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Sadato MoORIMASA : A Study on the Draft-Mechanism of the Draft
Animal — On the Gait in Draft

ABSTRACT. This investigation was carried out through three different experiments
shown below. What was common in all three cases was that the animals were let to walk
on the treadmill moving at the speed fo 42.9 meters per minute.

a) Measurement by Movie and Photograph: (1) Two goats were used in the
experiments, (2) previously a mark was put on the surface of the animal body at two
points : one was at the point which corresponded in lateral view to the center of the
movement of the scapula (which we regard to be located at the middle in the line
between the cervical angle and the dorsal angle on the scapula)...(to be referred to as
S) ; the other was at the point which corresponded in lateral view to the centre of the
movement of the coxa...(to be referred to as C), (3) (a) by using the trace, with the
point of the attachment of the draft on the line passing almost the middle of the breast-
band, or in its extension line on the draft-saddle at the height of the chine...(to be
referred to as 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), at the height of the
lowest part of the trunk (Pd) ; (b) with the draft angle which the trace makes with the
horizontal line in three ways : horizontal, 10 degrees, and 20 degrees ; and (c) with the
weight of the draft imposed upon the animal in two ways : 109 and 209 of the animal
body-weight. The animal was let to walk with these varied drafts imposed upon, (4)
Taking pictures at a certain distance, the writer made 16 mm films of 24 frames per
second of these experiments. (5) From among these films those frames which composed
the duration of one stride between the beginning period of the duration of support by
one hind-limb and the ending period of the duration of non-support by the same limb
were taken out according to goats and conditions of the drafts, Each of these frames was
enlarged at a certain rate (cabinet size) to get photographic prints by which analytical
measurements were taken. (6) The station for the measurement of the hoof was set at
the front tip of the sole of the supporting hoof.

b) Measurement by the Number of Stride : (1) Four goats other than those used in a)
above were used, (2) by using the trace in horizontal direction, with the point of the
attachment of the draft as the height about the middle between the chine and the point
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of the shoulder on the breast-band, changing the weight of the draft imposed upon the
animal in 4 ways : 3kg, 5kg, 8kg, and 11 kg, and (3) first with each of these conditions
the 5-minute experiment.was conducted .4 times to calculate average number of stride per
minute, by .which the speed of the treadmill per minute (42.9m) was divided to get the
length of one stride.

¢) Measurement by Footprint : (1) Four goats (the same ones as in b) above) were
used, (2) imposing upon the animal the 4 different amounts of weight in draft as in b)
above, (3) first, the goats were let to tread on .the powdered briquet which was damp,
thus applying the powder to the hoofs of the animals, and then (4) the goats were let
to walk on the blank sheets put on the treadmill so that the footprints of the goats in
walking might be measured.

1. The horizontal distance between C and the hind-hoof in the beginning period of
the duration of non-support by the opposite hind-limb (the period at which the opposite
hind-limb ceases to supoort the body-weight and one hind-limb only starts to function
as the axis of rotation, or:the fulcrum).. .DB’}}" (measured as positive while the hind-limb
remained behind the foot of the perpendicular from C, and as negative while it remained
before the foot of the perpendicular from C) became greater with the increase in weight
of the draft. In other words, the hoof in question moved backward in relation to C. This
is presumably carried out by the mechanical requirement that with the increase in weight
of the draft, Dgn must become greater so as to meet the condition of equilibrium for ‘the
‘movement of rotation along the longitudinal section of the goat’s body...F+Di + Wp-
Dgh =0 (F.: the weight of the draft, Diy : the vertical distance between the trace and
the hind-hoof which functions as the axis of rotation, Wp : the partial body-weight
which takes part in the moment of rotation, Dgn : the horizontal distance between the
center of gravity and the hind-hoof which works as the axis of rotation).

2. The front part of the amplitude of the fore-limb (A¢s) (= the absolute value of the
horizontal distance between S and the fore-hoof in the beginning period of the duration
of support by the fore-hoof) and the hind part of the same amplitude -(Anf) (= the
horizontal distance between S and the fore—hoof in the ending period of the duration of
support by one fore-limb), and the front part of the amplitude of the hind-limb (Afn)
(= the absolute value of the horizontal distance between C and the hind-hoof in the
beginining period of the duration of éupport by the hind-limb) and the hind part of the
same amplitude (Ann) (= the horizontal distance between C and the hind-hoof in the
ending period of support by one hind-limb) were almost equal respectively when no draft
was imposed upon the goats. When the draft was imposed on the animal, however, no
conspicuous change was observed with the fore-limbs, while with the hind-limbs the fore
part of the amplitude became noticeably small, but the hind part of the same amplitude
grew remarkably great. The fact that the range of the amplitude as a whole, of the
hind-limbs moved backward in relation to C which was the center of the movement for

the amplitude was presumably due to the change, in relation to the draft, of D]C’{I‘h'

mentioned in 1. above.
3. The length of one step (Sp) is equal to the value gained by subtracting the hori-
zontal distance between C and the hind-hoof in the ending period of the duration of
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support by' the opposite hind-limb (D$? ) from the horizontal distance between C and
the hind-hoof in the endmg pemod of duration of support by the hind-limb (DgP), that

is, Sp = c'hh — DeSh In some cases when the weight of the draft was small, S, might

become longer as compared with that when no draft was imposed upon the animal. It

cleariy became smaller as the weight of the draft became heavier. This is presumably

due to the fact that the change of DEP in relation to the weight of the draft is almost
equal to that in the case of Db“h' (the periods of walking in both being quite close)

mentioned in 1. above, and that Dg;h , when the weight is smaller in amount, becomes

greater with the increase in weight of the draft, which, however, is limited by the limi-
tation on the body conformation and stops becoming greater even when the weight of
the draft is further increased.

4. The horizontal distance between the fore-hoof and the hind-hoof in the beginning

period of the duration of support by the fore-limb (D) is the sum of the horizontal
distance between S and the fore-hoof in the beginning period of the duration of support

by the fore-limb (|DBff|) and the horizontal distance between S and C in the beginning

period of the duration of support by the fore-limb (Dls’zf) and the horizontal distance
between C and the hind-hoof in the beginning period of the duration of support by
the fore-limb (DBSf), that is, DY = [DB§f| + DPSf + DBSf. DBSf becomes greater with
the increase in weight of the draft. This is Presumably due to fthe fact that in contrast

to the little influence on ,lDbe] and DECSf of the change in weight of the diaft, D‘gﬁf,

with the increase in weight of the draft, becomes greater, as in the case of Dbnh (the

periods of walking in both being quite close).
5. The space of the stepping over of the footprint of the hind-hoof beyond that of

the fore~hoof (Df) is equal to the value gained in the subtraction of DB from the length

of one stride (Sq¢ (= Sp X 2), that is, Df = Sq — Dbe Ds has the tendency to become

smaller with the increase in weight of the draft and at last come to take the negative
value. This is presumably due to the fact that Sq, with the increase in weight of the

draft, makes a similar change as Sp, as is mentioned in 3. above, and that D2%f changes

as is shown in 4. above.
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—ARE[ 0 | 0 jws) 0 0 M0 0 f M 0|0 0| M| 0|00 ¥
g | NBWE| —03] —0.2|-0.2] ~0.238 —0.4| 0.2]-0.4] 020 ~0.6| 0.5 | —0.2 | —0.43 —0.4 [ —0.5 | —0.1 | ~0.33 ~0.48 —0.25 —0.25] —0.30
o 4, |HBUE| =051 ~0.8| ~06 | —0.47) ~0.5| ~0.9 | ~0.9] ~0.77) ~0.9 | ~0.4 | ~0.5 | ~0.60) ~0.7 | ~0.4 | ~0.4 | ~0.50/ ~0.65 ~0.50 ~0.60 ~0.58 N:=0.5
0 % |5 35| —0.40] —0.25] —0.40 —0.35| —0.45/"~0.35| —0.65 —0.48 —0.75| —0.45) —0.35 —0.52 —0.55| —0.45 —0.25| —0.42 —0.54 —0.38 —0.41] —0.44
N N 01|-01l o | o | o | o |-02]|-007 03|-01|-02]| 0 | 01|-02] 02| 0.03 0.13 —0.10 —0.05 —0.01
DX " H 0.2]-0.9|—0.2|~0.30 —0.5| —0.2| —0.2 | —0.30] ~0.3 | 0.1 | —0.2| ~0.20] ~0.2 | 0.3 | —0.2| —0.23 —0.20 —0.38 —0.20| —0.26| H;~1.1
” M 0.15| —0.50{ —0.10{ —0.15| —0.25| —0.10 —0.20] ~0.18 0 | —0.10| ~0.20 —0.10] —~0.05 —0.25] 0 | —0.10] —0.04| —0.24/ —0.13| —0.13
gasls | N | —0.10] —0.15 —0.10) —0.12] ~0.20 0.10] —0.30] —0.13 ~0.15 —0.30] —0.20| —0.22] —0.15| —0.35 0.05 —0.15 ~0.15 —0.18 —0.14 —0.15
H | —0.15 —0.60 —0.40{ —0.38 —0.50| —0.55| —0.55| —0.53 —0.60 —0.25| —0.35| —0.40| —0.45| —0.35| —0.30| —0.37| ~0.43 —0.44 —0.40| —0.42 M;~0.8
MF B v | —0.13 —0.38 —0.25| —~0.25| —0.35 —0.23| —0.43 —0.33| —0.38 —0.28] —0.28| —0.31 —0.30 —0.35| —0.13 —0.26] —0.29| —0.31 —0.27| —0.29
gmo | N 2.600 270 2.7 2.67 2.44 3.04 2.44] 264 230 2.34 270 2.45] 2.56 2.34 2.67 2.57 2.8 2.61] 2.63 2.57
o H 2.40| 2.72| 2.36 2.49 2.6 2.00| 2.12| 2.19 2.19 275 2.59 2.51 2.39 2.62 2.62 2.54 2.36| 2.52 2.42 2.44N;2.46
0% |y 2500 2.71| 2.53 2.58 2.5 252 2.98| 2.42) 2.25 2.5 2.65] 2.48| 2.48) 2.48 2.65 2.53 2.2 2.56 2.53 2.50
R N 3.000 2.74 2.84 2.86 2.77 2.84 2.64 2.75 3.14 2.74 2.76 2.88| 2.87] 2.57 2.97 2.8 2.95 2.72 2.8 2.82
Dgpy . H 3.04 206 2.64 258 2.3 264 276 2.58 2.79 2.9 2.82  2.87 276 2.66 2.82 2.7 2.73 2.5 2.76 2.60| H;L.92
2 M 3.02 2.0 2.74 2.72] 256 2.74 2.7 2.67 2.7 2.87 2.79 2.8 2.8 2.6 2.9 2.78| 2.84 2.66 2.78| 2.7
sagis| N 2.80| 2.72| 2.77) 276 2.61 2.94 254 2.70 2.72 2.54 2.73 2.66| 2.72| 2.46 2.82 2.66 2.71] 2.66 2.72] 2.70 -
" H 2720 2.39 2.50| 2.54 2400 2.32 2.44] 2.39| 2.49 2.87 2.71 2.69| 2.58 2.64 2.72 2.65 2.5 2.56 2.59 2.56/M;2.19
WF¥H) 276 2.56 2.64| 2.65 2.50 2.63 2.49| 2.54 2.61 2.71 2.72 2.68 2.65| 2.5 2.77 2.65 2.63 2.61 2.65| 2.63
gmo | N 03] 44| 44| 237 41| 47| 41| 430 40| 40| 44| 413 43| 40| 43| 420 418 428 4.3 425
. H 41| 45| 41| 423 42| 37| 39| 3.93 40| 46| 44| 433 42| 44| 44| 433 413 430 420 221Nz
0%y 4.20| 4.45| 4.25) 4.30 4.15 4.20 4.00| 4.12) 4.00 4.3 4.40| 4.23 4.25| 4.20 4.35 4.27 4.15| 4.29 4.25 4.23
bt , N 47| 44| 45| 453 44| 45| 43| 440 48| 4.4| 45| 457 45| 42| 4.6| 443 4.60] 4.38 4.8 4.48
D H 47| 38| 43| 421 40| 43| 45| 427 46| 48| 46| 467 45| 4.4| 46| 450 4.45 4.33 450 4.43H;3.7
20 » M 4700 4200 440 4.40 4.20 4.40] 4.40] 4.33 470 4.60 4.5 4.62 450 4.30 4.6 4.47| 4.5 4.35 4.49 4.45
sasim | N 450 4.40 4.45 4.45 4.25 4.60 4.20| 4.35 4.40 4.20 4.45| 4.35 4.40] 4.10 4.45 4.32] 4.3 4.33 4.39 4.37
"l H a40| 45| 420 4.25 4.0 4.00 4.200 4.0 4.30 470 4.50 4.50 4.35 4.0 4.50 4.42] 4.29| 4.31 4.35 4.32|M:3.9
By 445 498 4.33 4.35 418 4.30 4.200 4.23 4.35 4.45 4.48| 443 4.33 4.25 4.48 4.37 4.3¢ 4.32 4.37 4.3
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