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Study on the Travel and Tractive Characteristics of the
Two-Wheel Tractor on the General Slope Land (]])

-—Tractive Performance of Power Tiller—
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Song, Hyun Kap - Chung, Chang Joo

Summary

To find out the power tiller's travel and tractive characteristics on the general slope
land, the tractive power transmitting system was divided into the internal and external
power transmission systems. The performance of power tiller's engine which is the initial
unit of internal transmission system was tested. In addition, the mathematical model for
the tractive force of driving wheel which is the initial unit of external transmission
system, was derived by energy and force balance. An analytical solution of performed
for tractive forces was determined by use of the model through the digital computer
programme. To justify the reliability of the theoretical value, the draft force was measured
by the strain gauge system on the general slope land and compared with theoretical
values.

The results of the analytical and experimental performance of power tiller on the field
may be summarized as follows;

(1) The mathematical equation of rHlling resistance was derived as
W.—AC[ 14+ (o 1) sints
Rh= St

tang [ 1 (e =1 )]+ g,

and angle of rolling resistance as
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and the equation of draft force was derived as
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The slip coefficient K in these equations was fitted to approximately 1.5 on the level
lands and 2 on the slope land.

(2) The coefficient of rolling resistance Rn was increased with increasing slip percent
S and did not influenced by the angle of slope land. The angle of rolling resistance &,
was increasing sinkage Z of driving wheel. The value of §; was found to be within the
limits of #;=2°~16°,

(3) The vertical weight transfered to power tiller on general slope land can be estim

ated by use of the derived equation:

4
,;IW" (lp—Dcosacosf—rhsina ; —W cosacosf
RP:‘_‘

Iy

The vertical transfer weight R, was decreased with increasing the angle of slope land.

Wie.—Whe.
W, !

was increased from 2=0 to 2=0.4 with increasing the angle of side slope land (3=0°

The ratio of weight difference of right and left driving wheel on slop eland, A=

~20°).

(4) In case of no draft resistance, the difference between the travelling velocities on
the level and the slope land was very small to give 0.5m/sec, in which the travelling
velocity on the general slope land was decreased in curvilinear trend as the draft load
increased. The decreasing rate of travelling velocity by the increase of side slope angle
was less than that by the increase of hill slope angle «,

(5) Rate of side slip by the side slope angle was defined as S,:—‘?—‘*—XIOO(%), and
the rate of side slip of the low travelling velocity was larger than 'tshat of the high
travelling velocity.

(6) Draft forces of power tiller did not affect by the angular velocity of driving wheel,
and maximum draft coefficient occurred at slip percent of S=60% and the maximum
draft power efficiency occurred at slip percent of S=30%. The maximum draft coefficient
occurred at slip percent of S=602% on the side slope land, and the draft coefficent was
nearly constant regardless of the side slope angle on the hill slope land. The maximum
draft coefficient occurred at slip perecent of S=65% and it was decreased with increasing
hill siope angle «, The maximum draft power efficiency occurred at S=30% on the
general slope land. Therefore, it would be reasonable to have the draft operation at slip
percent of S=30% on the general slope land.

(7) The portions of the power supplied by the engine of the power tiller which were
used as the source of draft power were 46.72% on the concrete road, 26.72 on the level
land, and 13~20% on the general slope land (a=0~15°, f=0~10°), respectively.
Therefore, it may be desirable to develope the new mechanism of the external power

transmitting system for the general slope land to improved its performance.
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Fig. 17. Proposed force diagram of a
pneumatic traction wheel on a
deformable soil surface.
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-5 7) A, £=Sx: Displacement of soil(cm)

S="Travel reduction (%)

K=Modulus due to displacement (cm)

b=width of tire (cm)

r=Rolling radius (cm)

!=Contact length between so0il and
driving wheel (cm)

s=dT B A2AHE S Fo
2% 4539 999 944

F,=Vertical friction force (vertical
component of F,) (kg)

#,=Angle of rolling resistance(degree)
A=0.98bl: Contact surface area bet
ween soil and driving wheel (cm?)

C=Cohesion of soil (kg/cm?)

¢=Internal friction angle of soil (rad
ian)

P=Radial presure on the wheel (kg/
cm?)

AP=R: Soil reaction force in radial

direction of the driving wheel
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Fig. 18. Internal power transmitting system
of power tiller.

4) FEED B

e ) s S g S HATALS R Bt 3y 1 B S S < [ e
R Al AEE e fEME e, o Aol FhEhel
#Ehste fEASE RAoE2 AFstd 2 BE S
gho 2 dtglow N LWl Zghxt o F
= e FEERA 60122 EHEt Y

g g Ava HEe EED Z8 SO
of fERstE S AE LEET] R o) F& THE
Bify 0,8 Hifstdd ol 24 TEAY Rk F5I
J PE M BEAG « B9 EITE TR S ®mE
2 FRg g 94 2 Ao,

Fig. 17¢ &¥%ste] BHERe] #h 2 FEEN
9 FEHERS FANE 6,& 48 F Ut

T:Fz W J wereereaiteransiicnenasiransseninetacesaniaraans (73)

F,sind, 4 Rcosf, =W,

TRl (73K GHRE

<+ ded,

fAsHd ot Bk



o

WhEEES e ErFs | 2 BT Y HRUD
! 0. —tan-1[ 2T X (ACrS,~T)+ + (T = ACrS)*
T 2(T*—w,*rt)S,tang
Jmax
- 2Ty — 4 —W, 7 (T —4CrS*
_Wzﬁgztanz'ﬁ}_] .................. 76)
5) FEIEHT HEFECe)
EHE S Z e sme] HY KFEEREE 7§
X : A Ag s o e HRE B
. . N & E = 7SING e rrrerreni i 77N
Fig. 19. Typical shear stress-displacement
curve to determine K. e}, EEENE&O RSl HWMEE
(—Z"—sinﬂlﬁﬂr;)tang",r.l—%—%(e"};'—l)]‘tan&, Fig 208 &2 B £7) -2 AHA R — R
A AIBE FrlEfTIE 2% itﬁflm] MHEo R {FH3}
+{[L-—acl 1-_"<e K’—l}]sinﬁ,:o ...... (75) & BB KOS #5] ikl puEme 9 %e
Fr2 (57)A AP ?‘Hr KAl %%% W FEIES
4714 1+— (R -D=S2 f 00 W afRe SR A4 WE AT a fz K
A 2 8k thf:ﬂr A s17] ke ok %0] o] & kel
Fig. 20. The geometric configuration and forces exerted on power filler-trailer system
1) 8 FHsiEe flRE (R FER|ETEEE —astA %A38ke] Hifel A3
5l imio) Finste] TR 51 HUKE a,=00] 2 IR ap=02 HHETAA HGK NS HHrstd
28%Y HE Grd ERE wEE g3 2.

xlx_”"111 ‘

4
PR
=" }
4 '
SW }
i=1 !
i
WLk T T (78)
=
W ;
i=1 ‘
i
4 i
Gr=3 W, 1
i=1 !

(Fig. 20 &),
A7 A =7 &7 HEgEAA 2R B.LAA
9 xS A (m)
F=tiiol A 28%e BLANY Z
2 (m)
Trailer gifgel #%7% 0,8 .0, 2= moment ve

ctor & Hi3bd of& R &l (A7]4 6,262
BES)

12§ X (Rowi +Ruyj+RouB) = (I —D)i + 2k} X (Grsf

+G”]+G“k) ....................................... (79)



EEEERMEOE 3%

5 2%E 19784 128

—H GRS $Q 287 BE Gl 5
2 e FONA FER Q0)tel ek Pzt g
e

N
):‘ W sina !

- |
"

Gry=>Y, W; cosa sm,’;’

1

+++(80)

it

Gn:i?l W; cosa cos,BJ

(7N (BORNE fAAstz BB HER FHK
T3 Rozs Ry Ropoll Bizted A=l stwd ohgst et

ZW

Ry=—"

; {ly—Dcosa cosf—F% sina)
T

R,,,__QTI“D Z W, cosa sing
T

Ry, =W sina+ P
74 P=P,+3 W, sina (Fig. 20 #1)
i=2

P =35 IES B
p=Hitch pointe) (st 5175650
E5109

2) i@ B (Weight transfer)

FHIFEE -2 g8 Rot —REMEE FIE
173t A% XA Fig. 213 2o 643070 1k
A 3 = ol 4 AAREIEERS] HiBEel
% ¥, 2 HEHNLE HiEd e,

ok z J5E )8 BE) Bhnd & 988 &
.

QAo {ETEE 300 Rpw Rpys Rp,F sRo]H
g o 2t (Fig. 208%)

R+ W,—R,=0

Rozi+Rosi+Rpak) = (Roxi+ R+ Rosk)

(Wi A Wasd LW B eevveenseinssr s (82)

(SZ)T*‘" Rpell Bistd A8 stz 8D 100

& AT The R ek

Ry,= ‘_l {Iz—D)cosacosf—Fhsina} —W,
T

cosacosf

przgllii W cosasin—W ;cosasing (83
i=1

T

Ry,=3" Wsina+P,=P
i=2

A A Po e 35HY ERES M, M
sy Mp 2tz 3191 o1& £%9 BEfR=N& Hitch poi
ntE ez ¥ FhHMY ZANEE EHEY T8
+ ick(Fig. 205%)

My= (I} —hak) X Ro— {1+ 1] + (hy—hy) B} X W

GO A My, My, Mool BRshe] 33,
AR el {kste]

R ] ittt

Fig. 21. Three moments and three force
components at the hitch point of
power tiller when the tiller-
trailer system is travelling on
the general slope land.

Fig. 22. The figure shows the geometry
and forces for the tiller on the
general slope land.

Mﬂx:_—.oy
Mﬁy:(lﬁ+l )Wu*‘(ll’jénz',‘thox)*
M —Zl' [ (ZP_I)WH

(ly—h) Wiy

-+-(85)



DM\ D SETEEC BE HEdD

DU 60 KRBV HESE WD
FEo. Rpy%t R0l 3ck.

3) Joti MBHRS BERIIWie We.)

Fig. 22014 Ry Ed Qe WMol A Bz
BEstd & BBREC S W, HiEE aEelrh

BB BA N Eh SR = (Ll sy
CHERIEER)S WEe Y EEEDS A o
&3t @k (Fig. 228%)
d lXWL+(——~J+h k)xRH-( _Lf.{_hl]; )Wl

0, w4 #@abd

I

R RE AYcte mMESY FHE WEeh,

Wis= g Reut W) oy Way 42 Ry
W= g Rt Wod =t Wy —to gy,
W,=Rp,+W,, J

‘ (86)

A e Hez FEmIy

. h h
Wia= g Res g Wayhgt (Rey— W)

I h
W= 51' Ro‘_—di_ Wi + Tj (Roy—
W.=Ry,=Wip,+Whp,

) IEERBHIRS HIEESI(PL, P
il A e FoAEEY BBl ot A
A e AEEHY BE S char] = B LAy
Hig WED 2 el chas R i

51010} EREA vt} FepRic)

(1) EEHEWRA W Frr, Frr)

86)RS] Wit WeE (60)Rel {RASS Zy,,
Z1p% R3E o] E (7)ol fUAZI  ArAgHilE 4
MR A, ArE KT hE TR A 0, 0,2F
Rt (B2)Re] RAASH EHEGS BEN Fi,
Fppe g5 2,

Fr=(4,C+ALPtang) (1

-

K _siL
+S7L_ (e x 1)] cosf,,

Fyp=(ApC+AgPtang) (1 L - (88)

+ g (K1) cost,
(2) AR TERT (R, Rir)
QoA e Hrew A, Ax R 6., 0
sketed (56)xNe] AR Ay FEINYT Ra
& Rypd vhgah v,

R,,L—VL : 7:4Lc|:1+ s (e-*’éé —1>]sin6m )

tanef 145y (W =)+

We,— ARC[1+v—~(e‘ i —1)]sinc9mJ

(89)

Ryp=—

IR
tangf 1 g (e 1) T

() EFEZT (Pry Pr)

RS HIEERI e (88) 7t (89)F o2 &
Habd wgs) 2t

PLZF}.L‘R;.L

PR:FhR“RhRJ

p—PL_*.pR...W1 sina Peressre e (9])

(ODRL A1 BRI a, Bk EFFETHY 59
Gresl Pl g —BRERHD A o) iR &
F12000 BRI giByiRe) o,

AAA Rep= QA A (RHIstE «HEm 4H(ke)
Ryy= oy n (kg)
Rp,= " z r (kg)
M= o x FE Rl E(kg-m)
Mpy= " y ” (kg-m)
My, = " z 1 (kg-m)
Ro=7 &7 g f(ke)

W= 700 Tigel WEE(ke)

We=n Afifll  n n (kg)

PL=BhiygtEie) A0 HigsieaEh
(kg)

Pa=  n il v (kg

P=2%71419 (kg)

AL=78> Kl Hikhel i (m?)
Ap= 1 oy 1 (m?)
Li= v EH # EHE (m)
Le=7 2] £l diye #E (m)

l

0..= n o FEES A (degr
ee)
bue= » Al » FEEHF(degre)

Ryp= v EMl » FEEH(kg)



HREEMWMESE S48 $£25 1978 127

Ru= v Al » o« (ke
Fu= v Joi » RE7(ke)
Fae= v il »  # (k)
Zu= v M v T Em)
Zip=7 7] 4if WS FFE9 YT B (m)

2. EBmKE ¥ A%

7t REEE
—R A A HTIMAE D S EE

B BB 93 gsiiEg-—EQge R E
HEMEs Eo= A% B Fig. 233 2o
gauge system-& R{EF-A3te 1, 9, 29 ZHHA
& WES F REEF gk

Ed A E BFRER S 2 EHAMYE
=93 EiFEKEY 10cm o 22 577} 5mm
d Aoz HiReE F33d GMmEag S 9
71 Ed Ayt B0 EAfles wneA
H 7teR e HA%m y AL HE HES 4
=5 dglen JBEHA 2AHE FlESE A%
E OEEN L 9% BT 5 =S o,

(D Tension load cell to measure draft force (X component)

(2 Compress on load cell to measurz vertical force (Z component)
@ Tension loadc ell to measure side sliding force (y component)
@ Frame of gauge system

(% Roller bearing
© Compression load cell to measure the horizontal impact force

Fig. 23. Measuring gauge system eguipped with four load cells.

EREpE e [MEEEE (et 9 eld Fig. 249
2ol 12409 Zlmchel bin 2f79] Efezs @EY
HE WEie 2B #) A7 ARES A

o RIA3x ¢fe Hgoe® 5 cantilever beam &

o) & Heol EFETF Jij o2 coil springe] ¢ uroc]a
& ades o
o] beam$]e] strain gage & F A A mHifo] —
il %-oF bending straine] 2}E} pulser} 12[I
delue g Amed digd 1/12EEAN YiEe
% 9o eh9 e,

LLbsh e FIREE 9 YU gauger Fig. 259

o WEsEERS 15&/??%1, gauged] R Fig. 26
3} 7o) %}o% FEEEST] recorderd] 9] &} 7}y
FA o] o4 55 se,

@ﬁﬁfﬁéﬂ #liEE

WishA A% HEUT

HEE gl Fiuts go] EdddE HId
o= Fig. 277 7ol =gl SE SNl
TR HE i’:ﬁf&} P Ed g 1 HE G B
1% gt om o] F HIEYEE Y
< AR ’*{tx AT
BRAE
#7342 (D&itsl 8ps/2400rpm) S| AfTHE S
SN ¢S Fe BES BB AAH Eir,
e 2ok fEfea e} 42y EeCeEsE
RE)Ho] glom o] Moz Re FLREY e
ww g gk AERAAE # 29 2L B BE
of A Fig. 7 9 83 o] #EME "5 HEFE a,
B 4%A ES(FE AR EFETH S& #HHE
Slan oAl EITEES 1,2, 3, 4o BMEAA &

'ma
op
o
2

32 ?ﬁ
U

d nju
1=
Pt
Ay



IS EADs

[ 2 BTkt RS MIPEC)

NSUSUNISESISTA

D Tranceducer of wheel revolution
i3) Cantilever beam
Driving wheel of power tiller
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2. Soil properties of thst field

Sieve Analygls

gé"f},vfl sand( % ) [ sﬂL(/) [clay(”) soil type
79 L B I
20 | se 8 | 249 | 16.3 l S%ladn{
Physical properties
A i IAngle
Specifijyr oy |
c gra- ;\Ii‘;‘St' |Wet unit ICohesmn ’mter ‘Hclg:f;
vity i(kg/
content nal fr (kg/
((:gn/a) 0/) }(g/Cnl") Cm ) iCitOn ’mz)
|(deg) |
2,714 ) 15.9 ‘ Les | 0.2 | 30 f 10. 03

?

L]

skl ek

i€

ol & BB HE MR
SRR E{TAE e 10mE
iete

£ 39 vehdae 2
s gL o f

4+ Frame of power tiller )
5 Torsional retaining spring el —] gEbie] o1%F Bk (BT R
Fig. 24. Apparatus for measuring the T 9% F4 @55 &7 {8k —[as Lﬁ
revolution of driving wheel. T F& mtglo
Table 3. Combinations of the experimental variables
8, P « B varlables of drafting load l
i ‘ ‘ Gear scts
(degree) 1 () () (#) | and slip percent
Concrete |
surface 0 l 0 ‘ 0 0 - — { _
sl - S : — load size } slip 5 | l Low-Ist speed
surface o 0 ‘ 0 0 | - : S .
| i { 1 1 10~30 | Low nd  n
" {0 | sl 0 ' SR _
\ | : 2 ‘ 30~ 50 l Iow 3rd  »
1 s a0 ‘ a3 | 250 ! i
y ; - 3 ' 50~70 | ‘ High-1st n
" 5° 1 60° | 2.5° | 4.3 i
' i 4 | 70~100
v 5 ’ 9° | o | & ! ‘
5 s |
" 10 i 0 i 10 | v Fach combinatjons of (a and
2 o 1 o ] i
" 10 ' 30 | 8.3 i 4.7 B) slope angle was tested for
4 10° ’ 60° ! 4.5° i 8.3° levels of draft loads given
" 10° 9° | 0 | 16° | above.
" 150 ‘ 0 | EN
" 15° ’ 30° } 13° ' 7. 4°
" 15° | 60* | 7.4° } 13°
" 15| 900 | 0 15°
" 2000 ] 0 1 20° | o0
! {
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Measuring

instruments.
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Ferce of Z component

Braking impact force
{x compenent)

1
|

i
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" wheel

};_

LT-5 T8 hooK type
capacity 500 kg " *
tension load cell
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L 4

Running velocity of
the system”

‘bending strain gage

- — |
LC-200 KA copacity I
200 Kg compression [ _
togd cell |
i |
| |
LC~|TD Dynamic strain Recorder
1 Copacity: 1000Kg — amplifier RAPET
Compression food cell model RMS- 11
DPM-E |___I6chennals
Le— 11D 6 chonneis
Capacity: 1000kg —
Compression load cellals

Recorder RAPET timer

Electric
souUrce

100 V.
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Fig. 26. Details of measuring instruments.

hre] A4
HAHEE Bdd,

strain gaugeg-

el A 28 BOA L2 FHAE & —EALHR

€ R¥imez EqlstEzA FEALL mES

s stol,



By e EAET] 4 BT B HEAD

Fig. 25. Experimental tiller-traller system
installed with foree measuring
device (above) and the amplifying
and recording untis (be- low),

Fig. 27. Brake system installed in the
trailer to give the nicreased
draft resistance.
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Fig. 28. Power transmitting system of
power tiller.
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Fig. 29-a. Performance curve ¢f power
tiller engine (8PS/2400rpm),
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Fig. 29-b. Performance curve of driving
wheel axis.
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Tig. 30-a. Relation between travelling
velocity and slip pereent for
various speeds on the general
slope land.
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Fig. 30-b. Relation between angular
velocity of driving wheel
and slip percent for various
gear sets.
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Fig. 31. Relation between draft force and
travelling velocity on the general
slope land at the speed of low-3rd
gear set.
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Fig. 33. Example of oscillograph measured for the tiller-trailer system tested.
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Fig. 34-a. Example of experimental and

theoretical values of tractive
force P and drawbar horsepower
(PS), rolling resistance R,, and
theoretical values of wheel axis
torbue T, and left and right
wheel tractions P,; and P, on

the slope land.
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Table 4. Dimensions of the power tiller-trailer system and soil factors

Dimension ] Soil factor
A L e.097(m) ! b 0.15(m) c | 0.2(kg/cm?)
|
I 1.36(m) | W, 307.5(kg) P L300
I 1.9(m) | W, 81.5(kg) :
I, 2.84(m) | W, 63(kg) ( \
! ’ 1.0(m) | W, 150 (kg) !
! [ 0.48(m) | Gr 620(kg) |
P ¢~ £-~ Theoretical rolling besistance gh E i_]g
lph oo Experimental tolling tesistance  PS (Kg) PS:
Kg) =0 . {Kg-m) ‘
Tw #=10 100{200- 2
{Kg-m)
100L00 L 2
> v
V}/" - 0100k 9
- “\es
——t - Phy i
g et
VR
TN .
’ N 0 20 40 60 80 100
\ 50%4)
= ; Fig. 34-c. Example of experimental and
0. ‘/’g (% )60 80 100 theoretical values of tractive

Fig. 34-b. Example of experimental and
theoretical values of tractive
force P and drawbar horsepower
(PS), roling resistance R;, and
theoretical values of wheel axis
torque T, and left and right
wheel tractions R,; arnd P, on
the slope land.
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w .
(Kg-m)! i

force P and drawbar horsepower
(PS), rolling resistance R;, and
theoretical values of wheel axis
torque 7, and left and right
wheel tractions P,, and P, on
the slope land.
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Fig. 34¢-d. Example of experimental and

theoretical values of tractive
force P and drawbar horsepower
(PS), rolling resistance R,, and
theoretical values of wheel axis.
torque T, and left and right
wheel tractions P, and P;, on
the slope land.
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Fig. 35. Draft horsepower-slip percent
curves for various speed on leve
and side slope land.
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Fig. 36. Experimental and theoretical values

of rolling resistance R,, and theor
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different levels of sinkage Z.
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