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NLWAYSE Goals

Our goal is to investigate the vibration characteristics of the machine frame shown here.
We want to solve 2 modal analyses using different mounting points on the frame.
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LWNYEE Assumptions

The frame contains 8, 20 mm diameter mounting holes. In the first analysis the frame will
be constrained by all 8 holes. In the second analysis we’ll only constrain the corner holes.
To simplify the setup we’ll create several named selections.
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Project Schematic

1. From the Toolbox double click “Modal” 1.
to create a new system.
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Setup

4. Set the working Unit System:

*  Units > Metric (mm, kg, N, s, mV, mA)

Units Tools Help || @ =% | ¥Solve ~ ?/Sh
" Metric (m, kg, N, s, V, A) |
l..ﬂﬂ-; J: I-\-Hul W- I"nrl .I'L}
4 I « Metric (mm, kg, M, 5, mV, mA)
L I° Metric(mm, t, N, 5, mV, mA)

Frmrwre ——=r par
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Metric (mm, dat, M, s, mV, mA)

Metric (pm, kg, pN, s, V, mA)

U.5. Customary (ft, lbom, Ibf, °F, s, V, A)
U.5. Customary ({in, lbm, Ibf, °F, 5, V/, A)

Degrees
Radians

rad/s
RPM

Celsius (For Metric Systems)
Kelvin (For Metric Systems)




Mesh control

6

Creating the named selections:
a. Select one of the small edges than RMB > create named selection

b. Inthe Named Selection details choose Apply geometry items of same
size

c. Repeat a. and b. with one of the small faces and rename the named
selection: ‘faces’

Selection Mame @

edges

5a. | 5b.

} 5c.

'i::' Apply selected geometry
- Apply geometry items of same:
Size

s

I Type

[ Locationx
[1 Location Y
|
|

Location £

Apply To Corresponding Mesh Nodes

(8].4 | Cancel
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. . . Mesh control

6. Changing the mesh controls:

a. Under mesh details RMB > insert > sizing and scope to the Named
selection edges.

b. In the details of Sizing, change the type to Number of divisions and set
this number to 1.

Details of "Edge Sizing” - Sizing

Outline n
Filter: Name - 6a 6b . -1|Scope
=] Project - . .
S g8 Model (a4) Scoping Method Mamed Selection
- JBE G tr = .
125k Coordimate Systems Named Selection edges
Connec tions - De.ﬁnitin“
. = Suppressed MNo
Details of "Sizing" - Sizing B Tuwie I [ iTas el
-1 Scope — —
f e Mumber of Divisions |1
- = p— Mamed Selection Beha\l‘iﬂr S-Clﬁ
Suppressed Mo Bias Type Mo Bias
Type Element Size
Element Size Crefault
EBehawior Soft
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. . . Mesh control

7. ..Changing the mesh controls:

a. Insert a face meshing and scope it to the named selection ‘faces’ and change the
Internal Number of divisions to 1.

b. In the global sizing control of the mesh details set the Element Size to 30 mm.

7a 70 R Tt
: . . i Face Meshing -
= _,% Mesh : -
b L1, Edage Sizing
{ (e Face Meshing - =I| Display
- Display Style Body Colar
= Defaults
—| Scope Physics Preference Mechanical
Scoping Method Mamed Selection Relevance 0
—1| Sizing
Mamed Selection faces
— Use Advanced Size Function | Off
=1| Definition Belevance Center Cogrse
Suppressed Mo | Element Size 10.0 mm I
Mapped Mesh Yes Initial Size Seed Active Assembly
I Internal Mumber of Divisions | 2 I smaathing Medium
Constrain Boundary Mo Transition Fast
Span Angle Center Coarse
Minimum Edge Length 5.0 mm

Note : At this step, mesh is not as fine as required for analysis. Nevertheless, we will use this one for time
reasons
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Boundary conditions

8. Create a first Named Selection for the holes surfaces:

9

a. Highlight the Model branch, RMB > Insert > Named Selection.

” Project =] ;—
= ;Q] m_ ‘@ Mamed Selection 8 a

A CMll s m o mbis bl =

b. Inthe Named Selection details change the scoping method to
“Worksheet”.

= ‘ @R Mamed Selections

o (B Selection -~
| »
- ction” s |

worksheet 7 || 81y

| Geometry | No Selection
} 1
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. . . Boundary conditions

9. Create the first Named Selection: |

Generate

a. Inthe Worksheet, RMB > Add Row. [action T Entiey Type | <
Add Row
9a- Insert

b. Pick the action “Add” and configure as shown
below. N
9d . L& Eight Holes

c. Generate.

d. Rename to “Eight Holes”.

Knowing the holes are 20 mm diameter we use the “radius” criteria to
create a named selection containing all of the mounting holes.

ﬂ S Generate I Oc.
. | Action | Entity Tvpe l Criterion I Operator | Units I Value l |
9b . add Face Radius Equal mm 10

10 © 2015 ANSYS, Inc. February 27, 2015



10. Create another Named Selection:

11

AUSEN . . . Boundary conditions

a. Highlight the named selection “Eight Holes”,

RMB > Duplicate.

b. Rename the new named selection “Four Holes”.

c. Inthe details verify the scoping method is still

set to “Worksheet”.

Ellﬁl

- A%h Eight Holes

T P

:I---- f&l Mamed Selectrc-ns

L

= I B ERARL LA AN A ESaF B

——

10a.

| o N

B¢ Duplicate

[ RN LR )

L THD FOUr Holes

—— s ——— R P

~|- A E Four Holes
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10b.

Scoping Method
Geometrny

Worksheet
2 Faces

‘ 10c.




ALSIEN . . . Boundary conditions

11. Create a second Named Selection:

a. RMB and “Add Row”.

Generate |

l Action l Entity Tyvpe |
. . o ” . Aadd Face
b. Pick the action “Remove” and configure as
1 1 a Add Row
shown below. : ——
ISCrL
Generate | 11C
| Action l Entity Type | Criterion J Operator I Units J value I Lower Bound l Upper Bound l Coordinate ... ]]
L2l add Eace B adins Equal o i0 LILO Lito LILS
|- Remove Face Location X Range mm MiA 300, 1200. Global Coor...

Using the “remove” operation and a range in the X direction we have
eliminated the interior holes from the named selection.
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. . . Boundary conditions

12. Apply supports to model (highlight the “Modal” branch

(A5) A Supports E’*Conditioni
i . 2, Fixed Support
a. From the Supports menu select a “Cylindrical Support”. @, Displacement
(8, Remote Displacement
Velocity

Impedance Boundary
8, Frictionless Support
R, i upport
12a %, Cylindrical Support
ST Y ST LSS
Fixed Rotation
2, Elastic Support

_ .
b. Switch the scoping method to “Named Selection”. Details of "Cylindrical Support”
. o q -5
C. From the named selection list choose “Eight Holes”. 12b. Tﬁ;’ﬁg ———————
: : Named Selection | Eight Hol
d. Change the Tangential setting to “Free”. 1oc. |- amed Selection | Eight Holes
’ Type Cylindrical Support
Radial Fixed
it eact
12d Free
. SUpPRTesse0 I o]
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WNYEE Analysis Settings

Set Options for Modal Analysis:

13. Highlight “Analysis Settings” to set the “Max Modes
to Find” (defaults to 6 modes).

-1 Modal (AS)
=P Pre-Stress (None)
N Analysis Settings

Details of "Analysis Settings”

13.

|- Options
Max Modes to Find G
Cimit earch to mange | Mo

As a final check verify the status symbols next to the
branches. All branches should have either:

* Yellow Lightening bolt (ready to be solved).
* Green check mark (fully defined).

DO NOT SOLVE YET!
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=l| Solver Controls
Damped Mo
Solver Type Program Controlled
| Rotordynamics Controls
| Qutput Controls
| Analysis Data Management




Project Schematic

14. Add a second modal analysis:
* Return to the Workbench Project, highlight the “Setup” cell, RMB > Duplicate.

B L - a8 - B
[ | |
2 Q Engineering Data 2 Q Engineering Data + M 2 & Engineering Data
3 :@] Geomekry v’ 4 3 @ Geometry v g # 3 @ Geometry v’ 4
4 §B model o 4§ Model F g———M4 §B Model E
5 a Setup F | s @ setup e e S @& setup Py

= == : 6 §3 Solution 4 6 §= Solution 7
& w% Solution | Edit... ?‘j - Wj 4

> - 7 & Results - 7 & Results *®:
7 Qa Results I =3 Duplicate

. Modal Copy of Modal
Mod3 Transfer Data F

The schematic should look like
this after duplicating.
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WSS Environment

15. Change the supports in the second environment:

1 Mamed Selections
A Modal (A5)
. JT_)O Pre-Stress (MNone)
,,‘/:\ Analysns Settmgs

(!

SENT . . . -
a. Highlight the “cylindrical support” in the L L Ty
. : A #] Solution Information
second environment (Modal (B5)). & m Modal 2 (85)

: '«'T——>° Pre-Stress (Mone)

Lol .-ru— Ry ings

l 5a :2:2, Cyllndrlcal Support

1 Ry oS e

i
: ‘,Q? Cy I|r|dr| al Sup;:ort

—_— — ln.—\l

b. In the details pick the named selection “Four

Danltlon
Holes” from the list. [Tyee et al otppnit
Radlal | Fixed
| | Axial EiFixed
Tangentlal j;-léree
r‘_-";ui;:;i:n'essed Mo
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WWSYEE Environment

16. Solve both environments:

a. Highlight the Model branch.

b. RMB > SOIVe. j‘ b ‘ Inserk
. - 7 Solve
Note, by solving from the Model branch, 16D. F. :]Cl T
-4 edgr Generace aca
both environments will be solved. &b Rename

"4 Disable Filter
_Q Refresh Materials
_@ Refresh Geometry
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NLWAYSH Results

17. Select Mode shapes to view (repeat this for both Solution branches):

a. Click on the “Solution” branch. This will display the “Graph” and the “Tabular Data” showing
a summary of the frequencies at which the modes occur.

b. Inthe “Graph” RMB > “Select All” to select all modes.

— Note : This can be done from the “Tabular Data” as well.
C. RMB > “Create Mode Shape Results”.
d. Click Solve to view the results.

Outline

| File Edit Wiew Units Tools Help || @@

= |&3] Model (A4, B4) SR fSolution (A6

T S ¢ : { #] Solution Information
- @ Geometry b
15 4 3 Tabular Data M3 Total Deformation
#-_s< Coordinate Systems : !
{5 & K Mode [Jv Frequency [Hz] | : __'ﬁ Total Deformation 2
#--8 Connections U /%53 Total Deformation 3

ALH Mesh 202, 3008 4 ;

- B Named Selections gz EaE /&P Total Deformation 4
4]4. 6871 M Total Deformation S
F '/m Mgdal (as) EAEE 5808 @ Total Deformation 6
2 o T=0@ Pre-Stress (Mone) 6 |6. 109.93 E

2N Analysis Settings

17a BE=fooiution (A6)]

v
Modal 2 (B5)
: J_TE:Q Pre-Stress (Mone) Select All (Ctrl+ A)

w2 Analysis Settings
i ‘,C?” Cylindrical Support
=53] Solution (B6) .
,/il Solution Information
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Create Mode Shape Results I
Celect A u e
Zoom To Rangdg 1 7 C
| ]
4

2 3 5 6




IAWNSYEH . . . Results

Comparing the 2 solutions shows very little difference in the 2 environments until the 6"
mode.

Graph * Tabular Data
6. Made |I¥ Frequency [Hz]
111.06 11 31.582
100, 22 3069
3|3 65477
] s, 4]a. 69164
8 Holes Constrained Gl o
B 20 :

— * Tabular Data
6. Mode “7 Frequency [Hz] ‘
77806 11 31303
70. 2|2 38797
&0. 33 62.641
- w“ 4 |4 68.461
4 Holes Constrained | - oo s
30. n
20.
10.
0.
1 2 3 4 s ¢
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IAWNSYEH . . . Results

Comparing the 6" mode from each solution shows the difference. =

|-

™1 One Viewport

* Note: using the viewports “Horizontal Viewports” option you can (= ciivensors

display both results as shown here. L1 ¥achcel Mewpoe=

- Four Viewports

A: Modal E—
Total Deformation &
Type: Total Deformation
Frequency: 111.06 Hz
Unit: mm

11.567 Max
10.281
8.9962
TerabibL

. 654259
8 Holes Constrained S0
2.5704
1.2852
7.8855e-6 Min

A: Modal
Total Deformation 6

Type: Total Deformation
Frequency: 77.806 Hz
Unit: mm

28494 Max
25329
22164

4 Holes Constrained ne

12,668

9.5025
63372
31719
0.0066628 Min
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LWAYAE . . . Results

18. Create a histogram to compare the two results:
a. Hold the CTRL key and highlight both Solution branches.
b. Click the “Chart/Table” icon. -

111.06

100,

fbd:

~ 2./ Show Errors

- 7 Solve i~ |

18b.

P o
— B %

75.

[Hz]

Total Deformation 1 2.

Total Deformation 2 The chart/table tool

Total Deformation 3

Total Deformation 4 provides a convenient

Tabular Data

-

Total Deformation S

Total Deformation & methOd to Compa re

“7 [A] Solution (Freguency) [Hz] “7 [B] Solution (Frequency) [Hz]

1. /31303
2. 38797
3. 62641
4. 68461
51
6.

multiple items.

77279
77.806

Ch‘tnl-p|ua|w‘|—l

olution Information
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31.582
39.69

65477
69.164
80171
111.06

"

6.5



LWSYSH Go further

Pre-stressed vibration analysis

* Create a pre-stressed modal analysis of 8 holes model
—  Standard Earth Gravity
—  Point Mass 250kg (y = -100mm)

1000.00 {mm)

250.00 750.00
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