
fering only by K+ and K~. Subtraction of these two curves 
results in the condition 

4K2(X + - K~) + 2(ff+a - X - 2 ) = 0 (47) 

where R is the radius of the circle containing the points of inter
section. Solving equation (47) for B gives 

m 
K+ + K~ _ L_2 

2 ~~ T 
(48) 

Recall tha t — also represents the radius of the T circle, fty the 

manner in which the /? curves and the T circle are defined, they 
must share common points when r = 45 deg. 

The polar angle V locating the intersections may be found 
directly from the polar form of either /? curve. Letting y ap
proach r and setting L = 2R, equation (19) may be written as 

(ffi2 + KY = - (R< + R* - 4ffi4 cos2 T + 2Bi) 
Z 

= 2R\\ - cos2 D = 2Ri sin2 V (49) 

solving for sin Y gives 

/J2 + K 
sinT = 

± V2fl2 V-
(50) 

The corresponding intersections occur on the T circle at ± T and 
at 180 deg ± T (see Fig. 6). 

D I S C U S S I O N 

E. J. F. Primrose3 

The idea of applying a transformation to convert the three 
circular loci to a common base is ingenious, and gives a solution 
of a problem which would be difficult to solve otherwise. 

However, it is incorrect to say that the /3 curves are unicursal. 
In fact, the fi + curve always has two real circuits; one of these 
(the outer circuit) is irrelevant, because it arises hy associating 
d + s with jj. = 45 deg, but it is still part of the curve. The j3~ 
curve can have 2, 1 or 0 real circuits, depending on the ratio of s 
to d. If d is taken to be 1, then if s is less than about 0.07, fj~ has 
2 circuits; one of these (the inner circuit) is irrelevant, because it 
arises by associating d — s with p, = 135 deg. If s is greater than 
about 0.56, f3~ has no real points, as the authors imply. If s 
lies between these two values, @~ has one circuit (the example 
chosen by the authors satisfies this condition). 

The above remarks do not affect the validity of the authors' 
conclusions. 

Fan Y. Chen4 

The authors are to be congratulated for having presented an 
interesting graphical method to aid the design of the four-link 
chain. By applying the knowledge of plane algebraic curve 
tracing, the authors, with high ingenuity, have established a 
geometric bounded region to limit the kink lengths of the four-
link chain, on the basis of the transmission angle inequality 
constraint, 45 deg < jU < 135 deg. The approximate method 
of construction is indeed an efficient procedure and ought to 
prove useful for the designer. 

3 Department of Mathematics, University of Leicester, England. 
' Associate Professor of Mechanical Engineering, Ohio University, 

Athens, Ohio. 

Since the coefficients of the quartic equation (24) in the text 
are functions of dimensional parameters d and s, it seems tha t 
different values of the ratio d/s will cause some transition of /?-
loci. The writer wonders to what extent the possible transition 
in shape and curvatures of these loci is due to a range of the 
variational ratio d/s. Does this transition greatly affect the 
accuracy of the proposed scheme of approximate construction? 

In designing a four-link crank rocker mechanism to give a 
prescribed motion to the oscillating output shaft, it is possible 
to obtain an optimal design based on the criterion of equal ex
treme pressure angle s2 + d2 — p1 + q2 by direct method of 
mathematical programming (numerical search routine) or by 
trial and error solutions for different link lengths. The method 
presented in this paper, which gives a visual display of all feasible 
solutions, is especially suited for the latter. 

Though the transmission angle is an important criterion for 
the design of mechanisms, as has been pointed out by Alt [13]6 

and Volmer [14], there are other criteria such as the criterion 
of low fluctuation of input torque [15], etc. The advantage of a 
mechanism designed with maximal transmission angle criterion 
is that there will result a minimum force acting along the coupler 
link and on the bearings, and therefore small friction torques 
will act a t the shafts. The disadvantage of this assumption 
is that for some prescribed motions of the input and output 
shafts, a very large torque will occur at the input shaft. There
fore, it is incorrect to choose the transmission angle 45 deg < /j, < 
135 deg, if the main design objective is to limit the fluctuation 
of input torque. The writer hopes that the authors will continue 
to extend their work to cover other design criteria as well. 

Additional References 

13 Alt, H., "Das Konstruieren von Gelenkvierecken unter Benut-
zung einer Kurventafel," Z. Ver. dtsch. Ing., Vol. 85,1941, p. 69. 

14 Volmer, J., "Die Konstruktion von Gelenkvierecken mit Hilfe 
von Kurventafcln," Masch Bautechnik, Vol. 7,1958, p. 399. 

15 Chen, F. Y., "An Analytical Method of Synthesizing the Four-
Bar Crank-Rocker Mechanism," JOURNAL OF ENGINEERING FOR IN
DUSTRY, TRANS. ASME, Vol. 91, Series B, No. 1, Feb. 1969, pp. 45-54. 

Authors' Closure 
The authors would like to acknowledge their appreciation to 

Professors Primrose and Chen for their comments on this paper. 
Professor Primrose is correct in that other circuits exist for 

the /3 curves. Therefore, these curves are not unicursal as stated 
in the paper. However, as Professor Primrose points out in his 
closing sentence, this misnomer does not, in any way, affect the 
validity of the applied nature of this paper. 

Professor Chen has expressed concern for the transitory nature 
of the /3 loci as a function of the d/s ratio. This area has been 
investigated and will be published soon in a companion paper. 
The results of this study verify that the segments of the /3 loci 
which bound the preferred region closely resemble circular arcs 
over the full range of the d/s ratio. Pin joints chosen near the 
fi~ circle result in chains whose transmission angle extremes vary 
only a few degrees from the lower limit of 45 deg. 

In reference to Professor Chen's comment on mathematical 
programming, much can be said for numerical searching tech
niques where a computer facility is available. However, for 
many linkage applications, a perfectly acceptable design can be 
chosen quickly, without a computer, if proper guidelines are 
followed. Such guidelines are the purpose of this paper. 

Finally, as Professor Chen points out, the transmission angle 
is not a cure-all for every design situation. However, for many 
mechanism applications, good transmission angles can guarantee 
a high probability that the linkage will perform at higher speeds 
without unfavorable vibrations. 

5 Numbers in brackets designate Additional References at end of 
discussion. 
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