ME 274 Lecture 8

Rigid Body Kinematics — Long problems

Eugenio “"Henny” Frias-Miranda
1/30/26



Housekeeping/Announcements

1. HW 6 & 7 due tonig ht!! 1:30-2:30, MWF
2. ME2206 & Tutorial Room — Office hours location.  (ME 2206)
3. HWs the day that they are assigned, will be posted at 8 AM (used to be 4PM).

***Reminder for Henny to wear a mic during the lecture.



Chapter 2: Planar Rigid Body Kinematics Homework

Homework H2.C H LL/ L e L P l

Given: Thin bar AB (having a length of L) moves in a way that ends A and B slide along straight,
fixed guides as shown in the figure. End A has a constant speed of v to the right as the bar moves.

Find: Determine the velocity and acceleration of end B.
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Use the following parameters in your analysis: L = 2 ft, vq = 4 ft/s, = 36.87° and ¢ = 45°.
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Rigid Body Kinematics

rigid body é@
1. Arigid body is an object where the distance between 4 rB/‘; 5|
any two points on the object remains fixed, regardless ;
of the motion of the object. v
okey Obsesdins G e w0 4 for ang print enthe cigh body 0| fixed point)

for
planar motion of a rigid body:

UB =UA +W X T/, -
B/A When in the same plane...

ap = GA + W X [LC:X’I_"B/A] + & X Tp/a (LB = a4 + a X 73/4—w 73/_1 |
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Last Lecture... Rolling without slipping

* As the wheel moves, it is assumed that sufficient friction acts between the wheel and surface that

the contact point C does not slip.

rolling on fixed surface

)

L.

no slip

R
Key variables/Observations:

1km::() Ucw =0
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rolling on moving surface
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Didn’t bring up last lecture... :
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no slip
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Key variables/Observations:
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Example 2.A.7
Given: End B of the link moves to the right with a constant speed vp.
Find: Determine:

(a) The angular velocity of link AB; and

(b) The angular acceleration of link AB.

Use the following parameters in your analysis: vg = 3 m/s, L = 0.5 m and § = 36.87°. Also, be
sure to express your answers as vectors.
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Example 2.A.7 P Qq

Given: End B of the link moves to the right with a constant speed vp.

Find: Determine:
(a) The angular velocity of link AB; and ~ Wae 2
(b) The angular acceleration of link AB.

Use the following parameters in your analysis: vg = 3 m/s, L = 0.5 m and 6 = 36.87°. Also, be
sure to express your answers as vectors.




Example 2.A.8

Given: A flywheel rotates in the clockwise sense with a constant angular speed 6 about a shaft
passing through its center O. The flywheel is connected to a piston A through connecting rod BA.
The piston is constrained to slide along a horizontal surface.

Find: Determine:
(a) The acceleration of piston A; and
(b) The angular acceleration of connecting rod arm BA.

Use the following parameters in your analysis: 6 = 10 rad/s; @ =90°% r = 0.1 m; d = 0.2 m and
L =0.45 m.
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Example 2.A.8 p (OO
Given: A flywheel rotates in the clockwise sense with a constant angular speed 6 about a shaft
passing through its center O. The flywheel is connected to a piston A through connecting rod BA.
The piston is constrained to slide along a horizontal surface.

Find: Determine:
(a) The acceleration of piston A; and
(b) The angular acceleration of connecting rod arm BA.

Use the following parameters in your analysis: § = 10 rad/s, # = 90°, r = 0.1 m, d = 0.2 m and
L =045 m.




Example 2.A.9

Given: The piston rod of the hydraulic cylinder C imparts a constant acceleration to pin A of
as = 0.1 m/s? (downward). At the instant when § = 90°, the speed of A is known to be v4 = 0.4
m/s (upward).

Find: Determine, at this instant:
(a) The angular velocity of link AB;
(b) The angular velocity of link OB;
(¢) The angular acceleration of link AB; and
(d) The angular acceleration of links OB.
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Example 2.A.9 \ (7'

Given: The piston rod of the hydraulic cylinder C imparts a constant acceleration to pin A of
as =0.1 m/s2 (downward). At the instant when 6 = 90°, the speed of A is known to be v4 =04
m/s (upward).

Find: Determine, at this instant:
(a) The angular velocity of link AB;
(b) The angular velocity of link OB;
(c) The angular acceleration of link AB; and
(d) The angular acceleration of links OB.




Example 2.A.10

Given: At the instant shown, link OA rotates counterclockwise about pin O with a constant
angular speed of wpa. At the instant shown, links OA and BD are horizontal.

Find: Determine at this instant:
(a) The angular acceleration of link AB; and
(b) The angular acceleration of link BD.

Use the following parameters in your analysis: wps = 3 rad/s, L = 0.5 m and d = 0.4 m. Also, be
sure to express your answers as vectors.

[pg. 102]



Example 2.A.10 P lOB‘

Given: At the instant shown, link OA rotates counterclockwise about pin O with a constant
angular speed of wp4. At the instant shown, links OA and BD are horizontal.

Find: Determine at this instant:
(a) The angular acceleration of link AB; and { AB 7
(b) The angular acceleration of link BD. o -
807

Use the following parameters in your analysis: wp4 = 3 rad/s, L = 0.5 m and d = 0.4 m. Also, be
sure to express your answers as vectors.




Question C2.15
The mechanism shown below is made up of links OA and AB. At the instant shown, link OA is

rotating in the clockwise direction with the velocity and acceleration of point P on link AB known
to be: Up = (203 — 4 m/s and dp = (—10'2 — 5]) m/s®. For this position, determine the rate of
change of speed for P and the radius of curvature for the path of P.
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Question C2.15 P.14Q
The mechanism shown below is made up of links OA and AB. At the instant shown, link OA is

rotating in the clockwise direction with the velocity and acceleration of point P on link AB known
to be: 7p = (20: — 47 m/s and dp = (—102 —57 m/s?. For this position, determine the rate of
change of speed for P and the radius of curvature for the path of P.
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