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CHAPTER II. 

.. .  ,.TO ALTER THE VELOCITY RATIO BY · .  ,,
"·: 

DETERMINATE CHANGES. 

·1.
··. 

.;
:-

459. LET there be two axes .A, B, whose position in • .I :

the machine is fixed; and let it be required to connect these 
,: : 

by toothed wheels in such a manner that the velocity ratio 
may assume any one of a given set of values. The simplest 

-
:· 

.method is to provide as many pairs of wheels as there are to :;,. 

be values, and let the sum of the pitch-radii of each pair 
equal the distance AB of the centers. Then to obtain any 
one of the required ratios, ,ve have only to screw the proper 

. .!pair of wheels to the ends of the axes. Sets of wheels for 
this purpose are commonly termed Change-wheels. It is 
generally convenient that all the change-wheels should be of 
the same pitch, and the numbers may be calculated as in the 
following example. Let the given set of values for the 

. . b1 2 3 4 35 ve1ocity ratio or t e h change-ratws e -, -, -, -, -, - . Then,
1 1 1 1 2 4 

since the pitch and distance of the centers are the same 
in every pair, the sum of their numbers of teeth must be the 
satne; and this sum must also be divisible by the sum of 
the numerator and denominator of each of the above 
fractions, or by 2, 3, 4, 5, g. The number required is there
fore a multiple of 22 • 32 • 5 = 180, and if 180 be taken as the 
least possible number, we have the following pairs of wheels, 
which manifestly fulfil the conditions: 

27-� 
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Ratios. Wheels. 

I 90 ••• 90 

2 60 ••• 120 

3 45 ••• 135 

4 36 ••• 144 
3 

2 72 ... 108 
5 

4 80 ••• 100 

460. To save the trouble of screwing and unscrewing 
the wheels, the entire set may remain fixed upon their re
spective axes, if arranged upon the principle of fig. 238 . 
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Mm, Nn are the two axes; .A.,a. B, b. C,c. &c.; the re
spective pairs of change-wheels and the sum of the radii of 
every Sl,lch pair being equal to the distance of the axes, the 
teeth of any pair that are set opposite to each other will 
work. For this purpose the upper axis is capable of sliding 
endlong, and is retained in any required position by a bolt k, 
which enters into a groove m turned upon the axis. In the 
figure .A. and a are shewn in action, but if any other pair, as 
D, d, are required to work together, the bolt k must be 
removed, and the axis shifted endlong until D and d corr1e 
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. ; .into geer. The same motion will bring the groove n r1·. .'•' . ' .opposite to the bolt by which the shaft may be secured in , ,·� , 
•·!this new position, and similarly for any other pair of wheels. 

The wheels must be, how·ever, so placed upon the shafts, 
that only one pair will come opposite to each other at the 
same time. To effect this, the wheels are arranged in the 

. .\order of their magnitudes, placing the smallest at each end ,. 

of the upper group, and the others in alternate order with 
the largest in the middle, and the ,vheels of the lower shaft 
in the reverse order, for a reason which ,vill presently appear. ": 

Let m be a quantity rather greater than the thickness of 
. . 

each wheel. Then, A and a being in contact, let the lateral ' .· 

distance of B from b = m, that from C to c= 2m, from D 
thto d = 3m •••••• and that from the n wheel to its fellow 

= (n- I}.m. 
·' But as every successive wheel B or C is too great to be 
, .  

•
,:, 

these upper wheels, to make the axis as short as possible, 
,. pushed past the previous wheel a or b of the lower group, 
' · 

must each lie close to the previous wheel when the upper 
group is in its extreme position to the left; and therefore · 
the smallest distance between the wheels of the upper 
set will be from A to B == o, from B to C =m, from C to 
D = 2m, and so on ; between the lowest set from a to 
b = m, from b to c = 2m ••• and so on; and if the wheels 
were each arranged in one conical group, as from A to D, ,. 

·; and from a to d, the length of shaft required for n wheels 
would be the sum of the thickness of all the wheels + their 
distances, which, for the upper shaft, is equal to 

(n-'2) }[n+{o+1+2+ ... (n-2)}]m={(n-1). +nm 
2 

and for the lower shaft equal to, 
n+l[n+ {1+2+s+ ... (n-1)l]m=--.nm.2 

http:n-1)l]m=--.nm
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By arranging the wheels in two conical groups, as in 
the figure, they occupy a much shorter length upon the 
shafts ; for the central wheel D can be pushed past its o,vn 
wheel d, and the same reasoning ,vill then be true for the 
conical group DEFG and defg. 

Thus the length of shaft required for n wheels in two 

groups of -n each, will be for the lower shaft, 
2 

n 
- + 1 

n2 n 
-- .m +-m, 

2 2 2 

{where � m is the space between the two groups) 
2 

n+6 
=n.--m,

8 

which is much 'less than the former, and similarly for the 
upper shaft. 

In our example, the wheels on the upper and lo,ver 
shafts occupy spaces of 13m and 19m respectively, and if 
they had been arranged each in one conical group would 
have occupied spaces equal to 22m and 28m. 

Similar arrangements to this are adopted in cranes for 
raising weights, in which the choice of three or four velo
city ratios is required bet,veen the handle and chain
barrel. 

461. But it is often inconvenient to make the sum of 
the radii of change-wheels equal to the distance of the centers, 
and requires, moreover, as many different pairs of change
wheels as there are to be changes in the velocity ratio, unless 
indeed son1e of these ratios be merely the inverse of others. 
The more usual method therefore is, to scre,v a pair of 
wheels of the proper numbers to the end of the axes, without 
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· regard to their radii, and afterwards to connect them by 
an idle-wheel. Art. 223. 

Thus let a and b, fig. 239, be the axes upon which a 
pair of change-wheels .A. and B have been fitted. .' 

:,. 
I!''! 

/ ;. .  
• i' .
: : I239 
: ,1 

•I;, 
,. .;, 

C ,:,•. 
,. j· 

C is the idle-wheel which may revolve upon a pin or stud 
fitted to the end of a piece Cc, which has a long slit at its 
extremity. A slit Dd in the transverse direction is formed 
in the frame of the machine, and the piece Cc which carries 
the idle-wheel is fixed in its place by a bolt passing through 
the two slits at their intersection. 

By this method of fixing the idle-wheel it admits of 
' ·being shifted about so as to be put in geer with the two ,. ,,. 

change-wheels whatever be their diameters. 
There are various other methods of shifting and fixing 

I':the variable center of the idle-wheel, but the effect is the 
same in all. If it be required also to have the power of 
changing the directional relation, another piece like Cc must 
be provided, upon which two idle-wheels in geer are 
mounted, and this piece must be brought into such a posi
tion that one of these wheels shall geer with B and the 
other with .A. ; A and B will therefore turn in opposite
directions, whereas in fig. 239 they turn in the same di
rection. . ! 

· --· ·- .. ........ . -�· 

I 
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The number of change-wheels is greatly reduced in 
this manner, because they admit of being combined in any 
pairs; thus, in the example (Art. 459), six change-wheels will 
be sufficient instead of twelve, thus: 

Ratios. Wheels. 

1 24 .•• �4 

2 24 ••• 48 

3 24 ••• 72 

4 24 ••• 96 

3 48 ••• 722 
5 48 . . .  604 

462. On Speed Pullies. Let there be two parallel 
axes A.a, Bb, fig. 240, upon each of which is fixed a group 
of pullies adapted for belts or bands, 240 
and of different dia1neters. A ready 
mode is thus provided of changing fB 

the angular velocity ratio of the 
shafts by 1nerely shifting the belt 
from one pair of pu1lies to another. 
Such groups of pullies are termed 
Speed Pullies. The diameters of _a; 

every pair of opposite pullies ought 
111·to be so adjusted that the belt shall 

be equally tight upon any pair. If the belt be crossed, 
it is easy to shew that this object will be attained by 
making the sum of the diameters of every pair of oppo
site pullies the same throughout the set. For let DK, FG 

• be the radii of any pair, make GK a common tangent to the 
pullies, draw FE parallel to GK and describe a circle 
with radius DE = DK+ FG. 
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Then ½ length of belt = mK + KG + Gp, 
and mK +Gp= Dm.mDK +FG . GFp 

= DE x mDK for mDK= GFp; 
' l.·. l length = nE + EF, 

: ,1
I•! 
, . . 

:· .J which is constant for any pair of pullies of which the sum of : . : ... 
. .the radii equals DE. ,·

. ,•'( 

; ' •I•·,: 
• ,'.l463. In any group of speed-pullies if D be the diameter 

of any follower, and K the constant sum of the diameters, 
K-D will be the diameter of its driver. And if L, l be the 
synchronal rotations of the driver and follower respectively, 

l• •  • . ; 

KL
and D c: L +l 

, 

in which equation putting for L and l the required series of 
values, the corresponding dian1eters of the speed-pullies may 
be obtained. 

464. To save founders' patterns it is usual in practice 
to make the two groups of speed-pullies exactly alike, 
placing the small end of one opposite to the large end of the 
other. 

A regular geometrical series of values of!:_ may be ob-
l 

tained for such a pair of similar pullies, as follows: Let r 
be the common ratio of this series, n the number of terms, 
then the extreme terms of the series must evidently be the 
reciprocals of each other, therefore the series will be (putting 

n- I 
m = -- for convenience) of the form, 

2 
1 1 1 

4), •••••• , ' , 
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But if K be the· constant sum of the diameters, and 
D1 D2 • • •  the diameters of the pullies in order, the same 
series will be 

... ... --- 'D2 

' 

and comparing the corresponding terms, we have 
KDi I similarly D2 = 

1 , m -I + rK - D
l 

rm ' 

and· so on. 

465. Ex. I.  To find the diameters of a set of speed
pullies that shall give four values for � , with a common 
ratio of 1.38 ; the sum of the diameters of the corresponding 
pullies being 25 inches. 

Here K = 25, r = 1.38, n = 4, ·m = - . 
2 , 

250 250 .·. Di = - = 9.6, D2 = - = 11.4, 
26 22 

D3 = K - D2 = 13.6; and D4 = K - D1 = 15.4, 

are the diameters in inches. 
Ex. 2. Let there be a set of six speed-pullies in each 

group, of which the diameters of the extremes are 13in. 
and 4in. : to find the intermediate diameters. 

The first and last terms of the geotnetrical series of six 
• • • 4 d 13 .- , h h e1ngvelocity ratios 1s - an ence t e common ratio b . 

13 4 

found by logarithms as usual, gives r = 1.61. 

5Also K = I7, m = - ; 
2 

whence the successive diameters are 4, 5.6, 7.5, g.5, 1 1.4, 

13, in inches. 
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, ,  
! :466. If a great number of changes of velocity be re

quired either in the case of· speed-pullies or toothed wheels, 
·.\a train of axes must be employed, with the power of intro . ,  .

ducing a given number of changes between each, in which 
' 

case the total number of changes in the system will be the 
continual product of the numbers of changes that can take 
place between each pair. Considering only a set of four 
shafts for the sake of simplicity, let Au A2, A3, A,, be the 
angular velocities of the axes in order, and let the series of 

changes in the value of �: form a geometrical series whose 

common ratio is r, and first term a; .·. Ai = ar" - 1 is the nth 

A2 
term of this series. Similarly, let the mth tern1 of the series 

of values of 
A 

A: = bsm - 1, and the kth term of the series of 

values of �: = c t'" - 1 
• • •• Angular velocity ratio of the 

mthextreme axes of the train when the nth
, , and kth values 

of the respective ratios are employed 

-
A 

J = abc . rn 

A4 

Let 

C 
Ct 
Ct2 . 
Cf"-1 

Cs 
Cst 
Cst2 

.. 

cs2t�-l 

cs-1 r-1 

Cr 

Crt . 

the number of changes or terms of which each of 
these series consists be m, n and k respectively, 
then may the entire set of changes in the system 
be arranged in a continuous geometrical series 
with a common ratio t, as in the margin ; pro
vided we have 

Cs 
t · s - t" 

Ctk - 1
=

' . .  - . 

And also 
C 

Cr 
1 k 

= t ;SM- t - 1  

•.. r = Sin - 1 tk = Sm = f"m• 

If however ,ve had counterchanged the 
. A1 k - 1 A2values by making - = ct - = arn - 1 and so on, the'A2 A3 
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same value would have been obtained for Ai . It appears
A4 

therefore that to form a regular geometrical series of 
changes whose velocity ratio shall be t, the separate series of 

, , Al .A2c ange-va ues o 1h l f the ve oc1ty ratios - , - &c., must be 
A2 As 

so arranged that the common ratio of some one of these 
series must be t, and if there be k changes or terms in 
this series, then the common ratio of a second must be tk; 
also if this have m changes, the common ratio of a third 
set must be tkm, and so on. 

467. Ex. t .  Change-wheels are employed in lathes for 
cutting screws of any required pitch, and also in self-acting 
lathes. The diagran1, fig. 241, represents the general arrange
ment of this mechanism . 

.P 241 
i· 

4'.-1:=1���====�(/I 

1'V 

Ab is the spindle or mandrel of the lathe, to which is 
united in the usual way a cylindrical rod b a  upon which the 

.. screw is to be cut. Cc is a long screw revolving in bearings 
fixed to the frame of the lathe, and giving motion by means 
of the nut n to a sliding table or saddle upon which is clamped 
the pointed tool f, which is intended to cut the screw*. 

Every revolution of the screw Cc will therefore advance 
II the tool through the space of one pitch, and if the spindle 

Aa revolve with the same velocity as the screw, the tool will 
trace upon the surface of ba a screw exactly of the same 

:I • This construction of a screw-cutting engine was first employed, I believe, 
:I by Ramsden, and is at present universally followed. Vide Desc. of the Engine 

for dividing Math. Inst. by Ramsden • 

,.., 
II 
;_,;

!!II 
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pitch as Cc. But if .A.a revolve with a less velocity than 
the screw, ba will have a greater pitch. 

If .A a and Cc be connected by a set of change-,vheels P, 

S, as in fig. 239, ,ve can, by properly choosing the numbers 
of these wheels, obtain any desired pitch for the screw ba. 

B is an intermediate axis supported by a slit piece as in 
fig. 239, and either carrying an idle-wheel or two additional 
change-wheels Q and R. The pitch of screws is cotnmonly 
defined by stating the number of threads in an inch. Let the 
screw Cc have 'Ii threads in the inch. Then one turn of Cc 

inchadvances the tool through the space of--, and one turn of n 
.A a advances the tool through the space which corresponds to 
�! turns of Cc, that is, through :! inches. The pitch 
of the screw .A. a is therefore �8; threads in the inch. Thus 
by providing the proper change-wheels, a screw of any required 
pitch can be cut. The pitches usually cut upon these 
lathes extend from about four to fifty threads in the inch, 
and a set of twenty change-wheels will be generally sufficient, 
to supply all the values required for �! These should be . 
arranged in a table, and the wheels corresponding to each 
written opposite to them, to save the trouble of computation
during the work. 

468. If the apparatus, fig. 241, is used for turning
cylinders instead of for cutting screws, the arrangen1ent will 
not essentially differ, for the motion by which a tool traces 
a cylinder is precisely the same as when it cuts a screw, 
only that the spiral thread is much closer. In a lathe for turn
ing, the number of cuts will be from 50 to1000 in an inch. 

In computing the change-wheels for this purpose, we may 
employ the principle of Art. 466, as in the following Example. 
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469. Ex. 2. Let it be required to compute a set of 
change-,vheels for a self-acting turning lathe, that shall have 
a choice of twelve different pitches for the cuts, varying 
from about 50 to 1000 in the inch. 

The motion to be produced in the tool f is very slow, 
and an endless screw may be therefore substituted for the 
wheel P, and as this ,vill place the axis B at right angles 
to Cc, the wheels R and S must be bevil wheels. 

Let the screw Cc have 9 threads to the inch, therefore 
n = 9, and P = 1 ,  being an endless screw, therefore the 
number of cuts in the inch = g .  Q. S .

R 
This quantity by the conditions of the problem is to have 

twelve values, forming a geometrical series of which the first 
and last terms are 50 and 1000, and therefore the common 

. 1000 1\ratio = t = ( ) = 
l120 b 1 = 1.313 . h y ogar1t ms. 

50 

By Art. 466, it appears that if we give to Q four values, 
and to R 

s three values, these sets must each form a geo-
metrical series, of which if the common ratio of the :first 
= t = 1.813, that of the second must = t4 

= 2.972, = 3 very
nearly.

Let the intermediate change of S be made by employing R 

two equal wheels, then the three values of ! will stand thus, 
� ,1, 3, and the same pair of wheels will serve for the two 
extreme values by merely reversing their positions as driver 

20 40 60and follo\ver ; thus - , - , - , may be the three values
60 40 20 

of S, which are obtained by four wheels only.
R 

3 
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Geometrical 
Series. 

1000 
761.6 
580.

i
' ' 
; 
' 441,7 

336.4
i 
l 
i 256.2 

195.1 
148.6 

I 
f 

i.'
t 1 13.2 
j
. ,. 

86.2
65.6
50 

The geometrical series of values 
' 

-s 
Q R 

7
328 1 60\ -2 1  \ 20 
16  

37 
28 40 -21 40 
16  ' 

28 20
' -2 1  60 . 

16 

. 1 

Cuts in 
the Inch. 

' [ 

999 .
756 

l 

567 
432 

: ' 

333 

252 
. 189 
144 

111 

84 
63 

48 

of 9 . Q . S being
R 

' 

' 
1· obtained, as in the first column of the table, we have for 

the four middle terms ! = 1 ,  and therefore the values of 

Q, that is, the numbers of teeth of the endless scre,v-wheels .\
., 

,vill be obtained by dividing these terms by nine and taking 
. 
'-t 
, the nearest whole numbers, by which we get 37, 28, 21, 16 *. 

The difference between the last column of the table and the 
first is occasioned by the necessary substitution of whole 
numbers for decimals in the teeth of the wheels. 

This system requires eight wheels for the twelve changes, 
but by a slightly different arrangement seven wheels n1ay be 
made to answer the same purpose. 

• 'I'hese numbers of teeth are the same as those of a lathe by Mr. Clements, 
Trans. Soc. Arts. Vol. 46. 
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Let three values be given to ·Q and four to :, then the 

common ratio of the values of Q being as before t = 1.313, 

that of the values of ! will now be t3 = 2.26, and these 

values may be obtained by four wheels thus, 
20 32 48 68 

•
68 ' 48 ' 32 ' 20 

Let the scre,v Cc have ten threads in the inch, then we easily 
find the numbers for the endless screw-wheel Q to be 29, 22, 

17, and the table for this second system will stand as fol
lows, employing only seven wheels, namely, two pair of 
bevil-wheels, and three screw-,vheels. 

Geometrical 

Series. 
s 

Q R 
Cuts in 

the Inch. 

1000 29 986 

761.6 
68 

22 • -
20 

748 

580 17 578 

441.7 29 435 

336.4 
48

22 -
32 

380 

256.2 17 255 

195.1 

148.6 

113.2 

29 · 
32 

22 · -
48 

17 

193 

147 

113 

86.2 29 · 85 

65.6 
20

22 > - 65 
68 

50 17 50 

' 
;, 470. Ex. 3. In large engineers' lathes for turning

metal the motion is derived from a shaft ,vhich revolves 
!! 
.. 

uniformly under the action of a steam-engine ;  but it is 



�; 

DETEltl\.flNATE CHANGES . 433 

. 
242necessary to have · ,the power 'F 

of changing the velocity of the A.
.---iimandrel of the lathe, to accom-

, ' modate the different diameters of 
the work, or the n1aterial of which 

t· 
it is composed. The usual arrange-

i,; ment . for this purpose is shewn in 
:Bthe diagram fig. 242. A a is the 

--• · 

shaft which is driven uniformly 
by the steam-engine, B b a second 

.. 
\ 

. shaft termed the counter-shaft .,: 

' 
j'. ' 
' Two pullies are fixed at F and two 

others opposite to them at G, and 
an endless band upon either pair K. 
will thus enable A.a to drive Bb. 
Cc is. the mandrel of the lathe, 

Mlupon which is fixed a toothed wheel 
I> 

P: a group of four or more 
,t. speed-pullies K runs loose upon 

the mandrel, but may be locked 
fast to the wheel P, at pleasure, by a .bolt f. 

Opposite to K a  similar group of speed-pullies is fixed 
at H to the counter-shaft B b, so that if K be locked fast to 

r
I the mandrel motion is given to the latter from the counter

shaft, by means of an endless band placed upon any pair 
of the speed..:pullies. But if the pullies K be loosed from 
the wheel P by withdrawing the bolt/, their motion is con
veyed to the mandrel ·by means of a pinion L which is 

t 
\, attached to the end of the speed-pullies. In this case the 
· 
t 
: :':..
� .. spindle D d is pushed endlong through a small space, so as,

. ,I• 
, 

to bring its toothed-wheel M into geer with L, and at the 
same time its pinion N into geer ,vith P, so that the mandrel 
and its wheel P now derive their motion from the shaft Dd 
which is turned by the speed-pullies. In this latter arrang� 

'· 28 

. ; 



.270 

434 ADJ'USTME'M'TS. 

ment the motion of the mandrel Cc is very much slower 
than that of the speed-pullies. 

In this system then we have two changes between A a 

and Bb, or two values of 
F 

* ;  four between Bb and the 
G 

speed-pullies K, or four values of ; ; and two changes be� 

tween the speed-pullies K and the mandrel ; that is unity 

and � ; making the total number of changes of the velo

city ratio between Aa and Cc equal to 2 x 4 x 2 = 16 ; and 
we may arrange them (by Art. 446) in a geometrical series 
whose common ratio is t. Thus let the common ratio of the 

series of four values of ; = t, and that of the two values of 
F . MP 

= t4, then will that of 
LN 

= t8.
G 

For example, let the shaft A a revolve at the rate of 
sixty turns in a minute, and let it be required that the 
mandrel Cc shall revolve from 2 to 270 in a minute. A 
geometrical series of sixteen terms of which 2 and 270 are 
the extremes, would have a common ratio of 

1 .38 = t;  •·. !1 = 3 .7, and t8 = 13.68. 
The diameters of the speed-pullies with the ratio of 1 . 38 

have been already obtained in Ex. I, Art. 465, and are 
9.6, 11  • 4, 13.  6, 15 .  4, and as the quick ratio between the 
speed-pullies and mandrel is unity, ,ve have, when the man
drel revolves at its extreme ratio of 270 in a minute, 

1 5 . 4  F= 
60 9 . 6  x G ;

F F.w ence - = 2 .  8 1s t . kh he qu1c. value of - , 
G G 

2 . 8  2 . 8  
and .its second value = - = - = . 75.

tl 
3 .7 

If the diameters of the pullies at F be 15in and 2sin , 
those at G must be 2oin and 1oin. 

• The letters of reference opposite to each group of change-wheels are here 
used to represent the pair which is in action. 
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Again, to find the numbers of the train of toothed 
wheels, we have 

MP 1868 2 .  82 . 19 
-- = 18 = 13 . 68 = · -- = --- .

52LN 100 

Now the pinions L and N ought not to have less than 
twelve leaves, and it appears from this fraction that they 
must be multiples of five, we may therefore give them fifl

k teen leaves each ; whence the convenient train 
MP 54 x 57 

= . 

LN 15 x 15 

The following table shews the result of these arrange.. 
ments. 

Geometric 
Series of 
Turns per 
min. of Cc. 

Values of 

H. K. 

Values of 

F. G. 

2 9.6 15.4 

2.8 11.4 18.6 
15 20 · 

3.B 13.6 11.4 train 

5.3 15.4 9.6 54 X 57 

] 5  X 15 

employed.
10.3 11.4 13.6 

28 10 · 
14.2 13.6 1 1  .4 

7.4 9.6 15.4 

15.4 9.6 

27.4 9.6 15.4 

37-9 11.4 13.6 
15 20 

52.6 13.6 11.4 

73. 15.4 9.6 pullies K 

bolted to 

101.2 g.6 15.4 mandrel. 

140.4 1 1.4 13.6 
' 28 10 .194-7 13.6 11 .4 

270. 15.4 

28-� 

__.....,... ... .. .  , ,  . 
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471. In adjusting trains upon these principles it must 
be remarked, that for a given series of velocity ratios between 
the extreme axes, the total number of separate changes will 
be the least when the number of changes allotted to the com
ponent series are equal, or m = n = k (Art. 466). But the 
nature of the mechanism will not always allow of this with 
convenience. For example, since the ratios of the component 
geometrical series are necessarily each greater than the pre
vious one in order, as t, t", tk"'-, &c . • • .  ; it appears that the 
differences of value in the radii of the pullies or wheels of the 
:first set is much less than in those of the succeeding ones, 
and therefore it may be better to assign a greater number of 
change values tb that series whose common ratio is the 
smallest, or t ;  although by so doing the last ratio tk,n is 
increased, because a group of speed-pullies will always 
readily. .supply a series of values provided their commo� ratio 
is not too great. Indeed, the values of the separate common 
ratios would be diminished by assigning a greater number of 
changes to that series whose con11non ratio is tkm ; that is, by 
giving a higher value to n ,vhich does not enter into the 
common ratios, than to k and m which do ; thus in the last 
example, the respective values of k, m, n, are 4, �, 2 ; if we 
take for these, 2, 2, 4 ;  we obtain t = 1.38, t2 = 1.904, t4 = 3.1, 
which avoids the great common ratio 13.68, but here the 
ratio 3. 7 is too gt·eat for a set of four speed-pullies. 

Again, if the respective values of k, m, n were made 
3, 3, 2, the number of component changes would be the same 
as before, that is, 3 + 3 + 2 = 8, but the total number of 
changes would be increased to 8 x 3 x 2 = 18, and the com

9mon ratios would be ·t = l.33, t3 = 2.37, t = 13.42, so that by 
putting three pair of speed-pullies at F, G, and three at H, 

K, with the common ratios of 2.37 and 1.33 two more changes 
are added to the system without increasing the number of 
speed-pulli�s, and the great ratio 13.42 rather lessened. 
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DETERMINATE CHANGES. 

However, it is plain that the nature of the mechanisn1 that 
admits of being conveniently employed and the amount of 
changes required must always be taken into account in every 
particular case, and a number of different trains- calculated 
to choose from. When change-wheels are employed, as in 
Art. 459, their number may sometimes be reduced by com
puting their teeth upon the principles of Art. 464, which 
plainly apply as well to tooth-numbers as to the diameters 
of speed�pullies. Thus every pair of the series is used 
twice, since every two terms equidistant from the ends. are 
the inverse of each other. 

472. In link-work adjustments are very simply made.
by drilling holes in the arms and shifting the joint-pin&. 
from one to another, or . by more elaborate constructive 
devices for altering the efficient lengths of the arms of the . 
links; the details ·  of which do not fall within the plan of 
our present work. 

• 

' " 

· 
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