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Sadato MoRIMASA : A Study on the Draught-Mechanism of
the Draught Animal — On the Periods of Walking with
Imposed Draught

ABSTRACT. In the present study, the results of the following experiments are pre-
sented. The goat was let to walk, on the treadmill moving at the speed of 42.9 meter
per minute, with the draught imposed upon in these varied ways : (a) with 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 (=A); at the height about the middle between the chine and the point of the
shoulder (=B); at the height of the point of the shoulder (=C); at the height of the
lowest part of the breast-band (=D); (b) with 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, and 20 degrees ; and (c) with the weight of the draught imposed
upon in the two different ways : 109, and 20% of the goat’s body-weight.

This writer made 16 mm films of 24 frames per minute of these experiments, and took
from each of the conditions given above those frames which compose of the duration of
one stride. Each and every frame was enlarged at a certain rate to get on the photographic
paper a series of prints to be arranged in the order of the frames of the films. By means
of these arranged prints (shown in Pictures 1—6) analyses were made of the periods of
walking.

(1) The average of the duration of one stride composed of 25,4 frames, which is
equivalent to 1,06 seconds in time.

(2) The average of the ratio of one duration of support to the duration of one stride
one duration of support

€= the duration of one stride
74.6% for the hind-limbs, which was greater than the former. It is to be understood that
this accounts for the fact that the hind-limbs work mainly as the fulcrum and to generate

X 100) was measured 69.4 9%, for the fore-limbs and

power of propulsion, and that the fore-limbs fill a very important role for an effective
use of the body-weight to maintain equilibrium in the movement of rotation conducted
along the longitudinal section of the body.
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(8) The average ratio of the duration of support occupied in the duration of one stride

in draught is classified as follows according to the combination of the supporting limbs :
The duration of support by 3 limbs — 1 fore-limb and 2 hind-limbs : 47,29,
The duration of support by 3 limbs —2 fore-limbs and 1 hind-limb : 36.8%
The duration of support by 2 limbs — 1 fore-limb and 1 hind-limb on one side : 8.1%
The duration of support by 2 limbs — 1 fore-limb and 1 diagonal hind-limb : 5,89
The duration of support by 4 limbs: 2,19,

All these values presented here differed from those acquired when the animal was only
saddled without any imposed draught.

(4) The duration of support by the 2 limbs on one side became shorter as the weight
of the draught got heavier. This will account for the adjustment to prevent the movement
of rotation forced by the draught along the horizontal section of the animal body.

(5) The duration of support by the 2 diagonal limbs became longer as the draught
angle which the trace made with the horizontal line got greater. This will account for
the adjustment to prevent the movement of rotation forced by the draught along the cross
section of the animal body.

(6) In the beginning period of the duration in which one hind-hoof worked asa
major fulcrum (or the beginning period of the duration of non-support by the opposite
hind-limb), the position of one fore-hoof on the same side marked the period when 98,29,
in avérage, of the duration of non-support had progressed. This, admittedly, will make
favourable use of the weight of the animal body, and be in the conditon effective to
create the condition of equilibrium in the movement “of rotation along the longitudinal
section of the animal body (FDI—Wp Dg=0, or FDI=Wp Dg, to be shown in absolute
value. F ... the vs}efght of the draught, DI ... the vertical distance between the hind-hoof
which works as the axis of rotation and the trace, Wp ... the bodyweight which takes’
part in the moment of rotation, and Dg ... the horizontal distance between the hind-hoof
which works as the axis of rotation and the center of gravity).

(7) In the beginning period of the duration in which one hind-hoof worked as a major
fulerum the position of one fore-hoof on the opposite side marked the period when 7119,
of the duration of support had pr;ﬁéfessed. This, admittedly, will be in a favourable
condition for the use of the weight of the animal body, and the extension of the hind-limb.
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JABIZ» I I2GEDYY - N16.82 <, H18.4a3<, #B¥H17.62 <

TABIRBOHE  TABISIVEIZAN17.4 37, BH18.72<, CH17.3a2~<, D
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F 2. HEO1AEPEH (EE¥2 <30 1REHH, I 0AERRR

(%)

S UABIA A B c D O ABIABRITE (T ABIR] s
mz@p]w 20 || o [ 1020 M| o w0 |2|M|o 0|0 |M|o w02 pey”
NS | 16.5 18.5 18.0 17.7 18.0] 17.0] 18.0] 17.7, 16.0 15.0 18.5 16.5 180 15.00 155 16.2 17.1 16.4 17.5 17.0
hE® 10% | geux | 18.0 18.0 18.5: 18.2 19.5 20.5 20.0] 20.0] 17.5 18.5 18.5; 18.2 17.5 19.0 17.0] 17.§ 18.1 19.0: 18.5 18.5
B ¥ 1 | 17.3 183 18.3 17.9 18.8 18.8 19.0 18.8 16.8 16.8 18.5:_1.3} 17.8) 17.0] 16.3 17.0] 17.6 17.7i L
® N | 15 165 175 163 17.0 190 17.0) 17.7 155 16.0: 18.0 16.5 16.0 16.0 17.0 16.3 15.8 16.9 17.4 167
wml|” 2 H 17.00 17.5 18.5 17.7| 19.5 19.0| 19.5 19.3 17.5 18.0; 18.00 17.8 20.0| 16.5 19.0 18.5 18.5 17.8i 188 18.3 4,00
M 15.8 17.0{ 18.0, 16.9) 18.3 19.0| 18.3 18.5 16.5 17.0: 18.00 17.2 18.0| 16.3 18.0| 17.4 17.1 17.3: 18.1  17.5
w N 15.5 17.5 .17.8) 16.9 17.5 18.00 17.5 17.7 15.8 15.5 18.3 16.5 17.0| 15.5 16.3 16.3 16.4 16.6: 174 16.8
Y ABINRTE H 17.5 17.8) 18.5 17.9 19.5 19.8 19.8 19.7 17.5 18.3 18.3 18.00 18.8 17.8 18.0] 18.2 18.3 13.4: 18.6] 18.4
.M 16.5 17.6 18.1| 17.4] 18.5 18.9) 18.6] 18.7) 16.6 16.9 18.3 17.3 17.9 16.6] 17.1] 17.2 17.4 175 18.0 17.6
Newe | 7.5 8.5 8.0/ 8.0/ 9.0/ 9.0 1000 9.3 8.0 7.0 105 8.5 8.0 8.0 95 85 81 81 95 8.6
HEDO 0% | gswye | 80 7.0 6.5 7.2l 7.5 7.5 8.0 7.7 6.5 6.5 7.5 6.8 7.5 80 80 7.8 7.4 7.3 7.5 7.4
B ¥ # | 18 7.8 7.3 7.6 83 83 9.0 85 7.3 68 90 7.7 7.8 80 88 82 7.8 7.7 85 8.0
N 7.5 6.5 6.5 6.8 9.0 9.0 9.0 90 85 80 80 82 60 80 80 7.3 7.8 7.9 7.9 7.8N’6'5
m | 20 7 H 6.00 7.5 65 67 65 8.0 65 7.0 7.5 7.0 80 75 7.0 85 80 7.8 68 7.8 73 T3y .o
M 6.8 7.0l 6.5 6.8 7.8 85 7.8 80 80 7.5 80 7.8 6.5 8.3 8.0 7.6 7.3 7.8 7.6 7.5
N 75| 7.5 7.3 7.4 9.0 9.0 95 9.2 83 7.5 9.3 83 7.0 80 88 7.9 7.9 8.0 87 8.2
W ABIBIETE H 7.00 7.3 6.5 6.9 7.0 7.8 7.3 7.3 7.0 68 7.8 7.2 73 83 80 7.8 71 7.5 7.4 7.3
M 7.3 7.4 6.9 7.2 8.0 84 84 83 7.6 7.1 85 7.8 7.1 8.1 8.4 7.9 7.5 7.8 8.0 7.8
NBU¥ | 68.8 68.5 69.2 68.8 66.7 65.4 64.3 65.4 66.7 68.2 63.8 66.0 69.2 65.2 62.0] 65.5 67.8 66.8 64.8 6.4
hE O 10% | g | 69.2) 72.00 74.00 71.7] 72.2| 73.2] 71.4 72.3 72.9) 74.00 71.2 72.7 7o.o:m 68.0 69.5{ 71.1 72.4 71.2 71.5
& ¥ 1 | 69.00 70.2 71.6| 70.3 69.4 69.4 67.9] 68.9 69.8 71.3 67.3 69.3 6946:—6;.—0 65.0] 67.5 69.5 69.7 67.9 69.0N.717
N 65.9| 71.7| 72.9) 70.3 65.4 67.9/ 65.4 66.3 64.6| 66.7 69.2 66.9 72.7 66.7 68.0] 69.0 67.0 68.2 68.8 8.0 T
v H 73.9 70.0 74.0 72.6 75.0 70.4 75.0 73.4 70.0, 72.0{ 69.2 70.4 74.1 66.0 70.4 70.3 73.3 69.6 72.1 LT 2
i M 70.0| 70.8) 73.5 71.5| 70.2 69.1 70.2] 69.8 67.3 69.4 69.2 68.7| 73.5 66.3 69.2 69.7| 70.3 68.9 70.5  69.9
N 67.4) 70.0{ 710 69.5 66.0 66.7 64.8 65.8 5.6 67.4 66.4 66.4 70.8 66.0 65.0| 67.2 67.4 67.5 66.7  67.2
1 asimmes H 714 71.0) 74.0) 72.1) 73.6( 71.8 73.1| 72.8 71.4| 73.00 70.2 71.5 72.9 68.3 69.2 69.9 72.2 71.oi 7.6 716
M 69.5 70.5 72.5 70.8 69.8 69.3 6.0 69.3 68.6] 70.3 68.2 69.0]—71.—5i 67.2| 67.2 68.6) 69.8 69.3 60.2  69.4
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* 3. BEOLIAEDIR (EE¥Ha~E) , 1KHEHN, SIOAEHHE )
S————— UABIR A B c D U ABIABATS [0 AR g s,
mﬁﬁ: BE (w1020 | o [0 |2 [ M| o 10|20 M|o[0]2|[M|o|0|2mesysV
N&wmx | 18 | 20 | 20 | 19.3 20 | 185 2 | 19.5 165 15.5 215 17.8 20 | 17 | 19 | 18.7 18.6] 17.8 20.1] 18.8
HEO 10% | HEWwx | 19 | 195 18.5 19.00 21 | 20 | 20 | 20.3 175 19 | 20 | 18.8 185 20 | 19 | 19.2 19.0 19.6) 19.4 19.3
& % 1 | 185 19.8 19.3 19.2 20.5 19.3 20.0 19.9) 17.0 17.3 20.8 18.3 10.3 18.5 19.0 18.9 18.8 18.7 19.8 19.1N.175
E N 17 | 17 | 18.5 17.5 19 | 21 | 19.5 19.8 18 | 18 | 19.5| 18.5 17 | 17.5| 19 | 17.8 17.8 18.4| 19.1 18.4
w7 20 7 H 17.5 19 | 20 | 18.8 19 | 205 20 | 19.8 19 | 18.5 20 | 19.2 19 | 17.5 205 19.0 18.6 18.9 20.1 192,
M 17.3 18.0| 19.3 18.2] 19.0 20.8| 19.8 19.8 18.5 18.3 19.8 18.8/ 18.0{ 17.5| 19.8 18.4 18.2 18.6| 19.6  18.8
" N 17.5 18.5 19.3 18.4) 19.5| 19.8 19.8 19.7| 17.3 16.8| 20.5 18.2 18.5 17.3 19.0, 18.3 18.2 18.1 19.6/ 18.6
¥ ABIREIFES H 189 193 103 18.9 200 203 20.0 20.1 18.3 15.8 20.2 19.0{ 18.6 1.8 19.8 19.1 18.8 19.3 19.8 19.3
M 17.9) 18.9] 19.3 18.7| 19.8 20.0{ 19.9) 19.9 17.8 17.8 20.3 18.6] 18.6 18.0| 19.4 18.7| 18.5 18.7| 19.7|  18.9
Newx | 6| 7| 6| 63 7| 75 8| 75 75 65 75 79 6| 6| 6| 6.0 6.6 6.8 69 6.8
#ED 0% | geux | 7| 55 65 63 6| 8| 8 | 7.3 65 6| 6| 62 65 7.0 6| 65 6.5 66 66 6.6
b ¥ # | 65 6.3 6.3 63 6.5 7.8 8.0 7.4 7.0 6.3 6.8 6.7 6.3 6.5 6.0 63 6.6 67 6.8 6.7N.55
E N 5| 6| 55 55 7| 7| 65 68 6 6| 65 62 5| 65 6 | 58 58 6.4 61 6.1
w| 7 2 H 550 6| 5| 55 7| 65 6| 65 6| 65 6| 62 8| 7.5 65 7.3 66 66 59 6450
M 5.3 6.0 53 55 7.0 68 62 67 6.0 63 63 6.2 65 7.0 63 66 62 65 60 6.2
" N 5.5\ 6.5 5.8 59 7.0 7.3 7.3 7.2 6.8 6.3 7.0 6.7 55 63 60 59 62 6.6 6.5 6.4
¥ ABIERITE H 6.3 5.8 5.8 59 65 7.3 70 69 63 63 60 62 73 73 63 69 66 6.6 6.3 6.5
M 59 6.1 58 59 6.8 7.3 7.1 7.0 65 6.3 65 6.4 6.4 68 6.1 6.4 6.4 6.6 6.4 6.4
Nz | 75.00 74.1] 76.9) 75.3| 74.1| 71.2) 71.4] 72.2 68.8] 70.5| 74.1| 71.3| 76.9| 73.9 76.0| 75.7| 73.8| 72.4] 74.5 73.6
g | BED 10% | HEwe | 73.1) 78.0 74.0 75.0) 77.8 71.4 71.4 73.5 72.9) 76.0, 76.9 75.3 74.00 74.1 76.0| 74.7 74.5 74.81 74.5 74.6
£ S 4 | 74.00 76.00 75.5| 75.2) 75.9| 71.3] 71.4] 72.9] 70.8| 73.41 75.5 73.3] 75.5 74.0| 76.0] 75.2 74.1 73.6] 74.5 74'1N:7e.1
N 77.3] 73.9) 77.1 76.1 73.1 75.00 75.0| 74.4| 75.0| 75.0{ 75.0, 75.0| 77.3 72.9 76.0 75.4] 75.5 74.2] 75.7  75.2
w20 » H 76.1 76.0) 80.0 77.4 73.1 75.9 76.9| 75.3 76.0| 74.00 76.9 75.7 70.4| 70.00 75.9 72.2 73.8 4.0 7.4 751 .0y
P M 76.7| 75.0, 78.6 76.8| 73.1 75.5| 76.0| 74.8| 75.5| 74.5| 76.0| 75.3| 73.5 71.4] 76.0| 73.7| 74.6| 74.1] 76.6 75.1
: N 761 74.0 77.0 75.7 73.6| 73.1| 73.1 73.3 71.9 72.8 74.5 73.2 77.1 73.4 6.0 75.5 74.6 73.4 7.1 744
1 vasimmes H 74.5| 77.0| 77.0| 76.2] 75.5| 73.6| 74.1] 74.4] 74.5| 75.0| 76.9| 75.5 72.1] 72.1 76.0| 73.4| 74.1 74.4] 76.0 74.8
M 75.3| 75.5| 77.0| 75.9) 74.5| 73.4) 73.6| 73.8 73.2) 74.0) 75.7 74.3| 74.5 72.7| 76.0| 74.4] 74.4] 73.9 75.5 74.6

aL

Y ¥ # =



BBEDT AB BB 2 BI% 73

F91310%5317.83 %, 20%H517.53 < T, FABIEMSKELS &, TABIENALD 28B4
I3 EE & DITHE D 185 12,

b, ®%ED1&EHN

BEO1AEHMEEIBLORSIKRTINL TH 3,

B3I 0%4E - N17.50<, H20.02<
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2. BHEHAM, The duration of non-support
a. RO 1 BELRR

B 1 HEHRIZE 2 5 LK 3ITRTIL TH 3,

#3312 0EE  N6.50<, H7.0a<

FAB B EDYY : N8.2a<, H7.32<, #¥57.8a<
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BT ABIRHAID 2HEIC 1 FEHIED» 85 T EIBRU TV 3, JATIAEGF
130 °57.53 7, 10°457.83 %, 20°%38.03 < T, JABIAENAL 23IconT, 14K
HARIDSE < 5o 12 ABIEDSAIC B 3 BAICIE, YABIAENKE B2 ICONT, 1 BEME
DE»LZY, 1AEPEICHT 2 0A5IBEOHREND Y BB T 5 12T AB[EMDIC
HHEEIT, FARABNARERBICONT, IMEMESEL Ko TWA T EERERS
NBETH- 12, TAFIRITEEZ10%538.00 <, 20%437.53 < T, FABIEMVAKD 55
BT T ABIESKE ZNITHES DITE» L 725 12,

b, #%EED 1 BELRR
B O 1 REARIEE 3 BLOR 3 ITRTUWL TH 5,
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A 1 BHEHR O - 0 1 HEHMOFEE, NiKBsWTid8.2av:6.4av, H
Ti37.33< :6.53 7, BVHTE7.8a < : 6.4~ T, HEDO 1HEHMIHED 1HE
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3. A EFEHAM=E, The ratio of one duration of support to the duration of one stride

&L, 1AEPHEAICET 2 X ) BRICBNTEL, 1 HEHREFIEICSTZ2 XD

BREITBWTEPN T E 2R LI, CoBRE 1AERRO 1 R 584 (=

| G - s
=g 100 RkoTaz Ltk T—EEBICEETE 3, ToHlEzAELM
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# 4. ANCAETIHOMSEIERE (%)

T JABIR A B c D O ABIBERITE JABIR g5y
M{E Ax |10 | 20 [ o 0|20 | M| o]0 |M]o|[w|n|M|o|w]|nmeyV

NBw | 50.0] 48.1| 46.2) 48.1 48.1| 42.3| 42.9| 44.4| 37.5) 40.9| 48.3 42.7| 53.8] 47.8 52.0| 51.4] 47.5] 44.9| 47,9  46.6

ﬁlﬁ HEO 10% | g | 46.2) 56.00 32.0) 44.7| 51.9| 42.9| 42.9| 45.8 41.7) 52.0| 50.0| 48.0] 44.0| 48.1) 52.0| 48.1) 46.1| 49.5| 44.2  46.6]

] ¥ % | 4.0 519 2.2 46.4 50.0/ 42.6] 42.9 45.1 39.6 46.8 49.1 45.3 49.0 48.0 52.0] 49.7| 46.8 47.3 45.8 46.6]

ff N 54,50 47.8) 50.00 50.7| 42.3] 50.0 50.0| 47.5 50.0| 45.8 46.2| 47.3 50.0 45.8 48.0] 47.9| 48.9| 47.5| 48.5 48.3N'30'4
Bl 20 - H 47.8 52.00 48.00 49.3 42.3 519 46.2 46.8 52.0 48.0 53.8 51.3 3.3 40.0] 5L9| 41.8 43.6 8.0 50.0| 47.2 4.0y

g M| 5Ll 50.0 49.0| 50.0{ 42.3 50.9| 48.1| 47.2 51.0 46.9) 50.0| 49.3 40.8 42.9] 50.0 44.7| 46.2 a7.8 49.3 47.8

# N 52.2| 48.0| 48.0| 49.3 45.3| 46.3| 46.3] 46.0] 43.8| 43.5 47.3| 45.0] 52.1| 46.8) 50.0| 49.7| 48.2| 46.2 47.8 47.4

§ i ABIRES H 46.| 54.0] 40.0| 47.0] 47.2 7.3 44.4 463 46.9 50.0| 51.9 50.0] 38.5| 44.2 519 440 448 48.8 471 46.9

M 49.6| 51.0| 44.0| 48.1| 46.2| 46.8) 45.4| 46.1) 45.4| 46.9| 49.5| 47.3 45.0| 45.5| 51.0| 47.2] 46.5| 47.5 47.5| 47.2

NS | 37.5] 37.0] 30.8| 35.1 33.3 30.8] 28.6| 30.9 33.3 36.4] 27.6| 32.0| 38.5 30.4 24.0| 31.1| 35.6| 33.7| 27.8 32.9

;ﬁg HEO 0% | Hmwx | 8.5 44.0 32.00 38.2 40.7| 46.4) 42.9| 43.4 41.7] 48.0| 38.5| 42.7| 36.0| 40.7| 36.0| 37.7| 39.2| 44.8 37.5  40.5

1 ¥ ¥ | 38.0) 404 314 36.6 37.0 389 35.7 37.2 7.5 42.6) 32.7 37.3 73.3 36.0) 30.0 34.4 3.4 39.4 32.5 6.4

if N 31.8 43.5| 41.7] 39.1] 26.9) 35.7| 30.8 31.3 20.2 29.2| 34.6| 31.1| 40.9] 33.3 32.0] 35.2| 31.9| 35.4| 34.7 34.0N’21'7
g | 2 220 H 43.5 40.0) 3.0 39.7 6.2 40.7) 42.3 43.0) 0.0 44.0) 3B.5 0.8 40.7 32.00 0.7 3.0 42.6 3.7 P4 W04

g M 37.8| 41.7] 38.8 39.4| 36.5 38.20 36.5 37.1| 34.7 36.7| 36.5 36.0| 40.8 32.7| 36.5 36.7| 37.4| 37.3| 87.1 37.3

9 N 34.8] 40.0| 36.0| 37.0| 30.2 33.3] 20.6 31.1] 31.3 32.6| 30.9 31.5| 39.6] 31.9| 28.0| 33.1| 33.8 34.5 31.1  33.1

;"Z U AGIRBIFEE H 40.8 42.0| 34.0| 38.9| 43.4) 43.6| 42.6) 43.2] 40.8 46.0| 38.5| 41.7] 38.5 36.5 38.5 37.8| 40.9| 42.0| 38.5| 40.5

M 37.9] 41.0| 35.0 38.0| 36.8 38.5 36.1 37.2 36.1 39.6| 34.6| 36.7 39.0| 34.3 33.3 35.5| 37.4| 38.4) 34.8] 36.8

NSwE | 4.2 7.4 154 9.1 18.5 19.2] 14.3 17.3 25.0] 18.2| 17.2] 20.0] 7.7] 21.7| 8.0 12.2 14.0| 16.3 13.9 14.7

K| HED 10% | gewx | 115 0| o | 3.9 37 7.1 7.1 6.0 125 0 | 7.7 6.7 16.0 7.4 12.0/ 11.7] 10.8 3.8 6.7 7.1
‘i“ ¥ # | 8.0 3.8 7.8 6.5 11.1 13.00 10.7 11.6 18.8] 8.5 12.7] 13.3 11.8| 14.0] 10.0| 11.9] 12.3] 9.9 10.4 10.8N_261

i N 0| 4.3 0| 1.4 2.9 1070 7.7 15.0 8.3 4.2 0| 41 o0 | 208 o | 7.0 9.6 101 20 7.1
g #2000 H 43 400 0| 27 77 0| 0| 28 0| 0| 7.7 26 0| 160 37 63 3.0 49 29 3.6y .4,

9 M 2.2 42 0| 21| 17.3 55 3.8 88 4.1 20 338 3.3 0| 184 1.9 6.6 62 7.5 24 53
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