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Panel 1

ES204 Mechanical Systems

General Plane Motion
Vector Approach to Velocity Kinematics
Lecture 15

1 Dr. Fisher

Panel 2
1-1
Kinematics
(the geometry of the motion)
l —
—
B —
Rlitive motion notation Basic kinematic re‘.ano‘n'.hp', '?epe];ldfnt motion
af a8 1) efine position vectars
Ty =% T=— a=— 2) Write a constraint aquation
- dr_ 4. (length of cable, for example)
- & - » oy i= d'i‘ = ﬂ 3) Duafferentiate to get an equation
Ay=3g+i,p dt dt that relates the
velocities accelerations

Separate vanables and

intezrate Represent in 'd.s:“reu.m
/r eoordinate systems Define position vectors and

Acceleration not constant Eifhernetiste
dv
a(f): mse a g _\\‘
it
_ av e
alx): wea= LE Rectangular Nomnal and Tangential [Polar Coordinates - -
: Y 4 i s
Use analogous expressions for al6), w(t) = DMd‘mP‘U z E_‘o:iim“w' il ’f"! 7 = ?Q- = :_Q +GxQ
FEvdtvg, £ [F-187 b, + I8 = 26 By OXY Ot Oay
[ . = 3 . = (Q is any vector)
Constant a:ceh:lr.wn o [Fixed Axis Rotation
x=x, +vgt+oatt Translation @1, (Magnitude is @r, direction is
N 2 (8 = constant) g %
= Ly L i perpapd:cu}m tor)
+2alx=x,) la =i Tp = %o * 8% (0G0 (General Plane|
: loex c = Or perpendicular to r and Dotion
(theze are o i @' directed from p to the fixed point O
expressions for a,0, 1)

General Plans Motion (translation-rotation)
Vp=Tg+¥

£ ‘_’ : _A E (General Plane Motion (rotating axis)
Projectile Motion b St 0%,

x-direction: x =xp + ¥p t,¥ =¥y

da=igtiys
y-direction:

2 e it A FxL,, +Ox|éx JE26x 7
=dg+axiy g rox(Exi, ) 4 = i e ™

cmy, by, tmdpt? v =y, =gt v =yl =2e{y=y
Y=Yo+vo t=tgt’, vy =v —gt vy =vy ~2gly-vo)

G opa
=ag taAXny s~ mliae)

2
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Panel 3
Rigid body motion
Three types of motion
1. Translation (every line remains parallel to original orientation)
Fixed Axis Rotation  (every point travels in a circle about a fixed point)
General Plane Motion {(a combination of translation + rotation)
Panel 4

Three types of plane motion

Type of motion How to find the velocity of a point on the rigid body

1. Translation

2. Fixed axis \T —
S = CO H4 I
rotation P plo Velocity determined by omega
and distance to the fixed pt of rotation
3. General plane e Instantaneous center of velocity
motion

o Scalar approach

o Need to know the directions of the velocities of
two points

s Vector algebra approach

o Write position vectors
o Use ¥ = ¥4+ V35 4 and equate components

o Get more equations by looking at another object
4
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Panel 5

[f two points A and B are on the same rigid body
Vpjn =@XTgy

Magnitude = w 1y, for plane motion
Direction = perpendicular to w and 1,

So, for general plane motion

/ General equation to
- i relate two velocity of
Ve = Va TOXT5/4 two points on tht;[y

same rigid body

Panel 6

Arm OB of the linkage has a clockwise

angular velocity of 10 rad/s in the position 44 6" Iy 8" }'f
shown where 6=45°. Determine : " ° (e)
(a) the velocity of point A, - b .
(b) the velocity of point D, e < e
(c) the angular velocity of link AB - B = l\ )
({aken Srom Engineeri:?g Mechanics, 3rd oy X N0
Edition by Meriam & Kraige) (e} )
IC
\ i f_ 5
(4 - L A ﬂ‘ iR/ e
W TG
. GONE = Wag ( (U7
1427 )
_ 5 sevn aud
14 Wap= 4. 2% "~/
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Panel 7
ROSE-HULMAN INSTITUTE OF TECHNOLOGY
Departiment of Mechanical Engineering
ES 204 Mechanical Systems
Example Problem - Le 13
Ex. Arm OB of the linkage has a clockwise . . ) .
angular velocity of 10 rad/s in the position A £ 1) 8 B
shown where 8=45°. Determine : \ * L)
(a) the velocity of point A, a
(b) the velocity of point D, N Na
(c) the angular velocity of link AB : PREITIAN
(taken from Engineering Mechanics, 3rd o s DN
Edition by Meriam & Kraige) @ o
Vector Approach (Relative Motion)
Strategy:
1. Solve for V,, knowing @, and 7 ,
2. Knowing v, and 7, solve for ¥, and @
3. Knowing v and 7y, , solve for v,
Part 1:
Vy = Vo + 0oy XTy 0
Since O is hinged and therefore the point of rotation, ¥, =0. From the diagram, =-10k radfs and
Fpio = —6i + 67,;' in . Thus .
Panel 8
7y = (108 (67 + 67)= 607 +60] ins m
Part 2:
V=V ku Xy : ”
A "ﬂur"‘+"n.-{*(“’.m"‘)"(ﬁ5 B Ty u.“f)
Vad ¥V J =V d V= @ty g SOty J
From the diagram, v, =0 and F, , = —147 +0 in. Thus we can write the last equation from above in

component form:

B Var=Vax~@uplypy
Vir = Vi -0 (2)
J: Viy =Vey T OpT 11

O=v, +@,(-14) (3)

Solving the two equations (2,3) for the two unknowns (v, . @, ):
v, =60infs v, =0infs = ¥, = 607 infs
w, =428 = o, =428k radls
Part 3:

Vector Algebra Example Page of 2
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For the train wheel shown,

find the velocity of the piston
and the angular velocity of push
arm AB when the velocity of the
train is 80 ft/s. Assume no slip

Piston A

r\
Push arm AB

~
The wheel

(\

9

For the train wheel shown,

find the velocity of the piston
and the angular velocity of push
arm AB when the velocity of the
train is 80 ft/s. Assume no slip

So we know Vo and we want V, so it seems logical that we'll relate the two via Vg
Write the two general form velocity equations that we'll be using

p

10
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Panel 11

For the train wheel shown,

find the velocity of the piston
and the angular velocity of push
arm AB when the velocity of the
train is 80 ft/s. Assume no slip

Let's find Vg

-_— _— e T
Vg = \/O § QL),;Q X rB/G (\
KN
l'.j"_‘ _
(-\
Q"IJG{_J
r
e, =
(\
11
Panel 12

For the train wheel shown,

find the velocity of the piston
and the angular velocity of push
arm AB when the velocity of the
train is 80 ft/s. Assume no slip
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GPM - Vector Approach

Quick summary:
We knew Vo so we found V), since it's on the wheel
Vy, is also on the arm so we related it to V,

For the train wheel shown,

find the velocity of the piston
and the angular velocity of push
arm AB when the velocity of the
train is 80 ft/s. Assume no slip

Page 7 of 7



