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Design Project 3: Vibration Isolator

Design a system to protect a sensitive object from

ground borne vibrations ,

Constraints:

* Support mass between 100 and 400 grams

* |Isolate horizontal vibrations in range 8<f<45 Hz

* |If possible, isolate vertical vibrations

* System must fitin an 8"x8"x8" cube, and its total
mass must not exceed 300 grams

* System must attach to vibration test stand provided

* Must be made from materials provided



Design Project 3: Vibration Isolator

Materials and Supplies:

* Extension springs

e aeuhedlelo) | MR [ Mesed ] Ferttumber
in b b
| o004 ] 0.281 25 0.04 051 9654K49
| o006 | 025 1.875 0.04 051 9654K512
e —r——— e ——"—
0.188 1 011 0.7% 9654K969
0.344 15 031 2.03 9654K912
0.125 1 0.26 11 9654K966
* Other
16 pape Perforated Al sheet [can be cut to size and bent into Lor U sections McMaster 62321181
McMaster 8414T5
4-40 Machine Screws; length between %" and 2" McMaster 91792 AXKX
McMaster 904804009
McMaster 911144009
McMaster 811144005
Nylon Spacer, %"0D, %" length McMaster 94639A106

g

Nylon Spacer, X"0D, %" length Master 946394103
Nylon Spacer, X"0D, % " length McMaster 94639A108
Nylon Spacer, X"0D, 1" length McMaster 946394110



Design Project 3: Vibration Isolator

Deliverables:

* Constructed isolation system

* Report describing design
+ Specifications
* Predicted performance
» Measured performance

* Demonstration of device in operation
+ Measure amplitude with test masses
* Oral presentation

Organization:

* Groups of 4 or fewer
* One report per group




Design Project 3: Vibration Isolator

How to do the dESign: E;ir;i;:vih;atinn isolation using a Roberts
* Con Ceptual deSlgn High performance passive vibration
. . . . isolation system for optical tables
- List as many ideas as possible (literature using sx-degree-of freedom viscous
search, old HW problems, your own ideas) e
 Rank them, select one (or two) for final e
development

* Detail design

» Analyze idealized model to estimate
performance and identify critical design
variables

+ Selectdimensions/specifications for componenis

* Testing and iteration
Compare measured and predicted performance
+ Troubleshoot; modify design as needed




Design Project 3: Vibration Isolator

Design Calculations:

* Should include

Estimates of the natural frequency (horizontal,
and if relevant, vertical) — may depend on mass

Estimates of the transmissibility — will depend on
vibration frequency and may depend on mass

* Your system will have more than 1 DOF

If you assume a mode shape, assume the base is stationary, and neglect damping,
you can use the energy method to estimate the natural frequency.

Hm‘iz ontal v artical
moton motion




Design Project 3: Vibration Isolator

Design Calculations:
* The springs are non-standard

in Ib b
25

0.04 0.281 L 0.04 0.51 5654K45
0.06 025 1875 0.04 051 9654K512
0.1 D.188 2.5 0.08 0.86 5654KB816
0.5 0.188 1 011 0.75 9654K969
0.92 0.344 15 0.31 2.03 9654K912
1.59 0125 1 0.26 11 9654K966
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Design Project 3: Vibration Isolator

Design Calculations:

* You may need to account for a static deflection
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Static equilibrium

* Procedure to calculate natural frequency:
Find static equilibrium position (minimize potential energy)
Derive EOM for a small deflection from equilibrium (energy

method or Newton’s law or — for some designs —

Linearize and arrange in standard form
Read off natural frequency

Small vibration

combine springs)



1 2
Example 1: Find the equilibrium height /7 of I‘( : l‘{ )

the platform 4 A A
Spring properties: \
o Stiffness k£ =0.17/b/in 7 5" Ln Pu— \T
* Un-stretched Length L, =2.5" 3 . 1.1(1 - rlill)
* Min Load F, =0.08 /b I.] ) h} Ij ‘
Wine glass weight: m =0.882/b v lr n!
Enemy Method 7.5
Posibin  Vecksn : _ | | |
Ir ‘) - -3:75¢ +7°34 Lo "=375L +7-3f
L= -8 +hi r, - I1-se +;,d'_

Spam doggths: Lz IG5 | Lz ] 655

Rtental Eney U= Sh(Lr4o)" t 5 (4-4))
* 'if'»é[[z.—@)z'f‘ﬂ;/éw"@) 7"7\7?/7

7o fod h: Sohe Q=0 | = he 1" (7ANA)




syms h x real

weight = ©.882;

g = 32.2%12;

mass = weight/g;

k =0.1; Le = 2.5; F@ = 0.08;

rel = [-3.75.7.51;: r@2 = [3.75.,7.5];
ril = 1-1.5.h}; p12 = 115 k13

L1 = sqrt(dot(rll-rel,rll-rel));

L2 = sgrt(dot(rl2-re2,rl12-re2));

U= (k/2)*(L1-L®)"2 + Fe*(L1-Le) ...
+(k/2)*(L2-L@)" 2 + FO*(L2-L0) ...

+ weight*h;
eq = diff(U,h)==0;
h = vpasolve(eq,h))

h

1.49818092-



Example 2: Find the natural frequency of
small amplitude horizontal vibrations
Spring properties:

o Stiffness k=0.11b/in

* Un-stretched Length L, =2.5"

* Min Load F, =0.08 /b
Wine glass weight: m =0.882/b

Appoach: (1) Find EOM
(%) Aineane Jor small x

5:019% Mei-hoo

RNz (~1-5tx)L -rLU.'

Use fmom/u foom Ex |
T= +m(dx/it)?

A

d (T‘f[/() > mq{_z'_x_

dt®

"

7@?{ L'J LL:

U

r () _ (-5+x) ¢ .,.],,J[_



Example 2: Find the natural frequency of
small amplitude horizontal vibrations

Spring properties:
o Stiffness k=0.11b/in
* Un-stretched Length L, =2.5"

* Min Load F, =0.08 /b
Wine glass weight: m =0.882/b
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syms h x real

weight = ©.882;

g = 32,2712

mass = weight/g;

k = 9.1; L8 = 2.5; Fo = 0.08;

rel = [-3.75,7.5]; re2 }3.75,7.51];

ril = [-1.5,h]; ri2 = [1.5,h1;

L1 sgrt(dot(rili-rei,rii-rel));

L2 = sgrt(dot(ri2-re2,rl2-re2));

U= (k/2)*(L1-Le)"2 + Fe*(L1-Le)
+(k/2)*(L2-L0)"2 + FO*(L2-L0)
+ weight*h;

eq = diff(U,h)==6;

h = vpasolve(eg,h)

ril = [-1.5+x,h]; ri2 = [1.5+x,h];

L1 = sgrt(dot(ril-rel,rli-rel));

L2 = sgrt(dot(ri2-re2,rl2-re2));

U= (k/2)*(L1-L®)"2 + Fe*(L1-Le)
+(k/2)*(L2-L@)"2 + Fo*(L2-L0)
+ weight*h;

Fx = simplify(diff(U,x));

kx = subs(diff(Fx,x),x,0)

wn = sqrt(kx/mass)|

h = 1.498180924640592439

kx

W

0.15349171045837716
8.20024313291429747.



Design Project 3: Vibration Isolator

Design Calculations:

Transmissibility

¥, .
2 =KM(»/ e, <
Z

Mo \fl +(2lw/ @,)"

\[[1— @@l ) +(2fw! @)

1

I
1

T

-

v =Y, sin(@r + ¢)

| z=Z,sin(ex)

* Procedure to calculate transmissibility:
Find static equilibrium position (minimize potential energy)

Derive EOM for a small deflection from equilibrium, accounting for
base motion (Newton's law, or energy method)

ld1

Linearize and arrange In standard form ——=+y=x-

Optional add ‘modal damping’

(will need to measure <)

Find magnification M(e/®,.<)

» .
L: z_iJﬂ = K(z +_-”r_)

dr @, dt @, dt



Example 3: Find the transmissibility of horizontal base-
excited vibrations

Spring properties:
o Stiffness Kk =0.17b/in
* Un-stretched Length L, =2.5"

* Min Load F,=0.081b

Wine glass weight: m =0.882/b

Appoach : MOW@ EOM +o account /’ar bace motion
Adel  Modla| cAamping " (ophonal)
Use Joamnln fyr X% /2,

Find Eom for'): (-3*7$-}2)__1_:+?.‘%[
0 = (875+2)L +7§F
UYse 7%%&/#) /rz)m g,xf, ExeX ﬁf‘ ﬁ;J [, L/) ete

gom: md% -fx =0 Fr= ~0U
oM O




Lneanye EOM FLor small x Lz

.—-k’x 7
> mdx 4x - ke kez -0Fx Jo, - 0fx
KX- d‘b‘u K?:, 9)( 9?—
> L od% +x K2  lnr(re K-k
W ALr m Kx.

Wn = Q.2 Mo /3 (7MATLAE)




rel = [-3.75+z,7.5]; re2 = [3.75+z,7.5];

L1 = sqrt(dot(rili-rel,rll-rel));

L2 = sqrt(dot(ri2-re2,rl2-re2));

U = (k/2)*(L1-L@)~2 + Fe*(L1-L8) ...
+(k/2)*(L2-L@)~2 + Fo*(L2-L@) ...

kx =
0.1534917104.

: - kz =
+ weight*h; ;
Fx = -simplify(diff(U,x)); é 0.1534917104.
kx = -subs(diff(Fx,x),[x,z],[@,@e]) |
kz = Bubs(diff(Fx,z),[x,z],[@,0]) W=

wn

sqrt(kx/mass) 8.2002431329



Adol " Modla) Damping “ (optiom] |
L % 4 28 dr +x = R(Z+&_£0.L%)

Wn™ > Wn dE W dt

Need +0 measure 5 ( §g fre& Vé'éﬁaﬁdﬁ ﬁfea@ et )

TFH ”5377}:(5 /'é 2'21 g%

Ko I!f@é@/zdnlb{ . 720/
Zo [ ~w10)* «@EDM)E | 1= | S0

Wa= 22 cod /e

At 9/7_/2, }4_0, = O-01Y ( Jowe- 7[5’:’ /a@z/’
70 w)
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