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Abstract— This paper presents a new method to design found on adjustable mechanisms generating flexible
an adjustable offset slider-crank mechanism to generate a outputs with the same set of hardware with one or more
function and a path simultaneously with the lengths of the parameters adjustable. Zhou and T[BY introduced an
input link and the link representing offset (henceforth called  optimal synthesis model of adjustable slider-crank linkages
offset link) varying, without any limitation on the number of  for multiple path generation based on position structural
precision points. The mechanism comprises of the original garror of slider guider. Soong and Wd] presented a
offset slider crank mechanism along with a ternary link, a  athod  for designing variable coupler curve 4R
roller link and a guiding slot in the fixed link for each of the  \6cpanisms with one link replaced by an adjustable screw-
\éanable-kllength links. fAQ n-dzgree Ipolynotr)nlal Ish used t:o nut link and driven by a servomotor. Soong and Cl&hg

esign the contours of the guiding slots, n being the number - : . .
o ) X . . roposed a design method to solve function generation
of precision points. A case study is provided to verify the proglems for 4Rglinka es using variable-len tﬂ drivin
feasibility of this new synthesis method. p 9 9 gth g
link. Zhou[6] developed a synthesis method for adjustable

Keywords— adjustable mechanism; offset slider-crank function generation linkages using the optimal pivot

mechanism; simultaneous task; variable-length links adjustment. Zhou and Cheufid put forward an optimal
synthesis method of adjustable 4R linkages for multiphase
l. INTRODUCTION motion generation. Many other published works are there

While using kinematic devices or mechanisms, certaif? the field of adjustable mechanisms but none of them is
applications may not be represented by a single task. It & synthe3|s of adjustable linkages for simultaneous task
conceivable that a task may require an object to be moveifneration.
along a trajectory on which the orientation of the object The objective of the present work is to introduce a
may be important at a few points while restriction ongesign process of adjustable offset slider-crank mechanism
orientation COU!d be relaxed at Othe_rs. Furthermore,.thﬁ)r function generation a|ong with path generation with
task may require that a functional input/output relationprescribed timing simultaneously. The lengths of input link
exists at a few points along the trajectory. This scenarigngd offset link are made adjustable. While the coupler
calls for hybrid task synthesis where the entire motiorhoint traces a desired path with prescribed timing (i.e.
cycle becomes active, i.e., during a single crank rotatiogoordinated with the input link rotation), the slider
the same mechanism performs different subtaskgjisplacement generates desired input-output functional
Peiuniuri, Pedn-Escalante, Villanueva and Pech-@d  relation. The desired function and path are generated

developed an optimum synthesis method of mechanism fafimultaneously in the same range of input motion.
single and hybrid tasks using differential evolution (DE).

Smaili and Diab [2] applied an ant-gradient (AG) This new method of design helps in simultaneous

algorithm to the optimum synthesis of hybrid taskgeneration of a path and a function by a single mechanism.
mechanisms. Virtually litle work has been done in thisA case study is done to demonstrate the effectiveness of
area particularly where the subtasks are performefe proposed approach of synthesis. Transmission Ejgle

simultaneously, i.e., in the same range of motion of théS used as the measure of the quality of motion transfer of
crank. the mechanism. An AutoLisp code is generated and is run

_ ) ~on AutoCAD 2007 platform to give an effect of virtual
Adjustable mechanisms allow any number of precisiomnimation in order to simulate the linkage that is

points to be utlized in any kind of task synthesized here. The new mechanism and the new design
(function/path/motion generation). Numerous works argyrocess are presented in the following sections.
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Il.  VARIABLE-LENGTHLINKAGE FOR SIMULTANEOUS path (with prescribed timing). The lengths of the input link
GENERATION OFFUNCTION AND PATH 2 and the offset link 4 are made variable. The adjustment

Fig. 1 represents the adjustable offset slider-cranior the length of the input link 2 is achieved by sliding a

mechanism for simultaneous generation of function an grnary link 6 over the Input

coupler

input link

slider guider

centreline of guiding slot
for offset link (slot 4)

roller link

\g— centreline of
guiding slot

portruded part of
ternary link
ternary link
hinged joint

\ ’ exploded view of ternary link and roller link

centreline of guiding
S—— - slot for input link (slot 2)

Fig. 1. Original mechanism with adjustability

link 2. The ternary link 6 is again connected to the coupleerror values at the extremities of the range of crank
3 through the simple hinged joint and a roller link 7 by itsrotation are of the same magnitude. The exact spacing of
protruded part at the back surface, as shown in thaccuracy points yielding the optimum situation depends on
exploded view in Fig. 1. When the input link 2 is rotated,the task to be generated as well as the mechanism itself. To
the roller link 7 moves along the fixed guiding slot 2. Thisreduce the difference between the actual function/path
constrained movement results in the sliding action of thgenerated and the desired function/path, the precision
ternary link 6 over the length of the input link 2. The points may be chosen through Chebyshev spd@ing

guiding slot 2 functions as a fixed cam while the roller link Problems of function aeneration and path aeneration
7 moves over it as a follower. While adjusted lengths of( i hed fimi 9 vod 1 thp 9 L of
the input link 2 are achieved dynamically by driving it with prescribe iming) are solved for the same set o
according to required input angle, desired Iength—variationB_reC'S'On points for the two outpgts. As both the output
of the offset link 4 can be obtained from the correspondindisplacementS and the coupler poinP are coordinated
angular positions of the same or that of the slider guider Jyith the input anglé,, the precision points of the two

which is rigidly fixed to the binary link 8 over the offset 4ytputs can be obtained from that of the input. The set of
I|nI§ 4 and is thus _always perpendicular to the Iat_ter. Th'%alues of precision points of input angle for the two

adjustment works in the same way as that of the input linkoplems are same, i.e. they belong to the same domain. In
2, i.e. by the constrained movement of the roller link 9yoth the cases, the precision points are obtained by
along the guiding slot 4 and the sliding action of the b'“aUChebyshev spacing but between the same range, thus,
link 8 over the length of the offset link 4. So the angularaking the values same for the two cases. Since this is an

positions of the offset link 4 are not inputs but are only,gjstable mechanism, there is no limitation on the number
obtained by using programmed servomotors to rotate {f precision positions to be used.

through the required angle to automatically adjust the
length of the same. Coordinate system for the adjustable lll.  DESIGNPROCEDURE

mechanism is shown ifig. 2 The new procedure of design proposed in the present

Without the length adjustments, the desired functionaork is illustrated inFig. 3 The design process is
relationships = f (6,) and the desired path can only be Presented here in the form of a flowchart.

generated approximately by the linkage. The actual The original non-adjustable linkage is first synthesized
function and path generated by the non-adjustable linkagésing displacement equation and dyad or standard form
matches the desired function and path only at a limitee¢quation [10] by 3-precision point synthesis and 2-
number of precision pointshe difference between the precision point synthesis respectively. Then the adjustable
actual function and the desired function is the structurdink-lengths are synthesized to form the desired
error, which varies between the precision points andnechanism. This new method of design provides with the
depends on where the precision points are placed in theeans for simultaneous task generation without any
range. To minimize the magnitude of the error thelimitation on the number of precision positions.

optimum spacing of accuracy points is that for which all

the maxima and minima of the error curve as well as the
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IV. KINEMATIC ANALYSIS equation and coordinate system established (as shown in
Once the non-adjustable link dimensions are obtainef'9- 2, the following vector loop equation can be written
by displacement equation and standard (or dyad) form

generated path

\ P X
\
Fig. 2. Coordinate system of the mechanism
l,+1,,-r=0 @ _-ExVJE*-4F
| = > ®)
This vector equation corresponding k" precision

point can be separated into following scalar component h
equations in the X and Y directions: where,
|, c0SG,, +1,, cOF,, =P, = 0, k= Ln (2 E= —2(ka cost,, + B, sin92k)

. . _ _ _p2 2 2
|y SinG, +1,8IN0,, —F, = 0, k=%1n @3 F=RB +R," —ly

Rearranging, squaring and adding (2) and (3), the The angular positions ofl,, are obtained by
following equation is obtained: . - ]
rearranging and dividing (2) and (3) as:

| =20, (P, cOSB, + P, sirg,)

[ Py =1, SinG,,
2 2 2\ _ 4) G =tan 1( * | cosd. (6)
+(ka +Pyk _IlO)_O P ~ 12 COSEy,
For known values d, P, Pyk and g, The angular positions df, are determined from:

corresponding variations of length of the input link are

obtained by: G =6~V (7)
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Given n=number of precision points
Generated function s=f(©2)
Initial input angle ©x

Synthesize link dimensionslioand
11:1by standard form equationwith
change in angular position of

Design contour of guiding
slot of offset link using n-

)

__> Final input angle ©2¢
Initial output displacement s;
Final output displacement s¢

? coupler known from loop eqn
using previously synthesized link
dimensions

order polynomial

Range of output path U
0 U [Check transmission angle of 10
Determine precision points by (Compute length variations of input|
Chebyshev spacing link corresponding to each ‘ ves
recision point
ISelect three precision points I designed mechanism
(Compute length variations of ‘

offset link corresponding to each
[precision point using results of
last step

Verify design results:
1. link dimensions
2. contours of guiding slots

Design contour of guiding slot for L)
input link using n-order polynomiall

Synthesize link dimensions Losiginat, 13,
Lioniginat by displacement equation

Select two precision points from the
previous three selected precision

Fig. 3. Design process

where, ) is the coupler angle synthesized using C=-s
standard form equation.

Also, the following vector loop equation can be
written:

L +l,—s-1,=0 (®)

The angular positions of the offset link are determined
from:

G, =6, +7—2T (13)

This vector equation corresponding k" precision
point can be separated into following scalar component
equations in the X and Y directions:

l,, cosg, +|, cod, —s, cof,

Rearranging, squaring and adding (7) and (8) as:

2 _ 2
Ly = (1, COSO, +1, cOF, —s, CcOb,)

) (14)
+ (I, SiNGy +1,siNdy — 5, sinG,)

V4 9
-l,,co§ —+6, (=0, k=1-n ©)
2 For known values of,, , I,, S,, 6,,, &, and§,,
the cor_responding variations of length of the offset link are
|, Sing,, +1,sind, —s, sing, determined by:
(T 10 1
-, sin| =+4, |=0, k=1-n (10) L +1,2 =52 +2,1,c0q6, -6,) 2
2 I4k =
-2,5.co{b, —6,) - 25 cofd, —6,)
Rearranging, dividing and again rearranging (7) and (15)

(8), the following equation can be written:
(I, cosf,, +1, codd, ) cob,
+(I, SinG,, +1,sind, ) sig, —s, = 0

The free-running quality of the tentative mechanism
can be measured by the transmission arngle which can
be expressed as:

2 2 2 2
P +COS(04K _gzk)
2s 1,

(11)

For known values ofs, , 8,,, 6, ., |,, andl,, the 4, =sin
corresponding angular positions of the slider guider are
determined by: (16)

V. CONTOURDESIGN OFGUIDING SLOTS

| -Bx+B*-C?*+ A?
91k =2tan (12) The contours of the guiding slots are designed using n-
C-A degree polynomials of the input angle. The variable
lengths of the input link 2 and the offset link 4
where, corresponding to all precision points can be expressed as:
A=, cosb,, +|, cod, i (6) = Co+ COa +CHa" + v +Coab
17)

B =1,,sing, +1,sind,
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| (g4k) =d,+dg, +d g, +...... +d .6, The variable lengthd,, and |, corresponding to
(18) each precision point are found from (5) and (15)
respectively. The results are giverTiable 1

Here 8, and 6,, are the angular positions of input ~ The designed guiding slots for input link and offset link

link and offset link having corresponding variable Iengthsare obtained from (19-22). Structural error of the func_t|on
| dl ivel d d Is represented by Chebyshev polynomial for comparison.
o @ndl, respectively ancC,, C,,..., Gy, Aoy Ay s The structural error curves of the generated function
dn—l

are constants. The polynomials represent advancetithout and with adjustments, the desired and generated
cam curves where the follower displacements arfr

aths, guiding slot contours of the adjustable links and
expressed as polynomial functions of input rotation. Her ansmission angle of the tentative mechanism are shown
guiding slots in the fixed link are fixed cams and the roller

n Fig. 4 Fig. 5 Fig. 6 Fig. 7, Fig. 8 and Fig. 9
links are followers moving over the fixed cam-slots. respectively.

. . The maximum value of absolute structural error for the
Once the variable lengtfls, andl,, are determined, yonerated function obtained by 3-precision point synthesis
the k" point on the contours of the corresponding guidinds 0.0359. The maximum absolute structural error for the
. . generated function with adjustments, thus using 12

slots having co-ordinates,, . Payc) @nd (Paxcs Pagk)  precision points is 0.00000020733, which is about
respectively can be written as follows: 0.000%% of 0.0359, that obtained by the conventional 3-

precision point solution.
Pou = | COSO,, (19) . . .
The lengths of input link and offset link vary smoothly

) within the range of motion as shown in Table | and thus
Poy = [, SiNG,, (20)  can be achieved by designing corresponding guiding slots
(as plotted in Fig. 7 and Fig. 8). The guiding slots are
provided only for the required range of crank rotation and

and . .
can be extended by a reference circle to count in the full
Pag =1, COSO,, (21)  rotation of input link.
Payc =SNG, (22)
TABLE 1. VARIABLE LENGTHS OF THEINPUT LINK AND THE
Vi CASE STUDY OFFSETLINK CORRESPONDING TAEACH PRECISIONPOSITION FOR THE
’ CASE STUDY.
A quadratic function and an elliptic path (with Brodis -
prescribed timing, i.e., coordinated with the crank rotation) ety I :T'rl'(k Le”gftfhs -
with centre at (-0.4, 5.5) and major and minor axes of (k) mp(LIj:k)m ° S(Iitk)m
magnitudes 2.4 and 0.35 units respectively, is to be 1 267 9.32
generated over the range of 46 10% crank rotation with ‘ '
simultaneous translation of the slider along the guider from 2 2.61 9.29
7 units to 6 units. The coordination of the input angle and 3 o5l 9.25
the desired path is prescribed in a way that the parametric i '
angle of the elliptic path is always 4ss than the input 4 2.42 9.18
angle. 5 2.35 9.10
The number of precision points is taken as 12. The 6 232 9.02
quadratic function to be generated by the mechanism is
7 2.32 8.95
S— 6,-6, _
expressed as 3 -| %7% , where subscripts 8 236 8.88
Si =5 (&0, 9 2.42 8.82
I and f denote initial and final values respectively. The 10 2.49 8.77
constraint on transmission angle25° < 44, <155 11 256 8.73
The first, sixth and end precision points are chosen to 12 2.60 8.71

synthesize the link dimensions by displacement equation

and left-hand dyad method. The original link lengths thus
synthesized are: For the path to be generated, the absolute error between

the co-ordinates of points on generated path and desired
path is very small, i.e. nearly zero (as plotted in Fig. 6).

This indicates that the generated path nearly coincides with
=[1-5 91 79 36 qi the desired path. Transmission angle of the designed

|:|20riginal |3 I40rigina] IlO IG:I
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mechanism remains in an acceptable range, from 3&47
47.17 (as plotted in Fig. 9).
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Fig. 4. Structural error curve of the generated function without
adjustment
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Fig. 9. Transmission angle of the designed mechanism

VII. SIMULATION

Using AutoLISP code generated for the purpose, the
motion of the synthesized mechanism tracing the desired
path and correlating the slider displacement with the input
rotation according to the required functional relationship is
simulated. Drawing an entity and at the same time erasing
the previous entity on the graphics screen are done rapidly
at a selected speed. This gives an effect of animation of the
synthesized linkage on the graphics screen. AutoGApD
10, Fig. 11 and Fig. 12 show configurations of the
mechanism in three positions during the simulation.

contour of guiding slot for offset li

contour of guiding slot for input li

generated elliptic path

Fig. 10.Configuration of the synthesized mechanism at 1st precision
position
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Fig. 11.Configuration of the synthesized mechanism at 6th precision

position
\ET
il

path (with prescribed timing) can be generated
simultaneously by the single mechanism over the range of
motion. The effectiveness of the proposed approach of
synthesis is verified by a case study. The structural errors
of the generated function, expressed as Chebyshev
polynomial, are found to be significantly smaller than the
errors produced by the conventional 3-precision point
solution due to the use of greater number of precision
positions. Also the generated path approximates the

(1

(2

Fig. 12.Configuration of the synthesized mechanism at 12th precision [3]
position

VIIl. CONCLUSION [4]

This paper presents a new procedure of design for
adjustable offset slider-crank mechanism for simultaneou
generation of function and path (with prescribed timing)
using variable-length links. The design process helps in
simultaneous task generation using a single mechanisris]
The concept of hybrid task synthesis is taken to a higher
level where the subtasks are performed simultaneously.
The lengths of each of the input link and the offset link aré’]
adjusted using a ternary link, a roller link and guiding slot
in the fixed link. An n-degree polynomial was employed to[g]
design the contours of the guiding slots for the two
adjustable links. The dynamic length adjustment of inpuP]
link and use of servomotor for length adjustment of offse

link provide allowance for usage of any number of[10]

precision positions or accuracy points for decreasing
maximum absolute structural error. Thus a function and a

desired path satisfactorily as demonstrated in
simulation by AutoLISP code on AutoCAD platform.

the

REFERENCES

F. Pdiuniuri, R. Pén-Escalante, C. Villanueva, D. Pech-Oy,

Optimum Synthesis of Mechanism for single and hybrid-tasks
using Differential Evolution, Mechanism and Machine Theory,
2011, Vol. 46, Issue 10, pp. 1335-1349.

A. Smaili, N. Diab, Optimum synthesis of hybrid-task mechanisms
using ant-gradient search method, Mechanism and Machine
Theory, 2007, Vol. 42, Issue 1, pp. 115-130.

H. Zhou, K. L. Ting, Adjustable slider—crank linkages for multiple
path generation, Mechanism and Machine Theory, 2002, Vol. 37,
Issue 5, pp. 499-509.

R. C. Soong, S. L. Wu, Design of Variable Coupler Curve 4-bar
Mechanisms, Journal of the Chinese Society of Mechanical
Engineers, 2009, Vol. 30, Issue 3, pp. 249-257.

R. C. Soong, S. B. Chang, Synthesis of function-generation
mechanisms using variable length driving links, Mechanism and
Machine Theory, 2011, Vol. 46, Issue 11, pp. 1696-1706.

H. Zhou, Synthesis of adjustable function generation linkages
using the optimal pivot adjustment, Mechanism and Machine
Theory, 2009, Vol. 44, Issue 5, pp. 983—990.

H. Zhou, E. H. M. Cheung, Adjustable four-bar linkages for multi-
phase motion generation, Mechanism and Machine Theory, 2004,
Vol. 39, Issue 3, pp. 261-279.

A. Ghosh, A. K. Mallik, Theory of Mechanisms and Machines,
Affiliated East-West Press (P) Ltd., 1998, pp. 64-66.

R. S. Hartenberg, J. Denavit, Kinematic Synthesis of Linkages,
McGraw-Hill, Inc., 1964, pp. 140-147.

Erdman A. G., Sandor G. N., Mechanism Design: Analysis and
Synthesis, Vol. 1, Prentice-Hall, New Jersey, 1984, pp. 92-94.

Proceedings of the™International and ¥6National Conference on Machines and Mechanisms (iNaCoMM2013), IIT Roorkee, India, Dec 18-20 2013

471





