepemMeLLeHnn)

MSC A Meckawen.

A Division of MSC.Software



[lpeumyLliecTBa MeToga
cynepaneMeHTOB

BO3MOXHOCTb peLueHUus 3apad, npeBocxoasLmx no CBOMM pasMepam,
BO3MOXHoOCTu Baweun 9BM.

MeHbLuMe 3aTpaThbl NPOLLECCOPHOro U obLwero BpeMmeHu (MeHbLune
noTepu Npu HeyaAa4yHOM peLUeHUU, T.K. KaXKAbIN CyneparieMeHT MOXeT
obpabaTbiBaTbCA OTAENLHO).

YacTtnyHoe nameHeHue KOHCTPYKLUNU o0beKTa npeanonaraeT TONbKO
YaCTU4HoOe BbINOJIHEHNEe HOBOIO peLUueHUus.

Bonblne BO3MOXHOCTHU yrnpaBrieHMs pecypcamu 3BM.
NMNowaroBbin BBOA MHhopmMaLmum

o OpraHVI3aL|,VIOHHbIe npeuvmMmyLlecTBa

e cnonb3oBaHue noBTOPAEeMOCTU KOMIMOHEHTOB
NMowaroBbin BbiBOA MH(pOpMaLnn

o OpraHVI3aL|,VIOHHbIe npeuvmMmyLlecTBa

e YnydJweHue NOHUMaHUA

KOMMNOHEeHTbI KOHCTPYKLUUN MOTYT MOAeNnnpoBaTbCA NpeanpuaATUAMM -
COUCMNOJSTHUTENAMMU pPadoT.

Msc\ MECHANICAL

NAS102 Lekabps 2001, CTp. 16-24 \ SOLUTIONS
MSC Moscow A Division of MSC.Software



[lpeunmyLlecTBa meToaa
cynepaneMeHTOB

e MHorowaroBoe peayumpoBaHue Ansa AMHAMU4YeCcKoro
aHanu3sa

e BO3MOXHOCTb BbINOJSIHEHUA MOOaribHO-NOKaribHOro
dHaJIN3a

e BOo3MOXHOCTbL NpoBeaeHUs1 uccriegoBaHMN BapuaHTOB
KOHCTpYKuuun (“Yto, ecnun...”)

NAS102 [exabpe 2001, Cp. 16-25 MSC\ \NS“(EJCI.TIIT\INOIEQL

MSC Moscow A Division of MSC.Software



Hepoctatkm metoga
cynepaneMeHTOB

e YBenun4yeHue 3atpart pecypcoB IBM B cBA3U ¢ KoMmnunauuen moaynen
DMAP, maHnnynaumamm ¢ 6asamm gaHHbIX U UX YBeNIMYEeHUEeM

e [lpnmMeHeHUe cTaTU4YEeCKON KOHAEHCaLuuu nNpyu Mmasriou Besin4mHe
MoAeriu MOXeT CBeCTU “Ha HeT”’ nosly4YyaemMyro 3KOHOMULO.

OcTaTo4yHasa CTPYKTypa He nepeHymMepyeTcsi U ee MaTpuUL,a XKeCTKOCTHU
0ObIYHO NNOTHO 3aNOJfIHeHHaH.

Bce cynepaneMeHTbl AOMKHbI ObITb IMHEUHbLIMMU.

Onsa maccbl n gemncgpunpoBaHMsa annpokcumMmaums npu AMHaAMU4eCKoM
aHanuse AOJKHa ObITb BbINOSIHEHA METOAOM CTaTU4YeCKOoro
peayumMpoBaHnUs, METOAOM CUHTE3a MoAanbHbIX KOMMOHEHT UMK
MEeTOoA4O0M 00006LWEeHHOro AMHAMUYeCKOro peayuupoBaHus.

ABTOMaTU4YeCKUUN pecTapT Bo3MOXeH TonbKko B SOL 101 n
nocrneanyroLwmx.

MSC A Meckawen.

A Division of MSC.Software

NAS102 HDekabpb 2001, Ctp. 16-26
MSC Moscow



PeweHue oObIYHbIM MeTOAOM

e [locnenoBaTesnibHOCTb

NAS102

Generation

J

Solution

Oekabpb 2001, Ctp. 16-27
MSC Moscow

MSC A Meckawen.

A Division of MSC.Software



PeweHue oObIYHbIM MeTOAOM

Y. |

K,x = unit stiffness

e [eHepauus maTpuu

NAS102

Kz K 0 0 0 0
KipgKyptKyg Ky | 0 O
_ \ | | \
[KGG] Tl 0 Ky KyztKgy Kz 0 )
00 Ka KaatKes Kys
(10 10 0 0 0 |
1020 -10 0 O
[KGG] =| 0 -1.020 -1.0 0
0 0 -1.0 2.0 -1.0
0 0 0 -1.0 1.0
- MECHANICAL

Oekabpb 2001, Ctp. 16-28

MSC Moscow

MSC\\ SOLUTIONS

A Division of MSC.Software



PeweHue oObIYHbIM MeTOAOM

e VYyeT 3akpensieHUn u peLueHue

[ - 1-1
Uy | [KptKygs Ky - W || P
JUs (= | Kyz KpztKy Kzg | | P3y
Ya R Kag KggtKys| | Py
U

2 20 <10 0 || 1.0
Us ¢ = |-1.0 20 -1.0| 1 2.0
U 0 -1.0 2.0 3.0

U, 25

3 U3 r= 9 4.0

u, 3.5
MECHANICAL

NAS102 Hexkabpb 2001, Ctp. 16-29 MSC\\ SOLUTIONS
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AHanun3 MeTogoMm CyneparieMeHTOB

,,,,, DO LABELA

\J

e [locneooBaTenbHOCTb

Phase |

Generation
Assembly

: |

: Yy

-
Phase |l

Solution

. DO LABELB

|
Y

Phase 1l

v

- ~~\) MECHANICAL

NAS102 Hexkabpb 2001, Ctp. 16-30 MSC , \ SOLUTIONS

MSC Moscow A Division of MSC.Software




AHanun3 MeTogoMm CyneparieMeHTOB

SEID = 1 44 SEID = 2

@J\A/\r@JV\/\r@M/\r

Residual Stru cture

NN

P2 =1
——
Kz K23
—
u2 U3
e [eHepauusa SEID =1
K12 | _K12 | 0
1 _ |- | | -
Kgg = Kz Kyp+Kys  Kys
| _ |
0 Kos Kas

NAS102 HDekabpb 2001, CTtp. 16-31
MSC Moscow

-

MSC A Meckawen.
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AHanun3 MeTogoMm CyneparieMeHTOB

I:,1
1 0
)
. 0
P3
e PepyuupoBaHue SEID =1
e YpnaneHue 3aKpenrieHuun:
1_ (K2 Koz —Kys
U o

K 'K
- _70707798_
e BbluncneHune rpaHNYHbIX Npeobpa3oBaHUi:

[God]" = ~[Koe] " [<oq

NAS102 eka6pt 2001, CTp. 16-32 MSC\ \NS“(E)cl.mlNolﬁgL
MSC Moscow

A Division of MSC.Software



AHanun3 MeTogoMm CyneparieMeHTOB

e BbluncneHne rpaHNYHOM XKECTKOCTMU:

Ko ' = [Rao* KT8

K. ,K
127" 23
= 0.5

KiogtKos

1 -
Kaa'

e BbluMcneHne rpaHNYHbIX Harpy3oK:

NAS102

1
= P T
SIREEATLY

K
— 23
Pl = 9{2 P, = 0.5
3 Kig+Kps 2

Oekabpb 2001, Ctp. 16-33
MSC Moscow

MSC)

MECHANICAL
\ SOLUTIONS
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AHanun3 MeTogoMm CyneparieMeHTOB

e AHanornyHo SEID =2

2 | P% 0
{2
Pe 0
FL 72 K3y
G = = 0.5
-0 Kt Kys
- 2 K. K
K| = 7 = 05
L K34+K45

0 Ky
P2 - Fé+ P,=1.5
3 2
Kag+ Kys AN\ MECHANICAL
NAS102 NekaGpb 2001, CTp. 16-34 MSC \ SOLUTIONS
MSC Moscow A Division of MSC.Software



AHanun3 MeTogoMm CyneparieMeHTOB

e (OcTtaTo4yHasa CTPVKTVPAa

e “COopka”

e PeweHue

NAS102

Oekabpb 2001, Ctp. 16-35
MSC Moscow

©;

K = k2, +x2, +14.]

K=K'+K2 =1

= 1 2 0
NGRS

- pl 2 0 —
P-P3+P3+P3-4

o) k]

0
U3

P _
=4

MSC A Meckawen.

A Division of MSC.Software



AHanun3 MeTogoMm CyneparieMeHTOB

BbluncneHue pesynsratoB ana SEID = 1
BbIHYy)XAeHHOEe rpaHu4yHoe nepemMelleHue.

NAS102

Lug} = ood] v

Oekabpb 2001, Ctp. 16-36
MSC Moscow

MSC A Meckawen.

A Division of MSC.Software



Cynepno3vuusa napumarnbHbIX
peLleHnM

A. Assembled Structure

P R B Dl Sl B e
SISO IS SISO SIS I

Superelement 1 1 Superelement2 T Superelement 3

B. Partitioned Structure

—F — - = — = - |l
=~ I ek et i Tt S 7=
= - [ -~ —+ ~= Z
=~ k= _ _ PR g — ~ [ ~
2 TR —— L= gl Sy ~ ~ N
B N \\\ f\\\ N \-L___\M__\\
= —al— T e = ==
I L S
D. Partial Solution Due to Boundary Mo tion
—-— ,f”/T\\\
— PP s =~
B A N i e
— = — — — —=
ey 3 d- = /l P~ -E“/_ e BN ~ [:
Pt T | T - o \ >
SSU i G S == SN
N (| SN I | i e TR
\\\\‘L P~y -
N Tme
~Dg -

E. Assembled Solution \

A Division of MSC.Software

MSC Moscow



MeToAabl peayunpoBaHus
cynepanemMeHTOB OoNA
AVNHaAMMWYEeCKOro aHanusa

e CtaTn4yeckoe peayumpoBaHue
e CtaTnyeckoe peayumpoBaHue XeCTKOCTU U peayuupoBaHme Macc
MetToaom [lanaHa
e [InHamunyeckoe peayumpoBaHue
e O606LeHHOe aAuHaMnyeckoe peagyumpoBaHue (GDR)

e CnHTe3 MoganbHbIX KOMNOHeHT (CMS)
 AHanutnyeckoe (SOL 103)

MSC\ MECHANICAL

NAS102 Iexabpn 2001, CTp. 16-38 ’\ SOLUTIONS
MSC Moscow A Division of MSC.Software



CteneHun peayumpoBaHus

CTtaTuyeckoe peayumpoBaHue (MO yMOM4YaHUIO)

e BHyTpeHHMe MacCbl KOHLUEHTPUPYIOTCA B rPaHUYHbIE Y31ibl
(peayuupoBaHue NanaHa)

e CBOMCTBA XECTKUX TesN COXPaHAKTCA

e BaxHble maccbl AOMKHbI ObITb 00BbABNEHbI BHELWUHUMU (FPAaHUYHbIMM)
O606LwWeHHOE AMHaMU4YeCcKoe peayLuupoBaHne — B AOMNOSTHEHUE K
cTaTu4yeckomy penyumpoBaHUIO

e BHyTpeHHMe Mmacchbl npeacTaBnATCA NPUONIMXKEHHbIMU
(annpokcumMupyrowmmmn) co6CcTBEHHLIMU BEKTOPaMM

e [MpubnuxeHHbIe COOCTBEHHbIE YacTOTbl U hopMbl M.0. BbiBeeHbl B
Ka4yecTBe NMPOMEXYTOUYHbIX pe3ynbTraToB

PeoyumpoBaHue MmoganbHbIX KOMMNOHEHT — B AOMNOJSIHEHME K
CTaTU4YeCKOMY peayuMpoOBaHUIO

e BHyTpeHHUe Macchbl NpeacTaBnATCA TOYHbIMU COOCTBEHHbLIMU
BEKTOpPaMu KOMMOHEHTOB Moaenu

e CoOCTBEHHbIe BEKTOPbI AN KaX4oro cynepasieMeHTa M.0. BbiBeAeHbl

Msc\ MECHANICAL

NAS102 Lekabpe 2001, CTp. 16-39 \ SOLUTIONS
MSC Moscow A Division of MSC.Software



PeoyuunpoBaHue NlanaHa
(cTaTn4yeckoe)

OcHoBbIBaeTCcH Ha XXeCTKOCTHU
BbinonHAeTcA ctaTnyeckasa KOHOEeHCcaLUUs XeCTKOCTHU

H

EcnuP_=0, Torma{u}=[G_]{u}, rae G__=-K "1[K_]

Koo'Ko_a

K(-)I—a'Kaa

3T0 Nnpeobpa3oBaHue obecneuymBaeT nepexop ot F-set Kk A-set
[Kaa] = [Rag) * [Kod ' [6cd
i - 5+ ol fo ol e

OpHako, BHYTPEeHHUe guHamu4veckue ahcekTbl) UIrHopupyeTcs

(0]
Mpwu mcyé%?éuvl mMacc, aeMmndupoBaHUA U Harpy3oK, aCCOLUUPYOLLNXCA C
BHYyTpeHHUMM y3namm (O-set), annpokcumauma oTcyTcTByeT (HeT
MOrpeLuHoCTH).

Ecnun cobcTBEHHbIE YaCTOTbl U YaCTOTbl BO34eUCTBUA HAMHOIO Bblille
COOCTBEHHbIX YaCTOT OCTaTO4YHOM CTPYKTYPbl U HaCTOT BO34enNCTBuUA, -
TOYHOCTb BbICOKaHs.

Msc\ MECHANICAL

NAS102 Lekabpe 2001, CTp. 16-40 \ SOLUTIONS
MSC Moscow A Division of MSC.Software



CpaBHeHMe MeToaoB
peayumpoBaHusA

)
)
e u, Points
X . . X
)
)

[ u¢ Points

LV N

>

CTaTuuyeckoe peayLMpoBaHue
Local dynamic

{ U, } . [Got]{ U, }+{%§(} effects are ignored.

O6o0LWeHHOe AnHaMn4yeckoe peayumpoBaHue

(6ot @ OJCL
Annpokcumupyoiume C06CTBeHH}bIe BEKT pﬂ,
nepemMeLleHus.

Pe,qyu,w poBaHne MoAalibHbIX KOMIMOHEHT

Lo} = [oued

ToYHble cOOCTBEHHbIE BeKTOPbI npe,qCTaELFIJOT BHYTPEeHHUE nepemMeLleHuns.

MSC\ MECHANICAL

NAS102 Iexabpe 2001, Cp. 16-41 \ SOLUTIONS
MSC Moscow A Division of MSC.Software

npeacTtaBnArOT BHyTpeHHue



[lpeumyLlecTBa METOOOB
peayunpoBaHuA

® I'IpewmygeCTBa MeTOoAad PGQ!QMQOBGHMH MOoAdJlbHbIX
KOMMNOHEHT Haa meTonomMm CtaTtuyeckoro peayumnpoBaHus

e Bo3MOXHO MCnonb30BaThb OMNbITHbIE pe3ynbTaTbl
e bonee ToyeH Nnpu oANMHAKOBOM Konun4yectBe aguHamuyeckux CC
e NpeaneH AnA 8bICOKO CBA3aHHbIX U HECBA3AaHHbLIX KOHCTPYKUNN

© nQeI/IMYLLI.ECTBa MeTona CtaTnyeckoro peayumnpoBaHus

Had MeToAoM PegngpOBaHMﬂ MOAdJIbHbLIX KOMIMOHEHT
e [leweBne

e MeHee CNOXHbIN
e MeHblue npobGnem

NAS102 ekabpk 2001, CTp. 16-42 MSC\ \h’SIE)cl.IalT\r(;ﬁgL
MSC Moscow

A Division of MSC.Software



AHanu3 coocTBeHHbIX KonebaHuu c
MCMNOJIb30BaHUEeM TONbKO CcTaTU4ecKoro
peayuupoBaHus

He TpebyeTcsa 00606LEeHHbIX NepeMeHHbIX ANl CyneparieMeHToB (3a
WUCKITIOYEeHNEeM OCTaTOYHOM CTPYKTYpPbl — eCliu Ansi Hee TpebyeTcs
0b6006LeHHoe peayLuupoBaHue Unu peayumpoBaHme MoaanbHbIX KOMMOHEHT)

Macca, pemndupoBaHue N XeCTKOCTb CynepasrieMeHTa KOHAeHCUpyeTcA
cTaTun4yecku Bo BHewHue CC.

OnepaTtopbl ASETi n QSETi MoryT ObITb YKa3aHbl TONbLKO B OCTaTOYHOWM
CTPYKType.

MNMpu otcytcTBUM onepatopoB ASETi Bce BHyTpeHHne CC octaTto4yHOM
CTPYKTYPbl COXPaHSAKTCA ANA aHanu3a co6CTBEeHHbIX KoriebaHUuM.

NMpun Hannuuu onepatopoB ASETi, Tonbko cooTBeTcTBYyOWME CC
COXpaHAKTCA ANA aHanu3a cobCTBeHHbIX KorebaHun.

Pa3pnen Case Control Section aHanorn4yeH cratnyeckomy aHanu3sy, Tpebyetcs
Tonbko gononHutenbHo onepatop METHOD B SUBCASE’e, oTHOCALWEMCA K
ocTaTo4yHou cTpykType. MoxeT npumeHaTbcs onepatop DYNRED.

MSC\ MECHANICAL

NAS102 Iexabpb 2001, CTp. 16-43 \ SOLUTIONS
MSC Moscow A Division of MSC.Software



AHanu3 coocTBeHHbLIX KonebaHuu c
MCMNOoNb30BaHMEM AMHaAMUYECKOro
peayuupoBaHuUA CynepanemMeHToB

NoBegeHne cynepanemMeHTa ONUCbIBAaeTCA ero peanbHbIMU U/unu
“obo6weHHbIMU” (GDR) Mogamun B fONONHEHUN K cTaTU4EeCKMM chopmMam.

XXecTKocTb, Macca u gemndupoBaHue cyrneparieMeHTa TpaHCOPMUPYIOTCA C
ucnonb3oBaHMeM (PU3NYECKUX U MoaaribHbIX KOOPAUHAT.

Mopabl cynepaneMeHTa BbIYMCIIAKTCA Npu Hanuuum onepatopos METHOD
un/ivnu DYNRED (GDR) B cootBeTcTBYIOLeM SUBCASE’e.

KonuyecTtBO MoA cynepanemMmeHTa 3agaetca onepatopamm EIGR unu EIGRL
(DYNRED ansa 0600wWweHHOro AMHaMn4ecKoro peayumpoBaHus).

KonnuecTtBO MoAa cynepanemMeHTa, nepeaaBaeMbiX B OCTaTOYHYK CTPYKTYpY,
onpepensetca oneparopamu SENQSET vnu QSETi n SPOINT.

Ecnun moabl cynepanemeHTa (C3) nepepatrorcsa gna peweHusa B gpyrou CI, 1o
Hapo ucnonb3oBaTb onepatopbl QSETi n SPOINT. OnepaTtopbl SPOINT
AOIMKHbI COOTBETCTBOBATb CKaNAPHbIM NepeMeHHbIM B “HUXHeM”
cynepanemeHTe (cootBeTcTBUE onpeaensetca onepatopom SECONCT).

Mo ymonyaHuio, moabl cyrnepaneMeHTa BbIYUCIIAKTCA C PUKCUPOBaAHHbIMMU
rpaHuuamm (B B-set). 9ToT npuem nsBecteH kak metog Kpenra-bamntoHa
(Craig-Bampton).

MSC\ MECHANICAL

NAS102 Iexabps 2001, Cp. 16-44 \ SOLUTIONS
MSC Moscow A Division of MSC.Software



AHanu3 coocTBeHHbIX KonebaHuu c
Mcnofib3oBaHUeM ANHaAMUNYEeCKOro
peayuupoBaHuUA cynepanemMeHToB

e Moabl cynepanemMeHTa BbluucnsawTtcsa B Pase | B
cooTtBeTCcTBME C onepauuen SEMR.

e CynepanemMeHTbI-KONMUN AOMKHbI UMEeTb HOMepa BHELUHUX
y3510B, aHanorn4yHble HoMmepam rpaHUYHbIX y3ri0B
cynepanemeHTa-opuruHana. Ecnu C3-opurnHan Bknovaer
onepatop SENQSET, Torga C9-konna oomkeH UMeTb
cooTBeTcTBYOLWMe CC ona npeacraBrieHna Moa.

MSC\ MECHANICAL

NAS102 Iexabpe 2001, CTp. 16-45 \ SOLUTIONS
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Superelement Internal Generalized Degree of Freedom S E NQ S E T

Defines number of internally generated scalar points for superelement dynamic reduction.

Format

1 2 3 4 5 6 7 8 9 10
senoser sen [ v e
E xample:
[SENQSET 110 | 45 | | | I | I | |
Field Contents
SEID Superelement identification number. See Remark 3.. (Integeru0 or Character="ALL")

Number of internally generated scalar points for dynamic reduction generalized

N coordinates. (Integer>0; Default=0)
Remarks:

1. SENQSET can only be specified in the main Bulk Data Section and is ignored after the BEGIN
SUPER=n command.

2. SENQSET is only required if the user wants to intfemally generated scalar points used for dynamic
reduction.
3. SEID="ALL" will automatically generate N g-set degrees of freedom for all superelements, except

the residual structure (SEID=0). Specifying additional SENQSET entries for specific
superelements will overide the value of N specified on this entry.

4. If the user manually specifies q-set degrees of freedom using a SEQSETi or QSETi entries, then
the intemally generated scalar points will not be generated.LQ

Bulk Data Entry

MSC\ MECHANICAL

NAS102 Iexabpu 2001, CTp. 16-46 \ SOLUTIONS
MSC Moscow A Division of MSC.Software



NAS102

Scalar PointDefinition

SPOINT

Defines scalar points.

Format
1 2 3 4 5 6 7 8 9 10
[spoiNT] i1 | 2 | 3 [ pa [ 5 [ e | 7z | ips [N
Example:
[SPOINT | 3] 18] 1] 4] 16] 2 [ | |
Alternate Format and Example:
sPOINT] b1 | “THRU” [ D2 m
SPOINT 5 THRU 649
Field Contents
1Di Scalar point identification number. (0<Integer<1000000; For “THRU” option, ID1<1D2)
Remarks:
1. A scalar point defined by its appearance on the connection entry for a scalar element (see the

b

CELASI, CMASSI, and CDAMPI enties) need not appear on an SPOINT enftry.

All scalar point idenftification numbers must be unique with respect to all other structural, scalar,
and fluid points. However, duplicate scalar point idenfification numbers are allowed in the input.

This entry is used primarily to define scalar points appearing in single-point or multipoint consfraint
equations to which no scalar elements are connected.

If the alternate format is used, all scalar points 1D1 through ID2 are defined.
For a discussion of scalar points, see the MSC. Nastran Reference Manual, Section 5.6.

Oekabpb 2001, Ctp. 16-47

MSC Moscow

Bulk Data Entry

MSC A Meckamen.

A Division of MSC.Software



NAS102 Oekabpb 2001, CTp. 16-48

Generalized Degree of Freedom Q S E T

Defines generalized degrees of freedom (g-set) to be used for dynamic reduction or component mode synthesi

Format

1 2 3 4 b 6 7 8 9 10
[oseT [ 1 | c¢1 | w2 | c2 [ w3 | ¢3 [ ba [ ca [N
E xample:
lQseT | 15 | 123456 | 1 | 7 | o | 2 [ 105 [ 6 | |
Field Contents
IDi Grid or scalar point identification number. (Integer>0)

Component number. (Integer zero or blank for scalar points or any unique combination

Ci of the Integers 1 through 6 for grid points with no embedded blanks.)
Remarks:

1. Degrees of freedom specified on this entry form members of the mutually exclusive g-set. They

may not be specified on other entries that define mutually exclusive sets. See the MSC.Nastran
Quick Reference Guide, Appendix B for a list of these enftries.
2. Degrees of freedom specified on QSET and QSET1 entries are automatically placed in the a-set.
3. When ASET, ASET1, QSET, and/or QSET1 entries are present, all degrees of freedom not
otherwise constrained (e.g., SPCi or MPC enftries) will be placed in the omitted set (o-set).

Bulk Data Entry
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NAS102

Generalized Degree of Freedom (Alternate Form of QSET Entry

QSET1

Defines generalized degrees of freedom (g-sef) to be used for generalized dynamic reduction or component
mode synthesis.

Format
1 2 3 4 5 6 7 8 9 10
QSET1 C 1D1 1D2 D3 D4 IDS 1D6 ID7
1D8 1D9 -etc.-
Example:
QSET1 123456 1 7 9 22 105 6 22
92 93
Alternate Format and Example:
QSET1 | ¢ 11| “THRU | 1D2 m
QSET1 0 101 THRU 110
Field Contents
C Component number. (Integer zero or blank for scalar points or any unique combination
of the Integers 1 through 6 for grid points with no embedded blanks.)
IDi Grid or scalar point identification number. (Integer>0; For THRU option, ID1<ID2.)
Remarks:
1. Degrees of freedom specified on this entry form members of the mutually exclusive g-set. They
may not be specified on other entries that define mutually exclusive sets. See the MSC. Nastran
Quick Reference Guide, Appendix B for a list of these entries.
2. Degrees of freedom specified on QSET and QSET1 entries are automatically placed in the a-set.
3. When ASET, ASET1, QSET, and/or QSET1 entries are present, all degrees of freedom not

otherwise constrained (e.g., SPCi or MPC entiies) will be placed in the omitted set (o-sef).

Oekabpb 2001, Ctp. 16-49
MSC Moscow
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AHanu3 coocTBeHHbIX KonebaHuu c
Mcnofib3oBaHUeM ANHaAMUNYEeCKOro
peayuupoBaHuUA cynepanemMeHToB

e [lpu BblYMCNEeHUN MOA NOJNTHOCTLIO He3aKpenfeHHOro cyrnepaneMeHTa Bce
BHewHue CC A.6. nepeuncneHbl B onepatope CSETI.
e bespedopmaumnoHHble moabl (f=0 N'y) — NMHEWHbIe KOMOMHALUU CTaTUYECKUX
BEKTOPOB U He AOJXKHbI ObITb peayuupoBaHbI.
e OpgHO M3 AByX:
* He Bbluucnante ux (F1>0 B onepatopax EIGR nnu EIGRL).
* Bbluncnanrte n Hageutecb, YTO nNporpamma yaanut ux (cm. onepatop PARAM,EPSRC B
MSC.Nastran Reference Manual).
e “CMellaHHble” MOAbI MOTYT ObITb BbIYUCIIEHbI C UCMONIb30BaHNEM
onepatopoB CSETi n BSETi ana 3agaHua 3aKkpenneHHbIX U He3aKpenJsieHHbIX
cTeneHeu ceoboabl.

e [lpn Hann4unm “cmewaHHbIX” Mop ¢ Yactoton 0 'y ¢ HUMK HYXXHO “obpawaTbea’”
aHarorMy4yHo crlyyaro NOSTIHOCTbLIO HEe3aKpPensieHHOro cyrneparnemMeHTa.

MSC\ MECHANICAL
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Fixed Analysis Degrees of Freedom B S E T

Defines analysis set (a-sef) degrees of freedom to be fixed (b-set) during generalized dynamic reduction or
component mode synthesis calculations.

Format
1 2 3 4 5 6 7 8 9 10

[BSET | i1 | ¢t | w2 | c2 | 3 | c¢3 | ma | ca [N
Example:

BSET | 2 | 13 | 14 | 6 | [ [ [ | |
Field Contents
IDi Grid or scalar point identification number. (Integer>0)
Ci Component number. (Integer zero or blank for scalar points, or any unique

combinations of the Integers 1 through 6 for grid points. No embedded blanks.)

Remarks:

1. If there are no CSE Ti or BSE Ti entries present, all a-set points are considered fixed during
component mode analysis. If there are only BSETi enties present, any a-setdegrees of freedom
not listed are placed in the free boundary set (c-sef). If there

2. Degrees of freedom specified on this entry form members of the mutually exclusive b-set. They

may not be specified on other enfries that define mutually exclusive sets. See the MSC.Nastran
Quick Reference Guide, Appendix B for a list of these entries.

3. If PARAM,AUTOSPC is YES, then singular b-set and c-set degrees of freedom will be reassigned
as follows:
a. If there are no o-set (omitted) degrees of freedom, then singular b-set and c-set
degrees of freedom are reassigned to the s-set
b. If there are o-set (omitted) degrees of freedom, then singular c-set degrees of freedom
are reassigned to the b-set Singular b-set degrees of freedom are not reassigned.

Bulk Data E nry \ MECHANICAL
SC
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NAS102

Fixed Analysis Degrees of Freedom, Alternate Form of BEST Entry

BSET1

Defines analysis set (a-set) degrees of freedom to be fixed (b-set) during generalized dynamic reduction or
component mode synthesis calculations.

Format
1 2 3 4 5 6 7 8 9 10
BSET1 C ID1 ID2 ID3 ID4 ID5 ID6 ID7
ID8 ID9 ID10 -efc.-
Example:
BSET1 2 135 14 6 23 24 25 26
122 127
Alternate Format and Example:
BSET1 [ ¢ D1 [ THRU” | 102 m
BSET1 3 6 THRU 32
Field Contents
C Component numbers. (Integer zero or blank for scalar points, or any unique
combinations of the Integers 1 through 6 for grid points with no embedded blanks.)
IDi Grid or scalar point identification numbers. (Integer>0; For “THRU” option, ID1<1D2)
Remarks:

1.

If there are no CSETi or BSETi entries present, all a-set points are considered fixed during

component mode analysis. If there are only BSETi entries present, any a-set degrees of freedom
not listed are placed in the free boundary set (c-set). If there

Degrees of freedom specified on this entry form members of the mutually exclusive b-set. They
may not be specified on other entries that define mutually exclusive sets. See the MSC.Nasfran
Quick Reference Guide, Appendix B for a list of these entries.
If PARAM,AUTOSPC is YES, then singular b-set and c-set degrees of freedom will be reassigned

as follows:
a.

If there are no o-set {(omitted) degrees of freedom, then singular b-set and c-set
degrees of freedom are reassigned to the s-set

If there are o-set {omitted) degrees of freedom, then singular c-set degrees of freedom
are reassigned to the b-set  Singular b-set degrees of freedom are not reassigned.

Oekabpb 2001, Ctp. 16-52
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Free Boundry Degree of Freedom CSE T

Defines analysis set (a-set) degrees of freedom to be free (c-set) during generalized dynamic reduction or
component modes calculations.

Format:

1 2 3 4 5 6 7 8 9 10
[cseT [ 1 [ ¢ [ w2 | c2 | 13 | ¢3 | 4 | ca [N
Example:

[cseET | 124 [ 1 | 5 | 23 [ 6 | 16 | | [ |
Field Contents
IDi Grid or scalar point identification number. (Integer>0)

Component numbers. (Integer zero or blank for scalar points, or any unique
Ci combination of the Integers 1 through 6 for grid points with no embedded blanks.)
Remarks:

1. If there are no CSETi or BSE Ti enfries present, all a-set degrees of freedom are considered fixed
during component modes analysis. If there are only BSETi entries present, any a-set degrees of
freedom not listed are placed in the free boundary set (c-set

2. Degrees of freedom specified on this entry form members of the mutually exclusive c-set  They

may not be specified on other entries that define mutually exclusive sets. See the MSC.Nastran
Quick Reference Guide, Appendix B for a list of these enfries.
3 IfPARAM,AUTOSPC is YES then singular b-set and c-set degrees of freedom will be reassigned

as follows:
a. If there are no o-set (omitted) degrees of freedom, then singular b-setand c-set
degrees of freedom are reassigned to the s-set
b. If there are o-set (omitted) degrees of freedom, then singular c-set degrees of freedom

are reassigned to the b-set  Singular b-set degrees of freedom are not reassigned.

Bulk Data Entry
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Free Boundry Degree of Freedom, Alternate Form of CSET Entry C S E T1

Defines analysis set (a-set) degrees of freedom to be free (c-sef) during generalized dynamic reduction or
component modes calculations.

Format
1 2 3 4 5 6 7 8 9 10
CSET1 C D1 1D2 1D3 1D4 1DS ID6 ID7
1D8 D9 -etc.-
Example:
CSET1 124 1 5 7 6 9 12 122
127

Alternate Formats and Examples:

CSET1| ¢ D1 | THRU” [ D2 W
CSET1 3 [§) THRU 32

CSET1

CSET1 ALL
Field Contents
C Component number. (Integer zero or blank for scalar points, or any unique combination

of the Integers 1 through 6 for grid points with no embedded blanks.)
1Di Grid or scalar pointidentfication number. (Integer>0; For THRU option, 1D1<ID2)
Remarks:
1. If there are no CSETi or BSETi entries present, all a-set degrees of freedom are considered fixed

during component modes analysis. If there are only BSETi entries present any a-set degrees of
freedom not listed are placed in te free boundary set (c-set

(Continued)
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Free Boundry Degree of Freedom, Alternate Form of CSET Entry CS E T1

2. Degrees of freedom specified on this entry form members of the mutually exclusive c-set They
may not be specified on other entries that define mutually exclusive sets. See the MSC.Nastran
Quick Reference Guide, Appendix B for a list of these enfries.
3. If PARAM,AUTOSPC is YES then singular b-set and c-set degrees of freedom will be reassigned
as follows:
a. If there are no o-set (omitted) degrees of freedom, then singular b-set and c-set
degrees of freedom are reassigned 1o the s-set.
b. If there are o-set (omitted) degrees of freedom, then singular c-set degrees of freedom
are reassigned to the b-set. Singular b-set degrees of freedom are not reassigned.

Bulk Data Entry
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Metoa CMS c 3aKkpensneHHbIMU
rpaHMLamMmu

OnucaHue metToaukum (usBectHou Kak metoa Kpeura-bamntoHa)

CteneHu cBOOOAbLI cynepanemMeHTa nogpa3nensoTca Ha ABa Habopa (set’a).
MNMepBbINn Habop (B-set) oTHOCUTCA K rPpaHNYHbIM y3nam. Btopoun Habop — 3To
BHYTPEeHHUe cteneHn ceBoboabl (O-set).

BbluucnarwTtca “ctatuyeckue” Moabl, Kaxkaasi U3 KOTOPbIX ABNAETCS
nepemMelleHueM cyrnepanemMeHTa Bcneacreme eAUHUYHOro U3MeHEeHUs OgHOM
U3 rpaHNYHbIX CTeneHeun ceoboabl (apyrue npm 3TOM OoCTaroTCA
HenoABWXHbIMM). T.0., KONIMYECTBO “CTaTUYECKUX”’ MO paBHO KONIMYECTBY
rpaHu4HbIX CC (3T BekTopbl B MSC.Nastran ussectHbl Kak GOAT)

{K oo Kob

B maTtpunyHom Buge
(|)0b _ 0
\ U 'Ff i
Kba Kbl | Tbb b

e (B peunctBuTenbHocTu Pb He npuknagbiBaeTcs)
U3 nepBoro ypaBHeHus

Uoon | = ~[Kod Kol 1w | Goun
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Metoa CMS c 3aKkpensneHHbIMU
rpaHMLamMmu

nosnyyaem “cratmyeckume” Mmoabl:

bb
3aTtem c ucnosnb3oBaHuem O-set onipeaenaroTca popmbl KonedbaHUN NPU 3aKpensieHHbIX
rpaHuuax {¢_ } (8 MSC.Nastran nseectHbl kak Bektopbl GOAQ).

]| b [ ] 0| =0

Heobxoanmoe Konn4yecTBo 3TUX MOA onpeaensieTca nonb3oBaTtenem. Moabl konedbaHum
+ “cTaTnyeckmne” moabl = 0600LEHHbIe KOOPAUHATDI.

{%} Ly, O

{ ¢ob ¢oo }
AOna nony4vyeHua “o6006LWEHHbIX” M3CC M XKecTKOCTeN MaTpULLbl Macc U XXeCTKOCTU
cynepasrieMeHTa YMHOXarTCA Ha NOfy4YeHHble MoAbI

[Kg| = 06 1T[Kef] 105
T[Mf] (06}

{¢
raoe F-set - cymma B-set JOLet )
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Metoa CMS c 3aKkpensneHHbIMU
rpaHMLamMmu

e “O006LlEeHHbIe” maTpuubl BKNtoYaroT husnyeckme CC,
OTHOCSILMECS K TPAHUYHbIM y351aM, U MOAalnbHble
KoopAauHaTbl (Npu 3aKpensieHHbIX rpaHMuax
cynepasrieMeHTa).

e [Mony4yeHHble MaTpULbl MOryT 0OpabaTbiBaTbLCA KaK U
Apyrue CTPYKTYpHble MaTpuubl a pe3ynbraTthbl —
BbIYUCNATLCA OObIYHLIM MEeTOAOM NPU MOAANTbHOM
peweHnn (0606LEeHHbIe KOOpAUHATbI YMHOXAKTCA Ha
COOTBETCTBYHOLMA BEKTOP U y4acTBYIOT B (hOpMUpPOBaHUMU
OMHOCUMeEJsIbHbIX NepemMeLleHUn).

e Bbluncnsembie moabl Hopmupyrotcs no BenuyuHe (1,0) nx
MaKCUMarnbHbIX nepemMeweHnm (BHe 3aBUCUMOCTHU OT
MeToAa HOPMUPOBaHUA, 3aTpedoBaHHOIO
nonb3oBaTenem).

Msc\ MECHANICAL
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[Tpumep pelueHuUs

e [Mpumep ucnonb3oBaHua metoga CuHtesza MoganbHbix KomnoHeHToB (CMS)

Part 1 }!

o ki=k2=k3=k4=1.0
e mM=m2=m4=m5=1.0; m3=1.0

Residual
Part2 i Part1

L ANN—&NN—F 3 & AN ANN3

e AHanutuyeckoe peweHune AnAa 4actor

i 1 2 3 4
f 0.0553 | 0.1592 | 0.2438 | 0.2991
M=o | 0.1206 1 2.3473 | 3.5321
MECHANICAL
NAS102 ekabpb 2001, CTp. 16-59 Msc\\ SOLUTIONS
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[Tpumep pelueHuUs

e CynepanemeHT 1

1.0 -1.0 0
Kgg = |-1.0 2.0 -1.0] Mg,
0 -1.0 1.0

00 O 3
010 0|y Yy
00 1.0

e Y3en 3 - rpaHN4YHbIN; peweHne ana “crtatuyeckux” mopn;:

e rge

NAS102

(10 <10 o || 10
~1.0 20 -1.0]7 Ya
0 -1.0 1.0/ U

Koo= 2.0 —1.0}
-1.0 1.0
Kob= -1.0
0

5

= . 1.0 1.0
K°°1 [1.0 2.0}
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[Tpumep pelueHuUs

0, = -[1.0 10| .0 (=] 1.0
1.0 2.0) |0.0 1.0

1.0
1.0
1.0

Mopabl Kone6aHuu npu 3aKkpensneHHbIX rpaHMuax.
3ameyaHue: B MSC.Nastran ucnonb3yroTtcs moabl, HOPMUPOBaHHbIE A0

NAS102

3Ha4vyeHusd 1,0 ux MakcumMmanbHOro nepemMeLleHus.
Hopmanusauusa BbINONMHAETCA NpuU peeHun coo6cTBeHHOMU
3agavym.

el 0 - [ 2 (2818 o

Msc\ MECHANICAL

Hexkabpb 2001, Ctp. 16-61 \ SOLUTIONS
MSC Moscow A Division of MSC.Software



[Tpumep pelueHuUs

2 _
detl2-92 1 |2, ©?=0.3819, 2.618
1 1-w2 f = 0.098 Hz, 0.2575 Hz

0.6180 } { 0.5257 } _ Norrmalized <
1.0000 0.8506 /u:irtn:r?alszs °

~1.0000 { -0.8506 }
0.6180 05257
0.6180 —1.0000

1.0000 0.6180

1.000 0 0
¢g = | 1.000 0.618 -1.000
1.000 1.000 0.618

[%]T[Kgg][%y[ o o527 o ] e

0 0 3.6180| Uqqgo2

[¢G ]T[Mgg} [¢G:| = (1.6180 1.3820 0

e rae 1001 n 1002 — ckansipHble nepetitnibie, e
npeacTaBneHns Mo cynepanemeHTa 1.

2.0000 1.6180 -0.3820| u,
U1001

ofibayemble ans
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[Tpumep pelueHuUs

e CvnepanemMeHT 2

10 -1.0 O 10 0 O
Kgg = | 1.0 20 1.0 Mg =| 0 100
0 -1.0 1.0 0 0O
+ Apply constraint to grid point 1.
0.5
we i)
* " 110
2_
{(I)oo} = {1} ® 20 [ (I) i| = 0510
f=0.2251 G 1.0 0O

[ g T [KQEM bg } ) [ 0(;5 2?0] :?oos

o ] o[ 9 )= | 3B 050 | 22

e rae 1005 - ckansapHaa nepemMeHHas, Ucnonb3yemas ons
npeacTaBrieHUs MOoAbl cyrneparieMeHTa 2.
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[Tpumep pelueHuUs

e (OcTtaTo4yHasa CTPVKTVPAa

e /[Jo po6aBneHus cynepanemeHTa:

NAS102

g9
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(0000 |
0000
0000
1 0000

(1000
0000
0000

| 0000 _

U1001
U1002
U1005
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[Tpumep peLleHUs

e [loGaBneHue cynepanemeHTa 1

0 0 0 0
K =| 0 05279 o0 0
99 0 0 3618 0

0 0 0 0 |

3.0000 1.6180 -0.3820 0 | uj

M__ = |1.6180 13820 0 0 | utom
9 | 03820 0 1.3820 0 | U002

0 0 0 0 | u100s
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[Tpumep peLleHUs

e [loGaBneHue cynepanemMeHTa 2

g9

NAS102

gg

0.5 0 0 0
0 05279 0 0
0 0 3618 0
0 0 0 2.0

[ 3.2500 1.6180 -0.3820
16180 1.3820 O
~03820 0  1.3820

0 0 0

Oekabpb 2001, Ctp. 16-66
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0.5
0
0

1.0

U1001
U1002

Y1005
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[Tpumep pelueHuUs

0.5 0 0 0
K = 0 05279 O 0
0 0 3.618 0
0 0 0 2.0
3.2500 1.6180 -0.3820 0 us
M, = 1.6180 1.3820 0 0 U1001
-0.3820 O 1.3820 0 U1002
0 0 0 1.0 | Uqg0s

o Pewenue {K__- ©*M_}{o} AaeT o? = 0.1206, 1.0000, 2.3473, 3.5321.

0.42850
0.23150
—-0.00572
0.01370

¢f=<

-0.5773 -0.2280 0.6565
1.0937 0.3188 -0.8619
0.0986 0.5464 0.7012

-0.2887 0.7705 -0.7568

e BbluncneHune pe3ynsraTtoB (nepemelyeHne y3noB gna moabl 1)

OcTaTo4Has CTpyKTypa

NAS102

Oekabpb 2001, Ctp. 16-67
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[Tpumep pelueHuUs

e CynepanemeHT 2

for exterior points ¢, = | 0.4285 | uj
0.0137 | U1005

100 © 0 0 us
051 = 10g2/ 1926} = | 0.5 05 1.0 |} 04285 [ = | 0.2280 [ u,
0 1.0 0 || 0.0137 0.4285 | us
e CynepanemeHT 1
0.4285 |uq

for exterior points ¢;5= 0.2315 (uqgo1
-0.00572 | U1002

1.0 0 0 0.4285 0.4285 |uj,
¢11={0g1519165 = | 1.0 0.6180 -1.0 0.2315 [ =) 0.5773 [u,
1.0 1.0 0.6180 || -0.00572 0.6565 |us
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BxogHou cbann ona aHanusa
cobcTBeHHbIX KonedaHuun (SOL 1

$

S sespl.dat

$

SOL 103

CEND

TITLE = SAMPLE PROBLEM FOR CMS USING
PARTS

SPC =1

DISP = ALL
PARAM, GRDPNT, O
PARAM, USETPRT, O

$

SUBCASE 1

LABEL = CMS FOR PART 1
SUPER = 1

METHOD=1 $

$

SUBCASE 2

LABEL = CMS FOR PART 2
SUPER = 2

METHOD = 2

$

SUBCASE 100
LABEL = SYSTEM MODES

SUPER = 0
METHOD = 100

$

BEGIN BULK

$

grid, 3,,20.
conm2,13,3,,1.0
$

EIGRL,100,,,4
sengset, 1,2
sengset, 2,1

NAS102 HNekabpb 2001, CTp. 16-69
MSC Moscow

BEGIN SUPER

$

EIGRL,1,,,2
grid, 3,,20.
grid,4,,30.
grid, 5, ,40.

$
CELAS2,3,1.,3
CELAS2,4,1.,4
CONM2, 14,4, ,

=

CONM2,15,5,,1.

$

BEGIN SUPER =
$

EIGRL,2,,,1
grid,1,,0.
grid,2,,10.
grid, 3,,20.

$
CELAS2,1,1.,1
CELAS2,2,1.,2
CONM2,11,1,,1
CONM2,12,2,,1
SPC1,1,12345¢6
$

ENDDATA

;1
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Pe3ynbTaTbl aHanns3a ynpyrowu
mopenu merogom CMS

OUTPUT FROM SPRING MODEL CMS RUN

1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97  PAGE 25
SUPERELEMENT 1
0 SUBCASE 1
0
EIGENVALUE ANALYSIS SUMMARY (REIGL MODULE)
BLOCK SIZE USED .. .vvsoeeeenon. 1
NUMBER OF DECOMPOSITIONS ............. 1
NUMBER OF ROOTS FOUND . ............... 2
NUMBER OF SOLVES REQUIRED . ........... 3
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97  PAGE 26
SUPERELEMENT 1
0 SUBCASE 1

REATL EIGENVALTUES

MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 3.819660E-01 6.180340E-01 9.836316E-02 1.000000E+00 3.819660E-01
2 2 2.618034E+00 1.618034E+00 2.575181E-01 1.000000E+00 2.618034E+00

MECHANICAL
\ SOLUTIONS

A Division of MSC.Software
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Pe3ynbTaTbl aHanns3a ynpyrowu
mopenu merogom CMS

OUTPUT FROM SPRING MODEL CMS RUN

1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 38
SUPERELEMENT 2
0 SUBCASE 2
0
EIGENVALUE ANALYSIS SUMMARY (REIGL MODULE)

BLOCK SIZE USED

NUMBER OF DECOMPOSITIONS ............. 1

NUMBER OF ROOTS FOUND ................ 1

NUMBER OF SOLVES REQUIRED

1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 39
SUPERELEMENT 2
0 SUBCASE 2

REATL EIGENVALTUES

MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 2.000000E+00 1.414214E+00 2.250791E-01 1.000000E+00 2.000000E+00

MECHANICAL
\ SOLUTIONS

A Division of MSC.Software
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Pe3ynbTaTbl aHanns3a ynpyrowu
mopenu merogom CMS

1 SAMPLE PROBLE

M FOR CMS USING PARTS

MODE EXTRACTION EIGENVALUE
NO. ORDER
1 1 1.206148E-01
2 2 1.000000E+00
3 3 2.347296E+00
4 4 3.532089E+00
1 SAMPLE PROBLEM FOR CMS USING PARTS
0
1 SAMPLE PROBLEM FOR CMS USING PARTS

0

0***USER INFORMATION MESSAGE---DATA RECOVERY FOR

1 SAMPLE PROBLEM FOR CMS USING PARTS
0 SYSTEM MODES
EIGENVALUE = 1.206148E-01
CYCLES = 5.527393E-02
POINT ID. TYPE T1
3 G -4.285251E-01

NAS102

MSC Moscow

MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 48
SUPERELEMENT 0
SUBCASE 100
REATL EIGENVALTUES
RADIANS CYCLES GENERALIZED GENERALIZED
MASS STIFFNESS
3.472964E-01 5.527393E-02 1.000000E+00 1.206148E-01
1.000000E+00 1.591549E-01 1.000000E+00 1.000000E+00
1.532089E+00 2.438395E-01 1.000000E+00 2.347296E+00
1.879385E+00 2.991135E-01 1.000000E+00 3.532089E+00
MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 49
SUPERELEMENT 0O
SUBCASE 100
MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 50
SUPERELEMENT 0
SUBCASE 100
SUPERELEMENT 0 IS NOW INITIATED.
MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 51
SUPERELEMENT 0
SUBCASE 100
REATL EIGENVECTOR N O 1
T2 T3 R1 R2 R3
.0 .0 .0 0 0
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0***USER INFORMATION MESSAGE---DATA RECOVERY FOR SUPERELEMENT

1

SAMPLE PROBLEM FOR CMS USING PARTS

SYSTEM MODES

EIGENVALUE = 1.000000E+00
CYCLES = 1.591549E-01
POINT ID. TYPE T1
3 G -5.773503E-01

SAMPLE PROBLEM FOR CMS USING PARTS

SYSTEM MODES

EIGENVALUE = 2.347296E+00
CYCLES = 2.438395E-01
POINT ID. TYPE T1
3 G 2.280134E-01

SAMPLE PROBLEM FOR CMS USING PARTS

SYSTEM MODES

EIGENVALUE = 3.532089E+00
CYCLES = 2.991135E-01
POINT ID. TYPE T1
3 G -6.565385E-01

SAMPLE PROBLEM FOR CMS USING PARTS

SAMPLE PROBLEM FOR CMS USING PARTS

SAMPLE PROBLEM FOR CMS USING PARTS

CMS FOR PART 1

EIGENVALUE = 1.206148E-01
CYCLES = 5.527393E-02
POINT ID. TYPE T1
3 G -4.285251E-01
4 G -5.773503E-01
5 G -6.565385E-01
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1 IS NOW INITIATED.

12,

1998 MSC.Nastran 7/17/97
SUPERELEMENT
SUBCASE
2
R2 R3
.0 .0
1998 MSC.Nastran 7/17/97
SUPERELEMENT
SUBCASE
3
R2 R3
.0 .0
1998 MSC.Nastran 7/17/97
SUPERELEMENT
SUBCASE
4
R2 R3
.0 .0
1998 MSC.Nastran 7/17/97
SUPERELEMENT
SUBCASE
1998 MSC.Nastran 7/17/97
SUPERELEMENT
SUBCASE
1998 MSC.Nastran 7/17/97
SUPERELEMENT
SUBCASE
1
R2 R3
0 0
0 0
0 0
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OUTPUT FROM SPRING MODEL CMS RUN (Cont.)

1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 58
SUPERELEMENT 1
0 CMS FOR PART 1 SUBCASE 1
EIGENVALUE = 1.000000E+00
CYCLES = 1.591549E-01 REAL EIGENVECTOR N O . 2
POINT ID. TYPE T1 T2 T3 R1 R2 R3
3 G -5.773503E-01 .0 .0 .0 .0 .0
4 G 8.187895E-16 .0 .0 .0 .0 .0
5 G 5.773503E-01 .0 .0 .0 .0 .0
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 59
SUPERELEMENT 1
0 CMS FOR PART 1 SUBCASE 1
EIGENVALUE = 2.347296E+00
CYCLES = 2.438395E-01 REAL EIGENVECTOR N O . 3
POINT ID. TYPE T1 T2 T3 R1 R2 R3
3 G 2.280134E-01 .0 .0 .0 .0 .0
4 G 5.773503E-01 .0 .0 .0 .0 .0
5 G -4.285251E-01 .0 .0 .0 .0 .0
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 60
SUPERELEMENT 1
0 CMS FOR PART 1 SUBCASE 1
EIGENVALUE = 3.532089E+00
CYCLES = 2.991135E-01 REAL EIGENVECTOR N O . 4
POINT ID. TYPE T1 T2 T3 R1 R2 R3
3 G -6.565385E-01 .0 .0 .0 .0 .0
4 G 5.773503E-01 .0 .0 .0 .0 .0
5 G -2.280134E-01 .0 .0 .0 .0 .0
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 61
SUPERELEMENT 1
0 SUBCASE 100
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 62
SUPERELEMENT 2
0 SUBCASE 100
0***USER INFORMATION MESSAGE---DATA RECOVERY FOR SUPERELEMENT 2 IS NOW INITIATED.
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1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 63
SUPERELEMENT 2
0 CMS FOR PART 2 SUBCASE 2
EIGENVALUE = 1.206148E-01
CYCLES = 5.527393E-02 REAL EIGENVECTOR N O . 1
POINT ID. TYPE T1 T2 T3 R1 R2 R3
1 G .0 .0 .0 .0 .0 .0
2 G -2.280134E-01 .0 .0 .0 .0 .0
3 G -4.285251E-01 .0 .0 .0 .0 .0
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 64
SUPERELEMENT 2
0 CMS FOR PART 2 SUBCASE 2
EIGENVALUE = 1.000000E+00
CYCLES = 1.591549E-01 REAL EIGENVECTOR N O . 2
POINT ID. TYPE T1 T2 T3 R1 R2 R3
1 G .0 .0 .0 .0 .0 .0
2 G -5.773503E-01 .0 .0 .0 .0 .0
3 G -5.773503E-01 .0 .0 .0 .0 .0
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 65
SUPERELEMENT 2
0 CMS FOR PART 2 SUBCASE 2
EIGENVALUE = 2.347296E+00
CYCLES = 2.438395E-01 REAL EIGENVECTOR N O . 3
POINT ID. TYPE T1 T2 T3 R1 R2 R3
1 G .0 .0 .0 .0 .0 .0
2 G -6.565385E-01 .0 .0 .0 .0 .0
3 G 2.280134E-01 .0 .0 .0 .0 .0
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 66
SUPERELEMENT 2
0 CMS FOR PART 2 SUBCASE 2
EIGENVALUE = 3.532089E+00
CYCLES = 2.991135E-01 REAL EIGENVECTOR N O . 4
POINT ID. TYPE T1 T2 T3 R1 R2 R3
1 G .0 .0 .0 .0 .0 .0
2 G 4.285251E-01 .0 .0 .0 .0 .0
3 G -6.565385E-01 .0 .0 .0 .0 .0
1 SAMPLE PROBLEM FOR CMS USING PARTS MAY 12, 1998 MSC.Nastran 7/17/97 PAGE 67
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