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Shock Analysis Introduction

Response Spectrum Analysis

Transient (Implicit) Dynamics analysis

Half Sine shock example on Printed Circuit Board (PCB).

Comments for usage in Electronic industry
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Types of Vibrations
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Methods for Shock Analysis

4

Response Spectrum Method

* Commonly used

* Solve faster than a full transient analysis
* Includes non-stationary excitations

* Linear analysis only

Transient (Time History Analysis)
* Include non-stationary and non-linear analysis

* Computationally quite expensive
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Description & Purpose

A response-spectrum analysis calculates
the maximum response of a
structure to a transient loading.
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It is performed as a fast alternative of
approximating a full transient
solution.

The maximum response is computed as
scale factor times the mode shape.
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ANSYS Common Uses

Commonly used in the analysis of:
* Electronic equipment for shock loading

* Nuclear power plant buildings and components, for seismic
loading

* Commercial buildings in earthquake zones

Types of Response Spectrum analysis:

Single-point response spectrum

* Asingle response spectrum excites all specified points in the
model.

Multi-point response spectrum

* Different response spectra excite different points in the
model.
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WSS Procedure

Geometry Model

Mil STD

Harmonic Analysis

Calibrate Damping

8

Loading History(g vst)
(Input in Time domain)

Convolution or FFT
Method (RESP
command)

Response Spectrum
(Input in Freq. domain)

Response spectrum analysis
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a Calibrate Damping using Harmonic
ANSYS
ANSYS Analysis

What is harmonic analysis?

A technique to determine the steady state response of a structure to sinusoidal
(harmonic) loads of known frequency.

Similar to a shaker table experiment.

Details of "Analysis Sektings" Frequencv Regponse
[=]| Dptions
R.ange Minimurm 100, Hz
Range Maximum 350, Hz 1.05e+2
Cluster Number 5 ;5:8 —_—
Solution Method Mode Superposition T
Cluster Results Yes E 7.oe+7
Modal Frequency Range Program Controlled =~0.20e+7
Store Resulks At All Frequencies | Yes '%J 5. e+7
Output Controls _é 275047
[=/| amping Controls [=% T =
iZonstant Camping Ratio S.e-002 E 2.38+7
Beta Damping Define By Direct Input 7.83e+4+6 t
Beta Damping Yalue 0. 100 120 150 200 240 280 330
Analysis Data Management Frequency (HZ)

Adjust damping values until frequency sweep is similarto experiment
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Response Spectrum Data

Follow industry standards
* MIL-STD-810E516.4
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Converting time history to Response
Spectrum Input data
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ANSYS MAPDL can be used to generate the
response spectrum.

As of V13 this capability is not yet available in
Workbench Mechanical

AMNSYS Main Menu

®|

Preferences
Preprocessor
Solution
General Postproc
B TimeHist Postpro
Variable Viewer
Settings
Store Data
Define Variables
Read LSDYNA Data
List Variables
List Extremes
Graph Variables
Math Operations
Table Operations
Smooth Data
Reset Postproc
Topological Opt
DesignXplorer
Design Opt
Prob Design
Radiation Opt
Session Editor
Finish

L

[RESF] Generate a Response Spectrum

IR Reference number For result

LFTAE Freq table variable no.

Il

LOTAE Displ time-hist war. no.

ITYPE Type of response spectrum

Displacement -

RATIO Wisc/Critical damp ratio

|

DTIME Integration kime step

TMM, TH Range of time-history

Cancel |




Project Schematic

e Drop a Response Spectrum system onto the Solution cell of the Modal system.

-lojx|

@Unsaved Project - Workbench
File  Wiew Tools  Units  Help

H Save

Project OCDmpact Mode
- X

3 save & Reconneck & Refresh Praject  # Update Praject lﬁjlmport...

_JMew [ Open

| E Analysis Systems |
Electric (AMSYS)

T Yiew &ll | Cuskomize. ..

@) Double-click or drag items From the Toolbo: ko build & schematic that represents the project.

(i1 Show Pro
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(i) Show Progress
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34 Harmonic Response (AMNSYS) IE V File Wiew Tools Units  Help
) Linear Buckling (ANSYS) z Enai ing Data Share AZ:44 = =
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Preprocessing

Insert an Acceleration, Velocity, or Direction response Input spectrum.

Set the Boundary Condition, Spectrum (Tabular) Data, and Direction.

-Ioixi
JFl\e Edit Wiew Units Toolks Help H 0‘ }Solve - Eﬁ nhg' JFi\e Edit Yiew Units Tools Help H al ’.;’So\ve - Eﬁ Rh?,' [ -
FhT L REER @S¢ QR QmA0 Enal0 AT LRAERRe S +QA8 AEAAE NS O

ot | B, RS Base Excitation + |

JEnvlmnment . RS Base Excitation + | E

o RS Velodity Coordinate Systems -

,,Qﬂ Cannections

/@ Mesh

Modal (A5)

Pre-Stress (None)
Aanalysis Settings

,ﬁ?, Fixed Suppork

Solution (AB)

_;‘m Solution Information

_//@ Response Spectrum (B5)

Modal (Modal)

Aanalysis Settings

E' RS Acceleration

s Solution (B6)

;‘m Solution Information

+
B Mesh
Modal (A5)
;)0 Pre-Stress (Mane)
Analysis Settings
,@ Fixed Support
= /f. Solution (AG)
fm Solution Information
7@ Response Spectrum {B5)
/= Madal (Modal)
Analysis Settings
E-is Solution (BE)
_;‘m Solution Information

. RS Acceleration

q

a |4

[=l| Definition [=l| Scope
Physics Type Structural Boundary Conditio |AII BC Supparts
Analysis Type Response Spectrum [=| Definition
Solver Target ANSYS Mechanical Load Data Tabular Data o
[=]| Options Siale Factor 1.
Enwironment: Temperature ‘22. *C Direction Z Axis
Generate Input Only ‘ND Missing Mass EFfec! Mo 200,00 {mm) 7 3
Rigid Response EFfdct | Mo 100.00
Suppressed Mo

Geometry AWorksheet » Print Preview A Report Preview /. ]

0.265

S.e-2
100.00 {mm)
lez
50.00 263

\ Geometry A VWorkehest A Print Preview A Report Preview /.

= |LVQA|{\Ia Me‘sfagai qu;ésleétlon |Matr\c {rorn, kg |Prass F1 faor Help |ng| Mo Messages |No Selection |Metr|c (i, kg, W, 5, m¥, mA) De
AN A= F yaravE e

Press F1 for Help es R
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Mode Combination

The phase information is lost in Response Spectrum method. Thus one need a
way to combine the individual modal responses to get the combined
response of the structure.

ANSYS have a number of different Mode combinations methods. The
important/popular ones are described below:

* The Square Root of Sum of Squares (SRSS) method is generally more conservative than the
other methods.

* The Complete Quadratic (CQC) and the Rosenblueth (ROSE) methods providing a means of
evaluating modal correlation for the response spectrum analysis.

— accounting for mode coupling makes the response estimate from these methods more
realistic and closer to the exact time history solution
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Postprocessing

Results include

* Directional Deformation, Velocity, or Acceleration.

* Stress (normal, shear, equivalent) and Strain (normal, shear) results can also
be reviewed.

¥ Multiple Systems - Mechanical [ANSYS Multi

1 M [=]ES| N i Multiple Systems - Mechanical [ANSYS Mulkiphysics] -1o) x|
File Edit View Units Tools Help || ¢@ | =/solve - #@ md [4] [A] )~ Fle Edit View Units Took Help @ | isohe - FE wD (2] [A] e -
o + =0 = = = —
e S-S+ a® QEQOENE| - % & G 5% AR QEA QRS |-
Result | 9,35+006 (Auto Scals) = - [ - M- ) | [z Probe Result  9.3e+008 (Auto Scale) ~ BRI~ B - M- b [ | [=Probe
I3
0 Mesh 2| | B:Response Spectrum (ANSYS) /B Connections = B: Response Spectrum (ANSYS)
g M;dal (A5) ?nrm:a:\lstres‘sst " W2 B Mesh D\rectiorfa\ Defarmation . .
/1= Pre-Stress (None) vpe: Mormal Stress (X Axis | = Modal {A5) Type: Directional Defarmation { ¥ fxds )
vl Analysis Settings Unit: MPa . ‘/-E’)a Pre-Stress (Hone) Unik:
"@ Fixed ;upport Solution Coordinate System ./_"f': Analysis Settings Solution Coordinate System
-l Sﬂjtsm‘nt(.ﬂﬁl) - 7/19(2009 20:44 /8, Fixed Support 7119/2009 20142
/¥] Solution Information 58 Solution (A6}
[ v .
7t Response Spectrum (85} 21596 & Max /(8] Soktion Information L&T1Ze-10 Max
= Mndla' (Modsl) 219896 £ -® Response Spectrum (BS) 1.66338-10
VAl :gaAVSIs‘Setttlngs 1.8786e-6 7= Modal {Modal) 1.4554e-10
ceeleration o £ D
i "@f Solution (86) SRS /7 Analysis Settings 12475810
/] Seluton Trformation R S Acceleration 1.0355e-10
Vi £/ Solution (B6)
(@ Directional Deformation i T ot F .
"M Normal Stress = ¥ Solution Information
2 7
El|Scope —
Scoping Method | Geomstry Selection P
Coomet il Bord Scoping Method | Geometry Selection
eometr odies
i Geometry Al Bodies
Type Normal Stress 1| Definition
Orientation % s Type Directional Deformation
Coordinate System | Solution Coordinate System Oientation * Ads
se Averags ves Coordinate System | Soltion Coordinate System
S Results =l Results
Mirimumn 5.5336e-011 MPa Winimum @ wi
Maximum 2.41538-006 MPa Maximum 1.8712e-010 mm
Wirimum Occurs On | rectbar Winimum Oceurs On | rectbar
Mazximum Occurs On |recthar Maximum Occurs On |rectbar
@ |Information #| Information
0.00 100.00 (mm) |
v z/\‘ 3 0.00 100,00 {mm) ‘/*-\‘
50.00 [ z 3
50.00
' Geometry Print Preview AReport Preview,
[Prass F1 For Help 0o Messages Mo Selection Metric (mm, kg, N, 5, m¥, m&) Degress R l\Geometry Print Preview AReport Preview ]
Press F1 for Help
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WSS Overview

e Transient structural analysis provides users with the ability to determine the
dynamic response of the system under any type of time-varying loads.

— Unlike rigid dynamic analyses, bodies can be either rigid or flexible. For
flexible bodies, nonlinear materials can be included, and stresses and strains
can be output.

— Transient structural analysis is also known as time-history analysis or
transient structural

analysis. B ANS S
Type: Equivalent (von-Mises) Stress .

Unit: MPa
Time: 0.2
1/2712007 1:22 PM

776.15 Max |
689.91 ’
603,67 5
517.43

431.2
344,96 PP
258.72 #

172.48

86.24
0.00057586

Assembly shown here is from an Autodesk Inventor sample model
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Implicit vs Explicit Dynamics?

“Implicit” and “Explicit” refer to two types of time integration methods used
to perform dynamic simulations

Impact Strain Rate
Velocity (m/s) (/s)

<50 105-101 Elastic

Elastic-Plastic (material

. 1-101
50 -1000 10+-10 strength significant)

Primarily Plastic
(pressure equals or
exceeds material

strength)

1000 - 3000 10°-106

Hydrodynamic
3000 - 12000 106-108 (pressure many times
material strength)

v

sl > 12000 > 108 Vaporization of colliding

solids
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Implicit vs Explicit Dynamics

Contact
* Implicit dynamics
— All contacts must be defined prior to solve
* Explicit dynamics
— Non-linear contacts do not need to be defined prior to solve

Materials

* Explicit dynamics generally supports more material failure models than
implicit dynamics.

19 © 2011 ANSYS, Inc. May 31, 2018



Implicit Dynamics Analysis details

Geometry
Damping — Same as previous section
Contacts

Time Step

Initial conditions
Load curve

Boundary conditions

20 © 2011 ANSYS, Inc. May 31, 2018



WSS Contact

In contact, parts are prevented from penetrating into each other. The different
type of contact describe behavior in the separation and sliding directions:

Implicit dynamics analysis requires all contacts to be defined at the start of the

analysis
n
-]| Scope
Scoping Method | Geometry Selection
Contact 7 Faces [Normal Direction Tangential Direction
Target 7 Faces Contact Type | Separate Slide
Contact Bodies  [ParE &
Target Godes |BEENM Ecneed | L LS
-1 Definition No Separation | no yes
Bonded
Sopetode  [EE ungh | yes no
Behavior [|1l0 Separation » |Frictionless | yes yes
Suppressed ;T;I.Et;-,nless s wh F>uN
dvarceq | Frictiona Frictional | yes yes (when F=uN)
Farmulation MPC
Pinball Region | Program Controlled
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Time Step Size

A general suggestion for selection of the initial time step is to use the following
equation:

1
Atinitial — 20 f

response

where fr.sponse IS the frequency of the highest mode of interest

In order to determine the highest mode of interest, a preliminary
modal/harmonic analysis should be performed prior to the transient

structural analysis
* In this way, the user can determine what the mode shapes of the structure are (i.e.,how the

structure may respond dynamically)
* The user can also then determine the value off,..,ons.

— If nonlinear effects dominate (i.e. contacts), the time step size may be
dictated by nonlinear considerations rather than dynamic concerns.

22 © 2011 ANSYS, Inc. May 31, 2018



Time Step Settings

It is important that the user specify the solution times in
the “Step Controls” section

* The “Number of Steps” controls how the load history is

* The “Step End Time” is the actual simulation ending
time for the “Current Step Number”

* The initial, minimum, and maximum time steps should

23

divided.

be defined to ensure
— Accuracy

— Convergence

— Minimize solve time

© 2011 ANSYS, Inc. May 31, 2018

A
B Mesh
= Flexible Dynamic
/=8 Tnitial Condition
J}'f: Analysis Settings
AT Acceleration
ﬂfl Fixed Support

ﬁ.; Force

= @ Solution
4| Zolution Infarmmation

]

Step Controls

Murber OF Steps 1.
Current Step Mumber | 1.

Skep End Time 20, 5
Auko Time Stepping  [On
Define By Time
Initial Time Step 01ls
Minirmum Time Step 1.e-002Z =
Maxirmurn Time Skep (0.5 5

Tirne Inkegrakion on

-1| solver Controls

Solver Tyvpe Program Controlled
Weak Springs Program Controlled
Large Defleckion on

#|Nonlinear Controls

+]{ Output Controls

+]| Damping Controls

+1| Analysis Data Management
11| Wisibility



W@ Initial Conditions

For a transient structural analysis, initial displacement and initial velocity is required:
* User can define initial conditions via “Initial Condition” branch or by using multiple
Steps

Defining initial displacement & velocity with the
“Initial Condition” object: = —

* Default condition is that all bodies are at rest
— No additional action needs to be taken

* |f some bodies have zero initial displacement but
non-zero constant initial velocity, this can be input

— Only bodies can be specified

Details of "Initial Condition®

- Enter constant initial velocity (Cannot specify more ocmition
nput Type onskant Yelocity
than one constant velocity value with this method) Define &7 _ Eomnjnents
ampanen . mys

¥ Companent | 10. mnags
5. fimfs

—|| Scope
Scoping Method | Geometry Selection
GEometry 1 Body

24 © 2011 ANSYS, Inc. May 31, 2018



Time-Varying Loads

Structural loads and joint conditions can be input as time-dependent load histories

* When adding a Load or Joint Condition, the
magnitude can be defined as a constant,

tabular value, or function.

* The values can be entered directly in the
Workbench Mechanical GUI or entered in

the Engineering Data page

Details of “Force”

[=| Scope

Scoping Method

Geomekry Seleckion

Geametry 1 Face
=l | Definition

Define By Veckaor

Tvpe Force

W Magritude

Direction

Geometry ;{Wurkzheet E Prir

0. Ibf {step applied)

Click ko Change

Y
= N add to Engineering Data

Suppressed

Mo

&Y Impart...

25 © 2011 ANSYS, Inc.
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HE| 9 M | Slnewanalysis ~ ~fsolve ~ | T i e~
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= Solution
* [ Solution Information

Environment 3L nertial = Bk Loads ~ & supports = G conditions ~ B cFx Loads ~ ‘ £

n
Time: 12,5

FHLBI2007 6:36 FM

¥
[ Force: 43.301 16
Components: 0., 0., 43.301 IbF X

| [\Geometry AWEITEREET APrint Preview hReport Preview [ ]
- :
= Scope 12, Steps [Time[s] & |
Scoping Method | Geometry Selection 49,089 1 1 0. [
Geametry |t Face 29,993 i t S'T-zmz
it 92,9978 4 |1 0.18
Define By Yector 5 |1 |z
Type Force ~9.9978 6 |1 |3
Magnitude = S0%sin{407time) -29.993 L1 0%
Function Unik System |U.5. Customary (in, lbm, bF, .. 49,089 2 i E‘jﬁ
Direction Click to Change 12, 10 11 e
Suppresses d Mo 1 |1 0.6 v
« Ll_l

|Press F1 for Help

[0 o Message [io Selection 105, Custemary (in, Ibm, bF

(2} ANSYS Workbench [ANSYS Multiphysics/LS-DYNA] o [m] 1]
U [Project] i) [Designvodeler] € [Simulation] [b [Engineering Datal

| File view Units Took Help H _JMew ~ [@yImpott - HgIExport - H Pl Close Curve H

Engineering Data Project D kil

B iy Project
B Materials (1)

Bl
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o (% Struchural Steel
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i~

Force Ibf
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IS& Reviewing Results

26

After completion of the solution, reviewing transient structural analysis

results typically involves the following output:

® Contour plots and animations
* Probe plots and charts

Generating contour plots and animations are similar to other structural

analyses

* Note that the displaced position of rigid
bodies will be shown in the contour result,
but the rigid bodies will not show any
contour result for deformation, stress, or
strain since they are rigid entities

Animations are generated using
the actual result sets

© 2011 ANSYS, Inc. May 31, 2018
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PCB model details

Basic guidelines for performing shock analysis based on Implicit Transient as well as Response spectrum in ANSYS
WB is given.

A real life example of a PCB subjected to standard 30g-11ms-half sine shock is considered as the basis of the
study.

Different parameters like results, memory requirements, solution time required for both the Transient & RS are
compared.

Quarter symmetry model is taken

2

[A\DI\FSYS 204 21
13:0]

Symmetry Region
7/4/2011 10:12 AM

30g acceleration amplitude

[&] symmetry Region

[B] Symmetry Region 2
2410,

-~ 200,

160,
120 :
time=11ms
&0,

40.

0.000 . 0.500 1,000 (in) T - ‘.
ime r i 0.1

Shock load

Quarter symmetric PCB
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Define Materials, BCs, Loads:

Material properties of different components are defined in ‘Engineering data’.
Transient analysis is done for a total time of 2.5e-2sec.

Initial conditions: Zero displacement and zero initial velocity.
* Fixed BC: The cantilever is fixed at one end.
* Acceleration Shock load: 30g-11ms, Half-sine shock pulse in transverse, z-dirn.

- — — Graph 3 Tabular Data
EbBlBccelertion i 2.5e-2 Steps | Time [s] ||7 ¥ [in/s] ||7 ¥ [in/s’] ||7 Z [in/s
1| Scope 115764 1 1 o ] ] 0.
Geometry All Bodies 2 1 11e-004 |0, 0. 36378
1| Definition le-d ERE! 2.2e-004 0. 0. 72835
Define By Components 4 |1 3.3e-004 |0, 0. 1090.6
Coordinate System | Global Coordinate System 5 1 44e-004 0. 0. 14528
¥ Component Tabular Data 7500 6 |1 5.5e-004 0. 0. 1811,
¥ Component Tabular Data 7 1 6.6e-004 0. 0. 2169.3
Z Component Tabular Data 5000 8 11 77e-004 0. 0. 252756
Suppressed Mo 9 |1 8.8e-004 |0, 0. 2881.9
10 |1 9.9e-004 |0, 0. 32323
2500 11 |1 11e-003 |0. 0. 3578.7
12 |1 1.21e-003 | 0. 0. 3925.2
13 |1 1.32e-003 | 0. 0. 4252,
0 14 |1 1.43e-003 |0. 0. 4606.3
2.5e-2 15 |1 1.54e-003 | 0. 0. 49713
16 |1 1.65e-003 | 0. 0. 5275.6
17 |1 1.76e-003 | 0. 0. 5590.6
Messages. Graph 15 |1 1.87e-003 |0. 0. 5905.5
10 1 100~ AN N n £ e

Transient shock-load input data
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Analysis settings and time step
definitions

= Transient (D5)

Loa d Ste pS; e n d ti m el ti m e Ste p S i Zel :; Anl\,rsis Settings_ le-Ysec time step captures 1st & modes
damping, etc. are defined in the 78, Fxed Support
ommands (APDL)
An a IySiS Setti ngs_ ----- J % golntion - ::-'uDI;Iamping [beta = 3%zeta [ fn = 3.2e-4]

o I

-|| 5tep Controls
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Spectrum analysis for Half-sine shock
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Converting Time domain load into
Spectrum input

Time domain data can be converted into Spectrum data (Freq domain) through
RESP command in ANSYS:

600
294,21
a0 <\30g acceleration amplitude R ESP >00
400
200,
160, Command 300 —&— Seriesl
1
et time=11ms 200
ga.
100
40,
____________________________________________________________ 0o®
: Time 3 - 0 500 1000 1500 2000 2500
Time domain data Frequency domain data
(Transient analysis) (Response Spectrum)
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Applying acceleration Spectrum input in
Spectrum analysis
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WSS Transient versus RS

Maximum deformation, Normal & Shear stress are compared from the Transient & the RS
analysis.

Transient results are assumed to be accurate and benchmark for accessing RS results.

Time taken for both the analysis are compared
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Results comparison- Maximum
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Results comparison- Maximum Normal
Stress
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NANSYS

13.0
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Results comparison- Shear stresses

C: Response Spectrum
Shear Stress
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IS® Results comparison- Shear stresses

38

Transient Shear stress_yz-dirn (Max=-529.83 psi)

Results summary:

: Res)
Shear Stress 2 1310

Time: O

666666

RS Shear stress_yz-dirn (Max= 589.16 psi)

*Results from RS are within 14% of the Transientresults.
*As in RS, only absolute values of result quantities are taken, the plot colors
look different. But considering only absolute values in Transient, the plots in

RS & transient are comparable.

«Critical locations (high stress regions) are correctly predicted by RS.
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IWS'a8 Final observations & comments

The RS results are in reasonable limits of the Transient results.

The elapsed time in RS is quite less (125 times less in PCB model) than in the Transient
run.

The time advantage is even more for big models, with contacts & complicated load
histories typical in earthquakes, which justifies RS use in Shock and Earthquake
analysis even at cost of some accuracy.

Z-dirn X-Normal Y-Normal | Z-Normal XY-Shear YZ-Shear ZX-Shear CP Time —
deformati | Stress- Stress — Stress — Stress — Stress — Stress — (sec)
on-(inch) (psi) (psi) (psi) (psi) (psi) (psi)
Full -4.2093 e- - 3663.7 -1350.3 1991.9 - 568.68 1742.4 -529.83 7192
Transient 3
MSUP -4.1766e- -3485.3 psi 49+136=
Transient 003 185
Spectrum 4.5962e-3 3630.1 1509.1 2261.5 611.3 1993.1 589.16 49+8.375=
(cacq) 57.375
Percentage 9 0.09 11.3 13.5 7.4 14 11.1 7192/57.3
difference 75= 125
times
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IS Comments for usage in Electronic industry

40

When to go for Shock analysis using Response Spectrum?

In industry, detailed, expensive analysis like Transient are not always necessary.

For example, many times quick analysis of the systems is more important, even though if it
comes with some compromise on accuracy.

Also such quick analysis can be a basis for selection from a number of designs, and then
carrying out detailed analysis of selected few.

Detailed Transient analysis is nearly impossible, For example Seismic analysis of a complex
component.

When to go for Shock analysis using implicit Transient ?

When non-linearities play such an important role that they cannot be ignored for correct
behavior of the model.

Carrying out detailed analysis on selected specimens (based on prior analysis like RS) to
finalize the design.

When reliability of a particular design is very critical and accuracy is indispensible.
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