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CO F1 COy KHAED B ATk (non-dispersive
infra-red detector, NDIR) , & k;¥+3%; HC ¥
FHE KIS TR %% (flame ionization detector,
FID) , K5 E+2%; NO Hl NOy K 4 Bk 4k
43 Hri: (non-dispersive ultraviolet detector, NDUV) ,
B KG E +3% . SEMTECH-EFM2 J&35 [ Sensors
AV R HE R, ARESR A 2
PSP, WENETEEZ, 0~5 m¥min, %
AN B P HERT O T+2.5% %81, MAHA MPM-4
17 [F Maschinenbau Haldenwang 47, FH kil
ORI HESOR BE, SR EOB RO, n il ok
/T 10000 nm (R, WSS N 0~
750 mg/m®, ¥/ %y 0.01 mg/m?.
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AR 10 HHCAWCEINL (6 & A PIHA ek
BRI 4 & BRBEAWCEINLD A5 b BRI U
AF] IEBHP U A B A\ v C G L
IS AT FRAF] 78 BHAR A AR SR ZEAE A )
7= i, ICEIHLID R 48~92 kW, JEAZE o T Hh[H
WA WCEIPLI D)2 a ), AR T v ECEINLE JhL

Ao ARG TEIAL S ik LI AL (IS Be A AR TE
S L TR BT ORIE TR B, AR B AT
WCRIHLHE UK, ARG B 1.

MAHA-MPM4

“'; SEMTECH-DS ]

Combine

: Combine J MK A WCHEINL: PC A 20 A i ; SEMTECH-DS.
EFM2 Fll MAHA MPM-4 43 B S W18 42 e AU 15 R . 8
AT B VR R AR TSOORE A (U AY o

Note: Combine stands for the tested combines, PC is a personal computer,
SEMTECH-DS is used to test instantaneous exhaust gaseous emissions
from vehicle; EFM2 is used to measure instantaneous exhaust mass flow
rates from the vehicles; MAHA MPM-4 is used to measure particle mass.

B 1 FAIEIAPEMS MK A 4

Fig.1 Schematic of PEMS for combine tests
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Table 1 Specifications of test combines

e Aacd C ] Az WUE DA HETBCbRE
Equipment type Equipment number Manufacturer Date of manufacture Rated power/kW Emission standard
1 VLIRS 2003-06 48 I A
2 RNELVE S 2006-11 58 i)
B L 3 B 2007-03 58 I iy
Grain combine 4 o [ i g 2007-05 58 I
5 RHELIER 2006-12 58 I i
6 B 2008-12 61 =
7 I3 2011-03 83 = 11
TR AL 8 i3 2012-06 92 I
Corn combine 9 L« 2012-06 92 i
10 T BH A% AR 2012-07 92 II

TH e T A I A B AL A A R I A R
HUR A8 R A, EECE M. A7 E AL Lo 1k
HECAWEINL 3 ANFEE TN, FExF 3 A~FHE
THRATIAR . S T KHLAT 8 HR
A, B 41 600~800 r/min, BEA B EINLE: 1L,
VENVESAS TAE, JoThaErt, B oy il a0 26 iy
B A LE 5] 5% AT T80 : BEA e EIHLAE H ) 1
B RS IE AT, AEER A TAE,
RAPUAL T AR g, B v D06 B8 I JR) g b
Bl 15%; EN T8t A BRI HLAE [ )R (Rl 4T
ER AR IERERRAY . K, LB I
WUAE, RN s BT R A B
I 8] 7 BB 451 80% .

W T v R IF, 20 B Y Hh g

()45 4 R T K AR T R AT I W S L ek A8 AR R sl
Ko Hh iR T 2012 45 6 H 34T, Wl
BEHL 10.67 hm? (160 77 ) , BEHUREFEAT B 15 cm;
TR EIPL T 2012 4F 10 J#E4T, WA FEHL 6 hm?
(90 7)) , FFHRIFEATER 50~60cm, 54 000~
57 000 #k/hm?. 4 G W EIHLIHEAT — NI E R,
IR AR FRFR SEI 1) 2 3 h, 23 SR e S i B LE
L ATERMAEE 3 A TO0 R I RE R, % T
{90 D P ] 2 FE A2 100 o 000 A AN I 1) 149 LA 2k
AT MR SCEI LI 1 FH 48— 1 Tl 5 o#%Eimh,
BB B T 350X 107,
1.3 #iEaE

FETRROP DR B R RE, R
ﬁﬁnT[29_3o]
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Note: Segment of instantaneous fuel consumption from No.2 grain combine

under idling, moving and working.
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Fig.2 Instantaneous fuel consumption of test grain combines
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Bl T R PB4 349 F
4.16 L/h; 7EAT3E LT 43998 5.04 F1 4.84 Lih; 1t
YENE T8 R4 )k 7.34 A1 11.69 Lih. AT E L
O, AR FOKRCEINL A TE F A A2, (P4
W THUR, FRECEINLAHE B PIBCRIPLT 1.6 fi%.
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Table 2 Fuel consumption of test combines

WCEIBUT S P J
sz : Bk (i ek
e B/ S|
HCRIBLIRL - Equipment oo ) Moving/(L-™) Working/(L-h™)
number
1 354 5.83 6.50
2 2.99 5.35 7.59
BYHA I 3 2.77 6.39 7.23
AL 4 1.99 2.80 5.52
Grain
combine 5 4.73 4.90 9.05
6 4.92 4.97 8.15
SEH4 3.49 5.04 7.34
7 3.88 476 8.05
TORBEA I 8 4.83 5.09 11.54
L 9 4.80 5.09 16.10
Corn
combine 10 3.15 4.41 11.07
T4 416 4.84 11.69

A WA B HLAE L AT 3E 2 ) 2 8 T 00
PRI AEE R ) 2.1 F1 1.4 1%, FRBESWCEIHE
MEFAT RE J3 i) 2 8 T T LRI Vi FE T3 1) 2.8 F1 1.2
R o HAEMY TH0 S WL by b e K T
B, PRI DR T8 AR A Bh i &
WCRIAL A H FE

B PIWCHEIHLFD KR35 5 I FE 3 2
435124 6.80 F110.29 L/h.

2.2 1Rl TRTARIRE HIHER K B R

B TAEME T2 A IR L 220 T 00, X
VRNV TBCRE— 201 9T, LA A4S IS seE Bl A 41
SYHAE 3.9 5.9, 7.2 km/h SEEEFEATAENY, WAL
R 3,

K3 MTEE AL, BB RN, BT
FEHA I, 31X 3 DR R B LA ZLER A5 5
TAERIN Sy, i IR B R UEAT E 30, S
Bn, RENFLTARE N, SRS FERE in. CO T
I [0 R 356 T Yo 110 R IS0 DR Bt 3ok B 1 i ir 34, 35X
FEIEh, RBLGATEG N, B a5 £ A g,
e =0t w1 AR H Y, AT CO A, HC 2
TR P HEAR R -, B B 3G i 3 i, HC &
WREAIFEIR R T IEAAAR . NO, FE T 1] TR) AL Tyl
FEPHET R - D2 A P A v, 3 R IR
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N, KRBT, RBEIREERAR, AHF) NOy
PR TR, R BIHLAATECR, (HARIK SRR,
FIFEAH] NOy ™/ PM HEIBUE 5~ I NOK RS A
T, PM I () R Tl AR S AL
SUINE = (i SN S5 PN /K (03 N P R R 5 (AP 0
Py, L PAREALR, A PM AL i,
i, AR B>, Hl R EE I K,

W AN, ISR TR, R,
R 1l A RGN o
2.3 ETHREFEMHMET

R IR PR HE B 5 inh FE K a6 A0 0 B T4
AL T HECA 7, B A RIS 00 R e
Ry A TR S BCRIPLIN 255 FFUA 1 1
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Table 3 Emission factors together with fuel consumption in working mode at various speeds

o CO H ¥ HC HEB P+ NO HEB A ¥ PM HES A ¥ HFE
s ;Ed CO emission factor HC emission factor NO, emission factor PM emission factor Fuel
/(kﬁq.hrl) SETAE AETEE O Tk BT JEThAE T e BT ST iR consumpltion
I(gkg™) f(g-h™) I(g-kg™) /(g-h™) I(g-kg™) I(g-h™) I(g-kg™) I(ght) [(Lh7)
3.9 29.8 249.4 11.5 96.2 453 378.2 10.2 84.9 9.8
5.9 40.3 344.2 11.4 97.2 52.6 448.9 3.7 31.9 10.0
7.2 44.4 421.3 11.4 108.1 45.0 427.1 9.3 88.8 11.0

e MR 3.9, 5.9, 7.2 km/h O 4#R e G CRINLAE H RMVENL I PR TP R 3 Rl .

Note: 3.9, 5.9 and 7.2 km/h are respectively corresponding to the low speed. medium speed and high speed of the 4 # grain combine under working mode.
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Table 4 Fuel-based emission factors of the test combines

HEB AT B i7E @ wYCEIL ESein
Emission factor Idling Moving Working Grain combine Corn combine
CO HEI I T1g 62.55 30.18 20.61 3031 16.42
HC HEk /g 12.10 9.97 8.24 11.87 471
NOXx 8 /g 51.72 61.95 50.94 53.08 52.07
PM FIE R /g 2.25 1.06 6.00 5.28 481

VE: HEBE T O 1 kg BRIIE . B ATERENE O B HEBE T A 10 SWCRIHIEZ TO0 T R, T LARAE 2 T ORI HEBOR . ek
HUR T RBCEIB LI HEE R 753 B0 IR 6 S B PHCEINLAT 4 & TORBCRIFLER S HESA T IO (e, P Er e HER T oW I BLAE B AT E AL

LW EE T FE AR R 2 L OUE NIRRT oy A e A

Note: Emission factor unit is gram per kilogram fuel. The emission factor of idling moving and working is the average of 10 combines under idling moving and
working. This is used to represent the condition the characteristics under different modes. The emission factors of grain and corn combine respectively are the
average of 6 grain combines and 4 corn combines comprehensive emission factor. Comprehensive emission factor is sum of the mode emission factor

multiplied by this mode proportion of weighting in the test cycle.
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TR - B T s AT E AN T, X %
RN B T PRI RAG, A ns, &
F CO. HC HEHI I NO FET-#A I FE 1) HE A
FOATHETOU N e, BRI B TOUA et
FERAK, ANHF) NOy 2B, RNk T80, A shAL 5 far
Hm, Wi, S3utEsR R, HE
D, FIH] NO Azl PM 3 TR i AE I HE K
A7 AL Tl R dpemr, BE T, RENHL AR,
s RSN, W RS RER D, R RS
ok, BT, SRR Y A
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1.85. 252, 1.02 A1 1.10 f%, XFEJRAHE: 1)
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[ T 8L

2.4 BEWENKHERERHIMEENEE

LA 400 S WCEINUIRIN SBT3k
T RS B K294 140~160 h, AT
T B MCRINLAETE 8K 29 % 150 h

FIFHBEA WML R B P4 7 N TR) R R
TTHFERE RGBS, 193] T A WCEIFL 2010 H204%
T FER T, FFEh & A WCEINLIE TR v FE T HE
R, A3 EMCRPLHE SR f, IR 5. R 5
A%, %FT CO. HC. NOLHI PM s, WeEIHLFE
S EAYK 2.54, 0.97. 4.84 F1 047 Jit, Hr
A WAL HE R 2y )y s ML HE R T
89.0%. 91.7%. 81.8%#1 82.8%, K KUxHINLHEIK
T TGRSO S 11.0%. 8.3%. 18.2%
1 17.2%; T1E 2010 S FOKIBEE WCRIALEL
WFEZ) K 7459 FI1 16.97 Jj t.

WA UBR ) A FH LA R g s Jlek, ik ok
400 BYCEIHURIABRTRAR ISR, A kRt a]
ZIN 6 Ao ajJTEaE] 11 ApajgislR, b s M H,
JIS 8] P9 RS BB N LTS G HE TR 0 2 B B 858 186 i
ERIE . AHEE Bon, 2010 FE4ELA N 1.9 4245
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BUBHZAAE 5 A~ CO. HC. NOL Al PM HEiSE N IEEULRE, SETTARWHMIK TSR, FrASAE

1700. 203, 250 F1 25 Jj B4, BEAUEIHL NOGFI PM  AUCEINI S SR 7= R, 1 3 A h RSl

HEBUR R b 4 I AU ) 1.919% 1 1.94%. HUHEOERT 10 (94545, H CO. HC. NO I PM Hik
W UA AT I, i LA sk A 5 AR LR 84.5%~84.7%.

®5 2010 FHAWHNMMMEELAREE

Table 5 Inventory of emissions and fuel consumption of combines in 2010
Mk CO ik it HC PR i NO, HEHCR Bt PM 1 i
Fuel consumption/10°t  CO total emissions/10* emissior?s?lo“t NO, total emissions/10°t  PM total emissions/10%*

Q%W#WL 74.59 2.26 0.89 3.96 0.39
Grain combine

AR 16.97 0.28 0.08 0.88 0.08
Corn combine
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Experimental study on characteristics of emissions and fuel
consumption for combines

Ge Yunshan?, Liu Hongkun®, Ding Yan?, Yin Hang™?, Fu Mingliang®, Li Jiagiang®
(1. National Lab of Auto Performance and Emission Test, Beijing Institute of Technology, Beijing 100081, China;
2. Chinese Research Academy of Environmental Science, Beijing 100012, China)

Abstract: Agricultural machinery has been considered an important contributor to atmospheric pollution.
However, as the volume of agricultural machinery increases, studies on the emission characteristics and fuel
consumption of agricultural machinery have been rarely reported, especially for real-word characteristics of
combines’ emissions and fuel consumption. Only twelve large and middle-sized agricultural tractors were tested
by using a portable emission measurement system in 2013, and the emissions characteristics of tractors were
studied. Therefore, it is difficult for the policymakers and researchers to understand the actual emissions
characteristics and fuel consumption of combines. In order to deepen the understanding of the factual emission
and fuel consumption of agricultural machinery, 10 combines were tested by using a portable emission
measurement system in this study, These combines’ emission standards included Pre-China I (the combines
before 2007 model year were defined as Pre-China I ), and China I and Chinall. All the tested combines’ fuel
was 0# diesel oil bought on the market. Three typical operating modes were included in the tests, namely idling,
moving, and working. Both emission factors and fuel consumption were obtained in different operating modes.
The results showed that fuel consumption of grain combines was 6.799L/h, as for corn combines, the value turned
out to be 10.287L/h. The largest averaged fuel consumption from grain combines was under working among the
three modes, as same as the corn combines. It was also indicated that instantaneous fuel consumption during
working mode was higher than that during idle and moving modes. However, fuel-based CO and HC emissions
measured at idling appeared higher than that measured in moving and working modes. Fuel-based NO, and PM
emissions revealed their peaks in moving and working respectively. Generally, the emission factors of grain
combines were higher than that of corn combines. The 400 combines’ annual working hours were obtained in
Shaanxi province, and the result showed the annual working hours of combines was 140~160 h. In this study, the
averaged annual working hours of combines was considered as 150h. Based on annual working hours, the
populations, and the fuel consumption, the fuel consumptions of total grain combines was 74.59x 10* tons, and
that of corn combines was 16.97 X 10* tons in 2010. As estimated, the total emission of CO, HC, NOy, and PM
from combines in 2010 were 2.54x10%t, 0.97 x10%t, 4.84x10%t, and 0.47x10%*t, and NO, and PM emissions
generated from combine operations accounted for 1.91% and 1.94% of the total vehicle emission in China in 2010.
In addition, approximately 84.5%~84.7% of combine emissions in China were produced in the top 10 provinces of
combine application in 2010, and the total emissions of CO, HC, NOy, and PM from each province of the top 10
were also presented in this paper. It was the first time for this study to test emissions and fuel consumption of
combines, and the data could help policymakers and researchers to understand the real-world characteristics of
combines’ emissions and fuel consumption.

Key words: combines, fuels, testing, systems, emission, fuel consumption
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