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ﬂ\l INTRO: Overview of Vibration Analysis Approach

Geometries of structural model
Coordinates of impact nodes BRL-CAD Model
Equipment mounting locations

Loading impulse levels and other sources

| Unique for each equipment mounting location

Shock Model ——>| Pseudo-Velocity Shock Response Spectrum

Unique for each impact

. . Compare
location and loading type Nt

failure probability

Damage Criteria » Equipment Fragility Parameters
From existing database, Statistical failure spectrum,

or to be established experimentally unique for each equipment category



'I'L INTRO: FEA Shock Models for Armored Vehicles:
b Reducing the time for impact calculations

.. Dyna
— Explicit Agacus
— Direct Integration
FEA « Used by most analysts > Implicit Nastran
 Current shock model: ~2 days/impact Ansys
Structgral _ « Too slow for many impacts
Transient e But can be used for comparison in a few cases
Analysis
— Modal Superposition Ansys

» Very fast for a large number of impacts

o Useful for a linear system only (based on linear superposition of modes)

* Permitting a clear-cut upper frequency, limited by the number of modes;
possible in eigen-analysis

Linearized Equations: [M J{X} +[C]{Xx}+[K]{x} = {F}



m INTRO: Typical shock model

Blue: Shock response measurement from a ballistic test
Red: Corresponding response from an FEA shock model
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nl INTRO: FEA Modal Superposition Method
Fm

FEA shock model Example of solution time
I (IHS coarse mesh model)
~99% of total | Modal Analysis |
solution time +
Eigenvalues
Eigenvectors
'
~1% of total | Transient Analysis |+ ~4000 shell elements
sol’n time 450 modes
for each ‘ Modal analysis time:
impact New impact node — 67 hrs
node Time-domain Response Transient solution time:

1 impact: 0.17 hr, or 10 min
‘ . PSRS 600 impacts (typical): 100 hrs



m INTRO: Modal Analysis
Needed for Modal Superposition Method (MSM)

» Eigen-analysis forms the basis of MSM
transient analysis

» Very fast for a large number of impacts
because eigenvectors are used again and
again for each impact

» For a linear system only

» Upper frequency is limited by the number
of modes accurate and practical in the
eigen-analysis
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INTRODUCTION: SRS Definition

- M

—>d(t) \% X(t)

Hypothetical SDOF MSD system,
for SRS determination




ﬂ\l INTRODUCTION: SRS Definition

SRS Definitions:

Spectral displacement SRS: T m

S D ((Dn ) = ‘X(t)_ d (t )‘max eg(t) \%X(t)

Spectral velocity SRS:

Sy (0, )= (x)n‘x(t)— d(t)‘max = ®,S, (o, )

Spectral acceleration SRS:

SA((Dn ) = ‘X’(t)‘max




INTRODUCTION: SRS Definition

Linear system model:

Physical Point of SRS
system: S ‘\ determination: D

- A~

Point of shock 1/ —MA—
input: C ® - m
Ly
C
* > d(t) L X(t)

Hypothetical MSD system,
for SRS determination
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'll INTRODUCTION: SRS for Local

Damped Harmonic Input

Physical
system: S -\

Point of SRS
determination: D

N

USING LINEAR MODEL

Point of shock
input: C

Local Disturbance d(t): )

()= a0

.

Nk
T m
C
L d(o) L)X(t)

J/

'

Hypothetical MSD system,
for SRS determination

d;(t)=Die " sin(o;t +¢; Ju_y(t)




nml INTRODUCTION: SRS for Local
Damped Harmonic Input

Physical Point of SRS
system: S -\ determination: D
Y

SOLUTION (U-086) | //k
e |

L) Z(t) l—) X(t)
X(t) = Be s’ Sin(codt + \|!) Ty r—

for SRS determination

O =

Displacement x(1):

"

+VZV: D; { e " [8y; sin(wy t+d+d; +6y)
- +8,:8in(@yt +d— o, +92i)]
+e7% 5 ysin( ot +¢; +0y) | }



nml INTRODUCTION: SRS for Local
Damped Harmonic Input

SOLUTION (U-086) s B,
Relative Displacement: //k
inpuj '_‘Iiw[(:: m
8(1:): X(t)_ d(t) . L)d(t) L>><(t)
= Be =" sin(wyt +y) e

+yZV: D { g sent [81i sin(o)d t+¢+ o +€)1i)
. +52i5in(®dt+¢_¢i +92i)]

+e "5 sin( o t+d; +04)

—Sin(ooit + ¢, )/y] }
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l OBJECTIVE: SRS for Remote
Shock Inputs

USING LINEAR MODEL

Given remote disturbance

Physical Point of SRS
system: S '\ determination: D
f (t) : various impulses v /
: k
1. ldeal impulse pointofshock | 1| —AAA
input: C o - m
2. Rectangular pulse S
3. Sawtooth pulse N (@ Ls dg) \_> X(t)

Find kinematic responses - ~ y
Hypothetical MSD system,

for SRS determination

X(t): absolute displacement
5(t): relative displacement




AL SOLUTION: Remote Response
of Basic System

FOR BASIC SYSTEM e ]
Point of shock /| \
Modal coordinates ) ﬁﬁizf: m
Yy ~ ~ ~ N1 Lao Lo
Z — U 77 ) for U — [m:L) tee ’mn ] Hypothetical MSD system, ’
— for SRS determination

Modal equations of motion

i + 26,01, +a)r?i77i = E

woda sution 1(t) = cos -+ sin Do 1)

(e sinag, ) T u, 0

i



1 SOLUTION: Remote Response
N\ :
of Basic System

Physical Point o_f S:?ijn: 5

FOR BASIC SYSTEM N /
k

_Poi of shock /

Physical response ™ ]
~ N f(t) |_> d(t) I_> X(t)

Z — U 77 Hypothetical MSD system, ’
—_— for SRS determination

Induced displacement

d()=(2) =| 2

J



EXAMPLE: Selected Modeshapes




nml SOLUTION: Response
of Attached Mass

FOR REMOTE ARBITRARY INPUT

- Physical Point o_f SRS .
Induced displacement e s~ /
n _Point of shock / \
d()=(2), =| TP
— . = . : ¢
—/] 77| — _ 0 |—>d(t) |—> X(t)
|:1 j Hypothetical MSD system, ’
for SRS determination

Displacement of attached mass

X(t)=e"*"( Acos a,t + Bsin e, t)

+C e sin(a,t + )| Zn:ni M,
=1




nml SOLUTION: Response
of Attached Mass

FOR REMOTE IDEAL IMPULSE N dm/D
Point of shock /] k
Shock input y 41}::
X~ 10 Ly Lo
f (t) =7 U (t) o SRS e

Induced displacement

d(t)= Zn:Dile‘g“”"it coSw, t Jan:Dize‘gi“’“it sina, t
Eil i=1

U4t




nml SOLUTION: Response
of Attached Mass

FOR REMOTE IDEAL IMPULSE

Displacement of attached mass

X(t)= <e‘g”“t (Acos a,t +Bsin a,t)
+ Czn: Dil{e‘g“’“t [ 5, cos(w,t + ¢ +6,;) — S, cos(wyt + ¢+ 6, )]
- +e 5[5, cos(wyt + ¢ + 6, ) — S, cos(wyt — ¢ + 6, )]}
+ Czn: D, {e‘g“’“‘ [ 5, sin(wt + ¢ +6,;) + 5y sin(wgt + ¢+ 0]
=

+e i[5, sin(wyt + ¢ + 6, ) — O Sin(wgt— g+ 6y )] Jus(t)
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1 SOLUTION: Response
of Attached Mass

FOR REMOTE RECTANGULAR PULSE

Physical Point of SRS
system: S: determination: D
Shock input //k

e .—{ltwl: m
fk (t) — 7[“—1(0 o u—l(t _tl )] 1{ L, Z(t) L X(t)

~
Hypothetical MSD system,

I nduced displacement for SRS determination

{ZDﬂe g“”coswd,t+ZD,2e g“’tsma)d,t} (t) + {Z D,se " sin(w,t +¢) |u )} .(t)

{ZD,Be ~in (4 5iin( g, (t — t1)+¢)} {ZDM}[U () —u(t-t)]



nml SOLUTION: Response
of Attached Mass

FOR REMOTE RECTANGULAR PULSE

Displacement of attached mass

x(t)=e " (Acos wyt+Bsin ogt)u_y(t)
+a rectangular pulsefromt=0tot =t
+12n damped sinusoidal termsstarting att =0
+6n damped sinusoidal termsstarting att =t

where n = # of modes retained in original system




nml SOLUTION: Response
of Attached Mass

Physical

FOR REMOTE SAWTOOTH PULSE p,

S h OC k I n D Ut Hypothetical MSD system,
0 rmination

fy (t) = O-ltu—l(t)_ Gl(t _tl)u—l(t _tl)

"'Gz(t _tl)u—l(t _tl)_O-Z(t _tZ)u—l(t _tz)



nml SOLUTION: Response
of Attached Mass

FOR REMOTE SAWTOOTH PULSE s Fetormination: D
v o/
Induced displacement e— 41[%%
) —
LN

_ s —Gjoon;t s —Gionit . |—>Z(t) |—>x(t)
d(t)=| D Dye " coswgt+ > Dye " sinagt [u_y(t) ’ )
i=1l

i=1 Hypothetical MSD system,
for SRS determination

+1constant, 1 ramp, and n more damped harmonic termsatt =0

+1constant, 1ramp, and n damped harmonic termsat t =t,

+1constant, 1ramp, and n damped harmonic termsatt =t,

where n = # of modes retained in original system



nml SOLUTION: Response
of Attached Mass

FOR REMOTE SAWTOOTH PULSE

Displacement of attached mass

X(t)= <e‘g””t (Acos a,t +Bsin w,t)
+1constant, 1 ramp, and 14n more damped harmonic termsatt =0

+1constant, 1 ramp, and 6n damped harmonic terms att =t

+1constant, 1 ramp, and 6n damped harmonic terms att =t,

where n = # of modes retained in original system



'll CONCLUDING REMARKS
N E\

® New method developed for part of SRS calculation

--Does not require numerical convolution

--Provides exact SRS-mass response for remote shocks
ldeal impulses
Rectangular pulses
Sawtooth pulses

--Valid for linearized system model

® Calculations useful

--for evaluating other methods of SRS calculation
--for determining minimum number of modes required
for SRS of specified accuracy



	
	
	

