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CCTRHWNME b7 7 2IX T TRz X ST, +<
L—2DERITL > TELNMIBOL OB KRS &
EZ oM 3 HEA/N S VNG h 5 2 2 BRRELIC.
ZOLTEHETIIELIRDBYITHS. COLIT V2D
—~ MONBOBIREZRNT, FRMELD 100mm
fEfBIC 500mm % T 5 B [N MBEITE % X5
iIcUiz, b3 7 2OFBO BRAIX, 0°, 5°, 10°,
15°, 20°, 30° D6ERMEE L, W 2HNTIHLD
AETHEMNIEREE, ZOEMATHSO /i i %
150mm £55 _EIF12REE & D B EERITHH B HE 2 AE
Utz. %4 ¥[Eix 1.5kg/cm2, + v —4% FEEIZ 50
kg TH 3.

IV REBEREEBER

(HELEE

I OEBIT L > TELNI ERRER RHEiF T &I,
ERAEIC LT RN 2FTERZHNT EERZL, W),
), @XHYEMIBOHELTE 1z, TOREERE2
FRICRT, CORRBR IV 2DAEDEAD W =328.2
kg Tix, HEA 6 =0 OELME ho =289mm, [,
= 460mm, do = 406mm %, FizA+ L — 2 HEFEL
1ZBEa0 W=2378.2kg Tix, 0 =0, v— MIB b=
0 OELNE hi = 343mm, 1§ = 431mm, d§ = 400
mm »5 AR —2DHEBEH T/abb b=0, 100,
200, 300, 400, 500mm DEAIBITIT LTI, d§ OEH
iz Zhzh 400, 413, 426, 440, 453, 466mm & /53
DT, IhoPThITNhEEILTTDH R, R, Ra
TRUTH B,

L THEAADEB L4 L — 2 DAIBOZE{LIC
X9 B EONBIIERMETEI 2, T2bb Ry =
I, Ru=1, Ra=1 L{FHUT ROFHEED 5HE2 T

JAESY ol

- _E—u
T1itdfﬁ—avz (13)
T, : ERAOEiCH e
Tl FEHTT
Ty : ¥RV —2DAE .
DEITHT 28 bl 9P.S.
iTE = = 328.4kg
% B L] i) 790mm
o SEEE L] B 1000mm
n: BHE Aid 24 v ¥E 238mm
o? 1 438G B x4 Y ER 282mm
WICEHNT p=1, /- AR EEL E L E 270mm
BB A G REA l4deg.

o FBEERED EREHL S

5 %R HARBEELLT 02=0.062 & Liz, COFHE
GERZE IR, BARICRT. TORBITHLUTERK
1 %OmMIRE2T/25 &, 2.58 X h/hdwv TOE
1, T1 Tl W =2328.2kg ® R BX Ra OLE,
W =378.2kg DR; B XU Rs DX, T TiX R
D& E 6 =0° 5° 10° 15° ® Rq TH3. thbd
X Ri=1, Ra=1 DEHVEHINBNDT, TOH
T E#DT A L OBBES MOEGIEX, +5 7%
DOEFPF L — 2 DNBOEIGITH U TEHHEE H TK
Hbh, 7—2DEFTOEMOEALH S X5 ThHBH
RERNE NS T LITE?.

F2R FRAKKIZ2BOMNEORCEIE

Wkg) | b(mm) |0(deg.) Ry R; Rg
0 1.00 1.00 1.00
5 1.07 1.00 1.01
328.4 _ 10 1.21 1.00 1.02
15 1.33 1.01 1.04
20 1.43 1.01 1.06
30 1.47 1.02 1.07
0 1.00 1.00 1.00
5 1.08 1.00 1.07
378.4 0 10 1.24 1.01 1.03
15 1.36 1.01 1.04
20 1.45 1.01 S 1.07
30 1.48 1.01 1.08
0 1.03 1.00 1.00
5 1.08 1.00 1.01
378.4 100 10 1.22 1.01 1.02
15 1.35 1.01 1.05
20 1.43 1.01 1.07
30 1.47 1.02 1.08
0 1.05 1.00 1.01
5 1.10 1.01 1.07
378.4 200 10 1.22 1.01 1.03
15 1.31 1.01 1.04
20 1.39 1.01 1.06
30 1.45 1.02 1.07
0 1.08 1.00 1.01
5 1.13 1.00 1.02
378.4 300 10 1.24 1.01 1.03
15 1.35 1.01 1.04
20 1.41 1.02 1.06
30 1.43 1.03 1.07
0 1.13 1.01 1.02
5 1.18 1.00 1.02
378.4 400 10 1.27 1.01 1.03
15 1.34 1.01 1.14
20 1.38 1.02 1.05
30 1.40 1.03 1.06
0 1.18 1.00 1.02
5 1.22 1.00 1.02
378.4 500 10 1.29 1.00 1.13
15 1.34 1.01 1.04
20 1.36 1.02 1.04
30 1.37 1.04 1.05
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—75 2.58 ThAREWN T O, Ty Tz W=
328.2kg O Ry 33108 W =378.2kg ® Ry D&,
T Tl Ry DLEE 60 =20° 30° ® Rqg THhAH., C
NHDMEIX Rv=1, Ra=1 DRHFMBEH SN 3. C
D55 R it TORIZE 2KD & dIiTRah, b
T ABERTAE ELEIEEL/RY, 6=30°T
35~45% DN E Is > T3, e F v — 2 DALED
i, 60 <15° T A v — 2B UHEicBE T 5138
Blikgh, 0>15° Tz oHD & Riciz->TW\WA,
Ra 1TV TOZE X, 6 =20° 30° D& X318 5% E
L 5~8%BENMERL RLUTWS, TD Rae DD
F— 2 RFICUTEERTSE, 0 BEINT AUz
T Re OERPUTOEMLUTN S, Thds 6 = 20°,

g3 T1 D E

Wikg)| 328.4 378.4

bamm)| — | 0 | 107|200 | 300 | 400 | 500
. , i
Rn | 12.238¥13.000%|12.804¥ 12.409¥ 13.301% 13.840% 14.379%
Ry | 0.358 | 0.407 0.451" 0.514 | 0.55¢ | 0.598 | 0.578
|
Rq | 155 |1.847| 1874 | 2.29| 1.773 | 1.715| 1.651
; : |
* fal 1 kTR
Fgax T2 D fE
6(deg.)| 0 . 5 ‘ 10 ‘ 15 20 30
|
Rn | 3.831¥ 6.360¢ 12.042¢ 16.721% 19.753+ 21.203*

R? 0.122 0.181 | 0.328 0.500 0.710 1.264
Rg 0.146 1,190i 1.298‘ 2.048 2.807* 3.243*

* fERRE 1 %KETHR

Ru
moP>D>eo

T 1 1 1 1 1 1
0 10 20 30

6 (deg.)

2K

30° icizB s, CTCTOHFABRERBLADT, DX
HigkERITE B EEZONS, ChHDERIX, b5
2DERRF L — 20Dy — MIBOEIIC L > TES
BHOREZENPKRE LD, 21 vRIEOHECHIHHD
vy A ORItk b, pIE#E BEENIEFAIC
SHUTEICETTRLRIDEELLONS.

FRL— 2T B C LTk AROMIBOEIIX,
h§/ho =1.187, 1§/lp = 0.937, d§/dy =0.985 & iz
b, HEMBELS5%ETHECOHEHMIL di/do DA
T, hg/ho BIO 1§/l 13ELT 3., £iT T TD
/NEIUEG NS 2 2 TREOE IIIHNI09% E EL7/55.
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BIEOKREBEETIE, b7 7 2 DEFADEILB X
TR =420y — FMEOEIMT L 5T Iy I3HERmAIE
BEREA— O oM, df O—EE by XD
bhigdroiz., TD5LB’HLN LTz di D—E
i3, BREEAZZEIZONDTICTE I ERAED
WO %2 L, hy OEILOAITHTS M5 7 2 DELE
P % ZLEDFHEY 6 BEf Uiz,

PEK D LZERD HENE, 1 Th~NzX5ic L. W.
Knapp 51k ->TRINBZ MLy FEELEHIDAED
SEELTVA, TbblDMERAR2 a &35

a= tanﬁ( Zz ) 1)

CDHEER Py ZRD X DTS,

Py — dy cosO — h sing 100

hrtanax 0

72120, hr, 0 2 0=0DE XD hy XK a TH
3., Wb 4§ I3—EBETH B, hy OHEINE & $iT
a OERBPT 3. FIETANIZLSIC, +5 7 2DH
BlE & iT hg 1ZEMTBDT, hy 2—EET B L.
W. Knapp LDEEFE LY EBEDO LT 7 2D HERIZ
BT 5.

F1z, b7 U 2 OFHEICE b Bk ER A TEEEE
IHARAEEE 25 DT, HERICOAERZERBL T
Fahidhidasn, Thabb, RAROHESEL
LZDEEDREE Pp IZRD X IITREINS.

Pp = dg cosb —hg sind — (dx — hx tanBx) cosO %100
hk tanfx

72170, dr, Bx 13 60=0, b=0DrxDxTh T h
ds, B ThHhb., 32OITRALT Pa & Ps OBIfR%
RTE
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BHE EHick2EMA L EEROERMEE DHE
Wikg) b(mm) | O(deg) | Q(deg.) Py Pyx | P4/Pax | B(deg) Pp Pgr Pp/Psx
0 54.6 100.0 100.0 1.000 53.7 100.0 100.0 1.000
5 52.7 93.0 94.0 0.996 50.5 92.8 93.2 0.996
398 4 _ 10 49.3 83.6 86.1 0.971 4.9 83.1 85.7 0.970
15 46.6 72.1 78.2 0.922 0.8 71.3 77.6 0.919
20 44.6 59.3 69.6 0.852 38.0 58.2 68.9 0.845
30 43.8 34.4 51.0 0.675 36.8 32.8 49.9 0.657
0 49.4 100.0 100.0 1.000 45.4 100.0 100.0 1.000
5 47.2 91.6 92.2 0.994 42.1 9.3 91.0 0.992
378.4 0 10 43.3 80.1 83.6 0.958 36.8 77.3 81.4 0.950
15 40.6 66.4 74.4 0.893 33.3 61.9 71.1 0.871
20 38.9 51.6 64.7 0.798 31.2 45.2 60.2 0.751
30 38.2 23.0 43.7 0.52 30.4 13.5 37.3 0.362
0 9.4 103.3 103.3 1.000 45.6 103.7 103.7 1.000
5 48.1 94.8 95.4 0.994 43.7 94.1 94.8 0.993
378.4 100 10 44.7 83.6 6.8 0.963 38.9 81.3 85.0 0.957
15 41.7 69.8 77.5 0.901 35.0 65.7 74.7 0.880
20 0.1 55.1 67.7 0.814 33.0 9.3 63.8 0.773
30 39.4 2.5 6.6 0.569 32.1 17.5 40.5 0.432
0 49.7 106.5 106.5 1.000 46.3 107.5 107.5 1.000
5 48.5 97.9 98.6 0.993 4.5 97.6 9.5 0.991
3784 200 10 45.5 86.7 9.0 0.963 40.3 85.0 88.7 0.958
15 43.5 73.8 80.7 0.915 37.5 70.4 78.3 0.899
20 4.8 59.4 70.8 0.839 35.4 54.2 67.3 0.805
30 40.6 30.0 49.4 0.607 . 33.9 21.5 43.8 0.491
0 49.9 10.0 | 110.0 1.000 6.8 111.5 111.5 1.000
5 48.7 101.2 102.1 0.991 4.9 101.4 102.5 0.989
378.4 300 10 45.9 89.8 93.4 0.962 41.0 88.5 92.7 0.955
15 43.7 76.4 84.1 0.908 38.0 73.4 82.2 0.893
20 42.4 62.2 74.1 0.839 36.4 57.4 71.1 0.807
30 41.9 34.0 52.4 0.649 ‘ 35.8 2.1 47.3 0.552
0 496 | 113.3 113.3 1.000 46.4 115.2 115.2 1.000
5 48.3 104.0 105.4 0.987 4.6 104.7 106.2 0.986
378.4 400 10 46.1 92.6 9.6 0.959 41.5 91.7 96.4 0.951
15 4.6 79.7 87.2 0.914 39.5 77.1 85.8 0.899
20 43.7 65.8 77.1 0.853 38.3 61.6 74.6 0.826
30 43.4 38.1 55.2 0.690 37.9 30.8 50.5 0.610
0 49.0 116.5 116.5 1.000 45.7 119.0 119.0 1.000
5 48.2 107.0 108.6 0.985 4.5 108.1 109.9 0.984
378.4 500 10 46.5 95.5 99.8 0.957 42.2 9.1 100.0 0.951
15 45.4 82.8 9.3 0.917 40.7 80.7 89.4 0.903
20 4.9 69.5 80.2 0.867 40.1 65.8 78.1 0.843
30 4.8 42.3 58.0 0.729 40.0 35.6 53.7 0.663
UTeis-> T, 9), (9, 9, 56 hy OELICHHT 3 A
a, B, Pa, Pp DERFHEL, hy 2—E & T 5 HimEt BE5RLD a, B OEREFA BENT S E0Th
BO ax BIY Pr KT 2R EE% Pax, Pex & WAL TS, Utzhd-» THEFTIIEREL LicEk
UCHB LTz, EIEMER %8 5 RITRT. LTV kit B, iz, a>F THEIDTER
BEL100% & T HEEDEFAIZ, 77 205D DFETAREREBIZFEEZER L D S ARNINT EWR

BE a=54.6°, B=53.7°, AL —4 HEDEFE
a=49.4°, B=45.4° rizh, a BIY B DEHED
Hix 0.825 XX 0.749 &725. ZHUE T2 2 DA
BHIEETEREROLRTTOT, TOX 5N b
77 4 TERARY - S BRCE2REEOBW D E K &

xh3. UizhS-T, L. W. Knapp 5DERITE 3%
£ Pux Tl hg OEILE DT b, EBEOESE
R Pp EDERFKEVDTHII 7 2DEEHEIE Ps O
FRTRITAIER S0,

X HIT F Ik B A A B L T 5 K & FICDONT
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Pp/Ppr Ot 75 7ITRTEEIRDLSITTS.
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EDhh B, ARV —ZEFRDE DM FE IR E
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ERHET CREFICL AELE IO 2EER LT

1.0+

500mm

,,
P

0.4F 150
b=
F
0.2F
T L . \ .
0 10 20 30
8 (deg.’
%3

NEm b, et R — 2 EETRBEICEEE
BFD URBRERZDT, TR REE M ESE
B2, AT 7 ZOBEFELIIZA v — 2 DAER
JOME S H 2 EINICEET 2BEBD 5.

VvV i £

NZ 7 X IERIEOR B NS — S Th B ToDICERRR
HEHEESNH Y, IhPCTIREIEEERS B &L

THEEBOELMNBICEIT 25TEX2E N, TOERS
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DEGRRD, & 5/ NEIE k5 2 42 2 AN TEOH
BOBERTRN T 2 2 DREWBHE U
ERERIROE ) Th 5.
1. N5 2 2 ESADSEINT 21U > TEOLE
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O LR LN 5.

L2, ARV —SEROEXIE NI I EDADE SITHA

TELMIBIRNI%E BTz,

3. RERORREZELEIDEL DA T &2 b,
L. W. Knapp O/RTZHER Pix & & IEEEHAR
HEDHEEE Pp L TIIKREREVND Y, EBEITIZE
ETERINZITER S0,

4. 2. TRUNZELEIDEILTIZ, b5 22DHD
BAD Pp iTiTAARV—2 HREDEED Pp D
Hi%0.749 &7z b, F L — ZHBIIT L ALELKDRE
DREARE,
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Summary

The 4-wheel tractor is very similar to 3-wheel type car in overturning caused by
one hinge point connecting the front axle with the chassis. The critical angle of static
side-overturning of the tractor can be determined by location of center of gravity,
tread, wheel base, and height of its hinge point. The stability of the tractor on a side
slope is essentially related to the critical angle vesus the angle of inclination.

In this paper, the stability of the tractor is investigated experimentally using the
small tractor, such as how the location of the center of gravity is influenced by the
position of operator.

The test results are as follows :

(1) The Location of the center of gravity of the tractor is apporoximately equal to the
calculated value in the logitudinal and lateral direction but increases in height with
the increase of the angle of inclination.

(2) The center of gravity of the tractor increases 19% in height by having an operator
riding on it, and then its decrease ratio of the stability is equal to 0.749.

(3) The stability loss increases with more ratio than the value calculated by the angle
of inclination. Therefore, the more effective locating of operator and additional
weight should be inverstigated to prevent the overturning of the tractor.
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