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Strain-Based Displacement

A recurring theme in ANSYS Technical Support queries involves
the separation of rigid-body from material deformations without
performing an additional analysis. Many users simply assume
this capability should exist as a simple post-processing query(or
that in any case, this shouldn’t be a difficult operation)

“Rigid-Body” displacements implies a transient dynamic analysis
(as such displacements should not occur in static analyses), but
as we’ll see, there are contexts within static structural
environments where this concept DOES play an important
engineering role

In static structural contexts, such rigid-body motion implies
motion transmitted across multiple-bodies. There are two
important and loosely related contexts we’ll look at
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Strain-Based Displacement: 2 Use Cases

* In the first context, we seek the displacements of a body within a larger
mechanism that are due purely to nonzero strains within that body

Case 1: Relative displacement of a single body in multi-component
mechanisms

connections
between bodies
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Strain-Based Displacement: 2 Use Cases

* Inthe second context, a body’s total displacement may be completely due to
nonzero strains —but we want to extract the mean translations AND rotations
of the CG

Case 2: Mean motion of a body’s Center of Gravity

0.173
015951
0.14603
0.13255 Min

g

100,00 (rarm)
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Use Case 1

e It’s quite clear to most user’s that the relative displacement (due only to nonzero internal
strains) of a body in series with others may be determined by performing an additional
analysis --fixing only the body of interest and applying the transmitted load to it (in fact,
we’ll do this to verify our solution). However, we seek a technique that DOES NOT require
an additional analysis.

e \We want to know the “relative”

[
»

Y : displacement of nth spring (k.): Au,
o = Up-Up4
e But since the springs are in series,
4 Kn-1 the force carried by each is equal to
F
WL se 0 ¢ + So, Au, = Flk, = u
relative n  This is the same displacement k,
j:np'aceme”t would experience if the spring were
U, " detached, u,; =0, and F applied at
el the node at u,
l
Un+1 : F K,
]
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Use Case 2

* Inthe second use case, users may resort to ANSYS’ RBE3 technology™ to create a node at a
body’s CG (the master) and constrain it to all nodes of the body (the slaves)

* The closest way to achieve this in Workbench (using only a minimum number of scripts) is
to attach a remote point to the body’s external surfaces (using the ‘deformable’ option),

and then query the resulting motion of the remote point

* Note that this doesn’t ‘quite’ gives us the second use case, since remote points can only be
attached to surfaces —not entire bodies. Still, we’ll use this concept to test our technique

dame <
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/& Geometry
/3% Coordinate Systems
-/ Connections
-0 Mesh
U1 Named Selections
/=] static Structural (65)
/\ Analysis Settings
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-4/ Solution (G6)
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"Remote Displacement”

g Method Geometry Selection
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nate System | Global Coordinate System
rordinate | -1.27 mm

rordinate | 0. mm

sordinate |0, mm
n Click to Change

R
Comp 2 0,0,0. mm
Rotation: 3.12, -1.8, 2,25 °
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Geometry 4 Print Prevlaw)\ Report Prewaw/
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r

*For a nice tutorial, see here: https://www.simutechgroup.com/tips-and-tricks/fea-

articles/147-fea-tips-tricks-rotation
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https://www.simutechgroup.com/tips-and-tricks/fea-articles/147-fea-tips-tricks-rotation

What we’re after

e So, there ARE more-or-less ‘standard’ (or at least recommended) techniques of obtaining
reliable results for the 2 use-cases

e However, we'd like ONE solution for both use-cases

* In addition, we’d like the solution to be a post-processing solution ONLY. Notice that the
recommended solution for use-case 1 requires an additional analysis, while the

recommended solution for use-case 2 requires the addition of special elements (we have
to modify an existing model).

e So, our proposed solution consists of two parts:

e Part 1: Extract the effective translation and rotation of the CG
of a named selection without modifying the model

e Part 2: Calculate a resultant displacement field that subtracts
out the motion calculated in 1
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Part 1: Extract effective translations and rotations

* Both use cases we want to consider require first that mean translations and rotations be
calculated for named selections
* However, the named selection for which this CG motion is calculated may be different

We want the purely strain-based
(relative)displacement of link2

Link2

0.00 100
L |

-0.038285

-0.05668

. -0.075075

Use Case 1: Two links it
-0,13026

connected via revolute joint. 014966 Min
External load applied on link2
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Part 1: Extract effective translations and rotations

* For use case 2, we'll most often want to calculate the effective CG motion of an entire
body (volume) of interest. In use case 1, however, doing so would likely over-estimate the
rigid motion. This is because we have no control over how much of a displacement field
over a given body is dominated by rigid or deformable motion. However, we CAN restrict
our inquiry to a named selection associated only with a connection

020473
0.16378
0.12284

0.081891
0.040945
0 Min

Named Selection | Selections

Use case 1: Named selection for CG motion Use case 2: Named selection encompasses
restricted to link connection surface entire volume(s) of interest
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Part 1: Extract effective translations and rotations

e This means that for most problems that fall under use case 1, the named selection over
which we want to calculate CG motion will be surface-based, which in turn means that we
must perform our calculations over a nodal component in MAPDL

* For most problems that fall under use case 2, on the other hand, we’ll want to use volume-
based named selections, which correspond to element components in MAPDL

* The two calculations will slightly different:

Calculating CG translations for nodal components

* Nodal component CG calculations will, in general, be less accurate that volume-
based components because they are not weighted by local element volumes. This
means (among other things) that differences in mesh refinement across the
component are not accounted for in such calculations.

e  Still, accuracy can be improved with mesh refinement

N | N
Nodal CG le Nodal CG Z“:
X == Translation U= -=
N N
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Part 1: Extract effective translations and rotations

r

Calculating CG translations for element components

e The element CG values are volume-weighted, as shown below

Element ZI: v,
component CG X=-"5
Location > b,

Element

component CG _
Translation Zd‘"’
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Part 1: Extract effective translations and rotations

Calculating CG Rotations

e |n all cases, CG rotations are calculated over the nodes contained in the named
selection (whether a surface or body-based named selection)

* Thisis done with a least-squares procedure

e The small-rotation matrix dR is calculated by minimizing (1)

(tilR-(x—i)—(u—ﬁ))2 (1)

0 -6 A

dR=| 6 0 -—a

—~ a 0O ST

u Nodal displacement vector o\

u CG displacement vector Angle calculation:

X Nodal position vector * o (alpha): angle in yz plane

< § * v (gamma): angle in xz plane
‘@ Rosltionvector * B (theta): angle in xy plane
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Part 1: Extract effective translations and rotations

Calculating CG Rotations

e Solving for a small rotation matrix, dR allows us to keep the algorithm simple and
linear

e Equation (1) will only yield reliable results for small angles (on the order of 5
degrees or less)

e Equation (1) says “when the effective CG translations are subtracted from the nodal
displacements, what’s left is a rigid-body rotation about the CG”.

e But for use case 2, it will provide a ‘mean’ rotation of the CG (which is what we want
in that case).

e Butitalso clearly states the need to select a nodal component associated ONLY with
a connection for use case 1 (only then can we expect this statement to be useful)
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Part 2: Subtract (or plot) rigid-body displacement field

e The second macro we need is something that allows us to visualize the rigid-body
rotations calculated in 1 (use case 2), OR the displacements that result when they
are subtracted from the full displacement field (use case 1)

* Use Case 2: Calculate the rigid-body displacement field, u,,

U, = ARXx- X)+T  (2)

e Use Case 1: Calculate relative displacement field, u,

u =u- u (3)

r cg
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Macros mk_breldisp and mk_uvects

 The procedures we’ve outlined are captured in two general-purpose
macros (APDL code), which may be used in Workbench as command
objects. The two macros are:

First macro: mk_breldisp.mac

Purpose: To calculate the CG location and displacements (including
rotation) as outlined in Part 1 previously

This macro is also issued first. The CG locations and displacements are
both stored as variables and written out to file “ouput.txt”
Second macro: mk_uvects.mac

Purpose: To calculate and plot the resulting deformation field due to

CG displacement calculated by mk_breldisp as outlined in Part 2. This
contour plot may be written out to a png file viewable in Workbnench
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Macros mk_breldisp and mk_uvects

e A detailed description macro usage, as well as all inputs and outputs may
be read in the headers of each macro

* For Workbench users, PADT recommends that both macros be stored in
the user files folder of any WB project which needs them

Mk_breldisp.mac header Mk_uvects.mac header

Context: Post-processing
! Context: Post-processing 1

H ! macro usage: mk uvects,argl,argl
! macro usage: mk_beldisp,argl

1 . - N N ! Inputs
! Example: mk beldisp, 'nhase
' - ! argument Description
- ]
! Inputs 1 argl component name string representing volume over which to caleculate
! argument Description H displacement field
Do ! arg2 integer toggle: Whether to output rigid-body field or relative gdisp field
- - Q Relative displacements
' argl component name string (can be either nodal or element-based) T 1?
~ R B 11 rigid-body displacements
! representing domain to calculate CG displacements for ! Cutputs
! OQutputs ! Variable Description
! Variable Description H
1 S B ! urig N ® 1 vector of rigid-body displacements. N is number of nodes in model
. . ! undif N x 1 vector of relative displacements. N is number of nodes in model
! centX Centroid x-location of argl (scalar) . -
! centY Centroid y-location of argl (scalar) 1 Actions
! centZ Centroid y-location of argl (scalar) ! macro caleculates output variables given the input component name,
1 CEUx Centroid x-translation of argl (scalar) ! type of output, and existence of alpha, gamma, theta. To ensure these
. . S :
1 CGUy Centroid y-translation of argl (scalar) ! exist, it is assumed the user has already run mk breldisp.
R R ! Macro then plots the requested variable (urig_ or udif ) in MAPDL
! CGUz Centroid z-translation of argl (scalar) . - -
! alpha Centroid rotation about global x (yz plane) (scalar) ! Prerequisites
! gamma Centroid rotation about global ¥ (xz plane) (=scalar) ! Macro must be issued in general post-processor ('Solution' in WB)
1 theta Centroid rotation about glokal = fe‘:@i plane) ((=scalar) ! The following variables must be ponzerg (tvpically calculated by mk breldisp)
1 ! Variable Description
) '
B -
! Rotions ! alpha Rotation of argl to brgdldisp about global x (yz plane)
! macro calculates output variables for domain represented ! gamma Rotation of argl to hredldisp about glebal v (xz plane)
! by input variable and writes them to file "output.gxg™ ! theta Rotation of argl to bredidisp about global z (xy plane)
1 ! gentx X-location of centroid of argl to bhreldisp
R ! genty Y-location of centroid of argl to preldisp
! Prerequisites . . N
! gentz Z-location of centroid of argl to breldisp
! None. Macro must be issued in general post-processor ('Solution' in WB) 1 CGUx X-displacement of centroid of argl to hreldisp
! . . ) 1 CGUy Y-displacement of centroid of argl to hreldisp
! CGUz Z-displacement of centroid of argl to brszldisp

We Make Innovation Work
www.padtinc.com




Examples

* In what follows, we demonstrate the use of these macros for some instructive
examples in Workbench (R19). To follow our own recommendation, we place these
macros in the user files folder of the Workbench Project we’re using in all cases

* An additional detail for Workbench users: Adjust the Analysis Settings (under
Analysis Data Management) to always ‘Save the MAPDL db’ file (check ‘Yes’)

 We'll demonstrate the use of these macros with an example of use case 1 and 2. But
first we want to show that the macro’s angle calculation is accurate

d ol | El ! Letive UNIT system in Workbench
-oject ! NOTE: B2Any data that regquires un:
i Model (G4) ! See Solving Units iz Resume db f||e
B Jﬁ Geometry (Analysis settings
""" \_C dinate Syste .
H 2, Coordinate Systems resume, , db adjusted to save db)
-------- Connections fini i
: ------- ./% Mesh fpsearch, wb userfiles dir(l) <« SearCh user f|les for
] ----- @ Named Selections fpostl macro
L - @ nbase set, last <« oy
. .rEI Static Structural (G5) mk_breldisp, 'nbase’ Go to last load step on
ot 7 Analysis Settings rst file
-------- (['f' Remote Displacement C :
all mk_breldisp.mac
B- /4| Solution (G6) = p‘
on named selection

; ------- Solution Information
-------- ﬁ Directional Deformation
b, v & Commands (APDL)

of "Commands (APDL)" a
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Example 1. Angle Verification

* Problem Statement: Rotation is applied via remote displacement to surface named
selection shown

JFiIlel: MName -
@b ®e
[ Project

=0 @ Model (G4)
----- ﬁ Geometry
: ‘/,?\ Coordinate Systems
,,% Connections
Mesh
- [§1 Named Selections
b [0 nbase
B--,/2] Static Structural (65)
: ‘/‘{.}1 Analysis Settings
: ‘/ﬁﬂ Remote Displacement
= Solution (G6)
- //[II Solution Information
‘,ﬁ Directional Deformation

e, B Commands (APDL) \

Rotation X: 3.12°
Rotation Y: -1.8°
Rotation Z: 2.25°

Mk _breldisp.mac macro called

= — = (from user files location

Geometry 6 Faces 0.000 10,000
Coordinate System | Global Coordinate System
¥ Coordinate -1.27 mm
¥ Coordinate |0, mm

5.000

Geometry 4 Print Preview » Report Preview/

m

Z Coordinate |0, mm

Location Click to Change Graph
[=| Definition
Type Remote Displacement

¥ Component 0. mm (ramped])

¥ Component |0, mm (ramped]

Z Component |0, mm (ramped]
Rotation X 3127 [ramped)

Rotation¥ |18 (ramped)

Rotation Z 2.25° (ramped) S
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Example 1. Angle Verification

e  When run: mk_breldisp creates output (output.txt) summarizing CG calculations.
This resides in the Solver Files folder

i e L] nbase
B A= Static Structural (G5)
A ﬁ Analysis Settings : = :
: ....... ﬁ Remate DISDIECEI'HEFIt Organize » | Open ~ Print Burn New folder
= Insert [ Favorites —  Name Date
— 4] sol B Desktop || CAERepaml 3725/,
e Dire 7 Clear Generated Data & Downloads || CAERepOutputml 3725/
e & Con #lb Rename (F2) = Recent Places |Z] ds.dat 3/25/.
| file.cnd 3/25/.
(] Group All Similar Children = Libraries | ileds 3/25/.
[ Documents 1 (ZA file.DSP 3/25/,
J Open Solver Files Directory o) Music L filewrst 3/25/.
= } [ Pictures 7 fileD.err 3/25/.
Mindaile nf "C ol dine (ELT Worksheet: Result Summarj.f E Videos 1| filemow.inp 3/25f.
L MatMLxml 3/25/.
18 Computer | = outputbdt 3/25/,
£ Local Disk (C9) |Z] post.dat 3/25/.
[y DATA-RS (E1) 7| post.out 3/25/.
a Local Disk (F:) 7] solve.out 3/25/.
9 alex (\\home\home) (H:) ~ * | T
e I e am
e (Calculated angles match applied
values to within available precision Rotatlon X RotationY Rotation Z
ﬁ output.bd - Notepad -
File Edit Format View Help
Comp. Name centx centy centz CGUx CGUy CGUz a'I gamma theﬁ
nbase -1.270 0.067 0.045% -.4066E-02 -.2458BE-02 0.3672E-02 3.120 -1. 800 2.250
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Example 2. Use Case 1: Link Analysis

Next, we'd like to use the two macros to determine the purely strain-based

displacement of link 2 in a 2-link analysis
B : ANSY!
: Fixed Support R19,
R Link 1 (flxed) L500in L— x
Link 2 @ @
5.000in
6.000in |
Y100 Ibf

Flgxdble 1 _00 in-Ibf/°
| Revolute
0.000 4,000 {in) Joint

aannn

; S * |In this example, we can quickly estimate
We want to know the ‘relative % ;
disol t of link 2 (relative t the rigid angular deflection to be
isp acemer? o) |n. relative to 0=-100%5.0/200 = -2.50°
the connection to link 1)
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Example 2. Use Case 1: Link Analysis

e  When we perform the analysis, we’re off by ~2.3% (0.0567 degrees)

e This shouldn’t be surprising, but it should lead us to suspect that 2.3% of the
rotation comes from strain-based deflection (mostly bending, in this case)

e We'll check this two different ways

LUl =
-0.028517F
-0.058409
-0.088301
-0.11819
-0.14808
-0.1779%
-0.20787
-0.23776
-0.26763 Min

2.000

O~ sin"(-.26765/6.0) = -2.56°
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Example 2. Use Case 1: Link Analysis

 Asafirst check, we’ll perform another analysis to get an estimate along the lines
recommended in slide 5

e We'll suppress the revolute joint, and instead fix the attachment point of link 2

e Then re-run the analysis...

-0.0003748
-0.00056229
-0,00074979
-0.00093728
-0.0011248
-0.0013123
-0.0014998
-0.0016873 Min

-0.00036103
-0.00055049
-0.00073995
-0.00092941
-0.00111849
-0.0013083
-0.0014978
-0.0016873 Min

Loon 3,000

O~ sin}(-.0016873/6.0) =-0.01611°

e This still doesn’t quite account for the difference between the rigid-body
rotation estimate and the total (-2.5° vs. -2.56°). What’s going on?
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Example 2. Use Case 1: Link Analysis

 To find out what’s going on, first suppress the fixed support at the connection surface of
link 2 and create a new ‘fixed’ body-to-body joint between the two link connection
surfaces as shown (make sure the behavior is ‘rigid’)

e ..andre-run the analysis

utling 1

Reference Body View

filter Mame -

<] P B el 8l
‘(A Coordinate Systems a
-1 Connections
: Contacts
Joints
"$\ Revolute - Geom'Solid To GeomSolid
o Beference Coordinate System
P Fixed - Geom\Solid To Geom\Solid

ANSYS

R19.0

ody Sizing
Eb- 31 Named Selections

: B link2
- wBrbes 2 Create new fixed body-body joint
=tails of "Fixed - Geom\Solid To Geom\Solid" L'

Connection Type

Body-Body

Type

Fixed

Coordinate System

Solver Element Type | Program Controlled
Suppressed Mo

Reference

Scoping Method Geometry Selection
Applied By Remote Attachment
Scope 1 Face

Reference Coordinate System

Initial Position

Behavior Rigid

Pinball Region All

Mobile

Scoping Method Geometry Selection
Applied By Remote Attachment
Scope 1 Face

Unchanged

Behavior

Rigid

Finball Region

All

m

0.000 2,000 {in)
I

Loon

Geometry A Print Preview ) Report Preview/

Mebile Body View

0.000 2.000 ]L #
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Example 2. Use Case 1: Link Analysis

* Note the difference in deflection (with slide 22)
e Torecap: Thisis the difference between using a fixed body-body joint and fixing the
connection surface of link 2

-5.8823e-
-0.00078276
-0.0013067
-0.0022306
-0,0029545
-0,0036785
-0.0044025
-0.0051264
-0.0058503 Min

-0.00105
-0.0013581
-0.0026663
-0.00347 44
-0.0042826
-0.0050907
-0.0058989 Min

0,000 30000

|
L500

* It appears that using joints vs. directly
applied fixity conditions accounts for O~ sin"}(-.00585/6.0) = -0.05586

the difference...!

We Make Innovation Work
www.padtinc.com




Example 2. Use Case 1: Link Analysis

* The previous slide demonstrates that using joints and other connections between bodies
introduces additional flexibility (perhaps not always accounted for). We can conclude
from the previous slide that SOME non-zero rotation must still be occurring in the
connection surface of link 2 when the fixed body-body joint is applied. Let’s check this
with our macros!

e  First, let’s suppress the fixed body-body joint and un-suppress the revolute again
 Next, we’ll make a named selection for the connection surface of link 2. We’ll calculate
the rigid-body motion purely from this surface (so as to eliminate the strain-based

deflection from the estimate)

 Then, wée'll make a named selection out of the link 2 body. We'll call this as an element
component in the ‘uvects’ macro to make a plot of the strain-based displacement field.

Make a named
selection out of the
connection surface
(we’ll call it
‘nbase’)

Make a named
selection out of the
link 2 body (we'll
call it ‘link2’)
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Example 2. Use Case 1: Link Analysis

e Then, call the two macros in a command object in WB...

o '/@ | Body Sizing
= & Named Selections
P ( . link2

....... / |D nbase

H-#[=] Static Structural (B5)

------- », :/'f\ Analysis Settings
------- F. Fixed Support
....... ﬁ v Force

------- B Fixed Support 2

=--/e3 Solution (B6)

ails of "Solution (B&)"

------- ;[1-| Solution Information

------- Directional Deformation 2

------- %, Frictionless Support

mation 2
{APDL)

olution
lumber Of Cores to Use (Beta)
idaptive Mesh Refinement

We Make Innovation Work
www.padtinc.com

Solve Process Settings

resume,,db

fini

/psearch, wb_userfiles_dir(1)
/postl

set,last
mk_breldisp,'nbase’
mk_uvects,'link2°,0
/show,png
plnsol,u,y
/show,foo
/show,term

You can cut-and-paste the script
above into your command object
Remember: mk_breldisp and
mk_uvects must reside in the
user_files folder to work this way




Example 2. Use Case 1: Link Analysis

e  Re-run the analysis. Note that the command object we inserted creates a new
image called ‘Post Output’. This is the relative (strain-based) displacement
calculated by mk_uvects

e Click on it to see this displacement field...

EI ----- Connections

- > JCDntacts A
- @ Joints e Un-suppress the revolute joint and

EI ----- 3 Revolute - Geom\Solid To Geom'Solid < . ot .
(i---«n s Cotiats Systom suppress the fixed body-body joint

----- x"f;u\- Fixed - Geom'Solid To Geom'Se! ' & ma v moppen o

....... «% Mesh ﬁg Frictionless Support
= @1 Named Selections =4 Solution _[B'ﬁ} .
e @ik vL.L] Solution Information e Min. displacement is -
v M rbase /0 Total Deformation
. . . ”
= E Static Structwral(B) = ,,ﬁ Directional Deformation 0.001687
e 7 Analysis Settngs 00 /B0 MNormal Elastic Strain
. B FixedSupport /B0 Directional Deformation 2
------- ,,ﬁ Total Deformation 2

El'""«’l_i Commands (APDL)
e 28 Post Qutput

* Note that this is the same displacement we
calculated by fixing the link 2 connection surface
directly!

e That’s encouraging! We don’t want our estimates to
depend on the nature of body-body connections
(and we don’t have to perform a second analysis to
obtain this result).
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Example 2. Use Case 1: Link Analysis

e Let’s do a further check. This time, we want our macro to estimate the amount of
additional rotation introduced by the flexibility of the fixed body-body joint
e Suppress the revolute joint and un-suppress the fixed body-body joint

* Re-run
e Right-click on ‘Solution’ in the tree
=l M1 Lonnections . .
..... Contacts OUt'Ine...
[ Joints T
Ex-ﬁ- Revolute - Geom'Solid To Geom\Solid ==} Solution (B
. ook Reference Coordinate System D 4] Solutior Insert r
v,-ﬁ‘- Fixed - Geom\Solid To GeomSeid & ./% Total O
....... /& Mesh Directio, % Clear Generated Data
- @1 Mamed Selections b R B2
SR A N?rmél gk Rename (F2)
b Cnbase e Directio o _
= E Static Structwral (B5) e «% Total D¢ |:| Group All Similar Children
b Analysis Settings = .
- y 1 Fixed Support = ‘fl%"cgm:: @ | Open Solver Files Directory
o B, Farce Worksheet: Result Summary

e ..and open the file ‘output.txt’. This is the
output of macro mk_breldisp

loads L] filelUast 2725/ 018 1233 PM Makelnd
t Places [TH filel1 st 2/25/201812:33 PM  Makelnd
[ file12 st 2/25/201812:33 PM  Makelnd
E @ filel3.ist 2/25/2018 12:33 PM  Makelnd
. (] file14.ist 2/25/2018 12233 PM  Makelnd
[ file15.ist 2/25/2018 12233 PM  Makelnd
- 7] filemov.inp 3/30/2018 4:46 PM NP File
L L | foo 3/30/2018 739 PM File
— L lipg 3/30/2018 7:26 PM File
ter ] MathiLxm 3/30/2018 7:33 PM XML Doc
Disk (C3) | output.bet 3/30/2018 7:39 PM Text Doc
RS (E) || Postlmage246.png 3/30/2018 7:39 PM PNG ima
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Example 2. Use Case 1: Link Analysis

e The output file contains the output macro mk_breldisp for the last two runs (it
appends to the same file after every run). Reading from left-to-right, we see the
calculations for the x, y, and z centroid location and displacements, followed by the
three orthogonal (infinitesimal) rotation components for the named selection
associated with link 2’s connection surface.

| output.tit - Notepad =R =R E
File Edit Format View Help
Comp. Name centx centy centZ CGUX CGly CGuz algha gagma theta
nbase 0.000 -2.500 0.200 -.171BE-02 -.3982E-04 0.2601E-19 LA122E-16 /-, 221BE-167 -2.539
nbase 0. 000 -2.500 0.200 -.1718Be-02 -.3983e-04 O0.5084E-20 /0.1523E-17/ -.3313E-1 -.3937e-01
Rotation X
Rotation Y
Rotation Z

 The first row corresponds to the results of the analysis with the flexible revolute
joint. The second row corresponds to the results with the fixed body-body joint

* Notice the absolute magnitude of the calculated angle (about the z-axis) in both
cases is 0.039° higher than it should be (we couldn’t be sure with a single data point
if this was purely due to the joint stiffness. However, the two points data points
taken together provide strong evidence of this)!
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Example 2. Use Case 1: Link Analysis Summary

*  The use of macro mk_breldisp has enabled us to discover an additional, typically unaccounted for,
stiffness inherent in all body-body connections (even ‘rigid’ ones)

*  Arough estimation of the resultant rotation for named selection ‘nbase’ for a fixed body-body
connection would have yielded zero, while the flexible revolute joint should result in a rotation of -
2.5° Instead, we get -0.039° and -2.539°, respectively.

*  This may seem like a small (and in many cases, acceptable) error, but notice the difference this
makes in the Workbench deflection plots below.

e  Still, macro mk_bredisp and mk_uvects calculate the ‘correct’ angles and relative displacement
EVERY TIME (to within the available precision)

B: Static Structural
Fixed body_body Directions| Deformation _
Type: Directional Defarmation(¥ i
Unit: in

joint connection: o i
min uy = '0.0058989 3/31/2018 12:35 PM

B: Static Structural
Directional Deformation
Type: Directional Defarmation (Y &
Unit: in

Coordinate Syster
Time: 1

37312018 12:34 PM

Fixed support at
connection: min
uy =-0.0016873

1.8937e-7 Max
-0.0001873
-0.0003748
-0.00056229

0.0013745 Max
0.00036634
-0.00024181
-0.00105
-0.0018581
-0.0026663
-0.0034744
-0.0042826
-0.0050307
-0.0058989 Min

-0.00074379
-0.00093728
-0.0011248
-0.0013123
-0.0014008
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Example 3. Use Case 2: Mean Rotation

OQOur third example involves use case 2: the determination of a body’s mean, or
equivalent (centroidal, or volume-weighted) rotation

e We have an assembly (in this case, some approximation of an electronics circuit
board) fitted with two lens components (let’s pretend this is some sort of optical
device). The board is subjected to thermal loading. This results in deflection
(warpage) due to disparities in the Coefficient of Thermal Expansion (CTE) in the
various components.

- T - ] b d E
1 figgd b8 | Steady-State Thermal b8l = Static Structural

Geometry

2 ﬁ Geometry ‘\.2 & Engineering Data v a2 & EngineeringData

r

optical PCB 3 |8l Geometry v ,———=3 Gl Geometry v
4 @ Model v ,———m4 @ Model v .,

5 @ setup J‘/os @ setup v o,

a6 Solution v o, ] Solution v .

7 @ Results Ve 7 @ Results v,

Steady-5tate Thermal Static Structural

Temperature Deflection
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Example 3. Use Case 2: Mean Rotation

e We're interested in the mean rotation of the two lens components shown below

Hame hd

[P B &1 8l

ect -

Model (D4, E4)
AT Geometry

‘/)& Coordinate Systems

‘,’% Connections
FD Mesh

R ‘/. lens2
E cady-Stafe rmal (D5)

T=? Initial Temperyture

v e -
"Multiple Selection” 7

-

g Method |Geometr)\5election
try [1Body '\
ion =
o Solver Yes
ed Program Controh@d

Yes \

m Controlled Inflation | Exclude
*  We've made two

volumetric components:
lensl and lens2

0.003224
0Lo01612
0 Min
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Example 3. Use Case 2: Mean Rotation

e This time, we’ll use the ANSYS RBE3 technology to check our result
e Thisis achieved in WB by inserting a deformable remote point at the center of each
lens and attaching it to the lens surfaces as shown below

e We insert command objects to capture the node numbers of the pilot node on each
remote point

q
Mame -

a1 #H el gl

‘oject -

#| Model (D4, E4)

3 Ml Geometry

I~ ,«,L Coordinate Systems
‘,,k Global Coordinate System

L lens1
L lens2
o J'\ Remote Paoints
E| «;’\_ lens1
[ ¥ E: Commands (APDL) - y
E| '\ emsz2 P Em ﬁ Geometry 1 Active UNIT sy=
‘,o’. Coordinate Systems 1 WOTE: &nhy dats
"""" > & Commands (APDL) i Global Coordinate System =l i Se
I, Connections s lens1
ﬁ Mesh ;j‘\ lens2 |plensl = _npilet
I U Mamed Selections _ - Remote Points
: = . . - ‘\_ lens1
-------- v E Commands (APDL)
= v '\_ Iensz
{,1\ Global Coordinate System = 1 S¢
. ; lens1
2 lens2 plensZ = npilot
= ‘/’\. Remote Points
£ ‘ ’ E| lens1
* Pilot node of lens 1 called ‘plensl1 : %% E Commands (4°T1)
. ‘ ’
* Pilot node of lens 2 called ‘plens2 B ,& 'Egmmnds(m)
T
G- 48 Connections
’/% Mesh
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Example 3. Use Case 2: Mean Rotation

e Remote points use the RBE3 constraints via the MPC option (they are actually
defined using surface-to-surface contact in ANSYS

e The rotational degree of freedom of the pilot node is obtained in a way identical to
what macro mk_breldisp does (least squares)

e We expect some differences,however, because the pilot is attached to surfaces
rather than an entire volume. In most cases, this difference will be small (and will
diminish with increasing refinement). However, if the mean rotation of a composite
body is sought, these differences can become great

e Still, in our case, we expect this solution to yield results very similar to ours

From the R19 help documentation:

RBE3 creates constraint equations such that the motion of the master is the average of the slaves. Eorthe rotations_a least.
squares approach is used to define the "average rotation” at the master from the translations of the slaves. If the slave nodes are

colinear, then one of the master rotations that is parallel to the colinear direction can not be determined in terms of the translations
of the slave nodes. Therefore, the associated moment component on the master node in that direction can not be transmitted.
When this case occurs, a warning message is issued and the constraint equations created by RBE3J are ignored.

Applying this command to a large number of slave nodes may result in constraint equations with a large number of coefficients.
This may significantly increase the peak memory required during the process of element assembly. If real memory or virtual
memory is not available, consider reducing the number of slave nodes.

As an alternative to the RBE3 command, you can apply a similar type of constraint using contact elements and the internal
multipoint constraint (MPC) algorithm. See Surface-based Constraints for more information.

This command is also valid in SOLUTION.
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Example 3. Use Case 2: Mean Rotation

e WEe'll insert a command object which both runs our macros (mk_breldisp and mk_uvects)
AND checks the result of the pilot node rotations on the remote points for confirmation

resume,,db

fini
/psearch,_wb_userfiles_dir(1)
/postl

set,last

mk_breldisp,'lens1’
mk_uvects,'lens1',1

;{_‘| Static Structural (E5)
i -‘//} Analysis Settings

ﬁ Fixed Support

/show,pn
----- ‘ Imported Load (Da) Jview 1p1g1 1
----- //. Solution I[EE} /autoll’ ¥
plnsol,u,sum

mk_breldisp,'lens2'
mk_uvects,'lens2',1
Jview,1,1,1,1

....... ﬂ Post I:Iutput 2
.Ml Total Deformation

/auto,1
plnsol,u,sum
/show,foo
. /show,term
e Users may freely cut-and-paste this
code into their command object. pi = 3.1415926
. my_lenslrx = ROTX(plens1)*180/pi
Remember.to plce mk_b.reldlsp and my_lensiry = ROTY(plens1)*180/pi
mk_uvects in the user_files folder my_lensirz = ROTZ(plens1)*180/pi

my_lens2rx = ROTX(plens2)*180/pi
my_lens2ry = ROTY(plens2)*180/pi
my_lens2rz = ROTZ(plens2)*180/pi
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Example 3. Use Case 2: Mean Rotation

e  When the run the analysis (and the command object), we get the following results

Details of "Commands (APDL)"

ARGS
ARGE
ARGT
ARGE
ARGE

=|| Results
my_lenslr 0.14056
my_lenslry 3.9311e002
my_lenslrz -2.335e002
my_lens2rx 4. 78732002
my_lens2ry -4.0349e-002
my_lens2rz 1.4229e002

Lens 1 Rotation X
Lens 1 Rotation Y

Lens 1 Rotation Z
Lens 2 Rotation X

Lens 2 Rotation Y
Lens 2 Rotation Z

e Compare with the results of macro
mk_breldisp. Our expectations hold
(close, but not exactly the same) !

"j cutputtxt - Motepad

File Edit Format View Help
Comp. Name Centx
lens1 2.520
Tens2 5.537
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centy cents
9.292 1.588
7.512 1.197

Letinrbion
o Suppressed Mo
- Qutput Search Prefix | my_ <

Invalidate Solution | Mo

Target Mechanical APDL

Input Arguments
ARGL

™~

e The results of the rotations at the pilot
node of lens1 and lens2 show up in

| the details view of the command

2z object

e Recall that WB brings back variables
calculated in MAPDL scripts according
to a ‘Search prefix’ (the default is

m

4 ?
my_’)
Rotation Y —
Rotatiogx RotatioRn Z
CGUX CGUy CGUZ alpha gamma theta
0.2526E-03 O0.4B819e-02 0.5758E-02 -.1406 0.3927E-01 -.2335e-01
0.7519e-03 0.2059e-02 0O.8899e-02 -.47B4E-01 -.4009e-01 0.1427e-01




r Conclusions

 The macros used in this study: mk_breldisp.mac, and mk_uvects.mac, allow ANSYS
users to calculate mean displacements of named selections as a post-processing
operation

 Users CAN always make similar estimates with RBE3 technology (as described here:
https://www.simutechgroup.com/tips-and-tricks/fea-articles/147-fea-tips-tricks-rotation ),
but this requires the creation of additional specialized (MPC) elements

 The macro mk_uvects provides users with the unique capability of obtaining contour
plots of just the (rigid) deformation field associated with CG motion of a body, OR the
relative (total minus CG displacement) deformation field of a named selection

 The macros may be inserted into any WB project. If the Analysis Settings have been
adjusted to save the MAPDL db file, no additional analysis need be performed: the two
macros operate in the general post-processor and require no additional solutions.

We Make Innovation Work
www.padtinc.com



https://www.simutechgroup.com/tips-and-tricks/fea-articles/147-fea-tips-tricks-rotation
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