EH IREEN BEFFES HR)
—%8|h, 23, $HY =ddEd Y HAKE—

A Study on Balanced-type Oseillating Mole-Drainer(l)

(Model Test for Draft Force, Torque, Power and Moment)

& P e
Kim. Yong Hwan
Summary

This paper is the third one of the study on balanced type oscillating mole-drainer,
the first one was presented in No 9, Gyeongsang College Report and the second one
in Vol. 17, No. 4 of the KSAE.

In the first part of this study, the characteristics of traction forces between the non-
oscillating earth working equipments and oscillating ones was compared. A model of
the balanced type oscillating mole-drainer, which composed of a mechanism that may
reduce the machine vibration, was designed following the dimensional analysis and
similitude technique. The model test was carried out to clarify the balancing mechan-
ism of the oscillating parts and other parts of the machine. In the light of the results
from the model tests, a prototype machine was made for experimental purpose. Results
from the field test by a reported in the near future.

In the second report, the model tests were carried out under the same soil conditions,
i.e,. oscillating frequency, running velocity, and oscillating amplitude, etc. It was clear
that use of balanced type oscillating model could substantially reduce the vibration of
the whole system of the machine, when compared with the nonoscillating type model.

In this paper(the third report), results of investigation on the traction force, power
requirement, and moment, etc, is presented. Analysis of variance technique was used
for analyzing the effect of the frequency, amplitude, and running velocity on the draft
force, torque, power requirements, and moments. The results obtained from the model
tests are as follows,

1) By practicing a balanced-type oscillating mole-drainer, it was possible to reduce the
traction resistance by 55,1-61,2 percent of traction resistance, however, was 1.75-
1,95 times greater than the value of resistance which was induced by use of a mole-
drainer with single bullet. The resistance of rear shank against soil was considered
as a main causing factor of the above results.
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2) As the oscillation frequency was increased, the traction resistance was decreased.
Considering on the effect of oscillation the greater the amplitude, and the slower the
running velocity was, the greater the reduction ratio of traction resistance was.

3) The ratio of the traction resistance of oscillating mole-drainer to that of non-oscillating
one could be represented as a function of dimensionless variable (V/Af). The results
from the tests were well agreed with the reported results from the experim ents
on oscillation plow or hoe.

4) By taking a lower value of (V/Af), reducing the traction resistance was possible.
This fact meant, however, that the efficiency of mole drain practice would be lower.

5) It was experimentally confirmed under the same condition of soil that the variable
(R/rD,®) could be represented as a function of a variable(V2/gD) when a non-
ocillating mole-drainer was used.

6) When a oscillating mole-drainer was used, the variable(R/rD;®) could be represented
as a function of two variables (v2/gD;) and (V?/gD,),

7) The torque was not affected by a change of frequency. However, a relation of
proportionality existed between torque and amplitude, running velocity, and ratio of
bullet diameter. When a balanced type oscillating mole-drainer with two bullets was
used, torque was increased by 52.8-78.4 percent and total power requirement was
also increased.

8) Total power requirement was increased linearly in accordance with the increasing
frequency, 41.96 percent of total power was used for oscillating action. The magnitude
of total power requirement was 1.8-9.4 times greater than that of a non-oscillating
mechanism. In the view point of power requirement, it was not advisable to increase
the frequency, amplitude, running velocity, and ratio of bullet diameter at the same
time.

9) Only the positive moment occured in the rear shank. Change of the diameter of a
rear bullet, could not affect the balancing against the soil resistance. It was necessary
for rear bullet to have a large resistance against soil only when the rear bullet
was in backward motion.

10) Within an extent of the experimental base, optimum limits for several design
factors were A=0.5cm, f=22.5Hz, V=0.05m/sec,and 2=1.0 By adapting these
values traction resistance was reduced by 40 percent and vibration acceleration was
reduced by 60 percent. Even though the total power requirements for operating a
balanced type oscillation mechanism was greater {than that of non-oscillating one,
using a oscillating mechanism would be more effective. Because a balanced type
oscillating mechanism is used, tractive resistance will be reduced and then the lighter

-tractive equipment could be used.
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1. main shaft 9. lower link
2. eccentric shadt. 10. flame
3. needle bearing 11. front shank
4. pillow block 12. rear shank
5. connecting rod 13. front mole
6. pin 14. rear mole
7. block 15, slip ring
8. upper link 16. strain gage

Fig. 1, Mechanism of model (side view)
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1. model 9. reduction gear
2. flame 10. sprocket
3. accelerometer 11. soil bin
4. belt pulley 12. rail
5. belt 13. proving ring
6. motor 14. stopper
7. slip ring 15. electro magnetic
8. chain pick-up
Fig. 2. Plane view of experimental
apparatus

B EEY a0 Mstd = S1W, F28AA
RS 7 A Fel A= Hegsto] 2 gt

HIBEE 18k 2 B51he 1P @ 13
3} 7he] proving ringel] strain gaged Rb{fsted i
Zatgl e, Bl BES = BHE WEer) $8d
= 229 F#ie -strain gageE  fiftsiel 79
slip ring ¢ @5l =28 Bt o AolA HiH
stglvh, = FREE Al o BRE 24
of 154 ®EY BT pick-upe 24 £#Y B
< Wist g ok, Bk shankel &9 Ei{hHsty F



WIREE 5] $istd 2¥ 1) & shankd] i
= 169 strain gage= 4 momentE WG o},
Lt RERMEH

LR Fo) HROHES FE2HAA BED o)
F Zeos REEMRY HREES ched) el

%&aﬁj&) LT l V,(0.05), V,(0.125), V,(0.20)
(7.5), f, A
gggﬁ)ﬂ; f( )) 7150, 7,(22.5),” F,
s JA (0.25), A4,(0.50), Ay (1.0)
%ﬁ’&%m = | 2.0.0), 401.2), 2,0.4)

2 ZE(cm) ‘d(B 05)3 4,(10.05), 4,(12.05),

52879 oscilloglaphel] 4 & < gli= wupel zho]
=38 ZAlEx BHR BB tuglen g3
Ee A9 —EFe d47 A G294 o) 29
REE2A = BITBHTHES Bsl o v},

y=~%~—j:f(t)dt

4714 T=7m5m
®AY LA £ Simpsons) AR
9,

A}

3. RmEgRY =%

7t EBEH

@2 wEHWe FLI B A BT WA
8 BELS BES Jdebd Hol o

401
30f

201

| ‘\‘\‘N
1

DRAFT FORCE (kg)

i J ]
7.5 15 22,5 30 (Hz)
FREQUENCY
O 2 moles A
A " rd

o » 2
@ 1 mole

Fig. 3. Relation between draft forees and
frequency for various diameter ratio
of bullets.

SRRt AITISE 19766

agd 4 2y AT ge] EIEHL REBY
% o B EWAen EEH, 6 =24 EZERA g
&% d4rt olvh EEUEH —REBER] A9
Fiiql 2 e BB BEEHAl A ZEEAH] A
9 31%% ety m gl&¢ Ao BAREZ &
Hz &4 dsirh

ERE-E 103 #8 s0H2)2 REAJYE R
BEse KIS 55.1% #HASd L 1,29 EBAE

56.17%, 1.4 == 67.17% BAEE & + 4
ot At S+ mAEe] £ A2 RENY E3SIE

= 247 EREHS FIEHC 0% 27 4F
ol e},

mero mAAE 19 BEA ol RENM
o |incl=tel FEURHS WA FERBR)
B e 30(H2) 49,37% 24 Fg5R) nr}
ALe o 4 9t =¥ PHRoz KETo2H
e ERHAY 1099 A 1A 17504,
1.2 = 1849“H 1.4 9 1.950 ¥j & #Mhngk-s % ¢+
7 oleh, o[A & 3 shanke] #EFLF 3 A
EHel fzm oz #EHEd 23@az 3
ER K3 i drhs BE2 3l shanky
a‘ﬁ%ﬂ-ﬂ Bla 4z elo & ¢+ ZKRY shanksh
o KE BERAA HEMmez EMRY + dg Ac
oh, BEAESS il o BWAMY 1Aurh 2
® oor By Aol =IAEs} KFESHT TozH o
Aol Fol Eojstr] A EEAA Fo YzE Y

o] EEEe] obeht & shankwre] FER &5
Rz yEEilezy st HRHER SR
BREehA SEREE 4 9lgish. <hebA 51 shanke]
A& “7?1;}1 2 @Aste Aol $2Roz BN
29 o flo S TR FEa L o 4
e ket 7;1 &9 |EHHY FEo] o] FoiAA
orcld 3| EAME & Sl Az d=de] B
e B4 29 HRE Aoz A=EIS,
B} o] sl EAMA BEERTEelr &EHEs R
@alz) e FERL "Doh 2Ed EBEslnde
WA BMERAEEE o}d BEA gt

2P (4)E TR REHS MFHEANA =5
A RiIEY HES Jerd Aolth gl 242 &
0 BYe BRI ee ¢ +don BRES K
fge] 0.25cm o = 29,70%, 0.50cm =f 30,99%,
1.00cme} 63,20% 1515, iEiEel EHo = PME
Ze AL HWUHHY KR IH= ¢ 4+ A3
=},

_4_



T REEAL BEFILAS HRUD

~ 40k
=
<
IS
L
g 30
e
Ty
o 20k
<
o
fom}
10t
0 i i i 1
7.5 15 22,5 30 (Hz)
FREQUENCY
O 2 moles A!
A ” A?
O " A?
® 1 mole A?
A " A?
n G A?

Fig. 4. Relation between draft force and
frequency for various amplitude

50~
401
-~ m}
50
-
~
v 30p \u\g\n
[}
&
o
= 20k
ot
£z,
>
a 1o H\.;:
0 ] 1 ! '
7.5 15 22,5 30 (Hz)
FREQUENCY
O 2 moles V,
A ” V,
;) " Vs
® 1 mole V,
A 1 v,
N " Vs,

Fig. 5. Relation between draft force and
frequency for various velocity of soil
~in

5

23 (5= ESIERMY BB MRAA 1By
o EEEEY BEE ebg Aol i #X
e FEFTEES 0.20m/sec o = 31.50%, 0.125m/
secq] =} 41.43%, 0,05m/sec & & 52 50% o] <},
of BREY¥H HES 2&4+% KB KI BER
49 BRI arhe BES ¢ AU

o)A FHIEHE WATELOT TR #ape
2z A 44 BHR T 4+ gls Aoz YA,

40t

N

o

e

~ 30

w

W

o

o}

=  20r

[

[

RN I

= 10

0 ) ! 1 |
805 10,05 12.05 14 05
DEPTH (cm)

O 2 moles A=1.0
A " A=1,2
] " A=14
@ 1 mole
A=0, 5cm
V=0, 125cm
f=15Hz

Fig. 6. Relation between draft forees and
piereing depth for various diameter
ratio of bullets.

1H6)e FEIEHY Y BARY BT B
A Ay WA 1A Zejo) ol i 7
el Bhnsts AS A8 & + ot wEam
A = ERE HY EIERY R %
Rstel ol MEel RHARTS & 4 Y. o)L
L 7ol o o Foi BV BAEMYo E FANE o
F2 Rspg7] W Eeletn g

2™ (72 FAME shanke] 4 = o) yo] shank
TexA BASRA-EAY  FFIEHA RENA =
€ EiRY B X7 Aold 1Y@ #HEy
TS FTY Aol

‘RS BEMel gl Aelatd BAM shank
9 #EHS AL o shank=lel KW EAMS
EAENGE H9 BRozde 44 RHEE 4+ 92

e ot o b



E;

g 20 O\O\O\o

o

o

< A\&\aﬂ

e 10 D\ﬂ\o\a

(25

<

4 1 1 L 1

@ 0 7.5 15 22,5 30 (Ho)

FREQUENCY

O A=0,25cm
A A=0,50cm
[0 A=1.00cm

Fig. 7. Relation between draft forees and
frequency for various amplitude of
vibration. when there are only shank
without bullets

o 80
-t
~/
“
O 20r D\D\U\D
&~
o)
e N\—__A
& lop 0\0—0\O
=€
[
Cl O a L 1 1
7.5 15 22,5 30 (Hz)
FREQUENCY
O V=0.05m/sec
N V=0,125
] V=0,20
Fig. 8.

Zleleh, & A P2 45.18%, shankipe

B 54.82% 24 289 Lle] Ho ME
b "= &9 Else MRS WA 38.63%

shank#7} 61.36% %) Hraeo) v},

2H (9= FREIFS EFEHS debd Aol
HEAE 270 Ql BB WL BER 104 4 W
B8 1HQ HEBS] 1.85% Slow 1.2 o & 195565
e L4ad = 2.266f55 ¢ Sebs B 19
FBE e 209l EBA mEs] e ¢ 9
+ A=k

2R RS FEIRHS FEREIES #E
BiEHezA vy |AITLET k3 EXTR
V/Afete] BRE ERKEA L0 3% HeA
ebd Aojrt o] oA & 4 gl vtk o] E
IS 50% BE BMA4A1717 S V/AFY
e LLUTFTR stoek ek, =al4 VE HA &

6

BEEEBBREREE AT 19764

SOF

~~N
o
)
S
<2
2 30
Qo
~
I
[ 205 ./&——_‘
<
=
10[‘
0 1 ' !
0,05 0.125 0.20 m/sec
VELOCITY
O 2 moles 2,
A " A,
O no A

o
Fig. 9. Relation between oscillated draft

forces and velocity for various dia-
meter ratio bullets

:;;;

X 100 <)

[£a]

o %o

= o

= 80 o0Qo o

Ok L °

o Y

21 colod‘o

=F |%9

[e p O

2B 0%

i~ 40Fg

ale o

atd

@

&0 200°

<8 b

=[S

--z o

O

N P 1 a1 4 RN W N B

©Z 01 2 3 4 5 6 7 8 910
V/Af

Fig: 10, Dimensionless representation of
draft force for i1=1 ¢

N

] T2 Vo 2 BB E AY 5 3A sfoek g
Aolrh, fhEe] BB EB El: g #
AT Aoleh, ERKA 1.2, L4dol = v &3t Ef
%+ Jebd g & 4+ s

29 (11)2 subsoiler, plowdl| BRE B ERES
R BHARES BEKR SRS HEE Aol
F9 {RiFol B REZ A= ofE& AL



RN FBHEA_ BEPILAY BRI

1001 =10

Ep X 100%

MOLE DRAINER

SUBSOILER
5ok //:,,/OPLOW

Vil

-OSCILLATED DRAFT FORCI
NON-OSCILLATED DRAF'T FOR

V/Af

Fig. 11. Dimensionless representation of
draft force for plow subsoiler and
mole drainer

gtk AL MET dol vt V/AS S 27
S5t F— 2z e o Aol
el K3 ESURIMS W97 A= V/ A
gkl = fifRe) 9L o +7} d9l 3 Ed o]z
frapEzEe] HIREHRT 98 @ 7 Asith

1800
A c o
16001 o
o
o
mlé o
1400+
o
1200F

Fig. 12, Relation between R/rD.;* and V?/
gD, for non-oscillating models
A2 FRHRN A R/rDPs% V/gD, 9
MRE "}EW‘ ZAele] o] el A M= uehzhe)
R/rD2& Fo kel —EY EB VigD,o] M=

&£&RE T 3=,
A BRRAA —KFiHA =E B3R
R/rD;*=1, 463. 59+ 1, 515. 31 X glg. 4 o] &
A glen o] RWAE FANA B BW
s etk aHd K BRURANA & FEH
o Aole @EA-g FWatA kvl 2ol e
BHS BERH AL oa g deldh

1800
1400}
£ 1000F
[«
A
600
200
1 L L y 1
1 2 3 4
v J&Di
|4
O ~/§_DT_0' 1010
AN 1 =0,2525
O o =0, 4940
Fig. 13. Relation between R/rD? and
V/ /gD, for oscillation
29132 kEHR EBA Hld  R/rD2%

v/ VgD MFA V/ VgD, o e FEetdl
oh EERS B R/rDE Fol fRfke] —EE o
= o/ VED, % V/VgDe 1 MemEEE Wtk A

o EBRhezx BEthn X 4 ook w4
E1Re) BAEIRK L HEic) ¥l FBHiEe] drtxn
AW o,

Ll 2% A

28(14): =8 RENY BRI EERY

T8RS WAT el

BRI A = 2—2 REBEA &Kl A=
o] {halxl okam ERH ketd 2ol Ud2E
o Fa glrh, WAMIE 2/ \lEEe AL 14
BRY 22 et sk ERERAF Lo B
B 52.8% 1.29 % 61.53% 1,491 B\BHE= 78,
4% Bstg b, & B—ast winekd -2 Ehtye)

A
X



et & BHRSHE el

R ERRE ST AITISE 19765

30
—
£
2
%‘j 201 ~
gﬁ H E
) ¢ 20]»
o] 7)
o 10r O — o o — <
o g 10[ .__._./.
o e
t &
] 0 l ! ) ' & o 100 % T
H 8.05 10, 2. .
7.5 FR;ZUE 22.5 30 (Hz) i o
NCY
O 2moles 2, O 2 moles =10
A 2, AN " i=1.2
o » 2 - " =14
@ 1 mole @® 1 mole
Fig. 14, Relation between torque and A=0, 50cm
frequency for diameter V=0, 125m/s
f=15 Hz

Fig. 17, Relation between torque and
depth for diameter ratio.

30 ~
g S 20
© o
M fF—p—g < b —p g
= 8101 A"——A_\A*A
= -
Tl === 5 o—o——0— 5
= oL ) , \ e o 1 ] ! 1
7.5 15 22.5 30 (Hz) 7.5 15 22.5 30 (Hz»
FRQUENCY FREQUENCY
O 2 moles A=0, 25cm '
A " A=Q_ 50" O A=0.25cm
O " A=1,00n A A=0,50
@® 1 mole A=0,25 0O A=1.00
A " A=0.50 Fig. 18, Relation between torque and
[ ] " A=1,00 frequency for amplitude without
Fig. 15, Relation between torque and bullets
frequency for amplitude
30 30
~
g g—o—0p S
: 4 T~—n 5 B —n
=) ] o—+—p—75
> g 19
of e o,
= =
= | 1 1 1 1
t 1 1 7.5 15 22.5 30 (Hz)
0 7.5 15 225 30 (HZ) FREQUENCY ‘
FREQUENCY O V=0, 05m/sec
O 2 Moles V =0, 05m/sec A V=0,125
A " V=0,125 O V=020
0 " V'=0,20 Fig. 19, Relation between torque and
@ 1 mole V=005 frequency for velocity without
A ” V=0.125 bullets
] ” V=020

2d (15, (16)-& =—a9 REMS MRA &
& IRiEst HEEe B#S WED AoH 23 AN

Fig. 16. Relation between torque and
frequency for velocity

8



TR REEA REEFIES D

< =—a9 FARSS MRS AMEYL At
23 (18),(19)% shankwie] =3 JWERBRE
vheb W glet
REENE R e2¥e HHsHA

_ 2nfT
4500

REEN S E51BE st MEN 2 s

7 0.4F
&
o
= 9 3F
= .
o
P
&) .
Z 0.2
=
5
d 0.1
[&]
172
o 0 1 1 1 i
7.5 15 22,5 30 (Hz)
FREQUENCY
O 4
A A
0 4

Fig. 20. Relation between oscillating
power and frequency for diameter ratio

v

0.5¢

~

W

A 0,40

et

o

=

g o

et

&)

Z 0.2

=

<

o

= 0.1+

o

)

e}

4] 1 1 | A
7.5 15 225 30 (Ho)
FREQUENCY

O 4
A A
0 -4,

Fig. 21. Relation between oscillating
power and frequency for amplitude.

¥ 2O~EDE BEBHHS RENS M4
#E HEL &8 HEY EERe debd AQdd g
B%ot BnEtF REE N0 @Mstd & ek
3 Qeon EES REE BkEEAC @ET es
& FHES b gt

0, 54
~
0
Al
~ 0.4
[+
)
g ,
[ 0.3"'
&)
Z
= 02F
<
- ,
=
O
w0 0.1""
Q
0 l 4 1 ]
7.5 15 225 30 (Hz)»
FREQUENCY
o v,
AN ‘A8
O Vs
Fig. 22. Relation between oscillating
power and frequency for velocity
V.V,
0, 5 }
N
\I-
v, $2<T
N N
% 0, 4+ VJ— ;é L
v v, v % .
= A LY = o
2 o03F ] BY 2 =
2 ) v, 7 4\2 ~ o
2 ZRZN7 0-4
= v, v B¢ 2
A Ny Z2 =
2 0.2 v Z %\ -
e~ : ! 0 B < 5
Q Vv 4 © ™
= Sy 9‘ N =
0.1 Ll ; 2 )
v ZENZNZ RS
v, Z g§
) oY |
* AL
0 7.5 15 225 30 (Ho

FREQUENCY

Fig. 23, Relation between total power
and frequency for velocity

23 (23 REHE REBES MRS Jekd A
ol v H@Isyel RENENNT VEbH L ok, HENS
< REHWEL ol Eol #insla ¥MEHY KESl R
BhE) el WR= 2 slon 2 HeAde HESL €4
& ane AL & 4+ U = ETHEEZ0,05m/
sec = FEIREIFS) By el 280.5%~845. 3% = 0,
125m/sec = 136.7~529, 6%, 0.20m/sec = 84, 31%
~330.5% BE #Emslgs, BH B/ FRL A
A BBl e 1AL & EBHHY =
28d E—aE RENC A E#s %1 R



BEo = M 37 Bl ded #a4 B

719 mEYE 2o KRR ORE ZES A

A gt A2 vgsid 2ge ¢ 4+ Y
Lt 2HE

Feon

200
Ll PP

AVAVAVAVAVAYRE

g 1,‘1.‘4;4..1,11,..L.:..(..1umux.‘l...‘.1..(..‘1,.l..-..u,.s..|

200000,

Jw.”ﬂlltllllillliT

CRWAVANAWAYAYAVAN
SiNAVAVAVAVAViS

ey Les o

20

1oof

m-)l

20t
100

_—
w0t

3

e
S

Lo biagbe bbbl oo baes]
L4 0" N

QOSCILLOGRAM OF MOMENT { A=050, v=0.05,1=1.0)

Fig. 24. A example for oscillogram of
moment (A=0,50, V=005 1=1.0)

23 @O =R EY oscillograme] #AHA H
24 A=0,50cm V=0, 05m/sec =1, 09 FHES
B gk AR EEe EEfew FReg
oscillograme] |B¥o] BiEk shanke] mslzoln F
8o {KH0 shanke] mdlEo|ch #ige vzt F
o B\ AiE (O At F#Y mEse)
0°d BWHAE Fhare] fIEC sz 90°dH BIES
BAME b ool g el 9lov HipEAM
+ 7 %Rk frEe ok IR shanks] mdlE
9 BAMHEE @EMHC] 40° $3204 3 AL
7} A gisel v dolch, = f%#f shanke =
WEE 205° 3 F REEASCT A gl o
271 gl ol v BAMA wstm Yvh, el &9
BHES g Bste WEste 2w g shank
9 ZglEed ()& HE do| ot %E shank
= (H2 3 Holn ()2 HE 42 g, 8%
shank] =wl el &% shanke] oA}E SR
Aol A2 MBSt Ffge] Hi Aol RAERYeIA
T o] EEOIA L BEENM ERS 274 WK

REREAPS N MTIR 19764

glol olelddel ¢igich. =tebdl K shanke] =)
E5t 224 (W)HEmoz BEEIES7] 9 Fd
EEHEAML EY 9 (-)9 =dEs fEARE
E e, 2e7] Slshed & RMEAMIT BT 9
% H3e) EHe 24 =% ¢ YL dev ®
HEAMS RES BR e HES 2949 o

24 ste 4EE 4ARYT ¢ Y

O\

?\ . -~

to

x 200

; N

=3

g2 t

e |

=

10— 530 (i)
FREQUENCY

O 2moles 2,
Ao A
o » 4
@ 1 mole

Fig. 25. Relation between moment of
front shank and frequency for
diameter ratio

28 (25)% g shanke] =l E9l IREISS B
fRell A EIfRILS] BlES SAED Al =5t R

1 §

1001~

MOMENT (kg-cm)

I 1
7.5 15 22.5

1
30 (Hz)

O 2 moles A,
A n A,
O n A,
@ 1 mole A4,
A no A,
] n A,
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front shank and frequency for
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Fig. 28 Relation between moment of
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diameter ratio
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Fig. 29, Relation between moment of
rear shank and frequency for
amplitude
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Fig. 30, Relation between moment of
rear shank and frequency velocity
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Table 1, Anova table (acceleration)
T e T );

S:mrcel[ S £¢ , Vv ' F, (535)(0;0-])
A 15,220 | 2|7,611 | 75.51%%3.154.97
722,760 3174585 | 75.25%%2.75 4.12
v 653.1 | 2 326.60“ 3.24% 3,14 4.97
x 60.40. 2| 30,200 0.29 |3.154.97

Axy| 6,344 611,057 l 10. 49%% 2,25 3. 11

Axv| 1,753 4 438.20] 4.34%% 2.52‘53 4

Ax2| 3268 4 81.69! 0.81 |2.52/3.64

FXV] 287.3 ] 6 47.88, 0.47 2.25&3 11

FXA| 4268 | 6| 7133 0.70 |2.253.11

Vvxal 1813 | 4| 4532 0.44 |2.523.64
E |6,855 63| 100.8 i E

Total] | 107‘ | [

Table 2, Anova table (draft force)
F

Source' S J ‘95—_ ’ v ’ "o (_OTOET;(@
A 4,523 1 212,262 | 126.1%% 3.1504.97
12,808 | 3| 936.00 52.21%% 2.75/4.12
v | 2,807 l 211,404 |78, 29**1 3.154.97
i 145. 60 2] 72,82 4.06% 13,15 4.97

Axf 146.00! 6! 24 34 1.35 12.25:3.11

AxV 54,75 41 13 69. 0.76 52.52b3.64

Ax2| 13530 4‘, 33.83] 1.88 |2.52|3.64

FxV| 63.08 6! 10.51} 0.58 |2.52/3.11

XA 4554 61 7.59 | 0.42 12.25(3.11

VXA| 544.00 4| 136.0| 7.58%x 2.52 3.64
E |1,219 |e8! 17.93 Lo

Total | i 107’ f }

Table 3. Anova table (torque)

Source S ; ¢ ! 14 ’ a év(%—)%m
A } 2,122 | 2 i 1,061 | 144.9%%| 3,15, 4,97
£ ez 3| 29.42] 4.01% 2.75[4. 12
V11,070 | 2| 534.80 73.03%+3.15 4.97
2 l no.aoi 25 55.15| 7.53% 3. 15} 4.97
Axfl 2436 67 4.0 0.5 |2.253.11

AXV 1,071 | 4| 267.70) 36.56%% 2. 52{ 3.64

AXA{ 173.90 4'( 43.47| 5.93%+ 2,52 3.64

XV Io27.21 6 4.53 0.61 (2.253. 11

X2 27.68{ 61 461 0.62 12.253.11
Vxx’ 58.14) 4§ 14.54) 1.98 |2.523.64
E | 498.00/ 68 |  7.32

Totall

Table 4, Anova table (moment of
front shank)

Sourcef S [ é j v ‘ F, IO OS?]ITT")
A 162,000 | 281,010 | 108.6%3.15/4.97
f 181,980 | 3(27,330 | 36.63%% 2.75/4,12
Vo 1162,600 | 2 181,300 | 109.0%%| 3. 15| 4.49
2 fiz,m0 | 216,087 8.12%%/3.15/4.97

AXFl 2,177 | 61 362.8 | 0.48 |2.253.11

AXV {30,000 | 47,499 | 10.05%% 2.52/3.64

Ax2| 5,216 | 41,304 .74 |2.25/3.11

FXV] 4,872 | 618119 .08 |2.25/3.11

X2 894.0) 6 | 149.0 0.19 12.22/3.11

VXA| 9,377 | 412,344 3.14% 1 2,52{3.64
E 50,720 |e8 | 745.9 { |

Total | | 107 ] |[

Table 5, Anova table (moment of
rear shank)

Sourcel S { ¢ ’ v } F, (“0_03)_11?(0—6]‘)
A | 212,500 2 [106,300 | 66.61%% 3.15‘ .97
5| 48,8000 349,620 | 31.10%%2.75 4.12
V| 123,400 2 ! 61,690 l 38.67%% 3,15 4.97
2 K 243,0000 2 121,500 | 76.17%¥ 3. 15‘4 97

AXf| 41,930 6| 6,988 l 4.38%% 2,25/ 3. 11

AXV | 40,680 410,170 | 6.37%%2.52 3.64

AXA| 22,0200 4 5,5C4 4 3.45% 12.25 3.11

FXV | 13,540 6] 2,257 | 1.45 |2.253.11

Fxa 559 (. 9327 0.58 |2.253. M

VX2 3,972 4 9,929 | 6.22%42.52:3.64
E | 108,500 68 1,595 | x‘

Total l ] 107‘ { |
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