Slider-Crank Mechanism
Velocity and Acceleration Analysis

The R-RRT (slider-crank) mechanism shown in Fig. 1(a) has the dimen-
sions: AB =1 m and BC' = 1 m. When the driver link 1 makes an angle
¢ = ¢1 = m/6 rad with the horizontal axis the instantaneous speed and the
angular acceleration of the link 1 are w=1 rad/s and a=-1 rad/s*.

Find the velocities and the accelerations of the joints and the the angular
velocities and accelerations of the links for the given driver link angle.

Solution

The point A is selected as the origin of the xyz reference frame. The
position vectors of the joints B and C' are:

1

3
rB:xBl—i—yBJ:\é_l—i—zjm and rc:xcl+yCJ:\/§1+OJ m.

Velocity of joint B
The velocity of the point B = By on the link 1 is

VB =VB, = VA +VBAa=Vy+ W XI'yp=w; XIp,

where v4 = 0 is the velocity of the origin A = O.
The velocity of point By on the link 2 is v, = vp, because the links 1 and
2 are connected at a rotational joint. The velocity of By = Bj is
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The magnitude of the velocity vg is
Vgl =vp =1 m/s.

The velocity vg is perpendicular to the position vector rg and has the di-
rection given by the angular velocity w; as shown in Fig. 1(b).
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Velocity of joint C
The points By and C5 are on the link 2 and

Ve =Ve, =Vp+ Vo =Vp, + Ws X I'pc = Vg +ws X (rg —I'p), (1)

where the angular velocity of link 2 is we = wok (wy is unknown).
On the other hand the velocity of C' is along the vertical axis (z-axis)
because the slider 2 translates along z-axis

Vo = Ve, = U0l (2)
Equations (1) and (2) give
Vg +ws X (rg —rp) = v,

or
1 J k

vp + 0 0 Wy | = vel (3)
rc—2r3 Yyoc—ys 0

Equation (3) represents a vectorial equation with two scalar components on
r-axis and y-axis and with two unknowns wsy and v¢e

UBy — wz(yc - yB) = V¢,
Upy +we(rc —xp) =0,

or
1 1
3 3
£ + Wwo \/_ - £ =0.
2 2
It results
wy = —1rad/s and ve = —1m/s.

The relative velocity of point C' with respect to B is



The relative velocity vop is perpendicular to rpe and has the direction given
by the angular velocity w, as shown in Fig. 1(b).

Acceleration of joint B
The acceleration of the point B = B; on the link 1 is

ap = aBlzaBQZaA+a1xrB—|—w1x(wlxrB):alxrB—w%rB
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The angular acceleration of link 1 is a; =-1k rad/s?.
The normal acceleration of the point B is

V3 1 V3 1
al = —w%rB:—12<21—|—2J = -5 1 3) m/s”.

The normal acceleration a'; is parallel to the vector rp and the orientation
is toward the center of rotation A (from B to A) as shown in Fig. 1(c). The
tangential acceleration of the point B is
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The tangential acceleration al; is perpendicular to the vector rp and the ori-
entation given by the vector a; as shown in Fig. 1(c).

Acceleration of joint '
The points Cs and By are on the link 2 and

ac =ag, = ap, + s X rpe —wg rpc =ap+ as X (ro —rp) —wg (rc —rp), (4)

where the angular acceleration of link 2 is ay = agk (ay is unknown).
The slider C' has a translational motion along z-axis and

ac = acgy = acgl. (5)



Equations (4) and (5) give
ag+ay X (re —rp) —ws (r¢ —rp) = ac,

or

1 J k
ap + 0 0 a|—wil(ze —ap)t+ (yo —yp)l] = act. (6)
tc—2p Yoc—yp 0

Equation (6) represents a vectorial equation with two scalar components on
r-axis and y-axis and with two unknowns as and ag

apz — ®2(Yo — YB) — W%(l"c —xp) = ac,

apy + ao(rc — x5) — wi(ye — yp) =0,

(3 4) o))
—<;+\§> +a (xf—?) — (12 (0-5) .
It results

oy =1 md/s2 and ac=1—+V3 m/s2.

The normal relative acceleration of point C' with respect to B is

= —w% rpc = —w% (rc —rp)

= —wg (rc —rp) = —wg (zc —zp)1+ (yo — yB)]]

- [( ) (0-3)
V3

1
= —714-53 m/s”.

n
Acp

The normal relative acceleration of point C' with respect to B, a5, is parallel
to the vector rpc and the orientation is toward the center of rotation B (from
C to B) as shown in Fig. 1(c). The tangential relative acceleration of the



point C' with respect to B is

1 J k
atCB = Qo XTIpo = 0 0 Q9
rc—2p Yo —yp 0

1 J k
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= 0 0 1 :21+\£_J m/s”.
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The tangential relative acceleration al, g is perpendicular to the vector rpc
and the orientation given by the vector ap as shown in Fig. 1(c).
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omegal = {0, 0, 1} [rad/s]

1 V3

vB - omegal x rB - {77, -, o} - {-0.5, 0.866025, 0.} [m/s]
2 2

|[vB] = 1 = 1. [m/s]

vC = vB + omega2 x (rC-rB) = {vCx,0,0} => omega2, vCx

vC = {-1, 0,0} = {-1., 0., 0.} [m/s]

omega2 = {0, 0, -1} = {0., 0., -1.} [rad/s]

1 3
vCB - omega2 x (rC-rB) - {77, -, 0} - (0.5, -0.866025, 0.} [m/s]
2 2
|[vCB| = 1 = 1. [m/s]
alphal = {0, 0, -1} [rad/s"2]
1 /3 1 /3
aB - alphal x rB - omegal"2 rB - {77—, o0, o} - {-0.366025, -1.36603, 0.}
2 2 2 2
2 2
1 /3 1 /3
|aB| = - — 4 + =+ = 1.41421 [m/s"2]
2 2 2 2
V3 1
aBn - - omegal®2 rB = {-—, -, o} - {-0.866025, -0.5, 0.} [m/s"2]
2 2
1 V3
aBt - alphal x rB = {7, -, o} - (0.5, -0.866025, 0.} [m/s"2]
2 2
aC = aB + alpha2 x (rC-rB) - omega2.omega2 (rC-rB) = {aCx,0,0} => alpha2, aCx

acC

{1—\/7, 0, o} = {-0.732051, 0., 0.} [m/s"2]

alpha2 = {0, 0, 1} = {0., 0., 1.} [rad/s" 2]

aCB = alpha2 x (rC-rB) - omega2.omega2 (rC-rB) =
1 V3 1 V3
{—- . , 0} (-0.366025, 1.36603, 0.} [m/s"2]
2 2 2 2
V3 1
aCBn = - omega2.omega2 (rC-rB) = {—4447, —y 0} = {-0.866025, 0.5, 0.}
2 2
|laCBn| = 1 = 1. [m/s"2]
1 V3
aCBt - alpha2 x (rC-rB) = {—, ., o} - (0.5, 0.866025, 0.} [m/s"2]
2 2

lacBt| = 1 = 1. [m/s"2]

[m/s"2]

[m/s”2]
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