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6- Overall energy efficiency (OEE)
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4- U650
5- Wireless
6- Clay loam
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1- Gear up throttle down (GUTD)
2- Data acquisition systems (DAS)
3- Field performance parameter
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7- Overall energy efficiency
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2- Ballast and un ballast (B and UNB)

2- 2 Wheel drive and 4 wheel drive (2WD and 4WD)
3- Gear-low and gear-high (GL and GH)

4- Split-plot design

5- Path analysis

6- Data monitoring
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Fig.1. The MF 399 instrumented tractor for performance monitoring; (1) Perocessing unit, (2) Noise control,

(3) Control valve, (4) Flow meters, (5) Electrical pump, (6) Measurment tank, (7) and (8) Proximity sensors,
(9) Pivot, (10) and (11) Encoder shaft, (12) Loadcell

RPM PPy x60000
" Txnp (®)
60xRPM, x P
(5e) &3 bamo C
(o) 2> bt

(0 5t msha) ol 53 > 305 b Closs (31505 Sy
293 2 Sl gl e
(4B o) 0315y o Sloj alols T
plt gaasd )5 &> ddBy p 90 RPM
2 regkS) plt geland )3 (g9 (o8Bly Cas Vg
(celw
pl (t-T) (galasd 13 2ex5 slowll sl Py
plt galasd 5 (e ol olass Py

SRRW %+SLRW % v)

2

ASRW=

Lg o2 £ 9 g alS slace o Sl b ool ol
(=%S) Loy 5 (1%8S) 5SS 2oy (£) B (V) Lalg, 1 oolizul
omslona (K ) (8ly (55 g o 0 o Lo J S 2
S 3y o3 (A) 5 (V) balyy G ailels I3 81 p 55 5
BBl Syl S plojen yobar J 1) sl 5 e sbag iz
S o 0 ol JuS] Ll s

TRR=100 [1%] (¥)

ey Vig (w26 £ S ) (Bly Sopdny o pw Vi
Ao (V) atasly & 8ly 53 il oo (sl b e o 2) )95
S350 Gy b CBluse &y G Caopos BB L (g9 kg h0lS
Ty a8 Cowl Ggyxe iy dao)d L dlgusy 4 bogas 5 Cunl
(ASAE, 1997) 5,5 o5 &30 9y Lol 252 0o

C=2nr (v)
sp- <
np (¥)



IWAY 095 Jlumoni oY 0ylonis (F ol ((5359Li ocmiilo 4yt YVA

Sl ks SO biS (5908 s pS03lNl sl b ol

V USC5) 0 odlitl ST Lmgys b JSE S e 5 0 gy

Sy Jlemd 93l Sl ol Gl sl sl 5 (O Gt

o 3lit] o SoliS Ve re B ) o py b (gl sy

(sl Bl al> 1o 93 3 g 00 ()] 955 Loy ladijy Ll S (g psboas

il gladij b Jlasl )b g (295 JUSew (o daly g
203)5 JolS g (gl 8 g il Sl (V) 5 (V) Ladly Sl

Load=(ADCxOftset)xCoef (Y)
Coefe (Scalex40)
o (VoltxmvxZero-Load) (%)

s 3l odd oniles lade :ADC

S ol g o Coef

Bvee) R bowg iodw b6 lade Slas Scale
(p551S

s 43355 51 lade :Volt

S g oo p g ylade my

b b > s jlade Zero-Load

wlas 55 0 a8lol &S canl (g )lde e 5 Offset
Gl ¥r2de 2590 (pl 53 a5 2o 485 Sues

o> 93} Cdgs LAl G pae (glalind (g S ol (sl
2 Ol i b eSSl 598 C e S g9 S g
V S s LS 3l Sy )y i b g o ooliz
Secmai b godld jly 8 cdS p g €d) (gl ppns (59, ¥ i
ol bwgi (B Sas8 oy S Bk &S gyde (SeS (ie
Lol gyl 5 ot Jnlye 355 e 4335 Lo 5%
) Lagmwcd guw (S5 a8l cus (slo dmie ¥ JSb 05,5
Py coSe yia Bl 10+ Sl (5ygue (23 4 pp o5 Mad (oo i
Poad , S slasdb by ol g5y dalsd 58 Jad alayly 23S
D1 Gy I gu Slastie 45

(DAS) &ledsl 5 91 pan dilolew

5 2L 99 ol S 5 s Jslpe a8 SV L
Gy 5 Cudbge b (63 Sos wre syl iomi gl slas )3

9- Data sheet
10- Data logger
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1- Average slip rear wheels
2- Average slip front wheels
3- Slip right rear wheel

4- Slip left rear wheel

5- slip right front wheel

6- Slip left front wheel

7- The equivalent power

8- Power take off shaft (PTO)
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Tablel- ANOVA of the effect of 3 factors (ballasting, gear, drive Mod) on OEE and measured viruses varieties

Sk Zaio SN Slaye oo
Source of variation df Mean of square

OEE ASFW  ASRW TE PEQ FCHR FCHA

REP 5 7.05™ 0.93™ 38.49° 19.86™ 149207  7.17™  5.47"

B 1 3.58™ 64.10" 53.73" 12474 15874 033  25.70"

RxB 5 1.65™ 1.69™ 6.66" 5.69" 7.54% 250" 295
W 1 213.57"  4159.14” 422250 3169.00™ 218.60° 22.08" 175.00"

BxW 1 0.75"™ 20.42™  203.03" 19755  189.70°  0.02™  8.02™

RxWx (B) 10 1.38™ 11.80" 8.40" 5.62" 30.60  1.39™ 292"
G 1 35.38"  31.28" 65.80" 3.10  21833™ 2096 15.90"
BxG 1 2.00"™ 28.817" 31.50" 8.13™  227.08" 234"  234™
WxG 1 0.93" 1.51™ 22.28™ 29.29"  40.46™  4.94™  2.59%
BxWxG 1 0.46" 28.93™ 14.24™ 16.90™  24.84™  0.00™ 6.10°
CV % - 10.76"  35.70™ 11.59™ 10.20"  11.14™  6.10®  9.70™
LS8 5 i) s gy CEgw Bpae FCHA 5 FCHR (28 03k TE s 5 sls sbag 3 dgesy 4oy bwgie ASRW 5 ASFW. S ¢, o3jL OEE (%)

Piimeps ™ o) 90 Jleinl maw 13 Mine caiyh g it Sop ablg ype Jolae oles PEQ sl p il
, Significant at 5% and 1% of probability levels, respectively, " Non. Significant

G yB W Jolse &y o cilisie Gl (355ke dunlio =Y Jgan
Table 2- Comparison of various variation averages in 3 factor (B,W and G)
Ol 2aGS w008 (S (9 LSD Sy &y 9d J,:uc,;,l{» LSD O 8A3d S 83D LSD

Factors Ballast Un Ballast 2WD 4W GL GH
OEE 12.52° 11.98° 1.49 10.14° 14.36% 0.75 13.11° 11.40°  1.08
ASRW 23.13° 29.84° 3.00 35.80° 17.09° 1.80 27.15° 35.40°  2.50
ASFW -1.72° 5.50° 1.50 -7.38° 11.23° 2.20 3.70° 1.31 1.40
TE 63.00° 59.80° 2.77 53.29° 69.50° 1.50 63.16" 61.00°  2.83
PEQ 66.48" 60.00° 3.10 60.07° 64.00° 3.50 64.30° 60.00°  3.80
FCHR 24.20° 24.10° 1.80 24.80° 23.50° 0.75 23.00° 24.80°  1.30

ol 2o )d ) a3 3 gz Oglis pas 5l (S jlaw 0 wlde (Y gy
The Same letters in columns show no significant difference at probability of 1%

BX W /W (a3 uibly 42525 =Y Jgaar
Table3- Post ANOVA —BxW Slice by W

Sy g9 Sy g2 ke
Olhwo 2WD 4WD
Factors 0SSl 0008 pSoun (9 MS DS S b 2005 Ko (g9 MS
Ballast UN Ballast Ballast UN Ballast
OEE 10.54 9.70 3.800™ 14.51 14.20 0.525"
ASRW 30.45 41.25 700.480" 15.80 18.40 39.880"™
ASFW -10.38 -4.30 215.940” 6.90 15.50 444.620”
TE 56.93 49.65 318.130™ 69.16 69.96 4.166™
PEQ 59.90 60.24 0.689" 68.14 60.53 347.600"
FCHR 24.98 2478 0.248"™ 23.06 23.46 0.096"

Dgmapt ™ o Vg0 Jlaisl pdaw )3 3 ne cadih g
, Significant at 5% and 1% of probability levels, respectively, " Non. Significant

5 it oajl sbdne Gl cage (el 4 Syme g2 9 bl (2300 by 35 Jgir pB)l 3 B L Ll
(F oY ol Jola) il gl oS (K & (55l5 ;500 9 2945 o0 018 S b dulio )3 JS" (6550 033L (BXW/W) S yxe jgxe

09 298 it Sy 52 )k 4 82 99 315981 (B Sl 4 S 2 ke QB! Gl 2)l85 3529 ()b xe
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Table4- Post ANOVA —BxW Slice by B

DS (S U LRV SWORY
Slho Ballast UN Ballast
2WD 4WD 2WD 4WD
OEE 10.54 14.50 94.48™ 9.70 14.20 1119.00”
ASRW 30.45 15.80 1286.00™" 41.30 18.30 1338.00™"
ASFW -10.30 6.92 1798.30™" -4.30 15.50 2381.20™"
TE 56.90 69.13 892.06" 49.60 69.96 2474.50""
PEQ 59.90 68.10 407.80" 60.20 60.50 0.51"
FCHR 24.90 23.60 11.67 24.70 23.50 10.40™
FCHA 13.20 10.20 54.00" 15.50 10.80 128.90”

N TS N N ., ¥
)‘)L;‘M)#C o) 3 9 [A] JL«»}I 6‘4«) » )‘)L;uw Py 9

T

*"* Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Fig.7. Percentage of the overall energy efficiency
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Fig.6. Path diagram of major factors via path analaysis
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