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INTRODUCTION.

' HE Plough is an inftrument of

fuch importance in agriculture,
that, in all ages, it has held the firlt
place among the implements of that
art ; nor is there any nation mentioned
in hitory, who have attempted to cul-
tivate the ground without it, except-
ing fome Barbarians, deftitute of every
art and fcience. And even thefe have
ufed fomething equivalent, fome turn-
ing up the ground with the horns of
oxen, and fome with other things equal-
ly unfit. Thefe rude and barbarous at-
tempts only fhow the great ufefulnefs
of the inftrument of which I propofe

to treat.
A Though




- INTRODYCT EG N

Though many of the ancient nations
underftood agriculture very well, and
had invented ploughs of different forms,
all of them feem to be inferior to fome
of thofe lately introduced among us.
Although the ancients had made great
progrefs in the arts of life, their know-
ledge of mechanics was more imper-
fect, and lefs diffufed, than among us,
and therefore their improvemerts will
not bear a comparifon with thofe which
have taken place within thefe two laft
centuries.

It 1s fomewhat ftrange, that, amidft
all the improvements which have been
made during this period, the plough
fhould have remained almoft in the
fame ftate, till within thefe laft fifty

vears. The truth is, that it has been

neglected

il




INCERIODUCTIONT o=
neglected by thofe perfons who haye
turned their attention to machines, as
a rude tool, unworthy of their atten-
tion.  Such perfons imagined that any
thing could do for the clum{y operation
of turning up the ground, and that
there could be no nicety in a work
which was fuccefsfully performed by
the ignorant peafants. Other perfons
have imagined, that it is impofiible to
explain the principles by which the
plough performs its work. If this be
true, we muft act at random in making
this important inftrument, without
knowing whether we are right or
wrong, except by the event; and if
the plough fhould not anfwer our pur-
pole, our attempts to amend it muft be
without rule, and as liable to error as

before,

BULE;‘.




v INT RODUCTION-

Both thefe opinions are very erronc-
ous, and the maintaining them would
be produdtive of very bad confequen-
ces, by checking the improvement of
agriculture: For, although our know-
ledge of the nature of plants, and of
the manner of promoting their growth,
fhould improve ever fo much, and the
hufbandman {hould know, that, if his
ground were fo and fo drefled, his
crops would be improved, yet, if the
imperfection of the plough be fo great,
that this drefling cannot be given with-
out a very great expence, the know-
ledge of the hufbandman is rendered
almoft ufelefs.

The plough is fo far from being a rude
and defpifable tool, that it is a machine
of very ingenious contrivance, even in

the
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the rudeft form in which it appears in

this country. Several circumftances in
the conftruction, even of our oldeft
ploughs, are far from being obvious, and
yet the neglect of them would have
rendered the ploughs much lefs fit for
their work than they are. The circum-
ftances, upon which the goodnefs of
a plough depends, are both many, and
difficult to be difcovered; and it re-
quires beth great ingenuity and great
experience to determine that form of a
plough which will enable it to perform
its work in the beft manner, and with
the leaft labour poflible. So that, whe-
ther we confider the importance of the
plough, or the great nicety of its con-
ftruion, it is a {ubject very fit for ex-
ercifing the genius of the moft eminent

mechanics




vi INTRODUCTION.
mechanics and philofophers in Europe,
On the other hand, this is not a tafk
which exceeds the powers of our un-
derftanding ; and it is not impoflible to
explain the principles upon which the
plough facts in performing its work :
and, confequently, to determine that
form which fhall do this in the beft
manner.  Let the hufbandmen once be
agreed as to the ftate in which the
ground fhould be left by the plough,
The tafk which it is to perform is now
a fixed thing, and there muft be one
manner of performing it, which is bet-
ter than any other. Now, it is certain
that a plough may be made which fhall
perform a tafk in any manner what-

cver, and therefore in this beft man-

ner.,
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It would be great prefumption in me,
it I thould pretend to give perfet in-
ftruction in a fubje@ which I have faid
is fit for exercifing the greateft genius.
My fituation in life has deprived me of

nany advantages of theoretical learn-
ing.

But, on the other hand, it has given
me a good deal of experience, both as
a hufbandman, and an artificer. ‘This
advantage appears to me confiderable,
and not very common, and has engaged
th¢ to turn my attention to the improve-
ment of the plough more than many o-
thers of my profeflion. Some of my
views were much approved of by gen-
tlemen of great judgement and experi-
ence, which cncouraged me to beftow
T more attention upon the fubjeét,

and




v ENTRODEUCTION:

and to put immediately in praciice e-
very alteration which I thought would
be an improvement. It is to fuch en-
couragements, and the opportunities
thereby given mie for improving my
ploughs, that I am indebted for the
good character which they have given
me, both in this neighbourhood and at
a diftance.

The fame gentlemen who have en-
couraged my attempts to improve the
plough, have alfo flatctered me with the
hopes that T would do a fervice to foci-
ety, if I {hould make public my notions
upon this fubject. Thave therefore fet
them forth, fuch as they are, with fome
degree of truft that my fentiments will
be found pretty juft, and with almoft a
certain confidence, that ploughs, made

acC-
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FNEI R ODUCTION. ix
according to the diretions which I have
given, will be found to perform their
work in an agreeable manner. If any
perfon of {kill fhall think it worth his
while to corret any miftakes into
which I have fallen, he will deferve
well of the Public, and will have my
particular thanks for the opportunity
which he will thereby give me of im-
proving in my profeflion. The chief
merit which I claim in the following
{heets is this, that I have given directions
by which any fenfible workman may
be enabled to make a plough on my
principles, without being reduced to the
neceflity of copying, and that thofe di-
rections are fuch as will enable him to
make a plough on any principles what-
ever. All that is neceflary to be known

B 15
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is the ftate in which the ground is to be
left by the plough. My directions en-
able the workman to make a plough
which fhall leave it in that {tate. So
that, whether my principles are good or
not, my directions for making a plough
lofe nothing of their value.

I hope that a candid and good na-
rured Public will receive, with indul-
gence, my endeavours to be ufeful, and
will pardon thofe defects which arife

either from my fitnation, or from my

want of talents. I am too f{enfible of

the refpect which is due to the Public,

to be wanting in care and attention.
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Of the Adtion of a Plough

1n gcneml.

N ploughing three things are per-

formed. A flice of earth is cut off
from the general mafs. This flice is
removed fome inches to one fide. Itis
fo turned, that it may expofe a new
furface to the air, and that what was
formerly uppermoft may now be buri-
ed, To the performance of thele
things, the conftruction of the plough
muft be adapted, and the work muit be
performed with as little labour to the
cattle, and to the ploughman, as pof-
{ible ; and the ploughman muft have it
in his power to vary at pleafure the
depth, wideth, and pofition of the fur-

FOW,




12 Aéion of the plough in geicral.
row. Thefirft of thefe aftions is per-
formed by the coulter, the fecond and
third by the fock and mouldboard
jointly. Thefe are to be confidered in
order.

Of- the Coulter.

The coulter muft be confidered as a
cutting inftrument, oppofed to great
and varions refiftances. It muft be
fharp, that it may cut the more eafily,
and ftrong, that it may not be broken or
bent. Thefe properties cannot be unit-
ed, unlefs it is thin and broad. The
giving it great ftrength, by means of
great thicknefs, expofes it to more re-
{iftance than is neceflary ; whereas, in-
creafing the breadth of the coulter di-
minifhes the refiftance; by making it a

ﬂmrgcr wedge,

The
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Of the Coulter. I3
The dimenfions of the coulter may
be as follows: An eighth of an inch
thicknefs at the edge, and an inch thick
at the back, for a three horfe plough,
or feven-eighths for a two horfe plough,
The web may Dbe three inches broad at
the broadeft, and taper from a foot
down all the way to the point, The
thicknels of the back may taper alfo.
The length is about twenty inches. It
may have a little rounding on the fur-
row {ide, from the edge to the middle,
and fhould be flat on the land fide.
The operation of the coulter depends
greatly upon its pofition. The plough
may be confidered as a fort of wedge,
employed to remove the earth both from
the land fide and from the bottom of

the furrow. The land fide and bottom

i
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14 Of the Coulter.

of the furrow, are, each of them, to be
kept ftraight. This circumftance, as
we fhall fee more fully afterwards, re-
quire that the land fide and fole of the
plongh be plane furfaces. The coul-
ter therefore muft be placed in the
plane of the land fide of the plough.
By this means, the cut which it makes
forms the land fide of the furrow, to
which the plough is afterwards prefled,
by the refiftance adting upon the fur-
row fide of the fock and mouldboard.
For the fame reafon, it appears proper
to me, that the land fide of the coulter
fhould be in the plane of theland fide of
the plough, and that its whole thicknefs
fhouid be en the furrow fide. When
the plane of the coulter has any other
pofition, there will always be a force

:_1.&in o
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Of the Coulter. 5
acting on the plough, tending to
change its direction.  This muft be op-
poled by the continual influence of the
ploughman, or by the form of fome o-
ther part of the plough, which fhall
give it a contrary tendency. The firft
method is evidently improper. The fe-
cond is no lefs” {fo, becaufe, though
thefe contrary tendencies may balance
each other, they both increafe the la-
bour of the cattle. It may be objefted
to this reafoning, that by making the
land fide of the coulter in the fame
plane with the land fide of the plough,
or parallel to it, the coulter itfelf will
be prefled in towards the land, by the
refiftance of its furrow fide. This is
true, but is, in general, compenfated
by the firmnefs of the ground on the

land




i6 Of the Conlter.
land fide: 'When the edge of the coul-
ter ftrikes a ftone directly, the ftone, al-
though driven ftraight forward, moves
to the furrow {ide, where it is leaft re-
{ifted. But if the coulter has its edge
exactly in the middle of its thicknefs,
and ftrikes a ftone with its land f{ide,
the plough muft be thrown from the
land, becaufe the ftone cannot be pref-
fed much farther into the firm ground.
in fitting the coulter into the beam,
the mortife muft be made parallel to the
plane in which the plough moves, and
ot pointing to the furrow fide, asis
much practifed; for this practice al-
ways gives the plough a tendency to
turn off from the land. The pofition
vhich I here recommend for the edge

of the coulter, caufes it to co-operate

h'i?
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Of the Coulters 17
with the fock and mould-board, in re-
moving the earth, which is an advan-
tuge not to be defpiied.

The lofs fuflained by the wrong po-
fition of the coulter, does not very fen-
{ibly appear in a plough which is drawn
by the beam, projecting fo much before
it ; but would be very diftinctly fele, if
the draft chain were faftened to the
coulter itfelf. In this cafe, it would be
found that it will be hardly poflible
to keep it in its proper direction.

Another thing to be taken notice of
with refpect to the pofition of the coul-
ter, 1s its rake, or inclination forwards.
It would feem, at firft fight, that the
edge of the coulter fhould be upright ;
but experience, perhaps without any
principle, has direfted us to point it

C forward




18 Of the Coulter.

forward below. Some principles are,
in this cafe, perfectly conformable to ex-
perience. In the firft place, the incli-
nation of the coulter makes it cut the
earth more eafily ; for, it is well known,
that, in all operations with cutting in-
{firuments, the work is more cafily per-
formed when the edge of the inftrument
is placed oblique to the dire@ion of jts
motion. I cannot give a better in-
ftance, than the operation of fhaving,
where the refiftances in the different
pofitions of the edge of the rafor are
moft eafily diftinguifhed. Some think,
that a lofs is fuftained by the point of
the coulter cutting the furrow (o much
below, before it is cut above. But it may
be ealily fhown to fuch perlons, that no
lofs is fuftained ; but, on the contrary,

a
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Of the Coulter. g
a real advantage is gained. When the
point of the coulter projects much be-
low, it cuats the ground partly upwards,
in which direftion its cohefion is moft
cafily evercome. Aifo, when the coul-
ter comes to tough roots, which it does
not cut at the firft touch, it prefles for-
ward below them, ftrains, and tears
them with the increafed force of a
wedge, and at laft breaks them, with
much greater eafe than if its edge
were upright. By this means too
a very tough root is made to flide up
along the coulter, till it comes to that
part of its edge, which is not much em-
ployed in cutting the furrow, and is
therefore tharper than the reft. Thus,
the roots being cut by different parts of

the coulter, as they differ in ftrength,
and




20 Of the Coulter.

and being, in general, thrown up to its
top, the coulter is cleared of them in
that part chiefly employed in cutting
the furrow.

But if the edge of the coulter were
perpendicular, it would carry along
with it the roots which it does not cut,
which would greatly increafe the refif-
tance which it meets with, and would
frequently choke the plough, and ftop
its motion. In like manner, when the
coulter comes to a flone, it makes it
rife upwards, in which diretion it is
more eafily moved ; whereas, if the
edge were perpendicular, it behoved to
force it ftraight forward.

Another advantage attending this in-
clination of the coulter, is, that it tends

to keep the plough in the ground,

That
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Of the Coulter . oF
That fome force is neceflary for this
purpofe will eafily appear. In the man-
ner in which cattle are commonly
yoked, the line of draught makes an
angle of about 24 dcgreeslwith the fole
of the plough, or bottom of the fur-
row, The tendency of the draunght
therefore, is always to pull the plough
out of the ground ; and if the edge of
the coulter were upright, it would give
no oppofition to this tendency. Nay,
even if the coulter were pointed 24 de-
grees forward, it would not have any
effect. It muft therefore project flill
more, in order that the refiftance upon
its upper edge may co-operate with the
reft of the plough, in oppoling this ge-
neral effect of the afcent of the line of
draught,  This additional projection

of




54 Of the Coulter.

of the coulter is the more neceffary, fo
the purpofe of keeping the plough in
the ground; becaufe, as we f(hall {ee
afterwards, there are other circumftan-
ees which alfo tend to throw the plough
out of the ground.

I would therefore fecommcnd an in-
clination, or rake, of about 45 degrees,
as the moft proper, and the moft con-
ducive, to all the good purpofes hither-
to mentioned. The propriety of this
pofition will be illuftrated by confider-
ing figure 1ft. Let A H reprefent the
line of draught, making an angle of 24
degrees, with L M, the bottom of the
furrow. This line of draught is fup-
poled to pafs through the centre of
effort of the plough. Let it cut the
adge of the coulter in N. This point

wil]
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Of the Coulter. 27
will be found to be about 4 or 5 inches
from the bottom of the furrow, though
N draw C D perpendicular to A H 1.
Then, if the edge E F of the coulter
makes an angle of about 45 degrees
with L M, it will make an angle of a-
bout 20 degrees with C D, There be-
ing nearly the {anye quantity of earth
cut by the part below N, as there is cut
by the part above N, the coulter will
be equally prefled on each fide of the
line of draught, and will, in this re-
fpect, have no tendency to turn the
plough out of the ground, nor into it.
This pofition will therefore be the moft
proper, when the fock is at the longeft,
and will admit of being changed, fo as
to bring the point of the coulter near

~fhcibck;'whenthbis[honfn'whﬂe

the
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24 Of the Coulters

the fock is of fuch a length as to make
+he conlter more inclined than CD, the
coulter will always help to keep thie

plough in the ground.

"The next thing to be confidered 1t
the pofition of the coulter, refpects its
fitnefs for clearing, or freeing, the part
of the plough which follows it in the
furrow:

The defe@s of the common form of
tlie land fide of the plough, and of the
pofition of the coulter correfponding to
it, are very fenfible, both when we ufe
the long practifed fpear fock, and plain
mouldboard ; and alfo when we ufe
the more modern feathered fock, and
curved mouldboard.” Thefe defects
have been diftin@ly feen by the actual
comparifon with a plough of a more

per-
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Of the Coulter. 25

perfect conflruction, and may be fuf-
ficiently underftood, by attending to the
defcription which will now be given
of this improved plough.

The plough, as has been already ob-
ferved, may be confidered partly as a
cutting inftrument, of which the coul-
ter forms the edoe. It is not employed
in cutting the earth, and {eparating it
on both fides, in which cafe it would
rather refemble a cleaving inftrument ;
but it is employed in cutting a finall
flice from the firm ground, on the left
hand, and removing it to a certain di(-
tance to the right hand. The chief re-
fiftance being therefore exerted on the
furrow f{ide of the plough, the plough
is prefled to the firm ground on the left
hand. By this means the land fide of

D f;i’.':




26 Of the Coulicr.

the plough becomes the director of its
motion, and therefore, in the perfect
itate of the inftrument, thould perform
no other part of the work. This con-
fideration fhows at once that the land
fide of a plough fhould be a flat or
plane {urface. If it has any other form,
being {trongly prefled to the firm
ground, its projecting parts muft {ink
into it, and the plough cannot advance
without continualily tearing off the earth
with its projecting parts ; which earthr
muft tumble in between the coulter and
{heath, or into any hollow in the land
fide of the plough, and, collefting gra-
dually there, will both obftruct its mo-
tion, and turn it from the land. Here,
without any further argument, appears
the great” imperfection of the Scotch

plough

e — T ——



Of the Coulter. 29
piough, as ufually made; and the ad-
vantage which muft attend the cover-
ing the hollow between the head, fheath,
and ftile, with boards, to reduce it to a
flat furface.

In the next place, this flat furface,
which forms the land fide of the plough,
muft be in the dire@ion of the plough’s
motion ; that is to fay, a ftraight line,
drawn from the heel of the plough to
the point to which the cattie are yoked,
muft touch the land fide of the plough.
If the furface of the land fide of the
plough, and the edge of the coulter,
points to the right hand of the fore end
of the beam, the plough will be thrown
continually from the land; by the refif:
tance which it meets with on that fide,
the contrary effect will be produced if

this




28 Of ithe Coulter.
this {urface points to the left of the fore
end of the beam: but when the land fide
of the plough, and the line of draught
are in the fame plane, the plough will
go f{moothly and fteadily, without any
effort of the ploughman.

This confideration leads us toattend
a little to the form of the beam. The
mortile, for receiving the coulter, muft
be in the middle of the thicknefs of the
beam, in order to give the greateft
ftrength, The fame may be faid of the
mortife in the ftilt for receiving the
beam. The coulter muft be {et to the
left of the land f{ide of the plough, near-

ly the thicknefs of its back, by which

means the earth, which is pufhed a little

to the right hand by the thicknefs of

the coulter, will be received on the edge
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Of the Couiter, 26
of the fheath and mould-board. Thefe
conditions cannot be obtained, if the
beam is equally tapered on the land and
furrow f{ides, as is ufually pradtifed.
For, in this cafe, the coulter will have
its upper part removed to the right hand
of the land fide of the plough by half
the thicknefs of the beam. This is ac-
cordingly the cafe in the ufual conftruc-
tion of the plough; and this defe is
attempted to be remedied, by placing
the plane of the coulter, not upright,
but pointing with its lower end to the
land, and projecting beyond the land
fide of the plough near five inches, as
in fig. 3, 4, and g. which reprefent a
crofs fection of the plough at the heel,
feen from the point of the beam. I
fhall firft defcribe the conftruéion,

which




30 Of the Coulter,

which appears to me to be the moft
proper, and then fhow its advantages,
by comparing it with the common form.

The beam fhould be 4% or 4% thick
between the coulter-hole, and the hin-
dermoft fide of the fheath, and it fhould
be 43 or 5 deep at the fame place. At
the fore end, the thicknefs {hould be
23, and the depth 3. It may have a
curve of 6 inches up and down, which
the ploughmen call the redde of the
plough.

Inftead of tapering the beam equally
atr both fides from the place of the coul-
ter, as reprefented in fig. 2. No. 2. I
make the beam ftraight on the furrow-
fide, as in fig. 2. No. 1. and taper it
only on the land fide, both ways from

the place of the coulter. The taper

backwards
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Of the Coulzer. 31
backwards to the hindermoft fide of
the fheath, fhould be fuch, that, when a
ruler is laid to the fide in that place,
it will proje@ 2% inches to the left of
the fore end of the beam. A B in this
figure is the plane of the land fide of
the plough, which, by this way of ta-
pering; pafles very near the middle of
the thickeft part of the beam. By this
method, the coulter-mortife is brought
over to the land fide, half of the taper
given to the beam: But as this is not
fufficient for bringing the coulter into
the pofition formerly recommended, I
give the coulter a knee, or fet of 2 inch-
es, as reprefented in fig. 5. Thus, the
coulter may be fet {o as to make it cut
in the beft manner, and yet be in the

middle of the beam. The fheath is alfo

nortifed
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mortifed nearly into the middle of tlie
beam, but has a fhoulder to the land
fide of £ an inch. This makes the land
{ide of the fheath juft touch the line ADB
(fig. 2. No. 1.) drawn from the land
fide of the fore end of the beam to the
land fide of its other end, and thus the
land fidesof the fore end of the beam;,
of the fheath, and of the ftilt, are all in
one plane furface. This caufes the coul-
ter to clear completely the part of the
plough which follows it in the furrow.
But when the beam is made in the ufual
manner, as in fig. 2. No. 2. the coul-
ter does not clear the plough in all the
parts of the land fide. For, in this cale,
the line OK (fig. 4.) will reprefent the
land fide of the fheath, mortifed into the
middle of the beam, and N K will repre-

{fent
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Of the Coulter. 32
{ent the land fide of'the ftilt, (the point
N of fig. 4. correfponding with V in
fig. 2. No. 2.) and the angle OK N will
be the twift of the land fide of the
plough, (the fpace ON being about 1%
inches,) by which it appears, that the
land fide of this plough will point to the
right of the fore end of the beam, which
give the plough a tendency to quit
the land, or to turn into the furrow.
In this conftruétion, the coulter, being
put {lanting into the beam, {o as to pro-
ject to the land fide about 5 inches be-
low, does not clear the plough equally
in all its parts. For the plane of the
coulter interfects the plane of the fheath
about 2% inches below the beam, and
the plane of the ftilc much lower. By
this means, although the lower part of

E the
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3

I-'i.
the plough is more than fufficiently
cleared, the upper part is not cleared
at all.  Accordingly, it may be obfer- 1
ved, thatin ploughs of this conftrution,
the upper part of the plateing on the
1' x > = e =1 ny - o T < ! ‘- -
land fide 1s more worn away than the
-! - I '1 3 F T ﬁ. 1 -’__\ -
lower, although it movesin loofer earth.
It is firongly prefled to the firm land,
while the parts near the fole do not
touch it, or touch it after the upper
parts have been bruifed together.

All thefe circumftances confidered to-
gether, fhow that a plough of this con-

ftruftion isin a ftate of continual twift-

ing, by the very unequal preflure of

its different partsto theland. This muft !

be varied by changing the pofition of |
the coulter, {o as to point its lower end

more or lefs to the land; whereas, by

making
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"{[ the Coulter. 25
making the land fide of the plough in
the diretion of its motion, it is kept e-

qually prefied in all its parts, and there-

fore finks lefs in any one part, which
:makes it more fteady in .its motion, and
amore eafily drawn, and the coulter, be-

ing kneed and placed as directed, frees

the plough completely and equally in

all its parts.

This may be further illuftrated by
fig. 6. which is adapted to a plough
conftructed asin fig. 4.

MN is a line drawn through the
very point of the coulter, and hinder-

moft end of the land fide. HP isa

line drawn through the edge of the

coulter, and hindermoft end of the
land fide, one foot up from the fole,

and N R is the line which is parallel

o
e L
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to the direction of the plough’s motion
at a medium. The other two, HP and
M N, are nearly equidiftant on each fide
of N R. Now, although this is the line
which ought to be in the direttion of
the plough’s motion at all times, 1t can-
not be fo in this conftruction, except at
one particular depth, becaufe, with eve-
ry different depth of furrow, the plough
makes different degrees of land, on ac-
count of the coulter projecting oblique-
ly to the land fide.

Thefe defets of the common con-
ftrucion are {fometimes not obferved,
on account of other defets of the in-
ftrument, and they are thought to be
compenfated by the greater quantity
of work which the plough feéems to per-
form, by having the coulter turned fo

much
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frf the Counlter. 37
much to the land. But this 15 a deceit,

he quantity of real work is not in-

crealed by this pofition of the coulter.
For, by the point of the coulter being
{o much to the land fide of the fock, a
good part of the {lice cut by the coul-
ter is not raifed by the fock, but 13
broken on the corner of the fock and
theath, and, falling in between the
coulter and fock, obftructs the motion
of the plough, and even throws it out
of the ground. This obftruction is moft
diftinctly perceived in the plough with
a feathered fock. The furrow flrikes
on the land fide of the fock, at its firft
rife, when it would, at any rate, prefs
moft upon what is below it. Alfo, by
this prefling on the land fide, both of
the fpear and feather fock, it tends to

tarn
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turn them to the furrow, and thus the
ploughis expofedto two contrary ftrains,
the coulter turning it to the land, and
the fock turning it to the furrow. Al-
though thefe ftrains may be made to
balance each other, they caufe an ad-
ditional refiftance to the plough, and
labour tothe cattle. Alfo, when the
{pace between the points of the coulter
and fock is confiderable, no roots which
are between them can be cut by the fea-
ther, but they muft be torn by the clod,
or left behind. There is alfo a plece
of the ground, at the corner of each
furrow-flice, which, not being cut, is
broken off, and not raifed up, and this
is the corner, which it is moft neceflary

to raife, being the new foil. It fre-

quently happens too, that, by not cut-

ting

i

———

i)

M

LJJC'I'




s the
ins,

and

L ad-
and
the

tlter

1ch
fea-
2Jod,
nece

each

this

Tary

fre-

cut-

(ng
e’

Of the Coulrer. 39

.
ting this patt of the ground, the fur-
row is not raifed at all, nor turned
over, but left jumbled in confufion.
And, /aftly, this pofition of the coulter
and land fide is very unfit for regula-
ting the motion of the plough. When
the {oil is ploughed deep, this is not fo
diftinctly perceived, by reafon of the
loofe earth which tumbles in between
the coulter and fock, and {ferves to fill
up the vacancy between the corner of
the fole and the firm ground. But,
in ploughing a fhallow foil, it is very
evident. The only parts of the plough
which prefs on the firm ground, are the
coulter, and hindermoft part of the
tand fide; and the fmalleft refiftance on
the furrow fide of the coulter is {uflici-
ent to turn it to the land.

All
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All thele inconveniencies feem to be
removed in the conftruction here re-
commended. The point . of-thie coul-
ter is placed about two or three inches
before the point of the fock, and with-
in half an inch or an inch of the
plane of the {ole, and the edge, with-
the land fide, projects about half an
inch or an inch beyond the land fide
of the plough; fo that the coulter is
about as much beyond the plane of
the land fide, as the point of the fock
is below the plane of the fole.

This conftrution was not relifhed
by fome perfons who had been accuf-
romed to the common form ; but, when
tried, appeared as much preferable as

I have defcribed it.  In this conftruc-
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Of the Coulter. 41
before the fock, caufes it to cut the fur-
row {o much the more forward, before it
is raifed by the back of the fock ; but, by
the great inclination of the coulter, the
furrow is not {o thuch cut above when
it begins to rife on the fock, as its for-
ward pofition would make one expet.
The furrow is therefore foorneft cut in
the very place wliere it is to be fooneft
raifed. If the coulter were placed as
much behind the fock as it is here ad-
vanced before it; the ground would be
raifed before it is cut, which would in-
creafe the labour of the cattle, by cauf-
ing a f{horter, or more fudden turn of
the furrow. But here, the furrow be-
ing cut at fome diftance before the
{ock, 1s more eafily turned, or twifted

by it.
F It
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[t has been faid, that the coulter thus
far advanced before the fock, ismore
apt to ftrike on a {tone, without hav-
ing any fupport from the fock, which,
in this cafe, receives no part of the
fhock, and then the coulter is more li-
able to be bent out of its pofition. But,
in compenfation of this, it may be ob-
ferved, that although the coulter is thus
more liable to-be bent, it does not tend
fo much to break the plough, which will
endure more firain from a ftroke on the
coulter than from a ftroke on the fock.
Befides, when the coulter is no more
advanced than- the fock, and placed at
the ufual diftance on the land {ide, it is
as liable to be hit by a ftone, asiin the

conftru@ion. now recommended, and

has no {upport from the fock, and the
fock
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Of the Coulter. 473
dock may, at the fame time, receive 2
fhock from the fame, or another ftone.
The chance of thefe fhocks is therefore
double ; and if the flone is firuck by
both at once, it is not turned afide, as
it would be if flruck only by one of
them, but muft be carried forward be-
fore the plough, through the firm
ground. For all thefe reafons, the con-
{truction is flill preferable; but, as the
coulter is liable to thefe fhocks, I have
ftrengthened it by a ftay of iron, repre-
{ented by HF, fig. 1. This is on the
Jand fide of the coulter, and turns on a
bolt through the coulter at F, and pafles
through the eye of a bolt I, which paf:
{es through the beam. The upper part,
H I of the ftay is {crewed, and the nut

which turns on it fupports the ftay, and

'
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44 Of the Coulter.

enables us to raife or lower the coulter
at pieafure. This {tay alfo produces
another good effec, by preventng the
flubble from being prefled up into the
angle formed by the coulter and beam,
from which it is very troublefome to
diflodge it. I may here obferve, that it
is not a good pradtice for the plough-
man to pufh the ftubble which gathers
on the plough to the furrow fide. It
fhould be pufhed to the land fide, fo
that it would fall into the track of the
plough, and be buried; whereas, by
puthing it to the furrow fide, it is apt
to lye above. It is alfo eafier for the
ploughman, with his right hand, to
pufh it to the land fide.

Ou the whole, this pofition of the

coulter, a little to the left of the land
fide
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Of the Coulter. 45
fide of the plough, and parallel to it,
caufes the coulter, by its thicknefs be-
hind, to bring the furrow exactly on
the edge of the fheath and mouldboard.
No earth falls in between the plough
and firm land in wet or loofe foils;
none ftrikes on the edge of the fheath
and mouldboard in hard foils, but the
furrow flice takes a regular rife, with
its corner right with the land fide of
the fock. No roots can pafs between
the coulter and fock without being cut,
and the corner is kept in the furrow,
and turned up. And, /a/t/y, the whole
land fide of the plough being equally
prefled to the firm ground, the preflure
on no part is very great, and the
plough is prevented from ruaning in-
to the firm ground by any fudden

ftrain on the oppofite fide.

The
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This conftruction has alfo been ufed
with the coulter no farther advanced
than the fock; but in this cafe it has
been thought an advantage to place it 2
very little more to the left, but ftill pa-
rallel to the fide of the plough. But it
has been found, on trial, that it was
ftill better to advance the coulter be-
fore the fock.

It may be proper here to obferve,
that a plough conftruéted as above di-
rected, makes a furrow confiderably
different from that made by a plough
of which the lower point of the coulter
projects fo far to the land fide. This
will be illuftrated by confidering figures
8 and 9. In figure 8. A B reprefents
the coulter of figure 5. E K is the fec-

tion of the mouldboard, where it cuts

the
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Of the Conlzer. 47
the furrow, and K B reprefents the fole
of the plough. E F G H reprefents the
ilice cut off from the' firm ground, re-
moved to the right hand, and turned
over. I H is the under furface of the
{lice, formerly joined to K B, and E is
the corner which was formerly at B.
This flice is made to ftand wpon one
corner G, with its former upper fur-
face E G leaning upon the next flice.

In this figure, the plough is fuppofed
to be going perpendicular, this being
the pofition which I would always re-
commend. The pofition alfo of the
furrow flice, which I have here repre-
fented, is that which is approved of by
the moft intelligent farmers. Figure 9

reprefents the fame thing,” correfpond-

-

T‘ = ri o ™ el 2l .9- = -{' "
ing to a plough made according to fig
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4. In tliefe two figures, it appears that
the upper and under corners, E G, of
the furrow flice, made by the plough;
fiz. 5. are fquare, whereas the two cor-
ners, R and N of the flice made by the
plough of fig. 4. are about 13 degrees
above the fquare. In order that the
furrow may ftand in this pofition, it
muft either lean upon the former fur-
row, or it muft be fupported by loofe
earth, which tumbles in below 1t, and
fills up the vacancy reprefented by H
GK of fig: 8. or PRSfig. 9. It 1s
eafy to fee, that the vacancy of fig. 8. is
eafier made up than the other.
Although this pofition of the furrow
flice is not always required, it being
fometimes thought proper to leave it

ftanding upon its edge G I, it 15 plain,

that
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that even in this cafe the plough of fio.

5. has the advantage ; for the furrow
{lice made by it will fland upright,
whereas that made by the plough fig. 4.
will lean to the fpace left by the plough,

and 1t will hardly be poflible to prevent

¥
ot
[r—
[
=

rom falling back into its former po-
fition, elpecially in ploughing with a
fhallow and broad furrow.,

Laflly, Tt appears that the plough of
fig. 5. will leave the ploughed ground
with a flater toped furrow than the
plough of fig. 4. which is alfo thought

an advantage by the moft intelligent

The reader will obferve, that I have
always fuppofed that the land fide of
the plough is kept perpendicular. It is
a very ufual practice to lean the plough

G over
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over to the left, or land fide ; but I do

not approve of this practice, becaufe it
leaves the bottom of the furrow higher
on the furrow f{ide, and this leaves {fome
of the earth not raifed, and the furrow
turned over has not {o full a fhoulder.
It is in fome degree to make amends
for this, that the coulter isfet fo far to
the land below. But the practice fhould
be laid afide, and then this improper
pofition of the coulter will not be
neceflary.

Thus it appears, that whether we
confider the working of the plough, or
the work which it performs, the plough
of fig. 5. having its land fide a plane
furface, ftanding in the direction of the
plough’s motion, with the coulter pa-

vallel to it, 1s, in every refpet, prefer-

able
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Of the Coulter. 51
able to the plough fig. 4. which has its
Iand fide twifted, and the point of its

coulter turned {o far into the land.

,Of the Sole and Sock of the Feather Sock

Plough.

In the make of the fole of this plough,
three things are to be confidered.

Firfi, The form of the land fide fole,
or head, and the pofition of the fock,
for keeping the plough at the proper
depth and breadth of the furrow, and
{olid in its motion.

Secondly, The breadth from the out
land fide fole, to the out {ide of the
mouldboard {ole behind, and the incli-

nation and heicht of the mouldboard

UQ

F-']

fole, with refpe& to the land fide fole.
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Thirdly, The proper breadth and in-
ciination of the feather, correfponding
to the breadth and inclination of the
fole.

Firft then, with refpect to the form
of the fole, and the pofition of the fock,
which are moft proper for keeping the
plough at a proper depth, and folid in
its motion. This is a point of the
greateft difficulty in the conftruction
of the plough, and therefore mufl be
minutely confidered.

Let L M, fig. 1. reprefent the bot-
tom of the furrow. As the plough
advances, its fore parts and furrow
{ides are expofed to refiftances. The
coulter is prefled down by the earth

which it is cutting. The fock is pref-

fed down, and alfo a little to the left

by
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Of the Sole and Sock. [
by the earth which it is raifing. The
fore part of the mouldboard is prefled
down, and alfo to the left by the earth
which it is partly raifing, partly fhift-
ing to the right, and partly turning o-
ver. The hindermoft part of the mould-
board is prefled to the left by the earth
which it is forcing to the right, and 1is
alfo prefled upwards by the earth which
it is turning over. Thefe refiltances,
taken together, give to the plough a
tendency to thruft the point of the irons
deeper into the ground, and to twift the
point of the fock downwards to the
right, and the hindermoft part of the
mouldboard upwards to the left.

If, therefore, the plough were drawn
forward, by a rope faftened to the point
of the fock, and level with the bottom

of
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of the furrow, the plough would infal-
libly fink at the point, and rife at the
heel; and, at the fame time, twift o-
ver to the furrow fide. With fuch a
draught, therefore, the ploughman muft
continually prefs upon the left ftile. But
the plough is not drawn in the manner
here defcribed, but in an oblique di-
rection K A, from the bridle bolt K to
the point A, where the draught ropes
pafs through the horfes baekband.
This direction of the draught tends to
pull the plough out of the ground,
That this may not happen, the draught
mutft be fo placed as juft to balance the
plough’s tendency to go deeper. Sup-
pofe H A to be the direction of draught
which is exaétly proper for this purpofe.

Produce the line A H backwards, till ic

meetg
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meet the coulter in N, the fock in O,
and the fole in I. Every perfon fkilled
in the principles of mechanifm knows,
that the motion of the plough will be
the fame, whether the draught rope is
fixed at H, N, O, or I, as the diretion
T H A is the direction of the draught, fo
A HI is the direction of the refiftance,
the labour of the cattle being the fame
as if the plough were not refifted by
the earth at all, but were kept back by
a rope faftened at HN O, or I, and
pulling in the dire¢tion HI. There
will, therefore, be fome point in the
plough, between H and I, where all the
refiftances may be {uppofed to be uni-
ted. We fhall, for the future, call this
point the centre, or point of refiflance.
We may alfo call it the centre of action,
be-
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becaufe the action of every part of the

plough is diretly oppofed, and is equal
to the refiftance which that part over-
comes.

If we confider the preflure on the
hindermoft parts of the mouldboard,
which tends to raife it up, we f{hall find
that the plough will not {fwim fair, as
the ploughmen exprefs it, but will rife
at the heel. This effect will be flill far-
ther increafed, if the point of the coul-
ter or fock meet with any uncommon
obftacle. In fuch a cafe, if the draught
rope is fixed at the centre of action, or

f the

any where behind it; the heel o

plough will always rife, and the plough

will twift downward on the furrow fide.

But if the draught rope 1is fixed at H,
8 I

this rife of the heel will ftop in time,
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Of the Svle and Sock. 55
becaufe, by this means, the point of the
beam is deprefled, and the line of
draught comes to make a greater angle
with the level of the furrow. When
this happens, the draught again raifes
the point of the beam, and finks the
heel of the plough. It is evident, how-
ever, that the motion of a plough trim-
med in this manner, will be very hob-
bling and irregular.

This defeé is removed by a very fim-
ple contrivance ; namely, by fixing the
draught-rope to fome point K, below
the ftraight line A I, which pafles thro’
the centre of aftion. By this means,
the. plough becomes a fort of lever, of
which the centre of a&ion is the ful-
crum. The lever is pulled upward at
K, and, being fupported at the fulcrum,

H the
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the hinder part of it is prefled down,

and the heel of the plough M is kept

firm in the bottom of the furrow. This
1

makes the plough go folid, 'as the

ploughmen exprefs it, and neither go

o

deeper into the ground, nor rife out of

it.  This the ploughmen call having a
right hold of the ground.

It is eafy to fee, that thi§ circum-
flance in the trim of a plough is of the
utmoft confequence to the perfection
of the inflrument. We fee alfo, in ge-
neral, that the plough may get more or
lefs hold, by raifing or lowering the
point K, to which the draught-rope is
fixed. This isthe ufe of the fhifting
pieces of the bridle fixed to the fore
end of the beam, which put it in
the power of the ploughman, to trim
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Of the Sole and Sock. 50
or temper the plough to his mind,
Making the bridle bolt too low, both
caufes the plough to rife out of the
ground before, and caufes the heel to
prefs more on the bottom of the fur-
row than is neceflary, and alfo caufes
the hindermoft and upper part of the
mouldboard to prefs toco hard on the
earth, at quitting it, which is produc-
tive of bad effectsin moift clay foils, by

cafting the earth into a {olid clod. No

. more {hould be done than what is juft

neceflary to make the plough go fteady,
by keeping the heel gently prefling on
the bottom of the furrow.

From the account here given of the
operation of the plough, and the vari-
ous refiftances to which it is expofed,
it 1s eafy to infer, that the proper place

c
O}




6o Of the Sole and Sock.

of the point of draught at the fore end
of the beam, muft depend on the form
of the plough, both with refpeét to its
fock and mouldboard. A plough, of
which the fheath has little inclination
or rake forwards, being lefs prefled
down before, will require the point of
draught to be higher than a plough of
another make. Thus it appears, that
when a plough is already made, its
hold may be regulated by the place of
the point of draught.

On the other hand, a plough, whofe
point of draught is fixed, or cannot be
{ufficiently changed, may have its hold
regulated by the make of its fock and
mouldboard; for thefe two things, the
place of the point of draught, and the

make of the plough, have a mutual de-

pendence,
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pendence, and neceflary connedlion with
cach other, This laft method of re-
gulating the hold of a plough depends
cn the form and pofition both of the
fock and mouldboard. Pointing the
fock downward will increafe the hold
of the plough, and raifing its point will
diminifhit. Alfo, by inclining the fheath
much forward below, we increafe the
hold. of the plough, and by making the
fheath more upright, we diminifh it.
Thus a plough may have hold both
by the fock, and by the make of the
plough. It is plain, therefore, that
thefe may be fo adjufted as to give the
plough a proper hold on the whole, and
a plough, which has too much or too
fittle hold by its make, may be brought
to a right temper, by giving it lefs or

more
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more hold by the fock. But it is plain,
that although the excefs or want of
hold by the make, may be balanced or
corre¢ted by a want or excefs of hold
by the fock, and thus the plough be
made to have, on the whole, a proper
hold ; yet this expofes the plough to op-
pofite flrains, and increafes the labour
of the cattle, and that the plough will
be more perfect, when the hold by the
fock and by the make both agree. This
will alfo be attended with the advan-
tage of making the upper part of the
fock and the mouldboard of one regu-
lar twift, which will give the eafieft
turn to the furrow, and leave it in the
beft {tate.

It would appear, that the beft pofi-

tion of the fock is to have its under

{furface
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Of the Sole and Sock. 63
(urface even with the plane of the fole,
But experience teaches us, that a plough
goes more {teacily when the fock pro-
jects a little below. The reafon feems
to be this: When the fock and fole
are in one plane, and the point of the
fock meets a fmall ftone, it cannot get
below it, becaufe the fole is then on the
firm ground. The plough muft there-
fore pafs over this ftone, and lofe part
of its hold. Or, if the refiftance of the
ftone againft the upper part of the fock
forces down the point, the heel muft im-
mediately rife ; whereas, when there is
a fmall projeftion downward of the
fock, a little hollow is left under the
fore part of the fole of the plough, which
allows it to finka little deeper, and thus
throw up the fione, and, at the fame

fime,
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time, does not neceflarily force up the
heel. All this may be done with a fock
of a regular twift, and proper length
and fhape on its upper fide, by making
the point of the fock about five eighths
of an inch below the plane of the {ole,
and bringing forward the plane of the
fole as much as poffible, fo as to leave
no confiderable hollow between it and
the fock.

This being done, the temipering of
the plough for its hold muft always be
produced by means of the fhifting parts
of the bridle, which the ploughman can
vary in an inftant, agreeably to the na-
ture of the foil in which he is werking.
A well-conditioned plough will always
allow this, and if a plough cannot be

tempered in this way, it muft be tem-

pered
A
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pered by the fock. But, as was {ai
before, fuch a plough is not perfed,
but has an excels of hold in one part,
balanced by a want of it in another.
It may be known when a plough is
perfect in thefe refpects. Let the point
of draught be fixed as high as the bridie
will admit, and let the plough be work-
ed in even light foil, free of ftones, and
take a good furrow. The heel of the
plough fhould not prefs on the ground
at all, but fhould even rife alittle. Then
let the point of draught be fixed as low
aspoilible. The heel of the plough fhould
then prefs hard on the ground, and the
plough fhould even (how fome tendency
to come outof the ground If thefethings
do not happen, we may be certain that

%
[

B S - .
he pofition of the beam is not properly

1%

adjulted to the make of the plough, and

| the
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the pofition of the fock, and we can now
temper the plough by the fock, fo as to
bring it nto the condition defcribed
above.

It may be obferved in general, that
the point of draught muft be fixed
little below the ftraight lite drawn
from the lower end of the backband to

the lower end of the {lreath behind, be-

caufe, in moft ploughs, the centre of

action is not far from this part of the
fheath. The diftance of the points Ii
and K, fhould neverexceed four inches.
But this matter, together with another
method of tempering the plough for the

hold, by yoking the cattle more or lefs
forward, will be conlidered afterwards,

hen we come to {fpeak more particu—-

larly of the framing and putting the

pl

h
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plough together, and of the manner of
yoking.

It may, however, be added here, that
the length of the beam has a great effe&
in making the plough go more fteady,
even when, in every thing, it is ad-
juited as above defcribed. DireGions
will alfo be given afterwards for adjuft-
ing all ploughs to the fame hold, what-
ever is the length of the beam.

Befides the adapting the fock in the
manner now defcribed, for giving the
plough a proper hold of the ground, we
mulft alfo confider its pofition, which is
moft proper for keeping the plough in
the ftraight direction forward. It ap-
pears to me, that the moft proper me-
thod for obtaining this end, is to make
the land fide of the fock even with the

reft

P
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reft of the land fide of the plough, and
to make the whole of its taper on the
furrow fide. It is, however, a very
ufual practice to fet the point of the
fock a little to the right. The reafon

given for this is, that the refiftance may

be diminifhed by fharing it between

the two fides. But this reafon is infuf-
ficient, when the fock is of the proper
form, and this pofition of the land fide
of the fock produces very bad effedts.
It is very true, that if a fock of the
form in figure 10. were drawn in the
direction of A H, inftead of being drawn
in the dire¢tion of I L, and if it had a
part on both fides of the point I, equally
formed for cutting, the refiftance to its

motion would be diminifhed. But,in the

firft place, this refiftance is but a fmall

part




"igh; :t.“{:
ron the
y aYery

It of the
i¢ veafon
ance may
between
s infuf-
proper
nd fide
effedts.
k of the
in the
o drawn
it had a
equally

|ce o its

it in the
 {mall

patt

Of the Sole and Sock. 6g

part of the wholerefiftance of the plough,
in the next place, this form of the fock
at the point, will not agree with the
goodproperty, which a fock {fbould have,
of making a fair furface with the mould-
board, and thus beginning the opera-
tion of the plough, in turning over the
foil, as well as cutting and raifing it.
Now, if the fock is made of the proper
form for thofe purpofes, that is to fay,
thick or perpendicular on the land fide,
and without a cutting edge, the refift-
ance will be increafed, inftead of being
diminifhed, by thus turning the point
of it to the furrow {ide, becaufe, then
the land fide of the fock would meet
the firm ground with a perpendicular
furface, unfit for cutting, and would
be pufhed by it to the right hand, cau-

fing
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fing the plough to lofe land, as the
ploughmen exprefs it.

The bad confequences of this pofition
of the fock, even if the land fide were
made fit for cutting, are many and great.
When the fock {trikes on a flone with
its land fide, 1t muft be turned off to
the furrow f{ide, becaufe it cannot force
the f{tone further into the firm un-

ploughed ground, whereas a flone

which is ftruck by the furrow fide of

the fock, is very eafily forced into the
open furrow. This pofition therefore
of the fock, even when cutting on both
fides, caufes the plough to lofe land,
and this bad effet muft be balanced
by giving the plough a greater tenden-
cy to the land by the form of its other

parts, which muft increafe the refiftance

1
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’:f;'“ the Sole and Sock. 21
to its motion, or it muft be balanced,
by fixing the point of draught more to
the right, which occafions a ftrain on
the beam, acrofs it, where it is weakeft,
by the coulter-hole and mortife for the
fheath. All thefe reafons, taken toge-
ther, give a plain preference to the po-
fition of the land fide of theivck which
I have here recommended.

We come next to confider the breadth
of the fole, reckoned from outfide to
outfideat theheel. With refpet to which
there is great difference of opinion.
But an attentive confideration of the
peration of ploughing will fix ourf{enti-
ments on this matter. The flice which
the plough cuts off from the firm ground
mult be turned overtoa certain degree,
or muft, at leaft, be fet on its edge. This

Celil
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can never be done unlefs we re-
move the flice its whole breadth to
the right hand, as may be feen by in-
{fpecting figure 9. where ACD B repre-
{fents the firm ground from which the
{lice is to be cut. Suppofe the breadth
of this to be nine inches from A to H,
the coulter muft come perpendicular-
ly down thro’ H I, and the flice A H 1B
muft be turned over upon the corner B,
fo that the bottom B I of the flice may
at leaft ftand upright, fronting the un-
ploughed ground, and the furrow flice
ftand on its fide A B. Now, it is plaii,
that when this is done, the whole flice
is fhifted nine inches tothe right hand.
It is evident, that this can be done by
no other means, than by giving the

fole of the plough this breadth behind,
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hen it leaves the eartl for there is
when 1t leaves tne earth, for there is
nothing elfe to prefs the earth to the
right. When the fole has this breadth, it
will fhift the earth completely, and the
turning over the flice into the defired

pofition may then be performed by a

-

proper fhape of the mouldboard. If the

foil is of loofe mould, which will not re-
move by turning over, or will not turn
over like clofe earth, it will ftill be re-
moved completely from its former bed
by a fole, which 1s as broad as the fur-
row taken by the plough.

I now add, that no greater breadth
of the fole is neceflary. I know that a
contrary opinion prevails, and that it
1s {uppofed, thatz when the fole is much
broader than the furrow taken by the
plough, and by this means removed

K farther
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farther to the right hand, there is the
more room made for the next furrow
flice to ftand on. But that this 1s a
miftake, will eafily appear, by compar-
ing two ploughs, one of which has a
fole of nine inches, and the other of 18
inches, both- employed in cutting off a
flice of nine inches broad, and nine in-
ches deep. The narrow plough removes
the firft flice nine inches to the right
hand, and fets it, as we fhall fuppofe,
on its edge. When it cuts off a fecond
flice, it allfo removes it nine inches, and
fets it on its edge. Therefore the fecond
flice is fet clofe to the firft, becaufe its
thicknefs acrofs, as it now ftands, is
allfo nine inches. The broad plough
removes the firft flice 18 inches to the

right hand, and fets it on its edge. It

removes

thi )
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Of the Sole and Sock. %
removes the fecond flice 18 inches to
the right hand, and fets it on its edge.
Therefore, in this cafe alfo, the fecond
flice is {et clofe to the firft, and it has no
more room to ftand on than the firfl.
It is not the breadth of the fole, or
the removal of the earth to the right,
which gives room for the furrow flice
to ftand on.  This depends en the
proportion between the breadth of the
{lice and its depth. When the flice is
as deep as it is broad, it is prefled clofe
to the former {lice, whatever is the
breadch of the fole of the plough, be-
caufe there is no more fpace than its
thicknefs will fill up. If the flice 1s ftill
deeper, it is fqueezed {lill clofer to the
former flice, and {o bruifed, that part
of it is forced up to a greater height

than
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than 1t would rife to if it had room.
When the {lice is broader than it is
deep, whicl is the common cafe, then
it has more room, when raifed on its
edge, than it.can fili up, and by this
means it does not prefs fo much on the
hindermolfl end of the mouldboard, but
falls more freely away. But when the
flice is much broader than deep, it falls
much over, and is made to lye on its
back, which is reckoned a defect in the
work. This has been frequently charg-
ed as a great fault of the plough with
a feathered fock, and curved mould-
board ; and it is true, that this has been
oftner feen in working with this plough
than with the plough having a fpear
fock and plane mouldboard. But this

is not a defect of the plough, but a fault

of
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Of the Sole and Sock. 7'
of the ploughman. The feather fock
can raife a greater breadth of furrow
than the {pear fock, and this gives an
opportunity, and temptation to the
ploughman to make the furrow very
broad, in proportion to its depth, and
this will neceflarily lay the flice on its
back. But the feather fock plough,
with the twifted mouldboard may, and
hould be fo conftructed, as to turn the
furrow no farther over than will allow
it to ftand on edge, by giving the
mouldboard the proper twift, and by
not giving the feather too great
breadth.

As the different foils, and the diffe-
rent number of cattle in the yoke,
muft require different breadths of fur-
raw, no rule can be given for the

breadth
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i

breadth of the fole, which will fit ali
cafes. The furrow fhould always be
adapted to the ftrength of the draught.
For a draught of two or three horfes,
the breadth of the fole ought not to be
lefs than eight inches, nor greater than
ten, reckoned from outfide to outfide
behind, {quare over from the land fide.
The only advantage attending a greater
breadth of the fole, is the giving more
room for the horfe and ploughman to
walk on in the bottom of the furrow.
But it is very improper to increafe
this beyond what is abfolutely necef-
fary, becaufc the removing the earth fo
much farther to the right hand requires

nearly as much more power, or labour

of the cattle.
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It muft be obferved, that what has
been now faid concerning the breadth
of the fole, relates only to the feather
fock plough. The fpear fock plough
differs in its manner of raifing the fur-
row, and requires a different form and
pofition, both of the fole and mould-
board, as will be fhown afterwards.

The form of the mouldboard fole,
and 1ts inclination to the land fide fole,
come next to be confidered.

This has been very frequently form-
ed circular, or convex, outward, like
the upper part of the mouldboard. But
this (hape does not agree with the beft
manner of turning over the furrow
flice, which fhould be done by equal
degrees, as the plough advances thro’
equal fpaces. As the plough advances

E  ff -
equally
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equally, the earth fhould be moved e-
qually to the right hand, as well as be
equally twifted over: ‘This maxim,
therefore, direéts us to make the mould-
board fole a ftraight line from the point
of the fock, to its hindermoft end, as is
reprefented in fig. ro. where I Lis the
ftraight line of the land fide, and IK is
the ftraight line of the furrow fide, in-
terfe&ing each other at the point of the
fock.

The breadth of the feather is the next
point of importance to be confidered.
This mult be in a certain proportion
to the breadth of the {ole, and of the
furrow flice taken off by the plough. It
alfo depends on the nature of the foil. A
foil free from ftones, and full of tough

toots, requires a broad feather; and a
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Of tke Sole and Sock. 81
itoney foil, with few roots, requires a
harrower one. We can only mention
the breadth proper for a middle kind
of foil, and foils of very different quali-
tics muft have the feather changed on
purpofe for them.

When the fole of the plough is nine
inches broad, which will fuic cxl:remcly
well a furrow of eight inches, more or
lefs, the breadth of the feather fhould
be about fix inches. It is very ufual
to make the feather of fuch a plough
eicht inches broad; and this has been
thought by fome to be an improvement
in the plough, becaufe it makes it to
cut off all the earth from the bottom of
the furrow. But this great breadth of
the feather is attended with two bad
effeCts.  The flice being completely cut

L off
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off from its bottom, fometimes breaks
from the firm ground, before it begins
to rife on the fock and mouldboard.
By this' means, it frequently happens
that it is' not turned over by it, but 1is
merely fhifted away to the right hand,
retaining its former pofitien, with the
fame furface uppermoft which was up-
permoft before. But when the feather
i5 two or three inches narrower than
the furrow flice, a part of the flice on
the corner next the furrow is not cut.
This keeps that corner of the flice faft
till the reft of it rifes on the fock and

mouldboard ; and, by the time that it

is almoft on edge, this corner breaks of

it{elf, or is very eafily broken off by the

wider part of the mouldboard fole, and-

then the {lice does not flide to the right,

but
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but is properly turned over. The tear-
ing of this little part occafions no re-

fiftance that is worth minding. The

refiftance is perhaps even lefs than what

would happen on cutting it with the
feather, becaufe this great breadth of
feather would make it cut the earth al-
moft perpendicularly, which is the fe-
cond inconvenience arifing from too
great breadth of the feather.

On the cther hand, I do not think that
the feather fhould be much narrower
than {ix inches, becaufe, when too great
a portion of the furrow flice is left un-
cut, it requires more force to tear it,
and the work is not fo neatly perform-
ed, and the mouldboard is prefled up,
which throws the plough to the left a-
bove, and fpoils the fhape intended to

be given to the furrow.
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The length of the feather fhould be

in proportion to its breadth. Ten in«
ches along the land fide of the fock, or
12 inches along the edge of the feather,
appears to me to be a very proper
length for a breadth of fix inches.
The making it much longer will leave
too little room for bending the fock
plate for fixing into the plough. It
is plain, however, that the longer we
make the feather it will cut more ob-
liquely, and meet with lefs refiftance.
The height of the fock feather, or its
pofition with refpect to the land fide,
is of fome importance. The outer cor-
ner of the feather fhould be fquare with
the land fide of the plough, and on a
level with it. It is true, that by this

pofition the cut made by the feather

will
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will not be exadtly level with the fole of

the plough, becaufe the point of the
feather is a little lower. But it is
found, that when the whole feather is
as much lower than the fcle as the
point is, the plough is very apt to run
out of the ground to the left fide. The
reafon of which feems to be this: The
right corner of the feather, and the
right fide of the fock, are moft ftrong-
ly prefled down by the furrow, which
is a raifing. This twifts the plough to
the right above. If, now, the feather
fhould meet with any confiderable re-
fiftance, when the point of the fock is
higher than the right corner of the fea-
ther, the plough is apt to run upon the
edge of the feather, and be thrown out
of the ground to the left.  On the other

hand,
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hand, if the right corner of the feather

is higher than the fole, it leaves a part
of the furrow uncut, which the f{fole
muft pafs over, and the plough is turn=
ed over to the left above, unlefs the
mouldboard fole be made higher than
the land fide fole; in which cafe the
work is not performed as it ought to
be, with a fquare bottomed furrow.

I muft here obferve, that as the point
of the fock cuts five eighths of an inch

below the fole, for the reafons given a-

bove, it is neceflary to raife the mould-
board fole as much higher than the land
fide fole, that it may be cleared by the
feather cutting before it. But if it be
any higher than this, it will not remove

all the earth which is cut by the feca-

ther.
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This forms the furrow {ide of the

plough, by which the furrow flice is re-
moved from that place and pofition
which it has when cut by the coulter
and fock, to the place and pofition
which it has when finally left on the

ploughed land. This part of the plough

has been long neglected, the whole in-

ftrument having been confidered as un-
worthy of the attention of perfons fkil-
led in machinery, who were apt to ima-
gine that no rule was neceflary for the
conftruction of fo fimple an inftrument.
Thus it has been left in the hands of
unfkilful country artifts, who, having

no juft principles to guide them, could

neither
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neither judge of its defects, nor of the

means of its improvement. But it may
be affirmed, that the conftrution of the
plough, efpecially of its mouldboard, is
of a verynice and complex nature, and
requires confiderable {kill to make it in
fuch 2 manner as to perform its work
to the wifh of the ploughman, and with
as little labour as poflible to the cattle.
I may alfo affirm, that with refpect to
the propriety of the work, ploughs of
the moft approved conftruction, and
which have a great character, fall fhort
of what a plough may be made to per-
form, in a proportion not lefs than that
of three to four. And; with refpect to
the refiltance, I may alfo venture to
affirm, that with the {fame fize of fur-

row, and the fame finith of the work,

thele
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thele ploughs will give as much labour
to three horfes as a better adapted
plough will give to two.

The form of the mouldboard muft
have three properties. It muft keep the
plough to a proper hold of the ground:
it muft remove the earth to the furrow
fide, and it muft turn it over.

1/, It is by the back of the fock, and
the fore part of the mouldboard, hav-
ing the furrow flice lying upon them,
that the fore part of the plough is kept
in the ground. Therefore, the weight
of the furrow will have the more power
to keep the plough in the ground, in
proportion as the back of the fock, and
fore part of the mouldboard, are more
below it.  The plough will alfo keep

the ground fo much the better, in pro-

M portion
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portion as the earth ceafes more oradu-
ally to prels down the mouldboard, as
it is turned over.

In the next place, as it is by the back
of the fock, and by the mouldboard,
that she earth is removed from its firft
pofition, it is plain, that the nigher that
the back of the fock can come to a
plane parallel to the furface of the
ground, and the greater breadth of
furrow that can be lying on the back of
the fock at once, the better will the un-
der f{urface of the furrow flice be
raifed. It is plain too, that in propor-
tion as we make the twift of the fock
and mouldboard more gradual, from
the point and edge backwards, the fur-
row will be raifed with lefs rifk of
erumbling, and with lefs labour to the

cattle,
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cattle. The more direct that the fur-

face of the back of the fock and mould-
board is for leading the earth from the
one pofition to the other, it muft be fo
much the better for taking the quantity
of furrow which is cut by the coulter
and fock all together, whereby there is
a greater quantity of earth brought up
from below, and made part of the new
{urface: But when the fock and mould-
board are of fuch a make as to have
little breadth below the furrow, and
that little of an abrupt, or irregular
form, there is but little of the lower
part of the furrow made to become part
of the furface of the ploughed land.
In land where the foil is neither clay,
nor free in rifing, but loofe, or bound

with deep roots, the plough of fuch a

make
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make cannot raife above half of the
furrow which is cut off by the coulter
and fock ; but, inftead of this, pufhes a
quantity of earth to the right, leaving

the former {urface ftill uppermeofl, and

covering that part of the furrow which,

fhould have been raifed. There is a
plough made with an iron head, and
{pear fock, without a feather ; and made
with fuch a degree of land, or tendency
to the left, as to require the being held
over to the land fide above, in order
not to run into it. In this pofition of
the plough, the fole of the mouldboard
behind is nearly as high as the furface
of the ground ; the back of the fock
being veyy narrow, raifes {o very little
breadth of furrow, that the mouldboard

could not follow it, if it were not o

hig]L
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kigh. Such a plough can only make a

iriangular rut, and raifes no more
earth than what lyes in the angle be-
tween the coulter and mouldboard fole,
in the pofition in which the plough is
going, and this earth is turned over
upon the firm ground left to the right
hand untouched, and covers it, fo that
the whole appears to be turned up.

In the next place, the earth is to be
removed to theright hand. If this were
all that is to be done, the moft proper
form of the plough would be a half
wedge, with its fore edge perpendicu-
lar, moving in the cut made by the
coulter, and having its land fide applied
clofs to the firm ground. Such a plough
would remove all the earth to the right
hand, keeping the fame furface upper-

moft which was uppermoft before.
The
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The power requifite to draw this plough

forward diminifhes as the thicknefs of
the wedge 1is lefs in proportion to its
length, or as the plough is longer in

proportion to its width. It is true,

that Mr Baron, in his treatife on the.

plough, denies this, and fays, on the
contrary, that a fhort wedge is more
cafily drawn than a long one. He
alfo fays, that when he made experi-
ments with different wedges drawn
through fand, he found the refiftances
to be proportioned to the length of the
wedges, and he afcribes this to the
greater time which the ground has for
prefling on the longer wedge. It is
very true, that when the wedge is
longer than another of the fame thick-

nefs; it is at any one time employed in

re-

rerl
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removing more earth, in proportion to

a
-

its length. If, therefore, a plough were
working in mere fand, or in foil as

loofe as fand, and had nothing to do

)

but to fhift this to the right, little ad-
vantage would be gained by making it
longer: But, in foils which have any
confiderable cohefion, the furrow {flice
muft be cut and bent afide. In the per-
formance of which, there is an advan-
tage attending a very long and thin
wedge, as well as in all cafes of cutting
and cleaving inftruments. It is very
diflicult to {fay what is the proportion
in which the advantage will increafe;
but I may venture to affert, that it will
at leaft extend to that length of wedge
which i3 neceflary for giving fleadinefs

to the plough’s motion.
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It has been {uppofed, that by making
the wedge round on the furrow fide, it
would require lefs power to draw if
forward ; and this fuppofition has been
juftified by obferving the advantage
which a fhip has by being of this form.
But there is very little refemblance be-
tween the refiftance of the water to a
thip, and the refiftance of the earth to a
piough. A fhip moves more eafily, by
being rounded in behind, becaufe, by
this means, the water falls in more eafi-
ly to fill up the fpace left by the fhip.
This, with other reafons, renders that
form the moft proper for a fhip.

But, in ploughing, the earth is not to
fall in behind the plough, and, if it did,
it could not help the plough’s motion.

t is true, by rounding the wedge back-

wards,

e e ——

g EL.

—

0 )

et




blance Iy,
ater to ;
2arth to 2
afily, by
e, by
more cafi-
the (hip.
iders that
ip:

11§ not b
L ifit did,
 Motion.

! ge bi;L 1,

]

weal [y
Wk

£ 2] Tas A5 ’
O__,i {",1:.3 Jlbsiil»i-f -)l'..?l" -!I 9?

wards, thie refiitance of its hindermoft
part is diminifhed ; bat its ufe in re-
moving the earth is diminifhed in the
very fame proportion ; for the wedge
will not remove the earth but in pro-
portion as it widens behind. If, there-
fore, the widene(s of the wedge behind
is {pecified, it will remove the earth to
the fame diftance, whatever is the round
of its furrow f{ide ; and the only effect
of rounding this fide, is to make it re-
move the earth more fuddenly with its
fore parts. This fhape, therefore, fo
far from diminifhing the refiftance to
the plough’s motion, feems rather to in-
creafe it, becaufe it makes the fore part
of the plough a& like a wedge of a more
fudden taper. Each part of the plough
would a& like a wedge, tapered in the

N {fame
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{fame direction in which a plane board

would lye when it touches the plouglh
in that part. Befides the increafe of
refiftance, the wedge of this rounded
form would be more apt to break the
furrow, without removing it regularly,
than if it were ftraight in the fide. It
is plain that thefe inconveniences muft
be fo much the greater as the round of
the fock is more forward.

On the whole, therefore, a ftraight
furface is the moft proper fhape for
the furrow fide of a wedge, whofe only
office is to remove the earth to the right
hand.

But, as the earth muft be raifed up,

as well as fhifted to the right hand, the

form of the wedge muft be different

trom that now defcribed, and muft re-
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femble fig. 7. No. 2. Suppofe a trian-
gular block of wood, G F D E, of which
the hindermoft and back edge GF is

perpendicular, and whofe lower back
edge FE lies in_the angle formed by
the land fide of the plough and the
{ole, and whofe bafe F D E is a triangle,
{quare at ¥, and fharp at E, and whofe
breadth F D is the breadth of the fole
behind. Suppofe now, that this block
were cut through level at the height A
B, the lower part of it will form a fort of
wedge ACBEDF. When this wedge
is drawn forwards, in the dire&ion
F E, with its back furface A FEB pref-
fed clofe to the firm land, the fore fur-
face BE D C, will fhift the earth to the
right, and at the fame time raife it. Ac-
cordingly this is very nearly the form

of
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of the mouldboard of theScotch plough.

But there remains another office for
the mouldboard to perform, namely,
to turn over the furrow flice. This will
not be performed by either of the
wedges above defcribed. It may be
here faid, that the Scotch plough does
really turn over the furrow. It daes
fo, but for the following improper rea-
fon. The plough is kept over to the
land above, and the wreft, or mould-
board fole, rifes confiderably above the
Iand fide fole. By this means the
plough leaves a fmall ridge of untouch-
ed earth between the bottom of the fur-
row in which it is going, and the bot-
tom of the next. When the ftraight
mouldboard has fhifted the earth to the

top of this ridge, it cannot remain there,

but
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but falls over on the next furrow. The
plough, by this, appears to make geod
work, but this is only an appearance,
Lecaufe there remains under every fur-
row a ridge of earth which is not turn-
ed up.

Since then it appears that the three
fold motion which muft be given to the
earth, namely rifing, fhifting to the
right hand, and twifting over, cannot
be performed by means of a ftraight
{fided mouldboard, whatever pofition we
give it, we muft have recourfe to a
twifted mouldboard, or one of a curved
form. Accordingly mouldboards have
long been made with a curve or twift.
Thefe have differed very much in their
fhape, as they came from the hands of
different artifts, Such perfons, being

guided
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guided by no principle, could not be

expected to follow any one rule. But
the operation of the plough is a certain
thing. The earth is found by it in one
place, and in one pofition, and muft
be left by it in another place, and in
another pofition. If the farmers are
once agreed as to the place and pofi-
tion in which the earth muft be left,
there is furely but one way in which
this can be beft done, and therefore,
when all ploughs are made fo as to do
this, their mouldboards will be of one
form.

With refpect to the firft, it feems to
be the opinion of the moft fenfible far-
mers, that the earth fhould be fhifted
about nine inches to the furrow f{ide,

and that the furrow {lice fhould ftand

with

—
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with that {ide which was Ibl‘mﬁ'rly un-

dermoft now fronting the land {fide,
and leaning back to the furrow fide
about forty degrees; fo that the furrow
tlice muft be twifted from its former po-
fition about 130 degrees. This plainly
fixes the pofition of the hindermoft part
of the mouldboard, where it quits the
furrow. If any other pofition of the
carth is found by experience to be pre-
ferable to this, it is eafy to vary the
mouldboard accordingly. My bufinefs
is not to inftru@ the farmers what
fhould be the pofition of the earth when
left by the plough, but to make 2
plough which will leave it in the pofi-
tion which their beft judgements ap-
prove. The directions which I fhall

now give on this head, will fhow that

my
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my principles will apply equally well to
any opinion which they may have in
this important matter.

The principle which fhould direct us
is the following very fimple one. As
the beft way of fhifting the earth to one
fide, or of raifing it, is to (hift i, or
raife it, by equal degrees for every inch
that the plough advances, fo the beft
way of turning it over, IS to give it
equal degrees of twift for every inch
that the plough advances. If it is more
fuddenly twifted in any one part than
another, more force is required at tha
part, and the furrow {lice 1s more ex-
pofed to the chance of breaking in that

part, by which the regular pofition in

which we wifh to leave it is deftroyed.
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This being the principle, I proceed
te give diretions, by which any work-
man, of common underflanding, may
infailibly make a mouldboard which
fhall perform its work as defired; with-
out ever having feen one before, or be-
ing obliged to copy. The diretions
will alfo help him to make a mould-
board which fhall differ from the one
to be here deftribed in any manner he
pleafes, {o as to perform the work with
certainty, in any manner which a farm-
er {hall defire.

It follows, from the principle now
laid down, that the moment the furrow
is cut by the fock, and begins to rife
on its back, it fhould alfo begin to fhift

and twilt to the right hand. From this

it follows, that the back of the fock

O and
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and mouldboard fhould make one con-
tinued fair furface, without any intér-
ruption, or {udden change. The twiil,
therefore, muft begin from nothing, at
the point of the fock, and the fock and
mouldboard muft be formed by the
very {fame rule.

In the next place, there muft be fome
certain line of the furrow, on which we
muft always reckon the twift. This
muft certainly be reckoned on a line
drawn ftraight acrofs the furrow, {fquare
with the land fide. Let us f{uppofe,
that the plough has juft entered on =
ridge, which has been cut fquare a-
crofs, and has advanced till the heel
has juft entered the ridge. Then RID
in fig. 13. will reprefent the fod as it

then lies on the {ock and part of the

mould.
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mouldboard. R1 is the fide of the fod

which was cut by the coulter, and R D
will reprefent the end of the fod as it
was cut acrofs, while lying in the ridge.
Therefore the angle R is exactly fquare,
and the angle D is within the fquare
about 16 degrees, when the length from
the point of the fock to the heel is 33
inches, and the breadth of the fole ic
nine inches, which is nearly the ufual
dimenfions. This angle D continues
the fame frem the time that the point
of the fock begins to raife and turn the
fod, till the heel pafles the end of it at
DR. As the plough advances, the angle
approaches nearer to the fquare; but,
we may, without any material error,
fuppofe, that it never changes from
the time that the plough begins to raife

the fod till it quits it. This {uppofi~

f10n0
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tion is very near the truth, and#wili

give us very ealy methods of forming

the mouldboard. I fhall point cut twae-

methods for this purpofe.

The firft is by means of a protractor
and f{cale.

The protractor is a femicircle, divi-
ded as ufual intoc 180 degrees. It is re-
prefented in figure t1. and has an in-
dex or pointer BO A moveable round
the centre O. One of the radiufes O C
is made to project to a convenient dif-
tance beyond the circumference. The
ule of this inftrument is {fimilar to that
of the common {uit-ftock, ufed by car-
penters and joiners. If the pointer A
be fet to any number of degrees, fup-
pofe 50, then the angle made by the

edges C O, B O, will alfo be 50 degrees,

and
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and a picce of wood may be worked to
this bevel, by applying it fquare over
to the edge of the piece of wood. The
piece of wood may allo be worked to
any twift. Suppofe, that it is required to
be twifted, in fuch a manner, that it
nay be {quare at one end, and half
fquare at the other. Let one fide of
the piece of wood be planed flat, and
with a ftraight edge. Let it be divided
along this edge into 45 equal parts,
make the mark go at that end, where
the wood is to be fquare. Mark the
firlt divifion 89, the fecond 88, the third
87, and fo on, till you come to the end,
which will be marked 45. Now, fet the
index of the protradtor at go, and ap-
ply the angle COB to the piece of
wood at the mark go,, fquare - with its

edge,
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edge. Let the wood be worked off ‘at

that place till it juft fits the angle of
the protractor. In like manner, fet the
index at 89, and apply the angle CO B
to the mark 89 upon the piece of wood,
fquare over its edge, and let the wood
be worked away till it fits the angle in
that place alfo. Proceed in this man-
ner with all the different degrees of the
protractor between go and 435, and the
correfponding points on the edge of the
piece of wood. It is evident, that by
this means the piece of wood will be
formed, fo that the wrought furface
fhall have a twift, from the {quare to the

half-fquare, increafing gradually from

one end to the other, and every part

of its length has a gradual increafe of

twift. We may alfo vary this twift in

. any
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Of the Mouldboard, 11t
any manner we pleafe, making it more
fudden in one part than another. This
will be done by making the {paces a-
long the edge unequal, namely, fmall-
er where the twift it intended to be
more {udden, and wider where it is in-
tended to be more gentle.

The other inftrument is the {cale, re-
prefented in figure 12. which is no-
thing elfe than a piece of hard wood,
planed flat, *and ftraight, and divided
into any number of parts, equal or un-
equal, according to the nature of the
twift which the piece of wood is to
have. The only ufe of this feale is to
fave the trouble of dividing the edge
of the piece of wood to be twifted. It
15 of ufe, therefore, only in thefe cafes
where we have occafion to make feve-

ral
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ral pieces of wood of the {ame dimen-

fions, and of the fame twiit.

To ufe this fcale, the edge of the piece
of wood muft be worked flat anc
ftraight, and in fuch a pofition that
there may be wood enough every whers
to complete the twift. The {cale muit
now be fixed to the piece of wood with
pins or fcrews, in fuch a manner thas
its different divifions may correfpond
to thofe parts of the edge where the
ewilt is to be, of that number of degrees
which is exprefled by the divifions.

In order to apply thefe inftruments
to the purpofe of forming the mould-
board, another circumftance mult bs
attended to. It was obferved before;
that when the plough has advanced thé

whole length of ‘its fole, a line drawn

{quare
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{quare acrofs the furrow flice, as it then
lyes upon the mouldbeard, does not
make a {quare angle with the mould-
board fole, but falls about 16 degrees
within the {quare, making an angle of
about 74 degrees. For this reafon, it
is neceflary, that when the edge B O of
the protractor’s index is applied fquare
to the edge of the mouldboard fole, the
plane furface of the protractor fhall not
be fquare with that edge, but make an
angle RDT of 74 degrees. (fee fig. 13.)
For this purpofe, the tail of the index
BO muft not be a fquare picce, but
bevelled to 74 degrees, as is reprefent-
ed in figure 11. No. 2. where BEF G
1s the index feen endways, having its
two angles G and E of 74 degrees. The
protractor A C goes flanting through it,

P and

WS

»
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and turns round the pin HO, which i
fquare with the fides BGand EF. By
this means the protractor A C will make
an angle of 74 degrees with the upper
edge of the index B E.

The protractor, with-this change be-
ing applied as above directed, with its
index {quare with the outer edge of the
mouldboard fole, will always give the
proper twift for the furrow, reckoned
directly acrofs it.

Now, let C, fig. 13. be the hinder-
moft point of the mouldboard above,
and let ID E be the ftraight edge of the
mouldboard fole, or rather of the {cale
fixed to it, aud let E be the point, to
which the index of the protractor is ap-
plied {quare, when the fide CO(fig. 11.)

being opened to 130 degrees, juit

touches
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Wy

touches the point C of the mouldboard.
(fig. 13.) Meafure the length from E
to the point of the fock, and make this
the Iength of the feale, (fig. 12.) Di-
vide this fcale into 130 equal parts, and
number the tens as in the figure ra.
Now, let this fcale be applied to the
ftraight edge of the mouldboard fole,
and there fixed with fcrews, fo that the
beginning of the divifivns may be at
the point of the fock, and the divifion
130 will then project a good way be-
hind the mouldboard. This is repre-
fented in fig. 14. where C1 is the land
fide fole, C is the point of the fock, and
C B 1s the {cale. The protractor being
applied to this fcale, in the manner a-
bove directed, will regulate the mould-
board to one uniform twift, from its

hinder-
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hindermoft point to the very point of

the fock, forming at ‘once the mould-
board itfelf, the fore edge of the fheath,
and the back of the fock.

In ufing thefe infiruments, we mult
always be careful to apply the edge of
the index iquare with the edge of the
mouldboard fole ; and the part of the
fcale which projets behind the fole muft
be {fupported, fo that it may not be
prefled out of the ftraight by applying
the fcale to it. Negleét in either of
thefe particulars, may produce great
crrors in the form of the mouldboard.

It muft now be obferved, that the di-
reftions here given require a correétion,
on account of the plating with which
the mouldboard is to be covered. This

may be done by altering the divifions

of
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Of the Mouldboard. [17

of the f{cale in the following manner :
The fcale being four feet long, it is di-
vided into 130 parts, which anfwers to
the 1 30 degrees of twift, and it is mark-
ed at every five. This makes 26 prin-
cipal divifions, each foot having 6%. Set
off the firft 20 divifions from C to H,
(fig. 14.) the {fame as if the whole f{cale
were divided equally, and put the mark
20 at H. Set off 2% inches from H to
A, and put the mark 20 again at A.
Set off 83 inches from A to D, and put
the mark 50 at D, and divide the fpace
A D equally. Set off 5§ inches from D
to E, and put the mark 65 at E. Let
the divifions between 50 and 65 gradu-
ally increafe, being fmalleft at D, and
biggeflt at E. The diftance from E to
£ will now be two feet, andis to be di-

vided
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vided equally, in the fame manner as
the whole fcale would have been without
this corretion. The blank between H
and A 13 to make up for the difference
between the inner and outer fide of the
{ock ; and the inequalities of the other
divifions is to make up for the different
thicknefs of the plating. Although the
mouldboard made by this corrected
fcale has not the regular twifting of its
parts, yet the furface of the iron will
have that regular twift which is intend-
ed.

From this defcription of the inftru-
ments, and of the manner of ufing
them, it is plain, that whatever opinion
farmers may have concerning the gra-
dual variation of the twift which the

plough muft give the furrow, a mould-

board

ae
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ments, which fhall produce the twift
which is defired.  Accordingly the fol-
fowing divifion of the fcale gives a
form of mouldboard which is much
approved of. The numbers in the firft
column are thofe which are to be placed
on the divifions of the fcale, and the
numbers in the fecond column are the
diftances from the hindermoft end of

the focks.
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alfo produces a mouldboard which has

130
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as it is convenient to know pretty near-
ly the inclination and curve of the
fheath, before it is framed into the beam,
I {hall here give directions, illuftrated by
fig. 15. 'The perpendicular height A
C of the fheath, reckoned from the {ole
to the under fide of the beam, at the
fore fide of the tenon of the fheath, is
13% inches, and its inclination forward
CD is 14% inches. The fore fide of
the fheath may be formed to a circle I
D, having the radius D O of 18 inches,
the centre O being in a perpendicular
above E, which is 19 inches from C.
This will leave a fmall {fpace between
AC, whichis not made up by the fheath,

but this is of no detriment, for if the

{heath were fo far forward, working it

to the twiflt would weaken its tenon.

The

o
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Of the Mouldboard. 123

The part of the fcale before 20 is of no
ufe in making the mouldboard, as it is
before the point of the fheath. It ferves
to fhow the point C, fig. 14. where the
land and furrow {ides interfe&t each
other. 'The fcale muft be fixed fo, that
20 at A is equally forward with the
point of the fheath, and the edge which
1s ufed for forming the mouldboard
muft be 23 inches from the land fide at
the point of the fheath, and 3% atI.
When the fhoeing is put on the wood at
this fize, it makes the fole to be above
nine inches, which is abundance of
breadth for general purpofes.

The other method which I fhall give
for forming the mouldboard, is by an
inftrument reprefented in fig. 1+7. which

we call a bevel, It confifts of a firaight

}_J?_C ce
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4
piece of wood K M, which may be call-
ed its handle, and a rod N P, fixed in-
to it at an angle equal to that which
the crofs line R D of the furrow, fig.
13. makes with the mouldboard fole,
namely, an angle of about 74 degrees.
The lath A B is faftened to its upper
fide, parallel with its edge, {0 as to form
a fhoulder, which can be applied to the
cdge of the mouldbeard fole. This in-
ftrument is reprefented endways in No.
2. by which the angle or fhoulder may
be better {een.

In order to fee the manner of ufifig
this inftrument, confider fig. 16. where
G is the point of the fock, G L the land
fide of the plough, CR E a line drawn
parallel to it, along the furrow {fide of

the fheath, and CI the furrow fide of

the

byl

197
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§
the mouldboard fole. R A is the upper
mould of the mouldboard, drawn to its
proper thicknefs and pofition.  This
upper mould muft be taken from a pat-
tern made by the protractor and {cale:
Or we may come extremely near the
equal twiit, by making R A a ftraight
line, fet on at R, oppofite to the point
Y, which 1s two feet diftant from the
point of the fock. R A muft make an
angle A RE of 463 degrees.

Now, let a piece of wood be chofen

for the mouldboard. This muft be at

leaft eight inches thick, and of the fhape
reprefented in fig., 16. No. 2. The
lower edge C H muft be about 223 in-

ches, the height O P 12 inches, the in-

‘clination forward C P of its fore fide

muft be 11 inches, and the upper edge
OA
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O A muft be about 24 inches. When

this piece is joined to the plough, in
fuch a manner that the mouldboard can
be worked out of it, it will ftand in the
pofition, fig. 16. A OR B being its up-
per edge, and HC DI its under edge.
For this purpofe, it muft be hewed
away with a perpendicular face on the
land fide, in fuch a manner that the
loweft point forward C of figure 16.
No. 2. may be at C in figure 16. No. 1.
which is the interfection of the furrow
{ide AI, with the furrow fide of the
(heath CR; and the higheft point A,
behind figure 16. No. 2. muft fall on
A No. 1. The perpendicular face a-
bovementioned muft now apply clofe

to the furrow fide of the fheath, all the

way from C to S. Now, let the mould

CI
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1
|

C I be drawn on the under edge of the
piece of wood, and the mould R A on
its upper edge, in their proper pofition,
or 1nclination to each other, as in the

hgure, and let the fore edge of the
fheath on the land fide be formed ac-
cording to figure 15. Every thing is
now ready for applying the bevel.

Lay the ftock or handle of the bevel
along the line GC, the end M of the
flock being towards G, and the check
or angle of the ftock being applied clofe
to G C, {lide it back along GC, till
the rod PN of the bevel comes to touch
the theath, which it will do at firft on
the furrow fide. Let the wood be hew-
ed away till the rod now touches the
fore edge of the fheath on the land fide.
In this manner proceed backwards, al-

Ways
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J
ways fliding the ftock along the draught il
CI, and hewing away the wood till the L

- th(‘ ! r.l

rod can touch the fore edge of the

theath on the land fide. This will form i |
the mouldboard as far as the top of the ik
|
fheath.  Proceed in the fame man- I |
ner, always applying the ftock to the f iy |
draught C I, and hewing away the | 8
wood till the rod can touch the mould | {019
draught R A, drawn on the upper edge B
of the mouldboard in its different parts. d
When this is done, if the ftock be gra- ot 1
dually drawn along CI, and the *rod II eI
applied to the fore edge of the fheath LF B
C R, and the upper mould draught, the ¢
rod itfelf will flide along the furface of |
the mouldboard, and will, in every fitu- I
ation, be perfe@ly fimilar to the edge &
of the protractor, and perform the fame of.

office.
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Of the Mouldboard. 129

The mouldboard made in this man-
ner will hardly differ from that made
by the {cale and protractor, and may,
like it, be varied at pleafure, by vary-
ing the form of the fore edge of the
fheath, and the form of the upper
mould draught R A.

A gentleman, who has been fo good
as to look over this performance before
it was put to the prefs, has favoured me
with the following obfervations on thefe
two methods.

¢ The method with the fcale and pro-
¢¢ trActor does not give an equable twilt
¢ of. the mouldboard in any part, ex-
¢ cept Juﬁ at the point I. The me-
¢ thod with the bevel is exact all the

““ way from the point of the fock to I.

¢« Both the methods give too much in-

R L2 cli-
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“ clination to the furrow after it pafles
“ I, and leave it turned farther than
¢330'degrees.’™

As I make no pretenfion to mathema-
tical knowledge, I will not difpute the
truth of this ebfervation, efpecially ag
I am informed by my friend, that the
deviation from a regular twift is not {o
great as to affect the performance of the
plough very materially. Befides, the
reader fees by this time, that this me-
thod of forming the mouldboard, whe-
ther by the protractor, or by the bevel,
will enable us to give it a regular twifl,
or any twift we pleafe. 'We have only
to vary the divifions of the {cale for the
protractor, 1n fuch a manner as a ma-
thematician (hall direét for the twift re-

quired. If we ufe the bevel, the ma-

thematician
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Of the Mouldboard. I3I

chematician can inform us what fhape
of the upper edge of the mouldboard
will form the whole furface to the de-
fired twift. And I reckon it a matter
of fome confequence to have pointed
out a rule, by which workmen may
make mouldboards with abfolute cer-
tainty, according to any given prin-
ciple, whereas at prefent they are made
at random, or by the eye.

The laft circumftance to be taken
notice of with refpe¢t to the mould-
board, i1s the form of its hindermoft
end. This has been greatly varied by
different workmen, although there is
only one way of making it pr;oper for
its work, which is, that all the parts of
it fhall leave the furrow in one inclined
plane.  This may be very nearly done

i
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2 Of the Mouldboard.

in the mouldboard now defcribed, by
making the hindermoft end of the fame
curve with the fore end, the curve
cutting the mouldboard, all at one
length, as in fig. 13. When the mould-
board is of any other form, its hinder-
mofl end may be formed fo as to leave
the furrow in one regular inclined line,
by the fellowing eafy method. Let two
parallel lines be drawn upon an even
floor, at the diftance of the extreme
point of the heel of the mouldboard fole,
from the land fide of the plough, as is
reprefented in fig. 16. by the lines G L
and Q T. Let the plough be fet with
its land fide along G L, fo that the heel
of its mouldboard fole may be at I.
Now, let a ftraight plank, of the {ame

breadth with the mouldboard, be fet

with
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with its firaight edge along the line Q
T, but leaning over to the furrow fide.
Let it now be turned round upon the
line QT, like a door on its hinges,
till it touch the hindermoft end of the
mouldboard, which muft be cut away
till the plank touches it from the heel
to the top, and ftands at the proper in-
clination to the furrow fide. After this
defcription of the mouldboard, and this
account of the principle which leads to

the conftruction, it feems unneceflary

to draw any comparifons between this
mouldboard and thofe of other forms ;
and I doubt not but that the reader
will agree with me in thinking that
this merits the preference.

As the defeription hitherto given of

the plough, has all along related to the

plough
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plough which has the feather fock on

the fheath, it may be thought that this
conftruction is proper for that kind of
fock, and that manner of framing, on-
ly. But it will correfpond equally well
with other focks and methods of
framing.

When land is ftoney, the {pear-fock
is thought to be the moft proper, and,
in this cafe, a plough framed with a
head is thought better than one framed
in the manner already defcribed. Such
a framing is reprefented in fig. 18.
In this framing, the land fide of the
{heath muft be even with the land fide
of the head, and with the land fide of
the fore and hinder end of the beam.
This is done, by giving the fheath a

{houlder upon the land fide, beth above

and

o
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and below, and not making its tenon
on the land fide, as is ufually pra&ifed.
In this manner, the upper tenon of the
fheath may be through the middle of
the beam, which will give it the great-
er firength. Thus the land fides of the
head and fheath, and ftilt, are in one
PE;-’II}{‘.

The curve of the fheath and its in-
elination forward, are to be the fame as
in fig. 15. as far down as the upper
fxde of the head. The plough however
will not be materially hurt, although
the fheath has not fo much curve be-
low, which would perhaps weaken the
lower tenon of the fheath, which, in

this conftrution, is more over to the

furrow fide than ufual.
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The ftilt may be either of fuch amould
as is reprefented by the dotted lines in
fig. 18. fo ds to frame into the hin-
dermoft part of the head, or it may be
of the fhape exprefled by the fhaded
part of the figure, with a chock of wood
between it and the heel, and an iron
bolt through it,as C D. Thisis a much
ftronger form, and lefs liable to rack.
This framing of the plough may be u-
{ed either with a fpear fock, or with a
feather fock. The {pear fock is repre-
fented in fig. 19. which fhows the
fole of the head and furrow fide, incli-
ned as they fhould be, when the mould-
board is made according to fig. 14.
A crofs fe@ion of the hindermoft part
of the fock is feen at N I, where E B

A C is the iron work of the fock, BA

-
e
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Of the Mouldboard. 1777
its back, B E its land fide, and A C its

furrow fide, and C D the fole of the
head. The back of this fock behind
will have very nearly the fame inclina-
tion with the mouldboard of fig. 14.
at that place.

The greateft difference between this
and the feather fock ploughis in the
height of the mouldboard fole. As the
fpear fock does not cut the furrow {o
low before the mouldboard fole as the
feather fock does, 'the fole muft be 1§
inch higher all its length. Different
foils require a variety in this refpect.

Another difference is, that the point
of the fock muft not be ftraight with
the land fide, becaufe, in this cafe, it
would be too much to the left, and

would not raife up all the furrow, when

S the



138 Of the Mouldboard.

the coulter is placed as before direéted,
which is its moft proper pofition in this
plough, as well as in the feather fock
plough.

When the feather fock is put on this
head, as is reprefented in fig. 20. the
hindermoft ¢nd of the fock isas N 2.
C A B being its back, and C E its land
{ide. This fock has nearly the fame
mnclination behind with the mouldboard
of fig. 14. at that place. As this fock
has a feather, the mouldboard fole may
be made as low as when the fock is in
the fheath. The point of the fock muit
alfo be ftraight with the land fide of
the plough.

A teathered fock plongh with a head,
will admit the fock to be flatter above

than when the fockis on the fheath, by

which

for
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Of the Mouldboard. 139

which means there is more length of
the plough below the furrow before it
is turned up, and the plough keeps
better in the ground, and feems, in
this refpect, preferable to the other, in
foils where obftacles frequently occur,
which are apt to put the plough out of
the ground.

When the iron head, with the feather
{ock,is employed,the twift of the mould-
board is formed in the f{ame manner,
but is extended more forward, becaufe

the hindermoft end of the fock is fmall-

Cr.
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DireEions for making Sock Maundrels,

It is beft to have thefe of caft metal.

This requires a wooden pattern. This,
for the feather fock on the fheath, muft
be formed to the regular twift by the
fame inftruments which are ufed for
forming the mouldboard. For the fock
on the head, the pattern is made pro-
portionably flatter, becaufe, in this cafe,

the twift 1s extended further forward.

Diredtions for framing the Plough. fig. 1.

When the fundry parts of the plough
are to be marked for the tenons and
mortifes, they muft be laid in the pofi-

tion which they are to have when the

plough

oer
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Of framing the Plough. 141

plough is made. The pofition of the
beam for giving the proper hold depends
on two things, 1/}, the different length
of the beam, and the height of its fore
end from the plane of the fole. 24, The
inclination of the line of draught. Ifall
ploughswere of one length, from the part
which turns the furrow, to the part of the
beam by which the cattle draw, the rule
for giving them all the fame hold is very
{hort and fimple ; namely, to place the
fore end of the beam at the fame height
above the plane of the fole. But this
rule will not apply when the beams are
of different lengths. The following me-
thod may therefore be practifed.

A B (fig. 22.) is a ftraight batten a-
bout 10 feet long. Let therebe a notch,

ftud, or other mark C, abaut 3 feet,

6
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6 inches from the end A. Make the
point H about 4 inches farther from A,
which, in moft good ploughs, is nearly
the diftance between the point of the
fheath, and the interfection of the Lne
of draught with the fole of the plough.
Draw a line H L, making an angle
L H A, equal to the inclination of the
draught. This inclination is to be
found by dire@ions which will be given
afterwards. Make HM nine feet, and
draw the perpendicular M L, meeting
the draught line in L. Make L G a-
bout five or fix inches, and draw the
line GH. Take a ftraight batten E F,
and lay it on the line G H, fo that its
middle K may be about four feet from
H. Let the battens E F and A B be con-

nected by a batten A K nailed to both,

which

—
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43
which will keep EF in its proper place
and inclination.

Now, let the fheath be cut by a mould
to its proper curve forward, and a
draught made for the fole, or let it be
allo formed on the end whic¢h is to be
the fole. Let it alfo be marked at'the
height, where its tenon is to begin,
Let the ftile alfo be cut to its propet
mould. Now, place the fheath with its
fole draught on the edge of the batten
A B, and its point at the noth ¢. Place
alfo the ftile in its proper pofition. Then
lay the beam, with the under part of
its fore end, on the edge of the batten
EF, and its under {ide on the tenon
mark of the fheath. Slide the point of
the beam backwards or forewards along

1eedge EF, always keeping its under

ﬁt’.k‘
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“» " ;H}H;'
fide to the tenon mark of the fheath, )3 |
* » 1 . M EiL [
till the other end of the beam projects
fufficiently behind the flilt, for giving el
i _ ’ Loz B il LJ
a proper length of tenon. he morti- I
fes and tenons muft now be marked, fite
while the parts are in this pofition, and il
R : 5 i
the plough will have its proper hold for | o
the inclination of the draught, &and (Sh 8
when the bridle is added, the plough DR A
i “ 1 e b
will keep its heel well to the ground. | P
If the plough 15 to be worked with a ‘ i
bridle and chain, a piece muft be fixed | b e
to the fore end of the beam, ‘When it is% || AdE br
- i | - ] L 7 - _*.J il
laid down for marking, which will make?* 5 Wt
i
the part which touches the batten E F | ons e
- " - 1 |
to correfpond with the fituation of the Vg e
" 3 . . 1 1 5 I: U
point of draught in the going plough. fag ¢
The part of the batten A B, which is R ||
behind the heel of the plough is for ad- i |

jufting
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jufting the height of the ftilt handles.

This muft be the fame whatever is the
length of the ftilt, and for ordinary
men, muft be about three feet two in-
ches from P to B.

The afcent or inclination of the line
of draught depends both on the height
of the cattle, and the diftance from the
plough at which they are yoked. When
the horfes are ftanding in the draught,
let a plumb line be applied to that point

of the chain or draught rope which

vgoes threuigh the backband. Meafure

sthe height from the ground, and the

diftance of the point of the ground
where the plummit falls from the point
H, three inches behind the point of the
fheath. When two horfes are going

abreaft, as one of them is on the un-

x ploughed
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ploughed ground, we muft add halt the

depth of the furrow to the meafure ta-
ken as above directed. When one horie
is yoked before another, in fuch a man

ner as to make two afcents of draught,
a middle between thefe may be taken,
if both are of equal ftrength. If they
are not equal in flrength, the medium
line of draught will be nearer to the
draught line of the ftrongeft. Thus, i
H N be the draught line of the hinder-
moft horfe, and H O the draught line of
the foremoft ; and if the draught of the
firft is ftronger than that of the laft, in
the proportion of five to four, for in-
ftance, make H N five parts of any
fcale, and H O four parts of the fame
{cale. Make N P parallel to H®, and
OP parallel to HN. Thefe two lines

will

Bp ll
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will meet in P, and H P will be the di-

rection of the medium line of draught.

The framing on the fheath requires
only this farther diretion in addition
to what has been already faid, namely,
that in order to make its land fide on
the fame plane with the land fide of the
fole, and, at the fame time, its tenon
near the middle of the beam, it muft
have a fhoulder on the land fide. This
will feldom need to exceed 2 of an inch.
The land fide of the ftilt muft alio be
in the fame plane with the theath and
fole.

In fixing on the furrow fide of the
plough, the infide of the mouldboard
muft be hewed till it is reduced to the
thick#te(s of 2, or 2% inches in the
middle, where the little flilt is to be

fixed.
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fixed. The upper fide and hindermoft

end may be made thinner, becaufe they
are expofed to lefs ftrain. The mould-
board is then fitted on to the fheath, at
its proper inclination with the land fide
of the plough, and the proper width
behind. The little ftilt is then fitted to,
and marked for its proper height. The
mouldboard being now taken away
again, the little ftilt is nailed to its pro-
per place. The mouldboard being a-
gain put on as before, the ftilts are

bored for the rungs, and marked for

the length.

thee 1,

for o
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Of the Ufe of a Chain on the Plough.

When a plough is made with fuch a
degree of hold as in fig. 24. the point
C of the bridle, to which the draught is
applied, is kept in its pofition by means
of 'a chain C D, which is hooked to a
ftaple at D, at fome diftance behind on
the beam. The chain may be made
fhorter or longer by means of the click
in the ftaple D; and by this means, the
point of the bridle C is kept in a circle
round the centre bolt B, and the plough
gets more or lefs hold, according as the
chain is made longer or fhorter. When
the plough is mounted in this manner,
the point of the beam is fet higher than

when no chain is ufed, although the

height
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height of the fheath be the fame, as has

been already obferved in the diretions
for framing. The ploughmen call this
giving the plough gieater redd or free-
dom. This form of the plough enables
us to give it greater changes of hold
than when a bridle is ufed without a
chain, becaufe the bridle may be made
longer from the bolt, without any dan-
ger of breaking, being fupported by the
chain. The part of the beam alfo be-
tween the bridle and ftaple is fomewhat
fecured from breaking upwards; and if
the ftaple could be conveniently placed
at the very ftilt, it would be ftill more
{fecure.  This ‘bridle is made with
notches on each fide of the middle, in
order to give the plough more or lefs

3;—111(].

When
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ien two horfes go a-breaft, the
draught line falls in with the direQion
of the plough, or is right along the

1

beam. But when the horfes go all in

i

he furrow, the drauglt line is then re-
moved to the right, fomething more than
half the breadth of the furrow, (fee
fige 25.) where A DB reprefents the

draught line, when the horfes are all

02

P

in the furrow, and A E C is the draught
line when the horfes are a-breaft. D is
the point where the line A D B falls in
with the furrow, and A is the point
where it falls in with the centre draught.
D E will then be the diftance of the
notch of the bridle, upon which the
chain fhould be placed, from the other
draught line AEC. It may be obferv-

ed of this manner of drawing, that the

draught
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draught line can never fall parallel with

the direction of the plough. Indeed,
even where the horfes are a-breaft, the
draught line is not exactly in the di-
reftion of the plough, becaufe the land
horfe generally keeps more than nine

inches from the edge of the furrow.

Of the Ufe of Wheels to a Plough.

From the defcription which has al-
ready been given of the various parts
of a plough, and the reafons which have
been offered for giving to each of them
the form which I have recommended,
the reader will fee what part of the work
is performed by each, and will be able
to judge of any alteration ‘which may

be prepofed by way o ‘ovement,

-
(o
Yot
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whether or not they tend to make a

plough perform better work; be morc ea-
{ily drawn,more regular in the draught,
or more eafily managed. Care has been
taken of each of thefe things in the for-
going conftructions, and experience
{hows that a plough may be fo made,
as that, when working in even and well
drefled ground, the plough will per-
form the work almoft of itfelf, requir-
ing very little attention from the
ploughman.

But ploughs have been ufed which
are of a very different conftruction,
having many parts which are not in the
plain plough, the fubject of the forego-
ing fheets. As thefe ploughs are now

in great vogue, and much ufed both in

England and other countries, and as

U the
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the parts added are intended for pro-

ducing fome of the good effects julk
now mentioned, it will be improper to
pafs them over without notice in this
treatife. The chief of thefe propofed
'mprovements is the addition of wheels
to' a plough, which fhall therefore be
particularly confidered in this place.

Ic has been a very general opinion,
that the addition of wheels is an im-

provement of the plough, but artifts

have differed exceedingly, both as te -

the manner of applying them, and the
parts to which they fhould be applied.
Since thefe parts are only {ubfervient to
the part of the plough which really per-
forms the work, and as the manner of

alting of a wheeled p]ough differs con-

fiderably from that of a plough without
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wheels, we muft confider particularly
their action, at the different parts to
which they may be applied, in order to
judge of their advantages or difadvan-
tages. The reader alfo will eafily fee,
that the form of that part of the pleugh
which isin the ground, and really per-
forming the work, muft be regulated
by the fame principles in both cafes,
and that what is moft proper for the
one will alfo be moft proper for the
other.

One manner in which wheels have
been ufed, is to have two wheels appli-
ed to the beam, by a carriage. Wheels
applied in this manner have their prin-
cipal effect in regulating the plough, by
giving it a certain quantity of furrow,
either.in breadth or depth. While one

wheel
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wheel continues in the furrow, and the

plough 1s fet to take any given breadth,
it muft keep that breadth very regular-
ly, and not be liable to make any {nd-
den bend, and is therefore very proper
for keeping ground flrajght that is al-
ready laid out in ftraight ridges. Alfo,
when the beam is fixed to any height of
the wheel carriage, the plough muft be
kept at a fixed depth, and, by fhifting
the beam higher or lower, the plough
may be made to go deeper or fhallower,
as occaflion may require, When, there-
fore, the foil is equally deep, and free
from obftacles of ftones or roots, this
plough muft require little labour in

managing it,

But,
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But, on the other hand, when the fur-

face is not a plane, either level or in.
clined, but has a number of heights
and hollows, as 1s frequently the cafe,
elpecialiy in crofs ploughing, the wheel-
ed plough cannot be fo proper as the
one without wheels, which the plough-
man can regulate to his mind, whereas
the wheeled plough is out of his power.
In like manner, when the {oil is not e-
qually deep in the length of a furrow,
or would require to be ploughed to dif-
ferent depths at different places, it can-
not be proper to have the plough fixed
to one certain depth. Itisknown that,
in general, the crown of the ridge will

admit of being deeper ploughed than

-

what is near the furrow.
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It muft alfo be obferved, that in mak-
ing the firft furrow of the ridge, the
wheel which, at all other times, goes i
the furrow, muft now be as high before
the furrow is made, as the one on the
anploughed ground. This requires the
plough to be altered every time we
make the firft furrow of a ridge. On
the other hand, when a plough is mak-
ing the laft furrow of a ridge, the wheel,
which, at all other times, goes on the
unploughed land, is now in the furrow
of the former ploughed ridge, or on
the oppofite fide of the fame ridge.
This will, in like manner, require an
alteration of the plough.

From thefe obfervations, it appears
that inconveniencies arife from keeping

the plough in one uniform depth, and

JJJJJ
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" gk that by the frequent alterations here
5 the fpecified, very little labour is faved to
t0es I the ploughman upon the whole. It
Dtfore mufl alfo be obferved, that the part of
In the the wheeled plough in the furrow muft
Jres the be the fameas that of the plain plough,
ke we when the centre draught is the fame.
g On But, in this plough, the draught line
| mak- has often two different afcents, one
7 heel, from the part of the plough acting in
=n the the furrow, to the wheel carriage, and
gfurrow the other from the carriage to the cattle.
30r 0 To this is added the draught of the
g ridge wheels and carriage.
pire al In finding the draught line of this
plough, we muft confider the parts upon
pears which the preflures are exerted. With
eping refpett to the part of the plough which
. and is in the furrow, the preflure is exerted

that oIl
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on that point which we have called the

centre of altion. This will vary a little,
by a change in the depth of the fur-
row, and by any difference in the
length and pofition of the fock and
coulter. But, in general, when the dif-
tance between the point of the fock
and the heel 1s two feet nine inches, the
draught line will interfect the fole about
14 inches back from the point of the
fock.

With refpect to the carriage, the
preflure of the draught is always exert-
ed on that point to which the draught is
applied. Some may think, that the
preflure of the work is exerted on that
point where the beam refts upon the
carriage. But, in whatever way the

carriage draws the plough, or beam, or

- -
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in whatever way the carriage is made,
it has all one effet, and the draught
line will never follow any elevation of
the beam, nor the various turnings ot
the different parts which connect the
centre of attion with the part of the
carriage to which the draught of the
horfes is immediately applied, but
makes a ftraight line through them all.
Thus, then, there are two afcents of
draught, one from the centre of a&tion
to the draught point of the carriage,
and the other from thence to the horfes.
If thefe two alcents make but one
ftraight line, the plough will, in this
refpet, differ very little from the
plough without wheels, becaufe then
there is no preflure upon the wheels.
It is true, that the plough will not go

X deeper
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deeper, but 1t will be eafily thrown ou

It the firft afcent of dranghe is greatex
than the fecond, fo as that they make
an angle below, at the part of the car-
viage which isdrawn by, there will then
be a preflure upon the wheels, and the
plough will be regulated in its deptli,»
and will gofteady. This preflure upon
the wheels will be {fo much the greater,
as the two afcents of draught differ
more from each other.

It is thought that power is gained by
thus raifing the line of draught upon
the carriage, becaufe, in the common
way, the draught is partly employedin
pulling the plough out of the grouﬂd,
and the remainder only is employed in
pulling the plough forwards. In the

wheeled plough, the draught of the

cattle
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cattle may be made parallel with the
bottom of the furrow ; but it malt be
here obferved, that by giving this di-
rection to the draught of the horfes, we
increafe the preflure of the wheels ; and

while power is gained by leflening the

.afcent of draught, power 1s alfo loft by

increafing the preflure upon the wheels.
I am of opinion, that,when thefe circum-
ftances are duly attended to, and when
we confider the uneven and compref-
{ible furface upon which the wheels
muft move, we {hall find that no power
will be gained by placing the draught
higher upon the carriage than the
ftraight line which joins the centre of
action of the plough with the height of

draught, as it comes from the lower end

3
of the horfes backband. With refpect,

there-
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therefore, to the eafinefs of draught, the
wheeled plough does not feem to poflefs
any advantages, and it is loaded with
the additional weight of the carriage
and wheels.

There is a wheeled plough of a much
imore artificial conftruétion than the
one now defcribed, having wheels or
vollers applied to that part of it which
is in the furrow.

In order that the furrow fide of a

h may fhift and turn the earth in
the manner defired,’ the plough muft be
{upported againft the refiftance which
it meets with from the earth. As the
earth 1s raifed and prefled to the right,
the plough is prefled downwards, and
to the left, and muft be f{upported by

the bottom of the furrow, and by the

firm
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firm ground to the left. The fole and

land fide of the plough are therefore
firongly prefled, and expofed ta great
{riction, in the {fame manner as the {ole
of a fledge drawn along a foft road. In
the plough now under confideration,
a wheel has been fubftituted in place of
the fole, and another wheel, or rather
roller, with a perpendicular axle and
horizontal motion, has been fubflituted
in place of theland fide. This plough
differing from a common plough in the
{ame manner ‘as a wheeled carriage
differs from a fledge, it has been called
a carriage plough, while the common
ploughs are called fledge ploughs. Itis
alfo commonly known by the name of
Moore’s patent plough.  As thele
wheels are placed in the moft proper

manner
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manner for producing the effect thac

is defired, this pleugh is very fit for en-
abling us to judge of the value of this
improvement. The improvement is
{uppofed to be the fame upon the plough
that wheels are fuppofed to be upon a
fledge. The fuperiority of the wheel-
carriage abeve the fledgeis well known.
Now it is thought, that as the wheel,
which, in this plough, performs the of-
fice of the fole, is 16 inches in diame-
ter, while its gudgeon is but one inch,
the refiftance to the plough’s motion
arifing from the friction of the fole is
diminifthed 16 times.

Granting this, the improvementis not
fo great as is commonly imagined. For
a wheel of 16 inches diameter cannot be

placed fo near the point of the fock, as

Lo
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to-perform the office of the fole. It
only performs the office of the heel of a
plough. Now, we have feen, that the
preflure upon the heel of a plough, and
confequently its friftion, isnot confider-
able, if the plough is conftruéted accord-
ing to good principles, being nothing
more than what is neceflary for making
the plough fteady in its motion. In
Moore’s patent plough, the preflure of
the heel may be reduced ‘to nothing,
becaufe it has wheels under the beam.
But in the way in which it is common-
ly made, the preflure at the heel is very
confiderable, and the friction may be
greatly diminifhed by means of the wheel
at the heel of the plough. This advan-
tage however is much more than balan-

ced by other inconveniencies. ‘The

{ole
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fole of a common plough being made

{fmooth and even, and in the direction
of the plough’s motion, it {uffers no re-
fiftance, but what arifes from fri&tion
alone. Prefling upon the furrow with
its whole furface, no part of it can fink
deeper than another. It is allo well
known, that its friction is the {fame whe-
ther its whole furface is prefling, or on-
ly fome parts of it. By experiments

which I have made with great care, I
have reafon to conclude, that the fric-
tion of a plough fole does not much ex-
ceedthe fourthpartof the preflure which
is acting on it. I have alfo made expe-
riments with a wheel placed in the man-
ner of Mr Moore’s. I have found its
refiftance to be very irregular, accord-

the {oil was uniform er not. A
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wheel
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wheel of 16 inches diameter requires
near § of its weight or preflure to draw
it over an obftacle one inch high, and
near one half of its weight to draw it
over an obftacle two inches high. Many
fuch obftacles occur in the bottom of a
furrow, fromhollows, eminencies, {tones,
foft places, and loo{e mould, which tum-
bles in, and it would be but a moederate
eftimation to reckon them equivalent
to an obftacle of two inches high. The
refiftance therefore to fueh a wheel is
nearly double the refiftance to a com-
mon f{ole plate. I do not by this mean .
to aflert, that the refiftance to Moore’s
plough is double of that of a common
plough, becaufe I have obfervedalready
that the refiftance at the heel is but a
fmall part of the whole refiftance to

L

b w hich
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which the plough is expofed, and it

1 i

this refiftance alone upon which the 0
wheel makes any change. i |
I will now add, that ufing of this 108 |
wheel in place of a common {ole, great- aulleh U
Iy hurts that fteadinefs of motion, which dan. ¢
we have been' at fo-much pains to pro- fau
cure, and which is one of the greatelt ign ¢
properties of a plough. For, as the st |
swheel {inks into a hollow, or goes over |t o
an eminence, the point of the fock muft olsg &
be raifed or depreffed. Accordingly it 3 n
is found, that when it is ufed without e
a carriage under the beam, the plough 0
coes with a very hobbling motion, and ny
although the beam-carriage prevents | gy
this in Mr Moore’s plough, it muft be | -.'.'E_ucl
acknowledged, that the labour of the gy |
cattle muft be increafed.on this account. e |

With
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“With refpect to the wheel which per-

forms the office of the land fide, the

{ame inconveniencies muft attend it in

a greater degree, becaufe, from its fitu-
ation, it cannot be abeve nine inches
diameter. Indeed, it.cannot be nearly

fo big, without projecting too much to

the right : it is, therefore, much more

affeted by any inequality -of furface
than the other wheel. The bad .effects
of thefe inequalities are more confider-
able on this wheel, for this additional
reafon, that the wheel itfelf is placed in
apart of the plough where there is
really a greater preflure.

A plough of this conftrudtion, but
without wheels under the beam, has
been tried in company with other

ploughs of the common form, and it

AT I
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was found to require at leaft a third
more power to draw it. I did not, how-
ever, attribute the whole of this to the
wheels, becaufe the plough was defec-
tive in the conftruétion cf its other
:,_11}1‘1',5?.

There is another wheeled plough
which deferves to be taken notice of,
becaude it has met with the approbation
of the fociety in London, for the encou-
ragement of arts and manufactures, and
has a very great name, as the plough
which is drawn by the leaft force pof-
fible. The make of the body of this
plough is not very different from that
of the Rotherham plough, from the
point of the coulter and the fock back-

wards. It differs a little in the manner

of framing, the left flilc being extend-

ed
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ed forward, fo as to ferve in place of

the fhicath. The mouldboard alfo is fo
contrived, that it may be fet at different
widths.

This plough has three wheels. One
of them is placed under the fore end of
the beam, which has a bend upwards at
the place of the coulter, on purpofe to
give room for a wheel of two feet three
inches high. The other two wheels are
on an axle-tree fixed to the beam, a
little behind the point of the coulter
and fock. One of thefe wheels treads
upon the unploughed ground. The o-
ther is let down by means of a crank
upon the axle, fo as to go at the bot-
tom of the furrow on the right fide.
The third wheel is fixed to the beam by
a frame, which comes back as far as the

pOiIEg
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point of the coulter, where it is fixed to

the beam. A part of the frame comes
perpendicularly up from the centre of
the wheel, and goes through the beam
like a {lider, fo that it can be fet at dif-
ferent heights. By this means the
plough is tempered to any particular
depth, Thus the plough becomes a {ort
of wheel carriage.

The view of the fociety in making ex-
periments with this plough, was to dif-
cover whether the whole amount of
friction on a well conftructed plough
was an inconvenience which was worth
regarding. The refult of the experi-
ments was, that it was not. The refult
could not be otherwife ; for the effect of

thefe wheels was little more than carry-

ing the weight of the plough itfelf.

One
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One of the wheels, indeed, adts a little
he wheel in the fole of Mr Moore’s
plough, and has all its inconveniencies.

This difpofition of the wheels is at-
tended with other great inconvenien-
eies, As two of the wheels are very
near the point of the coulter and fock,
whenever both, or one of them, are
raifed upon any eminence, the point of
the plough muft immediately rife, and
the connecting parts are expofed to very
great ftrains. When the wheels have
got over the eminence, and would come
down again, they are prevented, be-
caufc the fock isnow at a lefs depth
than before, and muft advance fome
fpace before it ean regain its former

depth. ' By this means the wheels are

often kept from prefling on the furface,
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76 Of the Ufe of W heels:
while, at other times, they are moft vi-
olently fqueezed to it, fo that the
plough is neither regilar in its depth,
nor in the labour whicli it gives to the
horfes, unlefs the ground be a {mooth
plane. Even in this cafe, the labour of

the cattle is confiderably increafed, be-

caufe the two wheels, being fo near the

coulter and fock, are violently fqueez.
ed into the ground. By thus finking
into the foft earth, they require a force
to draw them forward, nearly equal to
what would draw them over an obftacle
half as high as the depth to which they
fink.

I have given this account of the
wheeled plough, in order to fhow, that

befides the other inconveniencies to
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adapted for procuring the very advan-
tages .for which they are intended.
The advantages alfo are but inconfider-
able, and by no means equivalent to
the great additional expence, to the
rifque of going out of repair, and the
trouble of keeping them in order. I
might have f{aid, that they poflefs no ad-
vantages over the fledge plough; for
they cannot be ufed except in well dref=
fed ground, free from ftones. In fuch
{oils, there is no ufe for them; for it ap-
pears that the principles upon which a
plough operates, while it is performing
its work in the manner required by the
farmer, are fo certain, that a plough
may be made which will perform the
work with hardly any attention on the

part of the ploughman. Whether I

Z have
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have fucceeded in giving a conflrudction
of a p!ough which is p(‘:rf}?ft in this re-

fpect, the reader muft judge, or expe-

|
-

vience muft determine. The intelligent
reader muft fee that the thing is pof-
fible; and if ever it is done, the plough
conftructed in this manner muft be pre-
ferable toall others, for cheapnefs, fim-
plicity, eafinefs of being kept in repair,
and its capablenefs of being adapted in
an inftant to every change of {oil which
the ploughman can ebferve.

Here follows the defcription of =
plough which can turn the furrow to
cither fide at pleafure, and is therefore
ufeful for ploughing along the fides of
{teep hills, where the furrow mufl al-
ways be turned to the lower fide. See

P
1.

4 T
fig. 23. Nos. 1. 2+ 3. 4. 5.

No. 1.
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Of turning the furrow 1o either fide. 1%g

No. 1. is a view of the frame part of
the plough before the mouldboard is

put on. The redd or curve of the beam

cannot be lefs than is reprefented in the

figure, otherwife it would not leave
room frem the motion ef the coulter,
which is all below it, as is reprefented
in fig. 2. A much greater curve is
hurtful, by realon of the weight of the
plough being too high, becaufe this
plough muft always be leaning confi-
derably to the land fide.

The ftilts may be made in four diffe-
rent ways. i1/ A half length of a ftilt
may be framed to the beam, and fixed
to the fheath and head, and the whole
kept together by a bolt EF, as is repre-
fented in No. 1. To the part above
the beam, two handles may be fixed by

three
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three rungs. 2dly, A piece of wood
may be taken, which has a caft to the
left hand, fo that it will anfwer for the
left handle, when it is framed to the
beam, as already mentioned. To this
may be {pliced a handle of an equal
caft to the oppofite fide. 3dly, A picce
of wood may be formed which has a
natural fork, fuited to this purpofe
4thly, A piece of wood may be taken
which has a proper caft for a ftilt up
and down, and of fuch toughnefs, that
when it is fawn along the middle, near
to the beam mortife, it will bear to be
bent afide to the neceflary width.

The fheath is about 1§ inch thick by
five inches broad. The head is three
inches deep, by four inches broad. In

framing of thefe parts together, they

are
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Gf turning the furrow to cither fide. 18

are all placed in the diretion of a line
along the middle of the head and
beam.

The left mouldboard is feen {ide-
ways in No. 2. Q R being the fore edge,
where the two mouldboards meet, and
8 T is the hindermoft edge. The two
mouldboards are feen from above in
No. 3. which fhows the angle which
their upper edges make with each other.
The fore edge of the mouldboard is alfo
feen in No. 1. being reprefented by the
dotted line G H. Thefe mouldboards
are mitred together before. The infide
of the mitre is reprefented by K L in
No. 1. They turn round an iron bolt
D C No. 1. which goes through the
beam and head. The bolt has a head

at C, which is funk into the head of the

plou gh
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plough, and it is fcrewed at D, where
there is a nut. This bolt paffes through
the folid wood of the mouldboard,
through the mitre: therefore, before
the mouldboards are faftened together,
a half round grove is made in each, and
when they are joined, thele groves
make a round hole, as if made by an
augre. The angle which the under-
fide of the mouldboard makes with the
upper fide, is about .18 degrees, both
being ftraight, fee No. 6. where A C is
the lower edge of the right hand mould-
board, and A B its upper fide. The
mouldboards may be formed to the re-
gular twift, by means of the bevel, fig.
17. The angle between them at the
fole fhould be the fame with that made

by the land fide and mouldboard fole

-
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Of turning the furrow to either fide. 183
of a common plough, which is about
15 degrees. Then the mouldboards
will make an angle of about 15 degrees
below, and 52 degrees above. In order
o keep them at their proper angle, and
to ﬁrengt!:en them againft the preflure

f the earth, which tends to force them
:ogether, they are fecured below by a
forked ftrap of iron of the proper angle,
which has a hole through it for the
mouldboard bolt D C No. 1. to pafs
through. This ftrap is nailed to the
lower edge or fole of the mouldboards.
They may alfo be fecured by a rung
between them, {fo placed as to pafs free

between the fheath and ftilt.  They are

{ecured above by what I call the iron

beam, reprefented feparately in No. 3.
and feen fideways at E Q T, No. 2.
This
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This beam, No. 5. is formed to the
proper angle E A F of 51 degrees, and
has a hole at G, through which the up-
per part of the mouldboard bolt paffes.
The part AN projects forward, right
with the middle of the angle EAF,
formed by its fides, and has a {quare
mortife at H, for receiving the upper
part of the coulter; as is more diftinctly
feenin No. 2. The fore part N of this
iron beam is formed into a point, for
being received into the catch FE of
No. 2. This iron beam between the
coulter hole and the point of the mould-
boards is two inches thick, and the end
of the coulter which goes into the hole
 is two inches by 7.
here is alfo fised on the upper edge

af the mouldboeards behind, an arch of

- -
iron
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iron, reprefented by L M, No. 3. in
the middle of which, at K, thereis a
focket, for receiving the handle KTN;

A BCof No. 3.and EF of No. 2.
reprefent the catch which keeps the
mouldboards in their proper pofition.
This catch goes over the beam like an
arch, and has a bolt D E through it,
and through the beam, round which it
turns upward and downward. The
holes at A and C are for receiving the
point of the iron beam, reprefented by
E in No. 2. and by N in No. 5. The
catch is made very ftrong between thefe
two holes and the bolt holes D and E
No. 1. namely, about 7 fquare. The
catch is made to keep its hold of the

iron beam by means of a long f{pring,

reprefented by C D in No. 2. and by

A a FDB
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F Bin No. 3. Its fore partis nailed
to the beam ; and as the {pring alts up-
wards, - it prefles the arch of the catch
upwards, and-this keeps the hole A or
C on the point of the iron beam. This
catch is loofened from its hold by means
of a ftring or rope, which is faftened to
the top of the arch I, No. 2. and comes
backward, through a ftaple M on the
beam, to'the part L of the jointed
handle. By raifing.the end of the
handle, the rope is drawn tight, and it
pulls down the top of the arch of the
catch, by which the other end E of the

catch is drawn off from the point of the

iron beam. The mouldboard being

now fhifted to either fide, by puthing
the handle to the oppofite fide, the rope

is then allowed to flacken, and the o-

ther
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Of turning the furrow to either ﬁ.-?h. 187
ther hole of the catch immediately falls

on the point of the iron beam, and

keeps it faft.

In order that thefe mouldboards may

be able to fhift to the proper angle, it is

neceflary that the lower part of the

ftile, and the heel-piece at B, No 1. be

reduced to the thicknefs of the fheath.

In order to make this more effetual,

and alfo to give that mouldbeard, which
is at.the firm ground, fome f{upport
from the head of the plough, the upper
fide of the head is floped off for an inch
down, as is reprefented by the line A B,
No. 1. The lower edge of the mould-

board is equally floped off on the infide,

{o that when the plough is fet, the land

{fide mouldboard claps clofe with its

chamfered edge to the chamfer of the

UppEr
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188 Of turning the furrow to cither fide.

upper fide of the head, and is then fup-
ported by it, and all dirt or {imall ftones
is by this means prevented from get-
ting between them, and the mould-
board and head make one uniform fur-
face, without any projection on that
fide for about {ix inches up.

The edge of the coulter mult be fet
right in the middle of its thicknefs, bu
the back of the counlter muft have a
thicknefs equal to } of its breadth. By
this means, when the mouldboard 1is
fhifted to one fide, that face of the coul-
ter which is next the firm ground, will
be flufhh with that fide of the head, or
will lie in the dire&tion in which the
plough is going, agreeable to the prin-

ciples formerly laid down.

The
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The lower part R, No. 2. of the fore
edge of the mouldboard muft always
be kept clofe to the upper fide of the
fock. Ifit projects to either fide, and
a ftone gets into the angle, the plough
will be broken, or its motion will be
prodigioufly  retarded: therefore, the
upper {ide of the fock muft be made of
a breadth proportioned to the fhift of
the mouldboard, at the place where the
lower point of the mouldboard traverfes
over it. This is reprefented in No. 4.
where D is the centre of the motion of
the mouldboards, and A is the fore
point of them when the plough is turn-
ing the furrow to the left hand, and F
is the place of it when the plough turns
the furrow to the right hand. The

breadth of the fock A F will therefore

depend
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depend on the width of the fhift of the
plough, and on the diftance from the
bolt D. In the dimenfions reprefented
in the figures, A F muft be four inches,
becaufe the point of the mouldboard
fhifts two inches on each fide of the
middle line of the plough.

If the bolt, reund which the mould-
boards turn, were placed perpendicu-
lar, as at I C, No. 1. the upper furface
of the fock, No. 4. fhould be quite flat.
But when the bolt D C, No. 1. leans
back above, the upper furface .of the
fock between A and F, and behind it
a little, muft be rounded a little a-
bove. Thus the point of the mould-
boards will keep clofe to the back of the

{fock as the plough fhifts.

While
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While the point A, No. 4. fhifts over
to F 4 inches, the point G of the coul-
ter {hifts over to H 6 inches, {o that in
both pofitions of the plough, it isan inch
without the point of the mouldboard,
and better than half an inch without
the land fide of the head, which is a
very proper pofition. If the fore edge
of the coulter is parallel to the bolt D C,
the upper end of the coulter will thift as
much- as the lower. ¥ the edge of the
coulter and bolt are narrower above
than below, which is the cafe in the
figures, the upper end of the coulter
will (hift lefs. This fhift of the upper
end of the coulter is reprefented in No.
5. where the line M G N is the middle
line of the plough, I is the upper end

of the coulter, when the plough turns

A
I;!lﬁ'
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the furrow to the left hand, and K 1s
its place when the plough is turning
the furrow to the right. This fhift in
the figures is 23 inches on each fide of
the middle line, or 5 inches in all. At
the fame time, the upper point A of the
fore edge of the mouldboard fhifts 3
inches from A to L. This fhifting of
the upper and under parts both of the
coulter and of the mouldboard edge de-
pends, as has been already faid, on the
pofition of the bolt D C, and on the dif-
tance of thefe parts of the coulter and
mouldboard from the correfponding
parts of the bolt. Attention muit be
paid to thefe circumftances, in order
that they may have always a proper po-
fition. The fhifting of the fore point

of the iron beam muft regulate the dif-

tance
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Of turning the furrow to either fide. 193

tance between the two holes of the catch.

It is neceflary in this plough, that the
horfes go all in the furrow. For, in
ploughing along the fide of a fteep hill,
a horfe cannot find footing on the un-
ploughed land, but will be always fli-
ding into the furrow.

This circumftance requires a bridle
of a particular conftruction, to allow
the draught to be fhifted at every turn-
ing of the plough. See No. 3.

QP is the bridle, 10 inches within
from Q to P. It is ftraight before, and
without any notches. The horfe tree
has a ring, which flides from fide to fide
on the bridle. At Q_ and P are two
rollers or fheaves. A rope has its mid-
dle fixed to the {liding ring, and the

two ends are made to pafs through the

Bb roller
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roller Q and P, and the two ftaples on
the upper fide of the beam, juft before
the catch bolt DE, and through ano-
ther ftaple in the ftile G, jult by the
beam mortife. They then are made to
pals through two other rollers on the
upper fide of the ftilt handles at R and
S, and then their ends are brought to-
gether, drawn tight, and tied together.

From this defcription of the plough,
it 1s eafy to fee, without repeating what
has been already faid, how all the parts
are fhifted.

Figures 7 8 and ¢ reprefent thie parts
of another fhifting plough, which has
been a good deal employed. P M, fig.,
7+ 1s a lide view of the beam, A C D is
the bridle, having holes in its fore part,

for giving more or lefs hold: The bri-

dle
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dle turns in a bolt B C, which pafles
down through the beam. The tailC D
comes a good way back, and has, on
its upper {ide at D, a pin with a broad
head, which takes hold of the end H of
the iron beam H I L, which turns on a
bolt K L, in the fame manner with the
iron beam of the other fhifting plough.

A catch bolt G H goes down through
the beam at G, and ferves to fix the
iron beam to the wooden beam, when
the plough is fhifted. This bolt is kept
down by a fpring FG. It is drawn
up by G R N, which turns round a joint
at R, and has a rope reaching from N
to the ploughman’s hand. When he
pulls the rope N O, the point G of the
catch rifes, and raifes the {fpring and

bolt GH, and loofens the iron beam

from the wooden beam.,
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Fig. 8. is a view of the upper fide
of the fame parts, CE D 1s the bridle,
turning on the boltat EL. MFG 15
the iron beam, turning on the bolt at
G. In the fore part of this iron beam
at D, there is a hole for receiving the
broad headed pin, which is in the tail
of the bridle at D. This hole 1s made
oblong, to allow the pin to fhift along
it as the plough is fhifted. The part
L. M is formed into the arch of a circle,
of which the centre is G, and it has a
hole at each extremity L. and M for re-
ceiving the catch bolt. It has alfo a
hole in the middle between L and M
for the fame purpofe. In order to keep
the arch L M clofe to the beam, {o that
the bolt G H, No. 7. may fall truly in-

to the holes in the arch which are made

to
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Of turning the furrow to cither fide. 19%
to receive it, there is a fupport for the
iron beam, reprefented in fig. 9. BDC
i5 this piece. The part B D goes thro?
the beam, and i1s ferewed or rivetted a-
bove at B. A tail fticks out at H, which
is nailed to the under fide of the beam.
It pafles thro’ between the arch L M of
fig. 8. and the arms. The part D C pro-
jects forward below the arch, and it has
a hole at C, exacily below the hole thro?
the beam, through which the catch bolt
comes. When, therefore, the catch bole
has been drawn up, and the arch L M
comes into {uch a pofition, that any of
its holes comes exaétly between the hole
in the beam and the hole in the piece
B D C, the catch bolt being let down,
it goes through all the three holes, and

keeps all faft cogether. Whenthe plough

throws
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throws the furrow to the left, the catch
bolt is in the hole at N, and when it
throws the furrow to the right, it is in
the hole at L. The plough may alfo
be employed to throw the furrow both
ways, by putting the catch bolt into the
middle hole of the arch L M.

The iron beam cannot fhift any more
than the open fpace which is within
the arch L M, becaufe, when it is put
{o much to one fide, it is ftopped from
going farther by the pin BD of No. .
ftriking againft one of the arms.

The hind part of this iron beam has
got two tails, in the fame manner as in
the other fhifting plough, by which it is
fixed to the mouldboards, and all the
other parts are made in the fame man-

ner.
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I. Of Wheels in general,

To attempt to prove that a carriagé
15 more eafily drawn upon wheels than
upon {ledges, would be an affront to
the underftanding of the reader.

But whether high or low wheels gre
fittelt for the purpofe has been a fub.
ject of difpute, even among perfons of
ikill. Reafon and experience, however,
feem perfectly to agree in this, that
wheels, whofe centres are on a level
with the moving power, will be eafieft
drawn along a level plane, and that the
higher a wheel is, it will more cafily
get over any obftacle, if the moving

power is not below its centre. It feems

o
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200 Of W heels in general.

to follow therefore, that carriages

drawn by horfes or oxen {hould have
wheels whoie centres have the height
of the draught line, that 4s; of the
{houlders of the horfes, or the yokes of
the oxen. . This is true, however, only
in the cafe of a horizontal road. In
going up a hill, the diltance of the line
of draught from the road is {fomewhat
{efs, becaufe, when a man, or any other
animal, is ftanding upon the fide of a
flope, his height is inclined to the flope,
although it is perpendicular to the hori-
zon. As this is the fituation in which
it is of the greateft importance to dimi-
nith the labour of the cattle, it follows,
that the height of a wheel’s centre
(hould be fomewhat lefs than the height

of the lins of draught. But what the
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difference fhould be depends wupon a
great number of circumftances, which
thofe who make ufe of wheel carriages
fhould be beft acquainted with. Four
feet eight inches is reckoned a very
good height for a cart wheel, and has
been thought preferable to any other.
But the great loads which are drawn
in the coal carts at Glafgow, which go
upon wheels above f{ix feet high, and
other inftances of a like kind, fhow that
great advantages are to be gained by
ufing the high wheels, and that the dif-
advantage arifing from the greater
weight of the wheels may be difregard-
ed. The great inconvenience which
attends the high wheels is the greater
preflure upon the cattle on going

down hill, becaufe the fupport which

E.c the
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the cattle can give in this cafe, is very
fow placed. But, even in this cafe, the
inftances above mentioned, fhow that
the height of wheels may be increafed

beyond the ordinary practice.

il. Of the Difh or Cavity of Wheels.

Suppofe that a perfon totally unac-
quainted with the pradtice, were em:-
ployed to make a cart. - He would na-
turally make the axle ftraight, and the
arms of it without taper. He would fet
the fpokes of the wheels at right angles
to the axle, by which means they would
alfo be perpendicular to a level road,
and thereby give the moft perfet fup-
port to the carriage and its load. Such

wheels would be flat, and their {ole or

head would be parallel to the axle.
Bus
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But experience has {hown, that {uch

wheels are liable te great inconvenien-

cies. When going in wet and dirty

roads, all the mud taken up by the
wheel comes down again upon the
nave, and gets between it and the axle,
and foon wears it prodigioufly.  Such
a form of wheels alfo requires a great
diftance between them, and confequent-
ly a great breadth of road, in order to
give room for the cart body and load-
ing. It is alfo found, that fuch wheels
bear hard upon the inner end of the
axle arm below; and alfo, that the
{pokes are forced back in the mortjces,
and the wheels in time get a difh or
hollow on the fide next the cart.

The reafon of thefe two lafl inconve-
piencies_is this: It is very feldom that

the
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the two wheels are exactly on the fame
level. When one of them is lower than
the other, either by getting into a rut,
or being on the lower fide of the road,
the greateft part of the load is upon that
wheel. In this fituation, the head of
the wheel is not perpendicularly below
the point of the nave, which is fupport-
ed by the fpoke. The fpoke itfelf leans
over, and if not of fufficient ftrength,
would break inwards. It therefore bears
hard upon the inner fide of the mor-
tice, and caufes the nave to bear hard
upon the inner end of the axle arm.
Experience has fhown, that thefe in-
conveniencies may be greatly removed,
by fetting the fpokes into the nave, fo
as to point outward a little. By this

means the wheel gets what is called a

difh,
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Of the Difb or Cavity of Wheels., 24 5
difh, and the fpokes no longer form a
flat furface.  Let us now fuppofe, that
two fuch wheels are put upon an axle,
whofe arms have no taper. The wheels
would be as wide above as below, and
the {pokes would never be perpendicu-
lar to the ground. Suppofe now, that
the two axle arms are bent downwards.
This would make the wheels clofer be-
low, and ‘wider above, and the bend of
the axle may be fuch, as that the fpoke
which refts upon the ground will be per-
pendicular. This form of the wheels
will remove fome of the above mention-
ed inconveniencies.

The wheels being wide above, the
mud which is carried up by them will
not fall fo much upon the nave, and

there will be greater room for the body

of
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of the garriage and its loading. But one

of the great inconveniencies ftill remains.
When one of the wheels is in a rut,

the fpoke which is then fupporting the

carriage is leaning outwards, and bears

hard upon the inner end of its mortice,

and caufes the nave to bear hard upon

the inner end of the axle arm. It is,

therefore, found more expedient not to
bend the axle fo much as to bring the
two fpokes, whofe ends are on the road,
to be perpendicular to-the herizon, or
parallel to each other. They are made
to be a little wider below than at the
centre; by which means, when one
wheel is in a rut, the fpoke which is
then f{upporting the carriage, may be
perpendicular, Itis even found necef

fary, that when the wheel is in this fitu-

tion,

2
' Vo

tiord !
LS ;|FE¢
dOF [5
forf?: 8 ¢
o (B4 I
ab0d: rek
tho; v
hus 38 [gir
fonels fac
thelisl | !
oth:
giﬁ'-rh A
thiei’ im
Ti-qt ke
intygl i
tnt 19 ;
My je

| Yy |




5?;.

Vit ope

bmaip;,

i rat,
1z the
31 bears
Ortice,
il upon
873
0t to
g the
e road,
on, or
e made
at the
1 one
ich s
ay be
ecef:
fitu-

(1on,

Of the Difp or €avity of Wheels. 209
tion, the fpoke fhould be a little with-
out the perpendicular below : for the
chief jolts which the wheel receives are
from the outfide, and when' the fpoke
is fet a lictle againft the jolts, it is better
able to refift them. Experience fhows,
that, notwithftanding all the difh which
has been given to wheels, they ftilt go
from the face, or loofe their cavity when
they fail. It might, therefore, be fup-
pofed, that it would be an advantage to
give the wheels a ftill greater dith. But
this is limited by other confiderations,
The fpokes mutft be very hard driven
into the nave, in order to have fuffici-
ent ftremgth.  They muft not bs very
much tapered at the foot, otherways
they would be apt to work loofe. This
being the cafe, the fpokes cannot be fet

very
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208 Of the Difh or Cavity of W heels.
very obliquely into the nave, becaufe

the wood of the nave would then ftart

G

up at the heel of the fpoke, when it 1
properly driven.

A difh or cavity of 33 inches may be
given with fafety to whecls of & feet
8 inches diameter, and in general § inch
of dith may be allowed for every foot of
diameter.

The fpokes fhould be fet fo far from
the outer end,of the nave, that a per-
pendicular from the fole to the under
fide of the axle, may fall between an

inch and twoinches without the middle

point_between the bufhes. By this the

preﬂ"ure on the outer bufh will be fome-

what greater than on the inner, wheng

the wheels are on a level. This {hould

be fo. TFor the inner part of the axle

arm
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Of the Difly or Cavity of W hecls. 209

arm being much bigger than the outer,

it has more fri¢tion, and therefore fhould
have lefs preflure. Alfo, every finking
of the wheel below the level of the o-
ther, caufes it to prefs harder on the
inner bufh. This pofition of the {fpokes
remedies both thefe inconveniencies.
There are ftill fome perfons of expe-=
rience, who have propofed that the
wheel fhould be made without any difh,
and they propofe to remedy the incon-
venience which arifes from an unequal
preflure upon the outer and inner ends
of the axle arm, by placing the fpokes,
not in the middle of the nave, but to-
wards the outer extremity. This will
only remove the inconveniency to a
certain degree, and it ftill leaves the o-
ther defe@s which have been already

Dd mentioned
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mentioned without any remedy. The
experiment has been tried, and it has
been found, that the axle arm is ftill
much worn at the inner end, and: that
the wheels are much weaker, and {oon-
er fail, getting a difh inwards. In fhore,
the dithing of wheels, which was not a
natural thought, has either been found
by accident, or has been invented by
fome perfon of great ingenuity, and
the courfe of uniform experience has

fully confirmed its advantages.

HI. Of the Length of the Naves.

Too fhort an axle arm has too little
power to guide the wheelin a {teady di-
reftion, unlefs very tightly ficted into

the bufhes, and too long a nave is in-

convenient,
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Of the Length of tie Naves. 21 %

convenient, both on account of its bulk,
and of the dirt which it 1s apt to carry.
12 inches or thereabouts feems a very

convenient length for a nave, exclufive

of the depth of the pan in the ends.

IV. Of the Taper of the Bufbes.

It is found neceffary to line the in-
{ide of the nave hole with iron. This
is done by driving two iron rings, call-
ed bufhes,into the oppofite ends of the
hole. The axle arm is made to fit ex-
actly the infide of the bufhes. ‘The
widenefs of a bufh therefore always de-
termines the fize of the axle upon which
it turns, and the f{maller the bufh is,
the lefs will be the frition. The wide-
nefs muft be {uch as fuits the axle requi-

red
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red for the carriage. The ftrain upon
the axle arm is chiefly at the infide buth,
and wooden axles generally require an

-

nner bufh of 51 or 5% inches for ordi-

e @

nary carriages.

When fpeaking of the difh of wheels
in the fecond fection, we fuppofed the
axle arm to be without any taper, In
order, therefore, that the fupporting
{pokes may ftand perpendicular to the
ground, or nearly fo, it is neceflary to
bend the axle arms downwards, But
this would be attended with avery great
inconvenience. When the carriage is
going upon a level road, the wheel
would be continually fliding in upon
the axle, and would prefs hard upon
the fhoulder. As this is the place where

dirt is moft apt to get in, the friction

would
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would be prodigioufly increafed, and

the bufhes and axle would be very much
heated and worn, This inconvenience
would be {till more fenfibly felt upon
that wheel which gets into a2 rut, and
bears the greateft part of the load.

This inconvenience is remedied by
the very fimple contrivance of tapering
the axle arm. The intention, therefore,
of this contrivance being to hinder the

difhed wheels from prefling in upon

the fhoulder of the axle, the manner of

executing it muft be taken from thefe

principles, - In the firf? place then, the
under furface of the axle arm, which
refts on the bufhes, muft be level. If
it be higher at the inner end, they will

flide in and prefs on the fhoulders. If

it be higher at the outer end, they will

{lide
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will |

B flide out, and prefs on the linch pins.

In the fecond place, the fpoke which e .|
touches the ground, or which is fup- q‘?ﬁ&?
porting the carriage, muft either be =
perpendicular, or muft lean 2 little in- 2

ward above, and outward below. Thefe L, ¢
two conditions will determine the quan- Drdv 4
tity of taper which muft be given to e |
the axle and bufhes. of P K
In the firft place, let us fuppofe, that Al9g |
the fupporting {poke muft ftand per- e
pendicular.  In fig. 1. lete LKB A re- mas ! 1
prefent the taper hole through the nave. Hibe
‘The lower fide A B muft be level. Let E Qe
be the point of the fole which touches avng |
the ground, Draw E D perpendicular asgs |
:f to A B. Let QO be the centre line of | Ml |
the hole. This will be the line round beffs
which the wheel really turns. E D | g
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will cut this line 1n C. Let G be the

uppermoft point of the wheel, exaltly
oppofite to E. Draw GC. - For the
fame reafon, that E D'is perpendicular
to A B, GF will be perpendicular to
L K, the upper fide of the mnave hole.
Draw GE, cutting the line of the cen-
tre inn H.  Then C H is the true diflh
of the wheel. Let the linés L K and
A B meet in I. Then,becaufe the two
triangles ECH and I C D have a com-
mon angle at C, and equal angles at
H and D, the angles at E and I are e-
qual. Therefore the half taper of the
axle and bufhes is juft the fame per foot
as the real difh of the wheels, and we
may ufe the following proportion. As
the half diameter of the wheel is to its

real difh, fo is the length of the nave to

half
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half the taper of the bufhes, or to half ¥ l’
the difference of the width of the inner e
and outer buthes. f-“”aflk

On the other hand, the real dith of | thek b
the wheels may be gathered from the busSL
taper of the axle and bufhes. For if wies
we draw B R parallel to the centre line olthy
O Q, then QR will be equal to OB, o O
the half width of the outer bufh, and fwe ey
R A will be half the difference of the of g e
width of the inner and outer bufhes, el
or will be half the taper of the bufhes b h
correfponding to the length of the nave, te = e
which muft be counted on the centre oft i
line QO. Now B R is equal to O Q. pav
Alflo, BRisto RA asE His to HC. 1gs

That is, the length of the naveis to the nig}

half taper of the bufhes, as the half dia- i

£

meter of the wheel is to the real di(h.

Then
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Thus, from the difh of a wheel al-

ready made, we can chufe a pair of
bufhes which fhall anfwer it, and taper
the axle accordingly ; and from the
buthes already caft, we can give the
wheel the proper difh. A pair of bufhes,
of which the inner is 5% inches diame-
ter, and the outer 3%, are found to an-
{wer very well, and require a real difh
of 2% inches for a wheel of four feet
eight inches diameter.

In the next place, let it be {uppofed,
that the ftanding fpokes fhould fpread
out a little below, which is thought molt
proper. This may be done either by
increafing the difh of the wheel, or di-
minithing the taper of the bufhes. Thus,
if the taper of the bufhes be what we

have now recommended, that is two

E e inches,
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inches, and alfo the dith of the wheels

be 3! inches, the f{pokes will {pread
1+ inch on each fide below.

The {pokes may fpread {till more, by
fetting them more obliquely.

It is moft convenient to have. both
bufhes made to one taper. This will
make the axle arm of one taper both at
the inner and outer end. This however
isnot abfolutely neceflary, provided that

the taper of each part of the axle arm

is made to fuit the bufh which is to turn

‘on 1t.

V. Of ﬁffz'n;g i the B‘zgﬁcw,

This muft be very exacily done, other-

wife the wheels can never run well.

The
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The firft circamftance to be attended

to, is the fetting them fair, that is, fo that
the centre line of the two bufhes may
make one ftraight line, which fhould
be the centre line of the whole eye of
the wheel, or nave hole.

In fig. 2. let A B be the centre line
of the eye of a wheel. It is plain, that
if the inner bufh ¢ d e f be fet more down
at C than at e, it will be nearer the
centre line at d than at f, and will grate
upon the axle arm at d, which wil
both obflru&t the motion, and exhauft
the greafe ; and if the outer bufh be
more fet down atk than ath, it will be
nearer the centre line at i than at g,

which will have the fame effect.

Their centre lines will not, in this cafe,

fall in with A B, but will ftand at Aa

and
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and Bb. Great care muft therefore

beitaken to avoid this, and make them
ftand fair. If both the buflkes have one
taper, their infide fhould run ftraight
with the lines ¢ h and e k.

The [econd thing to be taken care
of is, that the centre line of the bufhes
may be perpendicular to the face of the
wheel, without which the wheel cannot
turn true on the axle arm. This may
be difcovered by turning the wheel
round an axle arm which fits 1t, and
holding a {teady mark to fome place to
the face of the ring or felloes. This
will touch the face all round as it turns,
if the centre line is perpendicular to
the face. If it does not, there is an er-
ror, which, if not helped, will caufe a

falfe motion of the wheel, and make

crooked
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crooked ruts in the road, equal to the
diftance of the different parts of the
face from the fleady mark above men-

tioned.

VI. Of the Sole of a IWheel.

This fhould be fo made as to prefs
fair on the road, efpecially if the fole
or tread of the wheel is broad. When
the axle is ftraight or level on its under
{ide, the fole fhould make the fame angle
with the face which the taper of the
bufhes makes with their centre line, ex-
cept what is to be allowed for the de-
clivity of the road. Therefore ufe this
proportion. As the length of the nave
is to half the taper of the bufhes, fo is

the breadth of the fole to the quantity

which
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222 Of the Sole of a W heci.

which it fhould be above the fquare.
Thus, if the length of the nave be 12
inches, the taper of the bufhes two
inches, and the breadth of the fole three

inches, 12: 2=3: %, and the inner

b

edge of the fole fhould be % of an inch
above the fquare with the face of the

wheel.
VII. Of fitting in the Axles.

In qrder to do this properly, we muit
know, 1/}, what is called by the work-
man the difh of the wheels, which 1s
very different from what I have called the
veal dith, and the methods for finding
it. 2dly, The way of finding the length
of axle beds, which will anfwer to
any given widenefs on the road, the

axle being ftraight below, in order

to
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3
to find what length will anfwer for any
given hollow, and what hollow will an-
{iver to any given length of an axle
bed.  When every thing needful has
been calculated, the wood for the axle
muft be prepared, and fet out (as the
workmen call it) with great exaétnefs,
that is, the lines muft be truly drawn,
which direct us for working the axle,
{o as to make the arms fit the bufhes,
and the wheels run right on the road,
and the work muft be truly executed
according to thefe lines. When neas-
Iy done, it will be proper for the work-
man to try whether the wheels gather
inwards equally on both fides, both
below and before. This he may do,
by applying a line or runler diagonal

wife, acrofs from the under part of the
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right wheel to the upper part of the left
wheel, and then from the under part
of the left wheel to the upper part of
the right wheel. If the wheels are pro-
perly fet, thefe two trials fhould give
the fame diftance on the line or ruler.

Thus, fuppofing a c, fig. 3.and b d
two wheels gathering below, between
¢ and d. If b cis found fhorter than
a d, then either b is too far in, or a is
too far out. Then the diftance a b and
c d fhould be meafured, to know if the
gather is as much as is required.

N. B. This gather will always be
equal to twice the real difh of the
wheels. If it is too little, a muft be
brought alittle in. If it is too much,
throw out b. Ifjuft right, a muft be
brought in, and b thrown out equally.

0f
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VIIL. Of finding the Difh of the I hecl.

What the workmen find moft conve-
nient to confider as the difh of a wheel
1s confiderably different from what I
have called the real difh.

Figure 4. reprefents a wheel feen
edge-ways, and ftanding on the level
ground, with its fole oa. The line h i,
which is the lower fide of the axle arm,
is fuppofed to belevel, or parallel to o a.
The line m h f is parallel to the face
of the wheel b a, andik is parallel to
the centre line A B. H e is perpendi-
cular to the ground. Now, eo, the
diftance of this perpendicular {rom the

inner {ide of the fole o, is called the

difh of the wheel by the workmen. It
Ff 13
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226 Of the Difh of the Wheel.
is plain, that the diftance of the point ¢,
from the like point correfponding to
the other wheel, is the diftance between
the fhoulders of the axle, or the length
of the axle bed.

This being attended to, the two fol-
lowing methods may be taken for find-

tng the difh of a wheel.

1.’ By a fquare aid rule.

Let abcd (fig. 3. No. 2.) reprefens
the ring of a wheel, gh i a fquare.
The flock hi is applied through the eye
of the wheel to the bufhes. The blade
i1s applied to the inner end of the nave,
and reaches as far up as the ring of the
wheel, Then a rule, d e f, being held

{quare over it, will {how the diftance

between
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between the infide of the fquare and

the fole of the wheel, whichis the difh
fought, allowance being made for the
diftance of the fquare from the bufh,
occafioned by the depth of the inner

pan, if there be any.

2. By calculation.

Let a ftraighe ruler < d (fig. 4.) be
applied to the face of a wheel, as near
the nave as poffible. Let a ftraight rod,
I mn, be put thro’ between the {pokes,
fquare on ¢ d. This will fhow the dif-
tance mn between the face of the wheel
and the inner end of the nave. Then
fay, as this diftance is to half the taper
of the bufhes, fo is the height of the
lower fide of the axle arm (fuppofed

level)
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level) to a fourth quantity. This muft

be added to the breadth of the fole, and
the fum muflt be taken from m n. The
remainder is the difh required; for
it is plain, that f a is very nearly equal
to i k, which is equal to m n; and that
ik:kh::he:ef; and alfo, that e o 1s
the difference between fa and the {fum
of fe and o a.

Thus, if the diftance of the lower fide
of the axle from the ground be two

feet, or 24 inches, and the taper of the

bufhes two inches, and the diftance of

the inner end of the nave, from the face
of the wheel, be 12 inches, and the
breadth of the tread be 23 inches, we
have' 12: 193242, which is f '

Then fe and o a make 43 inches. This

taken from 12 inches, leaves 73 for the
difh
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difhh of the wheel, or one foot three in-

ches for two wheels.

This calculation may be done by the
fliding rule, which is much ufed by
cart wrights. Set 12 to 24, and then
1 will ftand oppofite to 2 for fe, and

proceed as before.

IX. To find the Length of the Axle Bed.

This is the diftance between the in-
ner ends of the two naves.

1. When the axle arms are ftraight
below, from the propofed widenefs be-
tween the wheels within on the road,
take the difh of both wheels, the remain-

der is the length of the axle bed.

Examples
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Exanple.

Widenefs on the read within, c f,

(fig. 5.) - : 4 6
Difh of both wheels, cd e f I 3

= = o ==

(3

Length of axle bed - 3

The truth of this rule is plain, by
infpecting fig. 5. where A Bis the axle,
¢ f the widenefs within on the road, ¢ d
and e f the difh of the wheel, and a b
the length of the axle bed.

2. When the axle is hollow below.

This is often the cafe, becaufe the

bed of an axle is fometimes confined

to

10§ .

w,

iy
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to a certain length, efpecially fuch as

have iron arms, whether they are fixed
to waggons or carts. In fuch cafes,
they muft be made hollow below, or the
arm muft be laid into the bed, with a
bend downwards, in order to bring the
wheels to a right gather, or make them
run at a right diftance on the road.
This is alfo fometimes neceffary, in or-
der to make the tread of the wheel prefs
fair on the road. Thefe circumftances
give rife to two queftions or problems.
1. Having given a certain length of
axle bed, and a certain widenefs on the
road, to find the degree of hollow, that
1s to fay, how far the under fide of the
axle arm fhould be below the ftraight,

at the out end of the nave.

" R ?f!,f);‘
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Rule.

Find the length of the bC{-, which
will give the wheels the rée‘guired wides
ne(s of the road, when the arms are
ftraight below. Take half the diffe-
1,

rence between the given

and the length then found. Then{ay,

uy

as the heighr of the mnder fide of the
{traight axle from the ground is to this
s

half difference, fo is the length of the

arm to the hollow required.

Example.

Suppofe the given length of bed is
three feet fix inches, and the givenvide-

nefs on the road four feet {ix inches,

and
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iand the wheels to have the dimenfions

ot the laft example; namely, one foot
three inches of difh, ¢>¢. and the height
of the under fide of the axle from the
ground two feet, or 24 inches, and the
length of the arm 12 inches, then the
length of the bed will be three feet
three inches by the laft rule. The dif-
ference is three inches, half of which is
1§ inches. Then 24 isto 1 as12to 2
of an inch, which is the hollow requir-
ed.

The reafon of this operation is very
cafily underftood.

Let A B (fig. 6.) be the given length
of bed, F K the given widenefs on the
road, and let C D be the length of bed
which would give the wheels that wide-

nefs on the road, when the axle is

Gg ftraight
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ftraight below. Let C E be the lengti
of the arm. Draw C L perpendicular
to the horizon. Then LY is the difh
of the wheels. Now, fuppofe the axle
bent down to the pofition CM. The
line C F will take the pofition- € G, in

fuch a manner, that the angle ECF

will be equal to the angle MC G, and

therefore the angle E C M will be equal
to the angle FCG. Draw EM per-
pendicular,to E C, and F G perpendi-
cular to CF, and G H perpendicular
to FK. It iseafy to feethat CE : E
M::CF:FG, and that CE : EM
= CL:FH. Now, FH is half the
quantity- by which the diftance between
the wheels is diminifhed, by bending
down the axle from CE to C M: If,

therefore, A C be made equal:to F H,

anc

s
dar e
i
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gt} | aiid A O be made parallel to CM, the
Cular | wheel placed on the bent arm, PBA O,
Fdifh | will have the {ame widenefs on the road
basls as when on the firaight axle Q_ E.
The Therefore A Cis really the half diffe-
93, n rence between the two axle beds, when
4CF E M is the hollow or bend of the axle.
J and Therefore the rule given is juft.
pqual | N. B. It is not ftrictly juft, becaufe
fper- € G is not equal to CF, but the diffe-
Eendis rence of AC or EM from the truth
wular does not amount to the s5oo0th part of
DB an inch.
:EM Queft. Given a certain hollow E M,
; the and a certain widenefs F K on the road,
ween to find A B the length of the axle bed.
ding
. Hg :
. H, Ruleo E

anc
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]{ :'”FL'.,

Find, as before, the length of bed
C B for an axle ftraight below. Then

fay, as the length of arm C E is to the

given hollow E M, fo is the height of

the lower {ide of the flraight axle from
the ground CL toa fourth number,
which will be A C. Twice this, added
to the ftraight axle bed, will give the

hollow axle bed.

Example.

Suppofe i of hollow, and four fect
{ix inches on the road are given for the
wheels, which we have fo often men-

tioned, 'then 12% 3 : 24115 = A G,

2.
-~

NO 1.‘1.:‘- ,

[a!&[i:
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Now, the double of this is three inches,

and CD is three feet three inches,
therefore A B is three feet {ix inches.

The reafon of this is evident from
what has been faid already.

In the foregoing calculation, the height
of the under fide of a ftraight axle from
the ground was always one of the num-
bers to be worked with. In order to
find this, confider figure 4. Thus it is
plain that h f is equal to ia, which is half
the breadth of the face of the wheel,
deducting half the width of the bufh at
i, even with the face of the wheel.
Meafure i h along the bufh. ik was
found in the way formerly direlted.
Then we have ith:1k::hf: he, the

height from the ground. I may here

ablerye, that h e will hardly ever differ

s
k3 of
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% of an inch from hf or i a, {o that it 1s

hardly neceflary to make a calculation
for 1t.

I conclude this part of the fubjelt by
obflerving, that if the taper of one axle
be lefs than that of another, the axle
whofe taper is fmallelt will require to
be farther bent down, in order to give
the fame pair of wheels the {fame gather
below, or to put the wheels in the {fame
pofition ; and the additional bend that
muft be given for this purpofe is juft
equal to one half of the difference of the
two tapers.

Let the axle ABDC, (fig. 7.) be
flraight below, and have two inches of
taper. Let LI be the centre line, and
K I a horizontal line. Let AP be the

tace of the wheel, and L Q_a perpendi-

cular
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cular from the centre of the outer bufh.
It is plain that K L 1s equal to bhalf the
taper, or difference between the width
of the buthes. It is alfo plain, that T L,
18 to LK as L Q to QP, which is half
the gather of that wheel. Again, let
EF HG (fig. 8.) be another axle,
ftraight below, with only one inch of
taper. MO will, in like manner, be
half the taper, and halfof KL. SR
will therefore be half of P Q. If, now,
we make ST equal to P Q, we muft
bend the arm to the pofition HV with
its lower fide, fo that G V may be equal
to MO. This will bring down the
centre O as much further as it is already
below the level M N, and then the po-
fition of the face O T will be the fame

with that of the face L P, and, confe-

quently,
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240 Of the Axle Bed.

quently, both wheels will have the {ame

gather belows

X. Of the gathering of the Wheels
forward.

It is found; by experienee, that
wheels run better when they are ga-
thered a little forward, or incline a little
inward towards the forefide of the axle.

The taper of the axle arm is the
caufe of this. The wheel being preffed
forward by the arm, it muft be forced
outward by the taper, unlefs it be ba-
lanced by an inclination inward. The
more, therefore, that the arm is taper-
ed, and the lefs that the wheels are ga-
thered below, the more gather forward
will be required. About an iunch and

- 7
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{ of gather forward is found, by
experience, to anfwer for wheels of
four feet eight inches high, with bufhes
of two inches taper, and an axle ftraighe
below:

The rule for bringing wheels to their
gather is this:

The axle being made ftraight on the
under {ide, a line muft be drawn along
the middle of the under {ide. Then the
length of the arm, and of the bed, be-
ing all marked out, fet off % of an
inch, or a little lefs, towards the fore
{ide of the axle, at the out heads, and
take the points thus fet off for the
centres from which the out ends are
to be {quared.

But that every perfon may be fatisfyed

as to the method of finding thefe diftan-

Hh ces,
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ces, the following proportions will an-
fwver to every cafe.

As the half height of the wheel is to
the fourth part of the intended gather,
io make the length of the arm to the
diftance fought.

This proportion may be thus demon-
{trated from fig. g

Let abcd reprefent the under fide
of an axle, nefr a line drawn along
the middle of it, n o the diftance fet for-
ward at ene out head, and ro the dif*
tance f{et forward at the other. . Then,
{ince the centre line of the axle muft
correfpond with the centre line of the
bufhes, and the face of the wheel cuts
thefe lines at right angles, if the centres
of the out heads were continued in the

ftraight line in n and r, the face of the

wheels
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wheels would cut that line at right
angles, at the lines ht and mu. But
when the centre of the out heads are
placed in o and o, the faces of the
wheels will cut the lines eo and fo at
right angles, and therefore the angle o
en and hik are equal; fo alfo the
angles fit and uiv are equal, andofr
and lim are equal. Therefore, as
ih, the half height of the wheel, is to
hk, a fourth of the gather, (thatisa
fourth of the difference between hland
{v) fo is en, the length of the arm, to
n o, the diftance fought, and fo of the

other end, becaufe il :1m :: fr: ro.

XI. Of
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Let abcd (fig. 10.) reprefent the
body of'a carriage, and (uppofe it pla-
ced on a pair of u-'izc(-‘;s, which require
no packing, the half heig “the wheel

Iucing n p. Suppofe it again placed on
a pair of wheels, whofe half height 1is
o p, fo as to require a packing to raife
it to the fame height with the other,
"The height of the packing will then be
equal ton o. In a level road this will

ake no difference of w eight on ths
horfe’s back. Butif the carriage fhould
be going down a road, making an a 1gle

with the horizon of about 1 5 degrees, it

will make a confiderable difference, as

may
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may be feen by the figure, For fup-
pofe 1 k to reprefent {fuch a declining
road. Then, if a perpendicular to the
horizon is raifed to the centre of the

high wheel, it will cut the carriage at

L.

e o, whereas a perpendicular pafling
through the centre of the low wheels
will cut it at f h. ~ From this it is evi-
dent, that the higher that any carriage
is raifed above the centre of the wheels,
the greater weight will, in fuch a cafe,
be thrown on the back of the horfe,
And, in going down, the horfe will have
too much weight, and, in going up, too
listles

The higher any carriage is thus raifed,
and the more any road declines, the

greater will be the inconveniency, ari-

fing from the additional weight which

-
1

ot
-
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is thrown upon the horfe’s back, when
going down hill, and his having too
little weight on his back, when going
up hill. It will be fome remedy if the
(hafts or limbers of the cart be raifed
in going down hill, and lowered in go-
t1g up hill, which may be done by al-

tering fome links of the back band.

Of fixing the Axle on the Carriage.

After an axle has been properly fitted
mto the wheels, fpecial care muft be ta-
ken, that it be not turned out of its
right pofition by the manner in which
it is fixed to the carriage. Axles are
fometimes fixed to the body of the car-
riage, and fometimes to the fhafts or
limbers, the body lying loofe above

them. In whatever manner the axle is

fixed,
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{ixed, it muft be kept, while working,
in the pofition for which it was drawn.
Therefore when the axle is fixed to the
body of the carriage, and that body is
{o placed as to be level when going up-
on level ground, the axle muft be fixed
with the plane of its upper fide parallel
to the body of the carriage.

When the axle is fitted to the fhafts;
it muft be confidered how much higher
the thatts will be at the back band than
at the axle, when the carriage is going
upon level ground. This may be known,
from the height of the wheels, and the
height of the horfe, (fee fig. 10.) Let
a c e reprefent one of the fhafts, a £
the height at the back band, and bec d
a level line pafling through the upper

fide of the axle. It is plain, that to

keep
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keep the axle in the right pofition, its
upper face muft be kept in the line
becd. If it be merely applied to the
outer {ide of the thaft a ¢ e, the wheels
will be made to have too much gather
forward.

The right flope te be given to the
axle or fhaft, where they are ‘fitted
together, may be found by the follow-
ing proportion. As the length of the
fhaft from the fore {ide of the axle to
tlie back band, is to the difference be-
tween the height at the axle, and at
the back band, fo is the breadth of the
axle on its upper fide, to the depth to
which 1t muft be let into the fhaft, at
the hind fide more than at the fore fide.
BT |

as c d 1s to d e.
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From tiliS it is alfo plain, that the
oather forward may eafily be either in-
creafed or diminithed, by the manner
+ 1 which the axle is fixed on, and that
a proportionable difference will, at the
{ame time be made on the gather below,
or widenefs on the road.

Mafters and drivers fhould be careful
to keep the fhafts always about the {ame
height, by the manner of yoking the
horfes, becaufe fome alteration will be
made by every change. The buyer of
a cart fhould get from the maker a note
of the difference between the height of
the wheels, and the height of the back
band, to which the cart was adjufted,
or the workman (hould be enjoined to

adjuft the cart in this refpect in the

manner which the buyer may think

i molft
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moft [uitable to his horfes.  Any altera-
tion occafioned by the change of horfes,
mult be corrected by altering the length
of the back band, o as to bring the
thaits to that height to which they were

adjulled by the maker.

XIII. Some Remarks on  the O{jirc'f"lf.?fc’.-}",-'_
made b y Mr 7{150[} on the Elc‘f.f_sﬂl.g of the

Axle-arms dowirward.

He fays, that the univerfality of

this practice would make one apt to fuf-
pect, that there muft have been fome
better reafon for it than feems at prefent
readily to be given by artificers.

It mult be allowed, that experience
and facls are always fuperior to theore-

tical reafonings, and that every thcory

COIL=
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contradicted by thefe is to be rejeted,
kowever plaufible it may appear. But,
in this cafe, theory and experience per-
fectly agree, as will appear by confider-
ing a lictle the neceflary confequences
of the conical form of the axle arms.

Leta b c, (fig. 11.) reprefent any
heavy body prefling upon def, df
being parallel to the horizon. Then it is
plain, that d e f will be prefled from
d to f. Therefore an axle, tapered off
on the under fide, prefles the bufh in
this manner, and muft caufe the wheel
ro fly out.

Suppofe again a heavy body, as A B
(fig. 12.) prefling on another C D, and
that the furface, by which they join is
horizontal, it is plain, that CD will be

prefled ftraight downwards, without

any




34 -

R e N

=R A S
T L R

+ e

:
>
#

43
=

2 Remarks on My Facob’s Obfervations,
any tendency towards C or D. There-
fore an axle which is ftraight below will
not prefs the wheel cither outward or
inward, in fo far as it is ated on by no
other caufe than the downward preflure.

Again, fuppofe a b (fig. I 3.) to be
an axle arm bending downwards, and
¢ d to be the part of the bufh on whicli
it prefles. It is plain, that the wheels
will be prefled inwards by this form of
the axle.

I muft now obferve, that the axle
arm exerts another preflure upon the
bufhes, befides that which is direiily
downwards. For, by the draught of
the horfes, it muft alfo prefs upon the
fore part of the bufh. This forward
preflure is but very fmall in compari-

fon with the downward preflure, when

the
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the carriage is going upon perfectly e-
ven road, being no more than what is
fufficient for overcoming the friction
of the wheels. But every obftacle over
which the wheels are to be driven, muft
increafe this preffure upon the fore fide
of the bufh. From this it is evident,
that when an axle is fraight below,
the taper of the arms on the fore fide
will caufe the wheels to prefs outwards,
unlefs this prefiure is balanced by fome
other. This may be done, either by
bending the axle downwards, which
will produce a preflure inwards, {uffici-
ent to balance this preflure outwards,
of which we have now been fpeaking.

Or, it may be more perfectly done,
by keeping the axle ftraight below, and

bending it a little forwards, in the man-

ner
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ner directed in fect. X. It is this cir-
cumftance which gives occafion to the
gather of the wheels forward; and Mr
Jacob is miftaken, when he makes the
bend of the arms, or gather of the
wheels, to depend wholly upon, or be
regulated by, the difh or cavity of the
wheels ; and ‘'when he alledges that the
difh of a wheel neceflarily requires a
bend in the axle arm, to give it a mo-
tion ftraight forward. Whatever the
difh of a wheel is, the face of it will al-
ways be perpendicularly cut by the
centre line of the bufhes, if the wheel
be truly made, and truly bufhed. Itis
therefore the taper of the arm, and not
the cavity of the wheels, which is the

immediate caufe of that outward pref-

fure, which makes it neceflary to bend

the

).
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the arms either downward or forward.

Mr Jacob is indeed fo far in the right

in his aflertion, as a difh of the wheel

requires a taper of the arnt, 1n order to
P ’

s == . il - .
gain thofe advantages which are propo-

{ed by the difh.

But difhed wheels may be ufed with

cylindrical arms, and in this cafe the

arms muft neither be bent downwards

nor forwards; for, if they were, the

wheels would prefs violently inwards.

P
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