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Sadato MorimasA : Studies on the Draught-Mechanism
of the Draught Animal.

ABSTRACT : This research was carried out in order to elucidate the draught
mechanism of the draught animal and its related fundamental theories, and in its turn
to get information on which to base our judgement of the physical conditions (the
conformation and the body-weight) fit for the draught animal and the decision of the
reasonable way of draught.

A. The Fundamental Theories
1. The fundamental theories on the equilibrium in the movement of rotation

a. The law of equilibrium in the movement of rotation along the longitudinal section
of the animal body when the animal was kept in standing with the draught imposed
upon it :

FeDn 4+ WpeDgn =0..... Formula 1

(F : the weight of the draught, D, : the vertical distance between the trace and the
axis of rotation of the hind-hoof, Wy : the body-weight which participates in the
moment of rotation, Dgh : the horizontal distance between the centre of the gravity and
the axis of rotation of the hind-hoof).

b. The condition for enabling the animal to walk in relation to the equilibrium along
the longitudinal section of the body of the draught animal in draught:

| P | < |Wgnh' . Db Formula 2

[Dﬁ:‘h' : the vertical distance between the trace and the axis of rotation of the hind-

hoof in the beginning period of non-support by the opposite hind-limb (PeP™?" )

W‘;nhl : the body-weight which participates in the moment of rotation in PeP™P’ ;
Dgﬁh' : the horizontal distance between the centre of gravity and the axis of rotation

of the hind-hoof in PeP™™’ }

c. The analysis of Dmn, or DRPP :
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Dih = (Hph — Dph - tan @) sin (90° — @)..... Formula 3

DBeh = (Hgﬁh' — Dbnh s tan @) sin (90°—a)..... Formula 3/
(Hph : the height between the point of the attachment of the trace and the axis of
rotation of the hind-hoof ; Hggh' : Hpn in PeP™ ; Dy : the horizontal distance be-
tween the point of the attachment of the trace and the axis of rotation of the hind-hoof
Dbnh/ : Dpn in PP 5 g : the angle which the line of direction of the trace makes
with the horizontal line).
2. The fundamental theories on propulsion

a. The analysis of D :

DX = DM — DM ..., Formula 4

= LM < cos 652 — L&Y« cosOS ..., Formula 5

| Dmf the horizontal propulsive distance of the centre of movement of the coxa in the

duratlon in which one hind-hoof works as the major fulcrum ; D! : the horizontal
distance between the centre of movement of the coxa and the axis of rotation of the
hind-hoof in the ending period of the duration of support by one hind-limb ( Pe™™) ;
DS : the horizontal distance between the centre of movement of the coxa and the
axis of rotation of the hind-hoof in the ending period of the duration of support by
the opposite hind-limb (Pe®t" ) ; LEP : the oblique length between the centre of move-

ment of the coxa and the axis of rotation of the hind-hoof in PP ; L‘es‘h : the
oblique length between the centre of movement of the coxa and the axis of rotation of
the hind-hoof in Pe*' ; 651 : the angle which the straight line between the centre of
movement of the coxa and the axis of rotation of the hind-hoof makes in the fore
part with the horizontal line in P ; 051 : the angle which the straight line between

the centre of movement of the coxa and the axis of rotation of the hind-hoof makes
esh’j

in the fore part with the horizontal line in Pe

b. The correspondence of DT to Sp :

D f = Sp..... Formula 6

(Sp : the length of one step measured along the line in the direction of the body
progression),
B. The Application of the Fundamental Theories for the Draught Mechanism
1. The body condition fit for the draught animal (the conformation and the
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body-weight)
a. The body condition favourable for the function of equilibrium :
(1) Wp or Wg“h' is great, accordingly the body-weight itself, is great (ac-
cording to Formulas 1 and 2).
(2) Dgn or D'gjﬁh' is great (according to Forumulas 1 and 2). In this con-
nection, the following are taken to be favourable for the purpose :
(a) The trunk is long and strong
(b) The conformation is the one which has the centre of gravity placed

forward.
(3) Din or DR is short (according to Formulas 1 and 2).

In this connection,

(a) In the horizontal traction (¢=0°) [In which case Din is calculated
as follows: Din = (Hph — Dpn « tan @) sin (90°—a) = (Hph — 0) X 1 = Hpn ),
Hpn or Hgﬁh' is low (based on Formulas 3 and 3’). Accordingly, the height of the
animal-body is low, or the animal has the body condition which enables him to make

Hg‘ﬁh' low.

bnh’
. . Hph . .
(b) In the non-horizontal traction, Hpn or —pop— is small (according
Dph Dph

to Formulas 3 and 3’). Accordingly, the height of the animal-body is relatively small
against the lenght of the animal-body, or the animal has the body condition which

bnh’

enables him to make%small.
Dph

b. The body condition favourable for the function of propulsion :
esh’

(1) The body condition is the one which enables D' to be small (ac-

cording to Formula 4).

(a) The body condition required for the equilibrium in the movement of
rotation along the longitudinal section of the animal body for the purpose of making
Dg;h’ small (according to Formula 1 or 2) :

®» Wy is great, accordingly, the body-weight is great.

® Dg‘c‘h' , the horizontal distance between the centre of gravity and
the centre of movement of the coxa in PeP™™ | in relation to DPRR' ( = DPub" 4
: gh gc

Dby J is great. That is to say, the trunk is long and strong, or the comformation
is the one which has the centre of gravity placed forward.
® DI is small.
(b) In order that DSP may be small, the body condition required for the

conformational elements of DSP is given as follows (according to Formula 5) :
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® LM is great.

® O3 is great. (5" > 90°. accordingly, the value of cos 6% is
minus.
(2) The animal has the body condition in which DeSh is great (according to
Formula 4)

(a) LM is great (according to Formula 5)
In other words, in the extended condition the hind-limb is long. (The draught animal
which is required to walk fast with light draught is to have the body condition similar
to that of the draught animal for heavy draught and at the same time have somewhat
longer hind-limbs.)

(b) 6%" is small (according to Formula 5) . That is to say, the hind-
limb, when extended backward with the hoof treading the ground, can get a good
forward-leaning.

2. The reasonable way of draught
a. The way of draught favourable for equilibrium

(1) To make Din or DR small (based on Formulas 1 and 2). In this con-

nection,
(a) Both in the horizontal traction (a¢=0°) and in the non-horizontal
traction, to make Hph or anh low. In other words, to make the point of the attach-

ment of the trace low (based on Formulas 3 and 3/).

Dbnh great (based on

(b) In the non-horizontal traction to make Dph or
Formulas 3 and 3”). In other words, the point of the attachment of the trace must be
placed forward.
(¢) To make ¢, the angle which the line of direction of the trace makes
with the horizontal line, great (based on Formulas 3 and 37).
(2) To make Wp or Wgnh' great (based on Formulas 1 and 2). For ex-

ample, to put the carter on the back of the horse.

(8) To make Dgh or Dbnh great (based on Formulas 1 and 2). For example :

(a) It is assumed that when the point of the attachment of the trace is at
the height of the point of the shoulder, the animal gets the condtion of a long trunk,
enabling Dbnh to be greater.

(b) To add weight to the fore part of the back or the neck.

b. The way of draught favourable for propulsion.

(a) In the experiment in which a conparatively light draught was imposed
upon the animal Sp became greater when the point of the attachment of the trace was
located at the hgith about the middle between the chine and the point of the shoulder
on the extension of the belly-band on the saddle.

(b) Sp in the experiments became, on the whole, greater when draught
angle was 10° than when it was 0°, or 20°.
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