Q1 Solution

6U=0

Péx — k(2L — 2l cos6)8y =0

x =1sinf, 6x =1cosf 60

y = 2l — 2l cosf (measured from wheel position when spring is unstretched)
6y = 2l sin6 66

So P(l cos@ 8§0) — k(21 — 21l cosB) (2l sinf 68) =0

4kl (sinf — sinf cos0)
P =
cosf

or P = 4kl(tanf — sinf)

m_ﬁ K (28-2L mse)
19\
=
le/2

P

Fig 1



Q2 Solution

x = spring compression = —— — h = h(sec6 — 1)

1
85U = 6V,; PSs =6 (Ekx2> — kx 6x

s = h tanf so that

P&(h tan®) = kh?(secO — 1)sec6 tanf 56
Ph sec?0 56 = kh?(sec — 1)sec?6 sinf 56
P = kh(secf — 1)sin6

or P = kh tan0(1 — cosf)
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Q3 Solution
6U = 0:2C 6(acosf) + mgd(2a sinf) = 0
—2Ca sinf 66 + 2mga cosB 66 = 0

C = mg cotb

Fig 3



Q4 Solution
tan® = 0.30, @ = 16.70°

tan <= tan 5° = 0.0875

2 E. =0: P = Rsin(@+x)
2 F, = 0: W = R cos(@+x)

P
tan(@+x) = T

work input : Péx
Work output : Wéy where Jy = 6x tana

_Wiéy  tana tan 5°

= = = =0.220
= Pox tan(@ + @) tan(16.70° + 59)

Fig 4



Q5 Solution




Q6 Solution

B dav
Vy = 2mglcos§+K,B, @

dZV— l ﬂ+K
- > mglcoss

1
=—§mgl+Kfor,8=0

1
= (+) stableif K > Emgl

1
-mgl

Thus K = >

0

for =0




Q7 Solution

m; =80kg m,=10kg b =600mm

b
6U =0: —F&(b cos@) —m,gd(b sinf) —3m,gé (E sin@) =0

3
Fb sin@ §0 — m,gb cos6 60 + Engb cosf 66

3 3
F = g cotO (ml + Emz) =90.81 (80 +E X 10) cot =932 cot8 N

Solution by force and moment equilibrium would require dismemberment with four FBD’s and eventual
elimination of unwanted forces and dimensions.
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Fig 7



08 Solution
oU = 0;
P5(2a sinfB) + mg §(2a cos@) + 3mgéd(a cosf) =0

2Pa cosf 60 = S5mga sin6 66

5
P = Emg tanf

Fig 8



Q9 Solution

8V, = kx 6x wherex =s—b =+b?>+u?—>b

_ u ox
N
udu
U =68V,; PSu=k(vb?2+u?2—>b)——
‘ ( )




010 Solution
FBD @60 = 0: ZM,, =0:

mg(1—n)L—F,nL) =0

mg(1—n)
by =————=kd
mg(1—n)
6St = nk
Féb at o= 0
@ Ci=n)L Svtl.
”] \LE;
Fig 10a
6 + 0:
V=V+V
1 [mg(1—n) 2
= —-mg[(1 — n)L sinf] + — |——— + nL sinb

2k kn

_m?g*(1-n)* n’L’ksin®6
- 2kn? 2

av

_— = 252 [ = =
T n“L°k sin@ cos@ =0at8 =0
2

asv
¥ n?L%k(cos?0 — sin?0) >0atf@ =0 forall0 <n<1

Fig 10b



