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Torque measurements at the shaft of the star feeder
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Abstract

The development of a torque measurement method for star-feeder fertilizer is important due to the role of torque
in assessing tractive efficiency. This research aims to develop a torque measurement method for fertilizer using a star
feeder. Strain gauges are bonded on the shaft of a star feeder to measure torque, while the rotational speed of the shaft
was measured by a proximity switch. The studies were focuses on a 60 cm diameter of the steel ground wheel and the
tests were conducted at tractor travel speeds of 2.68, 4.76, and 6.67 km/hr, with vertical wheel loads of 1.27, 1.35, and
1.44 kN. The tests were performed on both asphalt and the soil surfaces. The results showed that the vertical wheel load
affected the torque applied to the fertilizer conveyor. As the vertical wheel load and tractor speed increased, the power
required to drive the fertilizer conveyor increased. Moreover, it was found that the power required to drive the fertilizer

conveyor on soil surfaces was higher than on asphalt surfaces.
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1. and
m'ﬁmguqma1ﬂmaqé’aﬁﬁumamimwaﬁuﬁuauiu
wasinumsnssuilingusrasdifiodeindsriuszuuilesld
Wiy Aduindeugunsalnsineas 1wy gunsalldde
gUnsainsandn Wudu dedumeninnunsiidnedlu
Ussiamdeduiigniusn (braked wheel) UszanBanmnns
anann (tractive efficiency: TE) ¥84d8dUUsELiUN
9RI1@IUIETNINNFIE990N (output power) ABAIAIV
L1 (input power) [1,2] Fawansluaunisd (1)
UseAnsainnisanain (TE) vesdeduiizdinase

UsgAnBnInnT 5119 LYeUnTain1aNinun e

output power

Tractive Efficiency %) = x100% (1)

input power
output power = 27w-n-T 2)

input power=F -v (3)

Tngfl n Ao AmnuiFiseunyuman (pm) T Aevesn
fimandndese FAousagnain (N) v Aeamisinig
WAUVINURITOUNINBS (M/s)

wiuldegnsdaauimesn (7) Wudadudfyidea
feUsednsninnisanain (TE) vesdedu n1sAnw
UsgAnsainnisanann (TE) deuntilsatiunisUssiiiy
UszAnSainnisaaain (TE) vesdeduiadou (driving
wheel) M3Mmsinums 11036380879 (rubber tire) F1915U
saunsnInesuazasan (cage wheel) dususalatiiu
a Gsenduindstuindouainiaiessudisuiig

n13057198na15uITeRanliiuindn15v3de
nzluvipsufjiRnsuasnaaedunszusiuiieUse iy
Uszaninmnisanainvesdetdu asisuudnassyinune
UsgAnsainnmsgaainainiladefiugiunuandifuuay
YUIAFTNADILATATIIHAIINAMUAUUTIH U
senIneAuivae (3]

mAdlngAnulumunsiauanssauznisan

a1n (tractive performance) 999887 ULAADULUANNIS

nsinens anvivudaderainralevesasinan (cage
wheel) Tnawiudnudadonis o vesunuluinuudonan
2Aa1NAU (puddle wheel) Wu yuvasluiin svegns
daseaveawiuluin vwnvedluin susievedluin 1u
A [4-13]
msanaenatsiandiiiuiidlnuisedesuind
Anw1Uszansninnisanain (TE) veaqedu (ground-
driven wheel) 113n15tnuas Feiw1uideas
FnquszasdLiieiiiewauiisnisamesniimanynddes
{Jo vinanunsaianesniivumardndssloldduia fiay
inlanunsouseiliudsednsninnisgaain (TE) va3ae

FULUUA 9)

2. gunsaluagdsnms
2.1 gunsallsedy
gunsnllsetsuasyagunsaiinfignifauntuiiiote
nosnuuzadeals druuszneuvesgunsaliiimuign
wanslilu (U 1) Mud 1) Taseadrsvesgunsal (main
frame) 2) é’amugummﬁﬂ (depth control wheel) 3)
ynAIUANN1SLEYe (metering system) 4) 8adu (ground-
driven wheel) 5) fald{e (hopper) 6) slip ring 7)
wuwasianesdn (torque strain gage) 8) aunsaldniies
Je3ua (star feeder) 9) viodudegade (fertilizer piping)
nsfnwiafiunisianedigunsalneniafuse
unsnImesETie MASSEY-FERGUSON §u 390 %11a 73 hp
LamAaBuEY 15 m nadoufinuInIsiAune 3
seAUldLn 2.68 4.76 way 6.67 km/hr LagnadBULIS
NAa0TYU (Fuertical) (gﬂﬁ 2) 3 5¥AU bewn 1.27 1.35 wag
1.44 kN
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1) main frame 6) slip ring

2)  depth control wheel 7)  torque strain gage
3)  metering system 8) star feeder

4)  ground-driven wheel 9) fertilizer piping

5) hopper

gﬂﬁ 1 The components of the fertilizer implement.

2.1.1 usanadigadu

N3ANELANNUALIINAVDIAUTS (Foprng) 11 3 53610
1A 4.56 6.85 wag 9.14 kN lngaduneIdaouLfiguLLs
naausalilusiade 2.1.3 efiorsun (37 2) nsdidedu
Wan (steel ground-driven wheel : SGW) agLfiulea
WUALSS F, Raannfuuwn AO WAZLUTEWINANTY £ TULTS
Fipring WINAU 20.19° LATKUILTS F, nsvviRIaIN UL
BO wagiseniNs Fy U Fuericat WU 29.84° 17060
Fu (W) 12.52 kg (122.82 N) fauuss naluwuafg
(Frerica) finszsinfudaduanunsasuialdainndnnis

AATITINNAFAIANTAIN

F = F

spring

x cos 20.19° 4)

aunaliiuiseun O

Fx(17.62 cm) = (39.92 cm)xF, (5)

F, = 0441xF (6)
MntufinTndige B aléin

F

vertical

F, xcos 29.84° +W )

naumsii @), (5), (6) waz (7) azlen

£ LO2em ) o 0820.19"c0s29.84° + 7 (8)
39.92cm ) T

F = 0359xF__. +W 9)

vertical spring

2.1.2 szuuaiuaun1sUaaele (metering system)

SEUUMIUANENIINSUaesJeagiuduiusiude
Fuvazmududatuiiuia (U 3) wanamsndailodls
(sprocket: Sp) AIUIUNIAINNLIITOUNTHYUTILIAT
shaft#3 shegasAnasnsmasuansluaunisi (10)
NN

RPM = —.RPM

shaft#3 N2 N4 shaft#l ( 1 O)

1nefl RPM @8 Anuis15ou (rpm)
N @9 fuuituly
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compressive
spring

Fvertical

Unit : cm

31]171' 2 The diagrams of the ground- driven wheel
mechanism that show the relation between Fvertical and
Fspring.

915001 (FUN 3) 2A1UTAAUIUNIAIIUEITOU
WyUALNAIYA metering system (Shaft #3) Failuinan
audesdaguanl 1naunsi (11) uagaunnsi (12) uand

Thduinflededumyu 1 sou gunsaldndesdogunniay

3 . 18 16
vyutnag g M N 22 03
N, Ny 18 30
RPM,,,., = 0.53xRPM1 (11)
VED)
RPM1 = 1.89xRPM (12)

shaft#3

2.1.3 AMsdauiiauaU3s

nsaeuriisuauseunseda Aflvuraduniy
Augna1AaUIwuuen 41 cm @R uAUInaIaYn
ausenulu 29 cm waglduruAugnaaInay3a 6 cm
aU39817 19 cm Iaevaasvaviluadomageu
ounUsrasd (universal testing machine; UTM) 8
Instron $u 5567 (3Uf1 4) 7l MAI¥T3FNTSLALAS AR

AAINTTUAIENT A WNILEU WU INS1BUNEATAENT

Spd (30T) ==

pa (30T ¥ Shaft#3
Sp3 (16 T)

Sp2 (18T) Shaftit

Sp1 (18T)

31J17i 3 The chain- sprocket ( Sp) transmission for the
metering system of the fertilizer.

n1saeuLisuauswson1snA1AIfiauTe (spring
stiffness; k) 11nUTEAANONITAIUIIAY Fopying TS
azszAuNsyURIveIUss lusuidenaaeudissozegusn
U3 2 3 uaz 4 cm TS IFuIaYLALSInAde
(Frerica) T1882188AN15AWIRGNMARSL I TWTITR 2.1.1

Ansaau3efunsadn (compressive spring) Auanslu gu

D

1 3 muAuA3es UTM Tunislvusainaayss davuiause
Y o a v &

NANN ¢ Syazgusl 0.2 cm AunTeyaUsIguaLdussyy

2 cm MNUUETIANNTADULIEUTENINTLYLYUN UL

neause aunsaRULiguAUSINUARIEaNN1A (13)

F, = 2.292-x+0.0265 (13)

spring

Fipring A0 43900aU39 (kN)
x Aa srergUmaUse (cm)
k Ao AuLdeaU3e 2.292 (kN/cm)
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Compressive Force

Compressive

-
= Spring

gﬂﬁ 4 Spring Calibration for finding the spring stiffness (k).

nideivaaeuiidoulussornssaiivesayse 3
szeu oA 2 3 uas 4 cm Wlownuaiszezn1seaiives
aU3eiluaunisi (13) avldounnuss Fepring WAV 4.56
6.85 Lhay 9.14 kN

2.2 gunsaldndesdeguand (Stat feeder: SF)

gunsalddesguan (U7l 5) 1Bugunsaliildaiuny
n1sandeade lunisneaedddgunsalansesguann 2 du
Udoolsandsladorurosiiagn 2 cm (3U 6) Yoy
gndndesedwailosiionsuyuesgunsaidndegy
A1 MImuINANEITaUYUYeIgUnIaidde ey
A1 (Nsr %38 RPMyhafiss) ﬂmimﬁmmﬁaiaumwm

(%

FaTUman (nsgy) NAUSINITLAUNNG (Ve) 2.68 km/hr
Wosell R vosdatumandeniduvindu 30 cm laeh @
a I3 a Y W <@ v
Ao ANULNTLYeIdeTuman (rad/s) agledn

Ve = R-w (14)

M8ANINAMUTINITAUNIVBITIUNININDS
2.68 km/hr wa1d1dealenyuaieninusiseu (ns)
Vv < = o A o A !
Wiy 12.56 rpm adasseunuilinadndesdenue
AzIEAUANNSINITRUNITRITIUN SNBSS NUanab Iy

(miwﬁ 1)

o AL
faqaaeile

27.00

7.00

13.25

Unit: cm

3‘1]17; 5  The drawings and dimensions of a star feeder.

a15197 1 The rotational speeds of the feeding shaft at

various traveling speed of tractor.

Traveling  Rotational speed of Rotational speed of
speed: V& steel ground-driven the feeding shaft:
(km/hr) wheel: nsew (rpm) nse (rpm)
2.68 23.7 12.6
4.76 42.1 22.3
6.67 59.0 31.3
= R-2-ng, 7
VF
n = (15)
saw 27 R
l1h
2.68x10° - ||
3 hr J\ 60 min
27(0.3m)
azlann
/- 23.70 rpm

anaun1si (11) 9zl
n = 0.53-ng,, rpm

0.53-23.70 rpm

= 12.56 rpm
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Umaelunanguiannsodunldaniiugu
isvadieiinsizidsd etesdestosnn (1) 2 cm (3Uf
6) soandsdevugunsalanfeslediduruaudnans
(c) 2.7 cm (U1 3) Uunaudlefidnidesde 1 soumsvisu
vosgUnsalandeslesunnd gunsaldndesdesuniviyu
AU 1 50U dgdndeads 7 S04 tiloamazaanlunig
Usvanaulsunudedeseunisnyuvesgunsalanifesy
11 Tafarsaniunidasosdidesdedusuainmay
Tngldaunsi (16)

USumsie/seumamyuvesgunsalaniesdosua
= 7 desudostly X Mudiniaguede

Hnauvetaadesly X anugYeslasede

2
= 7-[l-ﬂd J-l cm’® (16)
2 4
= z-7m’3-l
8

;51]17; 6 The 2 cm length (1) of fertilizer discharge channel in
a fertilizer hopper.

= 0.872-7-2.7°-2
= 40.07 cm’ / a round of star feeder

Uinaudeidiededumsuasu 1 oy
0.533x (40.07 cm’)
21.36 ent’

seulledetudulaiulasuyuasu 1 sou gunsal
audeedeguaniagnyu 0.533 sou YSunadeiidiies

21.36 cm’ Jogns 16-16-16 danuvuiuiu 1.03 g/cm’

wansliiiuiniededunyuasu 1 seu asddeedey

iwiin 21.94 ¢ (21.94¢/59UN5UYUVEY star feeder)
4 < o R W
2.3 1950 AMA5350U wazn1sUuNNdn

lusgnitmegevaunsaldnfesleneinazgninee
strain gagesi@ﬂﬁ@@ﬂN%@%ﬂ%ﬂﬂ strain gages A gN

derlu slip ring vauziieafuinAsIToURYUTIINEG

1%

gunsaldndeslumeiwuees proximity switch dyayio

]

nasnuazauiasevdzdwiuludigunsaldudin

[

oLuNUszaAADe KYOWA 1 EDX-200A Litevensdnyaiad

wazdsitutoyaludinauiinmes Tuiinteyamesns
(sampling rate) 500 Hz Anwarn1sAAfsgUnsalingn
wandlu (Ui 7)

i
=

|
Proximity switch

e

"\Slip ring

| i‘ [/‘Straini gages” ‘; A Star feeder I N
# ' L-,v — ,/_/t:_________,.' ’ A‘._ & \r“- :; A-
P e TR ‘

gﬂﬁ 7 The position of instrumentation on the shaft of

metering system.

2.4 INUNIINAEDU

miﬂ’mu'mssmuﬂ'lsi’wa%ﬂﬁmeﬁ'nﬁmﬁsﬁ
ANTUNITNAADITA1ATYITAINTTULN AT ABIY
AMINTINAEAT MUNILAU UAINYIRBLNEATAIERNS 1Y
negouitoulvdati (steel ground-driven wheel : SGW)
PNAEURUALINANEBLAAN 60 cm AIILEINITAUN
3 58U LALN 2.68 4.76 LAY 6.67 km/hr LagUSINAReTU
TULUIR (Fuarea) 3 5260 TWA 1.27 1.35 wag 1.44 kN
nageuUURURL 2 wuu Tdud Auftauuensuzaey
(asphalt surface) waziuiu (soil surface) uraziiouls
VAFOU 2 91 NAdEURIILA 36 NTVAABT
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@mauﬂ’ﬁauﬂﬁﬁmaawuﬁuﬁﬁu yiinvesnudu
Ausau (loam) Ysenauludrgeynindunsie (sand)
39.29 % aunARuNTIewls (silt) 45.97 % wageunnfu
wile (clay) 16.73 % anmduusielifianudy Ay
FunIunIsunIngaAuiseduaIudn 5 cm infy

1.91 MPa LazAMUNUILUUNNIATINEN WSS 1.98 g/cm’

3. WAwAzIIA
3.1 nasnnszuwwatandesle

yuranedniinszvivumandndeonsdideduiman
(sGwW) nadeulviuinauusnwsnos (asphalt surface)
waruRafu (soil surface) nagouinmigaINInAuNg
Y9950UNININDS 2.68 4.76 UAT 6.67 km/hr (U7 8) a
nsAnen (U7 8) uandliiiuindleninasinisiiiuna
vossnunsnmedifiutunesniinssyuumadidestoas
anas nszdloniimadunssowsnimefiiiutuay
slwdetumusseuidondutuisdemavhliusadon
muratfisuisiaduiase ninededuiuiiuinanas
ogslsfmunsdiftuifuuandliifiuimesniinssviuu
wmarddesivuiauinigalunsdusinadedugegn
(Fuerica) 1.44 kN 180LUS8UMBURY Frenea VU0 1.27
waz 1.35 kN lagnuiniinnusinafiunig 2.68 4.76

way 6.67 km/hr nosniinsgiiuumatandesdedivuin

9.90 9.65 kA¥ 9.31 N-m AIUAIAU LALNANITIATIEY
N19@DALaAnIlALALININTHEDTUIIVUAUUL UL ADY

waglsuuiiufy wunanesnilwaandedeliunndiaiu

'
o w 1 v a

pelidedAy LANUIINIAAoTUIIUUNURNB U ABY

a o w ! 1 a @ o w = a = U S v
mammaqqqmﬂamﬂuuamﬂmmaL‘U'isruw]smﬂ'ummaa

FUITUUNUAY WALNUITBIINATUBUIAIULABTUAINARD

o o

vuanesnageilodfgy

Steel GW, Asphalt surface

12
i 9.90
10 + 9.2 9.65 9.31
B 9.03
=+ 8.95 8.71 8.65

- —@— F vertical = 1.27 kN

Torque (N+ m)
EaY ()N [0¢]

L

1

|  —@— F vertical = 1.35 kN
2 + —@— F vertical = 1.44 kN

2 a4 6
Forward Speed (km/hr)

(@) In cases of the ground wheel moved over the

asphalt surface.

Steel GW, Soil surface

12
B 10.39 10.13
10 4 9.81 .10'07
i ; 9.42
£s L 9.87 9.32 8.61
é 5
[} 6 +
= - —@— F vertical = 1.27 kN
) “ T —e— F_vertical = 1.35 kN
2 4+ —@- F_ vertical = 1.44 kN
O 1 1 1 : 1 1 1 : 1 1 1 : 1 1 1

0 2 4 6 8
Forward Speed (km/hr)

(b) In cases of the ground wheel moved over
the soil surface.

31]17; 8 Toque act on metering shaft in case of a steel ground

wheel as running on the asphalt and soil surface.

3.2 Ysunaueiignaniies
SUN 9 wansnani1sandeateusuninueniteslast

Josunisuansisladednaay 2 cm naaeuiinmug,
MSAUNNG 2,68 4.76 Uaw 6.67 km/hr seemslunisise
(o 15 m nan1smaassuansliifiuinlunsddeduisuy
nuUENaNEMeETLTINAdedu 1.27 1.35 uag 1.44

kN Umnaefidndeseglutag 432.70 fa 501.57 g

417.05 §9 425.50 g ag 429.42 §9 478.19 g AIUAIAU

¥ '
A a A

Tunsdldeduiavuiifiufufinsinadedu 1.27 1.35 uaz
1.44 kN USinauefidndeseglugae 409.71 fis 440.37 g
414.67 84 429.33 g lag 429.11 814 436.54 ¢ MUAIAU



NSEFIAINSSUAERSLazEIRNSsY TN 18 adtu 1 Usyideu unsieu — JuiAn 2568 21

ToenUINTaT8wsINAFUSIULLIAY ANLLSINITHAENIESD

@

wnsnes uazallaiurfy lddwiauSinadengnanies

8 star feeder pg19iltad@NADY

Steel GW, Asphalt surface

800 T
[ —® [ vertical = 1.27 kN
o (00 T -
et [ —® F vertical = 1.35 kN
5 [
N 600 T —@ F vertical = 1.44 kN
% X 501.57
w500 T 47819 44929 o
ks [ 43270 )
=y 400 T 417.05  422.88 425.50
e I
= 300 .
200-...:...:...:...
0 2 4 6 8
Forward Speed (km/hr)
(@) In case of a ground wheel moved over the asphalt
surface.
Steel GW, Soil surface
800
L F vertical = 1.27 kN
o 0 £ —@— F vertica
- [ —@— F_vertical = 1.35 kN
i’;lJ 600 '; —@— F vertical = 1.44 kN
=] C
500 <+
L F qqo37 92911 43654
“ F 43372 e —— Ly
O 400 4 41467 )
< ¥ 409.71 41827
T 300 £
= C
200 R : I | : 11 : I |
0 2 4 6 8

Forward Speed (km/hr)

(b) In cases of the ground wheel moved over the soil
surface.

g‘dﬁ 9  The amount of fertilizer being conveyed by the star
feeder in cases of (a) asphalt and (b) soil surfaces.

nan1svageulduandiiiuwuildudninannade
ANISINSRUNLaziuidneUanislsedeens
& A & o ] ] + a
wWuwsziaulnyegnaitagieonainyeslassyeazing
nsandiagnsiesnvendadeunsdiuiuiiiudese

wanadnldsyninegeslasedouasviethde

3.3 Mmasidlunisandesle

a

nansAnwIUTInaiduionsdndesde (U7 10)
wansliifiusgredaauindeninuiinisiiuniesn
uwsnimesifisdudsmarilitdnienisdndsslodiuty
aumANTIzIloauNI NN DT IeMBANLEINTAUNNS
dudulFgedunyuiiitu Suilfnandideslovu

4 4
@ = £ =1

$atu Mewnidaduanverinlinisandesdeldiege
sty namsnaseunandliiiuiiusanaaUislunuis
49an 1.44 kN FAIUEINITAUNINTOUNTALABS 2.68
4.76 way 6.67 km/hr n3difuRnuuswneeldings
diensdndests 13.1 22.5 wag 30.5 W wagnsdiufu
1989 13.7 23.6 wag 33.0 W AUa10U NaN15IATIEHA
nsadauanslifiuinviavesiuilidimariliouia
nodnumansneiy sgnelsimumuinnsddedulcuuiuii
g1anzAREITNARMATUUINALAD Nsddeegenin

'
o w A

pgnsiltsdAgliaTauiisuiunsaldotulsuuiuR Ay

4. da5d

9

L9 ULYDS stain gage ﬁm’?wmwmé’%ﬁmﬂa GRIGER
Taneinvaraunsaimaddlsedals wagaiunsaiAmesn
wazAsoumsviualtlunssamuaiidsd
Tdlensandesdemeyadndsdoguan

ussnadedulunuifsdamasevuranesniinszvituy
wanadesley

AL INSRUNSTOUNINIAD TdaNar BRI A
1#lunnsddesfofaogunsaldndeaguany 1iesn
unsnwosisinuiearniiifutuardmarilimgs
flilunsdndosdodfiniy

v v W Y v A

FRANURIFUEANUABT UL AR AN L U1 SaLae

' 1%
A a

WuRg1ugnegldidgandinsdlae
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Steel GW, Asphalt surface

35
30
’§25
@0
a15

10

o

2 a 6 8
Traveling speed (km/hr)

(@) In case of a ground wheel moved over the

asphalt surface.

Steel GW, Soil surface

35 1
] 33.0
30 F 29.9
] 28.2
§25 E-
©20 T
g 3
a5 F 13.7 —@—F vertical = 1.27
1 12.9 ¥13.0 KN
10 T
5 b T T T : L1 1 1 : L1 1 1 : L1 1 1

0 2 a4 6 8
Traveling speed (km/hr)

(b) In cases of the ground wheel moved over the soil
surface.
g‘dﬁ 10 The power used for conveying fertilizer by star
feeder in the cases of (a) asphalt and (b) soil surfaces.

AnAnsIuUIENA

YoveuAn Uitvesungual dnwatstend d1in Al
AnueyATwigunsallseteserinasaunsninesilily
NINAHBY VOUBUAN AMEIAINTIUATANT ATLWILEY
WIMeds inwnsmans faluayuyuisuazveveunm
AIATYIIAINTTUNYAT AULIAINTIUATERNT AUNIUAY
umAIngrdeinwnsmans Alviameyiaszigunsalin
wavaaLIiAde

L@NEN581999
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