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Design and Experiment of Rectangular Bale Multipack

GAO Xuhong'® XU Xiangyang' WANG Shuhan' LIU Ligiang® ZHAO Wei’ LI Yang’
(1. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China
2. Aerospace New Long March Electric Vehicle Technology Co. , Lid. , Beijing 100176, China)

Abstract: A new rectangular bale multipack was designed to solve the difficulty of low efficiency, high
costs and transportation inconvenience in the process of collecting rectangular bale. The rectangular bale
multipack was composed of chassis, pickup, pushing bale device, raising bale device, pressuring line
device and unloading bale device, etc. Based on EPEC2024 controller, the pump, motors and cylinders
were drived to make some rectangular bales into one big rectangular bale. In operation, the rectangular
bale multipack had the ability of collecting 12 rectangular bales at one time. The maximum driving speed of
the rectangular bale multipack exceeded 20.5 km/h and the maximum hydraulic flow was 101. 6 L/min.
The field experiments for picking up rectangular bale and straw rectangular bale were carried out in Inner
Mongolia and Liaoning Province, respectively. The test results showed that collecting bale rate and
collecting bale productivity of the rectangular bale multipack was 89.5% and 12 bdl/h, respectively.
Compared with artificial operation, the collecting bale efficiency was improved by 34.5% , meanwhile,
the artificial costs and composite expenses were declined by 62.5% and 18.2% , respectively. The
preparation cycle for long-distance transportation was also cut down. All of the works, including picking
up and packing some rectangular bales were done by one operator driving the tractor simultaneously, and
the rectangular bale multipack can meet reality needs.

Key words: rectangular bale; multipack; design; experiment
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Fig. 1 Structure diagrams of rectangular bale multipack
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Tab.1 Specifications of multipack

ZH B
K x T8 x 5 (BOERZAS) / (mm x mm x mm) 4 650 x2 500 x3 500
4 BF/mm 2100
LT/ kg 2500
25| 3 J1/kW =60
e KA 5| 43/ (km-h ") 20.5
B RAR B kg 650
— AR A 12
i HEAA/mm 900
K JE )1/ MPa 25
R/ (L-min~") 120
TR T A 25 it/ L 180
CER/3N I VAY 12

P2 R e b 4 1A
Fig.2  Structure diagram of pickup device
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Fig.3 Sketch of pushing bale device
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Fig.4 Structure diagram of raising bale device
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Fig.5 Structure diagram of pressuring line device
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Fig. 6  Structure diagram of unloading bale device
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Tab.2 Hydraulic flow of each operation

Tl S [N s
L V, =100 mL/r )
ARGk e =148 o/ min Q, =14. 1 L/min
| =

V, =100 mL/r

Tk 7 T 5k , =14. 1 L/min

wHLB n, =148 r/min e !
V; =100 mL/r

BB ik ) Q5 =14.1 L/min

ny =148 r/min

V, =315 mL/r .
R 160 /i Q, =47.9 L/min
n, = r/min

D, =50 mm,d, =30 mm

8 W E Boshahsr L =340 mm
t, =5.0s,t, =5.0s

Q,, =8.01 L/min

Q. =5.13 L/min
Fig.8 Schematic of hydraulic
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Ql_%/ﬁzﬂmﬁgfj],ﬁz B#ﬁ%?ﬁ% ,L/min e £ 3 4T 5 = 140 mm Q.5 =27.49 L/mfn
o 1 S P 1 R B0 B e Ge= U
anjn . D¢ =50 mm,dg =30 mm ~ )
Q/ :1 000 (J:1’2’3’4> (2> 26 E L le =600 mm Qe =70. 68 L/min

Q. =75.40 L/min
te=1.0s,1,=0.65s

wD}l, x60 x10°

(k=1,2,---,8) (3)

ek 41 D, =40 mm,d, =25 mm .

ek . I =20 Q,;, =3.02 L/min

. T b =20 mm A

w(D; —d})l, x60 x10° 0,7 =2.30 L/min

_ k kY (k—l 2,--,8) t, =0.5s,t,=0.4s
e = B el ] ’
4t

rh Dg =40 mm,dg =25 mm 20.36 L/mi
(4) WeREUGT L =270 mm Vs =20.36 1/min

Q,s =20.68 L/min
~ D BN T =} . = =
A Q/.—Eﬁ;lk‘{;ﬁi,l/mm lg=1.05,05=0.6s




Hal

FLE A D7 RN AL SR 115

T 24 3 T [R) A0 4 [ sl AR Fh i R [ 25 i 0 i A v
(UG IS 43 7T T 38 e 45 1h 3k RS B 3k A T 0l 2 5
23,k 3 T 97.35 L/min Fil 91. 8 L/min, {H
BT R G RER LA e R

SR B AW 2R G ] 22 B TR O B0 6 % 0T Ik
T, PRAIE T B RE i B4R ) R Sh A , o e i
Tl Bk S, B AR AR 5 i, e B PEbr . e
TR DL T R GE ) R AR Db oo e R B0 , ot A &
23], 5 Y A 7 A Bt e AT T B AU S i A
I N i [ A 7 SR g A7 Bu b 23
L LA R B 2 AR PR K
2.2 BERSZIEIT

EHRAIL Y HL 45 R 58 R W R e 9 ARk Zh RE i E
PR 25 S A ) R P O B2 4 4% A 4 1 A S R A
AES T DL R G A B AR AR AR
ar LRI ATRRIFOC A S SETH RAE R G
JREANE 9 fr

CANIH CANIL

DN DY S ED AR B DS oS D
K 153 NI e R [ BN K
GND

EA

(e

12VDC

IR R YR ]

Fig.9 Schematic of electronic control
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Tab.3 Combination of control

S I3 e PR A % K I 4R 5
1 2% B {3 D, YA, £
e 253 fir D, YAgZE A
e i ] D, YA H i
2T (2 A L) D YA 75 fir
JE B e (12 5 4 D, YA, ZEfir
T8k D, YA, fifi
VR Tl ) Dy YA, 22 i
2L ] D, YA 43 fi
kB Dy YA, Hifi

AR HL AL P2 & 42 1 ] EPEC2024 fF Jy 3 5 4
i, F AR )P 2L T Codesys2. 1 % 5, X 45 45 il 2 fiE
R B BB AL LT, B A T 22 2 U AR I 75 3
Hem AT AR T

3

3.1 iXEidE

2016 45 J fir, J5 % AN 4R 10 HLAE HLATF 8 2h
Ja B Je e A 1) HEAT 1 4% A 2 AE AR BE Y R
M5 B IR 20 0 AE A ST YA DXOR I T I R AR
AL 748 FR L EL ARG AT A 1 R A7 T B,
R AR B G- 3 HLT R R AT A L 5P 38 (LA
ZEW YRR (ZETH 582 60 em, 729 10 em) , {46 3
e 10 fros .
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Fig. 10  Field experiments of multipack
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Tab.4 Test results of hydraulic circuits

e J& 71/ MPa Wit/ (Lomin ")

o th 4 T 6.2 (YA, ZEfil) 9.56
. 11.8 (YA, fir) 101. 6
IR 12.1 (YA, %) 97.5
FIERER 16.5 (YA, f1ER) 45.4
e 15.5 (YA, ff) 30. 66
LR 14.2 (YA, %) 34.12
_— 10.6 (YA;fi) 88.27
A 14.2 (YA 47) 85.86
. 8.6 (YA, fir) 31.58
et i 8.1 (YAs%8) 33.22
A 1 3% 17.7 (YA, fflE) 13.23

(2) #AF ML D Be v & i ) (SR Bg & T3t
RN ERP =51 NV NI = Sy B TP Fi s BP0 o (A
&, SEBR AT S R GERY I R E, B T ik s R e
TR BRI 1R 43 5 o3 — 5 T AR R R Y
i AR AE

TE R SR R0 37 FAS AF A i 0 375 156 ok # b, O
AR BRS AR 9 55 PR BT &l 25 ~ 35 keg/ A, HRGE
(K x T8 x =) 28 1100 mm x 460 mm x 360 mm , 3%
v [ FE Ry 15 ~ 20 m, 2% 5| 4 Fr BL 55 i A9 17 Bk 2R
JER 10 ~ 12 km/h $G35 3 E hy 8 ~ 10 /4l (M &
M, e R AR F] T 20,5 km/h, (B 5272 3 51
PRAERARTE B 5 ), S B A 46 4 VA B2 R R AT
B LLSE B Al i 1) G IF AN ) o MR, B IER A
FLIZ) R AT A HHAS [6) T #0850, B8RV 8 AR e B
LB Ko 16 I HE A il e 55 2 0L IR 3R A 52 W), 552 B )
VEMV BRI A AR o S AR AILAE 4 o B 37 52 Bm ARl 3
Td, i RRF 4 d FEFFARE 3 d, xS Br R £ 45
ot AR A R AL S A T et O S TP
PEAT BN LA 45 7 AT T X b S5 2R R S s o

x5 HESHAREK

Tab.5 Comparison of efficiency and costs

1k LB 15 AT 4 1R 9%/ %
1344 #/d 1081 f/d 24.3
e 1452 f§/d 1102 §§/d 31.7
RIBTEAHE 1308 /d 996 4ifl/d 31.3
1404 ffl/d 1006 fHi/d 39.5
1140 #/d 792 fil/d 43.9
AT A 300 % 1056 #il/d 811 ifl/d 30.2
1044 #/d 743 4 /d 40.5
20 3% 600 Jt/d 300 J/d 100
AT 2% 300 JG/d 800 Ji./d -62.5
Lt e 900 Jt./d 1100 J6/d -18.2

FE2 S BRI A TAERTE D 8 he
had fERRE IR 29 5 952 4, S Br AR A
5508 fifl , SRAH AN R 92.5% 53 d £ FF A HIIL 4
3 TA4 4R, SCPRAR AR 3 240 AN, AN N R 86. 5% .

TESE AR B TAERRE I, 38 25 AR 8] P4 7 BE %
SERR TR B I AR AL 4 A A R B B R
A T AR/ SRR A R TR TR

W
Em—7 (5)

X E,——4i TR/ 4 A 72 R /b
W—34% & T AR 5[] P4 119 504 B 50, il
T —— 25 TAERF A, h

MR (5), KR 5 FRSE AT A< 40 T A /) i
(SRR A 72 3R 5 14 KAR/h A 11 KRR/ h 254
(1) 215 /)N PR S 48 2B 77 3l 12 K AR /b

it S RO Y LRI (5) i g
BRI

(D) SEMHLA R AR 8w F A TR B
b, LA ROR AR TE T 34.5% SRR HLTE K AR B
Gy 4645 OR U B T REAT AR I, H 3R A AR
BH27.5%

(2) 44 HL1E K 9K ¥ 3 1 46 4 B8 &R
92.5% , T 75 K5 FF 42 H 19 4 40 B % 86. 5% , 45
A AR TR R N 89. 5% o L5 A I 4l T AR /N i A
A 77 AR 12 AR /b (H R 9K B35 1 SR N A 7 R
FOREFFAR H 5 27.3% . 38625 5 3 9 & fly T 204
FIVRS FFHR 75 2 T 85 /K 2% 45 7 11 1 AS [ (IR 3 v
R 2 130 kg/m’, & K % 14% ; §5 FF 40 % )i 24
200 kg/m*, £ K # 20% ), H 37 M 4% 1t W 1B A )
WEARS 1 % 4R 1) S B R RE )

(3) {1 FETAE 0L A L T 28 0 Lo A A48 1
BT 62.5% Xl TAEMRMLRG | BT 52
B, A TR A BT 3 AL R, i
IR HLIG 09 455 5 A A TR 1 5. X
S P S R L R S R X 7 R 0 5 45 A0 AR
FL 8 B /N T AR AR B TR B T R AR i
AT B e WL 45 RS R 1B % B
A o i M 5 B2 R AL T L 2R T A T
e AR AR AL B 254 25 A TR
ML, B8 T 18.2% .

4 it

(1) FEBEHUAT ] I F b, 4 8 ) RE XS 4% 45 44
PER A T BB BT, 38 2 T 5 4% s [m] g% f) 3
PRAE T A5 M 3o 5 ARl 28 5, D JC BSE 7 F g - {6k ]
Codesys % 5 iy 2 i A Mk L e

(2) Jr WA INAL Y ) 78 K IR 73 MRS A4k
PEAT T ARAR A U I 3, 5 SR R W] B LR i R 5
I RES AR E S50 17.7 MPa f1 101. 6 L/min, 7
2 min Py AT PR SEELXT 12 A4~ J5 SN AY £ 4R AR L
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7 AR SR AN R R B 89. 5% L 4l TAR/MIFAY SR AL IR BRI 34. 5% , N T2 MR 62.5%
AR 12 KW hs SRR T NTRHB I 2 SR 18.2% .
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