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Effect of Relief-angle at Straight portion of Rotary Blade on Torque Characteristic and
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Tufinseunyuduuuuiidiunseiiyumau 1° (otary blade B2) uay 3° (rotary blade B3) gna¥istuiiiodnuna
desnyuvauuinudunssduiinaeumuiiiidednvaznedniazsuinamdulansudumeiiieanddsildlunisla
wsufuvesgUnsalloseunyulnenageuSuiisuiuluiinveunyuglsuudid (rotary blade B1) nsnaassitlunszus
fuiviesuFUAn swaraninisiutazn1sUszgnd n1a3v3MInssunwes ANsIAINTTUAIAAS AunIuay
wAnendeinunsmans neaeulufumisinaziusiuunsefianumuiuiuiiasvanwuie 1.67 uag 1.49 g cm’
puEIRy ALBURY 11.2% (db) nadeufiannudinisifiunis 0.069 wae 0.142 ms™ AUEITOUNYY 150 220 Uag
280 rpm wan1svaaaLansliiiuiinslonsiuAudeluiinseunmuiidunssdiyuvay 1° uay 3° (B2 uay B3) nednil
dnuaizaonadesiudnuaznesnvedluiinssunyuglsusuid (B1) wazuandiiiiiuinpmauiidunswesuiineunudy
Hadeddivilfluineumplindsnulansusinzanadunislonsiuiu TaewuilunszuaunislonsuAuludinaey
viuiidiussalyuvay 1° (82) Tindanumslansudunziosiign variluinsouvuglsusuid B1) lindsunisla
NTIUTUNZEIER

mddey: aunsalloseunyy, lulinseunyu, nesn, nasulansiud g

Abstract

The prototype rotary blade with relief angle at the straight blade portion 1° (rotary blade B2) and 3° (rotary
blade B3) were fabricated to study on the effect of the relief angle at a straight portion of rotary blade on the
torque characteristic and the specific tilling energy to reduce the power used by rotary tiller for soil preparation,
comparing with the European C-shaped blade (rotary blade B1). The experiments were tested at the soil dynamics
and it is application laboratory, Department of Agricultural Engineering, Faculty of Engineering at Kampeang Sean,
Kasetsart University. The research works was conducted in soil bin at forward speed of 0.069 and 0.142 m s,
rotational speeds of 150, 220 and 280 rpm in clay and sandy loam soils. The results showed that the torque
characteristics of the rotary blades with relief angle at the straight blade portion 1° (B2) and 3° (B3) are such as the
Europena C-shaped blade (B1). Besides, it showed that the relief angle at straight blade portion is the important
parameter that cause the tilling energy decreased. The investigations showed that the specific tilling energy of the
rotary blade with 1° relief angle at straight blade portion (B2) was the lowest while the specific tilling energy of the
European C-shaped blade (B1) was the highest.
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Figure 1 The rotary blade diagrams exhibit the relief angle at straight blade portion.
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The rotating shaft

7 kW electrical motor

Reduction gear box

0.7 kW electrical
motor
[4 Driven shaft

Driving gear

[6] Magnetic pick up
Test rotary blade

Inverter
[9] Soil bin

Rail ways On/off switch

Guide rack rails

& &

Figure 2 Schematic diagram of laboratory soil bin.
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V Output

Figure 3 Schematic diagram of two cross-strain gauges

boned on shaft surface.
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Tusinveumyuiisumia (8) (C) (D) waz (E) Fauanssiumis
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Travelling Direction

1 C=180°
Tip blade positions: A=0°, B=90°, C=180°, D=270°, E=360°

Figure 4 Diagrams of the tilling process and the position
of blade tip.
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Torque (N m)
160 Clay soil
0.142 ms?

Rotary blade B1
Rotary Blade B2
Rotary Blade B3

120

40

0 90 180 270 360
Rotational angle (°)

Torque (N m)

160 Clay soil
0.069 ms™

120 150 rpm

Rotary blade B1
Rotary blade B2
Rotary blade B3

80

40

0 90 180 270 360

Rotational angle (°)

Torque (N m)
160

Sandy loam soil
0.142ms*
150 rpm

Rotary blade B1
Rotary blade B2
Rotary blade B3

120

0 90 180
Rotational angle

Torque (N m)
160 .
Sandy loam soil

0.069 m st
150 rpm

Rotary blade B1
Rotary Blade B2
Rotary Blade B3

120

0 90 180
Rotational ansle (°)

Figure 6 Torque characteristics of European C-shaped
blade (B1), Rotary Blade with 1° relief angle (B2) and
Rotary Blade with 3° relief angle (B3) at the rotational
speed of 150 rpm.

wsaUnsengaiuiugUwuunsItRvesdu (Soil failure)
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AuALUY Scoop surface warUTuuAundnieuloasy
UL Scoop surface vasluiinvauvyuy

33 vesnlarusaznaInITlons iy

Figure 7 wanasagilandunesnvazlulinaeunyu B2
Tansudu 1 seula Adeulafumilen mudinisiiums
0.142 m s™ AIU5ITEUNITNLL 150 rpm WEunIsha
WIUAU (Tilling energy) Aasounislansiuvesluiinasy
73U Bl (European C-haped Blade) Iuﬁm’\]auu‘qu B2

Torque (N m)
160 T

Rotary Blade B2 Clay soil
(1° relief angle) 0.142 m/s
120 A 150 rpm
‘.
80 - ‘
40 7 Fawton no 1{ §
0
0 1 2 3 q 5 6
Rotational angle ( @, rad.)
Remark:
Torque function
Equation no.  When y = torque (N-m)
X = rotational angle (rad.)
1 y = 151.9x°-807.93 x” + 1583.5x"
G -0 rad - 1392.8%° + 528.23x -
6, - 2.026 rad 66.658x + 8.4301; I’ = 0.9438
2 y = -3273.2x" + 30472¢ -
0. = 2.026 rad 105671x° + 161692x — 92020;
6. = 2.560 rad = 08170
3 y = -0.8209x° + 21.016x° - 217.2x"
G, = 2.560 rad +1149.8%° - 3238.5%° +
6, - 6.866 rad 4467.4x - 2196; r* = 0.9258

Figure 7 Example of torque functions for calculating till-
ing energy used by the rotary blade with 1° relief angle
(B2).
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(Rotary blade with 1° relief angle) wazluiinaaumyu B3
(Rotary blade with 3° relief angle) Ai® awniudildnsan
YR FUANNFURUTTENTNNBIN (1) waTNNITNRY (X)
Fadnnamldnnuanuvesnsdufivnsaileidunesnluus
artramunsmlaeiinisulstsunsvgudmiuileidu
nesnanglunissounislannuiuegfudnvuzvesnues
Tufingeunyuudazuuy 1ilosainnedniidnvueidu
sinusoidal fatuaunmstnaludloa (Polynomial regression)
%Qﬂﬁmﬂ%uamJ“Wdﬁ%’ummé’uﬂ’uﬁ‘iw’iwwa%ﬂLLaz°U'a<1
HUNITYU IgNATUIAILADAARBITENIANNTTINGLY
deadudnwmenosnainarduusydndanduius
(correlation coefficient; r)

Figure 8 wansuUsunaunassulansiuduvesluiinaou
vayuglsUsURIT (Rotary blade B1), Tusinaeumnyuildiunss
fiyuviau 1° (Rotary blade B2) waw luflnaeumsuildiunss
fiyuvau 3° (Rotary blade B3) Ail#lun1slansiufunis
50U wan1snaasskansliuinlafiuulldunauduius
SEMINUSINUNSIUMTLaNTILAY AISINTIAUNIG
wazausseunyuvatluiinveunyu wazliansande
agunatlesanviinfuiifideuTnamdsnunslonsiuiu
valulneuNULARELUY

34 wawumslonsuTune
NSATUNUIIUTUANATIUATLANTIUT AN VDS
Tufnveunyuglsuguid (81) luflnaeunyuiidyumay 1°
(82) wagluiinvouvyuiifiysmau 3° (83) fauandlu Figure
9a 9b uaY 9¢ MUY HanINAABWnsElYlnRuT UL
‘vmaLLaxaumﬂmLLﬂﬂdlﬁLﬁudﬂLﬁ'ammﬁ'zsawgmﬁwﬁu
srdsmarilindanunislansiuAusinsinty wazile
muansiumaintuein 0069 m s’ ¥u 0.142 m s’
Tudeulviumilen lufinsouvsuglsusuda® (B1) ludinaeu
vauiifuviau 1° (82) uarlufingeumuiifyuvau 3° (83)
Tdndnunslansiudtinizanas 42.46 — 56.03%, 51.82
~ 68.78% waw 41.19 - 71.71% audidu nsdideulviu
sauvunse Tuilneeunyuglsuguing (81) Tufiaeuvudi
fyuvau 1° 82) warlufinseunyuiidiyuvau 3° 83) 14
NasuNIslonTIuT N Izanas  25.95 — 35.85%, 29.89
- 46.55% Way 27.29 — 37.20% A1UA1AU NANITNAADY
FINA1IADAARBINUIIUIIYUDY Beeny and Greig (1965)
way Chertkiattipol et al. (2010)
nsdinsnaasslurdnfunien eisuifioudn
Wﬁdd’mﬂﬁimv\li’mﬁﬂLWWZ%@QIUﬁ@Q@UMyuﬁQHWQJLL‘U‘U
WU iANLIEINSAUNg 0.069 m s* Tufinveuvsdifi
wau 1° (B2) liwdssuanay 12.78 - 14.75% way 5.58 —
8.97% \lewseuifisufuluiinaeunyuglsususng (81)
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Tilling energy (J)

200 ——0.069 m/s, clay
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150 ——0.069 m/s, sandy loam
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100 ;’;géf
o—— oo

50

Rotary blade B1
(European C-shaped)

0 50 100 150
Rotational speed (rpm)

200 250 300 350

Tilling energy (J)
200 —&8—(0.069 m/s, clay
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150 —0—0.069 m/s, sandy loam
—0—0.142 m/s, sandy loam

—
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Rotary blade B2
(1° relief angle)

100

50 (b)

0 50 100
Rotational speed (rpm)

300 350

Tilling energy (J)
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—0—0.142 m/s, clay
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—0—0.142 m/s, san

dy loam
100 -/./‘

Rotary blade B3
(3° relief angle)

0 50 100
Rotational speed (rpm)

150 200 250 300 350
Figure 8 Tilling energies were used by rotary blade per

a tillage round.

warluiinveunyuiflyuvay 3° (83) Audidu uazd
AIEINSLAUMS 0.142 m s Tullnaeumuittiymau 1°
(B2) Tdwdsa1uanay 17.85 - 21.99% way 7.39 - 12.19%
dessuidisuivlusineuvuglsususng (B1) wazludie
Jouvyuiiliyuvay 3° (83) Auddu
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Spec. Tilling Energy (kJ m™)

500 ——0.069 m/s clay Rotary blade B1
400 —8—0.142 m/s clay (European C-shaped)
—{1—0.069 m/s sandy loam
300 —0—0.142 m/s sandy loam
200
100
0

0 50 100 150 200 250 300 350

Rotational speed (rpm)

Spec. Tilling Energy (kJ m™)

200 ——0.069 m/s clay

——0.142 m/s clay
—{1—0.069 m/s sandy loam
200 —0—0.142 m/s sandy loam

Rotary blade B2

400 (1° relief angle)

200

100

0 50 100 150 200 250 300 350

Rotational speed (rpm)

Spec. Tilling Energy (kJ m™)

500
——0.069 m/s clay

—0—0.142 m/s clay
—{1—-0.069 m/s sandy loam
200 —0—0.142 m/s sandy loam

Rotary blade B3

400 (3° relief angle)

200

100

0 50 100 150 200 250 300 350
Rotational speed (rpm)
Figure 9 Graphs of specific tilling energy per a tillage

round of tested rotary blade.
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yunau 1° (B2) Mimdsnuanas 17.13 - 19.20% wag 4.63 -
8.11% \lewseuifisuiuluinaounyuglsusuiag (81)
wazlufineunyuiflyuvay 3° (83) mudidu uazd
ANNIEINTALING 0.142 m s Tulineumuiisuvay 1°

(82) ldwianuanas 22.38 - 33.12% way 11.39 - 20.32 %
deiSsuiisuiuluiinveunyuglsusud (81) uazluda
aawquﬁﬁgwaw 3° (B3) MUy
NNHaNISANERaLERslu Figure 9 uandlsiiiuinlunsedl
wwiled lulinaeunyuglsusudid (B1) uazluiinaouvsu
fyumau 3° (83) Tondsnulansiudunizgeanitluiinaey
Mguﬁﬁgwau 1° (82) TneUszanae 1.1 - 1.3 i1 wag 1.1
Wi audndu dmsunsalfusiudunsie lulinaeunyu
yl5U3UfT (B1) uazlufinaeunyuiifiyunau 3° (83) 14
wdsnulansaudnnzgenifluinaeunyuidyuvay 1°
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INHANITNABDIUANIAAUIIYUNAUUTLIUATUNAS
vosdunssluiinaouvsu B1 uay B2 (lutladvddniidma
vililudinaeunmldndsnunislansudunizanas iies
meyuravsenaduanmayhlifinaundsluiinseunyu
Uinadunssdudatundsfuanasiainliusadsaniu
3¢ UL UMY UUTIUA T UNFITURTIRUaRAY
og19lsfinrunuinlufinaeunyuiifiyuvau 3° ®3) 14
wislowsudumzannitluineeunyuiitsmmay 1°
(82) \ilossnunauusauiiuniiuluduameliiuiin
Tufiaseunyuuiinadunivesdunssdudaiuifiuiy
dwmariliussiurngluiinsounulonsuiuiuiy

A
#

4 @5y

HAN1sVAaeLEndlTiuI dnyasvesnvedduiinsey
vyuiTuvaufuvdsuinadiuasduiinaeunyu 1° (82)
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uenniumesniinsgyuumanseunyuiisdudiermia
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NMIANIAINAIIUNITlanTIuTIwzvesluiinaey
vyuglsuguiag (81) lufinvounyuildrunsaiyamay 1°
(82) warlufinaeuvsuitdiunsesumay 3° (83) wuinde
auiinsuyusouveslufinveunyuiiuty axdemals
nFsumslonsusinziniu wasdeninuiinig
Aumadiintu 90 0069 m 5" 10U 0.142 m s Amdenuy
nslansaudunizveslufinveunyuanas waziile
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AU IaUF ST uassedlulln
soungududadvdffidmadomdsolansiudime
Tngindsrunslansudingdesoumslonsiuvedluiin
souvyuglsUzUiT (B1) flrgean vauziidmdsnunisla
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5 Anfinssudszna
mATedldunuatuayuanddneuiauiniside
AISLNYAT (BIANITUMITU) LATEIUNUANEATTUANTINY
WAIYIA LAYAMLIAINTTUANERNS ATLNILEY UW1IN8RY
NYATAIENT LATVOVBUANNIAITIIAINTIUNYAT ALY
FAINTTUANENT AIUNIUEY NN EATANERS TLTK

ANNEATIERUN Tl InuAzanUTYITIRY
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