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1.1 5% BEUL4E Fixed frame; 2,47 & HLEE B Folded [rame; 3.7T
Y% 4 Ditching gearbox; 4.7 + ¥ Covered shell; 5. % # #
Support wheel; 6.+ Lifting sleeve; 7.7 [/ B4l #% Univer-
sal coupling; 8.J## i Reduction gearbox; 9.Ji€ % & 7 Rotating
hinge; 10.JF 14 J] % Rotary opener; 11. FHii& JE &L Hydraulic cyl-
inder for ditching; 12. 47 & W JE K Hydraulic cylinder for folding;
133 FE 46 1] [ Directional valve.

I IMNEXREFANERTEE
Fig.1 Structure of double-sided cutter

orchard ditching machine
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1. &% B Overhanging plate; 2. 804F Pull rod; 3.)5 4\ %
Rear longitudinal beam; 4.5 % Rear beam; 5.8iAR Pull plate;
6.H 1% Front beam; 7.1HT4\ % Front longitudinal beam;8 . Al
4 Inner beam; 9.l A % Skewed beam; 10. 3 # % Support
beam; 11.4E# Support plate; 12,718 % Main beam.

B2 HRGEHTEE
Fig.2 Frame structure diagram
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Table 1  First 6™ modal analysis results

R R [& 45 45 % /Hz Natural frequency
Modal order [& %€ B Fixed frame #7E Bt Folded frame
1 34.983 201.540
2 40.788 269.350
3 41.919 400.030
4 52.724 553.710
5 63.326 739.800
6 81.800 787.320

M 4 s, R 1l b E o BEHLAE A A
BT R S B A I U P 34 T T 3 G Y BT 6 B [ A AR
I Bl 43 A 7 34.983~81.800 Hz; ¥ TS B [E A
AR R a0 ok, w6 By [ A M R B A A 7
201.54~787.32 Hz,

M 3 AT AT, [ BEHLAE Y 1 B A S i R =
Ay e R S A A A i Y S L ) B S AR R R B
BARNIFHEHF 10.276 mm; 55 2 PIEERIRA F L R 5
R R (AR U A L 1 ) S AR R v [ A R 7
HIEZ KA E H 8.72 mm; & 3 WY FIES 4 MRS
P AU 2 S5 8 G 20 A W it 194 2 i AR T DA e v ] 32 R
125 i HL 5% PR 3h ., e KA RS 43 A 10,676, 11,680
mm; 55 5 By B 7R 2 H A AR T 0 SR LR A
Pl KA 9.799 mm; &5 6 My B 322k 5 i
PIEAT WIS AR B e KA 16,905 mm., 38 i XF
H 6 B4R AT LA, [ BEWL AR A e B R e A W
vty = A AR I e K

A1 BB HRAY 19 mode; B:2 AR 27 mode; C:3 MBI 37 mode; D:4 P HRA 4 mode; E.5 B HRA 5™ mode;

F:6 ISR 6™ mode.
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Fig.3 The first 6 modes of the fixed frame
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J& T[] — DX [ 3 Bl DR Ok S 3 S/ A & i HL kA
PR T S BB T A L TV P B AL
SRR B A R X ] 7E 34.983~81.800 Hz. [& T 4
1B 55 25 91 R0 0 A L AR 45 1 A 5 4% B0 AL B 1 451 R
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A1 SR 15 mode; B:2 i ASHRA 27 mode; C:3 FrAi SR 37 mode; D:4 M AR E 4P mode; E:5 BB AR 5 mode;

F:6 BiiZ5 kA 6™ mode.

4 HBEE 6 MIREE
Fig.4 The first 6 modes of the folded frame
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Fig.5 Load analysis of frame
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AW B B J153 4 = Bl Stress distribution in the folded section; B: 378 B %% = [ Displacement of folded section; C: [ % Bt 1173 i

= [ Stress distribution in the fixed section; D: [ %€ Btf7 % = [®l Displacement of fixed section.
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EERMTERVNREHRED T

Fig.6  Structural stiffness analysis of fixed and folded section frame
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freit, Os5Miitl. e BOLA S it G2 v )
Tl TR B A A8 T g5 R, i LS B R 5 R AR Z ) i
PR A2 RS L BT AT DL Jk A P B RG22 Y 5 =X
Pt e LRI REDS SR HUAE [ 5 B SR 1 5 ) 4R 422 50
mm X 50 mm X5 mm (& X % X J&) B9 77 WA A n
SR, OMBHEE, X TARIE SRR B ER AL, R

Pl

PERRAR . v, il A = gt B W R AT S P
G 28 T8 43 Y4 TIRR IS 1) 0 5 2RE B A A5 [ B LA
A ) DO R R R R . QB R, PLAR
ARk 2 1 vk 2 1T PR L B B A 9 55 L 80, LR
AR GE LT B 7 A B B M RS AT | S e L X 2
o ARGy re A N AR R G . X HLSE I ) SR
s KA SR A A A L o R v R [ L T B R
BRAXI ) A8 2 FLI5 55 i 005 o DA 2 5 B4 ) 14 9% 57 1
AE. BUHILACSE 0 Be LR an & 7A B, L
St 7B R,

AR G [ 8 BEALZR 45 K 18] The structure of improved fixed section frame; B: Bt J5 i 5 AR HLEE 529 8] The improved fixed section

frame.

T MHERMEERME

Fig.7 The improved fixed section frame

14 MHEERNEEEVNEEGRITOH

D) oot i [ e B WL A B . 6 el i 1 [
FE BEALAL AT AL 2 b7 B BT RSE S8 30 mm,
A BR IC R M R 43T 5 K 33 807, BT KL 17 097, F2
P SE RSB 1~200, HHEHT 6 B A0 4 25 091 %

FHR T, A B IR BN & 8 FIr 7 45 B 401 2% 2 B0kt R an
2 fME 9 FiR,

MIEL 8 AT T, i ik I ) e B LR 1 B A S iR
Y2 BNy I i QA AR Nl L B8 R B A A AT B
KAOIFE 6.273 mm; 55 2 B AIEE 3 MRS 4R 2 0
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A1 SR 19 mode; B:2 BrBISIRETY 274 mode; C:3 BiBiAHRE 3 mode; D:4 B HRE 4" mode; E:5 iR 5 mode;

F.6 r 4R 6™ mode.
B 8

Bt E B B RE BR MLZR AT 6 B iR B

Fig.8 The first 6-order modal pattern of the improved fixed-section frame
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Table 2 Comparison of the first 6 modal
of the fixed section Hz
REZS B W Hif [ieiid KR
Modal order Before After Improvement
1 34.983 52.884 17.901
2 40.788 56.392 15.604
3 41.919 83.393 41.474
4 52.724 120.960 68.236
5 63.326 126.000 62.674
6 81.800 135.770 53.970

T B 90 9 5 03 A 10 9 e A B K 6 5 B
7.089.4.998 mm 55 4 B B HR T A Bk 5 B R o
5 O 7 T R o 25
KBRS 4,119 mm 5 5 KRS 6 Kb R &
T SRR o U R A AT B 8
F 25 I 25 0 B K B B 42 9 7,856 mm 6,743
mm. 3% 6 B4R 0 4R B AT B i
522 BB AL 5 U 0 9 e L e B B L L

A

e KA RS A W el R PLRAR E

F 2 R, BT o wT R EE BHLAE, Bk
HEE R HL 4R ET 6 B [ A B R [y A AR
52.884~135.770 Hz, ¥ K & 0] &, H & H i =
N T S I R T IS B P T R
ML PR (0~ 35 Hz) B & A 1E 7] — 4> X Ja]
P D VR AN 23 i i BE AL 3R 7= AR S IR, i BH g
i (A R e

2) B S [ 2 Be AL AR ML 1 BE o A St AR 4
Ao WHEJE A [ E BAL AR 0 M T A2 0 T FR S R A
RN I 32 s g s R ) 22 A B 2Z I 0,340
MPa Ji/NE] 0.022 MPa, St el J5 B HLAE A BR IG5
UREE R NI PN CIN DA SN G BUR L E S
PERE . XL & B, B0 S BL AR Y 5 R N I R A 2
AR BARIE S 9,

I & 9A BTN B AR 7 43 A T3 B 5] KNG
1.2 MPa, W[ & BOLSE N ) 5 oA B 1 el

AP R E BEHLZR N J1 53 4 = [l Stress distribution in the improved fixed section; B ik ¥ J5 [ & Bt HL 221 %% = & Displacement of im-

proved fixed section.

& 9

Bt I B E R AL ZR M R E AT

Fig.9 Structural stiffness analysis of improved fixed section frame
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He K 7 BAE = R R A 5 AR AR 4 R AL, B
JIME N 6.301 MPa. fH & 9B BT 3 0 ss 225
R AR IS B L B PR AN 9 2 K
A — R R A S il e B A AR R AR R R 0,055 7
mm , SRR S B KAE S 3.525 2X10 7 LSRR
BEARNI A TR K e

2 #RE5HMH

MZRERIR G

PR 25 3 12022 i e ) 00 45 38l AR ) 7 SR SR
F G5 1A AR, 50 R K e e O ke
TR GRS R 38 A T B Al = 1 o e A
R LR SEUE . A H] DHDAS2013 3h 815 5
SIAT AR BT AT A AT R ERCRRCHE L DT
R 5 [ 78 B B S o B 25 R e v . R
I A A B T (L5 60kND | = ) il o JE 4%
R (S DH311E) (32 il Bk £ 15 5 R E
(RIS DH5902) Fl1 8 &A% 5 K 4 73t 81 R 40

2.1

(DHDAS-V6.0) . 2538098 22 11 #2218 A7 B 5 ) )
oA g 28 AN A nE 10 iR,

10 BEEHE(HE 281UR)
Fig.10 Model structural diagram (28 monitoring poimts)

S AR b Y R R Ty e ik etk ) E
BOHLAR b il s o3 A R AT S AR A HLEE T 6 B
AR BE SR, EIR A BRITRIZS 34 45 2 1]
IR AE RN L 5 R AR 3 o, A M % L 45 SR ]
Y, A PR TCARE S 43 A 5 5 2 i e 5 SR Y T A AR R
KIRZEH 4R 0.857 V0, H B FEAS — B, il i i A
RIG A,

3 BRTESHSMSRARESHN
Table 3 Comparisions between calculation and testing modal
A 4r M1 Calculation of modal i 5 1 Experiment
s \ - — e — xR/ Y
o B/ He P A X4 %/ He P 24U
rder Error
Cal. frequency Mode shape Test frequency Mode shape
= ey Y
1 52.884 SRR 52.777 JTHCRAE —0.103
Rear beam longitudinal movement Rear beam longitudinal movement
2 56.392 SRR 5 g S 59.850 SRR 5 g S 4 i 0.857
3 83.393 Rear&. power beam bending 83.307 Rear&. power beam bending —0.102
& T 2 i T O 2
A 120,96 ﬁu\fﬁ‘tﬁ%&ﬂﬁééﬂﬁ 120,81 ﬁu‘)ﬁt@ﬁ%&ﬂi}\kéﬂﬁ 0,280
Lateral beam bending Lateral beam bending
5 126.00 i 126.84 EL S 0.669
6 135.77 Rear lateral beam bending 136.49 Rear lateral beam bending 0.527
22 E{H 81T
2018 4F 11 A 17 H ., % oK Btk [ 2 B L 28 ik -y
55 TR & B % A2 AT R A SR A A T BV 4 c
VR i F 9 g 1 B K B ), [ B AL AR Y S
UG R 5, TF 9 0 A 5 AR 4.0

22 AL B Bt 2l W] b, I 4 1 TR AR A5 AR AR
S, [ BLAR 5 B R A i B A, 5 R R
I AR B I 00 o T 3 1A 6 A DR SR O 7 A 1 B Bl S 3R
e PR R R AR DT 2 O T S L SN 6L R 11 R
MR 1 3R 43 A Rty 5, el [ B LR S T 3
ik 5 .

2018 4F 12 A 24 & 26 H,7E Wb AL p gk
b K2 TR b X S HE S A ML B AR, T R
A S ] 7 34 ML (B35, 3965 UF 32 FH o0t S AIL2R 19 T 3
PR BT 2 5 A 4% BC S 3l ) 78 J5 41 X804 #i hir
Bl IR E 10~30 cm Ab By - £ 4 1 1% 52 g

B 11 KRB L 5 5 4 1 T B 1 E

Fig.11 Gear box tooth surface wear diagram
6.9 MPa, B + 18 & K %4 14.36 %0, H A& K%
5 F B TR A R T G0 R R W gt AE K AL A
AERYIN 3 TC R e, g R b, IR K S 80
m, B SE B HE T R Y T S8 B 43 50 O 20, 40
cm, ARYE NY/T 740-2003 H Ji] F¥ 34 LA 75 M 5
i R VT 5845 2% bR AR Bt B4R BR 0 18 ~22 em,
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FFIE R E PE =800, 14 THI 98 FE 38.5~41.5 cm, FF i
JE 3 =55 00, FRIAE LI, 2 6] ) 85 3200 ~
230 r/min, HEPLHLETHE S 0.35 m/s™0% g 4
RGN, FE AT W T) BT ¥ IT 1 VR E 4 i R 20,32
20.48 cm, JF 8 W B R OE MR 4 B A 94, 7100,

94.75 %0 , ~F- 34 76 THI 98 FE 43 08 39.80.39.86 cm, °F-
KW+ R A 73.60% (£ 4), ik LPRAE 4R 5
PR EAE L 48 b5 T Le & B, R S0 I i AL SR 1
BUAE M P BB o A b 5 it 58 4 A5 45 00 0 A 1 B E
T H T e 2R, H R AR A A 12 TR

x4 FANEERIELIER

Table 4

Indicators furrowing maching operation

SEBR B AR bR

i H b vEE b R 48 bR Actual quality indicator 4t
Ttem Standard quality indicator VOIE:A VaIE:S Result
Left Right
T B /em Depth (1£20.1)H 20.32 20.48 A48 Qualified
TR EFa € M/ % Depth stability =80 94.71 94.75 £ Qualified
T4 T8 98 BE /em Width B.+1.5 39.80 39.86 A Qualified
4%/ % Pulverizer rate =55 73.60 A Qualified

1 :Note H N FF WAL ARHEFF IR EE 20 cm; BN FEH LT AR EFF I8 5 40 em; H is 20 cm, which is the standard trenching depth

for trencher design; B, is 40 cm,which is the standard trenching width for trencher design.

A B C
AR FENL Test prototype; B: FTFIHER Ditching effect; C: %
P57 Measure.

B 12 HERE
Fig.12 Field trial
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TR BT R [ BEALAR 5 R R e A AR T K
WRAE At S e A B A0 45 4 A Jr o =X ol S R
MG k., ARG Eas R R ot fE i e B
LR, 55 1 B [ A 47 % 52.884 Hz, Mo 3 Al 32 5
17.901 Hz, & T 38 Jil 450 325 [l 2 {3 ) 43 A+
IyR5) R JT 6.301 MPa, #6253 45 R0 .
e ) T B MLAREE 1 BB A %8 52,777 Hz, Ik
S50 55 B A A X R 22 —0.103 %, IR B LA —
. A5G IE R BH . o F J 0 JT YA HLALZR A T AR
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Modal analyses and frame improvement of ANSYS based
orchard double-sided cutter ditching machine

SHI Zhan',ZHANG Yanlin"?,LI Shanjun'?, WANG Fengwu',CHANG Junxiang'

1.College of Engineering s Huazhong Agricultural University sWuhan 430070,China ;
2.Key Laboratory of Agricultural Equipment in Mid-Lower Yangtze River ,Ministry of
Agriculture and Rural Affairs sWuhan 430070,China

Abstract The finite element modal analysis of the frame was performed in designing the frame of
double-sided orchard ditching machine. Its first 6-order frequency and mode shape was obtained and
structural performance was analyzed to deal with strength and stiffness issues of frames after importing
into ANSYS Workbench whose parametric solid modeling of fixed and folded frames established by
Creo. Results showed that the vibration of the fixed section frame was large. It was easy to cause stress
concentration and fatigue cracking or even fracture. An improved solution for the frame structure for the
fixed section frame was proposed to increase the reliability by adding trusses and eliminating welding re-
sidual stress while using structural strength and stiffness as the optimization target with low-order mo-
dal frequencies and vibration amplitude as reference standards. The results showed that the first 6-order
natural frequency of the improved fixed section ranged from 52.884 to 135.77 Hz. The maximum de-
formation was 0.055 724 mm. The low-order modal frequency and vibration amplitude were effectively
improved. The rigidity has been greatly improved to meet requirements of design. The result of modal
test showed that the maximum error percentage of the natural frequency of the finite element modal a-
nalysis and the modal test results was 0.857%. The vibration mode was basically same. Field validation
indicated that the application of the improved frame proved that work quality was in full compliance with
the NY/T 740 — 2003 operation quality standards. The performance was stable, meeting the horticultur-
al requirements of the orchard ditching machine. The combination of finite element modal analysis and
structural performance analysis can reduce the customization steps of the initial design, shortening the
cycle of mechanical design. It will provide a reference for its practical applications.

Keywords orchard ditching machine; frame; finite element; modal analyses; model test; structure
property analyses; fuselage folding
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