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+ Prz)+sin $4as + Rz, + Re, (1-36)
Fie PO zy, 22 FEICBTHIERENS P Py,
Poz 13RO X DK FEE R
Phan: PO x-2 FECHTHERER2 rr e o
e DR
Ohap: PO x-y FHEICKTHERE~7 1k x
il & DX
Ppazy: P o x-y PHCXT 5 EA
Ppazy: PO a2z EEICHT5EA
SEETHZ LI kD (1-37)~(1-40) RTh - THRES
Nab,

Poe = P+ P:? (1-37)

Pzg/ = \/Pzz‘i‘Pyz (1—387
Py

tan ®pqy = P, (1-39)

tan Pz, = 7 (1-40)

Lichi T b5 7 & REEROSSESY ), b P
DX E X3 1-41) R TEDL B,

P = P+ Py +Pe (1-41)
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Z0 L EERIER T P OF R (1-42)-(1-43) RE e B,
tan P pa2y = tan Phaz*cos Phay (1-42)
tan $pa3) = tan pasn * c0S ¥haz (1-43)

1-f ARERHOERLE
2z T z i EFFAEINC L - TRA O efffT
BT —2 v O M) XKD X DB,
2 Myazy = T730 Pragy cos $ran
+EL3- Prqzy-cos Prax
+ ER3+ Pray-cos $man
e LT 2~ Pl T 2 i & P70 X » TRE O
CAERT 5~ 2 v bR DMan i3, (RO X 5
05,
2 M3y = TT1+Praz)ssin P1(12)
+ ELy+ Prazy-sin $4a9 + ERy» Prasz)
+sin 97'R)12)+EL1°PL3+ER1'PI;:3 (1—45)
¥z 2y VT x B EPITHRINC X » TRA O fE
B35z — 4 v 0 2 M i1
2 Me2y = TTyr Prasyscos $pamn
+EL;z+ Praz)-cos 7y
+ ERy+ Pr(13y-cos Phas (1-46)
MR UC x-y PE T v B & PTRNe X o TEKE O
CIERTAE— 2 v OB X Mya 1%
2 Myazy = TTh Pras)-sin $has
+EL;+ Prasy«sin $ras
+ER;- Prusy+sin Pz +ER; - Pp,
Lieds » CTHREEHT) P O SEEE (Xp, Yp, Zp) i1
R (1-48)~(1-50) RHHLIRE S H b
2 Maas) + 31 Meas)

(1-44)

(1-47)

Xp= ya (1-48)

Yp = 2 My + 3 Myaz) (1-49)
z

Zp = 2 Maas)+ 25 Me(i3) (1-50)

2 LTARBIEH) P (1-41) &, Hin (1-42) -
(1-43) X, fERAIEIL (1-48)~(1-50) Kiz L » THREX
3,

B-2 HASAEVF

I3 ey FNIERH T X IS hTuiey,
Wi D BEEERRETORB - EIT 5,

2-a UVIERAD

WERHE 3R e » 72 HRBHCER TS E B, 1-a T
BE E R IEEER INGIBE » Y v SN OIEB) AR
Re&icbh, % CLD, CDR 2L, R % {12088 Lk <

£BHDT, TRERENLNEDOZEZELZT IV L
Zinh,

Pr: THJMNAFENRS Y v 271ERTD

Pr: L ATiEhs ) v 27 EHN

Pr: REHIMCATENhD Y v2ERN

PLﬂ: ML2=0
P}aai M],?z:o
Pr;: Mg, =0

2-b BRIERHOSH

BEEST P osyins (1-6)~(1-21) R h kDbh
TEEATESTE Y v 7 D) Re, R, Re 22 b
KDL HIEDLND,

Pr= Pp (1-51)
Pr=R; ] (1-52)
= Rr (1-53)

2« ARESDHOXZSLARH

P o 38 DB/ T Po, Py, Pe ik (1-51)~(1-52)
REEBLT, (1-8349)~(1-36) ReFHTAHZ LN TE
%o Lo T 5 7 2 LIEEBE O FBEEHT) P ©
REX L (1-44) X2vb, T oAL (1-42), (1-43)
RrbREER S,

2-d EREHOERLE

P DY SIS (Xp, Yo, Zp) 13 L5 EF LS (1-51)
~(1-53) REBETHF (1-48)~(1-50) Kb HRDBH Z
EMNTED,

DEAET2 L, 34Y vre, FAHBETRET
FHENIBED Y v 7RO M 1L (1-51)~(1-53)
AEBIE, MENES Re vy FBITD ) v 7EH
OBVt (1-1)~(1-49) @B L5 5 & &
PELMC Sz, BETHIEEH 3 S v FolFX
HEHE 3 S v FONFRCRT LERTBEE EELD
ZEMTE D,

C 3mEevFHITASIAE

P &3 Ay FHTALEH OB R T, 19534
I. C. ROGERS and G. M. JOHNSTON (H#E) &z X b
WEY Y v & —% 38 v reBifv, FElyr—conig
RfE% 16 mm BT X v T oS YR O NEY]
LERTWBEY, ThhhbbT oo kit 5%
PIEDEFE BB TE LIRS EETH DO, 2l
EBORIER L O F ORI 7 b R L £ - C
WAHTZ ENRMEI RS,

BIEF T 2~ RADRCHEROMERELEER TS
EHFER B P T2 £ 3 Ee » FRIABHHIL,
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FOJIBEREOERE L5 2T 7 7 L — 2F (Sub-
frame type) * ¥ v 7# (Link type) - ¥ v 7 & v
(Link pin type) ® 3f&rc kBl Xh 558,

C-1 %77~ L% (Subframe type)

ORI TCK D SEHAERIR TV,

(1) M. NESTROVIZ (1960 4F, =.— = A5 v 7) H.
SKALWEIT (19614, 7§ K4 ) S L 5% T, b7
7AYo BARY F S ARENLY MR, YV
IR F I 7 v — AR HAIERN R 52 2 T
PR ER IR, S THAFIIERMELLS £ T3
LDTHY, EHRIhE + 7720y v 7 RAHEE
B & LAY,

(2) D.C. SCHOLTZ (19664, 7 7 U A)ix b+ 5 7
& CEEMIC 7 4 » 2 7 7P e—REOHMERE
BELTC 2hick b3 ABINOMERXTRbALL
Foo FHEWRTNRE LT 0 & LFERE OFRIEAEEE
{729,

3) FERORTEETZHE L, FEERATTATIN
EEL LS & T5RAT, R LAL (195945, 3E) 1
TIUDERE v FEL VIBLT IR AT 7 P ERH
WEL, NEFHREBL LTHEL %, ThEEEEA
YOERL & AT B0,

IhBITASIEH el L CIEf Lz A R, HE
TR DEIEDIKRA D THOEBECZ ERRTLNRAK
W, 77z FERRoTRERIRP I VEBLD
ha, (W ASIE 1 Hcgdh S wllENE OBt
Fito TtV aLon, ZoZ LRRBCERIEEDS
BT HEBENIOMEENRVZT LD EEbRS,
Fi, QEE IR BRO D3 4Y v 7 0FEE)
HWHESHR E D 0T, (EEROBHIIHE IS LD
D, Bovagvavier—LL, F57ravip—L
B AVORB EVOFIER BB L &R T
Wb,

C-2 Y493 (Link type)

Y v R E R T2 203 EY voRERTALO
T, ZOBMRIBEBEHIIEL VI THELR, o+ 7
7 2 LR L OB T EA TV S, L LIERNO
KFEDIICTH BT A NERETHEE, 3 KRITZERC
BIAKY v ORBRRE LIRS T, 0%
DOFEE RN OBHEEES RSB LB IV
Y v i RRAAMER T Y6, ThoDOEEYE
TiE2 e s LOBETHNEDD D & LENRAHRO
KRB EENT WA,

ko b Z OBERTITAGINBIEEE L LT X

DL ERERIENRO—FBE UTHRShCE L
zbhb, S. ORLOWSKI and D. WOLF (1963 4F,
Az ) 2T OFRAE VT ER LR AT
NOZIeSFTIES] - WIFJ) - b7 7 2 ~OERIEHD
DREE < Jjf - fLERESREL > 52, KEEOFHHI
KRz 3 2 SIN hh#B 2 585 &, FRANKRTALD
LT T A3 BEHTH D - EEBH LB,
C-3 Yv 5 YA (Link pin type) |

R. THIEL (19584, B N+ ) 13l ) v 7 & v s
EHACOT R — Skt Ui RIS OBISBI%E
BT Tb, fEEBOTASIEIIC IS 57 2D
FASIARIRZ ORBRD Y v e v X il e — 2
v ELTHRHSh, BFASIINMERAO—2 & LTH
EINDLDTHD, BN bBEMEATID 7
BOBEET IV 0Ty —ComEEY v IR
AN Lo cofe o et LT AR Th
ZRFGTEBIB L, BESDRMUES et LToh
bOEHEBNEE L 5 5FE8H5, ATRROWER I
%ot A. R. REECE (1961 4f, 3tH), D.C. SCHOLTZ
(1964 5, EE) ww X v#EDBLh T2, HEMBELE
IRTOLERFOBEENPHLUKE VDT, RIS
AFINEMET HSRMOMERE L > THEYE2 D L
EhCd, TOBEEIC X HBRZEOMEN B X 2T
nE, Y v e v BREERTASIRHE LCERRE
ThorHEIhzen,

#2& HAE3IREyFRIFASIHE

A B W

FABCER LM77 v —a®, v v r®8 Y
v VBT R Zh OB - T\ 525, Bt
ASINDREET BT AN EHRETIHEC 5
7 2 DEYGEMPIH A 70, MR LT Lavh KREIEE
BT 5 ERTE, 1EERRTY v 2 2MARLTFE
BLT2HETh, FASIIERIE LY AL LM
EBERPD I CEBATRETHD &5 Kbwfiz T2
TEMREE LV, 20X RS AER VT,
Vv 7 e VBIFABINE A CTFROBE A2V TE
WERTsE & R L7,

(1) WEOEHFHEEEouE Y v © v Tl
E— AV FRRTLSE, WO TAR s - onRFECK
FILICOTHEEHRE LS %0

@) EHAMEICS TCTAFINTHEKRELGNE ED
BEOKE - ERETREBLY B2E w548, Tihbb
OF %7 — CHATTIREE OB OWT
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(@) VvrYvE ) v BT IEEHIITeb
BHEEE TR T B ITHEIC T

) ) B LI LT E—2 v OO
£ ERBERTHHNET @&y v/ ¥ VIRERED
z &) OTFEE N SBMCET 553k 2T

(6) k¥, Z£ - AT MOFHUET O OT R
EEELLTHEBEROVT

(6) 3EOFHMFETEHOBRMINES B2 T

B FASIHAREECERHLUHEE

B-1 JEEE

3EV VIO LTy AUERH SR AR CIGE L
T, BIE D FEREHEY Y v2emes s, 2hb
HHEZE LTV vz v EE5) tiFodiaridtTs,
TV v EVOBERCOT RS — UR N L CER
BT HADIE, 0T A kf Li-BBERHE 225
n, FV v IRbATASES E LKL RE
TBTHOENTED, Vv EVRiift&hic4iRo0
T — COMMIE &, Zhic X DR S h D B

Measuring element with four strain
gages Ry, Ry, R3 & Ry and bridge for
force measurement

Fig. 2-1.

4 Fig. 2-1 ik,
Fhbsky 7EIOF — ADERNL

i=i1+iz (2-1)
(R4 Ry) iy = (Re+R3) iy (2-2)
= TR (R KT @)
R+ R+ Ry
= Ryij— Ryiy (2-4)
DE4R»S & BHETE
"o RiR—R, Ry 2:5)
RiRy+ Ry R3+Rs Ry+RyRy ¢
T
Ri*R3 = Ry* Ry (2-6)
PPOL LIRS T
¢ =0 (2-7)

(2-6) KDL& LTk, EAEEIK O (Balance)
HnEhikEni,

WEPHEREC B B RBAFC S TOT Ly — o
DT REZCRAE R 2% Ri(l+a) (BL ey=4Ry/
Rl &33) w5 & HIERE e 12

b, R1(1+a1)R3 RZI{‘;

0= Ril+an) Rot Ra{l+ay) Rot+ Ra Ryt o Ry €
. R1R3+a1R1R3 R2R4
- R1 1€2+R1 R3+[€3 R4+ a(R1 R2+ I(l 1{3)

~ T RIRY (Rl Ry) T R R T Rl o) ©
(2-8)

EhD aCbHFT B Efcay EOTRe DRy~
RThornbOTRMT A Liwdind (F=2/c),

ZLTHER Ry, Ry, Ra, Ry M3 RCOF 24— TH
- T (2-6) RDOFLMHHALHE R 25 Ri(1+a1), Ry 7% Ry(l
+ag), Ry?s Ry(l+as), Ry Ry(l+as) ©E{LLIZE
T5 EMIIEE e 12

Ri(1+aq) Ra(1+as)— Ro(1 +arg) Ry(14ay)

0= Ri(T+an) Ry(I+ag)+ Ry (T+ar) Rs(1+a3)+ Ra(1+n3) Ry(1+aqg)+ R QFa)Re(l+ay)

_ Ry Rs— Ry Ry+ Ry Ry(ary +ag)— Ry Ry(ap+ay) e

Ry Ry+ Ry Ry+ Ry Ry+ Ry Ry
UL BIiE RiRs=RoRy TH B

e = R, Ry(ai+as)— Ry Ro(ar+ay) .
= R .
Ry Ry+ Ry Ry+ Ry—5~ 1 R 4R, R}gf
_ _aitaz—(aztay)
= 2R R+ (R/I) "¢ (2-10)

BRI R, Ry ¥ —2D0FLRORL Y, Ry Ry ¥~

(2-9)

OFROREEF Licb Dbt s 2 Licin s, R
Ry, Ry 7= 43 Ry(1—aa), Ryl =) 72 B IERGOT 3k
R B O THAEE 01X
o ajtasztaztay
0= 2R Ry)+(Ry/Ry) "¢ (2-11)
Lizdso T, WE BRI ON2Mb Y, &5 — o
PLOFRE D ay+da, aztda, az—da, ay—da LT
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LCh, TRy SHRolIani b, (a+4da)+
A48, (az+da)— 48, (az+da)+ 46, (ay—da)—48 & it -
TBER BT, HRICER & LT R s>
ZER D,

L, &7 — CREERCTEATRESL b ETH
THDT, TOEEEYENL 35 D.C. SCHOLTZ
DB LIch S, 7 — o D MHHETER OFestH hib
=2&THZER LT,

73 2-11) RNIKD L O WHEWTH L EMNTE, T2
CEE Fa—EDLD LT hiE

=" =¢F; (2-12)
T e OTAEOEFR
e OFTBE - SOFTHOTH
F: r—o
$: HHIEE

¢ B S CEBREROMIEE e EHMNEE ¢ LOlkT
FHLS>5Z ks, WHZ OMEE 1~3mV/V ©h
DTS EHULELTEHRINIBBeATHL L
o T B3,

B-2 HREF

2-a  EREHESf

A 77 212, FHIBEFORMBEL LT EhbE
ZEFEEIRSEIEE o David Brown 990 Implematic %
BE Ll #OFEHTA Table 2-1 wiid, SHIET
OB B, ThlERATHRRMEITEER 5
7 ZVERERBRPUREY BB L THC LIt L, Table
22 X HBEIER I BB L TR N 3 7 2 0 BT
AB1JI0: Wmax=1500 kg ##E Lic. 5l s 5 7 2D
3RV v 7eyF ik BS Hkor7 =y — 1T %8AL

Table 2-1. Main dimensions of test tractor,
David Brown 990

Engine power (ps) 52 (catalogue)
Total length (mm) 3230

Total width (mm) 1790

Total height (mm) 2120 (steering wheel)
Wheel base (mm) 1955

Wheel tread {mm) 1320

Front wheel dia. (mm) 745

Rear wheel dia. (mm) 1385

Total weight (kg) 2257 (with weight)

807 (35.8%)
1450 (64.2%)

Front axsle weight (kg)
Rear axsle weight - (kg)

Table 2-2. Test results of David Brown 990
by Hokkaido Central Farm Experi-
mental Station

Concrete  Soil
track track

Max. pull of traction (kg) 1370 1200
Travel reduction (%) 50 100
Coefficient of traction (—) 0.59 0.54
Engine speed (rpm) 2140 2200
Drawbar height (mm) 460 430

T35, FASINHANEZRBERORHRECH
Jgi e
E#Yy vz e R 191¢—-254¢ (A5 =) — 1)
Ty vz vB 22402240 (A5 =Y — 1)
FRATHE L Lk, RiCHRFH EBEB Licme ST
BE

1) VvV IEMRTFROBBINC X B HEENEOEE)
BRIHS s lco ot e -2 v EBAREY, + T
7 2R EFREO VB THOE SRR &L LB,

m) MEEEEACTTASIE A ERT 52 &%
Bigd LTW207T, 3MEOET TR EREERT
B EHAE LWHE I ERER OB IEENF— &
BETThHB, ThbbI I TOTHREIREYE 2
PERE LS, COMKOE 1B L U EE!
HWHEFOOT Ry — SEEMTHEME T BT 5 MFIe 2%
LSELETNTbiov,

) O E - OEAHRRET & 5 BB
o, MR OWEEER S L, MRS El %% 2
%L ORI hb=2 LT 5,

=) BABINEELSETES L5030y — o
HEOBEMRBER TR ThBT &,

2-b TEHURFOMRE

(1) EYF

Ty v AT TV - T ERFHLTVLADT,
Fig. 2-2 wiT AA WiE OBERIL d1=224¢ ThH%,
Y v OFTNOEMRFHLY, THY v 7 € VvREK
1500 kg DESHHESMERTH IO LR EEL
THEHELYTR S,

B F=w-z (2-13)

iFe—~x b M:é—w-xz (2-14)

Wi AA BT BT E -4 v r Maaix
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w
C l—
b
1 PR A 8 |
R SR S RN R
|
A B
B )
§W—r—1Y
— l2 —
Fig. 2-2. Dimensions of measuring element
2
Maya = %ll— (2-15)
TZe b E#ERYUoEMEX (mm)
wi EVEEE (kg/mm)

ﬁ%ﬂ‘ﬁﬁmﬂ?ﬁﬁ%ﬁu Z=nd?32 THDHIEH AA WH
CIERT BTG 0aa 12

_ Masa  32Maa 6wl
A= " T T T dE T dd
il =348 mm
dy= 2249
w = 43.1 kg/mm
044 = 23.6 kg/mm? (2-16)
AA BRI OBIMIIG S ca4 2 F OWEREE A LT
oW 4w
CAA=TAT T TR
= 3.81 kg/mm? (2-17)
Uieh o T AA BITE ORI ZETIRTIL T teda 12
-
TeAd = \/X'Gﬂ,ﬁ‘[‘im
= 124 kg/mm?

(2-18)
7)) OF Iy — SRR '

1 EOEFEE (W=1500kg) WT&HY v 7 L voFE
MFEFRIERTHLDERERL, 220Fhy — iy
- AR s LCTEEHEY TR 5,

F=W

BIHE
HiFe~xvir M=W.z

BB Wi s 58 € — 2 v+ Mps it
MBB = ‘/Vlg

ly: FNEH, BB COBOEX (mm)
BEsit Uic X 5 e BBBECRER S h s Ith s AA WiTE
CRTDIES) 0aa EFELL 12D L5 ops REDD HE
MHbD. LIchA-TCopp=236kg/mm?2 L LCy &b%
DML ¥y=55 mm, h=24 mm, b=48 mm &7 %,
OF By — 2 ghft e 8 31 B IS S ose s L O°
KEOT & ¢ POFRMERSE A 21 x10tkg/mm? &4
iz

6W 1
756 =z %5 (Lh+y)

=146 kg/mm? (2-19)
. 9se¢ _ 146
T E T 21000

=695 x 106 (2-20)

o) BRATEREhER
EE EREBT LT BBEWWC RS @RI
L4 236kg/mm2 Y LTHBZ EENEET DL, EE
a7 P AL I OER VA &
QZV%WQ

ORB* X
=369 (2-21)
2-¢ EWHARFOBE
EEREHSRF O IR b T EEHIZE T SRRl U i
Wl & L7eD CHEEEHENA L 2-b LA TH B,
1) BTV
l{ = 49.0 mm
dj =254¢
W = 1500 kg
w’ = WJ/l{ = 30.6 kg/mm
TG o4 = 23.8kg/mm? (2-22)
BUMIGT) 4 = 3.0 kg/mm? (2-23)
Wz AA WiTH O HX 3TWE
te 44 = 123 kg/mm? (2-24)
7)) OFh — OB
o5p=238kg/mm? & LEDMEILR LA FEREC h:b
=2:1 &3hiE
3/3Wl
By
=21 mm (2-25)

b=

W y' =25mm TCl= izl—-l-y’ = 495 mm
b=21mm, h =42mm &5,
BBEH®D tpp=1.7kg/mm? T 5 H5HHSBINIE S
TéBB 4
(2-26)
OF %y — S Hf R 3 B BT IS ohe 3 LU
HOT & IERRAERDON D,
Ry 44

78 44 = 12.0 kg/mm?

oha= "5 — = 181 kg/mm? (2-27)
4= % (#{+y’) =375 mm (2-28)
o ke 18.1

I86 - o = 86104

¢ = "F = 31000 (2-29)
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ohe=181kg/mm? 3 FHFHHEF OO TR —

TG ose=141kg/mm? L b k&<, LkHo
TR—FEDS & TFHFHETF EMFEIeE LT
B, MFE—2 v OMOEX hikD X 50BE
THITRRE L e %,

_osah®  14.6x213
l{—1ly=1375-301 =74 mm (2-31)

DX EFGHIFRT 00T 4o — SR R % E
FHI~ 74 mm BETIEL, B—WECSCTE LV
FISHPEREEhG = Ll s,

) TRA R
opp=23.8 kg/mm? B U-CHMIRR d} #RD5 &

%:Viﬁ:ﬂm¢ (2-32)
b
HY = ATy -y (FRGAETE K K 8)
[EFEERET] (PR T]

W % P108 P108
7Y BEi—5y — F Bfi—Fy - §
F— 2 ExIg 8x2 20x2.5
N AEXIE 20 % 65 40x9
O 120 0 120 2
y— U8R 2.05 2.05
S TRYTNT
B-3 AEER

3-a TFHREORRE
BROOTRFy - BACT, chbOFLyr—2o
BUROT RO, %% TR D o WEa @
EBNBFEE LTRE—DEBREROEF AT L
= ORELDAA T 5 5 (Bhak), EREREEO
FORIRLEE L 5HE, BIVOOTRS— 2 0EF -
BRI X A HEO 3O BET bR D, & T Tk
BUAFEICBIRIE <, A OREREVARNT A L LBk
BOF R — > BEF] - XFIBERC VBB,
27— 2 2 oW TR ERIO G5 3465 0 TEEir
OFBr =2 SEDOHI DN THFAR R D = L e L
o (Fig. 2-3 £1R),

A1) EFER
ChRLAVBREEERD X HCED B,

Ry, Ry, Ry: U545 — v Ol

ARy, ARy, 4AR3: OFAFEHRDOT Ky — SifH

fEDELE

Ry Rz R3

SERIES CONNECTION

PARALLEL CONNECTION

Fig. 2-3. Tow example for bridge element,
series & parallel connection

F, B, F3: OFT&75—-UX

e, €3 &: OTAY ~IRFTTH0TAE
Ry =mR,, R3=nR,
Ry—— R+ 4Ry, 4Ry = R Fi¢;
Ry—— Ry+4R,y, 4Ry = Ry Fyey
Ry—— Ra+4R3, 4R3= R3Fse3
Ry—— R4+ 4Ry, 4R, = RyFyey

LR, B Lo B by
AR AR +ARy+4R,

R T R+R+R;3
_ R1F1€1+7)ZR1F262+71R1F353
- (14+m-+n) Ry
Fiei+mFses4+nFse;

- 1+m+n (2-33)
TETROTARY DD r—CRBHRELL, F=FR=F
THIUT

AR g1+ meg+ney
R = 1+m+n (2-34)

ER VA LTHOT AR — o ELE L m=
n=1 TCThhi¥

/.i{R —F. el+632+53
EleB,

LI o TREO (2-35) Kb 3D OTFRr — D%k
ISR LB, S0T47r~on%id 50480
SEMfEEBH LS B 2 LRI S,

®) WFER

FRT BT CAN R L DLTE, R
DOERIETIESE & "R R E L, »oEMS
HDTHLLLD, DTFLy — oK F=Fi=F=F &
T 5, A LTRE LBt oZbt

(2-35)
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- (Ri+ AR (R4 AR)(Ry+dR)  RiRyRy
AR (R AR)(Ro AR+ (Ro+ AR;) R+ AR+ (R + ARG (R A ARy R Bt By Rt Rk
= L RiRRy T _RiRRy

Ry Rg—i— Ry R3+ Rz Ry 71<1 Ry+ R, R3+R’3 R

(R1+R1Fél)(Rz-i‘I(ZFsz)(Rg-}—RgF€3 o

TR R Fer)(Rot Ry Feg) H{Ry+ Ro Fep) (Ry+ Ry Feg) H{Ra+ Ry Fea) (I + Ry Fey)

Ry Ro+ Ry Ry + R3 Ry

R Ry Ry -1

R}-mn(14+Fe))(14Fep)(1 4 Fes)

T REm(+Fe) A+ Fe)+ Remn(l+ Fep)(1+Feg)+ Ren(1+ Feg) (14 Fey)

« R+ mn+n)

Ri-mn -1

4R Flmnei+ney+meg

R =~ n+mn+n)+Fm(er+ea)+mnles+es)Fnlester)l+ F2Z[m eres+mn eqea+ 1 ezeq]

F2{mn+n)eyea+{m+n)epea+(m+mn)ezer)

+ (A mn+n)+ Fm(ey+eg)+mn(eg+eg)+n(ea+e)] + FE[m ereo+ imn epez+ 1 e3¢1]
F3{{n+mn+n)ejeres} (2-36)

+ (m+mn+n)+ Flm{e,+eg)+mn(es+es)tnlezte)]+ F2Ineiea+mneges+n c3e1]
CCT el LREL, BThHD c D3FOEBIUHRICH S ¢ D 2 ROEYEM LEH A FITT 5,

4R F(mne +neyg+mes)
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+F2.

(m+mn+n)+Flmn(e;+eo)+mnleg+es)+n(ez+ey))

Flmneyt+nestmes)(im+mntn)—F2(mne+nes+mes) {mley+eg)+mn(eates)+nles+er)}

= (m4+-mn+nP—F2{m(ey+eo)+mn(egteg)+n(esteg))?

{(mn+n)e eot+(m+n)spezt+im+mn)ezer} (2-37)

+F2.
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FROE2FEEHE 3R By LCEET S &
AR —F mne1t+ne+imes
R —7° m+mn+n
2. (m2n + mna2) e+ (mn 4 mn?)s d+ (mn 4+ m2n) e§—2mn2+ 16— 2mn epe3— 2m2n eae, (2-39)
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R~ F- mtmn+n (2-40)

Lieh, WEROTARY - CoBHEYELL THIL,
FgiC m=n=1 L5615

4R e1tegte
'R (2-41)

(mAmn+n)[(m+mn+a)+ F{mlep+eatmn(ezt+es)+nleate)}]

&b,

Tz Td (2-35) RAE 3MOUT L — v EHlE
LIS, #0348 — 0%} 50T ABEOYYE
ERE LY 52 ETEHI R,
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TR ZhT WD N T 7238w » FHTATIN
Frct s o s MEERIEEE DS b, ThLholm
B BGc o TR MARBIROSB S Ui

1) R. THIEL O (Fig. 2-4 $£8)
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Fig. 2-4. Strain gage circuit and bridge for
force measurement by R. THIEL
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A.R, REECE & D.C. SCHOLTZ
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BASIC ADDING CIRCUIT (left)
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Fig. 2-5. Basic adding circuit & equivalent
circuit by A. R. REECE and D. C.
SCHOLTZ
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ZAbh AL, —HOOT RIS INE KT & R
HLUEAWMEN IR TWEDT, FAF|TEREEER
Vv OKERS BB T S TR To o T B,
FEEE S OB EIC T 50T AU IBREL KT
LB, Bx OBEBERA~AOHNNEEYELEwB
X DMNEEXE LB S L5, BERACERE
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RADHEY LAL

CROSS SHAFT HORIZONTAL
DYNAMOMETER BRIDGE

TOP LINK
DYNAMOMETER BRIDGE
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(CH-2)

[—
10V ZKC1
{E( CH-1)

CROSS SHAFT VERTICAL
DYNAMOMETER BRIDGE

e HO

TO GAUGE VOLTAGE
SUPPLY
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Fig. 2-6. Circuit diagram of connections
between the top dynamometer
and cross shaft dynamometer
by RADHEY LAL
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Fig. 2-7. Adding circuit for 3-point hitch
dynamometer by H. TERAO
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Fig. 2-8. Out put characteristics with
direct load
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Fig. 2-9. Special jig for loading and top-pin
dynamometer assembly
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Fig. 2-10. Out put characteristics with
special jig
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Fig. 2-11. Out put characteristics with ball
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Fig. 2-12. Out put characteristics with ball
joint for David Brown 990 tractor
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Fig. 2-13. Out put characteristics with
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Fig. 2-16. Calibration curve for used with
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Fig. 3-1. Link-pin dynamometer. Improve-

ment were maed on a few points

ARRCOVWTORBEBRNS Z LieT 5,

B HEITASIHHORIE

B-1 ®IFEE

AR B TR IEFRR AR T + 5 7 2 K%
CHAFTIRRECIT 5 T L 2BRI & LTW5, ZhET
T A OBIFCIIAE 3ton OF 2 - v 7 v v 2%
FAvCuwicd, £ v 7 ZEoBmEER I, BiEE
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Fig. 3-2. Calibrating apparatus to load each
pin dynamometer
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Fig. 3-3. Calibrating apparatus to load
3-point hitch dynamometer with
cross frame
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Fig. 3-4. Block diagram on calibration check
: adding circuit, B: gain adjuster,

: dynamic strain amplifier

: pen write oscillograph with preamplifier
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Fig. 3-5. Strain out put of each pin dyna-
mometer and its non-linearity
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Table 3-1. Adjusted out put of each
pin dynamometer

non-adjusted adjusted

Top pin dynamo (1075) 1290 1ch, 1105
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Left pin dynamo (10-9) 1065 2c¢h, 1125
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Right pin dynamo (10-8) 1100 - -
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Fig. 3-8. 3-point hitch dynamometer
out put characteristic
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Fig. 3-10. Rolling resistance of test tractor
on the three tracks
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Fig. 3-11. Check of 3-point hitch dynamometer
compared with the trace tractor method
on the concrete test track
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Fig. 3-12. Check of 3-point hitch dynamometer
on the concrete test track
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Fig. 3-13. 3-point hitch load and link forces
T: top link force (kg)
R+L: lower link force (kg)
F: load acted on the cross frame (kg)
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Check of 3-point hitch dynamometer
on clay and loam soil test track

Fig. 3-15.

&Ly ERlRE S 5% DNORELETS L3S
i OMHBIRERIC B 5 & L2 MB DT, EHMEAShTY
BEU—A« 2T 7 RETHSTh, Hbo CHIEER
FHEE LT 72 202 AR VIEH Y IERRD i)
v, EEREEBEOTASIBREZNET 2 - EAFHET
BB, Lo LEBORBTRWTHABER I AT AR
DB OWE LRI A AL L, Do r ORER—
Vil LA e BE AT AS | e VIug,
ERBEEE LIzt 57 202 AR DS ONERNE
L d, AR ANHRHANE L TR 5 2 LM T
EDLARFZEY v vy (FEEBMD»S ZTEE »
FEV) Wk o TWBIFAFIBEEERS D2 MEL 5
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BEVHEFIEAET S, ik, BAGIBCLBIARY
EHEFEST AT ER 2T TH B2, O
BB LT, AE LB U TR D B e
PR

D E #

1) B2 T~ 3 e » FHAF BT S
BEHIRT £ 3 5 Y v 7 OFHCHMRI 7 KB 2 5
RIcDT, ThE¥B L, TOEREHUFETFOOT
LI B G N IOER M B BT R W OIRBERIRED
500 kg LI LR T £5% CTH - 12Dz, 300kg
PEofSc T £3% EHRBOREVHL HhiTB D5
i,

(2) HBR I h e FHIETFOOT A D
X, ZNECEEHCRD T3 s » FFASIHE
DELE R % B—H R D % 1o 6 3 h A EEIE A T
LY AV OB R ST S RE 2R D1, £ Ok
BRFABITEHNIY T 7 203 S » F R HHETEE L
B A S h A EEBIC B LTz, 300 kg LI EoFt
HERIC B\ T £3% LN ORE ClET 5 & & 23R
ThbT ENEIDBLRT,

(3) ERHEBRI LTI Vv—R+ 77 2ERHNT
OB 21T - 72,

M) 2v7)— B LEEBTIA3EHe w FHES P L
— A« } T 7 ZTEEORICIAT A EECHIET S
R 7 2 2D AR HERBNETHOHT, HE -
ARTRORE SR X 5B L BN T
bhigdrotz, Fle3fie o FHEE B, EHFHY
v 7T & OB AT X B3 EE & L LT
5 EEREC X 557 6% Bl boo, FHEME—
F L EAERDI,

(6) L - B OB B TOANERIFEEED
BABRSRHE LT 200~1150 kg OEP & Liz, 40
HEBEIRNeyFHBEILV—A - + T 7 2HELOREIK
EEEA T 2 2 D AR VIEHIAERET ARG T, BA
I EM S e TIEESCIb 2B 2 A X s
o Th(4) THLNIHEREFAR D L xTEndiz,

BABE TOSUDIRIESE
FSH DI ABIEE
A B ®
AREIRCHREAE LI 772 35y » FHIF AL
JEHD &RV, R0 K LRI O EE LI fi 3
By FONEPHERR AT T 288 TET 2 (K8
AGIETRDORG AS OB SR EH L, 2 hicf

AuENEL, Nt 57208075 vk
RAF A E R B — ol b LTRD 5 BIERERS O
by FETEICER LT ABIAEE Lo 24 B L
TOEBH T -» CEROBRBIERTTR5 K, 77
TOTAMEENE T 2 2OFATIMRER ECRFELD
DRERCDCTORBEEYBRALET RSO TH S, &
EORBAEEIMR T 5 7 2 OBRBIRC R BTD
REN B L1 30% e © RIS h s 13 AF | JIHI
HITASNOBAGEREERE L, £RER - SREHKE
ELTCVBRARKTAGINY lebH 2 8A LTHR
FF 22 ETT YA EIOFEBHAIZ OV TOHBE
ZhIART,

A-1 BH3AEYFOHLTHER

FERCEIED T T 7 2DTABEEERT 5 L THE
EENBEBIABIE, FATS, BERWERDZOW
THONE L TE ZENEETHH EEL Do

1-a RAFABIR

EHY v OERBRETHY v/ OERREIZH B
B, Tl bR AT S OBEIANSEIZ N 7 7 2l
DY IEA VP BIOIEERMO » 744~ + DI
EEIEEL A L »TFig -1 RRLEL LI
BET5, KREShi: a)~d) o 4 fflizvFhdb v oo 5
RO ~SHERTUAET I - CHRBIT AT E Q1 28 Qe ~&
BHTHZERBHLLTVWS, ZRHD 5 b—RiEHH
TRTUBHEFAILD) & d) THBES - T IV, ABUS
The4fin s bd)iconTREENZSE Lict b,
WEZORBT AL, fEES I IR D
FUOELR LA LRETIE, TEEEY 3 A hEERE
THABIEh T BHE, NORHERE»LERTAT]
Mo o2EeEs s Eiciesd, COBECIERTAE
FAHCHIG LTINS 5 7 2 DT AT IR E

€) N CASE OF CHANGING HITCH d)
FOINT

Fig. 4-1. Four examples in case of changing
link and hitch point

Q1,Q2: vertual hitch point
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S B DR EToIRET T icbh, U V2R
THE D BHREALROCIHASHE TR IR TET
WSO, L LT g ohO Gt B3 1T
T B DT, E~OBRHTCHE SR L D &
FTHEEECE S MR & hich, 1HIELTS
F EEYHET L BRITARKOY v R
FEBUIEZ R AY 7 PO TFEE » FHEA I
o|ERPE L thLh 2 A3 o8bhb, Lichs
TTFHY v 7 DERER 2H R BT Liekh, B8
TABIEIE—DEE LTS bRy, ¥ o fEEEM
BT DB LA ORE D IR - i Y
= X b RERORAF AT B X BT R & LTHLE
DAL LT 5B,

f—
! —

TRIANGLE OF HITCH POINT

/ P
CENTER Of

TTT— TRIANGLE OF LINK POINT

Fig. 4-2. One of the technical methods to
find a vertual hitch point

ZZTLVEFCH LR AR YT 5 ok
BERFEANC Fig. 42 1WRT X 5 EEE 2 3% <
CHhEFAFIEZERETIUE VS 2 2M0TFHY v
BV PIE—OEE LTROD D, DH L EHH
yeAYy 7 bORELESEROERFIIESLY v 2
DR E 1 ETEbLZ i), OB IETA
Fla s LB ST RITEIM X vfkshs b
T 5o

TIZTImAY 7 FOFEERERA LCEBR, Th
¥ COEBRTEZ LW MERER»S, EEOTHY v
whnd Bt AT BEFURS I3 7 5 7 0BT L <
TG TRETHR VIR Y, 2% & A7 LTEL2D
2l EHEEI R IR B,

1-b FASIA

WABIAYEETLEHI VRO 2B OFTEREL
% (o

Thb bl ARIWEERRC TS LY v 7 KEHET
oy v 2 KN RBEAE GHUME) & T JKETA
R BT ZhbDAFEI % Fig. 4-3 R T1FREE
CXoTR7 v AgL, €D PIVKYEE o4
AR AFAET R, ZOBZHT INITASIARK
Rk - THHEIR S %,

NCE

P
' GAMMA
T-TAN(alPHA)

Fig. 4-3. Draft angle at vertual hitch
point, Q

¢ Ry v KFET (ke)
Ty v oAk (ke)
A {kg)
@y oA ()
Ty v ERE ()
HABIA )
—L-tan 8+ T+tan a
L=T

B AEEAE «, 811 Fig. 4-2 ORI W AERFER
I VRERSRDBOND, TOHERIITAT AR
VR OEH P O S RE & T ERRe R 5 B 2 2
BEid,

REAERDE TS\ 7 5 v OEPIFLEFBHED
1/3, #iEo /4 wdhnrd ok L, ¥ Fig 42 OEEY
ERIZ - T 75 v AERY & UBEFEPICED,
CDEE 2-a THRARABT AT LE L2 A KER T /5
b BIRART A B RAVKER & DI+ HE%EEl-> TRDBH
BEThH D,

L bko 25 b ORDFBEZ LR OTEREWOS
BHEE L, BEEmZ TRl

1« EBRWHERAD

NS 7 DT AF MR EETHEEANTO 1O
EERTTEOKNOET b5, BB ERE R
ETTWT, 40 LR bRl 72N~ B
BEeD T L X o CRIEOREN TR cEENE T 7

~ W R kg N

7 = tan~! (4-1)

Fig. 4-4. Equiliblium of 3-point hich forces

in £—z plane. Here lower linkage

is not restriced
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7 2 O—FERBRGIE T ORSE LTI 7 BURT B BT e
HIEIRIERATHECIT

D. C. HEISHU? QHgHEO BEX KA X vk,
T2 ey FONERNIRT > T 5, Fig 441
BT

W: +5728EE (kg)
Ri: BEHNSE (kg)
Ro: Wi 3 R f (kg)
Ry: ) & 7 (kg)
X1t Ry — N N2 E (mm)
xzt O & BB ORI (mm)
3t RAQT A5 E L EEl ORER (mm)
o A5l A (*)
v KT A EES (mm)
P FABIEHS (kg)
Ce: FABIHBRK (=)
EFhiE, HEA L » FOIREEERENS
Ry =0
+x1;x3-1’-sin 'f-l——;{—l-P-cosT (4-2)

Ry = % W+%-P-sinr—xil-1)-cos r(4-3)

Ry=Ci Ry (4-4)
(4-2), 4-3) N B AL BT T 5 7 2 DI ER
WETH Y, F2HEHUBIARBHA P 5 2 22
BT LR S TET LU ERTEOMINETH
Do LIchoT

[P-cos r=Ty=L-7T

P.sin? = Ty-tan7?
% (4-2), (4-3) R0 2, ¥ 3 E LA ThIT BB T
DOEEIIRE AR, FRFTEOMME 4R i2ARK L » T
HHXh5,

1
ik = 5 {e =z an e, (4-5)

1
ARZ = Z(xg-tan T—:l/)' TO (4*6)

T bXoWE To T UCEBRF A HEHY b 0B
WMITEOWMINEARD, —fba it

4R, 1
Ty =% (x1—x3) tan 7‘+y} (4-7)
AR, 1
hTo = —1(13-tan T—y) (4-8)

x
Li8Be TTT (4-7), (4-8) R oBRE A LB L T

LbE, BUOWNEIEAA =N X2 2 F—TE LR
Teid, WHEROPFO EEBT AT SEOERE 0~
HElgh.O LR AT AR OBERE x5, TATIADIEY)
tan7, RAATAG S EE S y 2B & LTEbI R
LD ThHY, BETHIL L 7 7 & L{EEBOBMHER L
FEETLOLC L hRESRD &2 ADERTAL LIfE
BN T B, —HEDONBITASIMBEYERT S,
HONFRNE S CBRE R - i AT I HIHRERN &
LCOBATIFA G [T b 0BRTEEINE 2 RH LT
W5, M. G. BEKKER®) i L s v FrraE—> g
VEBMR TS L CHBEOMM I oley LB - v
DOBEE BYCEA LIzDiz MICKLETHWAIT?) T#% %
E-NTWw3, 7—r vREEH L TEEHD LD

H: # 5 (kg)
A TR {cm?)
W e E (kg)

c: HHEOMERE (kg/em?)
¢ HHORNEHBEEEA -

EFha
H=A«+W-tan¢ (4-9)

(4-9)RK%x % %, ;+OHDIBHC X, Hifcek, H
WOMEEHET AL L - T, 20ERERZTS &
FRAELAKRERNELTERSIhD, Thbb, D
LoD Ll 21 v AR T 5108
FEX, B AHET Do 0HD L s, (4-7) R kT
B AR 1k (4-9) Ric 8135 AW (W 0 #5)) w4
BEREF -T2, B4 HFASIERcALRS
traction member OfEXE-TLRED LML, FiE#RO
REAEOLOTH Y, FAGIMBEER T 5 1AM
R A & BB E B Uit A5 B ORHEAY 7o
WL BB ENTE D,

FT A (4-7) ROLEDIEUOAE, Tihbb b
7 & LR ORMEN R TT X Y kESh B T
ERHEHTRETHD, Fig 45 IfFERO~A +FI
G LCESY v 7 A a, TEY v 7B B IR
HFAF M EREE v, TiEEOHPR.O ARG AT AR
O 1 — x5 PELTHERER LE—BITH B, &
Bt ~A bEas M e+ L EEROBELT L X &
AR D TFHY v 7 OEMF L I—ETH B, Ly v
7 ERE o FIIFERATC RN L, RAET A S| A kS
Xy BICEBTASE L HiERP LM ONS o—x;
BERERT®Y v 7 H£4 v PEAES 420 mm, kA
Ve R—2E 1955 mm CHLIT A & LB, hBE
OBIRRECIIEERN L T 7 2 TY v 27 HEL VD
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HR:
1102
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Fig. 4-5. Emplement mast height and other
dimensions

1ATHEIRDZ EXEBY TS,

BB DHHFIIEhic & &, kicEl S hbER
DFEF I XU DFFTIRE 21T 75 5 5 CF [k * B4
N3 i IR R (el a o
B =&Ak

B-1 #HA M5 I9BKUELER

R 72 23 3 EOER A o 12 BB
David Brown 990 %#Ef L7z, SRR —HHE

CHUCHHIBRE 2 T T 7 2T 30 A5 ARy
B erBROL Lic, BHREMR» L AaT75934
(187x1, 14”7 x2, 14" x3, FEFEREL) 2 LT
BH U, ##ER 75 v RERANCHEILT 2 X 5
BixHE b0 T, Efle v FRES R 7 m 2y
7 bHul X Dl - T 450, 500, 550, 600, 650 mm o {iriE
@ 50 mm RifE T, A P EIESEM b e s
X312 Lz, %77 v DEEFHTTH Table 4-1 wii+,
B-2 #5315

RES T — I LB S O HHE, BHER X ot
NOEOFRELPEE L LEE Lick®, BEIRSyE
PIATIBICERE Uizo (@BKEN 50 mx4n T, %0
+HdtiEE o REN L EO—oTh B R FEA T
Bl LB Lo R B 1T - 1o THSTER O3 L4
bRV —AEITTD LA 7 T — (ASTEERRR, 47
HH 22kW, PTO ) 22kW) TR 2 Y o —~— x%
P X4, PHEE 30 cm THHE - Bt w1770 - o1k,
VRS -2 ROCTEREY S L, = — 5 TEE LD
BH T » T, Figdbiza—v . i tuex—%
CLEBL - b — fERE) 1 X5 H AR LB ABROBRE
3 L O Table 4-2 w HIBE K LAIERER 2 BT 7o, e
v — SEEFERBAECH LCOLBEY—E & T
B, HEH500kg, 4500kg BB 2w — 550
Al

B-3 REO#EDHSH

AT 7 20= v VEIERE D WX 7 6
B2 M U 1800 rpm @ 8 HE L, BifkE

Table 4-1. Test plow dimensions
18/7X1 147X 2 14X 3
Share width (mm) 460 360 380
Share length (mm) 700 590 590
Moidboard height (mm) 440 370 375
Moldboard width (mm) 520 400 390
Moldboard length (mm) 820 670 670
Landside length (mm) 1015 580, 785 585, 585, 780
Vertical cutting angle (*) 15 14 15
Horizontal cutting angle (*) 43 40 41
Lateral directional angle (*) 46 39 37
Horizontal suction (mm) 0 0 0.3
Vertical suction 1 (mm) 1.9 25 2.0
Vertical suction 2 (mm) 1.7 2.0 15
Working width (mm) 460 728 1070
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PENETRATING FORCE (kg)
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Fig. 4-6. Soil penetration resistance at each

depth of test field, small cone pene-
trometer (Maruto Co. Ltd.)

Table 4-2. Soil moisture content at each
depth of test field

Depth Moisture content
0- 5 (cm) 29.7 (%)
5-10 (cm) 29.7 (%)

10-15 {cm) 30.9 (%)
15-20 (cm) 28.7 (%)
20-25 (cm) 31.2 (%)
25-30 (cm) 31.0 (%)

fRD A — 7= MIFAGIATEOK PR T H R
DTN EFA LB THobr THERVThD, 3
FLA3 8V v 73 AGIIE ORBERERT 5 1o,
TEEREHTERME Vo125 2 > ) v A EBME N
LRVCEIBRTHEHEREL, Fzv2Fz—-ViREOR
DI DREHEDOLSBE L. TBlER 57 258
EHERELHEFCED L5 F 7 ey 22 LEDT,
" BRBERO TR H M0 LHJE Ui,

FT o2& ET T vOKFERNC T DHENALERR
3, WMIREO TS oHEE 3 7 2 BBERO MM & O
HFR A NIED 10~15% &i2h k5, HbLHr L7 v R
Yo7 VW LTYF 77 L— 22 BRI ThH

Be FATIBEIOBILS 5 v OERBER A S ALE Y
Lz BT ER X - THERTI, 77 v FrEOBE
LR, 75 v 7 v — Ak LSEFT & e b
XO5FHY v/ RICY 754 vo/my FRMELTH
Ba{Tie ol REIIERECHHT 5 h OB ik
Bih EPEOFELBIZ T B LB LLRI-OT,
ZHhOBIERECESI LA >eh - LES T viE
EHLRAELTRD L0 HMOLOREEL - TV 5,
B-4 REEE

WzErr Table 4-3 RRFTHER DV TiTln o, 2 &
THIBOERMLORE L UTHRS sl » 7T A
FETOIMEERIT AS ) L RS ZORS TH B I
Y v 7 KN, EATEHY v 7 K FEIEME 2 4 SIRE
LTHETESD L DL Lic, ZOHRBIMMEBRKL 5
72 3EY v RA Vv NERTBIOD b BE D HE
e — B LRI S h, AR BRIURE e o5
BOPFIR I e o oS ESFIE L LT B
EMTE D,

Table 4-3. Measurements

PTO revolution pulse
recorded on oscilogram

Engine speed (rpm)

Travel speed (m/s) Stopwatch and measure

method

Travel reduction (%) Stopwatch and measure
method

Working depth (cm) Depthmeter and measure
combination

Working width (cm) Measure

3-point hitch
horizontal forces (kg)

Draft force (kg)
Top link angle ( )

3-point hitch dynamometer
3-point hitch dynamometer

Handlevel and photograph
combination

Handlevel and photograph
combination

Tractor angle ()

Handlevel and photograph
combination

Plow angle ()

C RBHEREBIF

C-1 i &7

Fig. 4-7 3R AZIIGEI TR ORI 75 v O A
FHEH T % b e UCHITE S IHE & oBIReFEb Le
LOTHB, BSRALEGEL 050~0.73 kg/cm? D
TP THHE 18~20 cm {hiTic £ DOHCIMED RZTHh
too & RR—PHRCH L 7 7 7 DAYz 22035 B
NERRG YRS OLBEEE L 2 2 b i b,
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Fig. 4-7. Relation between working depth
and specific resistance of soil

Fig. 4-6 DA &3 —Fkwt, B LB & ko
BAGRICT Tl T Ed - T
FFEEOPRY @ X, MIBOPHRMHER LI
THEHRA DI BFERE LT THEIRES GHE+BE
M) & AF RIS LT 5 s B FIEIEHA
TASENOFRE L, FHIECH L ONERIZ TR
Bk T2 Lnh, RSB T3 ENERF 2D
DEEPBRB] ERNTWBERER L, AERAHRE
ThiZ, L 77 7o EOE VTS S SDODR—
K L CHEO R X W7 7 i FHEBROBL TS
fEf B SR, o —l 7 F v ORI phER
B X o Thitotiafin s L8 0H8 %2 (&t
TBEELLNADT, FBIEHEZ RS B fodimizfhie
HEOHERZ LMK LCEDDLONZUMEEZ D,

C-2 3HYVIA

W, R 5 v 3 BOMFRCT 5T AF Kk
YU3 Y vy 1 OBEE Fig 4-8 ©—# L THR
L7

BT B &, GAS O R g ancZi b
L, *DBEER, EAFHY v2ET 558 KFE N~
A FEEM o, BHEOTRCIL CERERRT %
X 5B b5 T AV LT, Tinh bEHER—E T
HY, Lo THAFBRAN-ETH->TH7A b E
BMEELDELRY VIRTRTEWAET S HEOAN
FVARET B ENRFENLFHAREND, TKY
v 2 1 EHRE & OB AT U A EA D ©
BB CH 2 O LEMR Y v 2 ERT 2RI
HHETRKEY b oSl eR E, ZETHY
VO RMERTATIEINE LR Y v L H B E TR
IMEEZE O TR EI T B, Livh SO
XA MEEM% 65cm 5 45 cm AN EEL T B0
RBEEC R bR D, WIAEDHEALI YA e » FEESE
BELTr 7 2oL Y v 7R SEMBEEE L TH
RIELEENBORL LD EBLLNED, HBECHL
L7 TRy b AClERT 5 LR L oB# s«
TR ZMXDLERDS I,

FTTWE, JIK OIS b EES ) Ry ©
HHEC KT a M B U TARBRIRHN 2 ML T
B e TH|EST Ryt Ro b LT3 wa, BHgsdt

T TR T
x X X X
2 1600; o] M=;5cm T T i;v A‘r 11771
8~ 2 e ¢ T, g/ r
o= — —-T— = A— -
< AJ/' 1 /
Z 41200 —- - - # —
3 . /1
EE T P ( / 7
o BOO‘*%‘ L < i A
EE | D // J‘ P4
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Fig. 4-8. Relation between working depth and 3-point

linkage horizontal forces
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I LA fEE LE R EFES S LT 5
) PRS2 2D3E) vIEML, E—A VD
ELTERY v 27 oXKEHCERL, Kok 5 akERs
o THbhicbDeBLzbhb, LR TihiET
ROTFER TS5 78y b arlEATHED
THID ERRARE EH 2 bh T edd, BERTASID
AV Eh S o o—HE BT H B AR ER
HELY Dz LR ShaEDT, V52475
T OFERER IOGATRELED Ty L CRFE»SE
bhn 7 — 2 OBEW AT L CHIMEGT5C LB
KhHbHEELD,

C-3 I~RD=E

Fig. 4-9 2 b 5 7 2 THE 7 5 v AT AL Lok
B IEREER O T D R BT AS [ O
BThY, che—HERRL. 727 2BERoT
DRI LT AFITE L OBRE, BEIERIFERL AT
GABIEMEMZIBAETY, NI 27 2BETELRT
W BHER OV AG MRS LB @R A b o &8
EIRTWID, TZRTOEELYEMT S BT EDT
e LRAWRORBO—DEEL B,

R b 57 2 LT ABIAT RV S 187 x1
FIYTIEANGIMOHEENL 3 7 20D A B4
s 2 2B LALE»LRZ T S hit b2y,
147x2, 14" %3 75 7 & G AF AR EN Wik K& ik
BEORTYAMEEIM ORI, FAGEE ki
ek s> THbh T B L iES R, *
OEEHEFTER— D TR ORI LT R FEE
MPREL DB ETAZ DK EIflERRL, 138

R = AR | B LT R DRIEIPE D &
SEIEPARBRERLSH LM EhiDT, 724
DI AFIIIWERFEE LCOKIT A b, B INES,

Fly Fog — VRO D T, <A EI M
DfE% bR Shiudin b s WL A RILR
LT B,

T EYREE LB BT AR E B &Y
TERDT, ThbDF -2k s% A-1 HTHR~c4
FHPAL LT M oo B4R A OB 3 ir
ABTEETH,

C-4 {REIFASIHA

HRA P57 2CEEIR TS v OB - T
BET AT A SOBBNG, W BlRER O
o Flw A FERIREZIEE FOSMENAERIR
PEF 72N LTED L ST HIEOTY T
BAG 2z L TR hiEle & 7o v, Fig. 4-10 13 1-a
HCIRRIAER B Lichi o TRD LD TH B, R
MpfEE# O~ A M B X%, * i ko oot
BEAYFELT., VS ED3EY vIITAEOY vk
BWHRAE I v, HEFASERBERLED 12T
BhHL, TAMEBEME—E L LTT S 7OPRELE
Z I, ORI SR R A
THBD, BOLREE—R 3 KIEN B YRE L
Twh, ThiMiRTBEE 7SI 907 v — ATHYEG
X UCHCOR T E 75 X OBERE 2 AEHC Y
v 7 R EOMEFBCHEM T A IR ER TR fo s it X
5D THb. ARPORA—BHETH - Th <A FEE
MEEETD ERET A SOMBENEECHREL, T
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Fig. 4-9.

Effect on draft force and travel reduction

of changing plow mast height
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Fig. 4-10. Vertual hitch point line caused by changing mast

height and working depth of test plow

AGIBMOAR SR ELENT D LAbn b,

C-5 FABIA
Fig. 411 &R 7 7 v oR#EPFESY 20cm & LT,
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Fig. 5-1. Soil penetration resistance at each
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penetrameter (Maruto Co. Ltd.)
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THHbIh S OBRY ERXCRATS &

F3 sin LI/+F4 sin ,B‘I‘Fs
Fycos f—Fscosa

tand =

TR, Py, Fs i (6-12)~(6-14) R TE2 LR TWw5
DT, Thbd ERKRATS

Wl) sin ﬁ+{1+%(tan a+tan 13)} 2%

_ Rsinat+Fsin 4+ W,
=~  Fycos f—Ficosa

_Fysina+Fysin 3 Wi

(Rt Wh) cos (A

T Fycos f—Ficosa " Fycos 3—Fisina

T CERAUE LHE (6-8) REDIDOTHY, H2
FHDHFHL PeosT ThoarbohrBEHDB &

tan ¢ = tan r+~P_‘CV—O‘“— (6-15)
F ik
d = tan~! <tan 7‘+Tc“c/>vls’7'>
o MEHES S v F TAHRD EHAET Q OfF
BHE 612 (6-15), (6-16) K THRE XD,
B-4 HEKEHERS
KA ABIE - FAS I F i RO B R 10T Fig.
6-4 OIHEHIM 3 e v FONEFHR2 D FERTEN
FOBFRPRD LD,
Ry: #ERWERD (ke
Rs: Widsgri @K (ke)
Rs: Va7 n (kg)
xy: BSOS FIETABE O, HoOKER (mm)
y2: {FARS ABIE O ol b E (mm)

(6-16)

ERE, I aET I EREHEER LB,
Thbahe & aR0FE &R LT
Y Fp=0; Rg—Qcosd=0 (6-17)
Y F,=0; Ry+Rs—W—0Qsind =0 (6-18)
SM=0; Rex1+Qsindy,
—Wap—Qsindxy =0 (6-19)
THHID, Ry, Ry, Re kN EhRDD &
_ X
Ry = - W
4_{éﬁaseﬁjliiE%:LEEZELEEl},gz (6-20)

a

7 COoS & Wl) cos «

R5=%W—{y2 cos éxlyq sin }-Q (6-21)

R¢=Qcosd (6-22)
T AR S BIREL (6-20) X Ry im oV TH
CREF LTHB &

Qcosd = Pcos7

Qsind = W+ Psin7
7 BEBEREMS RT3 O T, Zhb¥ Ry OB
ATRE

R4=m‘/v

ot
{ ya Pcos T +{x1—z){ Wi+ Psin 7’)}
+ X
1
= T —Xs w
I
+{ Y3 COS r+(;1—x4)sin v } P
1

RS
Fig. 6-4. Equiliblium of restricted 3-point
hitch forces in x-z pland (3)
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(6-23) FAVNS L ERS IUH 2WEHD L 4-2) R L
SR % LT w5 b, Fig 6-4 X B L7RIL,
Yoy, T—T>x— 23 I HRERN D, Rk R X v
BRERBEEHE T 2, LD T W oFRECHES R,

DO HTNDLE, ThbbEMS S v 5 bIHER
3 Ee » FADYWImAT b Z L L AERER
BOBMEE A5 &

Ri—Ry = {yz cos 7'+(z1— ‘4)5“17} 1)'*‘—(951—754) Wi— — {y1 cos 7 +(ay— ) sin T} r
=J{{y2 y1)cos 7+(23—x4) sin T} pp-B— %4 W,
:JLJyz Vit (Zs— TR mnw+ﬂ)P+—%ifiuq (6-24)
Licht s THHD S &
Ry= R+~ J@Fﬁﬁiﬁ;zﬁkmw+mP+f%$iwq (6-25)
%5 % KEOWR 7 7 2 iR R R

ol Ui 3 & e » F O T PR, IE
BHEDMNEA Y v 27 DBBNR X O LB EED %
TEREDORT 7 ravie—AERELTOMBETH
w7epy, Fig. 63 R Lz L 9w Wiok& X, Jak
Ex B L Lo OWT b R ATRE L AR
WLl h, BHEOKIESL LTIh% Table 6-1 iwiR L
Too FoR (2) OTF B FE BB OB EEO F T 7 b
v b E =AY vy OTFREEE S HIET
TharI EXBEWRL, 1588 0EMATAT RS
D O3 TRENINLBEXFD o & 2 TR F T W) 0&8
feigiz Os 78 Oy b B#8 Y v 7 IERB B R AR LT
Hh L Aed, BEREMEF BRI/ ELTA LD,
TORER Y 7 7 2 ORBERIIRBAC T AT S
CERKEBEDT, TREX DAL - 2GBATC K
fel LMD LR, TEEROBARI LIRS b
BHe FREFQ@EFF7Iavir—ERSY gV
2 v b - BRI TEE TH Y, Hieh W ok
EXBLOER G MARCTT L 5 E T bt sis
BOEETASERERS A v FRROKBTASE O
L LC O~O3 HIEETHZ EABERL T 5B,
C =EBAH*®

C-1 E#RbS7968KUEEZH

HERBO 12 BRI 7 4 — NV Ve A== FF A
HZEAERH L, #5827 2 OWIEHIEERGITHY v
7 DRBARLCC ERFEEOXEGMEL, YV vIOT
FEEES 3 e » FRBE SR TV S EEROHE
W XAH, INEEEOHEY LIT A TR IBRYE
4%, Table 6-2 8 + T 7 # DEEHITL LB oo

VEEMITR A BOERTHRA L 18/ x1 5 vk
FLFT 2 ADTABIATR E LTHELTHS LHE I
DT, MEBOEREYFRVTARERCHE TS &
L7z,

C-2 ERBROMESHE

HERIEEE 5 B LA U < JLibE KA R SR R
HRIRBENOBEELER L, o BEEREL X
DHM SR SRR U,

HEMME R T2 275 7 OB EEY R
TIETHRT & LM BRR Ot MEREE, hEH
HROIEEE, #R7 7002 P EIREL, Th
SERERO LS G L, BOREY 24, F
L LT 0.7, 14, 20m/s D 3 4, HEHEROG
BHEEEC IDHENT - EVELIhD LSR5
7 ZIBEHERHBORAME F ERMES 0205, 75
VoA MEE 45, 55, 65 mm D3 AL LTDOAEF 36 5

Table 6-1. Hydraulic control systems of 3-point linkage
Control-function W, V.H.P. D. angle Weight-trans.
(1) Free-float (0) (o1) middle middle
(2) Draft-control (+)# (02) large large
(=) (03) little little
(3) D. C. with position control (=) (02-03) large-little large-little

(#) Wy's direction is downward at Fig. 6-3
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Table 6-2. Main dimensions of test tractor,
Fordson Super Dexta

Engine power (ps) 39.5

Total length (mm) 3021

Total width (mm) 1834

Total height (mm) 1900

Wheel base (mm) 1834

Wheel tread (mm) 1320

Front wheel dia. (mm) 680

Rear wheel dia.  (mm) 1118

Total weight (kg) 1770 (with weight)

652 (36.8%)
1118 (63.2%)

Front axsle weight (kg)
Rear axsle weight (kg)
Hydraulic system

PUIP  ceereeeeeneees gear type
out-put ceeeeereeeee 15.5 l/rnin

ATive  seeeeeeeeeerees PTO shaft
others «reerveneeeen position control

draft control
flow control

o E RS EEM L.

C-3 A remEBHLUHERS

OB~ ETTHALL LIy 2O H 2T
KETEE Lok, 3ETHELLI AL » FHITA
BINE S E mEE I O LA S h, MERNER
B33 Z EXFRTRERERCLS, Thboxks LT
77 O EHBERE & T AT R & OB RIITER
FIHnT 5 & EAHBRTWBDT, FHREOPHE L
HHER 2 2 v —3H Lice T30 RIFHMETR &1
MHIBPETRC ST, OB RT T uw LS
2EBACTHE AR LRBRFETHET D Z LI L
FOMBEFT— 2+ LTY 7 b7 —2DEEA, LI
Y v 2 ER B L O R OB T hIER
ot BHEOEE ST HHIE T — & DN
BALE b BRI B B U,

D XB#HRIEZ

D-1 TR bEE&TASE

Fig. 6-5 13ftsk 1 5 7 2 C 18" x1 F 5w & T AT L
BB R b R B O TN D E & oh PR & OB
FE<AIEBEMEX AT A—ZELTERLIZL O
Thh. BT T v OIEHEE 4 WORBRER NS
#1067 kg/cm? THBZ EXHLRTWEHDT, Hlhio
¥tz 0.67 424t Fig. 4-9 w432 TN hR—1F
AR E LTRB T ENTED, LI THERL

16x100
A
:~14
§ A/r
s I
r 7 //’7
w o)
S
ax 3
i
=% aa
cm
5 A M=65
6 e =55
[eh :45
4
0 10 20 30 40

TRAVEL REDUCTION (%)

Fig. 6-5. Relation between travel reduction
and furrow section

75 UHHEEREERECIThbh T3 & &, MENK
E LI BARA T R DRECH LT AN EM LT
BT ERFRLLTVWS, AR EA—T < hEKE
BT MiEa#dc X b Fig. 66 o 75 v
BEARE L0 BFIELER L, WEHBISe »
FReBVTHAB A v F LR M B2 BB O
TRYBRABROCHELRIE LTV BHEZ S hic

30 T o
65—

= — 55—
£ =
S 25 i
= y/// 45 ——
(]

20

15

5 10 15 20 25 30
TRAVEL REDUCTION (&)

Fig. 6-6. Relation between travel reduction
and plowing depth
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oLz b3,

bR ofERY B TR AERAITRER &R
HEHE S & e » Fre T 513 AB[f 6 13.(6-15), (6-16)
RICEOIRkDEh, ¥OKEZ I3 G v FHREHFH
WRETAVORS & EDTARIAT OIEHEE Wi/PcosT
OMTELIN TV B, o TMEEkEL LR
ABEOWEHECHL MWL, THEMT2Z X
DEUE LD tan T 3k &7 b, HomER#EC X
STFHY v 7 BHR S ha R I hiohag 2 3
D Wi/Pcos? DESAHTRELRLY, ZOKREL
TARBEOFASIEI LA LT BT LMBEMIhD,
i 3 fie y FORMEN L HEBTOE R X » T
AR RREEDE X VRER~NDEBEBE
MR ZDFEELZITTWHE EREL RS, KT
ABISE Oz (g, y2) 13 Y v 7 DEAIZERGGAE D 2 CILRE
Tharv, Licht o TERER O bR bR
DHBHBERWE Ry 52 % (6-23) Rt M fi & 0B
BT 5 L TCREY &R IRBDT, (6-25) RuH
WBE L L, AR T Wi oREiC X 2ERERY
EETHTE, U8 1EIL3 Ae » FAEHEEIRET
Avbhick FORBRMELZD b © T, Zhik (4-2)
RCEZXSRh, 2 £3WINHT S ¥ AMEHIE
Shicz L L AEREBROMMSY THDH, TD2H
O MA{E & ORPBEGRIT LR UKEER» AR D % Tk
#wW LB v 23 (6-15), (6-16) AW 2 HEFH LT
#Ezhe, MERHTZ Lk b0 2 HOMEIRLAK
LB T Te b eV,

P ExETH 75 v RBERMES e v FTHAG]
ThE, B3 » FTCHAFIT RIS LOTA
BlAAKRE LD, chicf- TERERRL ThiET
Wz BRER, BEmo+TvREIEI LT B &
Tehe Lk F DA T 5 HERIGEAGAS HEHY 0 D
HHRMEMIIESHBE 3 S v F TIBhBEL DY
mTsoT, MEHES Ge vy FOHRKREL LD £
DI ABIRILT SO~ A MEEIREMTEo &I L D
FOBERREC LB ENTED, Fig 6-5 13208
WEERC VR LBRTHD, L - CHES
By 53X CHERNES S e » FoBRRMAMmE b
F, L e FASoNFesT s MEOHT AR
WIELx T EEL D,

D-2 X PEEEHREERH

2-a 2XMEHHRES

Fig. 6-7 RAEE o & (5-10) R X v EHRIhs
R OFEHHERZE 0n OB 7y FLTHDE, W

0 F-65 5-65
o O
N 5 °
00\0\0
‘20 .
F-55 o 5-55
1 [F-55] . LO
! 00
I3 0 o ]
< % ©

20

01 3 5 701 3 5 7
TRAVEL SPEED (rad/s)

Fig. 6-7. Specific mean depth variation at
whole sections

EEMHEE o & 70 xEEV L OBRIX
27V

w = 14

czw L MMt#BoRRE (m)
V: +35 27 25%E (m/s)
= AR (rad)
@ I ERD) TEHLENRLBDT, v 527 % - 73 9R0°0
OAEETERIEShD LB LT, L=2,4m L5
EES®HEZ HLE XY, —H LU THEHG HH

BEHT5,

AR O ER & LTk Y v 7 ORERET S
Mt X OHERNEROILEEE F-S o0& % fibT,
BHEHE O WINAE > TOTRBLFEE dn BAEL RS
TOLEMERF > TWBE EvMb, AHEALE T 7 £
3y FYHHAFEHRETCH VT b hiE D-2
HOMEN & ELL LTk b, P. AL COWELL and S. C.
LEN 45 OREBRFER & I L CO g C & M-
oo TREC XIITHHREE ORI & S HEI R 7B
ZEERBHL VB0 L, ARERGHBALE
ChBBED2BYOERY T LTS, ZhitkER
AHMFEHEROICERE S F-S2 B s h tiibh
TWBZ e EBHDT, &L ILBEATRF 0L
M, C0X ) RIEMEHAROLEEEY S

(6-26)
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& LIcBE, B0 & IR RS O 18 25 LR E O
Iz o CEL e 2 BHIBHALN L SR D,

we Y v 7 RERCE B ThiE, SHEFEE O &
FICHHEOEE) LT < A M {E723 65cm 75 45¢cm
NEFLTY v ES I ORE LS, SRR
TB 45cm (S) CZ o k5 il s i g Lz
Loy, R Y 7 2 MBI AT, BB T
NOEB L0 EL, FAFIETAEL VS FENF
Bl bR XBERETHh D, 55em(S) 3L 65¢em
(ST b BEEHRh -1z EbEz by
THThH, ZOEIBATHD, Lo TLIE
Th D-1ETHR LI~ A MES LA 1T
B MAEOER T AHER &R - Tiso EEHFHR
HWALLFE LR EEERBL B EVZ LY,

2-b HREORFTHEICDNT
WITHERER OHEME 2 5700, FE 6 T/
bbt572 - 75 AMMBBCEELEE, Th
w8 LB OMHED EH KB 317 5 2L HEMH & OBIR
XL TED XS R LT - T A DWTHE L
TH% & Fig. 6-8 pBYEIR A I b EEEIIET
Lafono E&H5,

HHREEEE L 0 L OBHRIC DT R D L HHE B o
It - CHHE OBEITHEDE < 72 B AN 2-a JHEX R

S-65
40 ls-s]
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- ‘ / S-55
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- o
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<
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Fig. 6-8. Relation between travel speed and
DELTA 3

PR EH AL RIAER E—FT 2, Zhisl 7
I OMHEER—E Tl o, b bilEHER
DIGETEE AL e dow, SHEEE ORI oS
FOMMBhC L > TELLHBTHD EE2 bR 5,

T CERABFHTBET AT A —Z—D—DChHD
ERE F-S & 03 CoBRICER LTR 3 &, IHAE
EOHRC XY FOLaskllity, SOLEMEL
B EWCSHEANPED LR TS, R 7 7 % OlFE
RIS E R IIERGR N Ch D L 51y v DRBT
¥ X EREERHET 52, U vy O FHEEC 118
BRI ChH D, LI - T DX 5 KIEEEERT
BEDIR- & DRI BFALRLEERAE LT, #t
57 ZRHEAFNR VBT Y ) v &£ —OfFBEIRAHE
HHCHY, HRPO 75V HFEH I DI
¥ ) v A AR A S TR TR S L
5. Lin L—HRMI 7 7 7 O THERRICIZH S 7
DHELXZVEEKFELTVIHBE TTr73vo
THEEN EREECHE~TEL b, BIEBFOME
Thied U, MOthERREtoErEEEr vk,
F1S TR D EY TAHRBEL o bDEEL
Shb,

Ml & 53 & DBARIZITHTH B H 45cm b b 65ecm
~ &Y voBRoB ko 63 DA LT R
Bdbh, B\ Th MEDOE T LR PEE
REER LI &5,

2-¢c HHREDBHBICONT

BB 372 - 750 RMOHEBINE EOREZD
BB RE UTHIR T E 2 0k R iR % Fig. 6-9
Fig. 6-10 7R L7z,

T2 TR D 2-a, 2-b HCERC IR Lk, B
WEOBEINIS XL O° M {365 cm 25 45 cm ~ 48 LT
BEoh, Rz o ORTEFEFEL L5, Licdis
TR HAWKINS® ©F 5 L 5175 vidiBoZ i
BRLTP REL LTI 77y oiREEDEY
{27 OIFEME R #EE T % 0 iF—E O@BE N
BDTC, TOMKELTUTMEXRE LBM, HDH
BESEOERK IO P. A, COWELL and S. C. LEN,
HAWKINS, SEIFERT?), JI[FE8 O EBERE M LIEH S
h5 k5, BorcEoMEkEoREERCER
BTV EAEELES X L,

PAE 2-a~2-c IR EHhil, 77 vk lERES3 A
vy F THAG| U THR Rt BHE LR, Ot
R OB &R HHROEENIRE D, @20 %
BECH>THRALVEIXRELTHIERIDED
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Fig. 6-9. Relation between travel speed and
DELTA 2
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Fig. 6-10. Relation between travel speed and
DELTA 2/ max, DELTA 2’ min
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K& &Y, ) v 7 BREE 2 ISR D MY ik
PROBERE 71 VERE DS Thz ket
DEEZBND, Lich-> THEHEI Se v 7T VU
v ) ORFUIHB R LC, ~A MEIZKRELE
DT 7T v R B S x B & &, LESEOEEL
R LT RCRERBIENIF Ih S 2 Ltk 5,

8 &
B RKBBRRMNC BT b 5 7 2 ickET
HlrdFEIRA3 A o FHRIL, WEREEEY L

EBHT2EO-TLE RS L, TASIPEE - Efk
TEER I OMFEBROMBE V5 ETH 7 7 2 REF L



FR: HHRNrI 72083y AL BTSSR 347

B WERIHELRIE XD 2 IR TED X DI
St T, BHIES &L o EARR L EBR L, ZhiC
P ZAEB XOISO &T 5 7 & LIFEE L 0 B
BT A HBLDB N Zh T E TRV 500, Th
SR ATEIFRER O R 7o 2 KRBT LIIRE ARl 5
2BRZLL, BT S E W RR s b ot
Efgle ERINEEELAL T 7238 » FITAF]
OWFED 3 [k » FORIEEEL A BHEE OB RE
SR EETEROME S H HREE T, FURSEAEM
I LR T mbh e RIS S Ly,
MAEBCELEEI L T 7 2FEE DR TH ZORE
WSS E L B SR T W AEER T T YR HT A
BE UGEY, BRI S S » FEBORET - BfEn
LU FORB L+ 7 27 2 D3 ABIHERER et LE
BT REBRE>HEXEME LTRBI LR L
7oo T BARRIC B\ Tt A5 B OZEKRB i
BrbEBRNARERR T 7403 He » FTABRR
B35 kT, RARAE S 2534 » FRAGATINE
HEL hirACTHEAEOCHEB3MHEe » FOIFFE
HEER B AR OfelE - BIER TR, STV
TAMEREN L T2 2 DFAG MM Ew R L, b LE
SR BET B RE R~ 5, FioZ o BEEANHER
H3He y FOBAC 2T LML ENDENENEVD
FCB U B OBR ORR - B LR A5 —TJ £ DR
EREFTEY, CCREERODDERETEL L LD
11 LT o RFRHHHR 0 BRI I B OREER
BEW L, UEOHEBRMS 3 He » FHAR BT
D EER IR Rl RS ot & T B,

1 50938y FBITARNNG

(B2 -3EOHEE)

(1) +T27%38e v FFATIOPIRCE TSI,
ME ORERIEA 201 OFR A OYE ) v 27 € v O
EHRCOT oy — o w2 U hEFBRB3I@E L0
8 x DH ) & RIBCT ASIJIB % IE UCBIB 2 5 8)
OTZERBEERR E D 2EN s 3 e » FHT
AFTIE OB AN L,

@2 oMKzt 727 xflodER D THE
A, TEEREEOEBEC BN, ) v 7 2MEM LRE
TOERINCK LT H T ABITIRG Tl 5 KF5r T D %
TR L CEES AT - QHE OB AR L > S
BB E LTAML TV, NEEHETEY v 2 ED
Rl AT A RFMOBWR BB X vFE LD
HEEAEAIND LV KipE D, HE—OTFRER
PRI B0 BB ARTEG - € AT ) Y ABREET S

BrhDiBH b,

() CoMEE L THTFHcETIBBTOEMT 2
RL, #RYERER, SR T OO 2
3 300 kg [l E o> RFEMAEIC T 20 EEERSE. £3%
FCWADERDET ERTE,

(4) = ORHHSEERATATIIEICHEL Sh bk
IEARRE Y BB EARRBIC s\ T, RiFA
BRI LS 74035 y FRARTEE LIESK
AR R B L 300 kg LI Eo 13 AB|ATTEDL
EX LT £3.0% LINOFHEKEELY S » THEL S 58
—HI BB RD D Z LR TEL,

() —-FCEREAT I X > ERARHRBRE LT
VA b T2 2EREEL, 3ty FITFET V-
LEEELTDa v )~ B EBXOEEER I VF
N2 BEER L CORBT AL ETRREEE L. %
DFERAT A5 NFH BT EAT X LT IERCE
L, 3Hey FHELIV—A " }F 7 XHERLOME
AT ARG T 28R L 5 7 202 5D
PONETHOLTHEE - AREORE ISR X 58
WBES RN ERTERE LT,

II 7’5903 rEEEITASI NS
((4- 6 ROER) '

(1} 75 7D=ANEEN LT 7 2DOTAG Y E
15 BERT RO A 5 H8 e R iF T/
DWT 3 e » FONFFHHEB/MEN LT, Thi
TR T Db~ A b E SR 2 AT A B S 0 EFH
NBEEBH IS Lt kbt 57 2EEHmO TR
REGAFIT E OBRCER LR ERATIE
LR LCRD X 5 Ik xS e, '

(2) 38 vy FFABlRBFS 37 2DEBTAS|
B LY v ERB ECSH - T » F ORI
IS UCE DB R Rz T 5, B B hFE T
LTl Y v 7 OIERBORLENT AGIDFLERD, T
Vv 7 O X ARRINL S ORTEIAAE S LGV
BED, Lichio T OBEOFATIAZARIOTHE
DHRE LE DO T, KT AT RIS HOE L&
FeRDO N5,

(3) WILFF7 bave—nAliedBuCTiTASIL
7B E OFIRG A AR (2) TG AFFOLE D
EZy v 7 EER R Y v 2 R v NUABE LB
D,

ZHIITHY v 73RN B Z LI Lo TH o /nE
ERNEETHHER, THe » 7R 5510
THY v/ LAEL O LI X B, REATATE



348 IHEEREREHIAARE H10E H4B

R BARAOFATebLFASIARC) X v D
RSB 5 b, (RETATIBZZ Do HEA R
JEwihs,

) BrRyvagvaviae—LEEEALT W
AN LIBETEY v olfgti LR & R b
W, Tie v FERCETIRERTIOKRE X « HAHE
L, ZOBERBFAGISOMERZETHY v 7oKk
Rl e LTERY v 2 BER LR TR EET 5,
Lk o CZDOEDTABIADORE XM X hkE L
BN LB ERD B,

(6) TABIAMEORK T Ly, BBl Uied N
DREZT AT EAOR—LHE CHET L, ~A b
BINERY vI2BREKFEEL TS M=45cm H5 65
cm ~NEWTRPE - T LTL B2 ERTDS i,
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Summary

Following World War 1, in European countries,
principally England, the development of the three-
point hitch system—including the hydraulic lift—
has probably been the most important feature in
the development of the modern tractor, which
made it possible to integrate the function of trac-
tors and implements. This coupling system is
unique and can be applied to hauling, carrying
and controlling implements and the system has
been widely applied not only in European coun-
tries but also all over the world. Since then, vari-
ous workers all over the world and ISO have
been striving to standardize the three-point hitch
for hitching implements to agricultural wheeled
tractors.

But reports available do not have a film scien-
tific basis for various implements which are used
in different manners and emphasis is laid on
attaching and removing the implements with the
three pins based mainly on experience. In con-
nection with the above, only a few studies on
three-point hitch drawn by agricultural wheeled
tractor are available. The reports are confined to
graphical theories and systematic study of the free
link hitch system from a standpoint of use are
rate.

Thus the author selected a tractor mounted
plow which was uneasy to handle as the draft
load and carried out an investigation to obtain
date for design, manufacture and use on the trac-
tion improvement of agricultural wheeled tractors
and hitches thereof.
three-point hitch drawn by wheeled tractor for

To investigate a rational

agricultural use from the fundamental properties
of draft load, attempts were made to develop a
three-point linkage dynamometer. Using this, the
author attempted to improve the inadequate part
of the theory of equilibrium of three-point hitch
forces in a free link hitch system and to clarify
to some extent the tractor reactions resulting
from various mast heights of tractor plows. Next,
in order to determine whether the present find-
ings could be applied to the draft-responsive
three-point hitch system, the above theory was
expanded and developed and experiments were

conducted. Also confirmation experiments made.
In relation to the facts described above and for
kinematic analysis of tillage, some experiments
were carried out to obtain general conclusion.

As a result an all-inclusive view for a three-
point hitch of agricultural wheeled tractor was
given as a conclusion of this report.

1. Three-Point Linkage Dynamometer for
Mounted Implements (Chapter 2 & 3)

(1) Development research regarding a three-
point linkage dynamometer for mounted imple-
ments was conducted. It consists of 3 pin dyna-
mometer with a rectangular cross-sectional ratio
of 2:1 (h and b). Four strain gages were afixed
to a specially oriented site of a remodelled link
pin, and a dynamic strain amplifier preadding
circuit which isolates the output of each pin dyna-
mometer and automatically adds the draft load
was developed.

(2) The present dynamometer requires only a
minimal amount of remodelling of the tractor,
and can be changed readily from one implement
to another. Even when the link is tilted, the ho-
rizontal force alone which is a component of the
draft load can be measured and at the same time
the results are not influenced by vertical and lat-
eral forces. On the other hand as a drawback the
function of the dynamometer is influenced by the
hysterisis between the load and strain output aris-
ing from friction of the plane ball joints.

(3) As a countermeasure self-aligning ball bear-
ings were used in place of plane ball joint and
considerable improvement giving a reliable line-
arity between load and strain output of each pin
dynamometer. By this deviation from linearity at
each pin dynamometer improved to *=3.0% when
the load was above 300 kg. Where the value was
within +5.0% when the load was above 500 kg.

(4) Calibration curve and measuring accuracies
were investigated by applying static load on the
three-point linkage dynamometer, using calibrating
apparatus and methods. The results may be sum-
marized by the statement that this dynamometer
was applicable to a tractor using free linkage
hitch and measures loads above 300kg with an
accuracy of *£3.0%.

(5) Next the apparatus was checked by applying
a horizontal dynamic load to the three-point link-
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age hitch via a simple cross frame on a concrete
test track. Also some field experiments were
done with a heavy duty cultivator on loam and
clay soil of the artificial indoor test fields at the
Department of Agriculture, Hokkaido University.
In the indoor test beds, a generally used method
for determining the draft load of mounted imple-
ments is to tow the implement and tractor with
a second tractor, measuring the towing force with
a conventional tension type dynamometer. The
average draft load with the implement lowered
minus that with the implement raised is consid-
ered to be the draft load of the mounted imple-
ment. Compared with the results obtained by
towing with a conventional tension type dynamo-
meter against those from the three-point linkage
dynamometer, the effect of towing speed and the
draft was not recognized.

2. Pow Mast Height and Traction of Wheeled
Tractor (Chapter 4 & 6)

(1) To clarify to some extent the tractor reac-
tions—the amount of weight transfer upon trac-
tion wheels—resulting from various mast heights
of mounted plow, the theory of equilibrium of
three-point hitch forces was investigated. In order
to confirm this experimental analysis special at-
tention was paid to the relation between travel
reduction of traction wheels and the draft force
in the presence of changing the geometrical loca-
tion of the virtual hitch point, was carried out in
the indoor artificial test field mentioned above.
The results obtained are as follows.

(2) The virtual hitch point of the tractor having
a three-point linkage hitch lies on the extension
line of the top link and varies with its geometri-
cal location according to the control function of
the hydraulic lift system. In case of the free link
hitch system the intersection of the extension of
both top link and lower link performs at the cen-
ter of pull or draft. The resulting combined axial
forces of both links acts in the opposite direction
to and is equal in magnitude with the resulting
resistant forces applied to the plow bottom at this
point. Therefore, it should be noted that the line
of pull or draft when determined from the direc-
tional angle of the resultant can be obtained inde-
pendent of the center of resistance.

(8) Next, in the case of a draft-responsive sys-

tem, the intersection of the extension line of both
links does not perform at the center of pull. It
is transmited to the top link point along the ex-
tension line of top link. This is because the
lower links are restricted by the lift arms via the
lifting rods and the vertical directional reaction
forces are produced at the lower link hitch points,
in such a way that the direction of the resultant
at this points takes a certain angle against the
lower link axial line. Since the direction of the
resultant at virtual hitch point, nemely, the angle
of draft increases beyond that of the above de-
scribed in (2), the line of pull takes a steeper in-
cline to the corresponding angle.

(4) In the case of using the draft-control sys-
tem with a position control, the restricted condi-
tion of lower links differs from the above men-
tioned in (8).

virtual hitch point moves around the intersection

As a result, the location of the

of the extension line of both links along the ex-
tension line of top link. Therefore, here the
magnitude of draft angle becomes larger or smal-
ler than that of the above described in (1).

(5) The travel reduction produced in the trac-
tion wheels of test tractor increased due to in-
creasing of draft load. Judging from the travel
reduction with an identical basis of draft load, as
the mast height increases from 45 cm—which forms
an angle of top link inclination of zero—to 65cm
in height, decreasing tendency can be seen. As a
good example of this, the possibility of the tractor
by means of changing mast height higher, de-
crease the travel reductions within about 50% and
when continuous plowing was made it would be
impossible under 100% travel reduction.

(6) The reason, as mentioned, was because the
balance of applied force of each link changed and
according to this, the draft angle changed so that
the weight transfered to the rear wheels was
increased.

(7) The mast height of an implement is now
generally standardized and ranges from 45¢m to
S5lcm in height. Judging the proper mast height
for the test tractor based on the idea of practical
max. the pull which was defined by 20% travel
reduction from the results obtained in this experi-
ment, it may be concluded that the mast height
should be 65cm—namely 14cm higher than the
recommended max. value of 51 cm in height.
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(8) It was also recognized that the results ob-
tained in the case of draft-responsive system
showed a similar tendency as stated in (6). To
investigate the difference of the two cases quanti-
tatively, when plow was drawn by a hydraulically
controlled linkage hitching, the draft angle be-
comes larger than that when drawn by a free
linkage hitching.
amount of the weight transfer to traction wheels

In accordance with this, the

will become larger. As a result, we can expect a
decrease in the travel reduction of traction wheels.
Furthermore, the decreasing ratio of travel reduc-
tion becomes larger as the unit draft of weight
transfer obtained from hydraulically controlled
linkage hitching becomes larger than that of the
free linkage hitching. Thus, the plow mast height
has a great significance in changing the draft
angle extensively.

3. Plow Mast Height and Working Depth
Variation (Chapter 5 & 6)

(1) From a view point of kinematic analysis of
tillage, plowing in free linkage hitching was car-
ried out to investigate the fundmental working
depth variation related to a tractor-plow combina-
tion in a test field with an artificial sinusoidal
undulating surface. The results of the experiment
on the effect of forward speed and linkage from
of the working depth variation showed that the
latter was more intensively influenced than the
former.

(2) Specific mean depth variation of whole
measured sections of 2m wave length showed a
13% reduction related to the initial set depth. A
tendency of reduction toward the initial set depth
was seen as the mast height M changed from 45
cm to 65cm in height. Also the tendency of
specific mean depth variation at each measured
section was similar to that of the entire measured
sections. To such an undulation, M=65cm was
recognized to be superior for working depth

variation.

(3) Specific mean depth variation of the entire
measured sections of 4 m wave length showed an
approximately 10% reduction related to the initial
set depth in a similar manner as stated in (2)
When the mast height was increased from 45cm
to 65cm in height, the result of this experiment
showed an opposite tendency to the above. There-
fore, when plowing was conducted over undula-
tions over 4 m in wave length and on a relatively
gentle slope, even if the plow is equipped with
depth wheel control, the linkage form giving
parallelograms showed a better performance at
maintaining its bottom depth within the limits
set.

(4) Next, as a result when plowing was con-
ducted over the undulation described above, the
working depth variation of the plow drawn by a
hydraulically controlled linkage hitching showed
a considerably higher fluctuation and was expected
to show a poorer performance than that of a plow
drawn by a free linkage hitching. From this tend-
ency it was surmized that the working depth
variation became larger as the forward speed in-
creased and under these circumstances the ampli-
tude of fluctuation could be expected to diminish

according to the increase in the mast height

“higher. The former is considered to be a charac-

teristic of the draft-responsive system equipped
with an agricultural wheeled tractor and is a re-
sponse of first order of time lag. The latter was
considered to be the result of the mast height
increase and the linkage form change was equiva-
lent to the decrease of time-constant and gain-
constant of the draft-responsive system

(5) Therefore, when the three-point linkage
hitching is used with a hydraulically controlled
system, the mast height could be increased higher
and the proper implement position of the plow
when following ground irregularities was obtained,
a steady state plowing independent of soil and

working conditions can be expected.



