MM2DYN Dynamics: FORMULA SHEET

The symbols have the meanings defined during the course of the module

Velocity and Acceleration Relations on a Rigid Body in Planar Motion

BB = BA + EBA Wlth UBA = w.AB

a; =a, +al,+as, with af, =w?AB and af, = a.AB

Moment of Inertia (all the following moments of inertia for an axis through the centre

of mass)

Point mass at distance a from axis

Thin ring, about axis in plane of ring
Thin ring, about axis perpendicular to plane of ring

Thin disc, about axis in plane of disc

Thin disc, about axis perpendicular to plane of disc

Solid cylinder, about axis of revolution
Solid cylinder, about axis perpendicular to axis of revolution

Hollow cylinder, about axis of revolution
Hollow cylinder, about axis perpendicular to axis of revolution

Rod (bar), about axis perpendicular to the rod

Rod (bar), with axis perpendicular through the end

Rectangular lamina, about axis parallel to side of length [,

Rectangular lamina, about axis parallel to side of length [,

Rectangular lamina, about axis perpendicular to plane of lamina

Solid cuboid, about axis parallel to side of length L,
Solid cuboid, about axis parallel to side of length [,
Solid cuboid, about axis parallel to side of length 1,

Solid sphere, about any axis through centre

Perpendicular Axes Rule:
Parallel Axes Rule:
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Free vibration of single degree of freedom systems
C

7= o JKM

For zero damping, C=0 or y =0
z(t) = Bcoso,t + Csino,t

For high damping, C >2,/KM or y>1
-C+4C?-4KM

B Aqt Ayt N1 =
Z(t) = Aie + Aze where L oM

For critical damping, C =C_; =2{/KM or y =1
) = Ae " + Ate

(Dnt

For light damping, C <2, /KM or y <1
z(t)=C, e "' cos(Q, t —v)

Oor you Can use

Z(t)transient = e_YUJnt [Bl COS(Qn t) + BZ Sin(gln t)]

2(t) yansions = B8 7 [, SIN(Q, 1) —yw,, cos(Q, )] + B,e " [Q, cos(Q, t) —ym, sin(Q, )]
_ _ [1_ .2
where the damped natural frequency is Q” =@y = W, 1 Y

Forced vibration due to harmonic excitation
2(t)s = 27| cos(ot + a)
Frequency Response Function = H(w) = Response per unit applied force

For a simple Single-Degree-of-Freedom mass-spring-damper system with input force
of amplitude (F) and frequency (w)
zZ" 1 1
H (C()) = — = > - = —
F (K-Mo?)+ieC K (, o) ., o
Wn
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For a simple Single-Degree-of-Freedom system with input displacement of
amplitude(R) and frequency (w) through a spring (K;) and damper (C;)

*

z K,+iC o 1 K +iCo
)= KMo+ iCo~ K[, o) .
[1—‘”2]“27“’
Mn Mn
7~ JKZ+ C20? R K2+ Clo® R
K-Mo?) + Cw? 22 2
Vi -mo?) k12| 4 422
2 2
; o
2
o —tan™ Cra)(K—I\/Ia) )—KrCa)

K.(K-Mo?) + C,Co’

Flexural vibration of beams/shafts

Y (x) = ¢1 sin(Ax)+ C» cos(rx)+cCs sinh(Ax)+Cs cosh(rx)

a—)t:kclcos(kx)-xcz sin (A x)+C3 cosh(ix)+rCs sinh(rx)

2
;—Zz—xz Cisin(Ax)-,2¢, cos(rx)+;2c, sinh(Ax)+,2c, cosh(rx)
¥ 3 3¢, si 3 h 3¢, sinh
aX—3:—x C1cos (Ax)+,3¢, sin(Ax)+,3c, cosh(rx)+,3¢c, sinh(ix)
h 4 _ 2 PA
where 3% = o® =
64 82
E12Y - _pal)
OX ot
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Sign conventions

2
AL J EI

Natural frequencies of a simply-supported beam, @, = ( . y
o}

Bending moment, M = —E1I

( ' __________ al | ) 5
‘ o’y
S y(x, t) Shear force, S = EI —=

0x

3

3
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Maximum kinetic and strain energies for a beam/shaft

1 2 L 2
Tuax = Jw [ PALY(x)I dx
0

2
Y
Uwmax = JEI(gx J dx

NlH

Vibration isolation

Transmissibility for a Single-Degree-of-Freedom mass-spring-damper system with
input force or a Single-Degree-of-Freedom mass-spring-damper system with input
displacement through the spring and damper.

o k? + c’w’ _ wn®
(k-mo?) + c?w? [ 2
1 -

For a simple mass-spring model, e.g. no damping, @ > wn, T=Tmax and @ = WM.

2
Tmaxwmin>

k = mw? =m
max n < 1 + Tmax

b
Second moments of area '<—>|
3

Rectangular cross-section about neutral axis STl
d — e e — ——
. . . np?
Circular cross-section about a diameter ®D
64 b Y
. : np*
Polar second moment for circular cross-section 32 —
Stiffnesses
. . . . Gmn D4
Torsional stiffness of uniform circular shaft 32 L
Lateral stiffness of a simply-supported beam at a point distance of x from one end
3EIL
x*(L-x)
3EIT
Lateral stiffness at the free end of a uniform cantilever beam —
L

Fourier series

pt)=A + i[Aj cos( jmyt) + B; sin( jm,t)]
=

21
where ®, :? and T = repetition period



MM2DYN Dynamics: FORMULA SHEET

Quadratic Equation

- \VRB2—
ForAx*+Bx+C =0 x = _BEVET-#AC

2A



MM2DYN Dynamics: FORMULA SHEET
TABLE OF LAPLACE TRANSFORM PAIRS

Entry Time domain f(t) Laplace domain F(s)
1 df(t) sF(s)- f(0)
dt
2 n n-1
d" f(t) s"F(s)-s"* f(0)-.....- "*(0)
dt"
3
[ (t) dt £
S
4 ..
Unitimpulse 5(t) 1
S Unit step 1 1
6 Unit ramp t 1
s
7
e—at 1
s+a
8 1 -at a
"€ s(s+a)
? 1 _a
t'g(l'e'at) s?(s+a)
10 sin( at) @
s*+ @’
1 cos( at) S
52+6¢)2
+ 1 P P
—————| sin(pt) - —sin( wt
(a)z'pz)[ (P @ ( )} (s°+p*)(s’+0?)
13
1 [cos(pt) - cos( wt)] >
(o’ p°) (s°+p*)(s*+o?)
14 o )
74 sin( wtyf1- 7 S
1_yze ( 7") T —
o e’ \/72 o’
1- in(awty/1-y"+
\/ryzsm(a) Yy +e) (S 25+ o)
16 2y g > o’
-—- sin(awt4/1- 5" +2
» o 1_7/2 ( 7/ ¢) SZ(SZ+270)S+602)

where COS¢p=y andy < 1




