Velocity and Acceleration Analysis
Algebraic Method
The velocity of the point B = By on the link 1 is

VB =Vp =Vyg+w) XIyp =w; XIp,

where v, = 0 is the velocity of the origin A = O. The angular velocity of
link 1 is
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the position vector of point B is

k = 5.235k rad/s.

ragp=rg—Try=rg=2xpl+yg)+ 2k =0.1211 4+ 0.070 m.

The velocity of point B, on the link 2 is v, = v, because between the links
1 and 2 there is a rotational joint.
The velocity of By = By is

1 3 k 1 J k
vg,=vg,=| 0 0 w|=| 0 0  5.235 | = —0.36614+0.634) m/s.
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The acceleration of the point B = B; on the link 1 is
ap, =apg, =ajs+o; Xrg+w X (W Xrp) =a; Xrp — wirg.

The angular acceleration of link 1 is oy = w; = 0. The acceleration of
Bl = BQ is

ap, =ap, = —3.3231 — 1.919) m/s*.
The velocity of the point B3 on the link 3 is calculated in terms of the velocity
of the point By on the link 2

_ rel _
VBg - VBQ + VB3B2 - VBQ _'_ VB327 (1>

where V}”gesl B, = VBs, is the relative acceleration of Bs with respect to By on
link 3. This relative velocity is parallel to the sliding direction BC, vp,,||BC,
or

VB3, = UBjy, COS P21 + UBss sin ¢g). (2)



The points B3 and C' are on the link 3 and
VB, :Vc—f-(.cJ3 X Trop = w3 X (I‘B—I‘(j), (3)

where v = 0 and the angular velocity of link 3 is

w3 = w3k.
Equations (1), (2), and (3) give
1 J k
0 0 w3 | = Vg, + Up,, COS ol + vp,, Sin ¢a). (4)
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Equation (4) represents a vectorial equations with two scalar components on
z-axis and y-axis and with two unknowns ws and vp,,. It results

w3 = we = 5.448 rad/s and wvg,, = 0.313 m/s.

The acceleration of the point Bs on the link 3 is calculated in terms of the
acceleration of the point By on the link 2
rel cor cor

aB3 = aB2 + aBgBQ + aBSBQ = aB2 + aBS2 + a3327 (5>

where arBesf B, = @B, is the relative acceleration of Bz with respect to B
on link 3. This relative acceleration is parallel to the sliding direction BC,
ap,,||BC, or

ap,, = ABy, COS Pl + A p,, SN D). (6)
The Coriolis acceleration of Bs realative to By is
af =2 w3 X Vi, = 2 Wy X Vp,, = —0.2801 4 3.400) m/s”. (7)
The points B3 and C' are on the link 3 and
ap, = ac + Qi X Top — Wirep, (8)
where ac = 0 and the angular acceleration of link 3 is

o3 = agk.



Equations (5), (6), and (8) give

1 J k
0 0 az | —wi(rp —1o) =
tp—rc Y —yc O
ap, + ap,, (COs Pa1 + sin o)) + 2 w3 X Vp,,. 9)

Equation (9) represents a vectorial equations with two scalar components on
z-axis and y-axis and with two unknowns ag and ap,,. It results

a3 = ay = 14.568 rad/s” and ap,, = —0.140 m/s’.
The velocity and acceleration of D3 are

Vp, = Vp, =Ve+ w3 XTrep = w3 X (I‘D — Pc) = 0.067T1 — 0814J Hl/S,
ap, = ap, =ag+ az X I‘CD—CU32)I‘CD = 03 X (I‘D —rc) —wg(rD—rc)
= 4.6171— 1.811y m/s”.

The velocity of the point D5 on the link 5 is calculated in terms of the velocity
of the point D, on the link 4

VD5 - VD4 + VD547 (1())

This relative velocity of Dj with respect to D, is parallel to the sliding
direction DE, vp.,||DE, or

VDo, = Ups, COS P51 + vp,, Sin Ps]. (11)
The points D5 and E are on the link 5 and
Vp, = Vg +ws Xrpp =ws X (rp —rg), (12)
where vy = 0 and the angular velocity of link 5 is
ws = wsk.
Equations (10), (11), and (12) give

1 J k
0 0 ws | = vp, + vp,,(cos P51+ sin ¢5]). (13)
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Equation (13) represents a vectorial equations with two scalar components
on z-axis and y-axis and with two unknowns ws and vp,,. It results

ws =wyq = 0917 rad/s and wvp,, = —0.757 m/s.

The acceleration of the point Ds on the link 5 is calculated in terms of the
acceleration of the point D4 on the link 4

cor
Aps; = Apy + ADgy + ADgys (14)

This relative acceleration ag,, is parallel to the sliding direction DE, ap.,||DE,
or

ap,, = ap,, COS P51+ ap,, sin @5). (15)
The Coriolis acceleration of Dy realative to Dy is
a% =2 ws X Vp,, = —1.2421 — 0.623) m/s”. (16)
The points D5 and E are on the link 5 and
ap, = ag + Qs X r'pp — Wirgpp, (17)
where ag = 0 and the angular acceleration of link 5 is
as = ask.

Equations (14), (15), and (17) give

1 J k
0 0 as | —wi(rp —rg) =
tp—2p Yp—Ye 0
ap, + ap,, (cos ¢s1 + sin ¢53) + 2 ws X vp,,. (18)

Equation (18) represents a vectorial equations with two scalar components
on z-axis and y-axis and with two unknowns a5 and ap,,. It results

s = ay = —5.771 rad/s” and ap,, = 3.411 m/s’.

The Mathematica™™ program for the velocity and acceleration analysis using
the algebraic method is given in Program 4-II.



