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Table 1-1. Size of root®®

Mean Standard
value [cm] | deviation [cm]
Depth of hole 133 41
Major axis 276 69
Minor axis 181 58
Diameter of root 25.5 5.5
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Table 1-2. Working speed for forage harvesting®®

Implement Speed [m/s]
Finger-bar mower 1.4 ~ 2.2
Rotary mower ~ 4.2
Mower-conditioner ~ 3.1
Hay rake 2.2
Hay tedder 0.7 ~ 1.0
Hay baler 1.7
Forage harvester 1.0 ~ 1.7
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Table 1-3. Specification of a self-propelled
mower conditioner

Length [m] 5.33
Width [m] 3.10
Mass (kg] 2,150
Cutting width [m] 2.84
Height of cutting table [m] —0.1~+0.432
Tread width [m] 2.90
Wheelbase [m] 2.60
Front wheel (2 wheels) 7.5—1.8
Rear wheel (1 wheel) 6.0—12

Fig. 1-1. Front wheels of a forage harvester were
dropped into a hollow.
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Fig. 2-2. Relation between the ratio of length of
terrain to distance and standard devia-
tion of elevation?
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Fig. 2-3. Procedure for calculating PrQ and PN¥
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Fig. 2-4. Profile with random undulation and
profile with sinusoidal undulation
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AEETHBL, A=V Fravea—2OFIHIE
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1. ISO/TC108 THREIPNDRREM DS #EEE

ISO (International Organization for Standardi-
zation—EHEERELEE) 0FMER2D12TH
% TC108 (Technical Commitee—¥MAVIREN K O
B8 e\, BEETERCHT 5RO L
WBIE L CBREANOREXIEA S LW HEIE D
b, WG9 (3 SC2/WG4—Measurement and Eval-
uation of Vibration and Shock in Land Vehi-
cles) 725 1972 F 6 A8 1 RFEZE (Proposals for

10*
}\{gMA A
'
10° g HE
= (AR
- i ]
~ \ i | | Profile B
g % [
~ [
< 10tk s
E E \r \
i E !
= r . \
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107! 1 [T A I ! L1
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Spatial frequency  (¢/m)

Fig. 2-5. PSD of profiles
A -Profile with random undulation
B-Profile with sinusoidal Undulation
C-Profile with less undulation than A

Generalized Road Inputs to Vehicles) AAE X h
1299, ZOHOBE THEOC—HEIEER D, &
# % Reporting Vertical Road Surface
Irregularities” &+ b, 1988 FEHET KX E
FhThs ZOHKR, BroFEIIHAESR
NP 57 — 2 BT 5D T — 2 D
BAERDWTERDLZ EXHENETEEE DI,
BE MM SRR ORE O F — £ ¥ RRD D ik
tav—-vaVYiIZMATAHEBERDHTHRNTY
5o
ISO/TC108/SC2 cH#gfh D BBAEIM G D ik
2, BREMMO PSD %X 2-8) EBIL, £=1/2
7z (¢/m) ZRBF5PSDDEPY) wih, BED
Mk 8 I AL T\ 5 (Table2-1). AE
EEDVCIFF L lE<T, B, C, ~, H&
A OhBAMYOBEESAKRE (R Higkd
FEEOXEHREBEATH D, 1972 FED0FETHREE
MM AR AETEL T, 1987 FERAER N
DETRIADETEL, WoEz2:HEELT
Whe

PHO=PU@W /™" [m¥/c/m] (2-8)
£ Q-8) XHEWE D5 7 FiwEkT L 1 ARDER
LB, Table2-1 G REOEZHFEEBOPSD O
BERIFRFRAET, ZhEBREMMOSEED
WRIZTAE2/8E75, #o T, BEOMMNEFT
i+ 284 ThFhoBEMNMOPSDRA,
B, -, HoEhHGEIh LRI ER Y, #
ZAE, B AHREOM ™MD PSD 2 ISO 458kZ 0B D
@EC, hoBEmOMOBD 0EETHD EThH
W, Co2@EoREMYOEEKEORE 4TS
5T LB,

Table 2-1. Classification of road roughness by

ISO/TC1087

Class [ffg_g;n fj/%
A < 8
B 8 — 32
C 32 — 128
D 128 — 512
E 512 — 2048
F 2048 — 8192
G 8192 — 32768
H 32768 <

021/2 ﬂ[C/m]
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BEMIO SR T ERIE UM 58
THEROHEE L L ORI TR, EROMARER
S HRATIREOREE, ~3av—vavBARE
DFEE, ROABRHAKREOTHESEDEIEL L THF
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Fig. 2-6. Typical PSD and classification of road
roughness by ISO/TC108'
a: Highway b : Unpaved road
c: Bergian road d: Unpaved rough road
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Tolus, ALY, EBHEOBEKD I\Z &0, fEHD
EHEROEBEROSRYIGETEHRT 270D
BEprkb0T, FEBLORVHEEEREMY
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BErith, |
ELTW5, WEHIZOWTIE, ZOEOM, T

BIEiZowT,

BB OETHE, EFEEOZIEL, 11—
CERNCENBALRWZ SRR E L THED
TELZ TS IBLEL TE, BBl »TEL
feRD > b & LIBREN LN ERAALTRED
L, BREGEELTY, WEMCTHRERDETH o A
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52 EBBETHD, |
LEHL TV 5,

¥, dedEEERA T, REHLLIEHTET
FEHcoWT [RHMEREEEORTERER
T,

e TR REFRIL 130 5 m (BB —KEIRE
B—omMROEINEEXBOLOTH 5mIUKH
THB) DA 25cm LA EDOE X oMM H 5 % EHH
¥HRITHLOTHD, |
L, BIE®ELL T,

MM OEAAZ6 ELIREL, 140K I 5m b
EEL, MAomERBem By &, W
ERBPIEE 5 m OHESE (K—1%) ¥HRCE
EMMOFHILBEL, TAEAHBITIAT VY b —
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ELTwiedy, BEORTHMEECIEHINT
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EoRKETIRRVY, BB CREMERRBE
ERBTHAREHL T IHEOEEL LT,
[REE L o TEXSHIE, 1mECKERELYT
Vv, ZRAROREZSem Mo o eAkRIE
RO ELR220%BUEORIEET S, |
EDELZFEHFML T 5,

DlED X5, KETRHFEY+5cmicT %
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Ffnc B+ 5 dbiE 0 EEYN D 57120 T, HoRE
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Before construction

Fig. 2-7. Criterion for design and construction of
leveling field®®

L.=10m H,>25cm
L;=3m H,=25cm
L;=5m y=6°
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BEELEELoBRIZIBLDLEEZ LR B,
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HEELZLND,

E5E1 duiBEOTEEYLEE
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wBL T, BAMEETE L AMMOREE D
W, BB TRERBBREEOFCAREY L LE
YT O HERXTFD 5", roRETR [IF
&M T I m HRTKEARZTY, &4
EROBEZScm B EoBE SR LEORTEAR
DERLR 0% EORKBC oW TREHLTHE
ERTHZLELTVE, MMDRIEHEELT
i, Fig.2-8 Rl ick S gtz oo Y
YWY, EBICEHS AB RO CD 0RER ¥ RE
L, BxvF~<—7 (BM) 2808 (TFERT
CEERYZ TR i, AY, BY, CY,
DY D&BPBHIZ 2T, FOIRIEF RIS % 20

Area where is required to level
/ c
[

Fig. 2-8. Example of measurement of undulation'?
When AY =100 m, length of —— =25m
When CY = 40m, length of —— =20m
x : Temporary Bench Mark

mUlE 2o EEOCV/4NECHEYTKEY
HWETS) £ LTW5.

Fih, [REHLOHREORE L LT, WEM
DEEZES5 cm B EEED 5 BEAT, 20, 10
cm BLEARHB L] ELTuwB,

B OHEIIR IR TS EHEZEE, &AM
DEEETH B, FlxiE, KERBLI->TELR
THARNEOESN12cm T, FOBOSADOES
HN19cm CHIIEEEZEITem & 7e b, 1 mElE
THIEXFT5> DT, 55mREAHETH L LHE
326 m ey, BEOEEEDOT -2 E LR
Bo 25 HOF — 2hIEEESScm U EDOF — %
BEL58b-cEThiE 5em U LEoEEZD
ElG20% & 785,

Z OREEH L TEOREEEFRICEL T, Mo
EEE L fERAER, INEOBFIoVTHEEL, *
DFERILBEEETEREE MR X » BHEHERE
BB HRRIBIEFRREERBRIEREE O
THEFREEL V)W BB TW 2,

HIBEIH TR~ S, BBEOMMC &
DIRBINAE U ) BREBRET AL, bF274
RO EZERNERMOMFEEE 2HR S W FEREERIME
TIdEEbir, WEOMYE D FFETRMIY DK
DI D Eieh, TOBRNENELT D2, &
BRlEE S E T, MY S FEREER, BEOBIRIC
DOWTHERE L, MEORE L FBEHRIOWTHRN
T b, MMMOBREDR LS 10 BEO S HR
L, IlmEBrEEoKENELT, BERBELEY
fTottk, HRUTHOSBEZELSEL, 5em L
DOEEZDOB SO & LR AR & OB EEZRD T

Table 2-2. Results of the measurement of roughness®

Percentage of division [%] Percentage of

Site heigher than
0~5cm 5~10cm 10~20 cm 20~30 cm 30~ cm 5cm [%]

@ 63.3 32.3 4.5 36.7
® 67.8 24.4 6.7 32.2
© 71.1 18.9 7.8 1.1 28.9
@ 76.7 20.0 3.3 2.2 23.3
® 81.1 11.1 7.8 18.9
® 84.4 12.2 3.4 15.6
® 84.4 15.6 15.6
® 87.8 10.0 2.2 12.2
® 88.9 1.1 1.1
@ 94.4 4.4 1.2 5.6
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b, R B OHERE R % Table 2-2 IR L 7o 43,
5cm P EOBEZEDOEEG XA I\ 138 T5.6%,
AT 36.7% TH - oo

Table2-2 T5cm U LD BEEZEDEIG2/PN I\
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@, OOBEBIMMOBENRRIZE & F I h,
@D IBBRE TR L TH I NS,
ABRREEREE T, FEERRVRERRDWT
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Ratio of the work time in the theoretical standard

field and the work time in various field

Coefficient of uneveness (%)

=1
R
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Relation between coefficient of uneveness
and work efficiency

BB, BERYA Vv Fe—7, HER -
AZROTF 4 27 2—T7RFEALTHARET - T
%, MMORED R\ ERERN LIS CORERH %
1.00 LT, 5cm U EoEEEDOEIS & OBFEY
ko (Fig. 2-9), BEREOEERA1.20L EE i

5D 5cm YU EOBEEZECHEN 20% U ETH S
ZEERRLTWS,

B OEIEN b & X% Fig. 2-10 VTR T L5 1
5cm &35 &, Fig. 2-102)cM Mo SEENS
cmTHHEER, BHEOMOMST LD 5em S
AW FhER LT, BHMLDRWEE
CH~N25cm OEN Y Lirb, ’oT, MbADSE

Ordinary cutting line

777777

—Trm
Y

Terrain

(1) Coefficient of uneveness is 0%

Cutting line after constructioh
Cutting line before construction [

/
e _-Jm\:

Terrain after construction :

Terrain before construction

(2) Coefficient of uneveness is 100%

Fig. 2-10. Difference of cutting line caused by
undulation'?

Table 2-3. Effect of leveling on farm work®®

(1) In the case that the reduction of expenditures and the grass yield were considered

Percentage of Proper
higher[t(% o 5em Annualy;;x;]oﬁt (a) invest[men]t (b)* Inves[tsrfrelzir]xt © Effect[ —(3)/ ©
0 yen
30 12,461 178,014 101,100 1.8
25 10,456 149,371 ” 1.5
20 8,285 118,357 4 1.2
15 6,320 90,285 4 0.9
10 4.109 58,700 ” 0.6

(2) In the case that

the reduction of machinery cost was considered

hiI; ﬁrecrertl}té%eS(z;l Annual profit (a) invesf:)rl;?e%etr (h)* Investment (c) Effect _(b) /()
(%] yen] [yen] yen -
30 10,478 149,814 101,100 1.5
25 8,838 126,257 ” 1.3
20 6,983 99,757 ” 1.0
15 5,333 76,185 4 0.8
10 3,478 49,685 ” 0.5

*: (b)=1(a)/(0.064+1/100)
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Fig. 2-11. Typical profiles which has different
coefficient of uneveness
a: Coefficient of uneveness is 2%
b: Coefficient of uneveness is 30%
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Fig. 2-12. Effect of coefficient of uneveness and
PSD of profile
a: Coefficient of uneveness is 2%
b: Coefficient of uneveness is 30%
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Fig. 2-13. Relation between roughness and PSD
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Fig. 3-2. Definition of slope angle
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Fig. 3-3. PSD of standard test tracks of B54220
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Fig. 3-4. Accuracy of the integral method (Wheel-
base 150 mm, Rougher-R)
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Fig. 3-5. Effects of wheelbase on the accuracy
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Fig. 3-6. Accuracy on various tracks
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Table 3-1. Specification of vertical gyroscope

Manufacturer Tokyo Aircraft Intstrument Co. Ltd.
Model VG-23
Power DC24V  £2V 0.6A

Pitch angle  £55°
Roll angle  +70°
DC~10Hz

Accuracy of self erection | <0.4°

Range of angle

Range of Frequency

EOMBEZIIHEELDNRB, T, OFA
F=IIRBA B - ARINEERRRICIVE
DINRE XML CTHEMAEYRET 2 & b AT§E
THDHH, hbOEEBIAERE OER) D INE
ERsYSBHELTLE S DT, ENOINEERSS
DR E T LBRIEY L bion, Thb
OEHIHEHL, BB CHEHIR T3 -5 7
AT A4 rRa—FRINENRL, ENAEREE
Bor—) v 7OREYRTICE y FBOLY S
MLTHETE, MEEOEELZTTIIVDOT,
BEAAETHREL LT A-F I LT frra—F
PHATEZEE L, B Table 3-1 1R
L7z,

3. AEEENHE

HEW I 5THTCE, BEEEAAENEEESY
HEHEOX 5 2B 2K0#E L L, BRHOER0
ERGEL T, UL, BRSO X 5 gy
FT L HERNARE OBIE 21T 5 B4 2 B 2 #cEhlf
%150 mm &+ 5 L BITHRBEEILED 2 LW FH
ENBHOT, SHEDISLRILIE, B0 28
SEOWEE L Lic, SIMTHDL LERERMNETT
HEHHEMAEORHELZHETHZ Litkd
2, BIEEBORENL 7 7 2 BEROE LR UR&E
EThhiX, 3SWTHoTCHHEHELREN
B R R, EEEANSGRHIGA BRI
BIFTHBEEEZLNBZY, LiLishs, B
BHRPE G E, ERVIBHAKE L KD dREEH
DEFCZELFEL, METREL b D, BHES
150mm & LizZ &b, 243 TH D - & b F
BLTERZISOmm OERYFRAEATLZ L& L,
AFLI-RSRENAENCEBOTEHETY
Table 3-2 iz, HE% Fig. 3-T R L1, BBHED
ERIAE L VEEYRD 5121y, —BETEME T
BERIABELRTT 5LERNS B 0T, FiERILE
A4y FEEBRPHAELEEEYRD 413



170 JLHERFERFHACLE H1TE $25

Table 3-2. Specification of slope angle measur-

ing system
Length [mm] 370
Height [mm] 380
Width {mm] 300
Mass kel 40
Tread [mm] 150
Wheelbase [mm] 200
Wheel diameter [mm] 150
Wheel width [mm] 65
Forward
A i
Vertical
vroscope <} |

Electric magnetic
proximity sensor
to measure distance

Metal piece to
measure distance

Fig. 3-7. General view of the slope angle measur-

ing apparatus
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Fig. 3-10. Accuracy of measuring apparatus
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Slope angle measuring apparatus

Vertical gyroscope Proximity sensor to
(VG23) measure distance

Slope angle Signal of distance

Video cassette data recorder
(TEAC, XR-50E)

Pen oscilograph
(WATANABE Inst.,, WTR-211-6C)

Fig. 3-11. Block diagram of the measuring system
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Fig. 3-12. Example of measured slope angle of ter-
rain
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Slope angle measuring apparatus

Vertical gyroscope Proximty sensor to
(VG23) measure distance

Slope angle Signal of distance

Video cassette data recorrder
(TEAC, XR-50E)

AD converter
(SORD, HC-AIO)

8-bit personal computer
(SORD, M223/V)

Fig. 3-13. Block diagram of the measuring system
B
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By 8-bit personal
computer (BASIC)

103

LUBLELRLLLL

—
‘:.L

LR ASRI)
a

=)

o %h_

107! [ U T 1 L
1 10°
Spatial frequency (c/m)

PSD  (10-°*m%*/c/m)

A

TTTHIT

T T TT7IT

-
e

Fig. 3-14. Effect of computer and programming
language on accuracy of calculation
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Table 4-1. OQutline of meadows

Sie | Number of | Length ) JET
[m]
Meadow a

a; 19 45 2.5
az 19 45 2.5
as 2 64 —
Meadow b 22 50 1.5
Meadow ¢ 11 50 1.5
Meadow d 5 50 1.5

1

Farm building

_]====&_
Faculty of =)
Veterunary u

medicine

N‘G[

|

Fig. 4-1. Location of sites investigated, University
farm, Sapporo.

%<, BBEREIEL, + I/ 20ETICL5KE
DERHPIEEL b AR EMBHEEE L L
THEL, EERFELRIERBNOKERE
4 KENT O CTHORIE #1T - #o (Table 4-1,
Fig. 4-1),

ai, ax as i¥KEHaich o, BAEHEIFNE
hagoEadHE, RIAFARCABEFIRATH
B, R BBOHETICH - T, HEH a 1M
MO RBEASLENEV 3, REHdEMGOR

Fig. 4-2. Meadow a (measured in August, 1979)

Fig. 4-3. Meadow d (measured in August, 1982)
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(1) HEHOMODEE
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Distance .m

Fig. 4-4. Profiles of meadow b
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Distance ' m

Fig. 4-5. Profiles of meadow ¢
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Fig. 4-6. Profiles of various terrain in roughness
a: Smoother terrain
b: Rougher terrain
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Fig. 4-7. PSD of typical profiles of meadow al
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Fig. 4-8. PSD of typical profiles of meadow b
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Fig. 4-9. PSD of typical profiles of meadow d
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Fig. 4-10. Profile composed of sinusoidal curves
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Fig. 4-11. PSD of a profile compsed of sinusoidal
curves

Table 4-2. Coefficient of PSD curve

Site Vo | K]
Meadow a(a,) 2.27 2043
Meadow a(a,) 2.44 2067
Meadow b 2.43 1406
Meadow ¢ 2.42 489
Meadow d 2.39 185

£=1/2 zlc/m]

DT DFHE% Table 4-2 \Wir Lz, #ods, &
LBEAEKcHBERKEana, a b
0.1~3.0c¢/m, B EHDb, ¢, dix0.05~3.00c/m
TH o1

Table4-2 i L h I RABEBOM D W i
2.27~2.44 DFWHE T, ISO/TCI08 THRH PO E
W=2 wchk~5sK&<, PSD MmN s 5 7
TRLEEE, HERKE BEHEBEROHMCT
3% PSD OEDCHIVEENKEZ EHERL T
W5, BESY P Wendeborn'” J 0 E
Matthews'® OHFFEERT I E L AR B L, XE
BERO MM AP B S R L AEEERT
BHFNEAT, Mo PSD ¥\x#E o 75 7 ¢
RTEETHRDERDLZ ENTEDO R, T,
ISO/TC108 DHHEH X DOHHMERY TITD B &,
HRAEBL > TRGIRRD, BREZBII-T
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Fig. 4-15. Mean value of PSD (Meadow a,)
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Fig. 4-16. Mean value of PSD (Meadow a,)

¥ % KD Fig. 4-15, 16 KR L7z, HAF AR
CELDFAOMMDOGTFRIZOWTS, 7w v 7
TOPSD OEILFEAEE - LDER L hEED
bha, ¥, HERTROMNO PSD & 24077
Mo PSD O ER ORI H [ oMk PSD
DEHEER Fig. 4-17 1R Uiz, SIAEITEMM o
PSD & £2J5 1, EHAMNO PSD & 2igiER
LEmZTRL, 3F0MNYORER CRBERES 3

10* T
O Mean of meadow a,
‘ @ Mean of meadow az
10° AMeadow a3 _|
= A Q A Meadow a3
~ T [
g 28
o 10tk —A—XT
~ =
B =
2 f
X L
e
A 10 E
17 =
~ [
i A
E |
107t I S T S T
107! 10°

Spatial frequency (¢ /m)
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Fig. 4-18. Two parallel tracks spaced 1.5m
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Table 4-3. Coefficient of PSD curve of fields

site W oo
Paddy field (Namikawa'®) |1.82 130
Plowed field (Matthews'®) |1.63 1020
Plowed field (Torisu®") 0.70 3400
Wheat field (Terao'®) 1.41 63
Pye field (Terao'?®) 1.32 95

£=1/2 z[c/m]
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Table 4-4. Outline of terrain and roads

e | mn | B
Terrain e 4 25
Road f 2 50
Road g 2 50
Road h 2 50
Road i 2 50
Road j 2 37.5
Road k 2 35
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(2} Faculty of agriculture

Fig. 4-30. Location of sites investigated
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Fig. 4-31. Road f (measured in August, 1982)

Fig. 4-32. Road h (measured in August, 1982)
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Fig. 4-39. PSD of standard test tracks of 1505008
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Fig. 4-38. PSD of road g

Site w [5%%@3%
Terrain e 2.30 1744
Road f 2.40 256
Road g 2.31 72
Road h 2.51 50
Road i 2.65 11
Road j 2.54 205
Road k 2.07 3
ISO Rougher 1.88 2820
ISO smoother 1.82 204

£=1/2 z[c¢/m)]
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Fig. 4-40. PSD of various meadows and roads
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Table 4-6. Coefficient of PSD curves of various terrain'*®

Number Site w [mz/cc, Jm] Source
1 Runway 3.8 4.3x107M NASA-TND-510
2 Runway 3 2.0 7.0%x10"® NACA-TN-4303
3 Runway 1 2.6 1.9%x10-® NACA-TN-4303
4 Runway 3 2.1 2.7X1077 NACA-TN-3305
5 Smooth hlghway 2 . 1 4 . 8 X 10—7 ........................
6 Runway 1.9 6.4x1077 NASA-TND-510
7 Runway 12 2.0 8.2x1077 NACA-TN-3305
8 Runway 4 4.1 2.1x10°® AGARD-REP 119
9 Smooth runway 2.1 2.4Xx107° NACA-TN-3484
10 nghway 21 44><10'6 ........................
11 Rough runway 2.1 8.1x10°® NACA-TN-3484
12 MOOn Surface 20 36)(10—4 ........................
13 Aberdeen 20 48X 10—4 ........................
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Interval w Range P (f})
[m] [ X 10~*m?/c/m]
0.05 2.70 748
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Fig. 5-6. Example of vehicle speed vs. accelera-
tion
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Table 5-2. Outline of meadows
Length of
Site Nligtéirs of trﬁ;l](s Place
Meadow 1 2 50 Sapporo
Meadow m 2 50 Sapporo
Meadow n 2 50 Shizunai
Meadow o 2 50 Shizunai
Meadow p 2 50 Shizunai
o
o] ©
Office mm
[ 5

(2) Livestock farm, Shizunai

(1) University farm, Sapporo

Fig. 5-7. Location of sites investigated
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Fig. 5-9. PSD of vertical acceleration at C. G. of
tractor (Meadow m)
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Fig. 5-10. Relation between vehicle speed and ver-
tical acceleration of tractor body (rms)
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Fig. 5-11.

Relation between standard deviaiton of
elvation and vertical acceleration of
tractor body
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Fig. 5-12. Two typical profiles
(a) Standar deviation: 52.2 mm
Acceleration rms: 0.83 m/s?
(b) Standar deviation: 31.9 mm
Acceleration rms: 4.91 m/s?
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Fig. 6-2. Relation between length of a section and
standard deviation of elevation

Table 6-1. Fatigue-decreased profiency boundary for various field

s Foigederesel | R dacsteaton | SR o
[hours. minutes] y mm
Meadow 1 0. 25 F 19.2
Meadow m 4. 0 D 13.2
Meadow n 2. 30 D~E 15.1
Meadow o 4. 0 E 26.7
Meadow p 1. 0 F 42.6
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Table 6-2. Field comparison of land smmoothers!®

Number of passes and rms [mm]
Land smoother
2 3 4
GP 50-field planer 26.2 32.9 17.7 14.3
Land planer 34.2 25.8 17.8 18.9
Smoother with rear extension land planer 39.5 11.2 11.1 13.6
Three point hitched smoother 42.2 26.3 18.0 34.2
Adjustable filoat 40.6 24.9 21.4 14.3
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Summary

With the development of farm mechanization,
higher speed and accuracy of farming has become

necessary. Irregularities of fields are obstacles for
farm work, and decrease working speed and
efficiency.

Fields for rice and other crops are tilled and harr-
owed every year while meadows are only tilled and
harrowed at establishment or renovation, as a
result irregularities in meadows are often left un-
changed. Irregularities in meadows affect the
working speed and efficiency considerably, but
there are no criteria for measuring and evaluating
irregularities in meadows, as there are for paddy
fields.

The establishment of standards for the degree of
difficulty that irregularities in meadows pose to
farm work is necessary, and the following is an
investigation to evaluate this.

A slope angle measuring system with a vertical
gyroscope was developed to evaluate profiles with
the slope angle integration method. Profiles of
meadows, roads, and rough terrain were measured
and analyzed.

Characteristics of profiles and the relation
between the roughness of fields and the ease of
operation of farm tractor was investigated. A cri-
terion for the operation of agricultural machinery
in meadows is proposed.

I. Effects of field irregularities

The effects of field irreguularities on farm work,
criteria for irregularities of fields, and evaluation
procedures were investigated. Some of the conclu-
sions were :

(1) The ministry of Agriculture, Forestry and
Fishery has established criteria for the design and
construction of paddy fields, fields, and meadows.
But criteria of irregularities was only established
for paddy fields.

(2) Tractors and other farm implements are
affected by irregularities in fields. Irregularities de-
creased the working speed and accuracy and cause
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breakdowns in implements. Meadows are only
tilled and harrowed at establishment and renovaton,
and irregularities caused by the slipping wheels are
left unattended. As a result, irregularities in
meadows effect farm works dramatically.

(3) The frequency distribution of differences in
elevation, its distribution, standard deviation, the
ratio of line breaks, RR and PrQ-PN were inves-
tigated. It is recognized that these did not com-
pletely describe the frequency distribution of
profiles in fields.

(4) The relation between criteria by Hokkaido
for restoring irregularities in meadows established
the recommended classification of road irregular-
ities by ISO/TC108 was investigated. There was
good correlation between the two criteria. Fields
with 12 to 409 irregularities larger than 5cm were
classified as F, and fields with 40 to 659% irregular-
ities larger than 5cm were classified as H.

II. A field profile measuring system

A rapid and accurate field profile measurement
was developed and tested. Some of the conclusions
were :

(1) The slope angle integration method was
used for measuring field profiles. Profiles were cal-
culated by integration the slope angle by distance.
The accuracy of the slope angle integration method
was checked with BS4220 test tracks, and the accu-
racy was not affected by irregularities and variety
in the fields.

(2) A slope angle measuring apparatus to mea-
sure field profiles was developed, it consisted of a
vertical gyroscope to measure the slope angle of
terrain and was on three wheels, one was at the
front and two at the rear, with a 150 mm wheel-
base. To determine the accuracy of the profile
measuring system, artificial undulations were made
in a soil bin and the slope angle measuring appara-
tus was run over the surface of this terrain. The
elevation measured by the apparatus was very close
to that of the artificial field.

(3) The field profile measuring system was made
with the slope angle measuring apparatus. Slope
angle of fields were recorded by a video cassette
data recorder, and this signal was processed by AD
converter and 8 bit personal computer. The system
appears to be very practical in measuring field
profiles.

III. Characteristics of farm field profiles

Four meadows were selected for the measurement
and analysis of meadow profiles. And profiles of
paddy fields, fields, roads, rough terrains, and
tracks were investigated to evaluate meadow
profiles. Some of conclusions were :

(1> No periodic undulations were found in
meadow profiles. It was established that farm field
profiles, except furrowed fields, were random and
non-periodic.

(2) The PSD of profiles of meadows could be
approximated by a straight line on log-log paper,
and no remarkable peaks were found. The values
for meadows were not always as large as a those of
roads and other terrains, but the PSD of roads and
other terrains could also be approximated by a
straight line on log-log paper. Therefore meadow
profile may be considered similar to roads and
other terrains, and the amplitude of undulation
became smaller as the wavelength of undulation
became shorter.

(3) Classifying the PSD of meadows based on
the ISO/TC108 road classification, the roughness of
meadows classified as bad fell in the E to F range
and the roughness of meadows classified good were
in the range from C to D. Test tracks of 1SO5008
were F. Unpaved roads and rough terrains were E
to F. and paved roads were A to B.

(4) The PSD of two parallel tracks separated
by 15m, tractor tread width, were almost the
same. To investigate the correlation between two
parallel tracks, the coherency was calculated, and
it was nearly zero at higher than 0.2c¢/m spatial
frequencies, showing that there is little correlation
between two parallel tracks.

IV. Evaluation of meadow irregularities by the
difficulty of farm work

The roughness of meadows was determined to
evaluate the effect of meadows irregularities on
farm work. Some conclusions were :

(1) As meadow profiles were irregular and non
-periodic, 0.5 m intervals of elevation were mea-
sured. The vertical acceleration at the center of
gravity and the seat of the tractor were measured
to determine the difficulty of the farm work.

(2) The correlation between the standard devia-
tion of the meadow profile and the vertical acceler-
ation of the tractor body at the center of gravity
was 0.384 too small to be significance. Profile sec-
tions were further divided, and the standard devia-
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tion of each section was calculated. the standard
deviation of the section was affected by the length
of the section, however, the correlation between 5
m sections and the vertical acceleration of the trac-
tor body was high, at 0.81.

(3) Classification of road roughness by ISO/
TC108 agreed with the rms acceleration of the trac-
tor body. Vertical acceleration of the tractor body
was very large, when the tractor was operated on
ISO/TC108 F class meadows.

(4> Vertical acceleration at the tractor seat was
analyzed with a 1/3 octave band analyzer, and the
components of acceleration were compared with the

Fatigue-decreased profiency boundaries for vertical
acceleration in IS02631. Tractor operation on F
class meadows showed a vertical acceleration level
above 1 hr.

(5) Meadows irregularities reflected in tractor
operation suggested that meadows be reformed
when the standard deviation of 5m sections was
over 20mm, and ISO/TC108 road roughness
classification over E class. Sampling theory in-
dicated that it is necessary to evaluate profiles of
more than 11 sites in a field to determine meadow
irregularity.



