Deform




Deform options

I

There are various different ways to deform the model geometry to better visualise the results and

interrogate models.

These are described in the following tutorial with an example use.
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Explode

Sometimes it is useful to have an “exploded” view of a model,
or part of a model.
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Explode

The ‘Explode’ function artificially separates parts by applying explosion vectors to them.
There are two options to choose from when applying the ‘Explode’ function:

» Define — define the parts to apply the explosion and explosion vector to.

* Automatic — explosion vectors are automatically generated by D3PLOT.
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Explode - using Define
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When selecting the ‘Define’ function within the
‘Explode’ menu, the part(s) to apply the explosion
to can either be selected from the ‘PARTS’ menu
or by clicking onto the part(s) directly.
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Explode - using Define

Either choose ‘Automatic’ Or, define the
and D3PLOT magnitude of the
automatically calculates three explosion
the explosion vector, vectors.
[ eom K
Explode Fix node Ref node
Magnify Shift def Ref state
Transform Freeze Coords Statyé
Define "explosion" vectors >
M1:1Part | dx: | 0.0000
él Automatic dy:| 0.0000 Quit
Settozero | dz: | 0.0000
e o +10% +20% +50%  +100%
Distance 10%  20% -50%  -100%
Factor the currently defined explosion
vector(s) by a pre-defined amount. The selected part(s) should then explode.
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Explode - using Automatic
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When using the ‘Automatic’ function within the
‘Explode’ menu. Use the following pre-defined
positions for the centre of the explosion:

*  From centroid — Model centre of gravity.
* From node — Nodal coordinate.

* From origin — Coordinate [0, 0, 0].

* From part — Centre of gravity of a part.
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"Explosion" by parts
Define Select parts
Cancel Cancel PARTS
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M1:0
KX e
( J

Coordinates for the
centre of the
automatic explosion.

—> From centroid From node
From origin From part Quit
> Pt used: -350.5 -42.0 2825
Distance +10% +20% +50%  +100%
200.0 -10%  -20%  -50% -100%

el /

Define a distance/magnitude
for the explosion vector(s).

Factor the currently

defined explosion vector(s)
by a pre-defined amount.




Magnify

The magnify function can be useful when analysing models with X
small displacements. Sometimes it may not be obvious that TN SR
models have displaced. Therefore the magnify function is a
useful way of magnifying these small displacements which could
go unnoticed.
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Magnify

Magnify - applies a user defined scale factor to displacements.
Note: the scaling factors magnify the linear displacements, therefore
any rotations in the model will appear grotesquely stretched.

Tip: use magnify in combination with Shift def.
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Useful for showing results where
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bits of the model have collapsed

or crushed.

‘x 1’ (times 1) cancels the magnification.
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Auto | 150 | %

1.00

Pre-set buttons
will set uniform
magnification in
X, Y, Z by the

specified value.

The given factor can
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X 1000 current values using
? the ‘Factor on Curr’
slider.




FixX node

- ? X
Some models undergo large amounts of movement, which can
cause the model to disappear from the viewing window. Explode | Fix node | Refnode
For example, this sled model. Magnify Shift def Ref state

Transform Freeze Coords Status

The ‘Fix node’ function can be used to “fix” the sled and have it in it's undeformed position for the
entirety of the animation, so the effect on the occupant can be seen without the sled model

disappearing from the viewing window.
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FixX node

Fix node - fixes a node in
space so that all displacements
appear on the screen relative
to that node.

If ‘Ref node off’ then this does
not affect results on data plots.

See later ‘Ref Node’ slides for
information.
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. Deorm EBE
Explede——> Fix node Ref node
Magnify Shift def Ref state
Transform Freeze Coords Status

. on || Pick | Any v| N6043
‘ Ref node Off ‘ Show node
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Shift Def

With models that undergo large quantities of displacement and rotation L oeom g

sometimes it may be necessary to prevent a model from displacing and Explode Fix node Ref node

rotating, in order to analyse the deformation of a structure. Magnity | _ Shiftdet |  Refstate
Transform Freeze Coords Status

For example, when analysing the deformation of a vehicle in a barrier test. As the vehicle collides with the barrier,
the large amounts of displacement and rotation make it difficult to analyse the behaviour of the dummy models
within the vehicle.

By using the ‘Shift def’ function, a local co-ordinate system can be defined, and used so that the model moves
relative to it. In this example, the local co-ordinate system is at the rear of the vehicle, so the rear of the vehicle is
“fixed”, thus making it easier to analyse the behaviour of the dummy models inside the vehicle.
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Shift Def

Shift def - fixes a plane defined
by 3 nodes in space. This forms
a local co-ordinate system and
all nodes appear on the screen
relative to this co-ordinate
system.

If ‘Ref node off’ then this does
not affect results on data plots.

See later ‘Ref Node’ slides for
information.

0
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Annotations | Cut Section | Measure Vol Clip
Attached Properties Workflows
Blank Disp opt Trace Write

Bookmarks | Entity User Data XY Data

Colour Utilities

Data Part Tree JavaScript Layout
Deform
Explode Fix node Ref node
NregTTify—> Shift def Ref state
Transform Freeze Coords Status

Definition of shift deformed

on || Pick.. | M1 v MIN533
> { Show nodes } M1/N175
{ Ref nodes Off } M1/N5916
Save/Retrieve
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Shift Def Coordinate System

The three nodes selected for Shift Deformed and the local coordinate system can be displayed.
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Bookmarks User Data XY Data
Colour Utilities
Data Part Tree JavaScript Layout
wx
Explod Fix node Ref node
Magnify Shift def Ref state
Transforn Freeze Coords Status
Definition of shift deformed
~ on | ulPick... | M1 v [M1/NS33

! Show nodes I M1/N175

| Refnodes Off | [M1/N5916

Save/Retrieve

D3PLOT: Ig09 : Large Test 9: Belted sled test

9019
N2 : Shift Def

.000000000
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Ref d ___________Deom _EAg
e n o e Explode Fix node

Magnify Shift def Ref state

In the situation of analysing a sled model with a dummy, Transtomn  Freeze Coords  Status
users may wish to find the velocity of the dummy relative to the sled since in reality, in a crash the
car/sled would be more or less stationary as the dummy travels forward.

Using the ‘Ref node’ function allows a node to be selected on the sled, and reports all velocities to be
relative to the sled (selected node on the sled).

Resultant Velocity Resultant Velocity
(Rel N9008)
0.049
0.000
0.155
0.135
0.261 oo
Ived node & Reference node 0.270
0.368 o
0.405
0474
0.540
A
0.581 £
0.675
0.687 =
- 0.810
0793 0.945 -
0.900 ﬁ © 080
1.006 1.215
1112 1.350
1.219 1485
1.325 1620
1432 1755
1.538 1.890
1.644 2.025
1.751 2161
x 1.0E+03 x 1.0E+03
. ..
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Ref node

Ref node - user can select
either a single node or 3
nodes (a plane). All

displacement results will
be plotted relative to the
reference node(s).

When using ‘Shift def’
reference system,
D3PLOT can contour

C Deom kg
Explode Fix node Ref node
Magnify Shift def Ref state

Transform Freeze Coords Status

Definition of reference node(s)

and output
displacements
relative to the ‘Local’
coordinate system.

Single Node : Contour relative disp/vel/accel

| off || Pick = M1 v |M1/N6043

| Fix node Off

3 Nodes : Contour relative displacement

| off || Pick. M1 v|MIN533

. Shiitdefon | |M1/N175

D3PLOT can also output
current coordinates (using
WRITE, XY_DATA) in the
local coordinate system and
write coordinates as
undeformed + displacement
in local system.

L]

Results in: M1/N5916
N @® Global [ Show nodes
QO Local (N1.3) Save/Retrieve
Use Reference values for the Explain

output of Current Coordinates
in WRITE and XY_DATA results

For WRITE->KEYWORD DATA write coords as
[undeformed coord] +
[displacement in local system]
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Ref state

This can be used to deform the shape of the model to that at a different state,

or to compute the data values relative to a different state. Moreover, this may also T~

be done relative to a different state in a different model to allow comparisons to be Explode Fix node Ref node

made between alike models. Magnify Shift def
Transform Freeze Coords Status

Detailed examples are give in this section for plotting the data on the undeformed
shape, relative data values and comparison between models.
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Ref state

Ref state - Makes results relative to a "reference” state in the current or another model. Choosing a
reference state displays the difference between states and models.

Toggle the
reference state
on/off. Can be
toggled on/off

C Deom kg
Explode Fix node Ref node
Magnify Shift def Ref state

Transform Freeze Coords Status

Reference state and/or model

for each window
separately.

—

Choose the reference
state. The current or a
fixed reference state
can be selected. If
model(s) have been
envelope plotted, then
a envelope reference
state can be defined.

/

On Current model: State 14 ( 6.49996E-02)

Reference model:

Reference state:

0 State number 22
14
State: 14 Time: |6.49996E-02 (MO)
Use undef (#0) Use current

Select whether to
\ plot relative to
the current model
or another model.

Apply reference data to:

Current coordinates (shape)

J Data values (contours, etc)

Undeformed geometry (when on)

/

Control the data
that applies to
plotted geometry
and contoured
or written data.
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Ref state — Example 1: Deformed Geometry

Models may deform to the point where it can become difficult to view the stresses. For example, when
analysing the stresses on a crush tube.

To view the results on the undeformed geometry, set the ‘Ref state’ to the current state (state 22 in the
example below) and apply reference data to the current coordinates (shape).

Reference state and/or model GLOBAL X Direct Stress
(Mid surface)

On \ Current model: State 22 ( 4.19985E-02) Range: current state
-138.23
Reference model: Current mode V| -120.54
-102.85
Reference state: -85.15
0 State number 27 3 8748
. = + -49.77
22 -32.08
-14.39 |
State: 22 Time: |4.19985E-02 (MO0) 330
Use undef (#0) Use current 2099

38.69
56.38
74.07
91.76

Use envelope

Apply reference data jo:

Current coordinates (shape,

D Data values (contours, et

Undeformed geometry (fhen on) - 530 -~
0.041999
/ CT Lc» SisCL» s gsmp ook fl ———————=—4 2|[ar0mE02 | | .
. S e R = ALY i o B0 K @ “an-
Tip: to set the current state as | e eaeaeaEa i oot m]| = « am . om . . ED Y ERED

the reference state press the
‘Use current’ button.

N T
Anim: (auto all) Pl 1 Mo (2

File A Anim A Draw A

o 9

GLOBAL X Direct Stress

(Mid surface)

Range: current state
-138.23
-120.54
-102.85

-85.15
-67.46
-49.77
-32.08
-14.39
3.30 1
20.99
38.69
56.38
74.07
91.76

0.041999

IR 0 Save P (LooK | ———————a—+[ 22[41000E02 | 9]
AL i (auoany (0 I M 8

Draw &
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Ref state — Example 2: Relative Data Values

Sometimes it may be required to compare data values at different states.

For example, when a wheel hits a road bump the suspension damper deflects. The user may want to know
how much the damper has displaced after the impact. To do this, set the ‘Ref state’ to the state where the
wheel comes into contact with the road bump (state 4 in the example below) and apply reference data to

data values (contours, etc.).

placemen
Rel t=.015000 E;:m-
Range: current state

-9.89
-6.73 Data PartTree  JavaScript  Layout
-3.56 7
-0.40 Explode Fix node Ref node
Magnify Shift def Ref state
2.76 Transform Freeze Coords Status
5.93 Reference state and/or model
9.09 On | Current model: State 4 ( 1.50000E-02)
12.25 Reference model
15.42 Reference state:
18.58 0 State number 12
- - +
21.75 =
State: | 4 Time: | 1.50000E-02 (M0)
24.91 | |
Use undef (#0) Use current
28.07
31.24 Apply reference data to:
Current coordinates (shape)
Data values (contours, etc)
z Undeformed geometry (when on)
X" ¥
0.029999
O ‘et tcwisl»cl»iso (EETONEDCER ENR save P Lock | —————=———+ 7|[29999E02 || 7]
-Tw--ﬂ-ﬂ \Views Rev = _
K s EDVDEBEBEBEEIE VL A0S N . P 4 Aim 4 D
e ®
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Ref state — Example 3: Model Comparison

When analysing two models simultaneously, it may be e s memon: oo
necessary to compare results between the models.

For example, when comparing the displacement for twc
iIdentical models where one is made from aluminium (M
and the other steel (M2).

This can be done by contouring the displacement on bc
models, however ‘Ref State’ can be used to better disply= e s mmmwasse. acomoee
the difference, as shown on the following slides.

222222
222222
222222

888888
SSSSSS
333333

x%
99999999
Wi || wz |[=== w1 w2 ]
cT  LC » fl|: cL » lso EEJSa P LA”kI 14|/ 2 6000€-02 (M2) || +] TPl <]
T Anim: (auto all) L | I B R | 3 5 ﬂ
Mana Tidy - (EEE 7 SV EETS) R (Views Rev
D S0 En Flo o Aim 4 Dmw s
....
eo @



Ref state — Example 3: Model Comparison

To plot the difference in displacement on the steel model
(M2) relative to the aluminium model (M1):

Set the ‘Ref state’ to use ‘Reference model’ M1 at the
current state (state 14 in the example below) and apply
reference data to the data values (contours, etc.).

Reference state and/or model

Current model: State 14 ( 2.59999E-02)

Reference model: ‘<Current model>

Ref('erence state:

0 State number 27
14
State: | 14 | Time: | 2.50999E-02 (M0)
Use undef (#0) Use current

7

Apply reference data
D Current coordinates (shap:

Data values (contours, efC)

D Undeformed geometryfwhen on)

/

Tip: to set the current state as
the reference state press the
‘Use current’ button.

DIPLOT: M1: DEMO
(01 1: hlac N2852470 : 0.000000E+00, Min M2352470 : 0.000000E+00

FIC+00 Min: 0.000000E+00

= P IHCH W ML HSHCTLC 81 CLISOVEL
DEPLOT: M2 DEMO
(M2) 1: s NZE99330 : 4.5431 65E+02, Win M3002538 1 3.1 7971 2E-06

R 2 13002539

in: 317971 2E-06

Resultant Displacement
Rel t=25.999a73(M1)

0.00
24.02
43.04
V208
96.03
120,10
14412
168.13
19215
216.17
24019
264.21
286.23
312.25
336.27
360.29
384.31

“~
25888573
Resultant Displacement D
Rel t=25 9393973(M1)
0.00
2406
4512
7214
96.25
120031
14438
16844
192.50
216.56
240 62
264 69
288.75
Mz
336.88
360.94
385.00

H\a

25.999971

W1 W2 == w1 w2
CT LCc» sl » CL» Iso [UET)(ES (IS ENEs save P | Lock

el » COEIEDED A
TR o [ vz | xz [0 R i) Rev A @03
E Ent Fle &

[ 14][2.6000E02 m2) || ]
N [T A ]

A Draw A




Ref state — Example 3:

Even better, the outline of M1 can be shown on M2 to
allow for a direct visual comparison of the
displacements.

To do this, in ‘Ref state’ also apply reference data to
undeformed geometry (when on).

See the display options tutorial for how to turn on
undeformed geometry.

WA W2 === .
Reference state and/or model
Current model: State 14 ( 2.59999E-02)

Reference model: ‘<Current model> V‘

Reference state:

0 State number 27
14
State: Time: ‘2.59999E—02 (MO0)
Use undef (#0) Use current

Apply reference data to:

D Current coordinates (shape)
~/ Data values (contours, etc)
Undeformed geometry (when on‘

Model Comparison

D3PLOT: M1: DEMO
(1) 12 Mlax N2ES2470 0 0 000000E+00, Min M2852470 - 0.000000E+00

=W UMK WML H 8K CTLC I CLISOVEL
D3PLOT: M2: DEMO
(M2) 1: Max NZ628330 : 4 843169E+02, Min N3002538 : 3.179712E-06

W1 || W2 | ==>

cT Lc» sl » cL» Iso (BT IS ETES save P | Lock

Vel »
(LR +x [ vz | +xz [+150] R
2) X0 B ED EED

Al
Views Rev
Ent

w1 | w2
Anim: (auto all)
File

a

»>

Resuttart Displacemert

Rel t=2.

Resuttart Displacemert
Rel t=25 888873(M1)

5 99997 31
000
2402
4504
7208
95,08

12010
144.12
16813
192,15
21617
24018
264.21
268.23
3225
3327
360.29

6451
z

X\ﬂ
25990973

l

oo
2408
4812
7218
96 25

120.31
144.38
16344
192.50
216.56
240 62
26469
268.75
2.8
336.83
360.94

385.00

z

7

25953971

[ 14][ 2.6000E-02 m2) Hj

[T BT B R

Anim

A

Draw .
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Ref state — Example 3: Model Comparison

Finally, similarly to example 1 the model can be shown in the ATt e
‘undeformed” state to better see the data.

2402
4504
T206
9608

To do this, in ‘Ref state’ also apply reference data to
data values (contours, etc.).

12010
14412
16813
19215
21617
24019
26421
28523
31225

In the example, the new geometry displayed in M2 is the
difference in displacement between M1 and M2 at the
current state (state 14).

3327
36029

364,31
z

X

W1 | W2 |[==>| . ﬁ
Reference state and/or model 25999973

=W PR WL HSH T LG Sl CLISOVEL 0

Current model: State 14 ( 2.59999E-02) o301z D0 Resutnt Dispacemerd
: : (M2 1: Max N2899330 : 4.843169E+02, Min N3002538 : 3.179712E-06 Relt=25.999973(M1)

o.oo
2406
4812

Reference model: |<Current model> V|

7218
9625

Reference state:

12031
144 58
165.44
19250
21656
24062
264 59
28575
328

0 State number 27

14

State: ‘ 14 | Time: ‘2.59999E—02 (MO0)

Use undef (#0) Use current

Bhyonio0os3 996G
in: 3A797126-06 360,94

Apply reference data to:
I « Current coordinates (shape)

385.00
I
"
Data values (contours, etc) 25 999971

W1 W2 |[==> W1 | w2

I:‘ Undeformed geometry (when on) CT LC» SI » CL» Iso (I)(N0EES) (X (5306 Save P | Lok 14)[2.6000E-02 M2) [ ]
o Vel [Re CT AC Jzeom[ CN ] AL auoany TR0 (W LK DD ) @
(e +xy | +vz [ +xz [+1so R Views Rev
m ? XY | vz m Ent File A Anim . Draw



Transform

There are various “Transform” options in D3PLOT, these may be used

in various ways, an example is given below. — beom By

Explode Fix node Ref node
Magnify Shift def Ref state

With models that have symmetry, it is often cheaper to make and run models at the [_T=sbim ] Freeze Coords  status
ﬁomt of symmetry. For example, when running an analysis on a vehicle structure only
alf of thé model might be made and run.

In D3PLOT users may wish to visualise both sides of the model for context. This can
be achieved by opening the same model twice, in the same window within D3PLOT,
then using the ‘Transform’ tool to ‘Reflect’ the model.

D3PLOTEMT: DEMO
W2 DEMO

WVon Mises Stress
(Mid surface)

0.00

183.31

274.97

366.62

458.28

549.83

% 1.0E-03




Transform

Transform - Apply translation, reflection, rotation and scale to each model.

Select which models to
apply the ‘Transform’
functions to.

Translate a model by
applying a vector in
global model space.

Applies to coordinates.

Rotate a models by
angles about a centre of
rotation.

Applies to coordinates,
velocities, accelerations,
and stress and strain
tensors.

Explode Fix node Ref node
Magnify Shift def Ref state

| Transform Freeze Coords Status

Apply Explain this

Definition of transformation

Reflect a model about a
point on the X, Y or Z

\ TRANSLATE |v/|  Translate by <dx, dy, dz>

Distance: | 0.0 0.0 0.0

global axes.

Applies to coordinates,

REFLECT |v/| Reflect about global axis
Axis: X Y zZ

Distance: | 0.0

velocities, accelerations,
and stress and strain
tensors.

ROTATE Rotate about global axes

3 Angles: | 0.0 0.0 0.0

Centre: | 0.0 0.0 0.0

Scale a model by a
factor in the X, Y and Z

SCALE @ Scale along global axes

Factors: | 1.00 1.00 1.00

global axes.
,/ Applies to coordinates.
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Global / UK
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T:+91 40 69019723 /98
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T:+86 21 3118 8875
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T:+1 415940 0959
E: us.support@arup.com

Follow us on:

m @O0asys LS-DYNA

Environment
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