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PREFACE 

In the early 19-10s, the idea of kinernatic synthesis of linkages 
"'as, in a 1nanner of speaking, n1entioned for the first ti1ne in this 
country. .-.\fter a decade of gestation, original articles on the 
subject began to appear in A1nerica. �o,v, with the passing of 
the second decade, it is appropriate to atternpt a consolidated 
story of so1ne of the n1any efforts of European and .An1erican 
kine1naticians. 

Conventional texts give an adequate presentation of the area of 
planar kine1natic analysis. In these books, first contact is estab­
lished "·ith funda1nental concepts, and kno,vn planar 1nechanisn1s 
are investigated for the displace1nents, velocities, and accelera­
tions of their parts. In analysis, n1echanisn1s are put on the 
psychiatrist's couch, so to speak, and are probed for their per­
fonnance traits. 1'he i1nportant and con1ple1nentary area, that 
called kinen1atic synthesis-,vhere 1nechanis1ns are created to 
n1eet certain 1notion specifications-is touched upon only by a 
consideration of ca1ns and possibly a gli1npse of the si111pler 
aspects of planar linkage synthesis. 

In the design of a n1echanisn1 for a given application, a decision 
1nust first be reached regarding the type of 1nechanis1n to be 
ernployed, as, for exarnple, deciding bet,veen a can1 or a linkage. 
rfhe number of links and connections required to give the desired 
degree of freedo1n 1nust then be deter1nined. Finally, the 
required d1:•mensions needed to bring about a particular n1otion 
n1ust be deduced. In the broadest sense, kinernatic synthesis 
thus consists of the three interrelated areas of type, nurnber, 
and dini.ensional synthesis. 

---- . 



VI PREFACE 

Of these areas, type synthesis is based largely on nonkine111atic 
considerations. It depends, of course, upon the designer's kinen1atic 
experience, but, beyond that, other factors, such as 1nachine-design 
proble1ns and econo1nic considerations, n1ust be taken into account. 
\:Vhile recognizing the proble1n of type synthesis, "·e n1ake no effort to 
cope ,vith it and go directly to linkages, ,vith the avoidance of earns and 
gears. 1'he present text focuses on the di1nensional synthesis of linkages, 
an area a1nenable to 111athe1natical trcat1nents. X u1nber synthesis, not 
a very real proble111 for the si1nple linkages that can be devised by syn­
thetic procedures, is.given a brief discussion. 

This text is devoted to the synthesis of planar and spatial linkages 
and considers both basic approaches, the geo1netric and algebraic, allo,v­
ing the reader to choose ,vhichever 1nethod best suits his needs or avail­
able tools. 1'he geornetric 1nethods are quick and have the advantage 
of staying close to the physical proble1n. I'hey 1nay have adequate 
accuracy for 111any tasks but tend to beco111e tedious under repeated use. 
:\.lgebraic 1nethods give any desired degree of accuracy and through their 
functional relations indicate the relative i1nportance of any paran1eter. 
1'hey also 111ake possible the study of errors in di1nensions, as those 
associated \\·ith tolerance or ,vear. A.nd of course the algebraic n1ethods 
lead to the use of digital con1puters, especially convenient if the sa1ne 
calculations have to be repeated often for incre1nental inputs or para1neter 
changes. 

Recent years have seen the publication of a ,vealth of ne,,· 1naterial 
relating to synthesis, both in this country and abroad. In addition, 
there has been a gro,ving a\\·areness of the very considerable European 
effort, especially the Gerrnan. This 1naterial is difficult to follo\\· because 
of the scattered sources, terseness of presentation, and language barriers. 
1'he present text is an atten1pt to present a \\·ell-balanced and intelligible 
account of son1e of the geo1netric and algebraic procedures, filling in as 
necessary, n1aking con1parisons, and elaborating on the i111plications to 
give a ,velI-rounded picture. 

'rhe bulk of the available European 1naterial see1ns to divide into 
t,vo broad classes. One n1akes use of rather sophisticated gcornctry and 
1nathe1natics, \\·hile, in the other, descriptions of techniques predo1ninate 
over the scrutiny of principles. This book atte1npts a 1niddle-of-the­
road presentation having "rigor" \Yithout "1nortis," integrating the 
European and A.1nerican contributions. 

1'he book studies, co1npares, and applies various procedures for 
handling the several types of proble1ns constituting the synthesis of link­
ages. The start is 1nade hy reviewing or establishing definitions, con­
cepts, and notations, ,vith recapitulation of fa1niliar n1ethods of velocity 
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and acceleration analysis. A.n account is given of type, nun1ber, and 
di1nensional synthesis. 1'his includes a discussion of the Chebyshev 
polynon1ials and their application to the determination of an optin1al 
spacing of accuracy points. The properties and uses of four-bar coupler 
curves are discussed, including their equation, the i1nplications of their 
geo1netry (cusps, sy1111netry, and crunodes), and the Roberts-Chebyshev 
theore1n, ,vith its extensions to the slider-crank 1nechanis1n and six-bar 
linkages. The Euler-Savary equation and the cubic of stationary 
curvature are derived analytically, by using co1nplex nun1bers, the 
a1nbiguities and passage to the lirnit of the direct geo1netric approach 
being thus avoided. T,Yo chapters are devoted to the geon1etric n1ethods 
of synthesis \Yith three and four accuracy points. Xu,nerous sa1nple 
problen1s are given here; son1e deliberately contain pitfalls to sho,v what 

can be done ,vhen trouble arises. In the presentation of algebraic 

n1ethods of synthesis using displacen1ent equations or con1plex nu1nbers, 
an atten1pt is n1ade to include the latest de,,elop1nents on synthesis ,vith 
five accuracy points and the use of digital con1puters in the solution of 
advanced proble1ns. 

The last chapter, Synthesis of Spatial Linkages is an original1 

contribution; this 1naterial is to be found no,v here else. Previous ,vork 
of the authors on the analysis of spatial 1nechanisrns by n1atrix algebra 
is sununarized. This is follo"·ed by several sections on the synthesis of 
spatial linkages 1naking use of displace1nent equations. J-Iere again a 
nun1ber of exan1ples are given. 

In addition to the n1aterial ,vhich properly belongs under the title 
of kine1natic synthesis, co1nple1nentary 1naterial has been added to 1nake 
the book 1nore readable and self-contained. The reader is introduced to 
the history of kine1natics, and the develop1nent of concepts and pro­
cedures f ron1 the great personalities of the past is traced. The chapter 
deYoted to the construction of kine1natic n1odels is of the greatest aid in 

establishing a rapport bet,veen the static dra\\·ing of one phase and the 
1nany other positions a n1echanis1n \Yill assu1ne. 1-Iodels give i1n1nediate 
infor1nation about displace1nent relations, unfavorable transn1ission 
angles. dead points, binding, and friction. ..\ reYie,Y of con1plex nun1-

bers, detern1inants, and solutions of linear equations is included as an 
appendix. l'hese tools, rust-covered for n1any readers (the voice of 
experience), are resharpened in an effort to 1nake the book a self-sufficient 
unit suited for self-study. 

Our spiritual guide and close friend "'as the late Professor Rudolf 
Beyer of ::\Iunich. His "·orks and infectious enthusias1n have been the 
inspiration for this book and the source of strength for overco1ning the 

n1any difficulties and discouragements inherent in the process that 
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creates any book, especially one dealing ,vith the development of deduc­

tive processes. 

The contributions of 1nany others-friends, colleagues, and 

students in over.vhehning nun1bers-cannot be ackno"·ledged indi­

vidually, 1nuch as "·e "·ould like to. \Ve ren1ain grateful to our benefac­
tors even though their kindnesses and help 111ust go unrecorded. 

It is a last pleasant duty to ackno,vledge the suggestions of 

the reviewers of the manuscript. 

Richard S. H artenberg 
Jacques Denavit 
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