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Homework 1:
Sometimes it is easier to describe the motion on a curved path in cylindrical coordinates than

in cartesian coordinates.
The position vector in cylindrical coordinates is:

r®)=r(t)e, +z(t) e,

whereas the unit vector e, depends on the angle ¢ and this on his part again depends on the
time, which can be written as e, =e, (¢(t)) . Due to this time dependence of the unit vector

the derivations with respect to time for the velocity and the acceleration are not as simple
expressions as in cartesian coordinates. Determine these expressions.
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Homework 2:

"
T4

Given the crank mechanism with a crank shaft with an offset r, a connection rod of length |
and the piston. The position of the piston is given by x starting at the dead centre (top dead
centre TDC).

1) Determine expressions for the piston position x(a), velocity v(ar) and acceleration a(a).

Assume that the angular velocity d = w = const., introduce the ratio A = % :

2) Simplify the expressions for small values of A = % :

Hint: use the expansion and truncate the series:

1-0=1-— far |o[<1

3) Determinex,v,afor | — o (A - 0).
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Solution of Homework 1:

r(t)=r(t)e, +z(t)e. , with

r=re tze,

e
e y
e, =—sinpe +cospe, ¢ 4
e, =cospe +sinpe,
¢ =—psinpe, +pcospe,
:(p(—sin(pgx+cosq)gy) er
=ge,
¢, =—Qcospe, —@psingpe, ¢
- > ex
__(Dgr
Velocity:
v=r =re +ré, +ze +zé, ] )
: . . with e, =0
=re. trepe,tze,
v, =7
v, =1
v, =z
Acceleration:

a=v=i =ie +ié +ige,tripe,)+ze, +ze,
—ie +ip e, +rpe,+ripe, +pe, )t ze,
=ie +27Q e, +rpe,—rp’e +ze,

—(F-re?)e, +(2ip+rip)e, + ze.
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Solution of Homework 2:

1)

. .. L1 LZ
piston position x(c)
r+l
(0-(t, 5
L, =rcosa L, =1l - h=rsina

with ratio /Iz% , =1 1—- /lzsm a
x=x(a)=r(I1-cosa )+l(1—w/]—/12sin2a )

piston velocity v(«)

dx da _dx p
da dt da
angular velocity ¢ = o = const.

V=X=

—x—rsma+—l(1 A7 sin’ a) 2 2 sina cosa
da 2

dx . . [ Acosa ]
v=—-a=rwsina| l + —————

da NI1=2 sin’ a

piston acceleration a(c)

L. d[dxdaj dx . d’x
a=x=v=—-~ | ——|= —a +

dt\da dt da da’
irq g + =rq QQ

with w=const. = d=w=0
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da

2)

3)

X
—= rcosa[1+

Acosa . —Asina 2 cos’ a sina -
=r<cosa | | + —————— |+ sina + -
1-2 sin’a w/]—/lz sin’ a (]—/12 sin’ ay

5 Acosa ) —Asina A cos’ a sina -
a=rw jcosa| l+———— |+sina + -
NI=A sin’ a NJI1=2 sin’ a (]—/12 sinza)/"

small values of A4

x:r(l—cosa +1\I - I—/lzsinza) with 6=X sin"a<l
=r(l—cosa)+I\I- 1—5) 1= sin*a =1-8

~]——
=r(l-cosa)+1< 2

)

( )
~r(l-cosa)+1(1-(1-%)) o

( )
:r(]—cosa +Z
p— — _ ] 2
_r(] cosa +4 sin a) with sinzazé(l—COS(Z(Z ))
=r(I-cosa +§—§cos(2a))

ro(sina +4 sin(2a))

Q < xR
I

ro’ (cosa + A cos(2a))

| > /1:’”1—)0

x:r(l—cosa)
V=rosina

a=rw’ cosa

Acosa . - Asina (1) cosa~(—22,2 sina cosa)
———— |+ rsina -
1-2 sin’ a 1= sin’ a (1—/12 sinza)é

|



