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Kinematics of crank mechanism

A crankshaft is the mechanical part able to perform conversion between rotating and
reciprocating motion.
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Calculation:
X - distance of piston position
r- radius of crankshaft
| - length of connecting rod
o - angel of rotation crankshaft
A=rll
Then:
Displacement - x:

x=({+1r)—r.cosa —l.cosp
1
x=r.[1—-cosa+ 7l (1 —cosp)]

cosp =+/1 — sin?p
from AADB and ABDC — l.sinff =r.sina = sinf
= A.sina
p = arsin(A.sina)

cosf = V1 —22.sin%a

1
x=r.[1—-cosa +Z(1 —J1 —/12.Sin2a)]

x =71.[1l—cosa+ E)L sin‘a]

Piston speed (velocity) - c:
Average piston speed: ¢s = 2z.n
z - stroke

n- revolution of crankshaft
Current Piston speed:

o= dou/dt
dx , A.cosa
c=—=c=r.w.sina[l +
dt V1 — A2.sin%a
Simply:
c =r.w.(sina + A.sina. cosa)
or

c=r.w. (sina + E.SinZa)
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Maximal speed of piston:
c=r.w.y1+ A2

Speed graph:

Crankshaft rotation angle ()
Acceleration - a:
if m=const.

dx? ,
a=—7 = a =1.w*. (cosa + A.cos2a)

Graph of acceleration:

~

1ol

Crankshaft rotation angle ()
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Dynamics of crank mechanism

1. Substitution of mass

Fp;

piston 7

Ma

Me

-

Each part of the crank mechanism will have a weight (mass).

Mass - ma .

In point "A" we will concentration mass of reciprocating motion parts (piston, piston rings,
wrist pin, segment of connecting rod)

Mass - mg

In point "B" we will concentration mass of rotating motion parts (segment of crankshaft,
crankpin bearing journal, segment of connecting rod)

Reduction of mass of connection rod:

My= mop +Mor
m,- total mass of conection rod
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Mop - segment of connecting rod reduced to the motion mass
mor - Segment of connecting rod reduced to rotating mass

Mgp .D=My,. @
Mor = My. D/

2. Power force

Fo=S.p(a)

3. Calculation of inertia force

Inertia force of rotating parts:
Izzr':rrlB.r.O\)2

- 2
F2=(Mor + Mc + Migreg. X /T ). .0

Inertia force of motion parts:
sz:mA-a
Fp=(mMgp + My + My +my, ).a

F,p = my. 1.0 (cosa + A.cos2a)
_ 2 2
Fp = my.r.w®. cosa + my.r.w*. 1. cos2a
sz = szI + szII

Inertia force acting against opposite force.
Fzpi - Inertia force of 1st order.
Fzon -Inertia force of 2nd order.
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4. Force in crank mechanism

Finally force on piston (wrist) pin:

F,=F, + F,
Normal force - eliminated on side of cylinder:
N = F,.tgp
Force of connecting rod:
F by
% cospP

Divided the force of connecting rod on forces crankshaft pin:
Fr = F,j.sin (a + B)
Fr = F,j.cos (a + B)
Torque of crankshaft:

M= Ft.r
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Graph of torque by one cylinder engine:
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Graph of torque by multi cylinder engine:
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