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Optimization of Tractor HMCVT Parameters Based on
Whole Life Speed Usage Rate
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Abstract; The design parameters of the transmission directly affect the dynamics and fuel economy of the
vehicle, due to the complexity of the tractor’s working conditions and a variety of operating modes, so in
the optimization of the design parameters of the tractor transmission cannot be directly borrowed from the
automobile based on the optimization of the standard cycle of working conditions. An independently
designed hydro-mechanical continuously variable transmission ( HMCVT) was taken as the research
object, and a transmission design parameter optimization method based on the whole life cycle speed
usage rate of the tractor was proposed, and a multi-objective genetic algorithm ( MOGA) was used for
optimization and solution. Fuel consumption rate and climbing ability were used as the optimization
objective functions, and parameters significantly affecting the optimization objectives were selected as
design variables. Constraints were determined, and a multi-objective optimization model for the
transmission device was established by using modeFrontier, combining MOGA based on Pareto optimal
principles and experimental design, to perform a global search for optimization, resulting in Pareto
optimal solutions. The research results obtained the optimal solutions under the constraints, reflecting the
contradictory characteristics between dynamic performance and fuel economy. The design variables of the
Pareto optimal solutions obtained through optimization iterations well met the matching requirements of the
transmission device.

Key words: hydro-mechanical continuously variable transmission; Pareto optimal solution; multi-

objective genetic algorithm; tractor

Wk B3 . 2024 -08 — 15 &I H A 2024 — 11 - 18

ERWE : K93 ) ik 42 mp AR 4 1 8 a0 58 56 = I i PR AT ( GZ2023KF007 ) AT 5K A SR BE 2% 5 4 T H (52272435 ,52225212
U20A20333 ,U20A20331)

EBE AT ARBL(1985—) , 55 202, WA 90, F S AR I8 5 ¥ THSE , E-mail : zhuzhenjs@ 126. com

BIEMEE: BE(1958—) , B, #U% 14 5I0, FZNFE E s SRR IS 5T, E-mail ; chenlong@ ujs. edu. cn



F12H

B AR BT A R A SRR R R A R WL HMCVT 284 791

0 3

T REIHEC O Y A SR R AR SR R T
FHRHBIM A TEE 2 HRGR , DI ARG S T HoR
LI I A A% SRR K A hr HL S 319 BEFEAE
MUHAR T R 2 Al ahe B AR Ry R T 4 h ML i 5
BRI, O S RO B S e LAl ) 1 A
BRMZE BT . A58 R R I Z A HALE 3 A AL
AYE S AR TA R SMT R A % 7RI
BUF , JOH AR 7% v] LAAT R i

TR 70 T 2 A UL O AR A, O Sl
IR, S UL s A 45 G F R R B TE 9 A
# #% ( Hydro-mechanical continuously
transmission, HMCVT) , 1ZA8 s 2% B A WUEAZ 3 HL
WAL AL R 5 15 3 3 T sy =0, b ALl &2
BAGENLRE T WAL 3 Y e U ORI A% 3l e
GO HA S RUE S TCH AR RIS 18 DR
& REEE 5 3l 7 IR R AT DR I O Ok B R4 Y B R
PO HERIHL T s (B AR E Ak 2 H R
A AR A PRI 4 P AL 75 227 9 3 R A 47 3k
MR TAET S TR X — R, BT 5 (7R
PR A 2T R T E X R
S22 THLH) HMCVT JEf e R S 80 — i =
WFoE G,

] N AN AR R AR S R TS S B et
TV 28, ZHU &7 3 T —Fh T bl
(IHLHE I 3l 11 2G5 (MEH — PS) X RS HIES 8
RGAMIENE & 1% 3 RGN, IR G4 R HL
FLR T AR ZR AT 3h 1 U5 FE s ki A, XTA
SOV T — R T AL A B 8 Th SR I
PUBTC A B A, BIF 9 1 45 Fh 45 0 2 300 A2 3 2 1
RERYSZMA 2 5 T PERE VRO R AR OF N T 2 H AR
PARRL SR NSGA — 1T 22 bRt A% Sk i) A8 S 25
FrpA, DT 2 F1 T 4 R AL AR M R . MOROZOV
SEU IR R IR T — Bl T EL Bl 2% R 2 0 P R AR
A, B A B T AR S R R ) DL G A )
100 km/h FIF5 i} 5] FOE B 25 144 B REFEAE A DL AL
H b e £, R HT 388 4% 5300k SR A5 1 28 3 4% 3 L Y
Pareto R4, WAN %113 i D RAGA B IH8 T
FH T2 AL 0% s A OB LB A% 5028 B A 2354
WS UL FC R A% Bl R G 8CR M, A5 R
& SR AE T AR HE & LURT b T R 88068 17 IX B 1)
S50 IRTT TR R LS 302 B AR B AT AT
i, HE 555 R0k fhali i sh P i 4 e 9T R 25 3 A
IR(NEDC) T-% T B BEFE, 13 11 XU A8 3 #5807 42 1L
R IR 2 56 L, I I 5 0 Bl S A e 1 8 4

I

variable

P ) 2, PRAR 42 AE fB B, WALKER 25 1 A
AR T OB A A (4 1% 3 LU 4 3k i i 2
P BETHRI (UDDS ) i 3 23 SRR T 28 55 M2 b i
Rl (HWFET) 25 3 J& 81 vb 34 #€ 1) i 2 22 FE S H A
PRI, LASE R A 4 R R fg vk

IR RA G T M Bl B LI R
REFWFEIH T BRI W) B I E R T 0k, SR, il
FHERALA M T0E 22 BAEATE T T 25
0 XE DL HEST BB S B0 S M P AL S B s AT R Bl
FIBRUETE IR T.00, PRI, 76X 3 Hr AL o)) 26 B 3 AT
PEALET , ASBE ] LA 25 VR G S T AR UETR A T 0010
oAb T, 1 LB X P ML B 4 R 15 2R Rtk A 7 &
It

AR SCHRE Y — o 35 T L 4 i R 0 A T ke
i R B9 HMCVT & it S8tk or i, L&
HMCVT R EIRG S IR RN S T2
H AR A4 3 2 X HMCVT B9 35% 3+ 2 30k 47 00 4k T
L,

1 fEEETTR

1.1 ZEHWAR

FHF IR A 50 1 3 B HL A TR BL A T 22 72 T 4%
(HMCVT) @i 1 fis, FEE R LRI L
BIHLR LA T B8 4 7 R B0 7 2H i, 28 3 2 T AR
it &2 ShALTI R Z 53 TG 20 Ry WG 6, — % B2 A
BUBRAS AL , 55— et 8 R A H 28-Sk 4k
14V HE A SHATLA) , 5 [ s 0 3 sk VD S LA R A i o

SiPUE e N e N I ST i T DS

e
ﬁﬁ
L
|
| |
[}

l\w
.

Bl 1 HMCVT 45+ 538K
Fig. 1 HMCVT structure schematic
LLHZhes B 2. Afr i idedl 3.5 1 AR Cl 4 R RN
BHE S22 EAMC 6. Ss AR Al 7.0 6 EihiA R
Bl 8. A7 EEIGRE] 9.3 BAM 3 10 WIERS LM
1554 A cd 12,55 B8%C5



792 P

b Bl R

2025 4

BB B T A% Sh AU 8 2 Fh % 3 07
A, AR A R A5 A 07 AR 1 P A5 80
JEFS FCH) AU F (M) SRR, ALK
P4 53 g oy AEC X F(HMy) R4 3 R =X
F(HMs) , il AU A% sl 4 67 7T IR 4 47 22
fiiy AN\ i i 57 5 AR A ] 2 DA R R 3 R T
3, A FEIC AU X T D R ESR R
A HAMT 1 TAEPERE , 2 SIEHE U R LA RS )
TEDIRZSR BN & R a1
®1 HMCVT BUTTTHRE
Tab.1 HMCYVT actuator status

. PAT TS
EE 1A
cl c2 a3 c4 cs B

F(H) > 1

F(M) >

F(HMs) > 1

F(HMv) > 1

.1 TR nF b FHEAA IR,

1.2 R

AR A L ¢ O i A T n, R A B T
n, ZH,Fm N

. (1)
A | T

T, (2)

BT AT R IRH | 1/ min

FIAT B HEA Bl 8, v/ min

Je AT B HER FHES 4, v/ min

Je AT B HEA Bl 3, v/ min

FHEH 1/ min

iR EE v/ min

BER G L

55 5 i feRIL s L

5 6 AR RIL S L

57 AR RIL S L
FRAEAT B A R AL Iz 2 R, K PR 147 Pl A

1T RARZ 8] 1 G R T KRR

A n,

n,

ng

N,

Np

ny

e

ls

lg

2

n,+kn, =(1+k)n, (3)

X ——AT RIS AL
KBA%EHE 3, 1/ min
4 P %5 33 | r/min
— AT BB v/ min

2 C1.,C3 M1 C5 FEA 0, K shbLi o 71 {3l
AW R G 3 R (1) L (2) AT A3 453 HE
|

nS

nf

i = (4)
M C1 A C2 B, A AT R HEEC — 1k,
KK B o B E s, (1) L (2)
AP . i,
i =1 (5)
24 C2.,C3 Fl C4 A, AiAT B HE S 43 Tl
P, S AT R T A — 1A F 224 T e 31 s il o 6 0 )
YER, SEB oy A B 8, & shiblsa i 3 01 43k
VR IR S % 336, A A F L 2 0 i 1 i
Frd, (1) L (3) WISHLIRE A 15 sh i
PUHA i N
~ (L+k )e

Ve, =

(6)

isig + ke
Lk, ——HAT R RS

24 C1,C3 Fl C4 BA 0 iiAT B HEE I —1k
Y5 AL | R AT B AR E T AL | S8 A
WAL B, KBS B 15 R R AR 9 A%
WIS AT BHER A S U AR R S
Wit (1) L (3) IR E A% 3 73 T s P L
Ly, N

i1, + ke
K h,—RITE RS
AL |, WA
i, =0.377 ZZ (8)
K n, KNP 1/ min
r,— MR B4, B 0. 4 m
u, %34 km/h

Tk L s, M 22, 4
2 ThHBRGZIERBEITHE

faHi LN 11 RGN L sh RGBT IR, A%
SR AR T PE R 22 I TE X% 3h R G kAT
DAL HTHS Jext 3 T RGL kAT e I
2.1 HERIHES i

2 | R S WA R AL IR S P RE , 35 B i A E

lZ



F12H

R A LT A A JR W R 8 R AR L HMCVT S50k 793

A5 JIMZEG| AT, BUE A2 5] ST I TR
vty ZE SR T, A2 51 BH ) AN N 2 4 22 51 7,
B L FEGEFTHE T, S A 7= geg ) [FR,
I R T RS AR A 5 | 3005 I S5 IR 1 e 2%
¥y, e iR LA 5 A R R
F,=F,+F, (9)
KL F,—HHiHLIRShH N
F—A7388H 77, N
F,—#5|fHJ1,N
H TR AR 2 i 5 O | 3 ey i K i R HLAE
b T IR E 22 51 38 AR S 2 R Bk A
fsh hR
BABHEALZE 5 [ BT

F, = Zbhk, (10)
A Z—FEE
b——HAARLTERE  em

h—HHEGREE , em
k,—— 3, N/cm?

PEFE TLYF — 550 AUAY AR g 3 iy A HLABE 7Y
B Z=5b=50cm h=35cm.k, =7 N/em?, &S
#5|fH F, =61.25 kN,

7 BN BB o 09 97 8 B, DR A A |
H— W ZEFIH K 10% ~20% , #iEFE5] f1a] %
A

Foo=(1.1~1.2)F, (11)
&S, F,, =1.2F, =73.5 kN,
BEA L DI P Ul

Foyw,
PiZ5600m 8 (12)
AH v FEARVE P43  km/h
n,—A 5| E
Bl A
o BOR SR AL F 975 % 5 7 kb, 7, TR
0.68,8 L 1.2, i1 AR ARG BINEFT RN P, =
177 kW,

2.2 BARGIER

IR G B LG sh R g stk fih & 3h
MURIER N E G B R85, B e TR 43
TIVERBRIM 2 G | DR SE %t & S AL R i AL T
HERY

Bl 71 7 GE 1k B 5B 2 HOR B B (Degree of
hybridization, DOH) IR & B A ALY 5 R4 8 Y)
R, FRm R

DOH = P
- PT(' + PTm

b P, ——REHUEUE IR kW

x 100% (13)

P, ——HHLBETH kW
WIREE N 25%

MR AAR 20 RS B YPR AR A R, AR
Koh MLA 2 T R A 132 kW, % F b, ik B
WP6. 180E40 #5311

ARICHFSE IR A sh R L s AL, 456 &
LR PRFNR A B, 0120 1 LA 2 D%, Ak
FEXTHLALEE R FE v 38 75 2 e P AL 2 94
T8 PRI B TZ205XS85K01 AU AL #L>) ,

FHHIWAEIR A s i hiiLsh 1 &g b T ik ag
Fhig fig, L BE AU B B OC T ML TAE PR R, B R
QNFGA45 HlHL b
2.3 R SiRER

TE IR FI 5 3K A B K HE S A W], 252 01 B gk 2k 7Y
TS5 RS RS, A R R IR P, R S
FE DI [A] 750 G &R

P = Wapm (14)
X Qe — K, L/ min
P pmax R K% 77, MPa
np——RAE
P, ——REHURRIE kW

251158 SAUER — 055 R 5148 #8  flE ' SR &
k2

3 HMCVT S#hkigit

3.1 ERLEERSSE
FETHEPIAL A A= i JA 00 B it FH 2 %0 HMCVT
WITSHOTREZ Bisfift., FIH Resch Giitmy%i
C SR % V| R oa X R B 9 R ) RS oy i = W 3
2 FR™ 2 ATLAE 4 ~15 km/h Z [A]fY
TRl FH SR ARG e i, M ML AR 120 5 DX [ 3 5y
VEME 008, At X TR] A9 4 3 P 1 6 20 A0 S %

1B K

© =

B /%
'S

0 5 10 15 20 25 30 35 40

HEE/(km-h™)

B2 i HL A i o 30T R A R

Fig.2 Tractor full life cycle speed utilization

25 A [ AN T) T30 0 B 1 SR AR ST
() HMCVT 4534057 T et B T30, e o Ry 24 o7 3ok i
WL 2 Fin 4541 2 v LLE H b T 00 % Ry
HEE R, AW DA ARSI 2 B A5



794 ¥

b Bl R

2025 4

Lt

&2 HMCVT FHEH X TR K FE
Tab.2 HMCVT gears corresponding to working

conditions and vehicle speeds

EE T2 T %3/ (km-h~!)
WER A 0~7
BB T8 %12 i 18 ~40
WAL (4305 ) BEAE 8 ~20
TR BB (3553 Gk 7 (2 4~12

3.2 BItTZEMRNK

RPN ICH A BAG s BT SR Z 4
[FIEE BTA S EGHE AT AL, 25 LU TRIME , PR I 5 1B 4
Gk SE T,

TRGE A% 2 e il A 8 4% B L A T AL U e ek
SR B T A T A SR, AN [R]A8
v XTI % 07 K1) 2 sl LA 2 e SR R B
HER LU R VR B A B, A8 1.2 795, 1
A A G E S A R 1.4 .5.6.7 (B3l i, |
Iy D5 \ig iy 3 BUGAT BV RERRTESEL k) ok, s WREALAY
HER L e KB S50 n, (T, BRI, AR SCEHE
T AE iR

X =(x, ,xz,-“,xm)T =
(i) 40y 05,007 k) Ky e,n, , T)" (15)
3.3 U BRREE

HMCVT S i T B 7T kK S E SR sl
JHE RPN A T ERE . A SCRITIIES 3T
AL SRR IR AL FEARL T, &3l
LR L) [ 121 2 S S S R L ) By e N i R 1 s
AR, RS s TR, NAEw 2175
S0 YA N 17 N5 W WA K i SR 41 K20 o i S

DRI, DA 22 )y g 1 UK T 28 5% MR R SUH
FrReRE, BT A FE LA AR T00, Pt e o
T A DR R B R 5 il Y 2 ST
BUBCPS A7 00 5, Ok B A by TC 3 B2 A i 114 46
R R A8 S IS R R G R AR
THAEEO .

3.3.1 SRMA TN P AR

ZERIM 2 TR FR PR B A BRI AR
HARMTHFER, R TAARMRMEREEZH T
TP ZE A T8 B 1 T B b A R 22 5 1, DR I 36
BIE TR MAETEZ R0 T TAERYHEHIHL,

T F I IE FERAE N L T HEPEN FE A , IR IR 5%
SEEMIHFRIR DL . BRIMIEFER o, 5 RN n,
FERHE T, FHOC 85 LU S B T FUIS A 20 0T I
FERIBRRL BT RE RO, B A& st 5057 D 23R IH FE Y
BRI

LI WP6. 18040 #Y 4yl AL A W 7% Xf 42, AR 8 &

SHALIR IR F00 515 2 A BRI FE R nT m
g =f(n,,T,) (16)

3.3.2 it bR

HEHLHL 32T AT 43 A A T 00 FIE s 4 T
. BTFAFEE T80T BB 2 A AR R, VR T
B AT HE— 200 A AR TR A T, MR
P Bt T LA AR 3 2 K shpLp s gk )
i, HMCVT ¥ A% ol vl S B 45 HLAA% 20 FH 18
%32 i T 3 o0 X R AU A% 3h - 304
M T3 5 433 R R ML A% 3 TR 4Bk T
o 75 LS FE A B B A el P = DR I
SRR SR EMUES T 19 3 S PR A8 it A T
b SJIPEVE R A J2 B AL S in o s I | A R AR
FCHE . B FHER AL L A BE 52 4%, 7 Bl Mty
Yl s 2 18 AN [R) R B () Mg b . AR SC R B FE 4
BLVENY T80, PR 5 20 fE SEARA T3 22K iR T
B EE R, RGO, TCHERE 1 RN
FIMLB T P BB A, S RRICHE R o fEN B )
PEVEOT HE bR, T B pRERCRT e A5 8K 3l ) T3 RH )
A E AU BE e SO TR R

F,—-(F, +F
@ = arcsin ————*~ (Gf+ o) (17)
Xob P —RE N
F,—25 71 ,N

G—— WL 7, U 81 300 N
3.4 AREHML
HPIHLEE F AT 30, 7EXT HMCVT 73310,
KL HO I L — 5 W R e B
LWL —E RS R 2 R, AR 25 P AL T 3
S B AR AL A R T Ry
0 km/h=<wv; ) <7 km/h
18 km/h<wy y, <40 km/h
4 km/h <y, S12 km/h
8 km/h <vy ., <20 km/h
vy — PR kb
ey — DU %38 km/h
Uiy~ REAUET (PRI ) 4258, km/h
V(e — AU (73800 453 km/h
RSB RTTRR N
n,r

u, =0.377 =~ (19)

L,l,

BEAb, R i 5 @15 30 L AT B O R RE S 4K

o 1 A2
i €[0.3,3.0]
k e[1.5,4.0]

(18)

(n=1,4,5,6,7)

(n=1,2) (20)



F12H

REEH AE . BT b an R U (R R AR AL HMCVT 2504k 795

1EXF HMCVT #4780 S HAR A I, 5 1 4290
HA RS R R B R A AR 2 55 1
e, B S PEEUAIN 2 D PR 22 1 T RGN AT &
BTSRRI H bR v 0 e 35 5 R SR 28 55 AR
LA T DU THE A 853  RIVEER e 3 B R T
18°  JRIMIHFESR/INT 240 ¢/ (kW -h) .

3.5 ZBHRMIALES

HMCVT S50 VLT A8 2 45~ 2
RPN kSR ot I Y ST W N L5
$ i s PE R [R) I s DA A . X R RAT 20
EN=E AN LR SRR T i S E A SR A R AL E T e
Fik R

minF'(X") = [/, (X") ,fL(X") [, (X") ]
st g (X')<0 (j=1,2,--,M)
(21)
ALK = (2,2, 000, 2p) A D EAS L2 TG
fift, F(X") 0 A br ek 8, g MR EAT . H bR sR LS
A 23 8] Sy B bR (]l 2 29 AR A Y H A ) T
23 (AR Al A7 A5 (]

M on =1 B, Z BARILAL AT LA A B H bn
A TR R, A ZAE B AP e 2 Ry fe i, SR T 7E
n>1 BEE T, 2R U — B, Hh
£ FbR pRBOR B o 58, (B ] BEAAAE — 2 0k T2
ik 52, BRIV U 8 AR D0 B it 7 58 (X 3K 2 ik
T M WRAREAR—A BARR P, ok kot
F—ABR), HAUR T AE H b5 2z 8] 1Y 47 & 5
LA
3.6 Pareto RILHIE

R T B B AR ) R i L i R 5 5% 3l
HAd ] Pareto I Pareto F AL AIME S,

TEZ HARE AL 7 1, Pareto 38 FH F X} P 5K 1a] 11
AT HC BRI HER 7E Pareto 2 X b LR M) & u 5210
v BIREX T A B4 F(u) #0T F(v), I H
F(u) i — HER B8 T F(v) .

— MBI a EFRN Pareto LTS, 4 H.
OCYARAFAE TS — DT R BE S o, AFRIZETT RN
Pareto L %8, #A)TE UL, — MR 7 ZANRETE
AR 2 DA HA B AR AR 1 B0 T i
Horh—A> B bR, AHRL B9 H A5 0] S 8FR R Pareto SCHC
[ 4t 27

K3 ik T — Mk BbR Z A B JE R 2 H
R AT S T AR AN E R NSRS G BE e R S DY |
PrReR B £, AR AU, o s A B Oy Pareto f L
it 5 A B T BARRELS, , 5 B i TOLL H
PRERELS

LA

K3  Pareto fit/n = A

Fig.3 Pareto solution diagram

3.7 BEEEE

HMCVT &3S 50k 2, 38 i 3 ) i g -5
PAFRAELS R B P, SEgEm M L,
2 H bRt A 58 2k BEAE KR 2R 25 ] v 48 R A e
E PPN AR R A

RS FE R 2 B bt i 505, WK 4
V= B3 L N

(1) B 385 07 3 R A, oh sl v RO T 22 5
2B H bR eREL, D/ ME R B s, an=(21) B,

(2) 6l JF = 2 4 o 25 o R A7 4 5, BE ML= AR 4
R P (o) PSRRI UEA T 30 7 PR R 28 5%
PERLH bR by B AT

(3) XFH0 4R Ak R E A7 38 4% 3300 1 SE b 45 A
VEFE AE X BN

(4) 58 SURAR 53 7= A 0 — AR i b B O 10k
P(t+1)  FFHHFIEE P(0+ 1) B LIRS B Fif
BE PO MEAEL MERBHAEE P (e + 1) I LR ZEA
PR IR BRI (2) .

(5) M4 HARBCHE L B e, R UL

(6) SR IFE A FPHERY Pareto I AL fREE

ARWFTEAR I T —Fh T 2 B bR (R0 L
Bk AERE AR T TR o FfE Sh4s B
L i AR B A BIAS [ AR S 2% 5 L T
JIE Xt IO 1) K sh LA ORI G J TSR AN &) 5 BT

4 RUBEEERSH

4.1 MF fR1LiEsy

ShiiirZ HARPLAk, 8 F modeFrontier ( MF ) £
SEARARRERL ) MF & — R Ll Rk i &, AT LA
X T A sS4l HBE A sh e i iz 5/
iR S a2 R/" R E LA,

KA K it (DOE) 5 £ H #r it 12 53k
(MOGA —11) 204G Wy 7 6 22 1 A ik 22 B30 12 ) L i
fra)mig e, MOGA — 11 & —Fh il A B 2 48 K
PR RS 5 7 AT R T — 2L 1



796 VS A1 R S S ¢ 20254
25 — ¥
3
\ 4 =0 Constraint97
FERLAE BT R T il — >y
P o ge Objectivel_ge
4 Exit21 f*
sl o P CouslrainllOO‘
EE——
5 X
T alTMy Objective2_alMy
= | j
REEPQ) i6
1 allo— (ot Bo— >3
BEARP+1) fl EXCEL vFH Constraint_vFH
o—|
ki >Bo >3
o @ vFHMv VectorConstraint_vFHMv
N
,,,,,,,,,,,,,,,,,,, SE T A k2 SchedulingStart 3
) o [MOGA-T| >Bo >ag
vFHMs VectorConstraint_vFHMs
(<]
C >Po >
ﬁ(} vFM VectorConstraint_vFM
£ Te

K4 T2 AR HESE
Fig.4  Optimization frame based on multi-objective

genetic algorithm

| 1):1/'“‘“/]:1]15:15 nin |

o0 | minrOtg. )|
v(C-1)+Av -
i,6)=
R G- 1pAi
G Rt y

R TR

b
”e\Te‘lg

5 HTZ Hbrs Rk a e
Fig.5 Optimization process based on multi-objective

genetic algorithm

fifp g I3 58, A 2 S B s B R R A A AT
Y, MOGA — I S RO & W IR AR A
TRECh 40, FEALAREC 30, 2438 HE 50 0.5, e 4%
ARy 0. 05, B2 MEARAG 0.1, HEZANE 6 Bk
T modeFrontier 1) 2 H bp L AL A B, fr 28 4 2 4
LA

K6 H:T modeFrontier 1% 3l%E B AL AL AR
Fig.6 Transmission optimization model based on

modekFrontier

4.2 Pareto LR

R MOGA — 11 8%k, 18 47 J5 48 A 1A
1200 A, Horfid ) 20 o 2544 B9 A4 507 A, w47 g
693 1>, Wit AR A IS 45 T 580 B RS R an

K7 Fis,

E gl Nil&
f‘ 240 o mig
5 236 -
2ot
£ sy
H L
z o ®

220 L il L L F L L

5 6 13 17 22 25 29
eI EE/C)
K7 Eis

Fig.7 Discrete diagram

FEREIT AT T 77 10 77 S8 LRI A )N HLTe g
BB IR o 5 S o bk PR AL M AT 45 Pareto S A1
fif, % it 72588 X =(2.0,1.6,1.0,1.0,0.357,
2.5,4.0,0.83,2300,425) ,ItHf F . (X) = (24.52,
222.76)

EHOS R an 8 s il i E 8 T4 .

(1) B it X e BE S i 5 K e n, (T, K,
Iy s g A1 i, & R B YK M 0,427 0. 348 0. 108,
0.282.0. 132, - 0.477, - 0.241 F1 - 0.206; k, fl i,
IFZ IR/

(2) & XA & B PR R B K1Y e n, |
T, ky ky iy yis F1 iy #HOC R BRI R - 0. 183,
-0.105, -0.350, - 0.094.0. 138, - 0. 108 .0. 169
F10. 1805, F1 i SN,

(3) B3tk 5 & Uk L eIk B AR I 28 55 1k 2
[B) R A G, AH S R B - 0. 127 1R B3l ) 4 Fn 2t

min



5512 4] B A T A i A T G AR AR L HMCVT 28l Ak 797
k| -0.037
k| 0412 0.063
i| -0439 0183 | -0.386
i| 0231 0123 | 0223 | -0.306 = 1.000
i,| 088 o071 | 0N o3l -°2% ]
i,| -0215 0146 @ -0.162  0.084 0.033  -0.068 pad
i| 0166 0.081 0258  —0.13 0021  -0.107 | 0.040 —'8. 1
n,| 0539 0.034 | 0325 | -0280  0.175 0449 | 0055 0070 -0.565
T| 0101  -0.067 @ -0.018  -0141 0047  -0.121 | 0323 0.033 0.136 =106
g 0183 0138 | -0.094 = -0.180 0011 = 0160 @ -0.033  -0.108  -0.105 | -0.350

Qe 0427 0020 | 0282 | 0206 0241 | 0477 @ -0.027 0132 0348 0108 | -0.127
€ k2 kl i7 iﬁ iS i4 i7 ne Te ge
K8 B A
Fig.8 Discrete matrix diagram
Ny ¥ NN i o K=Y L ~E: (31
kLTI REE S NE e iR ER Y

FRAELL 1 (R A5, B M2, = 2,7, = o
5 én <

1.6,is=1,ig=1,i, =0.357 k, =2.5 k, =4, 275
PR L AL 9 iR, HIE9 FTLVE iR

(1) & 7 —F 1 TR & 30 J1 i fr Hl Ay

et A st AR BT R RE S B IF O RIS B R E HMCVT, Z07 T HMCVT 93552 00 % 4 3 7 bk
Lo e ISR T 2 5 e 1 B 0 0 v B i 2
03| Ay (2) 8t T T3 L 4 2 i o 300
i s ft HMCVT S-S50k )7 %, R A % B b AL 5
2ol W LA B SRR 28 B M SR b R B, SR A 24 o 4k
04 7 7 4 ) Pareto FALf#% .
g‘j | (3) 3T modeFrontier H . ALALBLIRL 43 51| L)€
o1 |/ ¥ 35l 3 VSR IS 244 A 0 L s R BECHE 7 4 R -1

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

0 01 02 03 04 05 06 07 08 09 10
HEE L
9 AR 2k

Fig.9 Speed regulation characteristic curves

R T RS T 2R T M 2 IR0 AE P R A
W PE R E R £ T LU 15 20 Pareto Fe Al
AT LA AL S B IR

2 % x #t

SOLARO E, ALBERTI L, BARATER D. Electric drives for hybrid electric agricultural tractors[ C] /2021 IEEE Workshop on
Electrical Machines Design, Control and Diagnosis (WEMDCD) , 2021 331 -336.

MATACHE M G, CRISTEA M, GGEANU I, et al. Small power electric tractor performance during ploughing works [ J].
INMATEH Agricultural Engineering, 2020, 60(1) : 123 —129.

DHOND R, SRIVASTAV U, PATIL B T, et al. Comparative study of electric tractor and diesel tractor[ J]. TOP Conference
Series; Materials Science and Engineering, 2021, 1168(1) : 012003.

MOCERA F, SOMA A. Analysis of a parallel hybrid electric tractor for agricultural applications[ J]. Energies, 2020, 13(12) ;
3055.

CHENG Z, LU Z, QIAN J. A new non-geometric transmission parameter optimization design method for HMCVT based on
Computers and Electronics in Agriculture, 2019, 167 . 105034.
CHENG Z, LU Z. System response modeling of HMCVT for tractors and the comparative research on system identification
methods[ J]. Computers and Electronics in Agriculture, 2022, 202(C) ;107386
ZHU Z, LAI L, SUN X, et al. Design and analysis of a novel mechanic-electronic-hydraulic powertrain system for agriculture
tractors[ J]. TEEE Access, 2021, 9. 153811 - 153823.
STRAPASSON N L, JASPER S P, KMIECIK L L, et al. Performance of agricultural tractor with and without automatic
transmission and engine rotation management[ J |. Revista Brasileira de Engenharia Agricola e Ambiental, 2021, 25; 498 —502.
SIDDIQUE M A A, KIM T J, KIM Y J. Technical trend of the power shift transmission ( PST) of agricultural tractor[ J].
CEZI0|E.-AEE | 2020, 17(1); 68 -75.

XIA'Y, SUN D, QIN D, et al. Optimization of the power-cycle hydro-mechanical parameters in a continuously variable
Biosystems Engineering, 2020, 193; 12 -24.
MOROZOV A, HUMPHRIES K, ZOU T, et al. Design and optimization of a drivetrain with two-speed transmission for electric
delivery step van[ C] //2014 TIEEE International Electric Vehicle Conference (IEVC), 2014; 1 8.

improved GA and maximum transmission efficiency[ J].

transmission designed for agricultural tractors[ J].



798 YA A VIR = ¢ 20254

[12] WAN L, DAI H, ZENG Q, et al. Characteristic analysis and co-validation of hydro-mechanical continuously variable
transmission based on the wheel loader[ J]. Applied Sciences, 2020, 10(17) : 5900.

[13] HE L, XIE D, WANG J, et al. Design and optimization of the shift schedule and gear ratios for a two-speed pure electric
logistics vehicle[ C ] //2019 3rd Conference on Vehicle Control and Intelligence (CVCI), 2019 1 -5.

[14] WALKER P D, ABDUL RA S, ZHU B, et al. Modelling, simulations, and optimization of electric vehicles for analysis of
transmission ratio selection| J ]. Advances in Mechanical Engineering, 2013, 5, 340435.

[15] FIAE, sitde, #HIE. FHBIEIKE &S shretE R BFsEL ). HLgfesh, 2008, 32(6) : 51 -53,131.
DU Jiuyu, YUAN Shihua, GUO Zhanzheng. Study on the characteristics of hydro-mechanical transmissions for vehicle|[ J ]
Journal of Mechanical Transmission, 2008, 32(6) : 51 —53,131. (in Chinese)

[16] A—4, BBEM, WA, 45 5T WRNx B shHih AL AL B E ML 51 01 30 ROBFRBE I T ], Al LA 2=, 2025,
56(6) : 286 —295.
TONG Yikun, YAN Yulin, LI Mingsheng, et al. Traction load grade identification model for plowing operations of electric
tractors based on WRNx[ J]. Transactions of the Chinese Society for Agricultural Machinery,2025,56(6) :286 —295. (in
Chinese)

[17] XIE B, HAO L, SONG Z H, et al. Powertrain system design of medium-sized hybrid electric tractor [ J]. Information
Technology Journal, 2013, 12(23) . 7228.

[18] MOCERA F, SOMA A, MARTELLI S, et al. Trends and future perspective of electrification in agricultural tractor-implement
applications[ J]. Energies, 2023, 16(18) : 6601.

[19]  MilehE. ARSI RGRHEHAUE S 5 RERFEDTFE[ D], BT V050K, 2023.
LAI Longhui. Research on transmission and energy saving characteristics of tractors equipped with mechanic-electronic-
hydraulic powertrain system[ D]. Zhenjiang; Jiangsu University, 2023. (in Chinese)

[20] ZHU Z, YANG Y, WANG D, et al. Energy saving performance of agricultural tractor equipped with mechanic-electronic-
hydraulic powertrain system[ J]. Agriculture, 2022, 12(3) ; 436.

(21] AR, Wosax, bt HREHGRUR A IR TR A SN AERAT BRI AT [) ] AU, 2024, 55(9) 1459 - 469.
LI Ligiao, GAO Zongyu, NIE Jing. Load-adaptive energy management strategy for electric tractor based on hybrid power source
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(9) :459 —469. (in Chinese)

[22] Series 90 axial piston pumps | Danfoss[ EB/OL]. (2022 —06 —28) [2024 —09 —06 ] https : // www. danfoss. com/en/products/
dps/ hydraulic-pumps/ mobile-pumps/ mobile-piston-pumps/ closed-circuit-piston-pumps/ series-90-axial -piston-pumps/ #tab-overview.

[23] RESCH R. Leistungsverzweigte mehrbereichsfahrantriebe mit kettenwandlern [ D ]. Miinchen: Technische Universitit
Miinchen, 2004.

[24] LI B, PANJ, LI'Y, et al. Optimization method of speed ratio for power-shift transmission of agricultural tractor [ J].
Machines, 2023, 11(4) . 438.

[25] fRark, AW, XIWm, 5. BT B ] BR800k 0 XU B 2 OB o i i R AL S BT SE [T, AR HLAR 2241, 2025,
56(4) . 543 -553.
XU Liyou, SHI Mingyue, LIU Mengnan, et al. Parameter research of dual-axle drive fuel cell tractor based on mass closure
algorithm[ J]. Transactions of the Chinese Society for Agricultural Machinery,2025, 56(4) :543 —553. (in Chinese)

[26] NGATCHOU P, ZAREI A, EL-SHARKAWI A. Pareto multi objective optimization[ C] //Proceedings of the 13th International
Conference on, Intelligent Systems Application to Power Systems. IEEE, 2005. 84 -91.

[27] kM. ZHRFMET RAT R Z R EVT IR G 3 G 8 RGBS 8N T B MaF 5 [ D], B IR,
202280 - 81.
ZHANG Jian. Research on configuration and parameters optimization method of single planetary gear multi-mode EVT hybrid
powertrain under multi-objective conditions[ D]. Chongging; Chongqging University, 2022 ;80 —81. (in Chinese)

(28] U, T, AB#GE, %5 Matlab B ARSI 30 ARO[ M]. dbat: JEHtHizs IRKF H AL, 2011:89.

[29] B, 2200, BB, & 5T Pareto I EEIMNR A S IR T Z AFRAALLT]. FHE3CHE RS54, 2012,
46(8) : 1297 - 1303, 1309.
YANG Guanci, LI Shaobo, QU Jinglei, et al. Multi-objective optimization of hybrid electrical vehicle based on Pareto
optimality[ J]. Journal of Shanghai Jiaotong University,2012, 46(8) : 1297 —1303, 1309. (in Chinese)

[30] OPTIMIZATION M 1. Mode Frontier V 4.0, User Manual[ Z]. Esteco SPA, 2014.

[31] R, mF, Rek. WRHAUMOICHUE B 0 SR B T]. HLBRFE SHER, 2016, 35(4) : 545 - 550.

ZHU Zhen. GAO Xiang, ZHU Yu. Reverse design of a hydro-mechanical continuously variable transmission[ J ]. Mechanical
Science and Technology for Aerospace Engineering,2016, 35(4) : 545 —550. (in Chinese)





