


·_ -:: �-�,�.- � � _;.: 
-➔ - - � - - .. 

--= · ·· . ;  -- -.-

� �ift to 

�orn-tll "nivn�ity �ihrary 
1903 



---
-

� " OEC 

GAYLORD PRINTED IN U.S 





A MANUAL 

OF 

MACHINERY AND MILLWORK. 



1--

i)roftssor !{,ankin.e's 
SERIES OF PRACTICAL MANlJ"\I-'S 

0!{ 

CIVIL ENGINEERING AND MECHANIGS. 

Crown 8vo. 

APPLIED MECHANICS; 
COJCPBIIIING 

Pnr.-ca>LES OP' 3T.AT1C8, CI�E)fATIC�, AND DYNA>IICS, AND TBEOJlT OF STltt'CTOllF.S • 
.Mi,;CHANJSH, AND MA.CHINES. 

lfith numeroru JUrutrationl, price 12'. 6d. 

TH E STE A M E N G I N E, 

AND OTII Elt PRl:\IE MOVERS. 
»·,,11 numerow Tablt1 and Jtlustrati<>m, price 121. 6d. 

CIVIL ENGINEERING; 
COIIPRJll1'0 

E!fGINP.Eill�G SURVEYS, EARTHWORK, FOUt,DATtONS, MASO�RT, CARPR�Tr.i, 'fF.T.\l,
WoRK, ROADS. RAILWAYS, CAN.Ats, R1v&�, WATER-WORKS, IL�RBOUKS, &c. 

With numerou, Table, and lllwtration,, price 16,. 

USEFUL RULES ANO TABLES 
l'OR 

AltCUIT&CTS, BUILDERS, CARPENTJ<:RS, E�OINEERS, FOUNDERS, llECllANICS., 
SH IPBlJJLl>EBS. .&Nl> 8UJ4V.l!.YORS. 

lVit/i nume1ous Table& and lllu.strativus, J>rice y,_ 

MACHINERY ANO MILL WORKI 
COMPlllSl:O.GI 

GEOMETRY OF MACHINERY, DY�AMICM OF MACHINERY, MATERIALS, STrutNGTU AND 

CONSTRUCTION OF MACBL'i!KRY. 

JVith numerous Table, and Illustration,. 

http:PlllSl:O.GI


A. MANUAL 

OF 

MACHINERY AND MILLWORK. ----·· ·• 

UY 

WILLIAli JOHN MACQUORN ��NKI��---
CIVIL ENGINEER; LL.D. TRIN. COLL. DUB.; l!'.R.SS. LONn. AND EDIN.; F.R.S.S,A.; 

111:Glt:S PROVESSOR OF CIVIL EXGINEERING AND MECHANICS IN TUE UNIVERSITY 01!' GLASGOW: 

ASSOCIATE MEMBER OF COlJNCIL 0ll' THE �STITUTJON OF NAVAL ARCHITECTS; 

PAST-PRESIDENT OF TBR INSTITUTION OF :&'.'.GJXEERS IN SCOTLAND; 

�OliSL'LTING ENGINEER OF THE WQHLAND AND AGRICULTURAL SOCIETY OP SCOTlu\ND; 

HONORARY MEMDER OF THE AMERICAN ACADEMY OF ARTS AND SCIENCES, 

OF THE ROYAL ACADEMY OF SCIENCES OB' SWEDE:., 

OF THE LITERARY A.ND PlllLOSOPBICAL SOCIETY OF MANCHESTER, 

OF TllF. ROYAL SOCIETY OF TASHANlA, 

KTC., ETC. 

FIRST EDITION. 

LONDON: 

CHARLES GRIFFIN AND COMPANY, 

STATIONERS' HALL COURT. 

1869. 

[The Author reseri,es the 11-i-ght of Tramlation.] 

http:l!'.R.SS


OLA800W: 

PRINTBD BY BELL A�D BAI"• 
41 HITCBKLL 8TRllr. 



PREFACE. 

THIS book is divided into three parts: the first treats of the 
Geometry of 11'.Iachinery; the second of the Dynamics of Ma
chinery; and the third of the Materials, Strength, and Con
struction of Machinery. 

Under the head of the Geometry of Machinery, machines are 
considered with reference to the comparative motions only of 
their moving parts; and rules are given for designing and arrang
ing those parts so as to proc1uce any given comparative motion. 

Considering that the object of such rules is to adjust the dimen
sions of the parts of macl1ines hy processes of practical geometry, 
I have thought it P,dvisable to solve every question by drawing, 
rather than by calculation, except in a fe,v special cases where 
calculation is indispen�m,ble. 

Many of the graphic rules thus obtained are made more easy 
and accurate, and some, indeed, are made possible which were not 
so before, by the aid of new methods of measuring and laying off 
the lengths of curYed lines. 

Two chapters of the first part are devoted to the detailed con• 
sideration of the movements of single pieces in machines. The 
remaiuder of the part relates to Pure Mechanism, as defined and 
reduced to a system by Professor WILLIS. The order in which 
the various con1binations in mechanism are treated of is different 
ft·om that adopted by hi1n; but the principles are the sa1ne. 

Several problems in mechanism are solved by 1netbods which, 
so far as I know, have not hitl1e1·to been published; and which 
possess advantages in point of ease or of accuracy. I may specify, 
in particular, the drawing of rolling curves, and of some kinds of 
cam!'\; tl1e construction of the figures of teeth of skew-bevel wheels, 
and of threads of gearing scre,vs, by the help of the normal section; 
and some improven1ents in the details of processes for designing 
intermittent gear, link-motions, and parallel motions. 

Under the head of the Dynamics of Machinery are considered 
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the forces exerted and the work done in n1achines; the n1eans of 
measuring those quantities by indicators and dynamometers, of 
determining and ba]ancing the reactions of moving masses in 
machines, and of regulating work and speed; and the efficiency, or 
proportion in which the useful work is less than the total work, in 

the different sorts of moving pieces, and in their various com bina
tions. 

Considering that a convenient single word is wanted to denote 
the proportion in which the total work in a machine is greater 
than the useful work, I have ventured to propose the word CouNTER
EFFICIENCY for that purpose. 

Under the head of the 1Iaterials, Strength, and Construction of 
Machinery are considered,.first, the properties of various materials, 
as affecting their treatment and use in the construction of machines; 
secondly, the general principles of the strength of materials; tliirdly, 
the special application of those principles to questions relating to 
the strength and the construction of va1·ious parts of machines; 
and fourthly, the principles of the action of cutting tools. 

Great care has been taken to ascertain the values of the factor 

of safety and of the working stress in successful examples of actual 
machinery; and some of the problems respecting the strength of 
special parts of machines have not been published previously except 
in scientific journals and in lectures. 

Authorities for facts and information are cited where it is 
necessary to do so. The following works are so frequently referred 
to, that it may be desirable to mention then1 here specially:-

WILLIS On lrl echanism. 
FAIRBAIRN On M illwork. 
HoLTZAPFFEL On Mechanical Manipulation. 
BUCHANAN On Millwork; edited by TREDGOLD and G. RENNIE 

with an Essay on Tools, by NASMYTH. 

W. J. M. R. 

GLASGOW UNIVERSTTY, June, 1869. 
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A. JtlANUAL OF MACHINERY AND MILLWORK. 

INTRODUCTION 

ART. 1. Na1u1e and Vae oC Maehlnery in �nerat.-Tlle use of 
machinery is to transmit and modify motion and force. The parts of 
which it consists may be distinguished into two principal divisions,
the Mechanism, or moving parts; and the Franie, being the structure 
which supports the piecea of the mechanism, and to a certain extent 
determines the nature of their motions. In the action of a machine 
the following three things take place :-First, Some natural sou1·ce 
of energy communicates motion and force to a J>art of the mechan
ism called the Prime Jlover; Secondly, The motion and force are 
transmitted from the prime mover through the train of mechanism 
to the wor/..in1 piece; and during that transmission the motion and 
force are modified in amount and in direction, so as to be rendered 
suitable for the pm-pose to ,vhich they are to be applied; and, 
.Thirdly, The working piece, by means of its motion, or of its motion 
and force combined, accomplishes some useful purpose. 

2. Distlnedon between the Geometry and the Dynamlct, of Ma• 
ehlaer,-.-The modification of motion in machinery depends on tl1e 
fi�res and arrangement of the moving pieces, and the way in 
which they are connected with the frame and with each other; and 
almost all questions respecting it can be solved by the application 
vf geometrical principles alone. The modification of force depends 
on the modification of motion; and those two phenomena al ways 
take place together; but in solving questions relating to the n1odi
fication of force, the principles of dyna1nics have to be applied in 
addition to those of geometry. Hence, in treating of the art of 
designing machinery, arises a division into two departments,-the 
"Geooietry of .1.lf achinery," or "Science of Pure Mechanism" (to U..'\6 

a term introduced by Professor Willis), which shows how the figure, 
arrangement, and mode of connection of the pieces of a machine 
are to be adapted to the modification of motion which they are to 

B 



2 INTRODUCTION. 

1>roduce ; and the "Dynamics of Macliinery," which shows what 
1nodifications of force accompany given modifications of motion, 
and ,vhat 1nodifications of motion are required in order to produce 
given modifications of force. 

3. Stren&th of Maehinery.-In order that a machine may be fit 
for use, every part, both of the machinery and of the framework, 
must be capable of bearing the utmost straining action which can 
be exerted upon it during the working of the machine, without any 
1·isk of being broken or overstrained; and the dimensions required 
for that pt1rpose are to be determined by the proper application of 
the principles of the strength of materials. 

4. The A.rt oc the 4Jonsh'uction of Machinery consists of three de· 
partments,-the selecting and obtaining of suitable materials for the 
parts of the mechanism and framework ; the shaping of those parts 
to the proper figures and dimensions by means of suitable tools; 
and the titting-up of the machine, by putting its parts together. 

5. Division of the Subject.-For the reasons explained in the 
preceding Articles, the subjects of this work are treated of unde1· 
four principal heads,-Geon1etry of Machinery, or Pure Mechanism ; 

·· :. ' Dynan1ics of lvlachinery; Strength of l\iachinery; and Construe· 
tiou of �lachinery. 
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	PREFACE. 
	PREFACE. 
	THIS book is divided into three parts: the first treats of the Geometry of 11'.Iachinery; the second of the Dynamics of Machinery; and the third of the Materials, Strength, and Construction of Machinery. 
	Under the head of the Geometry of Machinery, machines are considered with reference to the comparative motions only of their moving parts; and rules are given for designing and arranging those parts so as to proc1uce any given comparative motion. 
	Considering that the object of such rules is to adjust the dimensions of the parts of macl1ines hy processes of practical geometry, I have thought it P,dvisable to solve every question by drawing, rather than by calculation, except in a fe,v special cases where calculation is indispen�m,ble. 
	Many of the graphic rules thus obtained are made more easy and accurate, and some, indeed, are made possible which were not so before, by the aid of new methods of measuring and laying off the lengths of curYed lines. 
	Two chapters of the first part are devoted to the detailed con• sideration of the movements of single pieces in machines. The remaiuder of the part relates to Pure Mechanism, as defined and reduced to a system by Professor WILLIS. The order in which the various con1binations in mechanism are treated of is different ft·om that adopted by hi1n; but the principles are the sa1ne. 
	Several problems in mechanism are solved by 1netbods which, so far as I know, have not hitl1e1·to been published; and which possess advantages in point of ease or of accuracy. I may specify, in particular, the drawing of rolling curves, and of some kinds of cam!'\; tl1e construction of the figures of teeth of skew-bevel wheels, and of threads of gearing scre,vs, by the help of the normal section; 
	and some improven1ents in the details of processes for designing intermittent gear, link-motions, and parallel motions. 
	Under the head of the Dynamics of Machinery are considered 
	• 
	• 

	PREFACE. 
	the forces exerted and the work done in n1achines; the n1eans of measuring those quantities by indicators and dynamometers, of determining and ba]ancing the reactions of moving masses in machines, and of regulating work and speed; and the efficiency, or proportion in which the useful work is less than the total work, in the different sorts of moving pieces, and in their various com binations. 
	Considering that a convenient single word is wanted to denote the proportion in which the total work in a machine is greater than the useful work, I have ventured to propose the word CouNTEREFFICIENCY for that purpose. 
	Under the head of the 1Iaterials, Strength, and Construction of Machinery are considered,.first, the properties of various materials, as affecting their treatment and use in the construction of machines; secondly, the general principles of the strength of materials; tliirdly, the special application of those principles to questions relating to the strength and the construction of va1·ious parts of machines; and fourthly, the principles of the action of cutting tools. 
	Great care has been taken to ascertain the values of the factor of safety and of the working stress in successful examples of actual machinery; and some of the problems respecting the strength of special parts of machines have not been published previously except in scientific journals and in lectures. 
	Authorities for facts and information are cited where it is necessary to do so. The following works are so frequently referred to, that it may be desirable to mention then1 here specially:
	-

	WILLIS On lrl echanism. 
	WILLIS On lrl echanism. 
	FAIRBAIRN On M illwork. 

	HoLTZAPFFEL On Mechanical Manipulation. BUCHANAN On Millwork; edited by TREDGOLD and G. RENNIE with an Essay on Tools, by NASMYTH. 
	W. J. M. R. 
	W. J. M. R. 
	W. J. M. R. 
	GLASGOW UNIVERSTTY, June, 1869. 
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	A. JtlANUAL OF MACHINERY AND MILLWORK. 
	A. JtlANUAL OF MACHINERY AND MILLWORK. 
	INTRODUCTION 
	Artifact
	ART. 1. Na1u1e and Vae oC Maehlnery in �nerat.-Tlle use of machinery is to transmit and modify motion and force. The parts of which it consists may be distinguished into two principal divisions,the Mechanism, or moving parts; and the Franie, being the structure which supports the piecea of the mechanism, and to a certain extent determines the nature of their motions. In the action of a machine the following three things take place :-First, Some natural sou1·ce of energy communicates motion and force to a J
	suitable for the pm-pose to ,vhich they are to be applied; and, .Thirdly, The working piece, by means of its motion, or of its motion and force combined, accomplishes some useful purpose. 
	2. Distlnedon between the Geometry and the Dynamlct, of Ma• ehlaer,-.-The modification of motion in machinery depends on tl1e fires and arrangement of the moving pieces, and the way in which they are connected with the frame and with each other; and almost all questions respecting it can be solved by the application vf geometrical principles alone. The modification of force depends on the modification of motion; and those two phenomena al ways take place together; but in solving questions relating to the n1
	Ł

	designing machinery, arises a division into two departments,-the "Geooietry of .1.lf achinery," or "Science of Pure Mechanism" (to U..'\6 a term introduced by Professor Willis), which shows how the figure, arrangement, and mode of connection of the pieces of a machine are to be adapted to the modification of motion which they are to 
	B 
	INTRODUCTION. 
	1>roduce ; and the "Dynamics of Macliinery," which shows what 1nodifications of force accompany given modifications of motion, and ,vhat 1nodifications of motion are required in order to produce given modifications of force. 
	3. 
	3. 
	3. 
	Stren&th of Maehinery.-In order that a machine may be fit for use, every part, both of the machinery and of the framework, must be capable of bearing the utmost straining action which can be exerted upon it during the working of the machine, without any 1·isk of being broken or overstrained; and the dimensions required for that pt1rpose are to be determined by the proper application of the principles of the strength of materials. 

	4. 
	4. 
	The A.rt oc the 4Jonsh'uction of Machinery consists of three de· partments,-the selecting and obtaining of suitable materials for the parts of the mechanism and framework ; the shaping of those parts to the proper figures and dimensions by means of suitable tools; and the titting-up of the machine, by putting its parts together. 

	5. 
	5. 
	Division of the Subject.-For the reasons explained in the preceding Articles, the subjects of this work are treated of unde1· four principal heads,-Geon1etry of Machinery, or Pure Mechanism; 


	··:.' Dynan1ics of lvlachinery; Strength of l\iachinery; and Construe· 
	tiou of Łlachinery. 







