’Flﬁ%iﬁmﬁ(‘] Taiwan Agric. Res.) 55(1):39~52(2006)

= FUR e & e R RIF T it
F RA panp 3O ER R Pl R Anat

-3

FIBIHE ~ RRE ~ 2550 VO ~ FRAEEE - 2006 0 f 7F%T§Eﬁﬂﬂ%’%*§9ifﬁ@€iﬁﬂﬁz
Fo TR 55:39-52 ¢

AP for BT RS A R O R P 2R m?‘ff"—"%;'/ [E3

FRBRI E | E R 2 AFIREA (F 5% Ag Leader PF-3000 B Bi S 25k > 1)
F'% YANMAR GC85 % SIS TSRF LA BV 15 %# AR RO EH' H
e H PR PR e R AR SR RO | 1SR B R R o (BRI e
ST '*L”J;&“J{F[j ) FQIT#CEM@ X~y -~z @i (200 0 30 0 0) "“:'fﬁ[' t@@@ﬁ%%{gﬁ" PR
AR ISR PRI (XX SO0R o AR B R IRET ™ 2 17% - =R
) B (R o s B [t (SRR - [ FEAR fHE '/%‘fﬁ F AR
Fu:z o A S Eﬂﬁulﬁj Tl >~ VR

RR#EE © ek TSRS ~ ORI - o BB -

_|

il

T

o B SRR D R L R 1t ST [0 1] 2R L OB LI B
B[R BT (ERLOPN U T BRI 4 2 N (SR B Eatwwu B FI
TIFE %~ PR - 2 RN TRRERY - ¥ T TRy AED GPS MBS T R
W AR O BRI s R ) ‘F”J‘Er*f’ﬂf%ﬂ%@@ﬁﬂ SN2 R
WY ml [T [ wﬁ‘&ﬁ ki Js1 53 AR (Yield Map) » SRy £ oI R i B 57
e ZEJ [ (R 1) & 2 YRR -

"iﬁ*‘jﬁﬁj&ﬁi‘%’*l"ﬁﬁ“ﬁ'ﬁ'it{f'ljféq@ﬁ‘ﬂéﬁml“ PAIE F EVR ST LY R [Hﬁ%l‘e
Ko SR E T O S AR R B EﬁHﬂu:’[# I HER E“’}“‘F&ﬁ[l V%
E%?EU#'*’@'WV'P"JEWY“*”'%’*F—[H% IR IR TSR T A
B~ AR RS VR ) EEEH Hﬁ'ﬁpﬂﬁg&ﬂ il = “URH T VE}:: E;?FHE“E'?[@I?%I'
UGty AR ISR © B GPS SFAKSE 1) RIUHLY LR RV R ) - 0
[l BRI RL 1 rﬁﬁfew‘ﬂ% TR BRSOt R ,émqh:&

L F IR O Y RBRTE, 2251 B 01T 95 5 2 5] 14 1
2. F R RIS PR EMGE R WD o S S5 e
5. B G g R A Tl

4 BRI R 5 PSER *ﬁ]’* S

5. pVEY ;‘=4 ZhiF ¢ lufuming@ntu.edutw 5 [EHEES 1 (02)23627620


mailto:hangoshan@wufeng.tari.gov.tw

40 T",?ﬁg{i’ﬁm{:’ 3V 55 F 5T 1 H

RN e R T A PR 7 TR SRR TSRO R | R Ap 2 T
A %IE'FIJIiW%ﬁJ‘“‘m i (= R R R E”Jﬁn“ AR TSR 1 wﬁ«%
FEp IR > B AR B T S (1) FHETY (Reitz & Kutzbach 1996) © [[L[Yl[j&&
A AT o SRR - [ Rt S Efw
[ E [;gj]a Jﬁ%ﬁf'

ma(t)

Ye® =G0 Wet)

x (1—Ua(1)) ()

Y FSW@I RITOEIE L kg’ s mo () 7 R > kesee V() ISHIBSRS -
mssec 5 We (b) : [J POE om; Ug(D) %B#’Jr»lvf;j« % o

Kormannff* (1998) f5e11EVENA S PRI - SEH HPUE BN (1) BB
Y0 > Data Vision Flow Control & &/ ] 57# (Massey Fergouson ** Fi f' 1) [FRR) EF BHHIRCE F{[
VAR A R B AT SRR R U] B oS GRS e iy el
P PSSR S50 F T B o TR (B R HE AU I REET - Ag Leader 7 il
[1 Yield Monitor 2000 % £ BRI A= 1 (187) BIERPRCR > f e ) BRI A5 )£
AN AR Y “ﬁg%&%ﬁg&# PSE  =  AR R A R E T BT R AR - b E
WVEITe g U ateAli > [AIFS [E'F\Tﬁﬂ o AR AR FFETETENR © Micro-Trak * il Grain-Trak &
E%E’T—‘]E[J SRR () B ENEVECED (N P9 & 35[]}" (Measuring Finger) qV["“?F'[’ff’? o John Deere
K fJ I/ GreenStar <= jaEI]JI b ﬂﬁgﬁ?jﬁ N2 rﬂ“%é{ﬁuﬁu J/(‘:—E', » E A [E"[F'JYF[@&W['TJJ%JFA%E St

B (B L ééﬁﬂf‘?‘@ﬁ EIVHEC BRI Rl > P FERE G SR A R T

e

N U f‘“%&ﬁf BOHIER FF’*@' JF”‘HI&’W‘%“/%&HHT% = f‘,%&ﬁf LI S Rl !
AT RIS R A 2 o SN RS S AR F*ﬁﬁ“ﬁﬂﬁ’g’%& 18
AR PRORIES [ F B T [l - R R R By Fﬁi?,p‘ fFE‘FTA PR R e

T EUA T ShojiEn b (2002) FUIHEL AL IR EER [ u;ﬁ:%ﬁ;;ﬁ (Load Cell) ELENH]Z
il o ORISR S b Y R f'pﬁﬁgpﬂm} FujimotoE‘T ! (2002) P ] B E R B
B> PYELfe £ BTRE ) B R, o Fﬁw?ﬁ ‘/*'4&‘#‘“ i=ARH ExLoyD f‘@#ﬁ;ﬂﬁy%
EJ%‘«EF J Rl Fh EECE s IR E H#’JE{E'@ | (impulse) ./ FELESHETHCE LR I
0.996 IE?‘!E%QUF £ 2 .#:Hzfa“qﬂg&& el é%%’*[‘ﬁ%iiﬁﬁf”nﬁﬁ' |5 =1 ] SRS A B AL
im0 2 EM%?L% (== %Ef!li%f% A

BRI R VS L (P B 5T @l%ﬁﬁuﬂﬁw_@%gﬂl > Lu 27 (2001) fel i &5 @@Hﬁ
AT R ORI R B B YRR ) RS Jﬁfirclff Hwnag 3%
(2003) ZFEEE=I[Hifi [~ Ag Leader PF-3000 %% & ETJEH%‘E'%&E ?J L BN E%fﬁ'fﬁ”l’f?&iﬁ Fl‘

ltmkm l

L0 RS 5% -~ 40 A 30 i BT S BN
GRE ?rﬁjﬁi’fr‘ﬁ&ﬁﬁﬁiéﬁ*fﬁ' AR P G 1 R ER

IOV EEE T A B A j&ﬁi%gﬁiﬁ%#ﬁvi[l IR S 7 30~60
mm > rfrﬂﬁ’F’?*—'?BF LA AR BSERR [ 1 ERIPRER B -



Tl R A SRR RP 41

MEERTGE

B R AC A
EURSLRER LSRN S A g i - el 7 SRRl SR Pl e o = o4 Ry T
1]~ g - AR - @@@#%fﬂ%mﬁLﬁ<§a@wwmmm %uﬂ@wmnm e
125 mm) TS+ e F I i) R S S ;T e
S A PR E T AR [l ¢ S R N 2 st lfaﬁ,,“’ﬁj& EIERENH
gg@r AT NG 16.5% o SR S 20~60 He Efwﬂl*é', BRAVENHT > H AR
3« I 0.5 kg/sec~1.5 kg/sec IF@Qﬁf} f@‘[F "5'4 R 1L L[V?*EEJJ‘?TE'P”J . ° TR gﬁ“ﬂ}f}‘ﬁifﬂ =i
S nL R 5T AT AR FTJ[T [ @) o AR R LEWJ‘” 40 Hz Eﬂ*] s Y
%ﬁ}%hmwmﬁ%wﬁlviﬁaﬂ%o
fEhfif (kg/sec) =0.0254 x [HFEHIH (Hz) - 0.0198 (kg/sec)
(R*=0.9999)

EEENRRM

ﬁ%ﬁ' 1 £} Ag Leader PF-3000 % £ EJds -=7K - EIJTF (1) & EIEA= A SR R
e ==h 5 (2) GPS #5435 (3) f‘ R EIJF FHA R ~ AP BOEIE ~ ST A
W I AP ~ M SRR 2 TR L g s
Ag Leader PF-3000 %[ & fifis = ﬂa’épl’f’?,",«,ﬁ? %’I'FVJ\J,«&T? ﬁ“ﬁ%ﬁi R b % £
[l e F P Ei Eﬁﬂ“@@ BURfe= s gy g B Vo o B ERRERE R R B 2P ﬁ?ﬁﬁ*l’?ﬁ
13| | B e R ﬂ N :g;fﬂr e fifi i %FJE [‘hF&iEUF&@[}%%{E Efifi - ﬁﬁ'ﬁ*ﬁﬂ*jilﬁi
R R R v [ %’WTgﬁff‘%ﬁF g ﬁ%ﬁ jmifi » Bl }H%ﬁ%’ﬂf”f‘} LS
I '“gﬁﬂﬁﬂﬁ%ﬁuﬁi E TR 2 HIME%E{%WF R SRR R [ o PV S [ FI S
ELIT P IE e AR ?ﬁﬁﬁﬂﬁ%ﬁg}i;‘/ﬁi?&f’ﬁ? » Bl | PRl T A %Fﬁi%@ﬁ%&? GRS - PR
T TR 3 | | BSELRESE  VE] [ (W AT AR ERE D 3 ﬁ';ﬁuﬁﬁr‘ﬁ“ﬁﬁ[ f[ﬁ@ Vs > A
TR A R R PR
7+ FRERTTH | Ag Leader PF-3000 % & B 4 =k 1 20 Bap e a,%ﬁk i 2 N A Hﬁ'ﬁ
ﬂﬂﬁ%f@“’fﬁW$??fﬁa”‘pﬁ‘&%ﬁiﬁMJ%ﬂ“V%wmmw R B AR
VIS S - | n,r }fv‘ BB 3 i[ﬁﬂ%d@:@@”[ﬁﬁgﬁgﬁﬁrﬁ o &3 “'ﬁﬁt Ag Leader }a@ﬁ g
R > b JE SN s 67 TR VNE (| 2) -
;&ﬁ@ﬁl;ﬁﬁ:&
ng ﬁ%&‘k&’iﬁ‘%%ﬂﬁ%ﬁfﬁ%%%ﬁ BRI T ”f VEE T B %il%
jﬁﬁ L) AR T ST SR ST L e EJ TR R A RS VAR LIBITTHJ
HEEL @wﬁﬂa‘é » I?—‘F 'E'E"Ef L q%ﬂl 3 Fras o JRZR R IEGEES VG ] MY ANMAR GCS8S5 B Tﬁ“
Hﬂg’}%&%“rf’ Ay ﬂfﬂlﬂ LR E TR TR PR i 928 rpm o RIS ‘/ﬁ'ﬁ%'*f;'ﬁﬂ
A AR qsgll 4 o AAREEOE L YR (mm) > AR Fl%‘*—ﬁ"ﬁ%@ﬁf%ﬁﬁiﬁ%“'[ Ut
il xiglt IR Y I X 0 XY R T o Z
PEGESTIRELT = o t&‘ﬁmﬁlrjiﬁ[iﬂh ok }{ﬁ'ﬁ%&ﬁ—#%ﬁ”’%‘r@ (200 > 30 > 0) ﬂ‘fp’ s PRIER =i FF'EH
WIREEE DV CV gk [ o 2 PSS B RO -

@

-



&

42 F[ﬁaﬂzﬁ% BT S5 F Y1 W

PF3000
GPS Receiver

fill 1. AgLeader PF-3000 B B AR R o
Fig. 1. Yield monitor system Ag Leader PF-3000.
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Fig. 2. Structure of the grain flow sensor after modification.
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Fig. 3. Schemauc dlagram of grain ﬂow adjuster and yield monitor.
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Fig. 4. Coordinate system to define the impact board position for grain flow test.
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Fig. 5. Schematic diagram of the grain weight measurement device.
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Table 1. Testing results of grain monitoring without vibration at different screw conveyor speeds

Monitoring weight ~ Monitoring weight ~ True weight  True flow rate ~ Monitoring

NO.” (Ib) (kg) (kg) (kg/sec) index
WVN 1 131 59.474 32.6 1.0867 1.8244
WVN 2 153 69.462 31.8 1.0600 2.1843
WVN 3 124 56.296 31.8 1.0600 1.7703
WVN 4 128 58.112 31.2 1.0400 1.8626
WVN 5 135 61.29 32.4 1.0800 1.8917
WVN 6 137 62.198 32.4 1.0800 1.9197
WVL 1 101 45.854 32 1.0667 1.4329
WVL2 102 46.308 30 1.0000 1.5436
WVL3 116 52.664 31 1.0333 1.6988
WVL 4 108 49.032 31 1.0333 1.5817
WVL 5 110 49.94 31.6 1.0533 1.5804
WVL 6 114 51.756 30.6 1.0200 1.6914

* WVN: Without vibration at normal rotation speed (928 rpm); WVL: Without vibration at lower rotation speed
(882 rpm).

A 2. 7 [FHH R e PR R ST A

Table 2. ANOVA table of the monitoring index at different screw conveyor speeds

Source of variation Degrees of freedom SS MS F
Speed 1 0.308512 0.308512 20.0533*
Error 10 0.153846 0.015385

Total 11 0.462357

* statistically significant at 99% confidence level [Fg;(1,10) = 10.044].
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Table 3. Testing results of grain monitoring with vibration at normal screw conveyor speeds

Monitoring weight Monitoring True weight True flow rate ~ Monitoring
No.” (Ib) weight (kg) (kg) (kg/sec) index
AVN 1 178 80.812 31.8 1.0600 2.5413
AVN 2 150 68.100 31.2 1.0400 2.1827
AVN 3 181 82.174 31.6 1.0533 2.6004
AVN 4 197 89.438 31.2 1.0400 2.8666
AVN 5 153 69.462 31.8 1.0600 2.1843
AVN 6 178 80.812 31.4 1.0467 2.5736

“ AVN: Adding vibration at normal rotation speed.

F 4. PR PR R R O A PR R T T A

Table 4. ANOVA table of the monitoring index for testing with and without vibration

Source of variation Degrees of freedom SS MS F
Vibration 1 1.018482 1.018482 22.32274 "
Error 10 0.456253 0.045625

Total 11 1.474735

“ statistically significant at 99% confidence level [Fy;(1,10) = 10.044].

F 5. Rt AR e

Table 5. Monitoring indexes at various grain flow rates

Screw conveyor

motor frequency Monitoring True weight True flow rate Monitoring
(Hz) Weight (1b) (kg) (kg/sec) index
20 27 15.6 0.5200 0.7858
20 20 14.6 0.4867 0.6219
20 29 16.2 0.5400 0.8127
20 18 15.2 0.5067 0.5376
20 10 15.0 0.5000 0.3027
20 19 15.6 0.5200 0.5529
60 318 46.8 1.5600 3.0849
60 357 47.6 1.5867 3.4050
60 352 47.8 1.5933 3.3433
60 362 48.0 1.6000 3.4239
60 395 47.4 1.5800 3.7833

60 322 47.6 1.5867 3.0712
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Fig. 6. Relationship between grain flow rate and monitoring index.
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Fig. 7. Free body diagram of the grain flow impaction on the flat board.
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Grain Flow Measurement for Oriental Rice
Combine!

Guo-Shiang Hwang?, Fu-Ming Lu™”, Jhy-Rong Tsay?,
Lien-Sheng Liang® and Fu-Hsiang Chang*

Abstract

Hwang, G. S., F. M. Lu, J. R. Tsay, L. S. Liang, and F. S. Chang. 2006. Grain flow measurement for oriental rice
combine. J. Taiwan Agric. Res. 55:39-52.

The objective of this study was to study the performance of a strain type grain flow sensor mounted on an
oriental rice combine. The grain flow sensor and its related parts of the Ag Leader PF-3000 yield monitor were
evaluated in this study. A genuine trashing operation tank of Japanese YANMAR GC85 rice combine was adopted
to build a testing stand.  An inclined screw conveyor was utilized to receive paddy from a horizontal screw conveyor.
The impact plate mounted in the tangential direction of the grain flow path at (200,30,0) position based on a defined
xyz coordinate showed that when the screw conveyor speed is reduced by 5%, the monitoring index is reduced by
17%. The vibration of the test stand increased the monitoring index and decreased the stability. The monitoring
index either increased or decreased when the combine harvesting rate was either higher or lower than the

corresponding grain flow rate set by original flow rate calibration constant.
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