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Chapter 2
Structural Analysis(Z5#4#7)
of

Planar Mechanisms(CEEALH)




Planar mechanism3
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All links of a mechanism move in planes that
remains parallel to each other& a4 EH)
FEHEHRET (FRNMAXSHEATEENE) .

Spatial mechanism==[a]#144.
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2.1 Purpose of Structural

2.2 Planar Kinematic Pairs(*FHi=Z]&l) and

Planar Mechanisms

2.3 The Kinematic Diagram of a Mechanism(#/l

N — V. Y

125)][E

2.4 Degree of Freedom of a Mechanism

2.5 Points for Attention during the Calculation
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2.1 Purpose of Structural Analysis
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2.2 Planar Kinematic Pairs(E & zz1E]) and Planar
Mechanisms

2.2.1 Kinematic Pairs

2.2.2. Kinematic Chain(izz)%) and
Mechanism




wuww . kaoyancas.net

rf?'ﬂf.zia-

niversity of Science and Technology

2.2.1 Kinematic Pairs

Link#494t

Kinematic PairsizzhEl

N AR E {

In order to transmit({£%#i) and transform(##t)
motion, every link must be kept permanently(Gk A
#t) in contact(#it) with other links by some kind
of connection and have motion relative to them.
Such a mobile connection(7]3]%#) is called a
kinematic pair.
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Types of kinematic pairs.:w
(IREFRAHZEMSNARE)

Revolute pair(#%35E|)
T dfih Sliding pair or Prismatic pair(#31E|)
lower pair Screw pair(i2jiE=])
Spherical pair(EkEE])
= SRR Gear pair(iA# &)
higher pair Cam pair(:L%2 &)
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mizft—lower pair{kE|

A pair that permits only relative rotation is called
a revolute pair (i 315).
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A pair that allows only relative rectllmeal( =R53i0)
translation(°F#) is called a sliding pair or

prismatic pair(#%3)&)).
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Gear pair
(5% ED
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Cam pair
(% ED
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A pair elementiZFE|TEE—— & e
the part of the link surface Which make contact

with another link

Attention:

(1) One kinematic pair can connect only two
links.

(2) Those connections that join two machine
elements firmly(Z [ #) and do not allow the
connected machine elements(Z14) to move
relative to each other, such as welds(/£#%),
rivets(d1%]), or nuts(iZ+£}) and bolts(ﬂ?%), are
not kinematic pairs. — T
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Conclusion: Types of kmematlc}palrs

i HItElE ¢ planar kinematic pair(Ei
X ER] Spatial kinematic pair(&

}fill (surface contact) : lower pair

EodL
¥tk

sliding revolute screw spherical

. BoE FHREl; el BkE

FEf
X

B, ZiEfi (point, line contact) : higher pair

gear cam
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DOF of a Link#a - E
BHEHEs ""_BJJEI'J%I E
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an unconstrained link on a plane would have

3 DOF (M{&{ELTE
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Constraint (&%) : %) ""_ZﬂJEI'JBEfElJ

one planar lower pairs ({£5]) sets two
constraints (MK, 11MNEHEE)
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one planar higher pairs (§5|) sets one
constraints (114K, 21M"BHE)
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2.2.2. Kinematic Chain(izzh%#) an"”Mégchaﬁmisﬁ )
When a number of links are connected by
means of kinematic pairs, the resulting mobile

system is a kinematic chain.
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If every link in a kinematic chain has at least
two pair elements, all links form a closed chain.

Zik::




If one or more links in a kmematlcﬁcham have
only one pair element, then the kinematic chain
will be an open chain. Jf#

2
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Conclusion: Types of kinematic chain

Closed chain: B—HHrZELEERIIES
: : () BITE SHEPILF, HEE
Kinematic FETFRRED, H2ER

chain Open chain: —{MA LRI aHERE—1EE

(FF§E) FTENETFHHFE, E#Em, ]!
= A, ZEHE
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If a link of the kinematic chain is fixed as the

frame#/142, then the kinematic chain becomes
mechanism.
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mECha nlsm =22 ﬂa..fummny uqu:ienc-f:nchthnulug

driving links:have their own independent
motion

driven links:generate the expected
output motion => (output links)

Driven link

Driven
link
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2.3 The Kinematic Diagram of a Mechanism

2.3.1 Definition

2.3.2 Representation of a Kinematic Pair

2.3.3 The representation of a link in the
kinematic Diagram

2.3.4 Procedures for Drawing the Kinematic
Diagram of a Mechanism
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2.3.1 Definition

this diagram is used only to express the
relationship between the motions of links, it
should be simple but provide all necessary (but
not redundant% £ #1Y) information determining
the relative motion of all links. Such a diagram

Is called the kinematic diagram of the
mechanism(#lf3i= ujj.ﬁlzl)
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Attention: Y
3¢ It should be simple but provide all necessary
(but not redundant) information determining

the relative motion of all links.
3¢ According to specified symbols(F5).

¥+ The kinematic diagram should be drawn to

scale(§%z L. 4#). If not, such a diagram is called
the schematic diagram(#1#3;~=[&) of the
mechanism.
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2.3.2 Representation of a Kmematlc Pa|r
22 &l revolute pair: (KHEIE| WAL =)

L L]z

The shaded(#FA524k) links
represent the frame
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A revolute is conven|ently(7’j‘{EtHz)ﬁrepresented
by a small circle placed at the centre of the
revolute no matter how large its radius(31&) is.
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# 18 sliding pair (9&%}3@

The shaded(FFE%
#%) links represent
the frame
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2

(¢)

The actual shape and dimensions of the cross

section(##( 5

) of the sliding pair has no

influence(ZM9) on the kinematics of the

mechanism.
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Attention: @) dikaX®
<0» The centerline of the sliding palr in the
kinematic diagram must be parallel(¥1T) to the

pathway(£i%) in the mechanism.

3% Any one link can be drawn as a sliding block
while the other is drawn as a guide bar(&#+).

The following five diagrams are equivalent.
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need actual cam contour
and end profile of
follower
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2.3.3 The representation of a link in the
kinematic Diagram

the kinematic function of the link to keep the
distance .".straight line can be used

links with two pair elements(WEl#3t):
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A link with more than two pair elements can be

represented by a hatched(llﬂs-,iﬂiﬂ']) or welded (/2
1#1)) polygon(%%iZifz) with pair elements at

corners.
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Note the differences between the#followmg two
groups of figures:
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The special representative(5{X TR ER) symbols(£F
=) used in a kinematic diagram for some
common mechanisms are listed in Table 2-1

(P9) .
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2.3.4 Procedures for Drawing the Kinematic
Diagram of a Mechanism

1) Run the mechanism slowly,study the
structure of the mechanism, How many links?
Types of all kinematic pairs?

2) stop at a suitable position ,Chose a drawing
plane

3) Draw the schematic diagram#l ¥~ &

4) Measure kinematic dimensions




5) Select scale

actual length(m)

H, =

length in diagram(mm)

6)draw the kinematic diagram of the mechanism.
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Ex. : Circular disk 1 rotates rela%:e to the frame
4 about a fixed axis(#) A. The link 3

oscillates(#3/) about a
fixed axis D. The
circular disk 1
matches(fc &) with a

hole on circular disk 2.
The circular disk 2
matches with a large
hole on the link 3.
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2.4 Degree of Freedom of a Mechanism

2.4.1 the definition of DOF

2.4.2 Structural Formula of a planar
Mechanism

2.4.3 Condition for a mechanism to have a
determined motion
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2.4.1 Definition

IR AL

OR

A& Fa - FE X

FHLARFrEE R R EZNHIE H

—the DOF of the mechanism

DOF : The number of independent
coordinates required to define its position.

4
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2.4.2 Structural Formula of a Planar Mechanism

N :the nhumber of moving links (does not
include the frame!)

P, : the number of planar lower pairs

P,:the number of planar higher pairs

The DOF of a Planar Mechanism

F=3N-2P,-P,

——
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2.4.3 Condition for a mechamsmﬂto have a
determined motion

Examplel:

2

F=3x3-2x4-0=1
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The number of the driving I|nks>the
DOF of Mechanism, it will be broken
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Example2: B

F=3x4-2x5-0=2
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the number of the driving I|nﬁ<the DOF of
Mechanism,the motion is not determined

N C
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Example3:

F=3x4-2x6-0=0

If F=0, it is a truss(#742). m%{%ﬁﬁﬁiﬁﬂiﬂ
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A

F=3x2-2%x3—-0=(0 F=3x3-2x5-0=-1

|

1|t 447 28 (B—2R)
TR RS T 7 2

& oblale.
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Conclusion:

The DOF of the mechanism is greater than
zero. It equals to the number of the driving
links—the conditions for a mechanism to have
a determined motion.

F<O0, fatrBEXEXES), A
~ EEhH=F, =aifE
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| -—-—_....,-‘___‘__

i; “ﬁ- e
i “‘m '.~=._- o

-~

B *«*v’ﬁf‘*@ 2 siini i
; ko f3



ww - kaoyancas . net

A hEiEakF

"_-‘_‘i- Nanjing University of Science and Technology

2.5 Points for Attention durmg the
Calculation of DOF

2.5.1 Compound Hinge
2.5.2 Passive DOF ( G E)
2.5.3 Redundant Constraints
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Multiple joints(compound hinge)

The number of revolutes in a compound
hinge=one less than the number of links joined
at that hinge.

R .

=Y
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Example:

E 7777777 C ¢

FF=3x7-2x10-0=1

B e L G

94 L4
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2.5.2 Passive DOF ()
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2.5.3 Redundant Constraints & b3 ki A

ERHRNILAERGT, BEARMEMNRFIERARE
HE, XIS PREIERNARRAEAR.

A ~M B

0, py

F=3x4-2x6-0=0
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FELREL

(1) Two links are connected by more than one
parallel sliding pairs

X X
V7772
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((2))Two links are connected by more than one
revolute pair whose axes coincide

{1}
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- -éf‘ - S ‘- .
e R




wuww . kaoyancas.net

(3))Two links are connected by more than one
higher pair whose common normals passing
through the points of contact coincide.

M1 - e A
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However, if their common normals (ATEER)

do not coincide(E

be counted.

), then both higher pairs should
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(4) The distance between two points on two
links remains constant during the motion of
the mechanism,adding one link and two
revolutes create a redundant constraints.

A ~M B

r i a5
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(5) The locus of a point is a straight
line,adding one link with one fixed guide way
parallel to the line and one revolute with its
centre at that point will create a redundant

constraint. F=3n-2P,-P,=3x3 -2x4=1

Technology

AB BCJMNB@HC&S net
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(6) Symmetrical or duplicated structure

In order to transmit({£%#i) more power, many
pinions(/pi5#) are distributed(4;17)

symmetrically in space. Only one pinion should
be counted.

Note: gear 1, gear 3, and
link 4 constitute(4/%) a
compound hinge(E &%
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Example2

F=3n-2p-p,=3 X7-2X9-1=2 F=3n-2p-p,=3 X5-2X7-0=1

n=35, pl=6’ ph=2
F=3n-2pp,=3X5-2X6-2X1=1
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Attention:
(1) Redundant constraints can improve the

rigidity (NIl ) of a mechanism, improve the force
condition in links, etc. and are widely used.

EARNEHAAREE), BreiEaE4a05E SRR FRIE

(2) "Deleting the redundant constraints during

the calculation of DOF” does not mean that the
redundant constraints should be omitted(4'H%)
from real mechanisms.

ELRET &, {ESCER
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(3) All redundant constraints require some special
dimensions. Therefore, attention should be paid
to manufacturing(#li&) accuracy(¥5 &) when any
redundant constraint is used.
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Examplel : Calculate the DOF of a Mechanism
(BB LEEEM, E6W#%......, BEE/L M
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Solution:
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(1)The spring(3#%) should not be counted.
(2) Cis a compound hinge of links 2. 3. 4.

(3) The roller has a passive DOF(/5 & H

)

%).

(4) There are two parallel(?¥17) sliding pairs E
and E’' between the frame 8 and the slider 6.

One of the sliding pairs is redundant(Z£ & ).




www - kaoyancas . net
s ) =i, o
242137 I‘b % %fii'—j—
& e ‘-rJ: Nanjing University of Science and T

and Technology

After the mechanism is redrawn,
F=3n-2PL-Ph=3x7 -2x9 -1=2. Needs two drivers.
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Planar Kinematic Pairs
Planar Mechanisms
The Kinematic Diagram of a Mechanism

Calculate the DOF of the mechanism

Compound Hinge,Passive DOF, Redundant
Constraints.
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Homework

1. Read book p4-23.

2. Exercise p23,2-6:Fig2-43,2-44,2-45,2-46

3. Calculate the DOF p23,2-7:
Fig2-47,2-50,2-51,2-52
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