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Fig.1 Structure sketch of model rotary roller
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PO"SIEH )W Y i Z B M. AB is the cutting edge
curve of spiral horizontal knife, A is the starting point of the
curve, B is the end point of the curve; OO’ is the axis of the
rotary roller,O is the starting point of the axis, O’ is the end
point of the axis; P is the point on the AB curve, P’ is the pro-
jection point of P in the XOY plane, O’ is the projection point
of P on the OO' axis; L is the length of the OO axis; R is the
radius of rotary roller;g is the angle between PO’ line and Y
axis.
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Fig.2 Cutting edge curve of spiral horizontal knife
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£k Scanning laser line.
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Fig.3 Installation and measuring of spiral horizontal knife
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¥ ffi . ais the rotation angle between the coordinate system of
X.Y,Z, on the roller and the coordinate system of XYZ on the
machine.
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Fig.4 Relative position of coordinate system

between machine and the roller
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L. %1 % J] Bent knife; 2. B i€ # 7] Spiral horizontal
knife; R Jy JIHRAE I 5% 248 (100 mm) ; A 8 ) 5 3 1f 25
1 G TG AH He Ak 7 171 SR HE LR RS s M S TET S ) R T 4
R LGB AL B LA BTAERARTT [ O'A 5 O'M [ i &
i, VRSB E S 12. 2% v MITHBCER O'M 5=
A bR I UL IR A AR 2R X J7 1] 19 3R £ 5 XOY S & BIL AR B
R XY ZNTVRRR TR (X, Yo NIV AR bR R R R O FE
WAL AL bR R ARG AL BR{E . R is the radius of rotary roller
which is 100 mm; A is the starting point of the curve on the
bottom plane of bent knife; M is the center of the installation
bolt hole on the surface of bent blade; S is the angle between
the O’A direction and O'M direction and it is 12. 2°; 7 is the
angle between the O'M direction and X axis of machine coordi-
nate system; XOY is the machine coordinate system,X,Y ,Z,
is the roller coordinate system,(X,,Y,) is the coordinate val-
ues of point O in the machine coordinate system and O’ is the
origin of roller coordinate system.
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Fig.5 Reverse measurement location of bent knife
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Fig.6 Process of reverse reconstruction for model roller

2) 3 T 25 ) 22 B MR A AL IR O R AR SR . P T
WATER] — H 4 L AYAEE 3 5] DLME — 8 & — 1>
[ 1580 AR A 2 18 B4 AR ATy T XA

DZ:(X,7X1)2+(Y,7Y()9 7:19293 (5)

AP (X, YO R 3 By F5{H, mm; (X, Y ) NTF
FORBLC AR E s mm; D A FRERCGR B A H A%, mm.,

AR SR IBCAY A5 2 BOHE 7 i T 25 0 R A L A
VRN 3 B2l 3 A 3 9 A i E AT ity 17 25 ) 42 24 0B
AL IR C A AR R K (5 iF AT R, 25 R
mk 1 PR,

&1 HLMEERMEKRER
Table 1 Reconstruction results of centre and diameter
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3 (—6.754, —36.505) D=7.430
1 (—13.148, —38.039)
2 2 (—8.285, —42.063) (—9.636,—38.746)
3 (—6.913, —36.420) D=7.163
1 (—11.957, —36.041)
3 2 (—8.285,—42.063) (—9.438,—38.636)
3 (—6.248,—36.934) D=7.232

3) TR A R A bR D oS B A f R . R R R
SRR L AR A ] LR TR Bk 10 AN 5
Vi 1 25 ] 2 B LR DAL L SR Bk s AR O
MATLAB B i 6 4l & T 24 CFTOOL X ix 8 45
TE = AR HLAR AR B2 XOY A8 bR SF- 1 N 247 15 2%
LA 45

Y =0.071X—30. 950 (6)

FRAE B 2R Ay SRR L B O 5 M (— 9. 554,
—38.763) M JJERAE bR R X, Bl — s RS TR B
FER 13 mm, B30 (6) R L 7 M 1 X, il 7 72

Y=0.071X—38.082 (D

H D F, TR A bR R X, Bl = A bR I L
AR R X Bl AR e e/ v L IEYIE S 0. 071,
By Ay 4. 087, H PR 41 48 I A T 20 400 e 73 o AR R
X WA mglE.,

SERY VT, JT SR S O B FL RO MY
PR 25 mm, W AT AR 4 T 200k T G O 7
XOY A brF-1 M 1 A bR (X, . Y,)

Y=0.071X—38. 082
(X,+9.554)%+(Y,+38.763)2 =625

A 5 X (8) 1] LR A5 TR0 O #E XOY
A FRSE T N B AR AR (XL, Y,) S (— 34. 490,
—40.542), O f N J) 58 4 br R W IR, HoTE
X, 0"Y A bR -1 P9 A AR E R (0,00

(€D



%3l

JAICHE A SR TETE B 4 AR R T R A T T I MR 4 1 36 1) A

119

R4 2= P B 2R 15 i T 25 70 49 3 T 7E XOY T
Y Z AEFR1E M 44. 607 mm, i1 T3 10 25 J] 8 Ry
A mm s f8 ) AR S TS 00T PR AR A A
Bl 1), $00 R 25 0 JE B BRI R e ) FR 0 O 7E =
AARI AL A BR R T Z 7 I AR RR Z, DR 40. 607
mm . M T ZE JT 5RO O'FE XYZ bR & P4 B
(X,,Y,,Z,) R (—34. 490, —40. 542,40. 607) , H7E
X, 0'Y, AL bR N A8 R R (0,0,0)

MR BT SR &5 5, AT B 1 i OF A 5 = A b
M HLARAR R X BliE I A BN (D P e f o Ry
B85y ZHM,IHH «=16.28",

BT IR R R IR 2 A 5 O'FE Rl — V1 i
SUATE X O ArFRV- T P A 2R AR B0 A A N N
(0,100,0),

43 TIOWREL Rk

FRIE SO R A R WIH T PR AR R B C R, 7
P WA J5 ¥k 6 T 70 1 R Lk itk AT K

5, AR =X C3) K I 5 AL AL B AR i 2 AR
(XY D5l T AR bR R P (X, .Y, . Z,) s Bl
MR (D TR A AR R Z A8 KT T 71 1
BRBE L b 4% sSAE T AR AL BR R P Y A bR (U, WV, W)
Fie R XK

W,=Z,

o, =W,/K

U,=R,cos D,

V,=R,sin®,
K @, SR S AE TR A AR R X, 0°Y, T N 1 # 52
5 AR RS O[] 7 28 5 5 X, 1F ) 36 7 1 9 2
) R,OIEHEL I 4% . mm,

5 TE TR AR R R ol IR e E A& SOR
BV, W55 (X,.Y, . Z) 347 X, B
AT R T A T A o AR 25

9

5 RS
ISR 45 L 0 V0 B SR P60 0 53T 025 1) 53
FISEBRVPGT o 5 PO ST HTREAE S3 0T 00 28 0 0 L o

AR B 5 I M ot i 0 ] B R S OR T
P19 P 25 2 (L ) 260 08 L 5 S SR e i) B 19 LD L
E SO AR HTE P lERR . AR AR N 3R
W o) 3 1R 2 /D o MRS b B SR R A 23
0 ] A P Ao 7 SR AT o P 20 B Sl Al o
MR ERIE 2 AR, B AR BN, R W]
] 36 S BB 5 BB R 25 8/ o 8] s 23531

1) i D A7 I e B BOR A TR I R L T [ E il
A4 I R Z [ A B ES  J7 B F AT 45 SR s 22 )
AR RS, 7 B G R At A7 45 o8 I i i 5 PSR e B
(2218, 7 B H R At A 45 0 100 0 o5 R SR B
o R A

D=/ (X, (DU, (D F (Y, (D —V, ()7

E;i= VX, DO—X, G+ X, (D—Y,GN*+(Z,(D—Z,(j))*?

Fy= /U, DU, G T (Ve (D—V, G (W, (D —W, ()7

Gy =E; —F;
G,"

HU:%XIOO%

10 =152,3 0000 (10)

APX, (DY, (D Z, GO FI(X, ()Y, (). Z,
(GO R I1 SRS L o5 @ R AE JT AR AR AR R
MR FRE s (U, (D). V, () W, G AU, (). V,
G W, G A = (9) 345 A X 1 Sz SR 7 T 4R
AR Z I AR AR AL

FRAE 1R SR B AN 7 s, 76 B T 70 R e £
EEPEM 10 SR RCREE R SRR G, K R
H, g 2 s, I 45 50 /R IBHE 4R 1 45 T i
NSRS 22 8] 5 A B B e KA 8. 96 mm, /MR
1.89 mm, FIHN 4. 72 mm; &0 554N R
SR R RN 5. 2%, ]/ 3.34%, R
4.38% . RR&EEF R, BT J1 100 B2 E 46 A7 7E il 1
R IR T ERFIE.
6 it

AR R BR F A, LA R 1+ 2 AR AR XL
SERJHGE THE B S AR T A R 6 5, R A A DU AL X
HE AT TR BT = 4 55 B8 i o R URE
TIE R 9 JE T A A AR 4 AR AT T ORI e e Bk R ) U]
1B e 2 S B il 3 T2 AR . SRS R R A Tl B A 1]
i< 23 X A R A T ) 11 M £ ) 2l A AT ELE A5, 52 P
185 S BT T ORI AT . R )R
TR T BT R BOSR AR 2 X & T A
HEAT T ARAL I, LAAG 30 L 5 500t 2 A — 3, HSL B e
TR SR 4 AR KA 58 I TR L =%, H
B PETF R SR B AR ZE b, 8 AL H CMM 1 4 1
C AT W AT i 1 2 B0 . B R BRSR R
Bz M AR G5 LG Y i S Ok 8 S n TR A
IR R R H AR IR SK i i LT S8, AR5 2 R
SR AR — AR, R A R R, R
FEARNE Sy —Fh IC 4% fik 1 55 R B2 BB R, T 2 R
FH P AR B 85 T R 5 ) G ) A6

%



120 LB SR N N3 4 %33 %
F2 ENTOERENRKER
Table 2 Reconstruction results of spiral horizontal knife edge
W A AL W4k 25 T 4R PRI R A TR
A AR R AR/ mm A AR R AR/ mm A AR R AR/ mm R
5 Coordinate values of Coordinate values of Coordinate values of theory = 3%
Manufact
No. measure points in measure points in reconstruction points in anulacturing error
serial machine coordinate system roller coordinate system roller coordinate system
X Y Z X, Y, Zy U, V, W, AX/mm AY/mm G;/mm H;/%
1 61.25 —45.92 —46.04 90.40 —32.00 —86.64 91.24 —40.92 —86.64 0. 85 —8.92 8.96 3. 34
2 62.08 —39.93 —31.03 92.87 —26.48 —71.63 93.99 —34.15 —71.63 1.12 —7.67 7.75 3.46
3 62.64 —36.07 —21.67 94.49 —22.94 —62.27 95.45 —29.84 —62.27 0. 96 —6.90 6.97 3. 64
4 62.44 —32.07 —14.30 95.41 —19.04 —54.90 96.45 —26.40 —54.90 1.04 —7.36 7.43 4. 81
5 63.51 —25.62 4.56 98.26 —13.15 —36.05 98.47 —17.45 —36.05 0.21 —4.30 4.31 4.81
6 63.95 —21.81 14.58 99.75 —9.61 —26.03 99.20 —12.63 —26.03 —0.55 —3.02 3.07 4.48
7 64.09 —19.84 19.90 100.43 —7.76 —20.70 99.49 —10.06 —20.70 —0.94 —2.29 2.48 4. 65
8 64.20 —17.60 26.00 101.16 —5.64 —14.61 99.75 —7.10 —14.61 —1.41 —1.46 2.03 5. 20
9 64.24 —15.89 31.11 101.68 —4.02 —9.50 99.89 —4.62 —9.50 —1.79 —0. 60 1. 89 5. 20
10 64.16 —13.45 37.04 102.29 —1.65 —3.56 99.99 —1.73 —3.56 —2.31 —0.09 2.31 4.25
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Reverse reconstruction for cutting edge curve of spiral horizontal knife
on the model of double spiral rotary tillage and stubble-mulch roller

LU Yuan-shuang ZHANG Guo-zhong ZHOU Yong JI Wen-feng LI Zhao-dong LI Yi

College of Engineering s Huazhong Agricultural University sWuhan 430070,China

Abstract In order to optimize the mechanism of the cutting feature of horizontal knife in the soil
straw mixture, the similitude method was used to research the cutting process and a model rotary knife
roller was designed whose proportion was 1 : 2 as real roller. In order to find whether there is a manu-
facturing error of the model,a three dimensional reconstruction experiment was carried out on the model
roller with reverse engineering techniques. The model spiral horizontal knife and bend knife were
scanned by the FD-Y685 type three coordinate measuring machine with the side surface of the horizontal
knife as the datum plane. The point cloud was obtained and filtered by CATIAV 5 software. The point
cloud data were processed with Matlab software. On the basis of that, the spiral curve of the horizontal
knife was reconstructed reversely. The results indicated that the maximum distance between those
measurement points and theirs reverse points was 6. 016 mm, and the minimum distance was 0. 624
mm, the average distance was 3. 243 mm. The maximum relative error rate between measurement
points and theirs reverse points was 5. 2% , while the minimum relative error rate was 0. 6% and the av-
erage relative error rate was 3. 6 %. Reverse reconstruction was an advanced technology with high preci-
sion which was able to accurately measure and reconstruct agricultural equipment shape, especially com-
plicated shape.

Key words agricultural machinery; spiral knife roller; reverse engineering; reconstruction
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