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Relative Velocity
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Uy = Vg + @& X Trgp + VUrg
Interpretation of Terms
Assume the moving coordinate system x-y be formed
of a plate with a slot in it where particle A can move
in relative to the moving coordinate system.

Assume a point P, instantly coincident with particle A
fixed on the moving plane.
Uy = Vg + @ X Ty + Upgy

Uy :‘UB + UP/B ] + UA/P

| P (fixed to path
N N 5 and coincident | .
Vg = Up + Va/p .‘ withA)




Transformation of a Time Derivative
(Transport or Coriolis Theorem)

Let V be any vector quantity
V=Vit+lj
The time derivative of this quantity in X-Y coordinates is
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The term @ XV is the difference between the time

derivative of V in the rotating (x-y) and non-rotating
(X-Y) coordinate frames.




Relative Acceleration

Relative acceleration equation may be obtained either
by takmg time derivative of relative velocity equation
Vg =V + @ X Trgp + Uy

or by applying Transport/Coriolis Theorem.
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Relative Acceleration

Relative acceleration equation may be obtained either
by taking time derivative of relative velocity equation
Uy = Vg + @ X Trg + Urg

or by applying Transport/Coriolis Theorem.
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C_l)A — C_iB + C_Z) X Frel — a)z‘l_”}el + 25 X 7})rel + (f_irel
Interpretation of Terms

Assume the moving coordinate system x-y be formed
of a plate with a slot in it where particle A can move
in relative to the moving coordinate system.

Assume a point P, instantly coincident with particle A
is fixed on the moving plane.

Gy = dp + @ X Trep — wzfrel’ + 286 X Urey + drer
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ag = a + ap/B + C_l)A/p




C_l)A — C_iB + C_Z) X Frel — wzfrel + 25 X 731‘31 + (f_irel
Interpretation of Terms

Assume the moving coordinate system x-y be formed
of a plate with a slot in it where particle A can move
in relative to the moving coordinate system.

Assume a point P, instantly coincident with particle A

is fixed on the moving plane.

dy =\dg + dp/B | + da/p
V Y V

Ay = ap + aA/p




C_l)A — C_iB + C_Z) X Frel — a)z‘l_”}el + 25 X 7})rel + (f_irel
Interpretation of Terms

Assume the moving coordinate system x-y be formed
of a plate with a slot in it where particle A can move
in relative to the moving coordinate system.

Assume a point P, instantly coincident with particle A

is fixed on the moving plane.

a, = Adp + ap/B + aA/p
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Ay = ap Yl‘ aA/p
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Coriolis Acceleration
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Non-rotating frame: w = 0
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Coriolis Acceleration

Rotating frame: @ # 0
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Coriolis Acceleration
Rotating frame: w # 0
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https://www.youtube.com/watch?v=mPsLanVS1Q8

Coriolis Acceleration

—

Rotating frame: w # 0
B8 [C[ZelL |
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https://www.youtube.com/watch?v=Wda7azMvabE
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Coriolis Acceleration
Rotating frame: @ # 0

https://www.youtube.com/watch?v=Wda7azMvabE
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Uy = Vg + @& X Trgp + VUrg
Interpretation of Terms
Assume the moving coordinate system x-y be formed
of a plate with a slot in it where particle A can move
in relative to the moving coordinate system.

Assume a point P, instantly coincident with particle A
fixed on the moving plane.
Uy = Vg + @ X Ty + Upgy

Uy :‘UB + UP/B ] + UA/P

| P (fixed to path
N N 5 and coincident | .
Vg = Up + Va/p .‘ withA)




C_l)A — C_iB + C_Z) X Frel — a)z‘l_”}el + 25 X 7})rel + (f_irel
Interpretation of Terms

Assume the moving coordinate system x-y be formed
of a plate with a slot in it where particle A can move
in relative to the moving coordinate system.

Assume a point P, instantly coincident with particle A

is fixed on the moving plane.

a, = Adp + ap/B + aA/p

- —\> > } ) e Vrel =
Ay = ap Yl‘ aA/p

v V
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a, = ag + aA/B




Sample Problem 5/ 16

At the instant represented, the disk with radial slot is
rotating about O with a counterclockwise angular
velocity of 4 rad/s which is decreasing at the rate of 10
rad/s?. The motion of slider A is separately controlled,
and at this instant, r is 150 mm, increasing with r =
125 mm/s and ¥ = 2025 mm/s?. Determine the
absolute velocity and acceleration of A for this position.

®=4rad/s —-__

\ .
@ = 10 rad/s?



In the solution presented by the textbook the formula 1is
directly applied. However one may think point P fixed on the
disk and instantly coincident with the slider A and obtain
absolute velocity and acceleration of point A.

Uy = Up + Uy /p

Since point P fixed on the rotating disk it makes fixed axis
rotation about O,

Up = @ X 7o = 4k x 0.15] = 0.600] m/s

Uy p =7 = 0.125{m/s

v, = 0.6 + 0.1257 = (0.1250% + 0.600j) m/s

Ay = dp + 20 X Upgp + Ay

dp = @ X Trgy — W2The; = —10k % 0.151 — 420.15%

dp = (2.401 — 1.500f) m/s? 0=4radls ~_
d, = 2.4071 — 1.5007 + 2 = 4k x 0.125% + 2.025%
a, = (—0.3751 — 0.500)) m/s*




5/150 (4"), 5/151 (5"), None (6), 5/ 159 (7"), None (8"

The disk rotates about a fixed axis through O with angular
velocity ® = 5 rad/s and angular acceleration o = 3 rad/s?
at the instant represented, in the directions shown. The
slider A moves in the straight slot. Determine the absolute

velocity and acceleration of A for the same instant, when y
= 250 mm, y = -600 mm/s and y = 750 mm/s?.

\

150 °

mm | -




Again one may assume point P fixed on the disk, instantly
coincident with A (or may apply the formula directly).
Velocity analysis is required first since acceleration
equations contain velocities too.

Uy = Up + Uy /p

Since point P on the disk makes fixed axis rotation about O,

Up = @ X T» = 5k x (—0.15{ + 0.25]) = (—=1.25{ — 0.75)) m/s

13,4/13 =yj] =-0.6)m/s

v, = —1.251 — 0.75] — 0.6j = (—1.2507 — 1.350j) m/s

Ay = dp + 20 X Vpep + Ay

C_iP =d X 7_27"el - wzfrel ;
dp = —3k x (—0.151 + 0.25]) — 52(—0.15{ + 0.25]) .15

mm | N

dp = (4.507 — 5.80j) m/s? e -
d, = 4.51 — 5.8] + 2 * 5k x —0.6] + 0.75] Y \¢
dy, = (—10.507 — 5.05]) m/s? | | |




5/155 (4%), 5/156 (5"), 5/ 165 (6*), None (7"), 5/163 (8")
Car B is rounding the curve with a constant speed of 54
km/h, and car A is approaching car B in the intersection
with a constant speed of 72 km/h. Determine the velocity
which car A appears to have to an observer riding and
turning with car B. The x-y axes are attached to car B. Is
this apparent velocity the negative of velocity that B
appears to have to a nonrotating observer in car A? The
distance separating two cars at the instant depicted is 40
m.




Here use of a point P fixed in the moving coordinate system and instantly
coincident with A is hard to visualize and direct application of formula is
straight forward.

vy =72km/h=20m/s

vg =54 km/h =15m/s

When motion is observed through B using x-y coordinates it is rotating
about the center of curvature of the road therefore

—UB—15—01500 d/s (CCW
YT T 100 rad/s (CCW)
UA—VB+wXTre1+Ure1

Trol = rA/B = —40im

207 = 157 + 0.15k X —401 + ¥,
Uyer = (20.01 — 9.00)) m/s

Also consider car A at the center of curvature where 7,.,; = 7 /1; =
— 100 m and about to hit car B where 7., = 745 = 0

For center of curvature:
20f = 15§ + 0.15k x —100% + ¥,

Urer = (20.01 — 0.00)) m/s
At the instant of hit:

201 = 15§ 4 0.15k X 0 + B,.;
B..1 = (20.01 — 15.00§) m/s




C_l)A — O
dg = w?? = —0.15% = 100f = —2.25{ m/s*?

—

a =0,w = const
0 =—2.25{+ 0 — 0.15% x —40f + 2 % 0.15k X (20.0i — 9.00)) + d,;
dre; = (1.350f — 6.00]) m/s?




5/ 162 (4"), None (5%), None (6*), None (7)), None (8")

The slotted disk sector rotates with a constant
counterclockwise angular velocity ®o = 3 rad/s.
Simultaneously the slotted arm OC oscillates about line OB
(fixed to the disk) so that 6 changes at a constant rate of 2
rad/s except at the extremities of the oscillation during
reversal of direction. Determine the total acceleration of the
pin when 0 = 30° and its first rate is positive (clockwise).

‘)'




One may assume a point P fixed on the disk and instantly coincident with A
C_l)A — C_l)p + 2(1_)> X ﬁrel + C_irel
Tre; = (0.15tandi + 0.15]) = (0.08661 + 0.15])m
dp = C_idisk X 7:)rel - wdiskzFrel
dp = 0 x (0.08661 + 0.15)) — 32(0.08661 + 0.15}))
dp = (—0.779% — 1.350)) m/s?
: d
1_51'61 — Frel =Xl = a (OlStanBi + 015j)
Vrop = 0.150sec?67 = 0.15 * 2 * sec?30°% = 0.400i m/s
Grop = Dyop = ¥l = %(0.159590292) = 2 % 0.150sec?0tand = 0.923im/s for 6 = 0
d, = (—0.7791 — 1.350§) + 2(—2k) x 0.47 + 0.9231 = (0.1230f — 1.050f) m/s?
Alternatively you could directly apply the formula with the same terms.




5/163 (4"), 5/168 (5), 5/178 (6%), 5/176 (7"), 5/179 (8"
For the instant represented, link CB 1is rotating
counterclockwise at a constant rate N = 4 rad/s, and its pin
A causes a clockwise rotation of the slotted member ODE.
Determine the angular velocity ® and angular acceleration
o of ODE for this instant.




Assume a point P fixed on body ODE instantly
coincident with A.

Up = Vg + Up/a

Up = Wopg X Tpj0 = Wopek X 0.12f = 0.12w¢pgf

Uy = Nk X 7y)c = 4k X —0.12] = 0.48i m/s

Up/a = Vp;a(c0s45°T + 5in45°])

0.12wppgj = 0.480 + vp /4 (c0s45°T + sin45°))

: 0 =048 + vp/4c0545° vp/y = —0.679m/s
Ji 0.12w0pg = Vp/aSind5d°, wopg = —4rad/s | -




Assume a point P fixed on body ODE instantly
coincident with A. 1

mm

ap = aA + ap/A

aAp = apt + apn

dp = dopg X 77P/o — wODEZFP/O

dp = apppk x 0127 — 4% x 0.121

dp = (—1.9201 + 0.12a,pef) m/s?

Ay = Ag, + Gy, = Qca X Tyic — NZFA/C

Gy, =0x—0.12] — 4% x —0.12] = 1.920] m/s?
dp/a = 2501315 X Upja + rep

dp/a = 2 * —4k X —0.679(c0s45°T + sin45°]) + a,¢;(c0s45°1 + sin45°f)
dp/a = 3.84(—=1+ ) + ¢ (c0s45°T + 5in45°])

(=1.92i + 0.12appg]) = 1.92] + 3.84(—i + }) + a,0,(cos45° + sind5°)
I: —1.92 = —3.84 + a,,;c0s45°

Arep = 2.72 m/s?

J: 0.12appr = 1.92 + 3.84 + 2.72sin45°

topg = 64.0 rad/s?




