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Sadato MORIMASA: A Study on the Draught-Mechanism of
the Draught Animal--- A Geometrical Analysis of Those Changes
in the Attitude of the Goat in Draught Which Bring About
Propulsion of the Trunk with the Hind Hoof as Its Axis and the
Propulsion of the Hind Hoof Itself Which Works as the Fulcrum

ABSTRACT. In the present study, the results of the following experiments are presented.
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 drau-
ght-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 brease-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 (¢) with the weight of the

draught imposed upon in the two different ways: 109 and 209 of the goat’s' body-weight.
This writer made a 16 mm film of 24 frames per minute of these experiments, and then had

its prints, at various stages, made by enlarging it at certain rate on the photographic paper.
Through these observations, an examination was made of the periods of walking. In the
meantime, the pictures were picked out which showed respectively the ending period of the
duration of support by one hind limb ( =Period es) and the ending period of the duration of
support by the opposite limb ( =Period es’) in order to measure these three factors: the hori-
zontal distance between the hind hoof and the assumed centre of movement of the hip joint
(=H) ... (=D); the oblique distance between the hind hoof and H --- (=L); and the angle
which the straight line between the hind hoof and H makes with the horizontal line forward---

(=0).
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(1) The duration in which one hind limb works as a major fulcrum, which starts at the be-
ginning period of the duration of non-support by the opposite hind limb and ends in Period es,
is 1 length of the duration of one stride, that is to say, it is equal to the duration of one step.

(2) The horizontal propulsive distance of H (in its turn, the trunk) in one time Duration F
coincides with the distance of one step.

(3) The propulsion of H is brought about through the extension of the hind limb which is
in its bent state, and by inclining forward the direction of the hind limb (that is, straight line
drawn between hip joint and the hind hoof.) The equations have been found by which to
analyze the horizontal distance of H in one time Duration F (=D):

Dp = Des — Des’ (Formula 1)

= Les cosfes — Les’ cosfes’

= Les/ (li:%, cosfles — cosfles’) (Formula 2)

Notes Des : D in Period es
Des’ : D in Period es’
Les : L in Period es
Les’ : L in Period es’
fes : 0 in Period es
fes’ . 0 in Period es’

Accordingly, in regard to the draught which has these conditions in general: Les > Les/, des<(

Les
> Les’
This gives us the fundamental knowledge as to the conformation suitable for the draught
animal.

fes’, the greater Les' and fes’ are, or conversely the smaller fes is, the greater becomes Dp.

(4) The means of the values actually measured were as follows: Des = 2.54cm, Des’ =
— 0.56cm, Les = 5.46cm, Les’ = 5.07cm, cosfes = 0.4586 (fes=62.7"), and cos fes’ = 0.1063
(Ges’' =96.1°). - ,

(5) When the values given in (4) above were properly applied to Formula 1 presented in
(3), the value of Dp was 3.09cm; while the same steps taken properly with Formula 2 in (3)
gave 3.05 cm as the value of Dp

(6) (a) The proportion of the value of Dp, which was calculated with Formula 2 as above,

to the means of Les’ was 60.99;.

(b) The means of Les

Les’
(c) Through the consideration of (a) and (b), it is clear that Dp has much more to do

with inclining forward of the direction of the hind limb, or in its turn, with the
extension of hip joint rather than with the extension of the hind limb.
(7) What is significant in the effect of the draught condition upon Dp is that Des’ increases
as the weight of the draught increases.

was 1.079%.
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N 5.1 | 48 | 4.7 | 4.87| 52 | 49 | 5.1 | 5.07| 5.2 | 5.1 | 5.2 | s.7| 5.2 | 5.1 | 5.1 | 5.3 5.18| 4.98| 5.03| 5.06
ﬁ: OE?;? H 52 | 5.3 | 4.9 13| 53 | 53 | 5.2 | 5.27| 55 | 54 | 55 | 547| 53 | 53 52 | 5.27| 5.33| 5.33| 5.20| 5.28
M 5.15| 5.05| 4.80| 5.00| 5.25| 5.10 | 5.15| 5.17 | 5.35| 5.25| 5.35| 5.32| 5.25| 5.20| 5.15| 5.20| 5.25| 5.15| 5.11| 5.17
- N 4.7 |46 | 4.5 | 4.60| 5.0 | 4.8 | 4.9 | 490 4.9 | 4.8 | 4.9 | 4.87| 5.0 | 4.9 | 4.9 | 4.93| 4.90| 4.78| 4.80 | 4.83
fj’ 9 0” , H 49 | 52 | 5.0 | 5.03) 5.1 | 5.0 | 5.0 | 5.07| 53 | 5.1 |53 5.23| 5.2 | 5.0 | 5.1 | 5.0 53| 5.08| 53| s.11
M 4.80 | 4.90 | 4.75| 4.82| 5.05| 4.90| 5.00 | 4.98) 5.10 | 4.95| 5.10| 5.05| 5.10| 4.95| 5.00 | 5.02| 5.01| 4.93| 4.96| 4.97
N 4.90 | 4.70 | 4.60 | 4.73| 5.10| 4.85| 5.00 | 4.98| 5.05| 4.95| 5.05| 5.02| 5.10| 5.00| 5.00 | 5.03| 5.04 | 4.88| 4.91| 4.94
g&gl'ﬁg H | 5.05| 5.25| 4.95| 5.08| 5.20| 5.15| 5.15| 5.17| 5.40 | 5.25| 5.40| 5.35| 5.25| 5.15| 5.15| 5.18 | 5.23| 5.20 | 5.16 | 5.20
M 4.98| 4.98| 4.78| 4.91| 5.15| 5.00| 5.08| 5.08| 5.23| 5.10| 5.23| 5.18| 5.18 | 5.08| 5.08 | 5.11| 5.13| 5.04 | 5.04 | 5.07
. N 1.039] 1.083 1.085 1.069 1.038 1.082] 1.039] 1.053 1.019] 1.039] 1.038 1.032] 1.038 1.059 1.0591 1.052) 1.034| 1.066| 1.055 1.052
ﬁ: (;ng H 1.0770 1.075 1.122| 1.092 1.075 1.057 1.096| 1.076| 1.055 1.093 1.036 1.061] 1.057 1.075 1.038| 1.057| 1.066| 1.075| 1.073 1.071
) M 1.058| 1.079| 1.104| 1.080| 1.057| 1.069| 1.068| 1.065| 1.037| 1.066 1.037| 1.047| 1.048| 1.067 1.049] 1.054 1.050| 1.070| 1.064| 1.062
N 1.106) 1.087| 1.111] 1.101] 1.060| 1.104] 1.061| 1.075| 1.082 1.104 1.082| 1.089| 1.060, 1.082 1.082 1.074 1.07*7l..1‘.“094“1’.‘(~)84 108
EE 20” ) H | 1.143) 1.058) 1.120) 1.107] 1.098 1.140| 1.118 1.119 1.075 1.118 1.094) 1.096 1.077] 1.100| 1.137] 1.105 1.098| 1104 1.117 1.106
M 1.125) 1.072| 1.116| 1.104| 1.079| 1.122 1.089| 1.097| 1.079| 1.111| 1.088 1.092] 1.068 1.091 1.109| 1.090| 1.088 1.099| 1.101| 1.096
N 1.073| 1.085| 1.098| 1.085 1.049| 1.093 1.050| 1.064] 1.050 1.072 1.060| 1.061 1.049| 1.070| 1.070| 1.063| 1.055 1.080 1.070| 1.068
%j,-,{,al;ﬁ%lj H 1.110{ 1.067 1.121] 1.09 1.087 1.098 1.107 1.097 1.065 1.105 1.065| 1.078 1.067 1.088 1.088| 1.081) 1.082) 1.089) 1.095| 1.089
+ # M 1.091| 1.076| 1.110| 1.092| 1.068| 1.096 1.079| 1.081] 1.058| 1.088 1.063 1.070| 1.058| 1.079 1.079| 1.072| 1.069| 1.085 1.082| 1.079
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ICHEEh LT 21k DS es BIICHMET 5 C &ICK 5, Ha4. ies
es’
LS DEEAORN, BK, BIOFSE : NBL 15,

(TR, #hFh, 1.019, 1.111, 1.068, HE%T

i, Theh, 1.036, 1.143, 1.089 Th-7, T | > == =% ==
b, NSLF0HEAL0, HELEDHAENATH-
7o

Les ,_ . S LIS - =ocon0” 0.5}

Tos WCRIZTHABIRGDEE : JABIEN20% D

BA, 0%DBAEIVKREL T,
C. Oes, cos fes, fes’, 33Xk 1) cosdes’ " Tum Tum T W o wEm
1. os MIO®E &L RSB ER 551 or s
3% B DfE A, The angle which the straight line between the hind hoof, which works as

a fulcrum, and the assumed centre of movement of the hip joint make in the fore part
with horizontal line at the ending period of the duration of support by one hind limb---
Oss, LN cos fes

a, 0es

fes DRITEMBIZRIB L PRSICRT WL TH B,

bes DE/N, TR, BIURFEEME © £hEN58°, 69°, 62.7°Tdh - 7,

Oes DMEEBIDHRN, &K, BLUFEHE : N5
e, =heh, 58°, 69°, 62.0°, H 5 113,
zhZh, 60°, 69°, 63.3° Th-7, Tibb,
HELEDHE&RINSLFEDEEIVKRTH - 1, i i / e "

fes ICRIZTTABIRHOEE : JABI BN  of )
% DFAITIT0% DEARICTHSN TS 57, T L
T, EDEF, TABIED0% DBEMT A AH - e,
B I BIC DN THERE L 720 ELICBFELT, '
G ABIEMSELEBICONTREN 5 7,

b. cosfes

cos fes DIEIZE 4 B LU 6ICRTM TH 3,

cos Jes DFE/N, BABL URFEHE : =h®
7, 0.3584, 0.5299, 0.4586Td - 72, TR RS TE e

cos fes DEKBIDRN, &K, BLUOFHHE : : A B c D
N5 L¥id, €h€i, 0.3584, 0.5299, 0.4695. H B (23, £h2h, 0.3584, 0.5000,
0.4493Tdh - 72,

5. fes ¥ L bes’

120

30




40 B ®m A A

K 6. cos fes 35 L% cos fes’ cos fes ICRIFTHABISZHEDOEE + es DFEL
| ST, W ABIBA20% DBAITIZI0% DA L
o /\ o~ - ]B DKER-T, Z2LT, TDER, FABIEHII0%
ol ST e DEAD, YAS &M, B, C, D LRFICE S
< BICONT, ADEBAITH~T cos fes DFHIEDS,
7.81%,—15.78% ,—17.99% L /NE 1L - Tl - 72 C
0.2 EELBRLT, BABILENEL L BIC DN THNE
DT Tz, FABIABDICH B BA/ICHE, TASI
FEEHK X DIBAIC, cos des TR TH - 12,
¢ 2. o HIOHEE L L EEESRDIOEAD S
\/ A \ / }'9 VI OES, The angle which the straight line

e between the hind hoof, which works as a fulcrum,

»
.

~

~0.2} !

and the assumed centre of movement of the hip

01020 01020 01020, 0 1020
A B C D joint make in the fore part with horizontal line

at the ending period of the duration of support by opposite hind limb--- fes’, 35 X 7} cos fes’
a, Oes’

fes’ |3 F4dk L ORBICRT L TH - 720

Oes’ OFE/MN, TR, BLXUBRFHE : £hgh, 90°, 103°, 96.1° Th-7c, £LT, T
DOWEIHEL, Oes DRFFMELD 33.4° KTh-71c, bbb, BREDOHMI 1 E3EHM
WA dunE LC33.4° BT hIC R d 5,

s’ DMEKBIOERN, Bk, BLUOFEHE : NSL¥E, Thzi, 90,101°, 94.8°, H
SIER, ThTh, 92°, 103°, 97.4° TH-7. T1b L, HELFOHBRI NS LFDH
BEXOKRTH- 71,

Oes’ ICRIZTUHABIREDEE : FABIEN20% DEHAIL, 10% OB AICHSTNEL -
7o

b. cos fes/

cos fes’” DEIRFIBIOR 6ICRTUL TH b,

cos fes’ DF/N, A, BLXUHRFEHE : ThEh, —0.2250,0, —0.1063TH - 72,

cos des’ OE (K BIDH/N, &K, BLXOFEHME : NSLFER, Tn<h, —0.1908, 0,—
0.0837, HE L 2£1E, #hEh, —0.2250, —0.0349, —0.1288TH -7, TabhH, HE
ERNFLELD/NTH 7,

cos fes’ ICRIZT T ABIGZHDZE : bes! @i%éc‘: , T, TAFIEDN20% DBAITIT
10% DIZBAWCHATHEHEK L1 5 7,

D. Des, Des!, L& UDp



4. Oes, cos Oes, Oes’, cos fes’, I L7% cos fes— cos fes’
== mrua A B C D A BRI ;
AN \ T e ; i+ A Bl
muﬁe.s; pams\ g [KF| 10 |20 [FH 0 |10 20 M0 102 |M 0|10 [ M | 0 | 10| 20 ¥
N1 63 | 59| 61| 610 64 | 60 | 62| 6200 68 | 64 | 62 | 647 60 | 67| 62 | 66.00 66.00 2.5 61.8 63.4
B 0.4540| 0.5150 0.4848| 0.4848| 0.4384 0.5000| 0.4695| 0.4695) 0.3746| 0.4384| 0.4695 0.4274| 0.3584| 0.3007 0.4695| 0.4067| 0.4067| 0.4617 0.4726 0.4478
= (f:’ HE I 60 | 64| 61 | 617 66 | 65 | 64 | 650 67| 65| 68| 667 69 | 65| 66 | 667 655 648 648 65.0
10% 0.5000] 0.4384] 0.4848| 0.4741] 0.4067] 0.4226] 0.4384] 0.4226| 0.3907) 0.4226 0.3746| 0.3955| 0.3584) 0.4226| 0.4067| 0.3955]| 0.4147] 0.4258 0.4258 0.4226
S 615 61.5| 61.0| 61.3 65.00 62.5 63.00 63.5 7.5 645 65.0] 65.7 69.0 66.00 64.00 66.3 5.8 63.6i 63.3 64.2
g 0.4772) 0.4772) 0.4848] 0.4802] 0.4226] 0.4617] 0.4550] 0.4462| 0.3827] 0.4305] 0.4226] 0.4115] 0.3584 0.4067] 0.4384| 0.4019] 0.4099| 0.4446 0.4493] 0.4352
E N 61 | 63| 59| 61.00 60 | s8 | 60 | 593 61| 61 | 61 [ 610 61 ] 62 | 60 | 61.00 60.8 61.0] 60.0 60.6
8 0.4848| 0.4540| 0.5150| 0.4848 0.5000| 0.5299| 0.5000| 0.5105| 0.4848 0.4848| 0.4848 0.4848 0.4843] 0.4695| 0.5000| 0.4848| 0.4879| 0.4848| 0.5000] 0.4909
é ” H 60 | 64 | 61 | 6170 62 | 60 | 63 | 617 64 | 60 | 61 | 617 64 | 60 | 61 | 61.7 62.5 61.0 615 61.7
< | 207 0.5000] 0.4384) 0.4848] 0.4741| 0.4695| 0.5000] 0.4540] 0.4741] 0.4384 0.5000] 0.4848| 0.4741] 0.4384) 0.50001 0.4848| 0.4741) 0.4617] 0.4848 0.4772] 0.4741
% M 60.5 63.5 60.0| 61.3 6100 9.0 615 60.5| 62.5 60.5 61.0| 6.3 625 61.0] 0.5 61.3 616 6.0 60.8 61.1
% 0.4924] 0.4462| 0.5000] 0.4802] 0.4848] 0.5150] 0.4772] 0.4924| 0.4617) 0.4924| 0.4848| 0.4502) 0.4617| 0.4848] 0.4924] 0.4802| 0.4756| 0.4848] 0.4879) 0.4833
® N 62.0/ 61.00 60.0 61.0 62.0 59.0 61.0] 60.7 64.5 62.5 61.5 62.8) 65.00 645 61.0] 63.5 63.4] 61.8] 60.9 62.0
] 0.4695| 0.4848| 0.5000] 0.4848| 0.4695| 0.5150| 0.4848| 0.4894 0.4035| 0.4617| 0.4772| 0.4571) 0.4226| 0.4305| 0.4848| 0.4462| 0.4478| 0.4726| 0.4863| 0.4695
FABIRA - 60.0, 64.00 61.00 617 ea.0l 62.5 635 63.3] 655 62.5 64.5 64.2] 665 625 63.5] 64.2] 640 62,9 63.1] 63.3
S ES) 0.5000| 0.4384] 0.4848| 0.4741| 0.4384| 0.4617| 0.4462| 0.4493) 0.4147 0.4617| 0.4305| 0.4352) 0.3987| 0.4617| 0.4462 0.4352| 0.4384| 0.4555| 0.4524| 0.4493
M 61.0/ 62.5| 60.5 61.3 63.0 60.8 62.3 62.00 65.0 62.5 63.00 63.5 5.8 635 62.3 63.8 637 62.3 62.0 62.7
0.4848| 0.4617| 0.4924 0.4802| 0.4540] 0.4879| 0.4648| 0.4695| 0.4226 0.4617| 0.4540] 0.4462] 0.4099| 0.4462| 0.4648| 0.4415| 0.4431| 0.4648] 0.4695 0.4586
N 9% | 94 | 95 | 950 9 | 91 | 98 | 9s.0 11| 98 | 95| 980 98 | 99 | o5 | 97.3 988 9551 96.3 96.3
-0.1045|-0.0698|-0.0872|-0..0872|-0.1045-0..0175-0.1392]-0.0872-0.1908|-0.1392]-0.0872]-0.1392|-0.1392|-0. 1564{-0..0872|-0.. 1271|-0.1530|-0..0958 -0.. 1097-0.. 1097
HEOD 98 | 9 | 100 | 98.00 98 | 103 | 102 | 1010 102 | 97 | 98 | v 101 | 97 | 97 | 8.3 0.8 983 903 oo
10% H -0.1392-0.1045-0..1736]-0.1392|-0.1392)-0.22501-0. 2079|-0. 1908|-0.2079|-0. 1219]-0.1392|-0.. 1564-0. 1908|-0. 1219|-0. 1219]-0. 1444|-0.1702/-0.. 1444 -0. 1616|-0. 1582
97.0 95.00 97.5 9.5 97.0| 97.0] 100.0 9s.0| 101.5] 97.5 96.5 98.5] 9.5 9s.0 96.0 97.s| 98.8| 96.9] 97.5 97.7
2 M -0.1219]-0.0872{-0..1305[-0.1132|-0.1219|-0.1219|-0.1736/-0..1392/-0. 1994|-0.1305-0..1132/-0.. 1478|-0.1650|-0.1392|-0. 1045 —0.13571-0.1530 -0.1201(-0.1305-0.1340
i N ot | o5 o4 | 933 o4 | 93| o5 | o940 90 | o5 | 95| 933 92| 95| o0 | 923 o919 945 9335 933
%/ ~0.0175]-0.0872|-0.0698|-0.0576|-0.0698-0.0523-0.0872|-0 .0698i 0-0.0872|-0..0872/-0.0576-0..0349-0.0872 0]-0.0401-0.0314/-0.0785/-0.0610|-0.0576
T% " H 92 | 102 | o5 | 963 99 | 95 | 95 | 96.3 96 | 94 | 95 | 950/ 95 | 96 | 95 | 953 955 o96.8 950 95.8
|l 20~ -0..0349|-0.2079)-0.0872|-0.1097|-0. 1564 |-0..0872!-0..0872/-0.1097/-0. 104510 .0698|-0..0872|-0 .0872|-0..0872|-0. 1045|-0..0872|-0.0924|-0..0958|-0.. 1184|-0.0872|-0. 1011
= oLs| 85| 945 948 965 940 95.0 952 93.00 95| 95.00 942 935 955 925 93.8 936 95.6 943 945
:‘ M ~0.0262|-0.1478-0.0785|-0.0837]-0.1132 X@}-o.osn -0..0906/-0.05231-0.0785/-0.0872|-0.0732/-0.0610-0.0958|-0..0436|-0.0663|-0..0628-0.0976|-0..0750|-0..0785
8 93.5| 945 945 942 95.00 92.0] 96.5 9.45 95.5] 9.5 95.0| 95.7] 95.00 97.0 92.5 o94.8| o4.8] os.0 o4.6 94.8
N -0.0610,-0.0785|-0.0785/-0.0732|-0.0872/-0.0349|-0.1132]-0.0785|-0 .0958|—0 .1132-0.0872|-0.0993-0.0872|-0.1219|-0..0436|-0..0837|-0.0837|-0..0872/-0..0802|-0.0837
FABIRA 9s.0] 99.00 97.5 97.2 98.5 99.0] 98.5 987 99.00 955 96.5| 97.0 98.0 96.5 96.0] 96.8 97.6 o973 97.1] 97.4
o 5 H 0.0872|-0.1564 0.1305|-0.1253-0.1478|-0.1564|-0. 1478|-0. 15131-0. 1564|-0.0958]-0. 1132 -0..1219-0.1392|-0..1132|-0. 1045|-0. 1184|-0.1323|-0. 1305/-0.1236/-0..1288
94.3 968 9.0 957 96.8 955 975 96.6 973 6.0l 958 963 965 96.8 943 958 962 963 959 961
M -0.0750/-0..1184/-0.1045-0.1011|-0..1184/-0.0958|-0.1305|-0.1149-0.1271/-0.1045|-0.1011-0.1097,-0.1132|-0.1184/-0.0750-0. 101 11-0. 1080|-0..1097-0. 1028/-0. 1063
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1. es HiO#%BE~E L 7K EfEEE, The horizontal distance between the hind hoof which
works as a fulcrum and the assumed centre of movement of the hip joint at the ending
period of the duration of support by one hind limb--- Des, # Xk F es’ HDHB B~ 7K
SZpE%E, The horizontel distance betwesn the hind hoof which works as a fulcrum and the
assumed centre of movement of the hip joint at the ending period of the duration of
support by opposite hind limb-.- Des/

B~ OOKEREREL, BOABEBXDEIFICH 2 BARE(HEL, BECHNIA-)
U7,

a, Des

‘Des {3#£58 LUKNTITRT I TH 3,

Des OB/, &K, BIXURESE : 22N, 1.9cm, 2.8cm, 2.54cmTdH - 72,

Des 0fEGFIOT/NN, &K, BLXUOEHE  NSL¥ER, £hEh, 1.9com, 2.8cm, 2.49
cm, HB 213, £hZh, 2.1cm, 2.9cm, 2.58cmTH - 7o, 37005, HELFEDEEE,
NESLEDBEIVKRTH -7,

Des ICRIFFT U ABISIEDEE : cos fes Il - 7B ERL, TABIEMN20%05 4
i3, 100%0BALDKRENE T, ZLT, TDER, TASIENI0ZDH AT, TAG A
7, B, C, DERFITIEL 13 51C2oN T, ADBHEITH~T Des OFI5{EH —6.22%, —12.03

%, —16.59% E/NETL > T2 T EICER LT, HABIANIELEBICDONT, HEEEL
T ot FABIENDITH ZBAITIE, TABIBENKEILZICONT Des K& 72,
b. Des/

Des' 3858 XUMNICRT M TH -7

Des' &/, B, BLUREHE : zhZi, —1.2cm, 0,—0.56emTdH - 72,

Des' OAGEBIOEMN, Tk, BLOFEHEME : NSL¥E, £hZh, —1.0cm, 0,—0.4lcm,
HE%1E, 2heEh, —1.2em, —0.2cm, —0.70cmTH -7z, THb 5, HELZEDEL
BNSLEDBALV/NTH -7,

Des! ICRIZT T ABIEHEDEE 1 cos fes' ICLLE- 12 EMAMERL, TABIBN20%DEE
ITiZ, 10% DBAIC S THMSK L > 70, Des! ikEio7z &S T &, BWLhibds,
BENBHINT -7 EWRD T EERT, TUT, JABIENKERS &L, BENEAICES &
1WA EIELTIE, SEOWECDITBNT, FABIEBNAKELENZ, BEEBOEERME,
FDI=WpDg (F (313 A58, Dl QEliE#& 125 % & 0 A G e DEEESE, Wo i2kED
EereRBE 58, Dg %M LELEOKERE B35 FDl i3 kL2320 7T, chicx
LT WpDg 2 K&EF 3700, EL~HREKEREE, Dg 2 RETEENERING, T
13bb, BESEINES ENBERING T EEHOMIT LI,

2. 1 ¥ SR DIk EHe#EEEEE, The horizontal propulsive distance of the assumed
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X 7. Des, Des’, 3 XX Dp centre of movement of the hip joint in the one
_ , R time of the duration in which one hind hoof works
3 | /7 N f £ e as a major fulcrum.-- Dp (= 1 %E)
Kf ,25 on //:P“ Des pflEfEH S Des! QRIFEEEMATZ 5N
2 S 7 Dp OffIZE 5 B LUK TICRTIL Th - 7ze
Dp O#RFME : 3.09emTH - 72,
Dp ofEk53I0FEE : N5 L¢3 2.90cm, H
SII¥R 3.28emTH - T, HSLFDHENNZ
IFEDBEIVKTH - 7,

0 »
Dp ICRIFTTA Bl L HEORE : FA3IE20%
N /\ \ \/ ] Des* - = =
AS e . e DEAITI0% D B AT H~T, Des H k&30,
-1 T ’ Des' $k&E1L-7-DT, WEMEZINT Dp ic
S HUA I BOEBHH %0 HEICHSDNIEH -
A B ¢ b 72o FHERHB L TAHZ L, E6ICTETLIIC,

202 DIBAENBDLTN2.26%/NTH 7o LirL, TAFENILITKEL > THLHAEITHE,
ZhiT & 155 T Des! i3, ZOIEICBL TS, Bl EROFHE FOERD S RBIC
REBOIZEZNBLDIChhO ST, —F, Des 3T AFIESBEERLBAICIIT AFIFTIC
W BHEIEE LTHERT S, BROBEBLIFMELICK > Tbcb3N3 Des 8 KITIIE
ADBHZDT, IOICHAFIESBEALTLTS Des OEERIZAONIEL LB, Lih-T,
HABEM FICH A BRKRENLE L, FNICONT Dp BIRBIC/IEL-TWL, DT
Lid, TABIEZ D - ERE LAERDY KB THEHLMICH > 72, DM, FABIEH10%
DFEDTABIEHDICH BBARIT, FABIEBMITH BB SICHSTDp A/hEiotzc &
VIN=RYRSS R

Dp OBL~EOERICHT 254 « Dp DM KREIZME 12D, Dp OBIL~IE
DEEEEICH T 2E& (%) 2#RKHB L, BS5BIURBICRLIML S (2L, C I
WLicBO~BOLEEEE, es,es’ MEOBL~ELEHOFISETH 3).710bb, ZDREY
1E1366.6% TH - tco NS 2ETIZ64.2%, HELETI369.6% ThH -1z, F1z, FABIEN
CODICHBHAITIE, APDITH BBEAICHNSTRRNE 700 BAIT, Bt~ B0aE 8
BER7TITRLZIN Th 3,

Dp @i Lc A BRI, AL TEAEEROREEMEAE S22 T, 38T LoX¥D L
3ITIL B,



. D
# 5. Des, Des', Dp (em), #5107 o pleor— (%)
M A B c D FABEBEREE |, g
1 TABIAEE N ! : | 29I
oo o™ || 107 | 20 7250 0 |10 20 M |0 10]2 M| ol |e|M|ofw]2l
. NELE 24 | 27 |25 | 253] 2.4 | 27 | 25 | 253 20 | 24 | 2.6 | 2.33] 10 | 2.0 [ 25 | 2.17] 2.18] 2.8 253 2.3
ﬁ&ldg%@ HEIL3E| 28 | 2.6 | 27 | 2.70| 2.3 | 24 | 2.5 | 240 2.3 | 25 | 2.2 | 233 | 2.1 | 24 | 2.3 | 227 2.38| 2.48| 243 2.43
qZ f;j 2.60 | 2.65 2.60 | 2.62 2.35| 2.55| 2.50 | 2.47| 2.15| 2.45| 2.40| 2.33| 2.00 2.25| 2.40| 2.22| 2.28 | 2.48| 2.48  2.41
2 ” N 2.6 2.3 2.6 2.50 | 2.7 2.8 2.6 270 2.5 2.6 2.6 2.57| 2.6 2.5 2.7 2,60 2.60| 2.55| 2.63| 2.59
[a) 20 7 H 2.9 2.4 2.8 2.70 | 2.6 2.9 2.6 2.70 | 2.6 2.9 2.8 2.77 | 2.6 2.9 2.8 2.77| 2.68| 2.78| 2.75| 2.73
M 2.75) 2.35| 2.70| 2.60 | 2.65| 2.85| 2.60| 2.70 | 2.55| 2.75| 2.70 ?.57 2.60 | 2,70 | 2.75| 2.68| 2.64| 2.66 | 2.69 | 2.66
bj‘/b’a‘l)ﬁzlj N 2.50 | 2.50 { 2.55| 2.52| 2.55 | 2,75 2.55| 2.62| 2.25| 250 2.60 | 2.45( 2.25| 2.30 | 2.60 | 2.38| 2.39| 2.51| 2.58| 2.49
Sﬁ i’:_j H 2.85) 250 2,75 2.70 | 2.45| 2.65( 2.55| 2.55| 2.45| 2.70 | 2.50( 2.55! 2.35| 2.65| 2.55| 2.52| 2.53! 2.63| 2.59| 2.58
M 2,681 2.50 | 2.65| 2.61( 2.50| 2.70| 2.55; 2.58| 2.35| 2.60| 2.55| 2.50| 2.30 | 2.48| 2.58| 2.45| 2.46| 2.57| 2.58| 2.54
N -0.5 | -0.3 | -0.4 |-0.40|-0.6 |-0.1 |-0.7 |-0.47]-1.0 |-0.7 |-0.5 |-0.73|-0.8 | -0.8 |-0.4 | -0.67|-0.73| -0.48 -0.50 | -0.57
ﬁzldi%o H ~—0.g_ -0.6 | -0.9 |-0.77 |-0.7 |-1.2 |-1.1 _‘I‘OOk -1.2 | -0.7 | -0.8 |-0.90 |-1.0 |-0.7 |-0.7 | -0.80 | -0.93 | -0.80 | -0.88 | -0.87
M -0.65 | -0.45 | -0.65 | -0.58 | -0.65 | -0.65 | -0.90 | -0.73 | -1.10 | -0.70 | -0.65 | -0.82 | -0.90 | -0.75 | -0.55 [ -0.73 | =0.83 | -0.64 | -0.69 | -0.72
- N -0.1 |-0.4 |-0.3 |-0.27|-0.3 |-0.2 |[-0.4 |-0.30| O -0.4 | -0.4 | -0.27|-0.2 | -0.4 0 -0.2 | -0.15 | -0.35 | -0.28 | -0.26
g 2(;/” H -0.2 | -1.2 | -0.4 -0.§0 -0.8 | -0.5 ;-0.5 |-0.60|-0.5 |-0.4 |-0.5 |-0.47|-0.5 |-0.5 -0.4 |-0.47|-0.50|-0.65|-0.451|-0.53
M ~0.15 | -0.80 | -0.35 | -0.43 | -0.55 | -0.35 ’ -0.45  -0.451-0.25 | -0.40 | -0.45 { -0.37 | -0.35 | -0.45 | -0.20 | -0.33 | -0.33 | -0.50 | -0.36 | -0.40
Hﬁjg,)ﬁ?]” N -0.30 | -0.35 | -0.35 | -0.33 | -0.45 | -0.15 | ~0.55 | -0.38 ;0—5_0115*5_ -0.45 | -0.50 | -0.50 | -0.60 | -0.20 | -0.43 | ~0.44 | -0.41 | -0.39 | -0.41
S[Z i’:j H ~0.50 { -0.90 | -0.65 | -0.68 | -0.75 _0",85 -0.80 | -0.80 *_0_8_57 -0.55 | -0.65 | -0.68 | -0.75 | -0.60 { -0.55 | -0.63 | -0.71 | -0.73 | -0.66 | —0.70
M ~0.40 | -0.63 | -0.50 | -0.51 | -0.60 | -0.50 | -0.68 | -0.59 | ~0.68 ‘ -0.55 | -0.55 | ~0.59 | -0.63 | -0.60 | -0.38 | -0.53 | -0.58 | -0.57 | -0.53 | -0.56
. N 2.9 3.0 2.9 2.93| 3.0 2.8 3.2 3.00 | 3.0 3.1 3.1 3.07| 2.7 2.9 2.9 2.83| 2.90| 295 3.03! 2.96
Miloi;é@ H 3.6 3.2 .;>6— 3.47 | 3.0 3.6 3.6 3.40) 3.5 3.2 3.0 3.23) 3.1 3.1 3.0 3.07| 3.30} 3.28 | 3.30| 3.29
M 3.25| 3.10 | 3.25| 3.20| 3.00 | 3.20 | 3.40 | 3.20| 3.25| 3.15| 3.05| 3.15| 2.90( 3.00 | 2.95| 2.95| 3.10( 3.11| 3.16| 3.13
N 2.7 2.7 2.9 2.77| 3.0 3.0 3.0 3.00( 2.5 3.0 3.0 2.83| 2.8 2.9 2.7 2.80 | 2.75| 2.90| 2.90| 2.8
8 20”” H 3.1 3.6 3.2 3.30 | 3.4 3.4 3.1 3.30 3T 3.3 3.3 3.23] 3.1 3.4 3.2 3.23 | 3.18| 3.43) 3.20| 3.27
M 2.90| 3.15 3.05 3.03| 3.20| 3.20| 3.05| 3.15| 2.80| 3.15, 3.15  3.03| 2.95| 3.15| 2.95| 3.02| 2.96| 3.16| 3.05| 3.06
H’A,E[‘\ﬁ\ﬁﬂ N 2,80 2.85, 2.90, 2.85| 3.00| 2.90| 3.10 | 3.00; 2.75} 3.05| 3.05| 2.95, 2.75, 2.90 ‘ 2.80 | 2.82| 2.83| 2.93| 2.96| 2.90
S‘Z il:j H 3.35) 3.40| 3.40 3.38| 3.20| 3.50| 3.35| 3.35! 3.30| 3.25| 3.15| 3.23| 3.10! 3.25| 3.10| 3.15| 3.24, 3.35| 3.25| 3.28
M 3.08 | 3.13 | 3.15] 3.12] 3.10| 3.20| 3.23: 3.18 | 3.03| 3.15| 3.10 | 3.09| 2.93| 3.08| 2.95| 2.98| 3.03| 3.14 | 3.11| 3.09
N 63.7 65.9 | 63.7 1645 | 66.7 | 60.9 |[71.1 |66.2 | 64.5 |68.9 |67.4 |66.9 |58.1 |65.2 |65.2 |62.8 |63.2 165.2 |66.8 |65.2
'ﬁilio/@ H 77.4 66.0 | 76.6 | 73.3 |63.8 |76.6 |76.6 |72.3 |72.2 |64.6 |61.9 |66.2 |96.0 |65.3 |63.8 |65.0 |69.8 |68.1 |69.7 |69.2
st M 70.7 66.0 | 70.3 | 69.0 |65.2 |68.8 |73.9 |69.3 |68.4 |66.7 |64.6 |66.5 |62.0 {65.2 |64.5 | 63.9 |66.6 |66.7 |68.3 |67.2
:lé\? N 58.7 160.0 ; 63.7 1 60.8 | 68.2 1652 |67.4 |66.9 |54.3 |66.7 [65.2 |62.1 |63.6 |65.9 |60.7 |63.4 |61.2 |64.4 | 64.3 | 63.3
8:35;5 20//” H 68.1 |78.3 1 71.1 (72,5 1 74.7 | 73.9 | 66.0 | 71.5 |62.5 |68.0 |{69.5 |66.7 |66.0 |73.1 |67.4 |68.8 |67.9 |73.3 |68.5 |69.9
’g M 63.4 | 69.2 ‘ 67.4 | 66.7 |64.3 |69.6 |66.7 |66.8 [58.6 |67.4 |67.4 |64.5 |64.8 |69.6 [64.1 |166.2 [62.8 |68.9 |66.4 |66.0
I H‘AJE'IIQE[J N 61.2 | 63.0 |63.7 :62.6 |67.4 |63.0 |69.3 [66.6 [59.4 |67.8 |66.3 |64.5 |60.8 |[65.5 |62.9 {63.1 | 62.2 |64.8 |65.6 |64.2
SP: i’:j H 72.8 | 72.1 1739 |72.9 |69.3 |75.3 |71.3 | 71.9 |67.4 [66.3 |65.7 |66.5 [66.0 [69.2 |65.6 |66.9 |68.8 |70.7 |69.1 |69.6
M 67.0 | 67.6 |68.8 |67.8 |64.8 |69.2 |70.3 | 68.1 163.5 |67.0 [ 66.0 |65.5 |63.4 |67.4 |64.3 |65.0 |64.7 |67.8 |67.3 |66.6
i = Bil~E g Tesii L es'Hi & DT H.
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% 6. RO A BI&AHITFHEOZORTEECH T & (%)
N oA | F P «
(E}'% h %O?]g@gu 20%1‘/1'5;61\,[ BM—AM | CM—AM | DM—AM 10°M—0°M | 20°M—0°M
%\% ™ ™ ™ ™ ™ ™
AEDI0% 1.82 3.09 1.45 0 —1.97
Les | » 20 # 2.75 3.67 2.75 —0.73 0.18
£ ¥ | —001 | 219 3.29 2.19 —0.36 —0.54
10 3.28 6.18 3.86 | —1.93 | —2.70
Les’ 20 o 3.21 4.55 4.02 —1.60 —1.00
M —3.94 3.35 5.32 3.94 —1.77 —1.77
10 —1.41 —3.10 —2.44 1.88 1.31
Tos 20 —0.63 —1.09 —1.97 1.00 1.18
M 3.15 —1.01 —2.03 —1.85 1.48 1.20
10 3.42 6.85 7.78 —3.42 —3.89
fes 20 —1.30 0 0 —0.98 —1.30
o M —4.94 1.11 3.50 3.98 —2.23 —2.71
10 ‘ 1.53 2.04 1.33 —1.94 ~1.33
fes’ | 20 o 0.42 —0.63 —1.05 2.11 0.74
M —3.32 0.93 0.62 0.10 0.10 —0.31
10 —7.81 —15.78 —17.99 7.97 .05
cosfes | 20 2.52 0 0 1.90 .54
M 10.48 —2.33 —7.41 —8.43 4.73 5.75
10 —19.40 —25.82 —16.79 24.55 16.79
cosdes’ 20 —8.78 13.37 22.16 —44.33 —15.54
M 52.21 —12.98 —8.09 0 ~1.59 4.89
10 - —6.22 —12.03 —16.59 8.29 8.29
Des | 90 3.75 2.63 3.00 0.75 1.87
L M 9.84 —1.18 —4.33 —5.90 4.33 4.72
10 ~ —20.83 —33.33 —20.83 26.38 19.44
Des’ 20 —5.00 15.00 25.00 —42.50 —1.50
_ M 57.14 | —14.28 —14.28 —3.57 1.78 8.92
10 - 0 —1.59 —17.98 0.31 1.91
Dp 20 3.92 0 —0.32 6.53 2.94
M —2.96 1.94 —0.97 —4.53 3.55 2.58
FiliFABIE. PIXTABIA. a RFABIAEE. 10%ME LU05MZ, Thth,
FABIRI0% DB ER L2005 ORIFEEOFEEE. AM, BM, CM, % LU DM,
fi = TNEN,FABIENA, B, C, KLUDKHABEDORIEMOILEHE. 0°M, 10°

M, &k& 020° Mk, Thth, FABIAEN0, 10°, XU 20° DIFEO R E
O, TMILT A BI&BIREIEE.




&
2
&
i
>

§ — AR A B C
e w00 |20 || 0 [ 10 |20 [ M | o |10 |2 | M
- (D‘ N 2 |} £ | 45/ 455/ 4.55] 4.5 450 [ 460 | 4.50 | 4.53 | 4.65| 4.50 .60 | 458
10 % H 5 l] 3 | 4.65| 4.85| 470 | 473 | 4.70| 470 4.70| 4.70 | 4.85 | 4.95| 4.85 4.8

T ¥ 4.60 | 4.70 | 4.63| 4.64| 4.60 | 4.65| 4.60 | 4.62] 4.75| 4.73 | 4.73| 4.73

N 4.60 | 4.50 | 4.55| 4.55| 4.40 | 4.60 | 4.45 | 4.48| 4.60| 4.50 | 4.60 | 4.57

20”” H | ass| 40 4.50 45| 45| 4.60| 4.70 | 4.62 495 | 4.85| 475 | 4.85
M 458 | 4.55| 4.53| 4.55| 4.48| 4.60 | 4.58 | 4.55| 4.78 | 4.68| 4.68 | 4.71
N 4.58 | 4.53| 4.55| 4.55| 4.45| 4.60| 4.48 | 4.51| 4.63| 450 | 4.60 | 4.58

A BLER —

¥ . H 4.60 | 4.73 | 4.60 | 4.64 | 4.63| 4.65| 4.70| 4.6 | 4.90 | 4.90 | 4.80 | 4.87
M 4.59 | 4.63| 4.58 | 4.60 | 4.54| 4.63 4.59’ 4.58 | 4.76 | 4.70 | 4.70 | 4.72

1 % EO~BLEReE o e O,

- D ‘ 0 ABIEERN Ay am 8. m

0 |10 |2 | M|o )10)20 LR 100

C4es | 4as| 445| 42| 459 453 4.53] 455

470 | 475 470 | 4.72 | 473 | 4.81| 4.74 | 4.76

4.68 | 4.60 | 4.58 | 4.62| 4.66| 4.67 | 4.63| 4.65 o -

4.40 | 4.40 | 4.45| 4.42| 450 250 | 451 4.50 VN 7\ /i\,

4.70 | 4.65| 4.75| 4.70 | 4.69 | 4.68 | 4.68 | 4.68

4.5 | 4.53| 4.60| 4.5 | 4.59 | 4.59 | 4.59 | 4.59 50

443 443 4as| 447 | 454 41| 452 453

470 | 4.70 | 4.73| 4.71| 4.71| 474 | 471 | 472

4.61| 4.56| 4.50| 4.59 | 4.63| 4.63| 4.61| 4.62

0 1020 01020 0 1020 O 1020
A B C D

Dp=Les/ (II_“% cos fes—cos fes’)

=5.07cm (1.079<0.4586—(—0.1063)]=3.05cm

ChICT k> TA 517:3.056cm%, Des—Des! (T k- TX S5t Dp ORFEEES.09cm, 755
UNT es MO A% B~ A% BKEESR, 3772b5, 1 HFEOEHE 3. 17Teom ITHA~T, 13iF, —
BT EhEDONG,

Dp D#aFfE 3.09cmpd, Les! ORIEGME 5.07cm I3 2 E413 60.9% TH -7 TD
&3, NSETIE8.5%, HEL¥ETIZ61.3%TH - 77,

Plb, BELTELIANPLE-T, BHROHEERD 203 1 FER, BEROELTE,
DL ZNUTEREBKRTH 372, BEOHBICLZMELNBKATH 318, BREOBAANKT
b2 (ZDIDITE, HEEEHOFEORERNS LTIHOREWREETH - T, AENSKTH
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B8, BEOBFIDEDNATEBRE (Z01HICE, MEEHS+ACHEELS 228),
K&z, ZLT, 20Hicid, B, &I, NEBOEFH MO OBRAILC &,
NDOKTH B EBFERDLIEBTNERSIEOLTHA I,

153, APRBBMIEEHERENRER NS (EERT) £ 50 TTE - 12HED—
WTHO, FHMAERYI ERERFEIEL D ZEBLLEIEEL L0, BIRERRAY IR
EE#E, EAEEHNERLDIARBNIEL LTOMBIE OIS, JEBRFEZHD)
BREHHEE, ASUWEMI COWAZEBRRON 4, BREREARD, :0BFHMA—EEK
REOHFEAEKS DFRID BEL@MENE LI, CCKELT, B R#HoE:
#7 5,

X # B &

(1) Hayes,C. (1930) : Points of the Horse.

(@) AAHEM (1934) : BEANRE

(3) REAA (1952) @ MFMUEREOESMCE 5%, #1#. BBRAFEHE (AAHE) 2

(1) BEUEA (1960) : BEOSHEOMITCE T 2%, BBAFEMYAHEELEHE (BARSD

(5) MEECEA (1961) : BEOTABBHBCET 5 P E—EE L R BB A Bl 2T 8 & OF
—, BIBAERE (BABE 10

(6) RBEA (1962) : BEOTAITMMBECHT 2 HE—RERFTABIHTTTEED, FH Lo
E—, BREXEHE (AR 1
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