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Shift Performance of Tractor Hydraulic Power-split

Continuously Variable Transmission

Wang Guangming' Zhang Xiaohui' Zhu Sihong® Zhang Haijun’ Tai Jianjian' Nguyen Vanthinh’
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
3. College of Automotive Technology, Hung Yen University of Technology and Education, Hung Yen 03213, Viet Nam)

Abstract; In order to improve the shift performance of the tractor hydraulic power-split CVT, the
influence factors and the parameters matching were studied based on the method of both simulation and
experiments. First of all, the model of clutch axial force and the model of transmission system were built
based on the experiments on shift pressure and piston displacement. The model was proved to be correct
and effective with eight groups of experimental verification under different test conditions. Then, the
influence factors were divided into three groups, i. e. , the external factors, the designing factors and the
controllable factors, and each influence factor on shift performance was simulated and analyzed. Finally,
the interactive effects among these factors on shift performance were studied and the optimal parameters
were acquired. The research results showed that there was no significant effect of the pipeline volume of
swash plate axial piston units on shift performance. The effect of engine speed on shift performance was
influenced by the displacement of variable displacement pump. The shift performance would be improved

with the increase of clutch oil charge flow and shift timing under the prerequisite of constant output speed
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condition. The effects of clutch oil charge pressure, load torque and inertia on shift performance were not

robustness. The research is helpful to improve the dynamic characteristics of the hydraulic power-split

CVT and it is useful to develop the control unit.
Key words: Tractor Power-split

Robustness
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Fig.4 Simulation model of transmission system
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HB Bl e R R 8 B B B R o 3 e, K 5 AR 1 4 4 1 0 900 150
2 iR 2 4 4 1 0.15 1100 300
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2 AR 3 55 8 Ast 0 X 2
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TS 2 BT sy B, B B R 1) B e R & s s . 0.7 0 | 100 150
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HELT 3 Jy H W), {5 BE S Y £ RS A G v A HL R 7 5 5 1 0 1100 300
5wl sl 2% 0 R 3l 247 S (3 77 v 7 3 18] 18 i 3l 8 5 5 ! 0-15 900 150
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Tab.2 Test results
o L WA R
7 R85/ (remin ™) AFE/(romin 7)) MIXFIRZE/ % SEHMXTIRZE/ % R/ (Nem) FE/(N-m)  MXiRE/ % X IRZE %
1 131. 61 134.77 2.40 297. 84 312.26 4.84
2 141.91 153. 43 8. 12 456. 56 467. 82 2.47
4 93.36 99.23 6.29 269. 15 276. 48 2.72
0.38 0.39
5 177. 85 159. 24 ~10.46 379.73 397. 41 4. 66
6 152. 68 159. 44 4.43 534.24 519. 54 ~2.75
7 229. 06 209. 60 ~8.50 616. 84 557. 49 ~9.62
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Fig.5 Shift quality at different engine speeds

T (200,300 400 N - m ) X 48 B fit Joi 1) 5%
Wi QP 6 Frs , [ 45 A R W] G0 0 R R,
JEE e Bl 8T R R O A ) AR 0 R ) B [ AP R
RV B it T B 2 8 25 o Rl L 3 R O T Y 3l 3K
fof Z 507 5 2. 024 86 .2. 057 00 .2. 065 42, 1, Jifi 171
A3 DR (] 2 48 O, AL PR M B/ N T O A R

P 6 7 48 i R X 48 B il B 1) 2 Tl
Fig. 6  Shift quality under different load torques
3.3 BEENHERIENZE
FE (0.3 ~2.3 kgem” [ 0. 2 kg-m”) X
e Bt BT B AN 18 T Fi s AT B R AR A R
BRI ORI ORI T R R T B )
AN AH Bl A AR BB B 5 R A A A A
BT ARAE, S B e RS /N AR A LA o f8 BN Y
I Bl 28 o 2 by AR 0 A B G AR e A T |
i, HAE A
M=M,+Ja (11)
A MM, —a R R B A, N - m
J— B kgem’
a— N B, rad/s’
OG5 Sh B T R B O 1BE ) A B o 4
R AT BEL L T i e 3o R o /N T 48 B
TFHE GBS 4 A 32 A Bl i 2 1] 1) B i 2 {6l 46 BB ot ot
o LAVICE: 5 (5 BE A % sl R B E— 25 19O, e Be it Y
BBl e s R AR /s (B 8) KT T e Bl



12 & A Bl B ¥ i

2015 4

A5 XHEE Ty HE A SR T, B A A M
PO

AR AR TAE ARG A R 1.2,
3 m) X e B it B4 52 e A 1R 8 B R o LA SRR
W] - [R] B AL 3o Xk f6e Bt T ) 52 I R — o, AR 4
R AR A AR e B b JBC 5 R . (O T
A8 2 () LS 3 o A U i Ul — R A e 2R -
ER IR ARG

T SR BB X 4 B 5 ) 52 )

Fig.7  Shift quality under different mass moments of inertia

Pl 8 Tl i A 2 BT R A o B X 4 BE i SR 5
Fig.8 Shift quality under different pipeline volumes of

swash plate axial piston units

3.4 AEERMHRERITENZIE

BS A3 An JU M 77 (4.0.4.5.5. 0 MPa) Xt 46 B il
JRAFEZ AN O BT 5 HAE AR B A dw el
Fe T3 38 O 3 L B BT | e R S I R
B[] 28 90N, e Bl BBl 2 2035 o 1 R R s ) T
7 R PR v 25 T 2k e {7 R Jm L i 7 i A% (AR L ) 46
Bt a) o B 2 /N ), R W 3 B A A I ]
SR, 17 L AN P A A T W A R, (4 B oy
A B A 1 5 N Bl 578 AR X BN 10 5 22 R 4K
A TR T 4 B I

B A e R i (4.0.4.5.5.0 L/min ) X 4 B
Al SR A AN 10 Bros o 0 AR KW B A 4 5
T IR S IR R W | Bl AT L R KT R R S
JEE Ty ¥ ) 25 i/ | i B i B BB 2 s o S TSl s )
Xl 45 B i T FR) 52 0 AL 1 — B, BT v AT AL A% il 2 0 A
WL 7 5 1 DTG 17 7 3 A% H) 0 e, K R R o O A RO

PO 254 7 il 7 X e B i 5 14 5 i
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Tab.3 Robustness test of pump displacement under

different shift conditions

F A/ B/ c/ D/ E/ F/ G/
5 MPa (Lemin~') (rrmin'") s (N+m) m (kg-mz)
1 4 4 1500 0 100 1 0.5

2 4 4 1500 0.15 300 3 1

3 4 5 2 000 0 100 3 1

4 4 5 2 000 0.15 300 1 0.5

5 5 4 2 000 0 300 1 1

6 5 4 2 000 0.15 100 3 0.5

7 5 5 1500 0 300 3 0.5

8 5 5 1500 0.15 100 1 1

*4 BREASRHENREENKER
Tab.4 Robustness test results of pump displacement

under different shift conditions

}J?_% E gl / gz & 44
/% (remin~") /kW /kJ
70 182.027 278. 937 9.66057  0.463 84
1 85 148. 830 245.309 6.81091  0.32671
100 123.393 216. 811 4.78098  0.23276
70 184. 883 547.090  12.678 10  0.990 19
2 85 153. 691 493.255 9.55437  0.74743
100 120. 183 431. 065 6.47146  0.527 88
70 160. 938 353. 060 8.09216  0.466 32
3 85 117. 215 285. 557 4.97421  0.269 84
100 78.948 220. 969 2.65624  0.14303
70 208. 731 483.164  15.86040  0.997 48
5 85 165. 205 434.779  10.77780  0.665 76
100 119. 025 380. 102 6.43095  0.42027
70 356. 967 802.302  34.49700 2.68571
5 85 318. 679 749.539  29.16500  2.18471
100 288. 486 704.398  25.04960  1.823 81
70 140. 492 245. 874 7.168 68  0.287 18
6 85 95. 856 198. 469 3.90526  0.15210
100 47.390 138. 598 1.13134  0.056 33
70 320. 095 596.579  31.73370  1.856 00
7 85 295.227 571.770  27.90030  1.579 61
100 280. 380 554.315  25.43620 1.43077
70 82.916 247. 089 3.38386  0.22581
8 85 48. 428 178. 183 1.36157  0.09566
100 16.793 110.990  0.18904  0.03097

(2) MO AS A A ML - e gl L 2 o 0 48 B i Joit
(4 82 Wi 5 AF — MO A, L e Be i R HE RN T
100% i1 T B0, 45 H B 1 9 38 e | 8l 28007 2R 880 o R T
5 2y 3R 55 1 JEE I e Sl AL e 4R T T 4 o
RIV A SRR S e ey, ffe B OB S o Xl T/ AR
B W BEAT IS HE R H AR B AR O T
B 2 N Bl B =2 I A e T 9 5 e Bl ML B e AT
LU 5 5 A e FE T O 0T 49 B it B RGO AR — U
AR, 8 MK O A 1 4L B0 2 [ LA SR Y
il 3 THAE A B, 5 3.3 1Y BT LA ANAT, B
R B TSGR /N B AN B E AL A B e
Bt e g A A I X 45 R 5 R e TR R — 2L



14 & A Bl B ¥ i

2015 4

8 HMBA T o, A 1 A TOLRY 4 T4 B i i oF

BhR 2 B AN E T LA, B BE A e B R
1 T S R E /INVEAE o IR I T7 56 v B A e B
BEE N 100% , BVHERR H e 5 g 47 sk, 0
LA AL B | A 7 T AL M B I X e B
sl SO S 5 A A 3,234 1 TR B, B4 B
ooy o 7 4 B I B R A DA RS, B S kBl
PLEE K

(3) ARFR A PE AL 8 4Ll T 00 b, R 2 o
X B RS O AN — AU 1 4 T
3.2 WA, MTFHATHIL, A 14T
DUHY B BT R BOL AL HA B2 ,6 4 TR 3 4
17 28 KB S B R T 9D, (EL A% 3 A A A 4K 38
6 3.2 1 PR ML 2R3, B 5 AR SE IR ) 5 T AR
1548 IR 2 B T 00 SO T A AR LA RS o i — 2
F W], 3l oRL AR B A B8 A M T 3k i e A T 4 B AR
THER P, SCEk [ 12 ]38 a8 R W, & 5 4% e il
7 %6 i BN 8] 9 52 W) 3 2 52 S U R i 29, 2k i A]
RERY i 3 e B 55 1 3.3 1 A9 4 M A B 3R
o X 5 B i S 2 W A I A S A i
F14 728 A 2 DU 22 ol 2 iy DR 8 3 ) A T A 245 2R
4.2 SHILE

A4 2 BT e J5 i AR A

(1) HEBRTGRPIZR o il 1o A 26 FROC I il T AR 4%
FR5 fe Bl T =2 ) JG 4 35 SR K, ] 220 L2

(2) B BB ARl Ak e, BB
IR P RO B e G % R R i e B A
{EH— D7 TR R 1 458 B 45 B 2% 1 11 TG 40 90 i 1Y) % 25
P, 3 T BN R G bl 55— 05 R Tk Bh
PG T B 5 A FE I U ek 48 B I e X 45 B 5
Wi R ) A A 1, B 2 R DR P AR A R e . PR 122
KT, W] S e B R HE R E O 100%

(3) W€ B G ar TR A S BUN o B
SRR E T, B A T U R e B X 4 B
by 5 R WA R 3. 4 3 BT LA DRI, 0 S B
FORAE, RIS & 5 L/ min, e B 7 0. 150 s

(4) Bf5E B G e JC Il R T 5 T30 A T3
2SR NE 13 Fron, Hop K 13a ~13¢ 7
)Ry S AR RE 0.4.0.8 1.2 kg - m” 48 B i T B £
AR e A2 A B S F il B B A BV Y 4 AR
3.1 XMERGARA &5, MABLR KL 6, ~ 8,70 il K
0.3.0.6.,0.002.0.012 5, &R H0: 76 A [A] B9 17 2%
i T, 3% T AT ik 2 6 E 2 R (i Be s AR
100% ,Fe il & 5 L/min, #R BEAT P 0. 150 5) , &
i ST s 7 9 T e o e B dh A DR EAE I IR,
A B E 5 MPa

B 13 TR 9 38 M e i He 7 x4 B b 5T A 52 )
Fig. 13

Shift quality under different load torques
and clutch oil charge pressures

(a) ]:044kg'm2 (b) J=0.8 kg-m2 (c) ]:l.2kg'm2

(5) A BBLAE B 5 4 Bl G O, (AL 28
IR TR Y A S L ST i i Al 4 o [ 20
IR, (645 32 5 5 A I U R BT AR 5y 7 A
g Sy rpibre BIEEUNIL, K sh WL R T T oL N, i
ZRVT TE AR B 08 AT 42 R 3R T 5 19, AR 4 i 1D 9 78
B e RV B 8O - e BT HERE RE O 100% , FE 90
JE 515 MPa, 7l i & 5 L/min, $ BZ A 3 0. 150 s,
X Fift G J6E O AR FR) DI T e 2.3 5 A A AR B i X
B HEAT UL iZ A P Y2 8 A T AR MF IR 4 5 A
IR A VE RS R — B0, S RN, IR 2 1Y 3 R
ity (38 REFE A 26. 182 32 v/min) F1 8) 2 b iy (I
TR KPR BRI ) AP 7R RU(E B AR T KR
A — 41K 45 2R

5 #Hit

(1) 38 H By py B AR a] 5 i s 2h 20 3 %
7 He BE TR AT A AL, 5 Kim 25 5 5
FLJ7 IR Bl 4 24 A8 2% T AR OF ST L, A ST 4R
HE 7 B A A 1R 25 KT S8 AT DL A2 AR SRR E Y
i 1 Bl e KB AR AT 1R 25 R 9. 62% (Kim 55 45 1 (1)
B L o e K Bl B X R 250 7. 2%, i A il B oK B
WA R 220 21. 4% , i F A SCAT A8 A8 i 2 A
% AT 2R (R 2 WA SCOR F 9 A Bl B 2
W) R0)  H5e R FBE A A X 58 22 R 10. 46 % (Kim %5 K
LA ) |, i L AS SC T B 5% W B 3 43 T G 2 AR
PRAS I e Kim 25 7 AFF 5% (1 2l 7 4 £ 48 3 88 (A
L Rkketesh) 2.

(2) 1930 T30 BB 28 0 48 B T 16 52 e B AR < R
BB X F BB i SO ) 2 ) 37 38 48 B3 e 2 I A 1Y) 71
2y, MR S HE A S A B, Kk B B A O e B
it JOT TG S R o QAN 2 S Sl A8 IR) R, 2R R R
R 46 B it JOT 8 2, 1 B T 2R B 1 A8 R Y A Ak
TR 2Z 2 BT AL T 0L 5

(3) 1920 BEvt BB 28 0 48 B T A6 5 e B A <
AN BB ) R, B RS RO e B B G, R



£ 10 3]

EICW] GE . LI Sl A U TG A 4 B LR 15

B AT 28 KB G A B (A2 A KU 52 3 A T 114 il
247, A 0 32 B2 1) AL A R 2 5 22k R AP AE S Bk b
T A 2 BTG IR A A RO B i G 3 R o
CORCEIRIEAYSE SUE ISR A PR SE S
B R HE R N 4 B b OB 2% HLBEBOR B A A 7T
T O A5 B I 0 5 BE i S5 R e L AR ) A A
2072 R U I AT A B R ) R A T R

G B I e 24 0 4 Bl A SR TR . B AR el
Ji 3% 5 B dh A 2w AL 2 B L E R 2, B
A A E N

(5) F330A7 7 N R Z 18] 19 2 B L e 56 & - K 4l
ARSI, AR R R Y S R PO 2 A O - i B R
FE R 100% , 7 E 7] 5 MPa, S i 5 L/min, #t
BB 0.150 s,

2 £ x W

AN B~ W

11

12

14

15
16

17
18
19

20

21

22

Renius K T, Resch R. Continuously variable tractor transmissions[ C] // 2005 Agricultural Equipment Technology Conference,
ASAE Distinguished Lecture No 29, 2005: 1 -37.

Bt UM TSP A A E R L R R IR 5B LT]. RO MU =4 ,2002,33 (1) (111 - 114.
Zhu Sihong, Miao Xiaohong, Yin Wenqing, et al. Development trend of tire tractor in Germany[]J].
Society for Agricultural Machinery, 2002, 33(1): 111 - 114. (in Chinese)
Aitzetmiiller H. Steyr S-Matic—the future CVT system[ C] // Seoul 2000 FISITA World Automotive Congress,2000:1 — 6.
Pohlenz J,Grad K. CVT for input power above 300 kW[ J]. Landtechnik, 2008 ,63(1) :16 - 17.
Meyer H J. Fahrzeuggetriebetechnik getriebe in traktoren[ R]. Berlin: TU Berlin,2009.

Transactions of the Chinese

Resch R. Leistungs verzweigte Mehrbereichsfahrantriebe mit kettenwandlern ( CVTs with ranges and power split for chain variators)
[D]. Munich: TU Munich, 2004.
Seeger J. Wirkungsgraduntersuchung des systems “ Dieseimotor-Leistungsverzweigtes getriebe” [ J].
2001, 45(10) : 672 -6717.
Soltic P, Guzzella L. Performance simulations of engine-gearbox combinations for lightweight passenger cars[ ] ].
Part D: Journal of Automobile Engineering, 2001, 215(2) . 259 - 271.
SR IE S A ISR S A5 T AMESIm (i RUENUMTC AL i Bt R S5 EL [T ] ARk LAR 274 ,2009,25(1) :86 -91.
Guo Zhanzheng, Yuan Shihua, Jing Chongbo, et al. Modeling and simulation of shifting process in hydraulic machinery stepless
transmission based on AMESim[ J]. Transactions of the CSAE, 2009, 25(1);: 86 —91. (in Chinese)
TR WE AR T B 3P AR e B AR SRS AT S [ D] K& AR 2011,
Zhang Xinsheng. Study on shift smoothly and control method of hydro-mechanical continuously variable transmission [ D ].
Changchun: Jilin University, 2011. (in Chinese)
WA SC, XSV, SR)MR S SR AL S A RIS 17 TOCIR B R LT ). T R K= 23k - B AR B ,2014,35(6) <75 = 79.
Cao Fuyi, Deng Ruitao, Guo Guanglin, et al. Shift process of tractor based on double flow transmission in turning conditions[ J].
Journal of Henan University of Science and Technology: Natural Science, 2014, 35(6): 75 =79. (in Chinese)
FEOCRN AR B, B, A FE R LIR R MU TE P A e B R AL SR [T Rl TARRAER, 2013,29(18) 151 - 59.
Wang Guangming, Zhu Sihong, Shi Lixin, et al. Experimental optimization on shift control of hydraulic mechanical continuously
variable transmission for tractor[ J|. Transactions of the CSAE, 2013,29(18) ;51 =59. (in Chinese)
Li Wenyong, Abel A, Todtermuschke K, et al. Hybrid vehicle power transmission modeling and simulation with SimulationX[ C ]
// Proceedings of the 2007 IEEE International Conference on Mechatronics and Automation, 2007 ; 1710 - 1717.
HELSE B Iy By A BR 2 W)L 180PS T #i fi LT S i AL T A ik B e i [ R ] ey < 58 30 0 ety A7 BR 22 W) ,2010.
SREUE L AR KIS SE . 2 A B B L AR BUHEAT B Y RIC LAY : CN201120392393.7[ P]. 2012 - 07 — 11.
2, AR B WA O, 5. HE R LI MLAE TE 8 3 f 3 LUPEIC i 5 23 [ ). R HUAR# 4, 2013 ,44(4) =15 - 20.
Ni Xiangdong, Zhu Sihong, Ouyang Daye, et al. Design and experiment of hydro-mechanical CVT speed ratio for tractor[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2013 ,44(4) .15 -=20. (in Chinese)
Imagine S A. AMESim documentation[ M ].
ITT Gmb H. ITI SimulationX help menue[ M]. Dresden, Germany: ITI GmbH Headquarters, 2010.
ARAERR WS, AR W2 A E B PAT AR AMT S5 [T]. R AL =R, 2014,45(4) ;14 -21.
Lin Shusen, Chang Siqin, Li Bo. Gearshift control for AMT based on a 2-DOF electromagnetic actuator[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2014 ,45(4) :14 =21. (in Chinese)
PR R A A TARE G B S8 E 0 B e 2R e (I 1. A0 HLAR =4, 2014,45(5) :30 - 36.
Yan Yiquan, Song Jian, Multi-section optimization shift control method of dry dual clutch transmission [ J ].
Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(5) :30 —36. (in Chinese)
Kim D C, Kim K U, Park Y J, et al.
Terramechanics, 2007, 44(2) . 111 - 122.
FOEH R, S, MR R MU T S HAR BRI B S IER [T ], Rl TR24E3R, 2013,29(15) 42 - 48.
Wang Guangming, Zhu Sihong, Shi Lixin, et al. Simulation and experiment on efficiency characteristics of hydraulic mechanical
continuously variable transmission for tractor[ J]. Transactions of the CSAE, 2013,29(15) :42 —-48. (in Chinese)

Olhydraulik und Pneumatik ,

Proc. IMech E,

Roanne, France: Imagine S. A, 2007.

Li Liang.

Analysis of shifting performance of power shuttle transmission [ J]. Journal of



