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PRINCIPLES

up

OONSTRUCTION OF FIELD ARTILLERY CARRIAGES,

Y

CAPTAIN W. KEMMIS, R.A.

In considoring the constrnction of field artillery carringes, it will be
well first to review these principles which, mare or less, must be carried
ont in the boilding of &ll in commen, snd then to make a fow romarks
upon the particular requirements which govern the details of construc-
ticn of the various descriptions of carriages.

EssENTIAL (JTALITIES.

Tha following gualities may be looked mpon as the desidersfa in 2
field artillery carriage—viz., “mobility,” that the carrisge may be
bronght rapidly, and withont difficulty, into eny reguired position, or
change of position; ¥ stability,” that in any movement the carriage
may be required to make, even If the ground is tolerably aneven, 1t
may nok overturn; “strength,” ‘qura.gilit}',” sod “simplicity ' sre
essential quelities, which requoire no comment ; and lastly, “ convenience
of transport '’ must of necersity be desirable in & country like Great
Britain, with numerous large and distant colonies.

The first and chief point, then, to be kept in view in the construction
of uli field artillery carriagos, is “ mobility ;** for without possesaing this
quality in & very high d&{e&, they wounld be comparatively worthless.

In the following remarks, the question of tho advisability of employ-
ing & two or four-wheeled carriage will not be entered into, it being
assumed that the nature and purpose of the load compel the latter;
which is, further, the best for draaghi, though the less advantageouns for
wheeling. Also, in all cases, the wmode of draught will be taken as
rhaft dranght, being that adopted in the service, ra placing the carriage
more under coutrol in manmuvring than pole draught, and as being
more ndvantageous for the wheel horses,

1. Mubility—The * mobility * of & carriage is inflaenced by several
things—viz., by the “traction” (commenly termed the * draught )}, or
amount of power regunisite to put it in motion, and keep it in motion;
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Ly its capability of reversing ; and by its puwer of passing ubstacles.
To vender, therefore, o carriage mobile, *“ the draught must be as light
as possible.””  This necessitates, in the first place, the load being a
mimmum—thot is, the weight of the gon, or ammanition, &ec., to be
carvied being given, the weight of the carriage & minimum—and in the
second place, that the lond be properly distributed over the axles,

Befors passing on to the other points which affeet the dranght, it is
to be noticed that the distribution of the load depends upon the relative
dismeters of the fore and hind wheels, and upon the fact that the -
traction of the fore carriage, taken by itself, is usually more difficalt
than thast of the Lind; because the fore wheels make, as it were, the
tracks, wnd in so doing reduce the height of any obstacles for the hind.
These considerations point ta the redustion of the lead upon the fore
axle as compared with that ox the hind; but, on the other hand, the
faot must not he lost sight of, that if too mnch weight be thrown on
the hind axle rvelatively to the fore, it will cause the hind wheels to
sink too much in yielding ground, and thereby {(though the decrease
of weight on the fore axle tends, as before, to lig{t.cn it) to increasc the
dranght on the whole.

Agnin, for lightness of dranght, the axles most be of such length as
to give tho same track to both fore and hind wheels; iv order that, as
above, the fore may, in doing their own work, slso Assist the hind,
The diameter of the wheels must also be o maximum, and that of the
axleires a minimum. With rogard to the former, the dinmeter of 5 ft.
has been fixed opon as that most suitable for the feld wheel.

Lastly, that the draught may be light, tho point of the attachment
of the traces must ba the mout favourable—that iz, as regards height
from the ground ; it must be soch as to give the most advautageous
inclinution to the tracrs.  The poiut of attachment to thé horse—viz.,
the collar—being fixed, experience hius shown that this inclinotion
shonld be about G649,

The carriage, to be mobile, most, in additien to being Tight in dragght,
be “capable of wheeling, or reversing, very short;*" that is, not only
muost the cartiwge be of & minimun lenpth, but the angle through
which the foro caiTiage can sweep must be as largo as posaible — which
atter maiuly depends upon the diameter of the fore wheels, and details
of construction of the body of the carriagn.

The mobility of the carringe is influenced by what may be called its
“power of passing obstacles,” which point, so far ag the wheels and
inclination of the traces are concerned, may be censidered ns included
under “lightness of draaght;*’ hut beyvond thig, is influenced by the
mode of connection of the fore and bmd carrisge, which should be
such as to admit of vertical motion of the fore carriage aboui the point
of conuection, so that the fore carringe may move in that dircetion
independent, to some extent, of the hind cerriage. The distanee
hetween the axles also slightly affects the power of the cmrriage to
pass obetacles, but need hardly be taken into account, as the leupgth
between the axles best suited for pussing certain obstacles will not be
the best for paesing others, And here 1t may be as well to remark,
with regard to the distance between the axles, that it dees notin
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ordinary cases affect the traction, providing that the relative position
of the centre of gravity of the load as to the axles remaina nnaltered.

2. Stability.— Mobility” in a field artillery carriage would not, so
to speak, be perfect, unless accompanied by *etability,” which point
has, therefore, next to be considered. Btability in inHnenced by the
number of points'on which the carriage rests, and by the verfical snd
horizontsl position of the centre of gravity with regard to those points.
The carriage boing supposed on the level, the first mentioned distance
ghould be as smell as possible, snd the second as great ns possible
(which latter, with convenience of width, governs the track), to yield
maximam stability. This will bo readily understood by supposing a
carringe placed upon the level, and a vertical drawn through the centre
of gravity, then the carriage tiltad over throngh a certain angle; when
it will be seen that the Lhigher ihe position of the centre of gravity, the
greater the distence through which it has moved, and therefore the
mora nearly will the vertical then drawn through it be to falling outside
the bearings on the ground. Again, with regard to the horizontal
position of the centre of gravity from the bearing peints, it is evident
that the farther it is from them, the preater moment the weight, acting
af that centre, has to resist any force tending to overturn the earriagre.

Stability in wheeling or roversing, will further be influenced (setting
aside the woight of the carriage, already fixed &t » minimom by the
consideration. of mobility} by the height and mods of connection of the
foro and hind carriages, a3 well as by the height of the attachment of
the traces to the fore carriege.

That the carriage may bo stablo in any positien of rest or of motion
o the frout, it is mmply necessary that the vertical throngh the centre
of gravity shonld fall within the figore formed by joining with straight
lines the points npen which it rests. In fisld artillery carriages, the
stability iseonsiderad sofficient when the npseiting angle for the carnage,
packed, is abous 35°%; that ia to sa¥y, the vertical falls outside the pointa
on which the wheels rest, and the carriage overtnros, when it stands
upon & gide incline exceeding 337,

3. Strength and Dnrebifity.—The next points to be taken into
consideration in the building of tho carriage, are “strength” and
“durability.”” The matorial used should be the strongest consistent
with lightness; the reantling of cach particular part being, in the same
view, sk a minhmam consistont with the steess which the part may be
called upon to bear. The material should alao be such as will stand well
the effect of shot striling it, the action of climate, &, and sheald not
be liable to deteriorate when kept in store.

Of late years, wronght-ivon has very mnch saperseded wood as a
material for carrisges, being moch more durable.  For iustance, a shot
striking n bracket of an lron gpun-carrioge will make » clean hole
through it, witheut splintering and damaging the adjacent parts;
whereas n shot siriking the bracket or trail of a wooden gun-carringe
will splinter it, more or less. Notwithetunding, enmparving iron with
English cak, it is bat slightly heavier for tho same strength ; becsuse,
from its nature, its mass can be better disposed to withstand any givoen
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stress. Wronght-iron, however, is not so elastic as wood, and therefore
will not absorb so much of any stress as the latter ; and, again, has the
defect of veadily suffering deforraation, and thns loss of strength
throngh loss of form. This latter defect sometimes necessitates the
scantling of the iron being made of greater dimensions than mere
strength to resist a particnlar stress would require.

4.  Simplicity.—* Simplicity ¥ of construction in the carriage is the
next gualit.y to be kept in view ; that is to say, ns far as possible, there
should be nothing complicated nor likely to get out of order; neither
should any part be such that, if damaged, it could not readily be repaired.
Again, looking at the carringes in tho aggregate, the parts and fittings
should, as far as possible, be interchangeable.

8. Transport.— Convenienoe of ‘transport ¥ is & point which must
not be lost sight of in building the carriage; in view of which, it shonld
&l?‘mit of being readily taken to pieces and conveniently stowed on board
ship.

6. [Length.—Lastly, the total length of the carriage should be at
8 minimum ; not only, as mentiongd before, for mobility, but that in
column of route it may cover as littls gronnd as poasibla.

A few further remarks may mow be made npon the particular
requirements of the gun-carriage, de.

Tae Gun-Cinniace, wrrH LIvBEE.

The present form of gun-oarringe has besn arrived at, s folfilling
the foregoing conditions, and also as convenient for bringing the gun
into, snd serving it when in, sction; e furnishing a stable carriage
for the gun in actien ; a8 allowing of a supply of ammunition and stores
being carried with the gun, readily accesaible for use ; end as sdmitting
of & proportion of men being carried upon the carviage in addition to
its proper load.

With regard to the mobility of the gun-carriage, it is to be remarked
thet it has an advantege not possessed by ordinery carri —viz.,, of
having fors wheels of egqual dimmeter to the hind, yet lockmg through
a conaiderable angle. urther, the connectivn of the fore and hind
carriage may be said to be perfect, ns regards passing obstacles ; for
the vertical as well as the horizontal metion of the former is very
independent of the latter.

In point of strength and dursbility, not only has the gun-carriage to
be able tc withstand the streins to which it may be exposed asa
travelling carriage, but it also must have enfficient strength to withstand
the action of the gun when fired at tho most hartful elevation.

In investigating the effect of the discharge of the gun upon the
earringa, wo may consider that discharge as simply produciug o force or
blow applied at the bottom of the bore, and ecting in the line of the
axis of the gun—though it is questionable whether the action is actually
o gimple. The gun—that is, its weight, charge, &ec.—are supposed in
the following remarks to be given and constant ; and, unless the contrary
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ia epecified, the carriage standing on the level, and the gun laid at any
mz!l)g of elevation or depression. From the symmetry of the gun and
carriage with regard to the vertical plane through their longitudinal
axes,* wo can furthor take the whole of the forces to be spoken of as
acting in that plane. Taking, then, the single force applied at the
bottom of the bore, we may conceive it resoived into two components—
one horizontal, the other vertical. Now, & proportion only of this single
foree, or ite components, is transmitted from the gon to the earriage ;
part—depending in smount upen the waight and thickness of metal of
the gun—being expended upon the former.

Again, of the proportion transmitted to the carriage, the whole is not
cxpended upon the carriags, but a small part transmitted to, and
expended upon, the ground—the amount depending upon the nature of
the latter, Now,the gun is supported upon, or attached to, the carriage
at two points—viz., the trunnion holos, and she bearing of the elevating
serew on the trail; bub the attachment is not rigid, for the gunis
moveable about the axis of its trunnions, and is hinged to the eleyating
acrew, the latter being alse movesble in s vertical plane round its
bearing on the trail,

Taking, therefore, & certain horizontsl snd vertical force as transmitted
from the gun to the carriage, we see, from the nature of the connection
between the two laiter, that the heorizontal component will be applied at
the trunnion holes, and the vertical component partly st the tronnion
holee and partly at the bearing of the alevating screw—mainly, however,
at the latter., The horizontal compunent E&Breueu na the sngle of
olevation or depression with the horizontal at which the gun is fired
increases, It exerts iteslf upon the cerriage in twe waye—vis, in
giving it & motion of translation to the resr, and & twist or tendency to
constrained motion sbout the point of the trail, as that point may be
regarded for the instant as fpl:ud. Hence, to render the effect of this
component a3 little hurtful to the carriage as may be, the latter should
in itself oppuse the motion of translation as litile as possible ; which
smounts to saying that its inertia, and consequently it weight, should
bo a minimum (the latter we have already seon mobility also demands) ;
while to reduce the twisting straln to s minimum, the tronnion holes
ghould be as Jow as other considerations will admit, The vertical com-
ponent will apt in an upward or downward direction, sccording as the
gun is fired at an angle of depression or elevation with the horizontal,
and will incresse with the angle. I upward, it will tend to tear the
carriage asunder ; if downward, to erush it—the latter being that which
tells most upon the carriage, on account of the resirtance of the ground
upon which the carriage bears. The body of the carriage ia supported
upon the ground at two peints—viz., the axletres srme and the point
of the trail ; when, thorefore, tho blow of discharge is transmitted to
the carriage, if the vertical component act downward, we shall have at
these puints certain resistances called into play, thet st the arms being

* It in oot ooly convenient, bub necessary that thess axes should lis in the samo vertical pline,
to prevent the carrisge receiving 4 bwish horizontally.
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much greater than at the point of the trail; becanse the axis of the
trunnion hiolea liew vertically to the front of the axis of the axletree,
and also the bearing of the elevating serew is uearer the axletree than
to the point of the trail—in fact, becnuse the vertical component, part
of which acts at the trunmion holes and part at the bearing of the
elovating screw, acts as & whole at some point intermediate between
the two.

Agaim, this being the position of the point of application, as it
were, of tho total verticsl component, it is evident that the trail and
brackets (as part of the trail) have to support the whole brunt of it,
while the anxletres has only to beat a part of that whole, If the vertical
component act npwards, the vesistances of the ground will not then be
culled into play, but the weight of the carriage acting downward at its
centre of gravity will offer the resistance ; the tendency being, as before
said, to tear the earriage asunder. When tho vertical component acts
downwards, und the resistances of the ground ere called into play, they
will in genera! be less in total amount than the component itsclf, the
excess of the lstter being expended upon the ground. Thiz excess
will vary with the hardnese of the ground, snd the earringe will be
saved according us the latter is moro or less yielding. Just in the
samne manner, the gronnd, by its natore, will influence the recedl, and, as
before mentioned, n =0 doing inflnence the amouni of the horizontal
gomponent spent upon the earriggee, and the portion transmitted to and
expended upon the groand,

In a sivmlar manner, the slope of tho ground to the front or rear, by
influencing the recoil, affects the destractive effect npon the carriage.

It only remains to be nodeed, with ropard to the foree fransmitted
from the gun to the carriage, that in guns baving the axis of the
trunnivns below the axis of the piece, other things equal, the blow
upon the trail at the bearvipg of the clevating sercw is more severe
than in guos in which the axes intersect; becauss the impulse on the
bottom of tha bore, acting in the lime of the axis, has a moment or
twist round the axis of the trannions.

Carriages having a detached elevating screw are liable to a second
and destruetive blow upon the trail, from the breech of the gun and the
BCTOW ﬁﬂlin%r back to their place, afier the rebound of the trail from
the ground hag thrown thom up,

As rogarde gerving the gan in action, it is to be obeerved that the
carriage is admirably adapted for la.}-'inF the gun ; admitbing of ready
motion being given to the latter in a plang perpendicular to the axis
of the tronnivas and to the carrisge itself, sud therefore 1o the gun in a
plane st right angles to the former.

Ag to forumishing a stable carriage for the gun in action, the form
adepted gives three points of support, the vertieal through the centre of
gravity falling between them, and hence a stable carriage.  Not only
80, but a carringe that is stable wheu the gun is fired ; as the axis of
the gun lies in the vertics] plane (the wheels heing on the level) con-
taining the centre of graviiy of the system, whiﬁ: the rear peint of
support of the carriage s in the same plane, and at o sufficient distance
from the centre of gravity.



