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MSC.Patran’s Freebody Tool
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Freebody Tool

= Designed to provide an intuitive interface to
MSC.Nastran’s Grid Point Force Balance data
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Grid Point Force Balance Primer

= MSC.Nastran’s Grid Point Force Balance table shows
the forces and moments acting on the grid point from
each source (element, applied load, etc.) in the
MSC.Nastran global coordinate system

GR1D POINT FORCE BALANCE
OINT-1D ELEMENT-1D SOURCE T1 T2 T3 107061
0 107041 APP-LOAD -8.350770E-30 -5.811717E-30 -5.421011E Pan
107041 107103 QUAD4 2.474201E-20 -8.693462E-22 7.402629E \\ \
107041 107110 QUAD4 -9.191307E-21 -1.823814E-19 -1.646739E (1»0'?063 "'\_\ ““.“.“\
107041 107114 QUAD4 -1.555071E-20 3.505370E-19 -4.949167E ‘\_ % \‘
107041 107109 / ROD 0.0 -1.672863E-19  1.600372E X \ 307062
107041 *TOTALS* 4.130524E-30 -6.819188E-30 -1.624773E A ‘
\
\ \
\ \
N \
\‘\_ Y \
Contributions Included \ \
Applied loads \.\ \
SPC forces \t7043
Element elastic forces
N 1107044
GENEL forces b
DMIG referenced by K2GG case control command L N
Thermal loads 107045

MPC and rigid element forces
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Grid Point Force Balance Primer

Contribution from applied loads
Contribution from an element
Contribution from MPC or rigid element
Contribution from SPC

POINT-ID

0 107041
107041
107041
107041
107041
107041

0 107042
107042
107042
107042
107042
107042
107042
107042

0 108197
108197
108197
108197
108197

ELEMENT-1D, SOURCE
APP-LOAD
107103 QUADS

107110 OUADZ

109222
109223 BAR
109230 BAR

400134E-19
4.462914E-19
.500841E-19

109231 BAR 4.387695E-19

107115 2.833706E-19
9.648221E-29
-8.960055E-30
0.0

110608 1.370690E-18

108801 -1.370690E-18
*TOTALS* 5.488900E-32

T2

.811717E-30
.693462E-22
.823814E-19
-505370E-19
.672863E-19
.819188E-30
.617446E-24
.0

.364523E-20
-903186E-20
.006281E-20
.453384E-20
.489456E-22
.531467E-30
.132316E-30
.0

.830393E-16
.830393E-16
.656014E-31

T FORCE BALANCE

T3 R1 R2 R3
-5.421011E-20 0.0 0.0 0.0
7.402629E-20  5.381035E-22 3.810127E-23 2.602805E-21
-1.646739E-20 -6.675039E-22 -8.717337E-21 2.683731E-22
-4.949167E-21 1.294004E-22 8.679235E-21 -2.871178E-21
1.600372E-21 0.0 0.0 0.0
-1.624773E-29 -2.450033E-30 1.329619E-29 1.311077E-31
-6.776264E-21 5.169877E-26 -4.235165E-22  8.271807E-25
-1.865601E-18 0.0 0.0 0.0
.476006E-19 -6.872330E-22 5.197320E-21 -7.388117E-22
.085369E-19 8.753099E-22 -4.809967E-21 -6.182948E-22
.368622E-19 6.901442E-22 5.235637E-22 7.358053E-22
.139055E-19 -8.708236E-22 -4.858531E-22 6.214862E-22

2

6

2

6

1.586956E-19 -7.449185E-24 -1.546972E-24 -1.012245E-24

6.776263E-21 3.510111E-31 -4.328102E-31 -1.439540E-30

5.421011E-20 2.710505E-20 -2.117582E-22 -3.657681E-30

0.0 0.0 -2.947410E-24 0.0

8.577942E-18 -2.710505E-20 2.147056E-22  3.660808E-30

-8.523731E-18 0.0 0.0 0.0
3

-2.617724E-30 -2.198371E-30 1.573841E-32 .126456E-33
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Totals is the summation of all included contributions. If
— the total is not identically zero it is due to round-off error

or sources that are ignored, i.e., slideline forces, etc.



Grid Point Force Balance Primer

= GPFORCE is the case control request for grid
point force balance

= Usage
" GPFORCE = ALL
" GPFORCE =n

= nis the set identification number of a previously appearing
SET command. Only grid points identified by the SET will be
included in grid point force balance output

SUBCASE 2
SUBTITLE=Loaded for bear
LOAD =4
DISPLACEMENT(SORT1,REAL)=ALL
SPCFORCES(SORTL1,REAL)=ALL
MPCFORCES(SORT1,REAL)=ALL
GPFORCE=ALL
STRESS(SORT1,REAL,VONMISES,BILIN)=ALL
FORCE(SORT1,REAL,BILIN)=ALL
OLOAD=ALL
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Data Storage in MSC.Patran

= GPFORCE data is stored as nodal and
element vector quantities

= Can be viewed via other Result Plot

Types, i.e., Create/Marker/Vector

Action: %l
Object:

MWethod: m

S I .

Select Result Case(s)

POINT-ID

0 107041
107041
107041
107041
107041
107041

0 107042
107042
107042
107042
107042
107042
107042
107042

0 108197
108197
108197
108197
108197

ELEMENT-1D, SOURCE
APP-LOAD
107103 QUADA

107110
10711
107109

109222
109223
109230
109231
107115

110608
108801

QUAD4
oD
*TOTALS*
P-L
F-OF-MPC

BAR
BAR
BAR
TRIA3
* *
APP-LOAD
F-OF-SPC

*TOTALS*

GRID POINT FORCE

T1 T2 T3
-8.350770E-30 -5.811717E-30 -5.421011E-20
4 -8.693462E-22  7.402629E-20
-9.19130%-21 -1.823814E-19 -1.646739E-20
-1.555071E-20 .505370E-19 -4.949167E-21
. -176 1.600372E-21
4.13 -30 -6.8191 -1.624773E-29
-1.070619E- =6.617446E-24 .776264E-21
-6.783340E-19 O: -1.868601E-18

=20 4E-19 -3.3645 0 2.476006

4.462914E= 3.903186E-20 .
-2.500841E-19 -4. 1E-20 2.3 2E-19
4.387695E-19  3.453384E- 6.139055E=
2.833706E-19 1.489456E-22 1. 6E-19
9.648221E-29  9.531467E-30__-— =
-8 =1 16E-30 -5.421011E-20
0.0 0.0 0.0

1.370690E-18 -1.830393E-16 8.577942E-18
-1.370690E-18 1. = 31E-18
-32 6.656014E-31 -2.617724E-30

0.
5.
-6.
1.
0.
-2.
.169877
.0

.872330
- 753099

BALANCE

R1
0
381035
675039
294004
0
450033

SC2102, AlStatic Subcase
SC3103, AlStatic Subcase
SC4104, Al Static Subcase
SCE05, Al Static Subcase
SCE06, Al:Static Subcase

il

Kl

Select Vector Result

TNGrid Point Forces, Applied Loads |
—Grd Point Forces, Constraint Fore

MEHd Point Forces

.198371

Grid Foint Forces
<]

NGrid Point Forces, Internal Forces_|

MPC Forces

CSummation of [+
| b

Grid Point Moments are stored in a similar
fashion as Grid Point Forces

|

MSC
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What Does the Freebody Tool Do?

The freebody tool performs 3 distinct

Action:  Create |

Oby

reebody ¥

functions which are represented by 3
Methods

1) Loads — Displays a “freebody” of the structure
based on all internal/external loads or just the
applied loads or just the constraint loads, etc.

Interface — Plots net loads at structure interfaces

MWethod: RelReEles
( [rterface

\:/a Displacements

Select Result Case

2)
3)

Applied Loads
Constraint Forces

Displacements — Facilitates global/local modeling | [z
by creating a discrete FEM field of displacements
at the freebody boundary

Summation Point
[[o00]

& Use Analysis Coord Frame
 Transform Results

Reset | Defaults |

Apply

"I'n-'r e i e L o
— > f—————

simulating ReaLiTY™
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Freebody Loads Plot

= Form layout is similar to other result plot types e T
| Object  Fresbody ~
Select Results | ethod:—'
= Select one or multiple result cases < ER R >
= Select result type e —
= FEtc. SC3:103
" 505105
= Select Entities S 10 e
= Select target elements. These represent the elements
which will become the “freebody.” el
. . Applied Loads
= Display Attributes CorsvantForces -
= Plot forces, moments, or both - '
= Resultants or components S elon P
= Vector scale, label options © Uss Al CoardFrame
= Etc.

Reset | Defaults |

Apply |

= Save Data

= Saves freebody forces/moments as LBC Set
= Show Spreadsheet

" Forces and moments at each node

= Shows summatio. Should be ZER

Os if the “freebody” is in equilibrium.
: ; MSE}S&HWAHE'
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Result Types

= At each node, the grid point force balance table includes | Ao Creae=]
contributions from elements, applied loads, SPCs, and fdt”;‘::_ *"
MPCS,OI‘ _eo. oads
S
FTotaI — E(Felms) + FAppIied + FSPC + FMPC Select Result Case
| ] =
SCa 104
GRID POINT |[FORCE BALIANCE et A
POINT-ID|  ELEMENT-ID SOURCE T1
0| 108197 APP-LOAD ~8.960055E-30 SR
108197 _ F-OF-SPC — 0.0 Fr»:e:.-:e:.t::n:::u::i'-.,.-' Loads
108197 110608 BAR 1.370690E-18 pppled Lot
108197 108801 | ROD ~1.370690E-18 sl Forces o
168197 *TOTALS* 5.488900E-32
. . . Summation Paint
= These nodal contributions form the basis for the Result [[000]
Type selections in the Freebody Tool - Tsompes
= Freebody Loads -2(Fams) = - Internal Forces = |
= Applied Loads Fapplied
= Constraint Forces Fepc _ ooy |
= Internal Forces Z(Faims)
= MPC Forces Fupc
= Summation of Forces Frotal

simulating ReaLTY™ o e s EEES] {e} N £ o MS& SOFTWARE®



Result Types: Freebody Loads

Used to display a true freebody showing loads applied
to the structure from all sources including the applied

Action  Creats |
CObject  Freebody ~
Methaod: -Loads <

loads, constraints (SPCs), MPCs/rigid elements, and H & # 8

other sources (Totals)

Freebody Loads = - E(Fgms) = Fappiies T Fspc + Fupc - Frotal

Select Result Case

SC3103
SC4:104
SCH05
SCE108 -
< o

Equal to the negative of the Internal (or element)

Forces
™~

Select Result Type

Applied Loads
Constraint Forces

Internal Forces _|;|
| »

The summation point is the point about which
moments will be summed. Obviously for equilibrium, | 1
the sum of forces and moments about any point

fl1o00]

Summation Paint

& |Use Analysis Coord Frame
© Transform Results

should be ZERO.

Reset | Defaults |

Apply |

_
I (=] 3
Node ID Coord ID Force Moment Fx Fy Fz b % hlz =
108703 0 6.52 117 0.35 -149 6.34 0.00 -0.01 -1.47
109704 0 314 392 0853 266 -1.55 -0.00 -3.91 022
109705 0 476 282 0.10 -1.25 459 0.00 1.00 264
109706 0 e } 405 000 -0.29 019
L 0 1.86 240 002 051 1.79 -0.00 202 T ——|
< Totals 0 0.00 0.00 0.00 -0.00 000 -0.00 -0.00 -0.00 >
——— —
"Freebody Loads" for Result Case [ SC2:102 ], Subcase [ A1:Static Subcase ], using method [ Freebody Loads ]
Walues shown in the Analysis Coordinate Frames. Summation point shown in Rectangular Coord
int (000,000 000 speci fiedas[[0001] B

MSCRSOFTWARE




Freebody Loads: Application

= Application: Load Path

= Create freebody diagrams of various portions of model to
determine the load going in and reacted out ...

Applied loads and
c_onstraints

T

NAS120 Stadium Roof Case Study
13 nodes
24 CROD elements

Freebody showing
applied loads and
constraint forces

= X
simulating ReaLiTY™ ; ~ == e s -




Freebody Loads: Application

= Application: Load Path

Freebody from
¢ Cut(3) cuts (2) and (3)

Freebody from
cut (2)

Freebody from
. cut (1)

= - MSE?\SnFTwAnE-

g
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Freebody Loads: Application

Action: m

= Application: Fastener Forces oo romes
*= Freebody forces/moments can be SRR
displayed in either -

= Analysis coordinate frame of the nodes

= Or, any single coordinate system, i.e.,
Coord 0, Coord 87, etc. D

[«
= Displaying freebody data in the VR
analysis coordinate frame can be Neemas
useful for viewing fastener forces in a ( ”])
local fastener system. L e
= Especially useful for fasteners modeled as | i ww |
CELAS elements S ConrOTe o
Reset |  Defauts |

simulating ReaLTY™ - — o == O g £ . MS&S&FTWAHE'



Freebody Loads: Application

Fastener locations

Exploded view
showing applied loads

Forces in Coord O

simulating rReaLTy™ »—c{%ﬂ—@—@ O; B {% o MS&SGFTWAHE'



More Result Types

" Applied Loads (Fpypieq)
= Displays the applied loads acting on the target elements.
= Not a“true” freebody since it does not include all loading.

= The spreadsheet Totals row will sum to the total load applied to
the freebody elements

= Freebody Spreadsheet = =120
Mods |0 Coord ID Force | Moment | Fx Fy Fz | M | My | Mz | =
109558 o 014 000 | -0oo ooo | -0.14 oo

109558 | 0 015 | 000 | 000 |~ 015 000

[ [
| |
1 |
M oo | oo | 000 i 0.14
L 09561 (1] 014 | 000 | 000 | 0o | 014 000
[ [
| |

T 109562 | il 013 oo0 | om0 | 013 000
Totals | 0 1304 | 27%653 | 033 |~ 000
Ll

-13.04 000
= 1.Satic Sube:

rames, Sumimation pornl show in
g[10001]

“Apphied Loads” for ResiT o
WValyes shown in the Analysis Coor

e LISifG I - .
dinate F actangular Coordinate System [0,

Repor I | _Close

= A similar display can be created by plotting MSC.Nastran
OLOAD results (Applied Loads, Translational or Applied Loads,
Rotational) via Create/Marker/Vector.

= Constraint Forces (Fgpc)
= Displays the constraint forces acting on the target elements.
= Not a“true” freebody since it does not include all loading.

= A similar display can be created by plotting MSC.Nastran
SPCFORCE results (Constraint Forces, Translational or
Constraint Forces, Rotational) via Create/Marker/Vector.

Action:  Create ‘|
Object:  Freebody ~
Method:

B & H 9

Select Result Case

5C3:103

SC4:104

S5C5.105

SCH.106 v
: o

Select Result Type

Freebody Loads
Applied Loads
Constraint Forces

Internal Forces _lj
Kl E

Summation Point
[rooo]

« |Use Analysis Coord Frame
 Transform Resdlts

Reset | Defaults |

Apply

simulating rReaLTY™
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More Result Types

= MPC Forces (Fypc)

= Displays forces applied to the target elements from
MPCs or rigid elements

= Not a“true” freebody since it does not include all
loading.

= A similar display can be created by plotting
MSC.Nastran MPCFORCE results (MPC Constraint
Forces, Translational or Rotational)
= Summation of Forces (F1,y)

= Displays forces applied to the target elements from
non-supported or ignored sources

= Typically, will be all ZEROs

= Not a “true” freebody since it does not include all
loading

simulating rReaLTY™

Action;  Create ™ |

Object:  Freebody ~

Method:

SRR

Select Result Case

Select Result Type

Applied Loads
Constraint Forces

Internal Forces _lj
Kl E

Summation Point
[rooo]

« |Use Analysis Coord Frame
 Transform Resdlts

Reset | Defaults |

Apply

MSCRSOFTWARE




Selecting Elements

= Freebody elements can either be selected Action erea;e;

H . . . Object:  Freebody ~
directly, by material or property association, e ]
and/or groups 5 FE 4 9

— = Adjacent Elements adds/removes elements Select By
to/from freebody based on model connectivity el
= Show Selected Elements erases all elements s
except for those belonging to the freebody —— pdg | [ rame |
Bl
=
ndo Clear |
Action.  Create ™ P
Object Freebody /1 |© Show Selected Elements
Method M \f" Show All Posted FEM
% 5 ﬁ ﬁ " Create New Group
iec:faccti!:iaemems v| Reset | Defaults |
Add | Remoaove |
09533 109561:109586,11183 ]

ol | 5 111906,113332:113337 113
gl || 225113290 j

Unda Clear |

& Show Selected Elements |

simulating ReaLiTY™
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Display Attributes ==

= Show force, moment or both together
= Display as resultant or components
= Dimensions allows data to be

resolved to a particular plane

= Useful to resolve loads into running
loads along the edge of a bulkhead,
stringer, etc.

Action:  Create ¥
Cbject:  Freebody ™
Method: Loads ™

8 & B 2 1
Show Foril

Display As mponent ™

Dimensions
L.V Fa _F Fy _F Fer/

Action: m
Object  Freebody ~

Method: Loads =

8 4B 2 5
Showy MI

IRRRC Cisolay As  Comporent
imensions:  YZ Plane =

_FFV sz ’/

‘ Display Aftributes ”

Reset | Defaults |

Apply |

FEG| ‘ Display Attributes. ”

Reset | Defaults |

Apply

Object:  Freebody v
Method: %l

5 & B 2
Showy: Fori'l

Display As: Component ¥ |

' Cimensions:
 Scale Arrows
XY Plane

Length v Fx YZ Plane
._ = XZPlane
¥ Yector Style
Anchor Paint: Display Attributes. .. !
Head Size Reset | Defaults |

v Hide Results

Apply

Zero Tolerance

v Display Yalues
© Exponential & Fixed <

—
Significant Digits 2

v Display Title

_

10Pts™ | Upper Left =

[ Automatic Print
[~ Text Report ™ Append

I Display via Session File

Ok I Cancel |

simulating ReaLiTY™
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Display Attributes

= Control vector scale, vector style, labeling, |- sseums « cosen
etC. Il:e\jj:orswle IO.']

= Hide results near zero acts as a filter Archorport _—e= |

. | |HeaaSe——F925—__
. USEfUl tO UnCIUtter the dlSplay < I Hide Results Near Zero >
t

= Note that the spreadsheet sums the vectors that>J. =™ " '
are displayed. Hence, filtering data below a S
threshold will cause the summation to no longer | saienoges

b e ZE ROI v Display Title
_l

10Pts™ | Upper Left =

v Display

[ Automatic Print
[~ Text Report ™ Append

I Display via Session File

B Freebody Spread: o
- Ok I Cancel
MNode ID Coord ID Force homent Fx Fy Fz
109703 0 5§52 117 035 -149 534
109704 0 314 392 063 266 -1.55 -0.00 -391 022
109705 0 476 282 010 -1.25 454 000 1.00 -264
3 LA t = 109708 0 228 035 053 185 -1.08 000 -029 019
o “Yoa _ By A 109701 +—6& | 196 240 002 051 179 000 —0 | |
. 43 ’ q Totals 0 013 2338 000 -0.00 013 -0.00 -2338 -0.00
No Filter e i P
VF 4 »
Filter App||ed 5 "Freebody Loads" for Result Case [ SC2:102], Subcase [ A1:Static Subcase ], using method [ Freebody Loads ]. =]
simulating reaLTy™ o




I~ Display Free Edges Only:

Display Attributes

= Display free edges only reduces the
Length lfl'li
vectors to those on free edges of the S
f ree b O d y Anchor Point: ﬁ

= Visualize loading at freebody cut-edges -
= Spreadsheet will not show a Totals row! Zero Tokrance 001

¥ Display Yalues

" Exponential & Fixed
'_J—
Significant Digits 2

¥ Display Title

_

10Pts~ | Upper Left =

I~ Automatic Print
™ Text Report I Append

I~ Display via Session File

0K | Cancel

109707 0 1.86 240 0.02 0.51 109706 0 228 0.35 053 195
Totals 0 0.00 0.00 0.00 -0.00 109707 0 1.86 240 0.02 051
"Freebody Loads" for Result Case [ SC2:102 ], Subcase [ A1:Static Subcase ], using me "Fresbody Loads" for Result Case [ SC2:102 ], Subcase [ A1:Static Subcase ], using meth -
Yalues shown in the Analysis Coordinate Frames. Summation point shown in Rectangula Values S_hown inthe Analysis Coordinate Frames Summanon point shown in Rectangular 1 AR

Summation Point ( 0.00.0.00. 0.00 ). specifiedas ([0 0011 Ltio



Display Attributes

Automatic Print sends hardcopy to the currently
selected printer

= |f multiple result cases are selected, then multiple plots
will be generated

= Does not work in batch mode with no graphics
Text Report generates a delimited file of all data
associated to the plot (<dbname>_freebody_data.dat)

= Essentially the same data that is in the freebody
spreadsheet

Display via Session File effectively allows you to
pause while you view a series of freebody plots
= PCL function for each plot is placed in the command line

= Plot is not displayed until a <CR> is issued with the
cursor positioned in the command line

" Display Free Edges Only:

© Scale Arrows & Constant

‘Length [0.1 ‘

¥ Vector Style

—td

Head Size 025

Anchor Point:

V¥ Hide Results MNear Zero

‘Zero Tolerance | 0.01 ‘

v Display Yalues

© Exponential & Fixed
—
Significant Digits 2

v Display Title

_l

10 Ps~ |

Upper Left ~

™ Automatic Print
I Text Report ™ Append
I" Display via Session File

[ ok ]

Cancel

= Also creates a session file called <dbname>_play freebody.ses

MEH=CHEX LR LAKK|ENO v T mRES

g

3# Session file chusers\work/lary_play_freebody.ses started playing (level 1)

g‘ display_freebody_datad("Freebody Loads", "SC2:102" "Al:Static Subcase”. 1, "Applied Loads", "Summation Point”, "[ 00 01", "Transtorm Results", FALSE, "Coord 0", "Entity List", "Elrm, 1077682:107805,109527.109526,109580,109561,111645 111918,11;'

display_freebody_data3( "Freebody Loads".,"SC2:102", "Al:Static Subcase™.1. "Applied Loads"." Summation Point" "L 000" "Transform Besults" FALSE "Coord 0", "Entity List". "Elm.107782:107805.109527,109528.109580.109581.111895:111918.11 333

|Hisp|ay_freebody_data3( "Freehody Loads" "5C3103", "Al:Static Subcase".2 "Apglied Loads" "Surmmeation Point"."[ 00 01", "Transform Results".FALSE."Coord 0", "Enfity List", "Elrm,107782:107805,109527.109528,109580.109581,111895:111918,113331.

MSC)(SnrrwAaE-




Save Data

= Saves the displayed data as a LBC Set css [

= Force and moment data is stored as E -

discrete FEM (DFEM) fields, i.e., a table of |:ccroerw
node IDs vs. values  Ovte @ ncrmert
Field Name | Fbdy Force
Action:  Modify ¥ I Create Moment Field
T [= Dicrete M Feld TaHGBSERINNEIE!
Object ial .
lec ml Select a Node ImparvExport... © Ovenarite & Increment
hd .
Method:  FEM 1 Field Wame | Fhdy_Moment
Existing Fields .. . - - -
| | Ey |  Veles | ¥ Assign Fields to LBC
Rename Field as __1__ Mode 107525 =) 44506631, 3,
2 Mode 107526 =0 0083269961, 5 )
[Fbdy_Force.001 T3 | Mode 107527 |<00077717737.2 © Ovenwrite & Increment
4 | MNode 107528 |=D0DGE775630, - l—
"5 | Mode 107528 |=DD057956918, LBC Name Fbdy_LBC
6 | Mode 107530 |<0.0045520747, - Load Case Assignment
7 Node 107531 <0 031665552, - 107 SC7 < Current | oad C s
FEM Field Definition: "8 | MNodel07532 |<000B0065373,-5 ' ___ Current Load Call
5 | MNode 107533 | <0.0017403373,- :
Discrete — : - 104.5C4
o, = 105.5C5 .
Field Type: 4| | B
YR Dalets zelacted row(s) | !
Cloar salectod colls | & |nsert  Increment
Entity Type
& MNode € Elemesnt Numbsr of rawrs to lnsel] 1 L Mame | 102.5C2
Insert row(s)
Input Diata | L |
oK Reset | Defaults |

= Fields can optionally be assigned to LBC
Sets and Loadcases

simulating rReaLTY™ - . - Sy [=l=] {o} k e : MS& SOFTWARE"




Save Data: Application

= Global/local modeling

= Example: global loads model omitted details of
bulkhead

“Actual” forward bulkhead

Global model showing coarse
mesh of forward bulkhead

Refined mesh with details | -

simulating reaLTy™ 4t - - : MSE?\SMTMHE-



Save Data: Applicationmm

" Create freebody of bulkhead e

= Save freebody forces/moments as DFEM |8 = & &
flelds and LBC set

© QOvenarite & Increment

Field Name | Fbdy_Force

¥ Create WMoment Field

© Ovenarite & Increment

Field Name | Fbdy Moment

v Assign Fields to LEC

© Ovenarite & Increment

LBC Name | Fbdy LBC

Load Case Assignment

102.5C2 =— Current Load Call
1035C3

104 SC4

1055C5 _lLI
4| | »

& |nsert " Increment

LC Mame I 10252

Reset | Defaults |

-Apph-

simulating rReaLTy™ e J—ﬁzr"ﬂiaj—l:;{4?—ﬁr:;|—@‘4ﬁl—‘ﬁ*—* MS&SI}FTWAHE'



Save Data: Application

= DFEM field is a table of node IDs vs. values
= MSC.Patran cannot interpolate within DFEM fields

= Hence, local bulkhead model and global bulkhead model
must share common node IDs at load application points

Common Nodes




Save Data: Application

= What to do about the “extra”

boundary nodes in the
refined model? [ 77

= Use company best practices!

= If boundary is far removed from
area of interest use St Venant’s
Principle
= Use RBE3's to distribute load at
boundary

/" Load distribution
= Cannot distribute via fields as ~ viaRBE3 '
MSC.Patran cannot interpolate .
within a DFEM field

= And, MSC.Patran cannot be used to
interpolate forces and moments as
it uses a purely mathematical
interpolation and does not consider
equilibrium!

., MPC force plot illustrating
' RBES3 force distribution

simulating ReaLiTY™



= Reports the force/moment values for o o
each node in the freebody display

Freebody Spreadsheet

Node ID

Coordinate reference for forces/moments e

Force/moment resultants
Force/moment components

Values shown in the Analysis Coordinate Frames. Summation point shown in Rectangular Coordinate System [0].
Summation Paint {000 000 000% snecifiedas [TO0G1]

Summation Point

[[000)

© Use Analysis C
& Transform Resl

Select Coordinat]

|Coord 0

simulating REALIT

Summation Faint

[foo0]

& |Use Analysis Coord Frame

© Transform Results

B Freebody Spreadsheet — ol x|
_ ~ _
T -
Maode ID Coord ID Force Ioment l| [ Fx | Fiy | Fz Il My Wiz \ |
107044 0 035 011 0.z7 022 -0.05 001 011 -0
107045 0 oor 001 0.06 0.00 004 -0.00 0on 001
07061 0 047 005 -0.28 -01.36 00g -0m -0.05 001
107062 il 043 ooz -0.22 043 nog -0m -0.0z2 0oo
107063 0 052 0.05 0.08 050 0.08 -0.00 005 -0.01 A
Totals o] 0an 000 -0.00 -0.00 000 000 0an 000 <
K| B
"Freebody Loads" for Result Case [ SC2:102 ], Subcase [ A1 Static Subcase |, using method [ Freebody Loads ]

Action:  Crasts ¥
Object Freabody "|

B a4

Select Resull Case

(Constraint Forces
Internal Forces |

Summation Foint
[000]

« Use Analysis Coord Frame
 Transform Results

Resat | Defaults |

Apply

Delimited text file of
spreadsheet data,
<dbname>_freebody_data.dat

Summation values are for the selected coordinate frame
unless the freebody is with respect to the analysis coordinate
frames, then the summation is in the MSC.Patran global

system (Coord 0) so that the summation is consistent

c MSC



Freebody Spreadsheet

—= Totals should generally sum to ZERO for
Result Type = Freebody Loads, except %

= |Including elements in the freebody that do not [0 |
have freebody data (i.e, GPFORCE # ALL) C e

" Hide Results Near Zero (filtering) toggle ON s |;

= Display Free Edges Only toggle ON <| 7

= Totals will generally not sum to ZERO for MM%T_
other Result Types

= Applied loads u

10Pts~ | Upper Left ~

= Constraint forces

(= Eq
= MPC forces |
Node ID Coord ID Force homent Fx Fy Fz bt Ty Mz =
. 107044 0 035 0.11 027 -0.22 -0.05 001 0.11 -0.01
. S at O Of fO CeS 107045 0 007 0.01 006 0.00 0.04 -0.00 0.00 0.01
ummation I
107061 0 047 0.05 -0.28 -0.36 0.09 -0.01 -0.05 0.01
107062 0 048 0.02 -0.22 -043 0.06 -0.01 -0.02 0.00
107063 0 052 0.05 008 050 0.08 -0.00 005 -0.01
Totals 0 0.00 0.00 -0.00 -0.00 0.00 0.00 0.00 0.00
4 » =
"Freebody Loads" for Result Case [ SC2:102 ], Subcase [ A1:Static Subcase ], using method [ Freebody Loads ). =
Walues shown in the Analysis Coordinate Frames. Summation paint shawn in Rectangular Coordinate System [ 0] Report | T Ciese |
pummation Point (000 000 0003 specified as[T0Q0011] 1

simulating rReaLTY™



Freebody Spreadsheet: Example

= Result Type = Freebody Loads

Freebody Loads = - £(Fg,s) = Fapplied T Fspc * Fupc = Frotal
= Hide Results Near Zero toggle OFF
= Display Free Edges Only toggle OFF

\107109

107110
107114

0.10

Note that the Totals
row sums to ZERO

107103

reebody Spreadsheet o [mi 3

Mode 10 | Coord ID | Force | Momant | Fx | Fy | Fr | | Iy Mz ﬂ
= | SR T T (U | ) T (R (R
——— [0 | 0| oo |_aer——ew——sw——a_|_ow | oo | oo |
0105700 S =20 T 7700 [ 70 [ | [T CORAT A
107063 | 0 | os2 | oos | ©o8 | 05 | o008 000 005 001
'I Total | a | 000 | 0.00 | -0.00 | 000 | 000 i 0.00 0.00

“Fraahody Loads" for Result Case [ SCF 102 ], Subcase [ A1 Static Subcasea |, using method [ Freebody Loads | =]
Walues shown in the Anabysis Coordinate Frames. Summation paint shown in Rectangular Coordinate System [ 0]

Clk
rnAnen Peint ¢ 00 GO0 0100 srecified 2 (00011 I Repot | Sl

simulating ReaLiTY™



Freebody Spreadsheet: Example

= Spreadsheet data for node 1070401

0 0 0
Freebody Loads = - Z(Fg,s) = Fapplied * Fy(! WW

107110

010

B Freebody Spreadsheet N _ o] x|

Mode 1D Coord ID Farce homent Fx \ Fy Fz It Ity iz =
107041 0 0.10 oo (| oo )oom \| w0 [/ oo 0.00 -0.00
107043 0 053 001 P~009 ~" 050 et -0.00 -0.01 -000
107044 0 035 013" 027 022 -0.05 0.01 011 -001
107045 0 007 A0 0.06 00 0.04 -0.00 0.00 0.0
107081 0 047 005 -038 Ase 0.09 -0.01 -0.05 ol | g
107062 0 045" 0.02 022 042 0.06 001 -0.02 0.00

: 1]

"Fresbody Loads" for BeEuUlt Case [ SC2:102 ], Subcase [ Al:Static Zubcase ], using method [ Freebody Loads ]. =]
Values shown in theAnalysis Coordinate Frames. Summation poipt shown in Rectangular Coordinate System [0] Report | Close
yummation Poigd 000 000 0004 specified as[TO0 011 L

0 107041 APP-LOAD -6.010349E-03 -1)020161E-X2 -1.003154E-01 .0 0.0 0.0
107041 107103 QUAD4 066716E-0 =2.293396E-03 6.676069E-04  7.492116E-05 5.054075E-03

107041 107110 QUAD4 -8.056121E-02 -3.734471E-01 -2.654815E-02 -8.320150E-04 -1.100493E-02 4.014180E-04
107041 107114 QUAD4 -2.010006E-02 5.016820E-01  8.655410E-02 1.644080E-04 1.093001E-02 -5.455493E-03
107041 107109 ROD 0.0 -1.259415E-01 1.204840E-03 0.0 0.0 0.0

107041 *TOTALS* 5.366818E-13  1.143696E-12 -1.253518E-11 -1.890638E-13 5.098838E-13 -2.846681E-15
simulating ReaLiTY™ ; e EE ' i MSL}\HGFTW#HE'



Freebody Spreadsheet: Example

= Result Type = Freebody Loads

Freebody Loads = - X(F¢ns) = Fappiiea t Fsec t Fupc = Frota

= Hide Results Near Zero toggle OFF

= Display Free Edges Only togg

W = Node 107041 is not on the free edge
6.06 = No vector displayed in plot
= No data in the spreadsheet
= No Totals row is displayed in the
spreadsheet

107110

107103 <X .
= reebody Spraadsheest B
V

MNode 1D homent Fz I Iy ir4
107043 0 053 0.01 0.08 0.50 -0.12 -0.00 -0.01 -0.00
107044 0 0.35 0.11 0.27 -022 -0.05 0.01 0.1 -0.01
!p Fx Jp Fy Jp Fz 107045 0 0.07 0.01 0.06 0.00 0.04 -0.00 0.00 0.01
107061 0 047 0.05 -0.28 -0.36 0.09 -0.01 -0.05 0.01
107062 0 048 0.02 -0.22 -043 0.06 -0.01 -0.02 0.00
107063 0 052 0.05 0.08 0.50 0.08 -0.00 0.05 -0.01
i

"Freebody Loads" for Result Case [ SC2:102 ], Subcase [ Al:Static Subcase ], using method [ Freebody Loads ]. -]
Walues shown in the Analysis Coordinate Frames. Summation point shown in Rectangular Coordinate System [0]
rmiEtion Point valles not shown fo ce Fdoe condition

simulating ReaLiTY™



Freebody Spreadsheet: Example

= Result Type = Freebody Loads

FreebOdy Loads = - 2(Felms) = I:Applied + I:SPC + Fupc - |:TO'[61|

» Hide Results Near Zero toggl

= Display Free Edges Only toggle OFF

= All data at Node 107041 is less than
the filter value (0.5)
N = No vector displayed in plot

= No data in the spreadsheet
Totals row does not sum to ZERO!

\107109

107114

107103

W Freebody Spreadsheet ==l
MNoade 1D Coord 1D Force Wloment Fx Fy Fz %’ Ity }\Az
107043 a 053 0.01 0.09 0.50 -0.12 -0.00 -0.01 -0.00
.p F v Fy v F7 107063 0 052 005 008 050 008 -0.00 005 001

Totals a 1.02 30738 017 1.01 -0.04 -17.01 16.26 306 48

Huh? How does 0.01 and ‘
"Fre b ady Loads" for R \tC [862102] Ubcase [ A1-Static Subcase |, using method [ Fre b ody Loads | =]
O 05 add u p to 307 38? = Yalues sho w th .. ". " F rames Su t n point shown in Rectangular Coordinate Systern [0] Report Close
simulatiner— N "T:T-J'-tb—Luu.':H:"_' ‘—EI—T,Lr'—" MILF\SUTTWARE




Freebody Interface Plot
Action: Creato = |

= The interface method is designed to

I Method: Interface ~
calculate/display net loads at structure —

i n t e rf a.C eS Select Rsult Case

SC2102
SC3103

= A common use is to calculate net
forces/moments at various “stations” along o
a wing or fuselage

Applied Loads

Constraint Forces

Internal Forces Jﬂ
Kl

Forces

Summation Paint
| Point 6

© Use Analysis Coord Frame
 Transform Results

Select Coordinate Frame
|| || Coord 31

Moments

Reset | Defaults |

Apply

simulating reaLTy™ 4 == = ; i MSE?\SnFTwAnE-



Freebody Interface Plot

Action:  Create

= |nterface method differs from the Loads o
method in that both elements and nodes must Metod: atace |

8§ B & 8

be selected
Select By

= Results belonging to nodes not associated to —
. . Action: m Element
the target elements will be ignored Object '

Fresbody Y Iaterial -
ethod: Interface PR 7
" Asingle net force/moment is calculated at the |g o 4| Sa529, -
summation point in the reference system =
= The summation point can be any node, point, or

Select Result Case

12113234 113287:113296,113
299:113302,113396 Z‘

. . Undo Clear |
location in space.
= Can use Utilities/General/Section Tool to " cronAtomed e

determine neutral axis Select Result Type

™ Create Mew Group

Applied Loads
Constraint Forces
Internal Forces Reset | Defaults |

Kl

Apply
Summation Foint

| Point &

 llse Analysis Coord Frame
& Transform Results

Select Coordinate Frame
| Coord 31

Resst ‘ Defaults |

simulating ReaLTY™ - 3 MSE?\SuFTwAnE-




INg
Summation point

A fﬂé,
ORTAVAN

%

Example

Summation point

t a point along aw

— Inboard Elms
Outboard Elms

©
c
=

.
O
al
)
&)
M
(€ -
| -
)]
o
=

= Determine net react

simulating ReaLITY™




Interface Plot: Example

= Result Type: Freebody Loads o Groato <]

Ohject Freebody ™

= Recall that: Freebody Loads =-Z(F,,,) T
= Also recall that: F_, is stored as vector data for 8B H 9

the element at its nodes /vr N
= Thus, select nodes along the cut edge (a) <\"‘S‘:j;z:je:%mm />

7

Add |

Remove |

MNode, 110276:110]

Undao

Action: m
Object:  Fresbody ™
Method Interface ~ |

= Select elements that join the cut edge nodes (b) or select <
all elements of the outboard portion of the wing (c)

SelecBy.
d Element = |

8 R & 4

& Auto Add © Remove

Select Elements Y’
pl e
Add T Remaove |

Elm,112893,1126896:112898,1 =]
12810:112930,113299,11330 j
0 v

Undo Clear |

L

simulating ReaLiTY™
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Interface Plot: Example

= Why does the element selection not matter?
= Actually it does!

= Freebody Load results is extracted at element nodal
locations from the element list

= Thus, in this case, the node list along the cut boundary

means that only elements that connect to these nodes will
contribute

Net reaction from picks (a)

Net reaction from pick (a)
and (b) or (a) and (c)

|l and a single element
i (112989)

simulating reaLiy™ - == E===) ; i MSE?\SnHwAnE-



Interface Plot: Example

= What if | pick more (or less) nodes?
= You will get a different (and most likely wrong) answer!
= Select 3rows of nodes instead of the single row along the cut edge (d)

= Freebody Load results are pulled for all selected elements connecting to
the selected nodes. Thus, selecting the nodes from (d) results in data
from 3 rows of elements instead of just the 1st row of elements when

picking only the nodes along the cut-edge (a)

| The wrong
answer!
K SOFTWARE"

simulating ReaLiTY™



Interface Plot: Example

= The logical (or illogical) extension would be to select all
outboard nodes and elements

= This amounts to summing all the internal element force
contributions at all the nodes

= The result simply proves that the wing is indeed In
equilibrium with itself, but is useless otherwise

simulating ReaLTY™ : =3 =) ] i £ MSE?\SGFTWARE'



Interface Plot: Example

= What if | select inboard elements instead of outboard

elements?

= |f no loading or constraint forces or MPC forces are applied to the
selected nodes, the results will only differ in sign

= |f loading is present at the selected nodes, the results will differ in
signh and by the value of the Applied Loads, Constraint Forces, and
MPC Forces at the nodes

= Think shear and moment diagram, i.e., shear at the same location
changes depending on whether you are considering yourself to be

upstream or downstream from the loaded location
P

Outboard | - |
elements - . )
L= Inboard " g
simulating reaury 2 e|efT1 ents




Interface Plot: Example

= What if | use Applied Loads or Constraint Forces instead of Freebody
Loads as the Result Type?

= A key difference is that Freebody Loads are stored as element data and
Applied Loads/Constraint Forces are stored as nodal data

= Thus, when using the Interface method must select all nodes/elements to
be included in the summation (e)

= In this example, the outboard Applied Loads should be equal to the inboard
Freebody Loads v

| Applied Loads on
outboard elements

simulating Real — = | MS&SGFTW#HE'



Interface Plot: Example

= What if | use Applied Loads or Constraint Forces instead of Freebody
Loads as the Result Type?

= |n general, the inboard Freebody Loads should be equal to the sum of the
outboard Applied Loads, MPC Forces, SPC Forces, and Summation of
Forces, or

Freebody I—Oa-dslinboard =" z:(Felms)linboard
= (Fappiied T Fspc * Fupc — Frotad loutboard

Summation point

Inboard Elms
Outboard Elms

simulating ReaLTy™ — Ay = a—l;c'.LE—;‘J—x?;—El—ﬁ : MS&SI}FTWAHE'



Interface Plot: Example

= Can | automatically generate a shear-moment diagram?
Can | do multiple “cuts” or “stations” all a once?

= Not easily via the user interface as a new summation point and
new nodes need to be selected for each station

= PCL could be used to automate this

Stations

simulating ReaLTy™ - ; i MSE?\SGFTWAHE'



Interface Plot: Example

= Can | automatically generate a shear-moment diagram? Can | do
multiple “cuts” or “stations” all a once?

= Best to use the SBMT or Running Loads plot tool e
that is delivered as part of MSC.SuperModel o

= Can plot shear, bending moment, torque based on Option Selected Enities |
LBC set data or applied load results data (OLOAD) Selocted Entifes
| Mode 107752 110223:110232 11
Coordinate Frame

| Coord 31

Result Casel(s)

SC2:.102, A1 Static Subcase
SC32:103, Al:Static Subcase
SC4:104, A1:Static Subcase
SC5105, Al:Static Subcase
SCE:106, A1l:Static Subcase JJ

Cnstraint Faorces

Zrid Point Balance, Applied Load?
Grid Point Balance, Constraint For +
4| \ v

Forces:-Axial-and-Shear 7 o
] ] . ] ] ptions . ‘
I~ Cutput to Text File

Delete existing plots ‘

simulating reaLiy™ —— TP ——f———— MSE?\SuFTwAnE-




Interface Plot: Other Notes

= Save Data does not create a field as

before since the resultant is at a single

point.

= The Freebody Spreadsheet includes

@ Freebody Spreadsheet :

data for all selected nodes. The Totals
row should equal the net resultant
displayed on the model

Action,  Create

8 o 4

Action:  Create »
CObject  Freebody ~
Method: Interface v|

8 o 4 &

Object  Freebq)

Method: Interfac)

= Create Force Field
= Create ldoment Field

Select Result Ca

W Assign "Total Load"to LBC

© Owenarite & Increment

LBC Mame I Fhdy LEC

Load Case Assignment

104.5C4 [=]
L

Summation Foi

[Foint & ‘

) o (el
Constraint Force et Increment
Internal Forces LC Name I—Defau\t
K
Reset | Defaults |

© se Analysis

Apply- |

MNode ID | Coord ID | Force | Moment | Fa | Fy | Fz & Transform Re
110289 31 47965 8.29 468 .81 99.09 2156 Select Coordinate Frame
110290 31 15157 418 146.05 28.06 2926 | Coord 31
110291 31 4962 433 2660 22.98 3502
110292 31 10071 356 7743 5338 4516 Reset | Defauts |
110706 31 50242 8.30 |_—=90 20 -107.78 =7 .90 ;
Apply
Totals 31 361.74 435?9.@@' 3152 1359 -668b)65 4305593

4

\\

—_—

"Freebody Loads" for Result Case [ SC2:102 ], Subcase [ A1:Static Subcase |, using method [ Interface Loads ].

ulating ReaLTY™

- | Yalues shown in Rectangular Coordinate System [ 21]. Summation Point { 2770, 4.00, 3.00 ), specified as [ Point 6 .

MSCASOFTWARE"



Interface Plot:Other Note

= Selecting the Display Nodal Contributions
toggle causes vectors to be displayed at
all selected nodes instead of just a single

point

¥ Display Modal Contributions:

ale Arrows & C
Length 0.1

v Vector Style
Anchor Point: —. ¥

Head Size 025

™ Hide Results Mear Zero

Action: M
Object:  Freebody ~
Method: Interface ~ |

Showy Force ™

Dimensions: 20

B B 2 #H |,

Display As: Component UpperLeft ¥

!I? Fx JIV Fy JI? Fz

Bluss

ial & Fixed
——
igits 2

Print
I Append

B Session File

Display Attribute

B | :l Cancel

Reset | Defaults ‘

Apply




Freebody Displacement Plot

= Displays displacements/rotations instead | &=
Of forces an dlor moments hethod: Displacements_ ¥

8 « ﬁ@

= Primarily used to create LBC displacement | ..o
data for global/local modeling S
" Select elements or nodes

© COwenparite & Increment

Field Mame | Fbdy Rotation
Action.  Create ¥

Chject:  Freebody ‘| v Assign Fields to LBC

Method: Displ ents ¥ )
Action: Create'| Action: Create'l 7&' © Ovenwrite @ Increment
Object. Froebody = | Object Freshody | Q@ﬁ LBCName [ Fbdy_Disp_LBC

od Displacements ~ Weth T — Load Case Assignment
etno h
& Shawy 104.5C4 -]

Translatlon '
<\J£ ﬁ ﬁ 105.5C5

%l@ ﬁ % Display As: Component ™ 106.5C6
Default < Current Load Casoia
Select Result Case Select By: Dimensions: 2D~ 4| | »

SC2:102 m

ggi]gi v Element .7 o 2 _— & |nsert  Increment

SC5:105 Material L - LC Name | Default

SCB.106 = Property A
2

Node Group(s)
Element Group(s) ‘

Display Attributes | ‘
Adjacent Elements e Reset | Defaults |

Eirm,112791:112893,112896.1 =] Resel | Defauts_ |

12898,112910:112930,11329 -Apphy-
1:113204,113299:113302 =l Apply

Reset | Defaults | Uids Clzar |

ARply ‘ © Show Selected Elements ‘

% Use Analysis Coord Frame
 Transform Results

simulating ReaLTY™ - o oo} — g - MS&S&FTWAHE'



Freebody Displacement Plot

= Global/local modeling

= Saves displacement data for both translations and
rotations in separate discrete FEM fields (DFEM)

= Optionally these fields may be applied to an LBC set

= A DFEM field is a table of node IDs vs values

= MSC.Patran cannot interpolate within a DFEM field, so
any extra nodes do not get a displacement applied

= Hence the local model and global model must share
common node IDs at displacement application points

f "ﬁ Common Nodes

I : : Refined mesh with
/|| Coarse bulkhead: yellow mesh - + LBC set applied
Refined bulkhead: blue mesh =

Action:  Create v|
Object:  Fresbody ‘|
Method: Displacements v|

8 & 4 &=

v Create Displacement Field

© Overwrite & Increment

Field Marme | Fhbdy_Translation

Iv Create Rotation Field

 Owenwrite & Increment

Fiald Mame | Fbdy Rotation

Iv Assign Fields to LEC

© Owerwrite & Increment

LBC MName | Fbdy Disp LBC

Load Case Assignment

Default < Current Load Casoe
| | [»

& |nsert  Increment

LC Mame I Default

Reset | Defaults |

-Apply- |

simulating ReaLiTY™

MSCASOFTWARE"



Freebody Displacement Plot

= What to do about the “extra” boundary nodes in the refined
model?

= Use company best practices!

= |f the bounary is far removed from the area of interest use St
Venant’s Principle by either

a) Not assigning any displacement to the extra boundary nodes
b) Add layer(s) of elements

= Use RBE3's to distribute load at boundary (cannot apply SPC to
RBES3 reference grid dof unless you use UM dofs)

simulating ReaLITY™ AR , ) T ma\./\aurmnnr



Freebody Displacement Plot

Action: Create'l
Object: Spatial'l

= The alternative to using the Freebody
Tool to create displacement DFEM
flelds Is to

= Create a vector plot of the displacement
resultant in results

= Create a continuous FEM field from this
plot

= Continuous FEM fields can be applied to a
dissimilar mesh (i.e., no common node IDs)

= MSC.Patran can interpolate within a
continuous FEM field

= Repeat for rotations

Method:  FEM™ |

Exi

sting Fields ...

Field Mame

L~

" Discrete

Field Type

Iesh/Results Groun Filter

Al Groups
& Current Wiewport
Select Group

FEM Field Definition

& Continuous

" Scalar & Vector

~

[Options.. ]

N S

simulating ReaLiTY™
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Miscellaneous Stuff

= MSC.Patran freebody tool does not support

" PARAM, NOELOF, +1

= |f NOELOF > 0, grid point forces are computed along the
edges of the 2D elements

" PARAM, NOELOP, +1

= |[f NOELOP > 0, the sum of the grid point forces are
computed parallel to the edges of adjacent elements

= Why can’t | include MPCs in the selected
freebody?
= MSC.Nastran dumps all MPC contributions at a node

together as a single entry in the grid point force
balance table

simulating ReaLTy™ = B = === O g ﬁ - MS& SOFTWARE®
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MSC.Patran’s Freebody Tool
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Questions and Answers
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