201848 f Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5549 % 55 8 1

doi:10.6041/j. issn. 1000-1298.2018. 08. 001

RAFERN R BRAEZRIARERE

#WooR KPR BER

(P RO R 22 AR B A LA BT AL st Tl SE 3 %, bt 100083)

TR BRI AL A B L HBAR S R A B 1 AR LB A R B2 Al BRARAG A JB K F- o aE 45
8 REAUTE T2 LT BB AR B9[] I, A BT 3 S0 £ 45 B R RT 77 i, SR B BEOR T B2 &, 77 i PR RE SR SR B . A U AT
T2 ) Y AP AL R R R TR A L, LA B RO BB SE B B Sl Ak R R AL RN B AL Y B 1 R 5 A Y
THAGHALTE S ShHLHE R T B RE YR LT (30 e TE 8 B R HIAT B B A R T B AR R 4
DA B ML B A 45 5% BB 1 R Ty T 19 Jm T 0T 9 0 e, 5 5 7 it LD P BT 4% 2R K 6 SR 119 R A S B AN R A5 de
LA LB A S Je i AR, 285 [ (A, b ARl 8 1 B A ) R SR R R 5 1 i AT T B MR, ?Eu%fl—iﬁaﬂ_]m
BRI, 2 8 IR R T 06 5 A ML A o 3 ol AR 54 L B R R T RE VER R LR ﬁE — PR BRSO
ARG T ARRAM A 7 ) B TR RE A B AL AR D 8 WAl AR 8 Hh 9 B YT T, H R BRI R BB R R L AR
TR 3y R 3 5 A 2 A B Ry 5 AR RS 4 AR SR O T

R R R REEAR; 5 BRE

hE KT S232.3 XHERARIRAD: A X E %S : 1000-1298(2018)08-0001-17

Development and Prospect of Key Technologies on Agricultural Tractor

XIE Bin WU Zhongbin MAO Enrong
( Beijing Key Laboratory of Optimized Design for Modern Agricultural Equipment,
China Agricultural University, Beijing 100083, China)

Abstract; As the core equipment of agricultural machinery, the tractors are rapidly becoming of
increasing importance to agriculture. The technical advance of tractor products reflects the degree of
national agricultural mechanization and the level of agricultural modernization. In recent years, novel
structures and devices have been emerging on tractors, of which the technical level is constantly
improved, and the overall performance keeps enhancing with the extensive application of various new
technologies. Based on the analysis of the tractor development world-widely, the urgency and necessity of
tractors to achieve automation, intelligentization and informatization were proposed. The latest researches
on agricultural tractors in engine emission controlling, new energy altering, power shifting, continuously
variable driving, front axle suspending, cab comforting, hitch electrohydraulic controlling, bus
networking and system informatization were summarized. Meanwhile, the basic principles and
characteristics of related technologies of each system were expounded combining with the application of
specific products. Considering the national situation, the development direction of tractor technology was
prospected with a historical and in-depth review of its development process. The precision agricultural
system, which integrated high efficiency, energy saving, environmental protection and intelligence,
benefiting from the rapid developing technologies of cloud computing, big data and internet of things, was
thought to be a new model of future agriculture. Accordingly, intelligent perception and decision,
efficient driving and remote controlling of intelligent tractors, which played an important role in the
precision agriculture, were speculated to be the new bright spot and direction of tractor technology
development in the future.
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Tab.1 EU agricultrual machinery emission regulations at various stages of limits and implementation

(NO,/HC/CO/PM, (NO, +HC)/CO/PM) o/ (KW+h)

W% PV | 2001 ‘ 2002 ‘ 2003 ‘ 2004 ‘ 2005 | 2006 | 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016 ‘ 2017

[19,37) 8.0/1.5/5.5/0.8" (7.5)/5.5/0.6"*

[37,56) (4.7)/5.0/0.4™* ‘ (4.7)/5.0/0.025™""
————1  9.2/1.3/6.5/0.85" 7.0/1.3/5.0/0.4" m

[56,75) (4.0)/5.0/0.4

- . m 3.3/0.19/5.0/0.025"" | 0.4/0.19/5.0/0.025"

[75,130)  |9.2/1.3/5/0.71 \ 6.0/1.0/5.0/0.3 \ (4.0)/5.0/0.3

[130,560) - ‘ 6.0/1.0/3.5/0.2" ‘ (4.0)/3.5/0.2"* 2.0/0.19/3.5/0.025™"" 0.4/0.19/3.5/0.025"

e 1 R Stage 1 BRAA, T /R Stage T FRMH, A /R Stage MA FRAE, B /R Stage MB FR{E, IVZE/R Stage IVBRIE

F2 ZERULNHHEBMENZEMEMNRER LR (NO,/HC/CO/PM # (NO, + HC)/CO/PM)

Tab.2 US agricultrual machinery emission regulations at various stages of limits and implementation

(NO,/HC/CO/PM, (NO, +HC)/CO/PM) g/ (kW-h)
W& PAW | 2001 ‘ 2002 ‘ 2003 ‘ 2004 | 2005 | 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 | 2014 ‘ 2015 ‘ 2016 ‘ 2017
[0,8) (10.5)/8.0/1.0" (7.5)/8.0/0.8" (7.5)/8.0/0.4"
[8,19) (9.5)/6.6/0.8" (7.5)/6.6/0.8" (7.5)/6.6/0.4"
[19,37) (9.5)/5.5/0.8" (7.5)/5.5/0.6" (7.5)/5.5/0.3™ (4.7)/5.5/0.03"
[37,56) (4.7)/5.0/0.3™ (4.7)/5.0/0.03"

— 9.2(N0,) " (7.5)/5.0/0.4" m
[56,75) (4.7)/5.0/0.4 ,
- — ; " 3.4/0.19/5.0/0.02™ 0.4/0.19/5.0/0. 02"
[75,130) 9.2(NO,) (6.6)/5.0/0.3 (4.0)/5.0/0.3

[130,225) - (6.6)/3.5/0.2"

[225,450) (6.4)/3.5/0.2" (4.0)/3.5/0.2" 2.0/0.19/3.5/0. 02" 0.4/0.19/3.5/0. 02"
[450,560) (6.6)/3.5/0.2"
[560,-) 9.2/1.3/11.4/0. 54" (6.4)/3.5/0.2" 3.5/0.40/3.5/0.1™ ‘ 3.5/0.19/3.5/0.04™

W T R Tier T BRME, T /R Tier I KRME, I /R Tier W RRME, i1V E IR Tier ilVER{E, VIR Tier IVERE, a 278 “ 05 6l & &)™ i A 2012
AEREIAF] 0.03 g/ (kW-h) iy PM brif, ML AL FR{E M 0. 4 ¢/ (kW-h) 7,

®3 PERLAHERE N E M BRI RER KN (NO,/HC/CO/PM #1(NO, +HC)/CO/PM)

Tab.3 China agricultrual machinery emission regulations at various stages of limits and implementation

(NO,/HC/CO/PM, (NO, +HC)/CO/PM) g/ (kW-h)
Y P/kW 2008 | 2009 2010 [ 2011 [ 2012 [ 2013 [ 2014 | 2015 [ 2016 | 2017 | -
[0,8) (18.4)/12.3/ = ! (10.5)/8.0/1.0"
[8,18) (18.4)/12.3/ =1 (9.5)/6.6/0.81 (7.5)/5.5/0.6" (7.5)/5.5/0.6"
[18,37) 10.8/2.1/8.4/1.0" 8.0/1.5/5.5/0. 81"
[37,56) (4.7)/5.0/0.025V
[56.75) 9.2/1.3/6.5/0.85! 7.0/1.3/5.0/0. 41 (4.7)/5.0/0. 4"
[75,130) 9.2/1.3/5.0/0.7" 6.0/1.0/5.0/0.3" (4.7)/3.5/0. 21 3.3/0.19/5.0/0.25%
[130,560) 9.2/1.3/5.0/0. 54! 6.0/1.0/3.5/0. 2" (4.0)/3.5/0. 2" 2.0/0.19/3.5/0. 025"V
[560, ) - (6.4)/3.5/0.21 3.5/0.4/3.5/0. 1V
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Tab.4 Combined technology routes of Yuchai and Luotuo engines to meet China Ill emission standard of

agricultural machinery
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Tab.5 Performance comparison of engine cooling fans
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