CHAPTER 2 MOBILITY OF MECHANISMS

Problem 2.1 Statement:

Planar four-bar linkages have many everyday apyics (some are illustrated Figure 2.1).
Identify and describe four additional everyday &ggilons for the planar four-bar linkage.
Problem 2.1 Solution:

As illustrated in Solution 2.1 Figure 1, the (dipeical trainer, (b) fan-style exercise bicycle) (

model car steering linkage and (d) excavator buakénclude the planar four-bar linkage.

Solution 2.1 Figure 1
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Problem 2.2 Statement:

a) Why is it important to know if a mechanism hasrgyle degree of freedom?

b) Why is a crank-rocker mechanism more useful etndouble-rocker mechanism?

¢) Should the transmission angle for the planar-fiar linkage be close td® Explain?

Problem 2.2 Solution:

a) Because the DOF of a mechanism is the numbmeohanism parameters required to fully
define its motion, a mechanism having a single D&fuires a single mechanism motion
parameter to fully define mechanism motion. Agsuit, a single DOF condition provides
maximum mechanism motion control.

b) Because the driving joint in a crank-rocker natubm is grounded, it can be directly affixed
to a grounded drive system (to compel mechanisniompot The driving joint in the double-
rocker mechanism however is not grounded and carendtrectly affixed to a grounded drive
system. When considering a grounded drive systesgrank-rocker mechanism is a more
practical design option than the double-rocker raa@m.

c) Revolute joints by design are better suitedaiodfe transverse loads (loads perpendicular to a
link) than loads acting along the link length. Eae follower link, the proportions these two
follower load components are determined by thestrassion angle. It can be determined from
the equations in Figure 2.8b that the optimum trassion angle is 90because it produces a

zero force along the follower length.



Problem 2.3 Statement:
For the two linkages illustrated in Figure P.2.hjah (if any) of the links can undergo a

complete rotation relative to the other links? Hadavyou know?

Figure P.2.1 Planar four-bar linkages with dimensionless liekdths

Problem 2.3 Solution:

For the first mechanism, the Grashof conditf L < P+ Q holds true and the shortest link is
ground. This makes the first mechanisiauble-Crank (or Drag-Link) mechanism and
capable of full crank rotation. Because the Grasbadition S+L <P+Q does not hold true
for the second mechanism, it iNan-Grashof mechanism and by definition incapable of full

link rotation.



Problem 2.4 Statement:
Determine the number of links, joints and the mbbdf each of the three planar mechanisms in

Figure P.2.2.

cam joint
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mechanism #1

mechanism #3

mechanism #2

Figure P.2.2 Planar mechanisms
Problem 2.4 Solution:
Mechanism #1 includes 5 linkd & 5), 5 1-DOF joints ¢, =5) and 1 2-DOF joint J, =1).
Using Equation (2.1) mechanism #1 has a mobility.oMechanism #2 includes 6 linkk €6)
and 7 1-DOF joints J, = 7). Using Equation (2.1) mechanism #2 has a mglolitl.
Mechanism #3 includes 11 link& €11) and 14 1-DOF jointsJ, =14). Using Equation (2.1)

mechanism #3 has a mobility of 2.



Problem 2.5 Statement:

For the planar four-bar linkage illustrated in Fig.2.3,L,/L, =1.5 and L,/L, =1.2. Find the

range ofL,/L, required for alrag link mechanism.

Coupler (L,)

Follower (L5)
Crank (L)

Ground (L)

Figure P.2.3 Planar four-bar linkage
Problem 2.5 Solution:
From the link length ratios given in the problemtsment we know that, =1.5,, L, =1.21,
and L, = xL, (where the value of the unknown varialdes to be determined). Because the
shortest link in a Drag-Link mechanism is the gmblink, the Grashof link length relationship

1.5 +xL,<1.4,+L, is formulated. Solving fox producesx<0.7. Therefore, for a Drag-

Link mechanism,,/L, <0.7.



Problem 2.6 Statement:

Compile a table of 1 DOF spatial mechanisms hagir§and 4 links (letl, =J. =0 in

Equation (2.2)). lllustrate some of these mecharsslutions.

Problem 2.6 Solution:

Solution 2.6 Table 1 includes the 1 DOF mechanisluti®ns produced having 2, 3 and 4 links
from Equation (2.4). Solutions 1 and 6 are illastd in Solution 2.6 Figure 1.

Solution 2.6 Table1

Mechanism ]

Solution L ! J I
1 2 1 0 0
2 3 0 2 1
3 3 1 0 2
4 4 0 2 3
5 4 1 3 0
6 4 2 1 1
int
P Joint P 5 Jomn
Fi& R Joint
or ‘ ,
C Joint
> |
R Joint ? RJoint
Mechanism Mechanism
Solution 1 Solution 6

Solution 2.6 Figure 1



Problem 2.7 Statement:
7. Figure P.2.4 illustrates 9 spatial mechanisrasiticlude revolute (R), prismatic (P),

cylindrical (C) and spherical (S) joints. Calceldhe mobility of these mechanisms.

e " S /“ S
-

R} R} | S
R« dpr R« =S R-A/ Lpr
RRRR (Bennett’s Linkage) RRSS RSSR
g C S
(' R \\\~ b = S T
R - = 5
\ ¢ l ] S \w "
5N \
Sw
C |
R 5/ , = (R
<~ . R Sy
R qu R k{u
4R Spherical RCCC RSSR-SS
o= S
7S |
R} 1/ “ <
| |
t S |
\\ \d
C C}% > ! P
AN | |
R C\ ’) R /’s
2“2 R k{“ R d /R

RRSC RSSR-SC Spatial Slider-Crank

Figure P.2.4 Spatial mechanisms comprised of R, P, C and $sjoin
Problem 2.7 Solution:
Both the RRRR and 4R Spherical mechanisms havikd (L =4) and 4 1-DOF joints J, = 4).
Using Equation (2.2), both the RRRR and 4R Sphenechanisms have a mobility of 2.

Both the RRSS and RSSR mechanisms have 4 links4(), 2 1-DOF joints ¢, =2) and 2 3-



DOF joints (J, =2) . Using Equation (2.2), both the RRSS and R&f®Rhanisms have a

mobility of 2.

The RCCC mechanism has 4 links£ 4), 1 1-DOF joint J, =1) and 3 2-DOF joints {, = 3)

Using Equation (2.2), the RCCC mechanism has alityodf 1.

The RRSC mechanism has 4 links£4), 2 1-DOF joints (, =2), 1 2-DOF joint J, =1) and
1 3-DOF joint 3, =1). Using Equation (2.2), the RRSC mechanism haslaility of 1.

The RSSR-SS mechanism has 5 links=(5), 2 1-DOF joints (, = 2) and 4 3-DOF joints
(J;=4). Using Equation (2.2), the RSSR-SS mechanissralraobility of 2.

The RSSR-SC mechanism has 5 links<5), 2 1-DOF joints ¢, = 2), 1 2-DOF joint J, =1)
and 3 3-DOF joints J, =3). Using Equation (2.2), the RSSR-SC mechanissrahaobility of

1.

The Spatial Slider-Crank mechanism has 4 links@), 2 1-DOF joints (J, =2) and 2 3-DOF

joints (J;,=2). Using Equation (2.2), the Spatial Slider-Cram&chanism has a mobility of 2.

Problem 2.8 Statement:

Euler’s buckling Ioac(F) for a columnar member with pinned ends is

_ TEl

F B

whereE, | andL are the modulus of elasticity, moment of inertia &&ngth respectively of
the columnar member. Formulate an equation frotarisuequation and Figure P.2.5to

calculate the transmission angle correspondingltover link buckling. Calculate the
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transmission angle for follower buckling givencdldwer length of 12 in (0.3048m), a % in
(0.635cm) square follower cross section, a modofiedasticity (for aluminum) of 10,000,000psi

(68.05GPa) and a follower logdd,,,., ) of 250 Ibf (1112.05N).

foIloWerCos(T)

F

Ff()llowerSin (T)

1/4"

A % 1/4"

12" Section A-A

Material: Aluminum

Figure P.2.5 Planar four-bar mechanism with transmission aagtkcrank and follower loads
Problem 2.8 Solution:
It can be concluded from the buckling force equapoovided and the follower column force

vector in Figure P.2.5 thdt ., cos(r) =F =77°El/L?. Solving for the transmission angle in

) Using the values provided f&t, |1 , L and

this equation produces= cos l(772EI S ner ) -

a transmission angle @f=26.8236 is calculated.

I:follower !
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Problem 2.9 Statement:

Maverick Mechanisms are mechanisms that defy Grubler’'s Equation (&b Equation will
produce misleading results for Maverick Mechanisni®gssive Degrees of Freedom are
localized DOFs that have no effect on the overalthanism kinematics. Determine which
mechanism from Figure P.2.4 are maverick mechangmddocate the passive DOFs from
among the mechanisms in Figure P.2.4.

Problem 2.9 Solution:

Bennett’s linkage (the RRRR mechanism) and the giieScal mechanism are Maverick
Mechanisms because contrary to Grubler’'s Equabioth mechanisms have a single DOF.
The RRSS, RSSR, RSSR-SS and Spatial Slider-Crankanesms each have a passive degree
of freedom in their S-S links. The passive DOFtfase links allow for the free rotation about

the link lengths.

Problem 2.10 Statement:

Compile a table of 2 DOF planar mechanisms haviagd5 links (considering,-cam and
gear joints). lllustrate one four-bar mechanisnusoh and one five-bar mechanism solution
Problem 2.10 Solution:

Solution 2.10 Table 1 includes the 1 DOF mecharsishations produced having 4 and 5 links

from Equation (2.3). Solutions 4, 9 and 10 arestifated in Solution 2.10 Figure 1.
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Solution 2.10 Table 1

L
1 4 0 7
2 4 1 5
3 4 2 3
4 4 3 1
5 5 0 10
6 5 1 8
7 5 2 6
8 5 3 4
9 5 4 2
10 5 5 0
Mechanism Mechanism Mechanism
Solution 4 Solution 9 Solution 10

N

Solution 2.10 Figure 1
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