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Line-contact Cam Design and Load Analysis of Rope-biting
Mechanism of Knotter

Yin Jianjun Chen Yaming Zhang Wanqing
(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education,
Jiangsu University, Zhenjiang 212013, China)

Abstract; Aiming at the problem of rope-biting hook under heavier load and serious abrasion of its roller
in rope-biting mechanism of knotter, a calculation model of curved surface of cylindrical cam was built up
by analyzing the kinematics of rope-biting mechanism in order to make the roller and cylindrical cam keep
line-contact as well as rope-biting hook open and close according to sin acceleration law. By carrying out
dynamic analysis of rope-biting mechanism and combining with the test of compression amount of
compressing spring and tensile test of the rope, the statics model of rope-biting hook on the position of
holding on to the rope was solved analytically, and optimum range of holding-on force of rope-biting hook
was obtained which value is between 300. 64 N and 329. 89 N. The dynamic model of rope-biting hook
was also solved analytically, and the contact force of cylindrical cam was between 240 N and 330 N when
holding-on force of rope-biting hook is within optimum range. The peak value of contact force of
cylindrical cam may be used to check contact fatigue strength of the roller, and guide material choice of
the rope-biting hook and its roller. The field tests showed the roller installed on the rear of rope-biting
hook didn’t have obvious abrasion after the kontter prototype finished 5 000 bundles of rice and wheat
straws according to predetermined preload force of compressing spring and initial pulling force of the
rope. The result showed that the holding-on force of rope-biting hook was controlled suitably and line-
contact cam improved contact load of the roller, which met the design requirement of impact resistance
and anti-friction.
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Fig.1 Structure composition of rope-biting mechanism
LfR%E 2. 5745 3. #H 4. BAELE ST 6. EMR
7S 8 IR

UNTEL 2 Frow , g R AR IR T RE A S AR T A AR
R fih , 7 9 0 AT A R0 H O G R 2R HG

(R)32 Bl 030 XoF B Ff R IR AR (™ 8 A B R BR R T . A
U, FEFT 25 W b S i A bR R 8 (Owyz) Fl Bl AL bR R
8, (0%, y,z) , o 2 Jh 5 2 Bl & 60 T 47 45 W 0
b o BAL T AT 45 005 1745 W Bl 408 i
(RS- TET PN, B2 T T 485 W T BR8P, L 28 0
ST EET L 0,0 5 2 $isg TR O, %, 4l
52 Wi TRA 0,,0 5 0, ME S,y WAy, fhik
BT 0 W8 2, il S o« B B 2 /o B 7E
x, 0z, HNHHETREF EREPOEHEBETT
FM 0 B G T R G SO T
\ﬂ\\\u\
\ L

K2 fatisshis RicE

Fig.2  Setting of coordinate systems of rope-biting

hook motion

PR RETT S5 WE 2% = % ol i R B SR £k mn 42
Bl AL BT Ui 22 6 o BT, B 5K A is sk i ol
5 A B B Bl R A G B B LT B B L 5K T B
B P By BRI S PG B B, L TP e A S B
BRI 5 PG B B I [ R ™ e 1 3 45 BB, A0
B 3a Wi i B, I B, A ot TF [y BE X I [ A o 4
(A5 BB, R 3a i £ By, 6 3 S B B 4 X
BEFT 45 W 52kl 2 55 5l o B0 BT 0% 8 T LR 1152 Bl Bt
JOF [0 A o 4 1) TR B R IR R B, A 3a H i £ B, A
Bio

TESMR R 6, (0, %, y,2,) 1, 4 B ¥ 50 B 138
S N — BN, B AL T 16 x, 0,2, P9, B0 R
0,, 5 0,53 H ( —a,,0,0) , H 5 0,30 y,0, 2,
MR BN a0 BETIRAS E ) O,/ FE BN e, H 5 %)
O, 5 WEEES R hy G SRV S bl 0,/ BE B
go BEWILG AL E R, 0,H 0,1,0,G fl 0,E 54 fx
Bl 2, P U I SR A3 INBRIE A 0 A, 00 1 6, , s H 5
155 GRS E 5lbRic ol Hy I, G, FlE,, an& 3b .
3¢ 7R o

BRI T B B 1 1€ 3b ) B B S8R TR
JE A B BT E— E, B B2 B TR B B
Xt R 3b H ) Eg— E R IS P A B B



226

2016 4

N

B3
Iin

Py

X1

O
P
I

(a) @E&%%Eﬁ&xl O ylﬁﬁ%ﬁ’ﬁ

E—E,, MEMzai s 0,z s, #ER
FRIR 1 O R PG H ORGSR Bl AR R R
8, (0, x,y,2,) Y AL FR 7353 Ky

%, = —hsin(f, +6) —a,

:ym =0 (1)

z,, = —hcos(0, +6)

%= —gsin(hy +0) —a,

[m =0 (2)

z,,= —gcos(6, +0)

FIAEYE 58 = il e aod £ B 15 (B A o™ 58 A AT A —

B U B AR . S EEGE IR mn (218 x, 0,2, N 5%
i AR EEEK AL, LA 0 ARIC . VR 1 5 AR
LIoG DR T 5 ZA N Ak N0 Ot e K S S 1B VY )
ATV . FET KA 0 BETT S WEFE M B 1 eR KK
R A BERIR

S B B
__ b (2m(B-e) 0 o
0= Zﬂ_sm( D -9 ) @—go(ﬂ ¢)
(Bele,®]) (3)
A 4T DA B B
_ 0,  (2m(B-P-D,) 0,
0_01+ESIH(T) —a(ﬂ—@—@‘)
(BelP+D,,d+D +D']) (4)
L6, Ay Fe KK A

o—HERR B 5 AH A
D—HERELE HHI T
& —imiK ik
&'— [l FE iz 3l )
&+ @ FoREBEHAMM A, P + D, + &' FIR [ 7
SEAHNALAA
W (3) L (4) 3 HMRA () ((2) W15 H AN
G RS, A SRR 8, (0, %, y,2,) 5 AR R
8(Oxyz) ) 78 45, KA H gl M G 578 # AL B &R
8( Oxyz) W[ 23 [A]32 B 803l S 8005 7 53 0 h

(b) #EizshE E
&3 mag ML s Bl iR A

Fig.3 Kinematic sketch of rope-biting mechanism
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Fig.4 Curved surface of cylindrical cam contour

LET 2084 3.4T45W5 4. A%

2 KREHAEEST

U LS T RS2 B B B S S ) R B R I
SR kDN Vi WA NN I R TAR: R i S B A Ly
7 F R BEAT TR ST 2R 00 B 48 T IR S TR 1 A
AN 28 10K T IR o Xk B B B I AR TR T T A
Fery R AR FIREAT 1 3h 1 52 00 B, B R T A
BH B
2.1 HEERAULENFHNFRE

J B T g e 3k s A 4 A B R R TR T, R
TOREE T B R o 4 22 Mk I 2 BB AN 4 Bl A
S WA A B B S AT A5 MR Z 18], T B @ R 48 35, it
X4 Sk 19 s 0 55 AR A8 B A T BN B B L i S T R
PERICE 1o ARG i Ok, & T B Sk e AE
FTEEWE ERREIGET s 47 S B e 5 /Dy, 2 S 8 ok
S BB B A 248 310 v A S T S 2 R,
WG 1 W BT R AE B IS T Y o SR R IR L LAY
IS PR o

WP Sa, i g 1Al A

F,L,=F,L, (12)
Wl S, i 71 5 ] 1
F,L,=FL, (13)
W Sc, S HATHR 28 A 1 F AT RoR N
F=F +F, +F, (14)

X Fo——Wgdm4g i s N
Foz—ﬁ\éﬁjﬁlé%j:jjj ’N

Fl——Hg U B X483k 0 16 7 N
Fy——$ B B 52 5048 3% (015 LR 7 N

F,— R T2 308 E TAEm LS, N
Fy— Rz BRI, N

(LY EHE BT F N & (c) HEARAE BT S0 5
ISR L T S T

Fig.5 Statics analysis of rope-biting mechanism

F,—— RS x EAR E ) N

L—F, 0 /1 ,mm

L,——F, 1 1% ,mm

L,—F, 1 /1% ,mm

L,—F, 171 ,mm
Horp  Fo 55 Fo, Z MR 2.0 FEAE 116 B0 T 22 1P W
HRAESR LS 52 S i M AL AN S B ) % B B RO AR TS 0
F 5 F{ F. 5 Fo050) o — XA EAR R 0, R/MATE
MR, F 5 PS5 ATS RO TR B, F, 2 FiTE
i B TR T AR W 5 18 L4953 71, nl A

F, =F;jcosa (15)
MR 32 B R AR T8
F,=k(x, +x) (16)

Krp Fi—— R FH HEF7,N
EBA B T, AT 45 W [l B W) iR 7
F, 5 FITS MR, ()
k——F & NI B2 R 2, N/mm
JE 3% TAF 45 7, mm
& 55 9] 4R H 4 5, mm
2.2 BENHBHFER

S AF SR F I B, R LA N A A2 B R
MR — Btk A7 30 J1 2% 53 b, BDR 7 30F A AR 14T
S5 1] 2 ) b 07 B — B, 88T 3 1 2 4 b
K6 Fim.

& 6a, V& 152 B 0 FEARE T3 F 376 89 5 % FR T
W53 T3 iRl R

63

X

Xy



228 & Ml

W 2016 4

() AR SR R
6 WAL B Sy o

Fig.6  Dynamic analysis of rope-biting mechanism

(o) HARAE BT SR 5

4L4

F
F = Fjcos¢ = Ficosé = ;

(17)

cosé
3

Kb g ImMRE A Fy 5 8 B X FR T N o J1 F
Z IR A, (°)
L,——F /) 71 , mm
o1 &l 6b iR T2 BRI H TR + LAE i K )
FolRm
F, = Ficosis (18)
y——IR T BN J1 F, 55X BR E N 2
I F Z I, (°)
H1 Pl 6, Fh 28 110 0 5 4% 3 (VR %o 8RS /™ 56 19 s
J1 F) AR N

X

(F()l +F02)Ll
S —
a3 (17) ~ (19) A 45 8 KL ™ 48 B 52 B3R 1

4 s 71 4

F; (19)

F'=F,+F, =
Flcosy +7( Fo +F)L, =
3 L2
F,L, (F, +Fy,)L,

L cosécosyy +7L2
Y=, +0 A=A, +0 ¢=2w-
Iy =1, — L,sinAsin¢

b g ——HHBI RO B ¢ E
Ao PR R IR AL E Y A {H
Lyy—VR T3 A TR AR W 18] e A 5 R AR S A
)
BT AT M 5% 3 285° B ik A AR IR F I i %

(20)

Hrp

B FEAR T 7, 3l 77 27 40 B 1§71 45 W 5 fa 30 Bl ol
7

Be (ymam).

3 BEVHBRENRS S SR

R A5 B B B e sk I B R A T, AR R
RN 4S5 S HE A AE TR FH T, % D BLET 45 8% SeFn it
g A A Ao B R 3R ) SR gy ATk, f D
RFTE AR EAT S A & L, R A ALF ey
FIas 253080 . X5 &, IR La I WI R )y Fo7E 32 ~
37 N Z[E¥F3)

(1) Y84 e 00 45 48 5t x,/NF 5 mm,23%
48 L ONRERE At TR IE IR AE ,12% B BUTE 4 .

(2) %8 1 B0 46 Fe 46 1 x, KT 10 mm 37 %
1) & Sk DR g o 57T AN BE AT o

it 500 Yz 45 0 45 R R U] Y A W) IR
St 1,0 6.0 ~8.5 mm B, 74528 45 %k 100% ,
3.1 EEEHBEFWAERN WK

I B, GRAN B b, FT 45 WE XA 48 1) BCH 2
SR 48 Fr 738 R, B R N AR S, R Y
FEAR 3G OR o 1R 48 hr 5 e 4 1 A i e
G BN SR M FEERNE.

.11 RS I

R SCHR [ 11 ], AT 45 W8 5% ff B R 285 1), X Jif
FI 45 £ A 55.67° R FIFIR #F A MR . M UtL
ZV 06 HEAT 35 e 4 0 i, AT 45 W g e ok 5o
41 ECHE, B AT 45 WE B0 hn 4 B A5,
16 DEHE f o HITEWE e M BN 285° 5 B 5 %% 3|
360°HF, X I 4T 45 3 4l % /N 55. 67° & [ 0. 56° %%
B 64°, SNy T ARAT METH AT S5 W B AL E AEAT 4
F il b A g A, B A B (R AR i, AR 2L
AR ELEOCR PR IC TT 45 W % #6132 5l % A,
Bl 7 FrR .

TE MR 1 He B0 8 U R 3 il 1) e 4 7 ) e 3 H

3

Fig.7 Encoder installed on main shaft
Logwidds 2. wigas 088 3. HRANAS 4. 4TZ58 T4 5 KR
AEAMS 6. TR E



%73

FHHEZE S JTEG AR AR UM Z A Al A8 BT S A 20 A 229

oy 8a ik . FEh I & REE, R
b e A 100 B SO A A AL, T 2l 0 R ) T A
x HYZRAE R QNP 8b BRI 25 R AN 1 PR

() EEIEGE & 8 R

(b) EEE4E 2N E E
P8 T A e R
Fig.8 Measurement scheme of compression amount

of compressing spring

Lfsda 20065 3 A 4. 9T45W
®1 FEHITERERATANERE

Tab.1 Compression amount of compressing spring

along with turning angle 3 of knotting hook

B/(°) 285 290 295 300 305 310
x/mm 0 0.72  1.24 1.73  2.08 2.5l
B/(°) 315 320 325 330 335 340
x/mm 2.92  3.28  3.65 3.8 3.44 302
B/(°) 345 350 355 360
x/mm 305 3.13  3.15  3.22

e 1B mT A e T 4 B T 45 W e 2l 14 7%
el 42, K 9 Fos .

4r

07350 300 310 320 330 340 350 360
pI)
PO TR R 4 5 W T 45 W 56 £ A8 1k i 48
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