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Introduction

Application of a moment to a solid surface, for example to represent a bending
moment or torsion is a frequently encountered requirement. Use of a multipoint
constraint (RBE3) is a common technique to accomplish this, and has its
advantages and disadvantages. The main drawback is that the RBES3 cannot be
created until the model is meshed, and is associated to a specific mesh and not
the geometric surface.

Many FEM pre-processors include a “Total Load at a Point” option. It allows the
specification of a load point and one or more surfaces to which the load will be
distributed. PATRAN does include a “Total Load” option however moments are
not supported. Application of a moment using the “Force, Nodal” option is a
common error made by new users. This is basically invalid, as it applies the
specified moment to each node. Not only does this not deliver the desired total
moment; solid elements have no rotational degrees of freedom, so the load is
transmitted directly to ground (provided the AUTOSPC parameter is active).

PATRAN does have the ability to model complex loadings through the use of
fields and PCL formulas. This capability will be exploited to distribute moments
over surfaces, and provide the “Total Load at a Point” functionality.

The following is untested on releases prior to 2008R1.

Linearly Distributed Load Approach

Beam and torsion theories assume a linear stress distribution originating from the
neutral axis / centroid. It is fairly reasonable then to assume a linearly distributed
surface traction to represent an applied moment. A rigorous mathematical proof
of the technique presented herein is not provided. Rather, the core thought
processes are discussed, and the method validated by examples.

Consider first, a simple rectangular beam with a linearly distributed applied load:
fi(@D=k-z
M, =§f.(2)2dS = kfz’ds

S S

Recognizing that,

§z2dS =1, is akey to the method. Thus,
S

k="
X I,
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Further, the applied distributed load results in zero net force and zero moments
in the other directions.

The exercise can be repeated to produce M.. For this case, a negative sign is
introduced to account for the coordinate system sign convention:

=1y
M, ==§f.(y)-ydS ==1§ y*dS

M,=-l-1,

[=—-—
]z

Since neither of these two load distributions affects the moment in the other
directions, they may be superposed. A load distribution can be expressed to
produce target M, and M.:

M v
) =———y+—-2
fi(3.2) I Y+

y

Beam cross-sections normal to the remaining y- and z- axes can be treated in
the same manner to determine f,(x,z) and f;(x,y):

M,
(x,z =—X——"7
fy(x,2) I i

X

M M
X, y)=——"-x+—=-
f.(xy) / Y

y X

Believing that the above force distribution is applicable to a generalized 3D case
requires some intuition on how loads and moments of inertia can be decomposed
/ projected onto the coordinate planes. The validity shall be demonstrated by
several examples.

First however, the capability to include force components is incorporated by
adding a uniform load of form F/A. Additionally, the above equations are based
on a coordinate system at the surface centroid. To allow an arbitrary coordinate
system, offsets are incorporated:

Moo MR
fx(y,Z)——T'(y )’)"‘I— (z Z)"‘A

Mo oM o B
fy(x,z)—l—z(x X) i (z Z)+A

X

My Mo o F
fz(x,y)——l— (x X)+I (y y)+A

y X
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Note that the formulation still represents loads at the centroid, however allows
the use of an arbitrary coordinate system to define the equations. For true “Total
Load at a Point” functionality the moment terms must be modified to include extra
moments caused by forces applied offset from the centroid. The additional
moment terms could be include in the equations, however it is probably more
convenient to calculate the adjusted moments first then use the results:

M =M +F,-(y,-y)-F, (z,-2)
M =M -F -(x,-x)+F (z,-2)
M, =M _+F -(x,—x)—F (y,—Y)

7’ ’

Mz v M’. _ i _—
fx(y,z)——l (y y)+1 (z Z)+A (1)

z y

’ ’

M e mMe o E
fy(x,z)—l—z (x—x) 7 (z z)+A

X

’

M’ - M - F
nLy)=—2-(x-x)+—=-(y—-y)+—=
f.(x,y) I ( ) I (y=y A

where (x,,y,,z,) is the load application point and (x, y, z) is the centroid
of the reaction surface(s).

Limitations and Generalized Extension

Through testing and experimentation, it was discovered that the above only holds
true when working in a coordinate system orthogonal to the principal inertia
directions (i.e. the non-diagonal inertia matrix terms equal zero). When this is not
the case, the assertion that the field for example to create the x-moment results
in zero y- or z- moments is invalid due to cross-talk from the non-diagonal terms.

For the majority of practical cases, the non-diagonal terms will be zero, however
if not, one option to overcome this issue is to transform the applied loads into the
principal inertia coordinate system. This is not that difficult, however requires the
creation of and use of (for the field and load definition) a new Coord in the model.

Alternatively, an expanded set of equations has been determined that
incorporate the non-diagonal terms to provide the correct result in an arbitrary
Coord.

The formulation was determined by inspection; a rule that produced the correct
equations for the orthogonal oriented case was determined, and then
investigated to see if it worked in the general case.
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First, it is evident that % terms are prevalent. In general tensor scope, this

suggests that the inverse of the inertia matrix is required.

Next it was observed that:

Mx
a1
0 — X
Yy I
-7 0 X 7 2 = fy
_ y
y ‘x 0 _ MZ fz
IZ

Is equivalent to Eqn. (1) (ignoring the pure forces and centroid offset).

It was thus hypothesized that:

fY 10 = =y 1y 1M,
fyl=]—z 0 X I, I, |M y wherel ! areterms from [I ]_1
/. y —x 0 | sym. I; \M

Z

Expanding and collecting terms, and including the pure forces and centroid
offsets, Eqn. (2) was tested and validated.

M =M +F,-(y,-y)-F,-(z,-2)

M; =M —-F -(x,-x)+F -(z,-2)

M.=M_+F, -(x,-x)—F, -(y,—y) — (2

’ —_ ’ _ ’ _ - ’ _ ’ _ ’ _ - Fx
fx<y,z>=—(Mx-11;+My-12;+MZ-13;>-(y—y)+(Mx-11;+My-125+Mz-12;)-(z—z)+A

- , - F.
fy(x2)=M] 7 +M A +M.13)-(x—x)-(M -1} +M; AL +M! -1,—;)-(z—z)+7’

’ _ ’ _ ’ _ - ’ _ ’ — ’ — - F,
foy)y=—-M_ -1 +M; A +M.I5)-(x—x)+M -1} +M; AL+ M, -1131)-(y—y)+7

An MS/Excel spreadsheet has been created to facilitate the calculations and field
creation. It is illustrated in Example 2.
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Example Implementation in PATRAN

The gearbox housing pictured below supports a motor fastened to surface ‘A’. No
other part of the gear train reacts torque to the housing except for the bolt feet.
Grounding the feet will represent the connection to the adjacent structure.

The motor weighs 20lbs and may be subject to 7G vertical acceleration
(generating —140lbs negative Z load). The centre of gravity of the motor is 4in
from the mounting surface. Simultaneously, the motor produces 1000in-Ibs of
torque about the positive X-axis.

EX housing.db - default_viewport - default_group - Entity

1000in-lbs

140lbs

o

First the inertial properties of the reaction surface must be extracted. PATRAN
includes a mass property tool, however it requires surfaces (rather than solid
faces) as input. The surface is easily created using the “Create, Surface, Extract,
Face” option:



Surface Moments and Total Load at a Point in MSC/PATRAN
©2011 Mitch Greenberg, FractureProof Research
www.FractureProof.com

(G oo bl B G s[5 LS| [

= @ & @ [ B | J x
elds  Analysis  Resulls  Insght XY Plot

Acton:  creae ~ | =
Object: Surface ¥
Method Extract ¥

Surface ID List

¥ Auto Execute

Face List

Solid 1.133
-Apply-

Next the “Tools, Mass Properties, Show, 3D” menu is used. Setting Density and
Thickness to 1.0 will allow the calculation of surface properties:

10 x|
Fie Group Viewport Viewing Display Preferences | Tools Insiaht Help  Utiities A
IEEHE&B o M R]|B g4 MCFatge rheallm W% T Er of B G ool B ][4 L~ o B o
3 = Laminate Modeler 3 T it | I
Random Analyss... & @ |2 & x|

Geometry Elements Loads/BCs Materials  Propert is Resuts Insight XY Plot
| Analysis Manager...

ozl

Action Show ¥
Regions.. ¢ Dimension  3p v

User Defined AOM. ..
Properties Impart...
Model varizbles...
Design Study
MSC.Explore...

MSC.ProCOR... Relative to Coordinate Frame \
Rotor Dynamics... I
NSM Properies...

Experimental Data Fitting. .. Density/Concentrated Mass.
Bolt Preload

§ -
Feature Recognition. . 1.0/0.0
Results Tempiates... Thicknesses/Areas/NSH
Results Plot Sets... i 1.0H.0000 ¥

Pre Release

Define Region

I™ Plot Principal Axes at CG
™ Create Princ. Coord. Frame
I~ Write to Report File

ass Prof i
Apply Cancel

Choosing the “Define Region” button, then “Selected, Geometry” allows
selection of the surface (filtering surfaces from the entity type menu may facilitate
the selection of the desired surface):
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e
Fie Goup Viewport Viewing Display Breferences Tools InsiohtCorfrol Help Utlities A
M i i e, U B[l L8 f w s
OOdEBaof Lk BEP 0B F&6e @ -BEE‘HIQxj!?*lu\gu\z)«ka“(h)auﬂl. o e
& ¢ Ey I 4 = B (|zS/EEs - ~[0@0~4«d
Geometry Elements Loads/BCs Materisls Properties loadCa... Fields  Analysic  Resus  Insght  XYPlot
§ housing.db - default_viewport - default_group - Entity =18] x| - ol x|
Region: Selected ¥

Geometric Entity List

Eurface ¢

- Display Method-
& Summary

raum | 4

For this example, we shall use the global coordinate system. If an alternate
system is desired, be sure to enter it in the “Relative to Coordinate Frame” box.

Upon entering apply the following information is displayed:

5T
—Summary Display of Center of Gravity, Principal Inertias, Radii of Gyration, Mass, and VIHR
om0y | Acowpoy\ | bprincpsl | RagiofGyr | % Mass N | Volume | =
q 3.500E+000 3.500E+000 2.0TBE+000 1.051E+000 ( 1.880E+000 ) 1.880E+000
z 5.000E-001 5.000E-001 1.038E+000 T.435E-001 \ J
3 -7 .50E-001 -7 .50E-001 1.038E+000 T.435E-001

NS

A

Expanded Cell Value |

—Mass Property Display Option
* Mass, CG, Principal Inertias, and Others " Principal Directions in User-Specified Frame

™ Inertia Tensor ™ Principal Directions in Ref. Cartesian Frame

¢~ Inertia Tensor at CG

T Cancel Y

Since Coord 0 has been selected as the relative frame, columns 1 and 2 are

identical providing the coordinates of the centroid. Had an

alternate frame been

selected, the second column provides the results in that system. The Mass (or
Volume) result provides the area of the surface (recall that density and thickness

were set to 1.0).
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Next “Inertia Tensor at CG” provides the remaining required information:

[ Mass Properties Display 8 [m] 55
—Summary Display of Inertia Tensor at Center of Gravity in Frame 0 and in Reference Cartesian Fr:
z | X | ¥ z | =
2.078E+000 0.000E+000 E+000 2.078E+000 0.000E+000 0.000E+000
W 1.039E+000 -2.13E-0 ~ 0.000E+000 1.039E+000 -2.13E-006
u.uqu»fuuu\%fuue 1.039E+000 \.uuuemuu 2136008 1.039E+000
V

4

Expanded Cell Value |

—Mass Property Display Option
™ Mass, CG, Principal Inertias, and Others ™ Principal Directions in User-Specified Frame

™ Inertia Tensor ¢ Principal Directions in Ref. Cartesian Frame
 finertia Tensor at CG

Cancel

Again, two sets of data are provided. The first matrix corresponds to the selected

relative frame, the diagonal provides Iy, I, and /..

The last piece of information required is the coordinates of the load application

point. For this problem, we know it is 4in from the centroid thus
(X0, Y0, 2p)=(7.5,0.5,-0.75). The example is fully defined:

F. =0 F,=0 F,=-140

M, =1000 M, =0 M.=0

A=138 Eqgn. (1) is used since the
' inertia non-diagonal terms

fp—7.5 XP—O.S fp——0.75 are zero

x=3.5 y=0.5 z=-0.75

1 =2.078 1,=1.039 I, =1.039

M. =M _+F, -(y,—y)—F,-(z, - 2)=1000-140(0.5 - 0.5) - 0(=0.75 +0.75) = 1000

M,=M,~F, -(x,~x)+F,-(z,—2) =0+140(7.5-3.5) + 0(-0.75 +0.75) = 560
M/ =M +F, (x,—~x)~F,-(y,~ ) =0+0(7.5-3.5 - 0(0.5-0.5) = 0

M’ - M - F. 560
) =——=. — + 2. — )+ E=""". +0.75
f.(y,2) I (y-» I (z—2) 2+ - 1.039 (z )
M’ - M - F 1000
(n)=—"=(x—x)——2-(z—-7)+—2L=——"1(2+0.75
[, (x,2) I (x—x) I (z—2) " 2078 (z )
M’ - M - F 560 1000 140
V) =—L (k=) +—E(y—y)+—==—""(x=3.9)+ (y—-0.5)———
f.(x) I (¥ =) I =) A 1.039 (x ) 2.078 & ) 1.88

y X
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It should be pointed out that these load distributions are in pressure units.
PATRAN allows the definition of pressure based on a field, however that would
only allow loads normal to the surface. The Distributed Load option also functions
in units of pressure, but is not applicable to 3D elements. The load option we
want is “CID Distributed Load”.

First however, a field must be created to reproduce the above equations.

“Fields, Create, Spatial, PCL Function, Vector, Real” are the required options,
plus specification of a name for the field. The desired relative coordinate system
must be specified the same both on this field entry, and later on the CID
Distributed Load entry. (Default Coord 0 for this example).

The Vector Function definition, first, second, third direction corresponds to our f,
f,, f, force distributions. x, y, and z are permitted as variables within the functions
and are denoted with the () symbol. The input looks as follows (the third
component is not fully visible as the input scrolls):

Il

File Group Viewport Viewing Display Preferences Tools Insight Confrol Help  Utilities "_‘»,

LEAHSE2- d &6 @&¢0naa|Fee @ @m0 0 b b d00Ya(gn o [ 6
= @ & @ r =G HE|x

Fields Analysis Results Insight XY Plot

By

i
Geometry Elements Loads/BCs Materisls Properties Load Ca...

iewport - default_group - Entity =l olx|

F
Object: Spatial ¥
Method PCLFunction ¥

Existing Fields ]
motor =

« o

Field Name:
[ motor

Field Type
" Scalar (¥ Vector

Coordinate System Type
& Real £ Parametric

Coordinate System

Coord 0

- Vector Function(%, Y, 'Z)
First Component

[ s60r1.038%(Z+.75)

Second Component
[-10002.0787Z+.75)

Third Component

[ 5601 .039*(%-3 5)-1000/2.078%(Y- 5

Independent Variables

- =

4 »
=l
3l ety | =

” I Mass Properties  Fields |P\nb’Erase|

Performing mass property calculations... | N | A

Finally, the load can be created. “Load/BCs, Create, CID Distributed Load,
Element Variable, (Target Element Type) 3D”. A name must be specified as well.
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[ Patran 2008r1 1 [ ]
Fie Group Vienport Viewing Display Preferences Tools Help  Utiliies g
IBHEbeN/ R BEe@AR )| FEED @ @WE | Foo B Bl 8L 4L N5 [}
@ & i ] & @ = 4 xoi
Geometry Elements | Loads/BCs Materials Properties loadCa... Fields  Analyss  Results  Insght  XYPlot 2
[N housing.db - default_viewport - default_group - Entity TS| | o=
e = | i
Object: CID Distributed Load ~
Type: Element Variable =

Current Load Case:
Defautt.

| Type: Static

| Existing Sets
motor

of!

New Set Name

| ['motor
Target Element Type: 30 ¥

Input Data.
Select Application Region...

-Apply- ﬁ

Performing mass property calulations...

Load/Boundary Condiions | PlotErase <

NUM |

The “Input Data” menu allows selection of the field to define the force. Recall, the
“Analysis Coordinate Frame” must be the same as the relative frame for mass

property calculation and the field definition.

B Patran 2008r1 ) o =13
Fle Group Viewport Viewing Display Preferences Tools Insigt Con Help Utiities P
1RSSR 4R Bt VRDAR|FEFEE| @ @B %[0 d PGS 5 H a
¥ &= 3 @ | g % o
Geometry Elements |Loads/BCs Materials Properfies loadCa.. Fields  Analyss  Results  Insight XY Plot =
[N housing.db - default_viewport - default_group - Entity TS| Bixl
Load/BC Set Scale Factor =
1
Distr Force <F1F2 F3»
fmotor
‘ 2l
Spatial Fields
motor P

Analysis Coordinate Frame:
Coord 0

=]

Performing mass property calculations... [

| Load/Boundary Conditions input Data | POtE! « | »

NUM
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Last, “Select Application Region, (Select) Geometry”is used to select the solid
face on which to apply the load. (Note that now the actual solid is referenced; the
surface created for the mass property calculation is no longer need and may be
deleted if desired).

=loix|
File Group Viewport Viewing Display Preferences Tools Insioh:Cortrol Help  Utilities A
DEHSR fLR|@eeomQasees| @ @mt||[6hdrbbdLYys]sn = [[§
B O® W H 9 @ @ @k “_j_a\mll\%gg[

i
Loads/BCs  Materials perties loadCa.. Fields  Analysis  Resufts  Insight XY Plot

Geometry  Elements

TS x|

Select Geometry ¥

pplication Regi
Select Solid Faces.

Remove

Application Region

Solid 1.133 A

-]

{size_sel| default_viewport”, 11 200741, 3 644310

] Select Applcation Region | PlotErase |

Performing mass property calculatons... | [ hom | 4

The bolt hole surfaces of the feet are grounded in all directions for simplicity. The
resulting graphical display is not always very useful, however after the model is
executed, Freebody results are used to better visualize the loading, and validate
the applied values. (Be sure to enable Grid Point Force Balance from the
“Analysis, Subcases, Global Data, Output Requests” in order to display
Freebody Results).

The use of “Results, Freebody, Loads, Applied Loads” allows review of the
resulting reaction. Specifying the load application point coordinates as the
“Summation Point” should closely reproduce the intended load. (The values will
not be exact due to discretization of the field onto the mesh). If the Global
Coordinate system is not used, then the “Transform Results” option should
specify the relative coordinate system. Further note, even when “Transform
Results”is selected, the “Summation Point”is specified in Coord 0. It is often
convenient to create a geometrical point at the load position and select it.
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Patran 2008r1 7l =

File Group Viewport Viewing Display Preferences Tools Insioht Confrol Help Utilities
UOHEBofgLh| Bkt feedd o @mm% | LdebbdtWys4n ~® (@

woow W B @‘e @ n‘qulll\!?;ﬁ

Geometry Elements Loads/SCs Materisls Properties LoadCa... Fields  Analysis | Results  Insight XY Plot

=3 %]

Action:  Create ¥

Object  Fresbody

BEadsEd09H

Select Result Case

Select Result Type
Freebody Loads

Applied Loads
Constraint Forces

Internal Forces. b
Ll 2

Summation Point

= " Use Analysis Coord Frame
Node ID Coord I Force Moment Fx Fy Fz e My Nz
1% Transform Results

15739 0 141 0.00 1.03 -0.92 025 0.00 0.00 0.00

Select Coordinate Frame
19740 [ 152 0.00 113 ET]] 0.04 0.00 0.00 0.00

Coord 0
15741 0 126 0.00 047 0.42 110 0.00 0.00 0.00
18742 [ 21 0.00 154 138 045 0.00 0.00 0.00 Rest | Detauts |
15743 0 114 0.00 070 062 065 0.00 0.00 0.00
Totals. [ 139.99 893.12 137 122 -138.85 88911 0.39 355 T

4 12

“Applied Loads” for Result Case [ Default |, Subcase [ Al:Static Subcase |, using method [ Freebody Loads | Values shownin = | Mass Properties Results
Rectangular Coordinate Svstem [ 0 1. Summation Foint ( 7.50. 0.50. -0.75 . specified as [17.5 5 - 7511

Target Load: Applied Load:
F =0 F, =0 F,=-140 F =-137 F =122 F, =-139.98

M,=1000 M =0 M,=0 M,=999.11 M =039 M, =-355
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Example 2: Random Surfaces and Load (Spreadsheet Usage)

Relative Coord 1 is used and load applied at point 3in along z-axis. Load
distributed over all end surfaces (multiple surfaces may be selected for mass
property calculations and the CID Distributed Load application).

F_=1200 F, =-700 F, =2000
M . =-5000 M, =2000 M, =3000

The MS/Excel spreadsheet fields calc.xls was created to facilitate the
generalized 3D field calculation. First, we must extract the mass properties for
the loaded surfaces:
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) T
=18 x] Bl

Action: Show ¥
Dimension  3p ¥ I

- e v u i bl == W pe o =
Geometry Elements Loads/BCs Materials Propertes LoadCa...  Fields Analysis Results. Insight XY Plot ‘

W random.db - default_viewport - default_group - Entity |

Define Region..

Rlative o Coollinate Frame

[ coora 1 I
wmﬁd Mass
10/00 *
Thicknesses/Areas/NSM

101000

g—

™ Plot Principal Axes at CG
[~ Create Princ. Coord. Frame
LG G REs g

Mass Properties Display. |

Aoy | Cancel |

L
[® Mass Properties Display 18 ] |
—Summary Display of Center of Gravity, Principal Inertias, Radii of Gyration, Mass, and Vi
cecno) | / CGCD 1)\ | rerincial | RadiofGyr Mass\ | Volume | =
4 7.854E+000 |' -1.63E-001 3.335E+000 9.249E-001 3.898E+000 , 3.898E+000
2 1.489E+000 -2.18E-001 3.080E+000 8.839E-001 P 4
3 5.316E-001 \\ 4 2BE-001 I| 4.500E-001 3.398E-001

N

Expanded Cell Value [

—Mass Property Display Opti
{* Mass, CG, Principal Inertias, and Others ¢~ Principal Directions in User-Specified Frame

™ Inertia Tensor ™ Principal Directions in Ref. Cartesian Frame
" Inertia Tensor at CG

[N Mass Properties Display B ] 54 |

— Summary Display of Inertia Tensor at Center of Gravity in Frame 1 and in
X | Y | \ | b's | ¥ z | E
x 1.228E+000 -1.05E+000 7.165E-001 ‘\ 3.314E+000 -7 78E-002 7.019E-002
Y ‘ -1.05E-000 2.639E+000 2.322E-001 -7.78E-002 4.568E-001 1.083E-001
= \\ 7.165E-001 2.322E-001 2.998E+000 7.019E-002 1.093E-001 3.094E+000

\/

Expanded Cell Valug

— Mass Property Display Opti
" Mass, CG, Principal Inertias, and Others = Principal Directions in User-Specified Frame

" Inertia Tensor " Principal Directions in Ref. Cartesian Frame

Tensor at CG

Higher precision is possible if “Write to Report File” is chosen:
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KAk hkkhkhkhkhhkhkhkhhhkhhkhhhkhhkhhkhhhhhhhAhhhhhhk bk hhkhkhhkh bk hhkh bk hhhkh bk hhkhkhhkhhkhhkhhhkhkhkhhkhhkhkhkkhkhhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhhkkhx*k
* MASS PROPERTIES REPORT

*

R R Rk Ik I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I kI kI I I I I I I I I I I I kI I
*

File: C:\msc_work\pcl_dev\TotallLoadatPoint\random.db
Date: 26-Sep-11
Time: 14:39:58

Scalar Properties:
Volume Mass
3.898328 3.898328
Center of Gravity in Coordinate Frame:
Comp. Ref. Cartes. Frame 1
X 7.854010 -0.162967
Y 1.469017 -0.218558
Z 0.531551 -0.428472
Principal Inertia Quantities:
Pr. Inertias Rad. of Gyr.

3.334837 0.924907
3.080040 0.888872
0.450010 0.339760
Inertia Tensor in Coordinate Frame:
Comp. Ref. Cartes. Frame 1
XX 12.827685 2.130284
YY 242.028442 3.457993
zZ7 251.977295 3.287481
XY -45.055447 -1.191775
YZ -2.934718 -0.132842
ZX -16.204571 0.444275
Inertia Tensor at CG in Coordinate Frame:
Comp. Ref. Cartes. Frame 1
XX 3.313596 1.228382
YY 0.456805 2.638771
zZ7 3.094486 2.997734
XY -0.077818 -1.052925
YZ 0.109318 0.232221
ZX 0.070188 0.716483
Principal Directions in Reference Cartesian Frame:
Vector 1 Vector 2 Vector 3
0.961679 -0.272727 -0.028170
-0.015605 0.048134 -0.998719
0.273734 0.960887 0.042033
Principal Directions in Frame 1:
Vector 1 Vector 2 Vector 3
0.495845 -0.162095 -0.853149
-0.517363 0.733910 -0.440127
0.697477 0.659622 0.280044
Space-Fixed and Body-Fixed Rotation Angles in Reference Cartesian Frame
Space 3-2-1 Body 3-1-3
15.833065 -1.615691
-1.614262 87.590973
87.590012 15.900995
Space-Fixed and Body-Fixed Rotation Angles in Coordinate Frame 1:
Space 3-2-1 Body 3-1-3
18.102892 -62.711433
-58.555843 73.737190
57.532280 46.597782

Mass Properties Entity List:
Surface 1:7
The number of included entities is 7.

The Mass Properties entity rejection list is empty.
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The identified values are simply entered into the green fields:

EA Microsoft Excel - fields_calcxds =10 x|
J File Edit View Insert Format Tools Data Window Help Adobe PDF ;lilﬂ
DS Ry | iR d|o-= @ &8l ileos (B u==5s @3 0-2-4A-
Imwlgleegrm - =@ 3l 3 AR
caw_ - =| Random_1
= E S e =T TS T T T ] R e [ Y [y

1 =
=) Total Load at a Point MSC/PATRAN Fields Calculation
[N ©2011 Mitch Greenberg, FractureProof Research
| 4 | www fractureproof com

&
| 6| Relative Coord
7] 1
5|
1 9 | Force in Ref Coord
1 10| 1200 -f00 2000
| 11] Moment in Relative Coord Adjusted Moment at CG
|12 | -5000 2000 3000 -2162.95 5788.232 2623.654

13
E Load Point in Relative Coord
| 15 | 0 0 3
16
| 17 | CG in Relative Coord
| 18 | -0.16297 -0.21856 -0.42847
| 19 | Area
| 20 | 3.898328
|27 Inertia at CG in Relative Coord Inverse Inertia Matrix
| 22 | 1.228382 -1.05293 0.716483 1.699695 0.718865 -0.46193
123 | -1.05293 2638771 0.232221 0.718865 0.685601 -0.22493
| 24 | 0.716483 0232221 2997734 -0.46193 -0.22493 0461414

25
E Field Components
|27 ¥ v z
| 28 | X: 0 -907.801 1823.419
129 | y: 907.8009 0 7273422
130 iz 182342 727342 0
[31]
| 32 | Field Equations
133 | X: -907.800904*(y—-0.218558)+1823.419002"(z-0.428472)+307 824277
| 34| y: 907.800904%(x-0.162967)+727 342197"(2—-0.428472)+-179.564162
135 | Z -1823.419002"(%—0.162967)+-727.342197*(y-0.218558)+513.040462

36
E Unigue Field Name Copy Paste Command to PATRAN Command Line:
ﬁl I Random 1 ! fields_create("Random_1", "Spatial”, 1. "Vector”, "Real", "Coord 1", ™, "Function”, 3, "X", "Y", "Z", "-807.800904*(y--0.2185

39 b
W {4 [p [ TLP_Calc Ikl | JJ
D~ [y @ | Autoshepes~ . W IO EAE| - L-A-=S=50a.

Ready [ ] T

The field may be created manually by using the “Field Equations”. However, it is
even simpler to copy and paste the command. Make sure a unique field name is
chosen, then use CTLR-C to copy the contents of cell F38.

Use CTLR-V to paste into PATRAN’s command line and hit enter to create the
field:

Mass Properties Display... I

Apply I Cancel I

JJ I:‘x--U.182887]+72?.3421 97('2-0.428472)+-1 79564162 "1 823, 4190027 -0 162967 -7 27. 3421 97,21 8558)+51 3.040462", FALSE. [0.]. (0], [0.. [0 I
Performing mass property calculations... | l_ NUM v
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Finally, create the CID Distributed Load:

| ! Load/BC Set Scale Factor
[1
Action: Create ¥
Object CID Distributed Load - ‘ Distr Force <F1 F2 F3»
[ :Random_1
Type: Element Variable ¥
i~ Current Load Case:
Defaut |
Type: Static
e |
Spatial Fields
Random_1 -
Existing Sets B -
= |« o
FEMIDEReAETtDEE |
Analysis Coordinate Frame
[ coord 1
P ]
A »
0K Resat
New Set Name
random
Target Element Type: 3D ™ /
Input Data... |
Select Application Region /r
I_ -Apply-

[ =151

Select: Geometry

ition Region
Select Solid Faces

Remove

Application Region

Solid333438393103.113.12 ;I

=

_3

The opposite end of the beam is grounded, material and properties defined, then
the model is solved.
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Action:  Create ¥ |

Object: Freebody

Method: Loads ¥

HAsdd

Select Result Case

Select Result Type
Freebody Loads -

Constraint Forces

Internal Forces S
K| .

Summation Point
| Point 44

{~ Use Analysis Coord Frame

& Transform Results

Select Coordinate Frame
| Coord 1

[l Freebody Spreadsheet

O
Node ID Coord ID Force Moment Fx Fy Fz | Mx My Mz
2473 1 288 0.00 1.64 -0.60 228 0.00 0.00 0.00
2474 1 3.36 0.00 179 -0.76 274 0.00 0.00 0.00
2475 1 3.39 0.00 1.89 -0.72 272 0.00 0.00 0.00
2475 1 269 0.00 115 -0.82 229 0.00 0.00 0.00
2477 il 282 0.00 152 -0.85 229 0.00 0.00 0.00
Totals 1 242934 615679 1196.52 -701.00 1994 .65 -4997.24 1994.95 255228
——— 4

“Applied Loads” for Result Case [ Default ], Subcase [ A1:Static Subcase ], using method [ Freebody Loads |. Values shown in d
R Coordinate System[1]. ion Point { -0.00, 0.00, 3.00 ), specified as [ Point 44 ].

Dannrt |

(Remember Summation Point is referenced to Coord 0, so use of a point is
convenient).

Target Load: Applied Load:
F_=1200 F, =-700 F, =2000 F . =1197 F, =-701 F, =1995

M, =-5000 M =2000 M, =3000 M =-4997 M =1995 M =2992
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Validation Example 1: Torsion on a Cylinder

Patran 2008r1

=] ]
Ele Group Viewport Vewing Display Preferences Toos Init(Cenirol Help Utiites A
AR/ R[BHRe s QAEFE o @%b P b &L R[4L %] [[@
£y = I @ @ @ © |a\G\II\Rmﬂ!
Geometry Elements Loads/BCs Materials Properties Load Ca... Fields Analysis Results Insight XY Plot
M clutch.db - default_viewport - default_group - Entity =181 x| olx
E

Object  Spatial ¥
Wethod: PCL Function ¥

Existing Fields H

Fisld Name:
1500torque.

Field Type.

 Scalar (% Vector

Coordinate System Type
* Real € Parametric

Coordinate System

Coord 1

~Vecor Function(X, Y, Z)
First Component

-1500/.4307°y

Second Component

1500/.4307"%
‘Third Component
0

Independent Variables

x -
-
= z
3 =l
Il [ Fields.
Performing mass property calculations... | [ o | 4

Loading: 1500in-Ibs about +z-axis of Coord 1 (located at the centroid of the
cylindrical surface of the shaft segment). Eqn. (1) used since Coord 1 is
orthogonal to inertia principal coordinate system.

F. =0
M, =0
A=3.063
P:O
x=0

1, =0.6468
M =M, +
M, =M, -

F,=0 F.=0

M, =0 M, =1500
yp:() szo
y=0 7=0

[, =0.6468 1 =0.4307

F.(y,-y)-F,(z,-2)=0
F.-(x,-x)+F,-(z,-2)=0

M. =M_+F,-(x,-x)—F, (y,—y)=1500

fx(y,Z):_

’

M;.( —7)+&~(z—2)+F* _ 1500
LTV A 04307 "
M, - M - F, 1500
(n)=—=(x-x)-——(z—9)+—= X
1,2 I, (=9 I, = 04307
, - M ~ F
Lo(x=x)+—=-(y=y)+—==0
(x—x) i =y 1

a M
fz()@y)—— I

y x
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Patran 2008r1

=1ol x|

Fle Group Viewport Viening Display Preferences Tools Insight Contrcl Help Utiiies )
B EEL A A R T EE R R R A L ]
[ = “ = @ 2 @@ B (oG EEx] - <% ona+]

Geometry Elements Lloads/BCs Materials Properfies loadCa... Fields  Analysis | Rests  Insight XY Plot

[ clutch.db - default_viewport - default_group - Entity - (8] x| Bixl
d L Def (1 y Action:  Create ¥

Object:  Fresbody
Method: Loads ¥

EEEEY )

Select Result Case

Select Result Type
Freebody Loads

Applied Loads
Constraint Forces

Internal Forces L
3 b 9 ¥
- —— - |1 Summation Point
[l Freebody Spreadsheet =10 x| l—
Foint 19

Hode D Coord D Force Moment Fx Fy Fz [ My Nz =] || use Analysis Coord Frame
92182 1 432 0.00 302 -3.08 0.00 0.00 0.00 0.00 [
| w2182 1 13 0.00 202 209 0.00 0.00 0.00 0.00 Scloct Coordnalo Frame

92184 1 435 0.00 3.05 31 0.00 0.00 0.00 0.00 L5l
92185 1 4.38 0.00 3.06 -3.14 0.00 0.00 0.00 0.00 React Defauts
92186 1 444 0.00 3.09 -3.19 0.00 0.00 0.00 0.00
Totals 1 6.97 1486.52 282 633 0.00 482 -4.88 1486.50 Tty

: A —

“Applied Loads” for Result Case [ Default], Subcase [ A1:Static Subcase |, using method [ Freebody Loads . Values shownin = |

mss Properties Results
Rectangular Coordinate System|[ 1]. Summation Point ( 0.00, 0.00, 0.00 ), specified as [ Point 19 ==

Report Close

P B

[ T

Target Load: Applied Load:
F =0 F =0 F =0 F =292 F,=-633 F. =00

M_ =0 M =0 M, =1500 M =482 M =-488 M, =1486.50

x y

(Note: Point 19 was created at the centroid of the cylindrical surface / origin of
Coord 1)
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Validation Example 2: Bolt Pattern

M,=-2000in-lb

Fx=-100Ib

[l coupling.db - default_viewport - default_group - Entity

=1olx|

Action: Show ™ |
Dimension  ap ¥ |

| Define Region... I

Relative to Coordinate Frame
| Coord 1

Density/Concentrated Mass.
1.000 ¥

Thicknesses/Areas/NSK

1.01.0000 ¥

[™ Piot Principal Axes at CG
[~ Create Princ. Coord. Frame
[+ \irite to Report File

Mazs Properties Display.. I

v
Apply Cancel I

=101x]
— Summary Display of Center of Gravity, Principal Inertias, Radii of Gyration, Mass, and

CG(CD 0) CGED 1) \Principal Radil of Gyr. | /ﬁ\| Volume | —

lass
1 3.000E-008 -1.52E-005 9.997E-001 1.127E+000 \ 7.868E-001 } 7.868E-001
2 4.000E+000 3.665E-008 7.528E-001 T —

9.782E-001

3 1.263E-008 3.000E+000 2.591E-001 5.739E-001
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[l Mass Properties Display Jo ] 3
—Summary Dizplay of Inertia Tensor at Center of Gravity in Frame, ®n Reference Cartesian Fr; —
X ¥ | N x ¥ z | =
2.591E-001 7.956E-007 -3.73E-006 7.528E-001 5.294E-006 1.837E-006
‘ 7.956E-007 7.528E-001 5.204E-006 5.294E-006 5.997E-001 3.738E-006
\ -3.73E-006 5.294E-006 9.997E-001 1.837E-006 3.738E-006 2.591E-001

~—

Expanded Cell Value |

—Mass Property Display Option
™ Mass, CG, Principal Inertias, and Others ™ Principal Directions in User-Specified Frame

" Inertia Tensor " Principal Directions in Ref. Cartesian Frame

Cancel

Although the inertia diagonal terms are zero, the spreadsheet may be used for
convenience nonetheless.

Total Load at a Point MSC/PATRAN Fields Calculation
©2011 Mitch Greenberg. FractureProof Research

www fractureproof com

Relative Coord

1
Force in Ref Coord
-100 0 0
Moment in Relative Coord Adjusted Moment at CG
0 0 -2000 0 300 -2000
Load Point in Relative Coord
0 0 0
CG in Relative Coord
0 0 3
Area
0.786765
Inertia at CG in Relative Coord Inverse Inertia Matrix
0269142 0 0 3.858888 0 0
0 0.752809 0 0 1.328358 0
0 0 0999682 0 0 1.000318
Field Components
v Y o
X 0 2000636 3985075
v -2000.64 0 0
z -398.507 0 0
Field Equations
* 2000.636202*(y-0.000000)+398.507457%(2-3.000000)+-127 102756
v -2000.636202%(x-0.000000)
z -398.507457(=-0.000000)
Unigue Field Name Copy Paste Command to PATRAN Command Line:
coupling Iﬁelds creal:[_e("coupling", "Spatial”, 1, "Vector”, "Real”, "Coord 1", "™, "Function”, 3, "X",
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[N coupling.db - default_viewport - default_group - Entity

) [=] o

Action:  Create ™

Object:  Freebody

Method:  Loads 'l

Sl & &0 HE

Select Result Case

Select Result Type

Freebody Loads -

Constraint Forces
Internal Forces
4

Summation Point
| Point 64

i Use Analysis Coord Frame
" Transform Results

Select Coordinate Frame
o ] L
| Coord ID | Force | Moment | Fx Fy | Ez | Mx | My | Mz | = eset I Datauts |
1 1.83 0.00 -0.83 1.60 0.32 0.00 0.00 0.00
Apply |
i 1.85 0.00 -D.84 1.62 0.32 0.00 0.00 0.00
i 178 0.00 -0.85 1.53 0.31 0.00 0.00 0.00
1 1.79 0.00 -D.84 1.55 0.31 0.00 0.00 0.00
1 1.80 o.00 -0.a7 1.54 0.31 0.00 0.00 0.00
g 10024 2003.31 -100.24 -0.08 -0.02 0.30 -0.32 -2003.31 j
Target Load: Applied Load:
F.=-100 F, =0 F. =0 F . =-1002 F =-008 F, =-0.02
M, =0 M, =0 M, =-2000 M, =030 M,=-032 M, =-20033

CAUTION

The preceding methodology will determine fastener loads similar to typical bolt
pattern techniques (i.e. Swift, T., in-house tools). None of these methods account
for the underlying stiffness of the structure. The RBE3 method suffers from the

same limitation. Consider:



Surface Moments and Total Load at a Point in MSC/PATRAN
©2011 Mitch Greenberg, FractureProof Research
www.FractureProof.com

1000Ib

The two hole surfaces were connected to the load application point with RBES3's,
once analyzed 500Ibs is reacted at each hole. In reality due to the lower stiffness
of the upper hole, less load should have been taken there. The same is true with
the subject method of this document; forces are applied simply by F/A. Since the
hole surfaces have equal area, they will receive equal load.

Situations where relative stiffness come into play, require more extensive
modeling of the mating structures.
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Validation Example 3: Random

il
—Summary Display of Center of Gravity, Principal Inertias, Radii of Gyration, Mass, and Vol
£G(CID 0) | CG(CID 2) | FPrincipal | Radi of Gyr Mass Volume | -
4.716E-001 1.306E+000 5.555E+001 1.659E+000 2.018E+001 2.018E+001
1.216E+000 -1.12E+000 4.943E+001 1.566E+000
-3.38E-005 2.174E-001 1.218E+001 T.7T0E-001
Bl
— Summary Display of Inertia Tensor at Center of Gravity in Frame 2 and in Reference Cartesian Fr:
x | ¥ | z | X ¥ z [E
4.783E+001 7.836E+000 -6.28E+000 1.621E+001 1.15TE+001 1.088E-003
7.836E+000 3.964E+001 1.920E+001 1.157E+001 4.54TE+01 -T.62E-004
-6.28E+000 1.820E+001 2.97SE+001 1.088E-003 -TEZE-004 5.555E+001
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Total Load at a Point MSC/PATRAN Fields Calculation
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Relative Coord
2

Force in Ref Coord

300 200 100
Moment in Relative Coord
3000 2000 -1000

Load Paint in Relative Coord
1.63418 1.518468 1.893729

CG in Relative Coord

1.306 112 02174
Area
2018
Inertia at CG in Relative Coord
4783 7.836 -6.28
7.836 39.64 19.2
628 192 2975

Unigue Field Name
random2b

fal

N

X
v
z

Adjusted Moment at CG

2928.581 2470.081 17259

Inverse Inertia Matrix
0024203 -0.01056 0.011924
-0.01056 0.041306 -0.02889
0011924 002889 0054774

Field Components
X Y z'
0 1309674 1209611
-130.967 0 -24.2161
-120.961 2421607 0

Field Equations
130.967416*(y—1.120000)+120.961099%(z-0.217400)+14.866204
-130.967416*(x-1.306000)+-24_216066*(z-0.217400)+9.910803
-120.961099*(%-1.306000)+24 216066*(y—1.120000)+4.955401

CD% Paste Command to PATRAN Command Line:

fields creal e("random2b”, "Spatial”, 1, "Vector”, "Real”, "Coord 2", ™, "Function”, 3, "X

EB random2.db - default_viewport - default_group - Entity

Applied Loads for DefaultAl:Static Subcase — (1.7)

=l x|
Action;  Create ¥
Object  Freebody ¥
Method: Loads ¥

o A9

Select Result Case

Select Result Type

Freebody Loads -

Constraint Forces
Internal Forces
4

Summation Point |

Paoint 11

(01 x| vse Analysis Coord Frame
& Transform Results

Coord ID Force Moment Fx Fy Fz N My Mz = ‘Select Coordinate Frame
2 018 0.00 017 0.09 003 0.00 0.00 000 [Coord2
Z 012 0.00 012 002 002 0.00 0.00 0.00
Reset | Defauts |

2 002 0.00 a0 001 001 000 0.00 0.00

2 [XE 0.00 012 006 001 0.00 0.00 0.00

Apply
2 001 0.00 001 0.00 001 0.00 0.00 0.00
z 355.72 3770.01 27872 198.30 9258 3011.38 201116 ~1048.75 C

Target Load:
F, =300

M, =3000 M =2000

F, =200

F. =100
MZ

Applied Load:
F.=279.7 F,=199.3 F,

-1000 M =3011.4 M =20112 M,

92.6
=-1048.8
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Conclusion

Surface moments and “Total Load at a Point” functionality has been
demonstrated by determination of appropriate PCL functions and application of
field based CID Distributed Load. The method provides an alternative to mesh
dependent multipoint constraint techniques. Reasonable accuracy has been
demonstrated; it should be noted that accuracy of the total load should improve
with mesh refinement.

Creation of a PCL User Form add-in that takes as input the force and moment
vectors, load application point, and surface list could automate the creation of the
field, and load. This activity is suggested for consideration as a future project for
FractureProof Research.



