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Sadato MORIMASA : A Study on the Draught-Mechanism of the Draught Animal
—On the Posture, Especially the Forward-leaning Posture (Zenkei-Shisei) in Draught

ABSTRACT. With the purpose of analysing the attitude of the draught animal in
walking with the draught imposed on it, especially of making physical analysis of the
forward-leaning posture, that is, the so-called ‘zenkei-shisei’ in order to study its
significance in the equilibrium in the movement of rotation along the longitudinal section,
this writer made the following experiments :

For the experiments were used goats, on which marks had been put in advance, one
at the centre of movement of the scapula and the other at the centre of movement of the
coxa. The draughts imposed on the goats were changed in condition as shown below :
(a) The point of the attachment of the trace of the draught along the middle line of the
breast-band and its extension line on the draught-saddle : in the four different ways—at
the height of the chine (Pa), at the height about the middle between the chine and the
point of the shoulder (Pb), at the height of the point of the shoulder (Pc), and at the
height of the lowest part of the trunk (Pd) ; (b) The direction of the trace or the draught
angle (which the trace makes with the horizontal line) : in the three different ways—
horizontal, 10 degrees, 20 degrees ;and (c) The weight : in two different ways—10% and
20% of the goat’s body-weight. And as the control of the experiments this writer set the
zero draught (in which no draught was imposed on the animal except the saddles).

The animals were let to walk with these varied draughts imposed on them on the
treadmill which was moving at the speed of 42.9 metres per minute, while the present
writer took pictures of these experiments from certain distance and made 16mm films of
24 frames per second with which to analyse these experiments. Each of these frames was
enlarged at a certain rate (about cabinet size), and the enlarged prints were used for the
analytical measurements.

In the text of the thesis, the statement of the results of the experiments is given in the
compared results of the three different cases in terms of the weight of the draught
imposed on the animals : zero, 1095 and 20% of the body-weight of the animals.

In the present summary, to make the explanation short, the statement of the results of
the experiments is given in the comparison between the case in which draught is imposed
on the animal and the case where the draught is zero.
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(1) The angle which the straight line between the centre of movement of the scapula
and the axis of rotation of the hind-hoof makes in the forepart with the horizontal line

in the beginning period of duration of support by one hind-limb (6%"), (later in this

bsh

paper Pe™" is used to stand for the beginning period of duration of support by one

hind-limb) ; and the angle in the beginning period of duration of non-support by the

bnh”’

opposite hind-limb (Bb“h ), (later in this paper Pe is used to stand for the beginning

period of duration of non-support by the opposite hind-limb) ;and the angle in the
ending period of duration of support by one hind-limp (6%"), (later in this paper Pe®h

is used to stand for the ending period of duration of support by one hind-limb), became
smaller when the draught was imposed on the animal than the case where the draught
was zero. (Fig. 12)

(2) 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 forepart with the horizontal line in
Pebst (6P ), and the angle in PeP™® (621" ), and the angle in Pe®P (6% ), became

smaller when the draught was imposed on the animal than the case where the draught
was zero. (Fig. 13)

(8) The results given in (1 ) and (2) above can affirm the hitherto-maintained view
that “the draught animal takes the forward-leaning posture when he walks with the
draught imposed on him.”

(4) The oblique length between the centre of movement of the scapula and the axis
of rotation of the hind-hoof in Pe®® (LPSH), the oblique length in PeP™® (LERR'), and
the oblique length in Pe*® (L&P ), became greater when the draught was imposed on
the animal than the case in which the draught was zero. (Fig. 12)

(5) The height of the centre of movement of the scapula in PeP® (HPSP), the height
in PeP™? (HP"M), and the height in Pe®" (H") became only slightly greater when the
draught was imposed on the animal as compared with the case in which the draught
was zero. (Fig. 12) b'

(6) The horizontal distance between the centre of movement of the scapula and the

axis of rotation of the hind-hoof in PePs® (DbSh) the horizontal distance in Peb“h' (Db“ by

h
1 (DED), became greater when the draught was

and the horizontal distance in Pe
imposed on the animal as compared with the case in which the draught was zero. (Fig. 12)

(7) It is recognized that the forward-leaning of the line between the centre of movement
of the scapula and the hind-hoof when the draught was imposed on the animal, as shown
in the result presented in (1) above, is brought about, as seen from the results shown in
(5) above, not by the lowering of the height of the centre of movement of the scapula,
but by the extension of the oblique length between the centre of movement of the ‘scapula
and the axis of rotation of the hind-hoof, as stated in (4) above, which in turn brings
about the increase in the horizontal distance between the centre of movement of the
scapula and the axis of rotation of the hind-hoof, as stated in (6) above.

(8 The oblique length between the centre of movement of the coxa and the axis of

rotation of the hind-hoof in PePP(LPSh), the oblique length in PeP™" (LPP"). and the
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oblique length in Pe®® (L%! ), became smaller when the draught was imposed as
compared with the case in which the draught was zero. (Fig. 13)

(9) The height of the centre of movement of the coxa in PeP? (H‘C’Sh), the height in
Pebrb’ (ch’“h'), and the height in Pe®®? (H®P ), became smaller when the draught was

imposed on the animal as compared with the case in which the draught was zero. (Fig.
13)

(10) The horizontal distance between the centre of movement of the coxa and the axis
of rotation of the hind-hoof in PebSh(D]gﬁh), the horizontal distance in PeP™t’ (Dbnh7y,
and the horizontal distance in Pe™" (DSP ), became greater when the draught was

imposed on the animal than the case in which the draught was zero. When the hind-
hoof was behind the centre of movement of the coxa, the measurement was taken as plus
(+) and when it was before the centre of movement of the coxa, the measurement was
taken as minus (—). (Fig. 13)

(11) The forward-leaning of the line between the centre of movement of the coxa and
the axis of rotation of the hind-hoof, as stated in (2) above, was caused, as seen from
the results given in (8) above, not by the increase in the oblique length between the centre .
of movement of the coxa and the hind-hoof, but by the lowering of the height of the
centre of movement of the coxa, as stated in (9) above and it admittedly brought about
the increase in the horizontal distance between the centre of movement of the coxa and
the axis of rotation of the hind-hoof as shown in (10) above, that is, the hind-hoof
is moved backwards relatively to the centre of movement of the coxa. (Fig. 13)

(12) The angle which the straight line between the centre of movement of the scapula
and the centre of movement of the coxa makes in the forepart with the horizontal line

in PPt (621, the angle in PeP™™ (027" ), and the angle in Pe! (65" ), became

greater when the draught was imposed on the animal than the case where the draught
was zero. That is, the centre of movement of the coxa was lowered as compared with the
centre of movement of the scapula. (Fig. 14)

(13) The horizontal distance between the centre of movement of the scapula and the

bsh bnh”
sc

centre of movement of the coxa in PeP*® (D®") and the horizontal distance in Pe

(DP"1) became only slightly smaller when the draught was imposed on the animal as
compared with the case in which the draught was zero, and the horizontal distance in

Peest (DESP ) became only slightly greater.

sC
(14) The angle which the straight line between the centre of movement of the scapula
and the centre of movement of the coxa makes in the forepart with the straight line
between the centre of movement of the coxa and the axis of rotation of the hind-hoof in

PePsP (g1 Y the angle in PeP™™ (0;’;‘;" ), and the angle in Pe®® (6%1), became greater

when the draught was imposed on the animal as compared with the case where the
draught was zero. (Fig. 14) This is recognized to play a great role in assuming the
forward-leaning posture on the part of the animal.

(15) The observation revealed that the increase in the horizontal distance between the
centre of movement of the scapula and the axis of rotation of the hind-hoof when the
draught was imposed on the animal, as shown in (6) above, was largely due to the
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increase in the horizontal distance between the centre of movement of the coxa and the
axis of rotation of the hind-hoof as shown in (10) above, and little to the change in the
horizontal distance between the centre of movement of the scapula and the centre of
movement of the coxa, as shown in (13) above.

(16) The increase in the horizontal distance between the centre of movement of the
scapula and the axis of rotation of the hind-hoof which is brought about by the forward-
leaning of the line between the centre of movement of the scapula and the axis of rotation
of the hind-hoof, as shown in (7) above, and the increase in the horizontal distance
between the centre of movement of the coxa and the axis of rotation of the hind-hoof
that was brought about by the forward-leaning of the line between the centre of movement
of the coxa and the .axis of rotation of the hind-hoof, as shown in (11) above, function
conjointly in the increase of the horizontal distance beetween the hind-hoof which works
as the falcrum, or the axis of rotation and the centre of gravity of the animal. It is
recognized that this is one of the most important significances that the forward-leaning
posture have in the draught-mechanism or mechanically.

(A7) It is recognized that the lowering of the height of the centre of movement of the
coxa when the draught is imposed on the animal, as stated in (9) above, functions in
reducing the vertical distance between the trace and the axis of rotation of the hind-hoof,
that is, in advancing mechanical effect.

(18) It is observed that the increase in the horizontal distance between the centre of
movement of the coxa and the axis of rotation of the hind-hoof, as stated in (10) above,
functions in reducing the vertical distance between the trace and the axis of rotation of
the hind-hoof.

(19) When the point of the attachment of the trace is at Pc, that is, at the height of

the point of the shoulder on the middle line of the breast-band, LR, Lbrh" — pesh

Dlsatslh>Dbnh' D:;h, ]g}s;h’ Lbn h’ esh Hbsh anh' Hesh Dls)csh’ Dbnh’ , and Dggh became great-
est as compared with the cases where the point of the attachment of the trace was at

Pa, Pb and Pd. In these changes the increases of DI, DS | DR | Dbsh | DPob”
and D&P accordingly increase the horizontal bistance between the centre of gravity and
the axis of rotation of the hind-hoof. This is effective in the draught-mechanism or
mechanically. It is assumed that when the point of the attachment of the trace is at Pc,
the living body is most easily extended.

(20) Hbsh, HP"h" | and HS! became smallest when the point of the attachment of

the trace was lowest at Pd. 623", ¢, gbsh = gbnb

the point of the attachment of the trace was lowered. Judging from these changes it is

, and 6%5P became smaller as

>

presumed that when the point of the attachment of the trace is lowered to an’ excessive
degree, it is disadvantageous for the extension of the animal body according to the
mechanism of the living body.
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