Velocity/Acceleration Analysis
Ryan Brown — Mechanism 9, Index 1

Due 9/10/2015

Mechanism Details

ABIm] | Acm] | cpim] | DE[m] | ® [ | n[RPM]

0.22 | 0.08 \ 0.20 \ 0.60 | 240° \ 500

From the previous assignment, the following positions will be assumed given:

Positions
Joint X Y
A 0 0
B -.1100 -.1905
C .0800 0
D -.0616 1412
E .5215 0

Velocities

1. Velocity analysis for the mechanism using the classical method when the angle of the driver link
1 with the horizontal axis is ¢.

1. Point Ais fixed, so va=aa=0.



2. The angular velocity of link AB is given in the problem statement in RPM. Converted to
Radians per second:

21 7
= * —— %
Wypp =" 60

2 - (1)
w4 = 500 RPM*%*k
wyp = 52.359 k rad/sec

3. The angular velocity of link AB is constant, so angular acceleration, aag=0.

4. Point Bis on link AB, which is assumed to be rigid. The velocity of point B is:
Vg = VA+VBA = VA+wAerAB
vg = 0+52.359kx(—.11007 —.1905 J) (2)
m
vg = 9974471 —5.7595] 5

The magnitude of the velocity of point B is:
Ve=11.5178 m/s

5. The position of point C is fixed, so vc=ac=0.

6. The direction of the velocity of point B is tangent to the arc created about point A. The
direction of the force causing link CB to rotate is perpendicular to link CB. The dot product of
the velocity of point B with the vector perpendicular to link CB will give the projected
portion of the velocity in the perpendicular direction to link CB; this velocity projection can
be used to find the angular velocity of link CB, knowing the positions of C and B.

Icg =g —Irc=-—1917 —.1905]
Slope of reg =-.1905/-.91=1.0026
(-) Inverse of slope =-1/1.0026 =-.9974
Vector perpendiculartorcg: 11 —.9974
Convert to unit vector =.708t —.706 ]

Using this vector, take the dot product to find the magnitude of the velocity
projection in the same direction:

|VB/CB| = Vvg" (2047? — 9788]_)
m
|V/cal = 11.1292 — (4)

m
VB/CB = 7.87951 —7.8595] ?

Using this velocity, the fixed position of point C, and the vector r¢g, the angular
velocity of link CB can be found.



VB/cB = V¢ + VB¢ = Va + @Wcp XI'cp
7.8795T — 7.8595 = 0 + weg X (—19 T —.1905 J) (5)

— rad
WcB = 414184 k T

Because CD is fixed to CB, the angular velocity w¢p = wcg = 41.4184 k %

8. The velocity of point D can be found using the angular velocity w¢p, the fixed point C, and
the distance CD:
Icp =Ip — e = (—.0616 —.080)T+ (.1412)] = —.14161 + .1412]
Vp = V¢ + Vpc = V¢ + @Wcp XTep
vp =0 +41.4184 k x (—.14161 + .1412)) (6)
Vp = —5.8483 T — 5.8648 ] ?
The magnitude of the velocity of point D is:
Vo= 8.2824 m/s
9. The velocity of point E can be found using the velocity of B and velocity of E w.r.t. D:
rpg = Ig — Ip = (.5215 — (—.0616))7+ (0 — .1412)j = .58317 — .1412]
VE = Vp + VEp = Vp + Wpg XIpg
vg = (—5.8483 17— 5.8648) + wpg k x (58311 — .1412)) (7)
The velocity of E is only along the x axis. Simplifying the cross product gives 2
equations and 2 unknowns.

Vpx — WDE * I'pEy = VE (8)
Vpx + WpE * I'pgx = 0 (9)
rad _ m

wpg = 10.0297k —, vg=199931 —
The above calculations give the following point velocities, and angular velocities:

Link Angular Velocity Point Velocity
— rad
AB 52.359k ~ A 0
— rad _ _
cB 414184k — B 9974471 —5.7595] —
S
— rad
Ccb 414184 k - c 0
_ rad _ ~m
DE 10.0297k — D —5.84831—5.8648] 5
: m
E 1.99931 A

Accelerations

2. Velocity analysis for the mechanism using the classical method when the angle of the driver link
1 with the horizontal axis is ¢.
1. The angular velocity of link AB is constant so, aag = 0.



The acceleration of point B is:
dg = dp + aApAgXTIg + W ABX (wABX I‘B)

T 7 k (10)
ag = 0 0 AR
—-.1100 -.1905 0
+(52.359 k)x ((52.359 k)x (—.1100 7 —.1905))

m
ag = 301.56111—522.2491J 2

The normal acceleration of point B is:

m
a} = wpx (WapxTp) = 30156117~ 5222491] (11)

The normal acceleration is parallel to the vector rg and the orientation is toward the center
of rotation A (from B to A). The tangential acceleration of point B is:
7 T k m
af;=aABXl‘B= 0 0 aAB =OT—0]_ 5_2 (12)
—-.1100 —-.1905 O
The tangential acceleration is perpendicular to the vector rg and the orientation given by
the vector asg. Point C is fixed, so the acceleration of point Cis ac = 0.
The angular acceleration of link BC is found using:
ag/sc is found with the dot product ae/sc=(as" (. 7087 —.7062 7)) *
(.7081 —.7062j) = —109.95741+ 109.6778 jg
ag/pc = a¢ + AcpX Ieg + WepX (WX Iep)
—109.95741 + 109.6778] (13)
= acpx(—.191—.1905)) + (325.94191 4+ 326.7997))

rad

Solving for acs, acg = 483.189k —-

SZ
Because link CD is fixed to link CB, the angular acceleration acp = acg = 483.189 k rad

SZ
The acceleration of point D is found using:
ap = ac + AcpX I'ep + WepX (WepX Iep)
ap = 0+ (483.189 k)x(—.86161+ .1412j) + (58.92731— 9.6571)) (14)
m
ap = —9.29901 — 425.9727) )
The acceleration of point E is found using:
ag = ap + apgX I'pg + WpgX (WpEX I'pg)
ag = (—9.29901 — 425.9727j)) + apgx(.58311 —.1412j) + (—2.33851 (15)
+.5663))
The acceleration of point E is only in the x direction. Simplifying the cross
product gives 2 equations and 2 unknowns.
apx — ApEg * Ipgy = Qg (16)

apy + apg *I'pgx = 0 (17)
rad _ m

aApg = 0627E S_z' dg = —9.30791 —

s2



The above calculations give the following point accelerations, and angular accelerations:

Link Angular Acceleration
AB 0
— rad
CB 483.189k —
S
— rad
CcD 483.189k —-
S
— rad
DE 0627k —-
S

Method 2: SolidWorks

1. The mechanisms was drawn in “layout” form in a new assembly:

2. A motion analysis was started, and a motor was added with a speed of 500 RPM as shown:

Point Acceleration
A 0
B 301.56111—522.2491 )
C 0
m
D —9.29901 — 425.9727) 2
m
E —9.30791 =
S

3. The motion analysis method failed and | do not have time to find a different solution.
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