ME 370.1 Fall 2018 Name(s)
Homework 10
Due: In class, Friday, Nov. 9

[. (13 pts) A geometric model of a mechanical system is shown below. A torsional spring K and a
torsional damper C are attached to the bar at the pivot. The inertia effect of the rigid bar is modeled by
a lumped mass m, at the free end. This mass is connected to the ground through a spring &, andtoa

second mass m, through a damper c¢,. The mass m, is supported on the ground by frictionless
bearings and is driven by an input force F, . All the motions are of small magnitudes.
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(1) (3 pts) Draw FBD of the bar including the mass at its free end. Write its elemental equation.
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The system is 2 DOF and let the DOF variables be x,and x,.

(2) (5 pts) The damping matrix of the math model is

(C/+¢, ¢ ]

L€ —¢

a)

F(‘/ L + ¢, —L'|:| b)

(o C

. (C/1+e, -2 _C/Lz +e, —¢
—_ 2(" Cl _"' Cl C|

(3) (5 pts) The stiffness matrix is

&, K/ [k +K/L* 0
a) i L
K/ 0 } 0 0

c)

[k, L+K/L 0 0 [k, L+K/L —k,
0 0 |~k k,
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2. (23 pts) A 2DOF mass-spring-pendulum system is shown below with DOF variables x and 6. The
pendulum rod is rigid and massless. The pendulum is pivoted to the moving mass and swings with a
small angle, so that sin@~ @, cos@ ~1.0 and higher-order terms are negligible, such as 66 =~ % ~
0 etc. :
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J>= moment of inertia of pendulum
about its center of gravity

m,g

X, = x-position of the pendulum c.g. = x; + Lsinf Ej =
¥, = y-position of the pendulum c.g. = L - Lcos@

(1) (2 pts) Draw the FBD for the mass and writes its elemental equation

FRD: Fy olements a[WHm E
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(2) (5 pts) Draw the FBD for the pendulum and write its elemental equations (it has three ele. eqs and
the rotational elemental eq. cannot be written with respect to a moving pivot)

[ED: elemental e«iuah‘m:

M 7(1, = - Fyx
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(3) (3 pts) With the small angle approximation, ¥, is related to the DOF variables by

a) 5522551 7<1: 7<|-\—L5l'ﬂ9
5&2:5&1+L9 Yo =X + L Beosd =X tL6
c) X, =% — L6 | 7(1:7(‘ Iy

d) ¥, = L6

(4) (3 pts) With the small angle approximation, y, is given by

o =5
&) . Y, = L-Lcoso
b) S e 2 +L9 . ) .
fene: J,= O-(-Lesine) =Loees
¢) Jp =X, — LO . L e
: ) J,= LlBe+60) =0
d) y,=1L6

(5) (5 pts) One of the two governing equations in the math model is
a) mX; +cx; +kx; =0
b) (my +my)¥y +J,0 + cxy + kx; =0
@(m1 +my)¥; + Lmyf + cxy + kx; =0
d) (my + my)¥; +cxy + kx; + mygf =0
e) (m +my)¥, +cx; +kx; =0

f) (my +my)¥; + LmyB + cxy + kx; + mygf =0

(6) (5 pts) The other governing equation is
a) (J, + L*my)6 + myglh =0
b) Lm,¥, + J,60 + m,gL8 = 0
¢) J,60 +m,glh =0
Lmy¥, + (Jo + Lmy)6 + myglf = 0
e) (J, + L?my)6 + cL*6 + (kL? + m,gL)6 = 0

f) Lmyi, + (J, + L*my)0 + cL?0 + (kL? + m,gL)8 = 0



rroblm )
(50! : éysgem FBD -

k<
fes——WW [ Mﬂi — B e 9 i
h f=x, )

My

2lementa efudhion

’K'\ Fk:k)(\' @

L Fe=wthy -=- 06

M M= ForFx-Fe --- @
m, VWZ')(;:—F)( =Ses @ 7

my, = mg-f -~ ©
7.6 = KLtRle -—- @

W& hﬂV& ’: .o e s
Vz:x‘ tLo Lm:ilﬂé I ho= A tLe-- @
h=L-L=0 Y, =0 -~ @) Y, =0

subshibule ©@ @Owto B, geé ?Yr;k 301/@"7/’/75« thbn:
MK = —CH =k =i +L8)
de (DR fLma g 4k Hhx =o |
Fom @8, 92t Fy=-mg ---
substibule @ @do @, ﬁ@f second 301/3)‘777‘% 87%«1/7'0"-'
7,6 =M (X +L6)L - mglLg
re.| Lm¥ 4 (R+EmIE +mglo =0






