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Virtual Knotting Method of Knotter Based on Rigid-flexible Contact Dynamics

Yin Jianjun Gao Qiang Chen Yaming
(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education,

Jiangsu University, Zhenjiang 212013, China)

Abstract: Aiming at the problem of increasing investment cost of knotter production due to difficulty in evaluation of good
or bad design after structure improvement or parameters adjustment of the knotter, a kind of virtual knotting method of
knotter based on rigid-flexible contact dynamics was presented according to the judgment rule of whether the knotter could
tie a knot during design phase. The method used the Bushing connection tool under ADAMS to build up dynamic model of
flexible rope with large deformation. A complete virtual knotting simulation process of the knotter was implemented by
setting up multiple contact constraint between the rope and rigid component of the knotter and applying load to the rope.
Rigid-flexible interactive mechanical behaviors of tying a knot of the knotter were studied under the action of pulling force of
the rope. The comparison analyses between knotting movements of the knotter prototype and virtual knotting results
validated the correctness of dynamic model of the rope and simulation model of rigid-flexible contact dynamics. It may be
regarded as an effective method to evaluate good or bad design and guarantee disposable successful production of the
knotter. The effects of the timing sequence difference value ¢ between the motion of knotting hook and the motion of rope-
holding plate on knotting motion of the knotter were analyzed by using the proposed virtual knotting method, which can play

visual validation role to judge whether the knotter can knot or tie a good and bad knot after parameters match of the knotter.
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0 Introduction

D-knotter is the core component of the square bundle
baler. However, the production of square bundle baler
always relies on imported D-knotter in China. To
simplify the structure of the knotter, the structure or

knotter were [1-3]

parameters of the adjusted
Generally, trial produce stage of knotter prototype
started after kinematic analysis combined with virtual

finished.

improved knotter can tye a knot is a lack of visual

assembly was However, whether the
methods to judge the advantages and disadvantages of
the design, which may lead to failure of the trial
manufacture and increase the risk of manufacturing
investment. Therefore, it is necessary that the method
of virtual knotting was studied to improve the design
theory of the knotter.

Compared with the rigid motion simulation of

[4-6]

knotter , the study on dynamics of rigid-flexible
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contact in the process of knotting is more complex due
to the difference of the mechanical properties and
flexible large deformation of the rope. In foreign
couniries, the representative research is that numerical
based on model  was

simulation proton-spring

established to develop the motion process of underwater

fishing net'” ™%,

However, Chinese researchers have
usually used commercial software to simulate the
complex process of rope movement. For example,
Dynamic simulation modeling method for complex rope
was built based on seat belt unit under the software of
LS —DYNA, and node-surface contact model was used
to realize contact simulation between flexible net body

%1,

and objec Joint simulation of dental arch curve

generator was conducted under the environment of both

ANSYS and ADAMS'!,

was achieved in virtual surgery environment'''. The

Simulation of rope-knotting

above researches provide some ideas and effective way

for studying on virtual knotting method of D-Knotter
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based on rigid-flexible contact dynamics.

In this paper, in view of the problem of increasing
investment cost of knotter production due to be difficult
to evaluate good or bad design during design phase
after structure improvement or parameters adjustment of
the knotter, the Bushing connection model under
ADAMS is used to build up dynamic model of flexible
rope with mechanical properties. According to the
judgment rule of whether the knotter could tie a knot, a
kind of virtual knotting method of knotter is presented
rigid-flexible

behaviors of tying a knot of the knotter under the action

to study on interactive mechanical
of pulling force of the rope in order to provide an
effective method to evaluate good or bad design and
guarantee disposable successful production of the

knotter.
1 Dynamic model of rope

The rope is a flexible body with large deformation,
and the modality is adopted to represent the elasticity
of the object. Compared with large deformation of rope-
knotting, elastic deformation of the rope is samller.
Assumed that the rope is composed of a number of
micro cylinders, each micro segment may be treated as
a rigid body. Adjacent micro cylinders are connected
by Bushing force under the environment of ADAMS.
The combination of all micro segmensts can be
regarded as a flexible body model of rope because tiny
length of micro cylinder is far less than the total length
of rope. The Bushing force is applied to two micro
segments of the cylinder to make them interact with
each other. The connection model of flexible force is
obtained by three components of force and three
components of torque (F ,F ,F T ,T ,T.) at the
center of connecting position of the two cylinders, as

shown in Fig. 1.

Fig.1 Dynamic model of the rope based on Bushing connection

The Bushing force can be expressed as the following

matrix (Eq. (1)) according to the mechanics
theory' /.
E S v, ] [Fol
F, r v, F,
F. T, v, F,
T =K 0. -C o, + T, (1)
T, 0, , T,
LT, | L 0. | Lo | [Ty

Here, K is a 6 x 6 diagonal matrix of stiffness
coefficient of the rope, and C is a 6 x 6 diagonal matrix
of damping coefficient of the rope. (F,,F,,F,) is
initial value of component force along the direction of

coordinate axis. (T, Ty, T, ) 1is initial value of

component torque along the direction of coordinate
axis. (r.,r,,r.),(0,,0,0.), (v, v ,0,) and (@,
o, ,w. ) are displacement, rotor angle, velocity and
angular velocity of coordinate system at the center of
the first micro cylinder relative to coordinate system at
the center of the second micro cylinder, and they are
automatically determined by solover of ADAMS.
Computed expressions of diagonal elements of

stiffness coefficient matrix of the rope arerespectively

EA GA
K, =f Kzzszszf
2GI El
Ky = L Kss = Kgs =f

Here, K, is tensile stiffness coefficient, and K,, and
K, are shear stiffness coefficients. K, is coefficient of
torsional rigidity, and Ks5 and K are coefficients of
bending rigidity. A is sectional area of the rope, and L
is length of the rope. E is elasticity modulus of the
rope. G is shear modulus of the rope, and may be
calculated by
E
METER)
Where, w is Poisson ratio.
I is central moment of inertia of the rope, and
expressed as
™
I= 67‘D4
Where, D is diameter of the rope.
Viewed from Eq. (1), the flexible force value
between two micro cylinders is related to material
properties of the rope, their relative displacement,

rotation angle, velocity and angular velocity. Here, a
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polypropylene rope with the diameter of 2.5 mm and

According to

mechanical properties of polypropylene!®’ | the value

the length of 480 mm is chosen.

of £ is 1.32 GPa, and the value of w is chosen as
0.35. We can figured out the following datum, and
wrote as
G =0.49 GPa
/=1.92 mm*
K, =13502.5 N/m
K,, = K;; =5012.3 N/m
K,, =3920.0 N/m
K = K¢ =5280.0 N/m
According to creep properties of polypropylene'
diagonal elements of damping coefficient matrix C may
be determined as
C,=Cy=0Cy;;=0.71 N-s/m
Cy=Cs=Cx=0.1N-s/m
According to above parameters, the stiffness and
damping coefficient of the rope model between adjacent
two micro segments are set up under ADAMS to make
mechanical properties of the whole rope model
approximate to real rope, and the deformation and

dynamic performance of the whole rope may be

simulated.

2 Knotter modeling based on rigid-flexible
contact dynamics

2.1 Virtual prototype model of knotting device of
knotter
The virtual prototype model of knotting device was

created under the environment of SolidWorks software ,

as shown in Fig. 2a. Considering the rope is forced to
be affixed to the surface of knotting hook by rope-
guiding plate, the rope-guiding mechanism model was
also established in the virtual prototype model of
knotting device. Rope-guiding mechanism is mainly
made up of cam mechanism and spatial crank rocker
mechanismin series, and makes the rope lap on the
surface of knotting hook. D-knotter driven by double
gear-discs was used in the model of knotting device, as
shown in Fig. 2b. The assembly model of knotter was
saved as format of * .x_t file under the environment of
SolidWorks software, and the file was imported into
ADAMS. The quality characteristics of the imported
model need to be modified to fit in with actual
material. In addition, some unnecessary parts were
deleted under ADAMS to simplify simulation model of
knotting device.

To validate whether the knotter driven by double
gear discs can knot, the rope model is built in the
virtual prototype model, as shown in Fig.2a. 240
small cylinders with diameter of 2. 5 mm and length of
2 mm were connected to build up a whole rope by with
Bushing force. According to rope shape after rope-
sending motion of rope needle, one end of rope lapped
on the notch of rope-holding plate, and another end of
rope was set up to contact with pulley.

2.2 Simulation model setup of knotting device of
knotter
2.2.1 Setup of drive and constraint

Rotary drive of 540°/s is applied to the drive

principal axis of knotter according to rated rotation

speed of 90 r/min. According to the actual connection
11

S 1617 18

{a) Virtual prototype model of knotting device (b) Strueture composition of knotter driven by double gear-plates

Fig.2  Virtual prototyping model of knotting device of knotter
1. Knotter driven by double gear-plates 2. Connecting rod 3. Rope-guiding plate 4. Pulley 5.Rope 6 . Knotter stand 7. Rope-guiding crack
8. Swing rod 9. Drive spindle 10. Rope-guiding cam 11. Big gear disc 12. Knotter stand 13. Small gear disc 14. Bevel gear installed on
knotting hook  15. Pressure spring 16. Platen  17. Rope-cutting knife 18. Knotting hook  19. Biting hook 20. Knife arm  21. Rope-holding
plate  22. Static slice of rope-holding 23. Bevel gear installed on worm axle 24. Worm 25. Helical gears 26. Moving slice of rope-holding

27. Rope-holding platen
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relationship between the components of the knotting
all constraints need to be added under the
as shown in Tab.1. The
“solid to solid”

device,
environment of ADAMS,
relationship of contact was set up to
type of connection for bevel gear transmission, worm
transmission, rope and other rigid components.
Bushing force was added among 240 small cylinders,
which is divided into two parts of translation and
rotation. According to the dynamic model of rope, the
value of K,,, K,,, K;, C,,, C,, and C,; may be set to
and the value of K, K, K,

C,,, Cs and Cy may be set to rotation motion.

translation motion,

Tab.1 Constraint relation configuration among components

Number of components Type of constraint

6 Ground Fixed joint

6 12 Fixed joint
10,11,13 7 Fixed joint
10 8 Contact

7 2 Spherical joint
2 3 Spherical joint
3 6 Revolute joint
6 9 Revolute joint
14 11 Contact

12 18 Revolute joint
11 23 Revolute joint
24 12 Revolute joint
24 25 Contact
20,21 12 Revolute joint
8,18,19,20,21,26 5 Contact

5 5 Bushing

Numerical iterative method was generally adopted to

solve dynamic equations that are made up of
differential-algebraic equations in ADAMS for virtual
prototype model of multi-contact constraint machine

[15]

system According to judgment rule of contact and

contact dynamics model, contact force will be merged
into generalized force matrix when ADAMS solver
computes the dynamics equations. Different contact
surfaces and contact type may be defined for different
components. Therefore, contact constraints among rope
and knotter components are added to avoid penetration
phenomenon between rope model and D-knotter. It is
necessary to modify dynamic friction coefficient and

static friction factor of components that were set up

contact constraints.  Dynamic friction coefficient
between rope and knotting hook, biting hook, rope-
holding plate, knife arm were set to 0. 18, and their

static friction coefficients were set to 0.37'°). The

contact constraints of microcylinders were also added to
avoid penetration phenomenon among micro cylinders
during knotting because penetration phenomenon will
lead to order to

knotting failure. In improve

computational efficiency of ADAMS solver, contact
constraints were only added to some micro cylinders
which exist contact relationship each other in the rope
model.

2.2.2 Applied load

As shown in Fig. 3, the change process of the rope
force may be measured by using knotting test bench,
the measurement way is as following:

Two tension sensors are connected with primary and
secondary rope respectively, and the pulling force is
recorded in the process of knotting by manually driving
the flywheel to rotate the spindle of the knotter, as

shown in Fig. 4.

Fig.3 Pulling force measurement and principle of rope
1. Knotting hook 2. Biting hook 3. Tension sensor of primary rope
4. Primary rope 5. Secondary rope 6. Tension sensor of secondary
rope 7. Monitor of tension sensor of secondary rope 8. Monitor of

tensionsensor of primary rope 9. Computer system of pulling force

collection

240¢

200} — Pulling force of pnmary
= — Pulling foree of secondary
% 160} — Sum of pulling force
3
= 120
B
Z sot
&

_1_0 3

0 20 80 100 120
Tlme of knot/s

Fig.4 Pulling force curve of the rope

Single rope is used in virtual knotting, and there are
double ropes during actual knotting. The peak value of
pulling force sum between primary rope and secondary
rope is chosen to simulate the actual force of the rope.
As shown in Fig. 4, the peak value of the pulling force
is 200 N. Therefore,

added among normal direction at the end of the rope

the pulling force of the rope is

model , which value is set up to 200 N. Another pulling
force driven by STEP function is added at the rope end

of rope-holding plate to simulate the condition of rope-
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STEP function is

cutting after the knot finishes.
expressed as following
F =STEP(time,0,200,0. 48,200) +
STEP( time,0.48,0,0.5, -200)

The meaning of setting the force is that the pulling
force at the end of rope model will disappear when the
knife contacts with rope between knotting hook and
rope-holding plate, which can approximately simulate
actual situation of rope-cutting. When the time is set to
0.5 s, knife contacts with rope between knotting hook
and rope-holding plate after simulations is tried to
finish several times. For Eq. (1), the initial value of
Fy, Fy and F, were set to 200 N, O N and O N
respectively. The initial value of Ty, T, and T, were

also set to O N-m, O N-m and O N-m respectively.

3 Virtual
validation of knotter

knotting and  experiment

3.1 Virtual knotting simulation
Virtual prototype simulation of the knotting device
can be executed by ADAMS solver after above drive,

constraints and load were set up, as shown in Fig.5.

{b) Rope-gukding (e) Rope-holding

(a) Rope-toggling

,

(h) Knot-tripping

(i) Knot-tied

Fig.5 Knotting simulation process drawing of knotter

(g) Biting hook close

driven by double gear-discs

To decrease the calculated amount and difficulty of
simulation, single rope is used in virtual knotting, and
double ropes are applied into actual knotting. But it
has no effect on validity and correctness of virtual
knotting.

Viewed from the knotting simulation processes shown
in Fig. 5a to Fig. 51, multi-contact constraints of virtual

prototype of the knotting device were set up rightly,

and dynamics modeling method of the rope is feasible
and parameters setup of the rope is right. The virtual
knotting may simulate large deformation and dynamic
behavior of the rope, and can reproduce the process of
the contact constraint between the rope and the rigid
member under the action of tension. Rigid-flexible
interaction process of forming a knot may be real-time
observed under the action of tension by the virtual
knotting, including dynamic process of forcing the rope
to lap on the surface of knotting hook by rope-guiding
plate, guiding the rope into the arc notch of knife arm
by arc surface of knife arm, holding and rotating the
rope by rope-holder, twisting the rope into a ring by
knotting hook, opening biting hook and clamping the
rope, closing biting hook and pulling out the rope
head, and forcing rope ring twined on the surface of
knotting hook to break off by knife arm. For the rope
model in literature [4 ], stiffness coefficient of the rope
was only considered and set to fixed value. At the
same time, damping coefficient matrix of the rope was
ignored. The dynamic model of rope established in this
paper is close to actual mechanical properties of the
rope, and may accurately describe large deformation
and dynamic performance of whole rope.

During virtual knotting, if the rope end located at
rope-holding plate is fixed and another end of the rope
is applied normal pulling force along end surface of the
rope, the simulation results were shown in Fig. 6,
which is different from actual knotting process. The
reason is that it is difficult for ADAMS solver to
simulate the process of cutting off the rope by knife
installed on knife arm. One end of the rope is clamped
by rope-holder, and rope ring twined on the surface of
knotting hook can’ t be broken off by knife arm and
rolls back to the surface of biting hook around knotting
hook until rope ring disperses, which leads to failure of
virtual knotting simulation. It is the reason that pulling
force driven by STEP function was added to the end of
rope located at rope-holding plate. In literature [4 ],
motion of cutting off rope was simulated approximately
by controlling motion of micro cylinders based on
of ADAMS, and high

requirement is needed to secondary development of

secondary  development

ADAMS. For motion simulation of cutting off rope, the
method of cutting off rope mentioned in this paper is

more universal and easier to come true.
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(¢) Rope ringrolls back to the biting i-mok {d) Rope ring broken off

Fig.6  Problem of cutting rope motion of virtual knotting
3.2 Experimental validation of virtual knotting

The designed knotter driven by double gear-disc was
installed in indoor knotting platform, tensile force of
rope, pressure value of compression spring of biting
hook  and
appropriately. The knotter was driven slowly to do

rope-holding  plate  were  adjusted
knotting motion under the condition of no straws. In
comparison with virtual knotting, digital camera was
used to record the process of tying a knot,as shown in
Fig.7. Left side view is virtual knotting, and right side
view is actual knotting of knotter prototype.

Viewed from Fig. 7a to Fig. 7g, virtual knotting is fit
remarkably well with actual knotting of knotter
prototype. The result shown that virtual knotting
method may be applied into verifying knotting effect of
the knotter after structure improvement or parameters
adjustment of the knotter during design stage, and
guarantee disposable successful production of the
knotter and decrease greatly investment cost.

3.3 Application of virtual knotting

The timing difference ¢ between the knotting hook
and rope-holding plate and intersection angle «
between the knotting hook shaft and principal axis of
knotter are two basic parameters of knotter design''’.
By using above virtual knotting method, value of o and
¢ may be adjusted to verify correctness of the two
parameters matching. Here, the value of ¢ is 98° and
the value of « is chosen as 2. 5°, 7.5°, 12.5°, 17.5°
and 22. 5° respectively. In the Fig. 8, the installation

phase difference ¢ between bevel gear installed on

(g} Rope ring is forced to break off from the surface of knotting hook
Fig.7 Contrast of knotting process between virtual

prototype and knotter prototype

worm axle and bevel gears installed on knotting hook is
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30°. The installation phase difference & between
incomplete bevel gears installed on the small gear disc

and big gear disc respectively may be calculated by 4]

E=p+y
Thus, the value of & is 32.5°, 37.5°, 42.5°,
47.5° and 52. 5°.

 ——

(e) Rope-biting begins (d) Rope-biting transition (e) Rope-clamping d
rope-cutting

Fig. 11 Virtual knotting when ¢ is 12. 5°

Fig.8 Installation phase difference between bevel
gears on the gear-discs
1. Small gear disc 2. Big gear disc 3. Knotting hook axis 4. Worm
axle axis
Virtual prototypes of knotter were modified to make

the & of 32.5°, 37.5°, 42.5°, 47.5° and 52.5°

respectively, and each virtual knotting was carried out

and compared with the virtual knotting when the value

{d) Rope-biting transition (e} Rope-clamping
rope-cutling

Fig. 12 Virtual knotting when ¢ is 17. 5°

of ¢ was 12.5°, as shown in Fig. 9 to Fig. 13. {s)Boge-biting begins

{a) Initial rope-holding (b) Rope-winding begins
Fig.9 Virtual knotting when ¢ was 2. 5°

{¢) Rope-biting begins (d) Rope-biting [ails
Fig. 13 Virtual knotting when ¢ is 22. 5°

with the beginning of rope-winding. Clamping point of

the rope deviated towards the moving slice of rope-

{e) Rnpefhuin;g begins (d) Rope-biling transition (¢) Rope-clamping and ] ) ) ] ) ]
rope-culting holding along anticlockwise rotation direction of rope-
Fig. 10 Virtual knotting when ¢ is 7. 5°

holding plate when the ¢ increases gradually, and
Viewed from Fig. 9a to Fig. 13a, when the value of locates gradually at the close space formed between
¢ varies from 2. 5° to 22. 5°, relative rotation of rope- rope-holding plate and the moving slice of rope-

holding plate is earlier gradually than knotting hook holding.
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When the ¢ is 2. 5°, the rope-holding plate doesn’t
force the rope into the moving slice of rope-holding
with the beginning of rope-winding. The rope is
brought back by rope needle after rope-winding starts
which

incomplete bevel gears transmission between small gear

and virtual knotting fails, indicates that
disc and worm axle meshes and lags behind incomplete
bevel gears transmission between big gear disc and
knotting hook axle. That is, 2. 5° value of the ¢ is too
smaller.

When the ¢ is 7. 5°, the rope doesn’t be completely
sent into the moving slice of rope-holding by rope-
holding plate. However, under the auxiliary action of
rope needle, the rope is able to be clamped with
rotation of knotting hook , which has no effect on virtual
knotting.

When the ¢ is 12.5°, the rope is completely sent
into the moving slice of rope-holding by rope-holding
plate and clamped between the moving slice of rope-
holding and rope-holding plate. When the ¢ is 17.5°
and 22.5°, the rope has been clamped between the
moving slice of rope-holding and rope-holding plate
before rope-winding motion begins.

Viewed from Fig. 10c to Fig. 10d, when the ¢ is
7.5°, the rope locates at the upper position of the
midpoint of the end line between knotting hook and
biting hook, and close to biting hook. The rope may be
clamped by biting hook.

Viewed from Fig. 12¢ to Fig. 12e, when the ¢ is
17.5°, the rope locates at the lower position of the
midpoint of the end line between knotting hook and
biting hook, and close to the surface of knotting hook.
The rope may also be clamped by biting hook.

Viewed from Fig. 11c to Fig. 11e, when the ¢ is
17.5°, the rope locates at the midpoint of the end line
between knotting hook and biting hook and the rope
which

indicates that an ideal position of biting the rope may

may reliably be clamped by biting hook,

be obtained.

Viewed from Fig. 13¢ to Fig. 13d, when the ¢ is
22.5°, the clamping point of the rope on the rope-
holding plate is too low to clamp the rope by biting
hook because the rope slides to the side of knotting
hook. The failure of biting the rope leads to the failure
of knotting. That is, 22.5° value of the ¢ is too
bigger.

Viewed from above analyses, virtual knotting may be
accomplished when the value of a is 98° and the value
of ¢ varies from 7.5° to 17.5°, which indicates that
the installation phase difference & is allowed to adjust
from 37.5° to 47.5° and the error of the & is about
angle of half tooth of bevel gear.

Viewed from Fig. 9 to Fig. 13, the effect of virtual
knotting may be observed clearly when the value of ¢
varies, and 1is more intuitive than the results of
numerical simulation after analytic calculation. Virtual
knotting may play an intuitive validation role to judge
whether parameters matching of knotter fit, and
contributes to form new knotter design scheme.

The problem of being hard to validate intuitively
knotting effect after the knotter design may be solved
by using the virtual knotting. The design defects may
be found during design stage of knotter, and
investment cost of knotter manufacture may be greatly

decreased.
4 Conclusions

(1) Acomplete realization method of virtual knotting
rigid-flexible

established. By comparing knotting motion of knotter

based on contact dynamics was
prototype with simulation results of virtual knotting, the
correctness of dynamics model of the rope and rigid-
flexible contact dynamics simulation of the knotter are
validated. The virtual knotting may be regarded as an
effective method to evaluate good or bad design and
guarantee disposable successful production of the
knotter.

(2) By rigid-flexible contact dynamics simulation of
the knotting processes of knotter driven by double gear
plates, bushing force connection under ADAMS is able
to solve establishment and simulation problem of
flexible body model with large deformation, and has
design and analysis  of

the reference value to

mechanism with rigid-flexible contact.
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Virtual Knotting Method of Knotter Based on Rigid-flexible Contact Dynamics

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

Abstract; Aiming at the problem of increasing investment cost of knotter production due to difficulty in
evaluation of good or bad design after structure improvement or parameters adjustment of the knotter, a
kind of virtual knotting method of knotter based on rigid-flexible contact dynamics was presented
according to the judgment rule of whether the knotter could tie a knot during design phase. The method
used the Bushing connection tool under ADAMS to build up dynamic model of flexible rope with large
deformation. A complete virtual knotting simulation process of the knotter was implemented by setting up
multiple contact constraint between the rope and rigid component of the knotter and applying load to the
rope. Rigid-flexible interactive mechanical behaviors of tying a knot of the knotter were studied under the
action of pulling force of the rope. The comparison analyses between knotting movements of the knotter
prototype and virtual knotting results validated the correctness of dynamic model of the rope and
simulation model of rigid-flexible contact dynamics. It may be regarded as an effective method to evaluate
good or bad design and guarantee disposable successful production of the knotter. The effects of the
timing sequence difference value ¢ between the motion of knotting hook and the motion of rope-holding
plate on knotting motion of the knotter were analyzed by using the proposed virtual knotting method,
which can play visual validation role to judge whether the knotter can knot or tie a good and bad knot after
parameters match of the knotter.

Key words: baler; knotter; contact dynamics; virtual knotting; ADAMS

Wk HE: 2016 —02 - 19 &[0 H . 2016 —03 — 18

EEWA: EEARFERESTE (51375215) HLIT T S BF & 1R 50 B (NY2015009 ) F1VL 55 5 A8 424 A d il TR B (5B &
(2014)37 2)

EEE N FEFE(1973—) , B W50, 4, E 2GR AL R ROl HLEs A ARBESE , E-mail ; yinjianjun@ ujs. edu. cn



86 & ol HLOM ¥ R

2016 4

51

D YT 4525 2 7 1R HLAR FL 2% B A% 0 R AR (R
I 7 ALY A 7 R B B TS5 . O T Tk
FT 45 45 45 09, X 4T 45 45 2F 47 245 0 g 0t 5K 2 B0
SR A 40 B 45 R U S B HE A
FEHLIR I B, H ek 1F J5 1 4T 45 45 BE 75 41 1 AR 48
gh Bz BT AR A S B R A B 4, R
BT A RV BT 25 M T 45 25 K, T A8 T3
el N TR G B s AT [ S oS A S A X
TS5 A8 B PLFT 45 92 B )y 1% 0k 56 36 1 46 4% % i1
o

AT BN AT LA B SR B A
F T 48 1) ) 2 R 2 S 0 v K AR TR 1) L, X 4T
45 1 AR 0 I 2 32 fik 3 g g o R ME . A0 x4
KRR S F0 EE LT RSB R K T i
Wiz By P AT TR Y . E N 2 R R
FHRR A3 02 2% 4 R K38 2l 3 R R AT AR 4L, B s 3¢
Bk[9] R LS — DYNA %2 4if MG 98 & 24 40 R 1A
Bl A Oy s, SR Y R B i 2 A
SR I A 5k G i b B4R, STk [ 10 ] R A
ANSYS fil ADAMS # {4 %t Z BEAEWLHE T WL a8 N R G
W 2 5 i 2k R AR SR AT IS O B SCEk [ 11 ] B
T BT AR P FITEE M AL, LBy
BN TG 2 N fih sl AT o R R T B R
RGBS

A SRR R T 45 75 45 i il 52 B0 B S AR IR
W B e AT 41 25 1 39 0 o 3 3 A XU 19 i) S 3
T ADAMS ff) Bushing £ %1 & 57 iz B 46 28 22 M Fi1 )
SEREVE R B 2 AT LA 45 48 BE 5 T 1 4R 45 0 1
FIUEN B T 25 3% B LT 25 19 S B vk WE R AR 4R
FERL S VE R 4T 45 i F2 W W 22 58 B 32447, W4T
S 38— UCHE ] 1 BT 3 BE VP TR 25 1 Ay
%o

1 WA NFRE

R 9 A8 T 3 M T 2 o M TR 5 o
R 3 AT 28 T 45 0 KA T T L R 4 £
BN T o {5 2 % T B TR 4
A 347 B0 RO 1408794 0B R 3 ADAMS
P F A Bushing 3 3 B2, 4B B kAR LG IR 48 24
e B AR /INT 240 B A 2L 45 0 T L4 J8 24 1 %
VAR 75 7 B B (7D 6 0 Bushing 73 JF i 3
AT AR 3 e 7 9 0 R o 3 2 A 5 S A
FREBIG 3 A4 J1A 3 A4 I HL(F, F, F, T..T, |
T,) $A% Z b B R W 1 R

il

B 1 JET Bushing Jj 3% £ 49 i 48 3y J7 27 4L Y
Fig.1 Dynamic model of the rope based on Bushing

connection

AR 124 PG , Bushing 3" AT KR

Ij‘xl:l Ijt[l B’xl:l Ij‘wl:l
%. O oo O oOd % 1
O oo oo ded
O 50 0000
O gt e O, O 0O (1)
r o g0 Ly O Lcr, o
OO OO OO0O0d @&
Ij'},I:I a0 0O T,
%EI %D O O % O
zl:l ~|:I @zD zOI:I

A K—— AW RS, 6 x 6 X #f 4 [
C—— R BHLJE R BERE , o 6 x 6 Xf ff1 REL %

(Fo,Fy,Fy) W AR AR A7 19 43 190 B A
(Ty,T,Ty) T AR AR T 18] 73 1 FE R BR (R
<rt’rv’r:) %lﬁﬁfﬁﬂqulbﬂ‘ﬁéﬁ?%

T4 2 Bl B 1B A L Ak
LR PR 4
(6,,0,,0,) —55 1t B IR A% vt &b A b5 3R
FEXTF 56 2 ok B B v s b
A T F 1) % A
551 B IR R vt b A AR R
AT F 565 2 ok B B A opos ik
AR T ZR ) T
(0,,0,,0,)—5% 1 BB FE oAb A bR
FANT T 5 2 B R A
oAb A R FR ) S R
(r,,r,,r.).(6,,6,,6.) (v,,v,,0) (0, 0, 0, ) H K
fif 2% A Sl E
A0 48 W B e RN

(v,,0,,0.)

EA GA 2GI
Kn:T K22=K33=T K44=T
El E T 4

5 6 2(1 +Iu) 64

K
Ky Ky —— VI NI
K
K

44_*35.%[}]”&
55 \K(,G_Z"%-{ EH BJIJJ_E‘



9 1) FrHEZE S TR SR Bl 3l Sy o 0 FT 45 R kAL AT 45 O S RO 87
E— N4 s v e AT KBl 12 RE o
C— A YR p——IAR

T— 4R 25 o B S
A D L— 28 A AR K
L) WA Y A 48 P B IR A R] Y S
KNSR 28 A BRI AHXT 07 7% G AR AR
HR, 7RI, AL HAL D =2.5 mm RN IH,
KB L=0.48 m, 45BN S EHE " E =
1.32 GPa,u =0.35, &3 B 1G5 H G =0.49 GPa,l =
1.92mm",K, =13502.5 N/m,K,, = K, =5 012.3 N/m,
K,, =3920.0 N/m,K,, =K, =5280.0 N/m, H i
PR B A e B R RBUE M C XL R
C,=C,=0Cy; =071 N-s/m,C,, = C;;, =C, =
0.1 N+s/m,
fie FRZHfE ADAMS v 3 AH &R PR 1 B R 42
R 1 ) 5 K BHLJE 28 85, 1 R B A 2 B 2 11 g 2
RE 2 10 I8 206 L 52 g 22 R B, DT TS 00 R B AR 4 1Y

15

1617 18

2 {IEBRFEMINFZER

2.1 FEBRMEEBNEMENEDR

K SolidWorks #i {1 8 37 4T 45 £ i 45 % 8 4
NP 2a FTR . % RS BT 45 1 A b i A 4 A Bk 4
B 30 (1R 48 15 B TR 4T 45 W b SO Sk g8 WL — I
7 B TS5 b SR AR WL i Bk 4 I R LR
5253 Jit] i A R LA BB OB T A, G 3 i R 1 48 K
AR 248 8 i T2 G A A A e AT S W R B AT
LW BTN 5 o B2 20 AT AR v R AL 5% 3K 5
Fresast A 4L 2b 7R o ¥ SolidWorks
BOPE T B FT 45 2 R 45 % AR 6, parasolid 81T
Y O 1= R L A Al 1 e (- N

ADAMS B, xS A A5 R4 8o e 1 DA AR £5
55 BRAABHREPE R AT, 5 I B3 Jmd 38 A 52 0 15 35 20 B
W, USRI A7 HAE A

19 20
(b) A4 7 SR EhIT 45 88 B h f 2H Rl

P2 JT45 A% A, 5 B AR LA Y
Fig.2  Virtual prototyping model of knotting device of knotter
LW SEIR S 3T 45 2. 384T 3. Sk 4084 S MRAE 6. ML T dkgiihs 8. AT 9. TR ERh 10 fkMmN R 11 RIG S
12 9TE5 83008 13/ L4 3TS5 SRS 1S, TR 16, kAR 17.%I%8 ] 18 9T45WE 19 fflt 20. JIRF  21. Jesift 22 fefg
WA 23 WUATAHE N R 24 WAAT 25, RRAAE 26. kdEsh T 27. RARJEAR

R T K 06 B A LA 25 3R B T 45 A A AT LS
U 28 FT 45 , 76 18 2 77 (14 R DURE ML ASE 78 o 22 57 1R
SRR, TRV, R 240 AR 2.5 mm K 2 mm
(147N B A A4 38 i Bushing J AH B 3% 45 B2 5 T8 108 A
T2, e BRI 4 45 R 22 5 R 4 1) T A8 iR AT B L, BV
R — S PR e 2 A IR 2R S — i 5 W A A
Hefih
2.2 FIHEBREEBEMEREELE
2.2.1 IR RAFRKE

FI 45 4% 5K 2 3 il 1% 85 B 7R 90 v/ min, BT
K Bl == %l it 0 e B 9K Bl Ok 540°/s ., MRS AT 45 2%
S0 B A 2Z 10 (0 52 B 4 452 56 R AE ADAMS R iR
FHRL 32 SR, W% 1 TR o Xt HE U5 58 1% s FiR
FEA%L 2y A0 40 F0 W PEAG R R AR 3 il OC & L is 3
R BEE R solid to solid” FzfiliE 4% . HHARMY 240 /1

[l A% 2 [A] S 75 I Bushing Jj 7% 4% , Bushing ¢ & 4
PR3, - 15 2 3 oy 4 2 3l g 2 R i) K
Ky, Ky \Cy, \Coy (CBUH AT, RS iz )38 43+
WA Sl ) F BRI ) K, K5 Ky . Cyy  Css  Coo BUH
HATEE -

X 2 1 fl 29 SAL AR R S8 09 LR ML AR AR
ADAMS R fift 25 i 55— A3 o — AR FE AL 1 3 )
IR R B 0 . AR YE ADAMS
SR FH B4 2 fi 0 D o D) R 4 o 51y g 2E AR SR B )
27 AU, ADAMS SR i #5452 ik 01 9 AT I3 E
R rb SR A o XA R4S 1 22 ) i 2 fl A ), i 208
A SCHE R T, B HE SRR S I, Oy Tk
Gt 28 55 NI A 1 22 ) A EE s B, 00K IR 4
EFT 5 4 TP AT HE Ml OC ZR R 1 22 ) S 42 Ak | AE
N RV GRS AR DAL 31 D A



88 & A Bl B ¥ i

2016 4

x1 MEZEHARIXRZE

Tab.1 Constraint relation configuration among
components
Pl 2 o P 2 Yk R
6 K [l 5 &
6 12 i 5 A
10,1113 7 [ 7E &
10 8 2 fi 1)
7 2 Bl
2 3 BRI
3 6 TR il
6 9 e &% &
14 11 22 fik &)
12 18 e e )
11 23 e fioh &)
24 12 TiE 4% &l
24 25 2 i &)
20,21 12 Tite 4 il
8.18.19.20 21,26 5 & fih &)
5 5 Bushing

P o B 55 1R 2 B R 1) /0N (B A 22 1) S 4 A 3
ADAMS 42 fif ¥ 22 % 355 HE vp 42 03t 1 32 fih 2 1 11 5 g
PR R B S80S, o TR &S
BTV W25 T B Mk 4 1 ) 0 EE 8 TR R e
PEVEIN B AT BB T 9CBR T 45 R BN R
RSB RC AR AL I E A - (WA F
TR I EREHE DB 0. 37 (B BEHE DI K N 0. 1817
[F) s, 1 48 45 BE TR 4 22 4]t 290 45 2 fh 2 32 e 4
FT 453 B v 4% BE IR A 22 ) 2% A 5 35 T G v O 48
g o ol T A 5 2R A0 4% BT =2 ) L AR
(1) — /N B, e R A 4R 2 A8 AR e A ik OG R I A5 B
B AL =2 7] V25 42 fik, 7T LA K A4 B ADAMS SR fif
(RANER Ve
2.2.2  #Fqahtim

A 3 TR, AT 3 N G A I e 4T 4 5 R
HR AR R ) F AR I IR T

TEH) AR 248 AR AR 28 b 43 ] e 3 — AN ir 4%
SRS T BN IR KA T4 B R S BT AT A 4
SR ST R AR LR Go AT B A A A A 48
J1, I 4 TR

Fh T R 00T 45 1 R B4, T S PR AT 4 5
SRR o 7E 07 L B G 48 0 G 48 )
TRy e A5 40090 48 19 52 B 32 7, et R 4 0 78 A
25 A] WK (R 200 N 48 I, 76 4iF 48 455 780 o o
T i TR T WS 0 2 A R B 1 L R/ 200 N 4ir
1ol T BT 45 B AE HSS I TR 48 TR 1 ) R
GITURT B9 00, 675 A TR 114 e 288 45k Kb R 288 0K 0 VR
—A~ STEP 58K 3l (¥4 71 , STEP MRS = I F

KIE LECEpA) Sz KRR+
Fig.3 Pulling force measurement and principle of rope
LITEEYE 2 B Hh 3. WG s  J) e AR 4 WIS R
SORGANEE 6. IR AL )AL IR AR T RGN B8 L ) % R
WoREE 8. WAL I B Bongr 9. BLJIREIT RN RS

Hr g — iR — VRGBSR 2 A
200F
z 160}
E 1204 1]1
(|

= sof i
o} M

0 20 40 60 B0 100 120 140 160
FTER []/s

P4 fif g6 0 8 f it 22

Fig.4  Pulling force curves of rope

F = STEP( time,0,200,0. 48 ,200) +
STEP (time,0. 48,0,0.5, -200)

BT RSO - AR 48 70 12 fuh 29T 45 5
ke g 58 22 W) 14 918 288 I e g 5 ALK AR 48 R S L T 2K
T ST RLASESULHR 2 e K 4 U0 b B I d o 2 %
BE WS E] ¢ = 0.5 s, 1 48 ) 45 ful 21 47 45 W 5 e 4
BEZ IR PR 48

X (1) 4 208 25 B 19 A =2 ) ) 4 g 0 4 g 9
VIRME F oo F o F o T T, T o 3 5 HCK 200 N O N
ONMON-m,0N-m.0N-m,

3 TESREMITE S IXNIREIE

3.1 EMHTHEE

o3 bR UK Bl e 2 BB A A S, A
ADAMS SR fif 5% 05 4T 45 i B 45 258 B e $OURE AL A 200 3
Trpr B A JHAR WA S s

Oy W AR 15 ST B0 X . 7 I 418 448 O LR
752 PR F T 45 2 XU, 33K A 52 Wi HE U3 T 245 ) TE 8 1
M Sa B 51 A (1 S 05 2 o i ml DL, 46 e
F14 R FUMRE AL 2 v 22 3 fioh 249 80 0, AR 48 1) B
Jy 2 BRI I AT, B RO IR, T LUBLILLR
4RI KBl J1 2447 O, BE P BLAN 48 7 47 77 15 ]
5 WA R 2 18] B 1 fik 2 G AR R R AT 4
A S A L AR 28 A L ) A T T R 4 11 I S AL
Tk T, A5 T 2 BRE R 4 4 1) FT 45 W 4 1 0 B Y B
EoSuR e TR QAL RS R INTTRG AN B AR



9 1)

FrHEZE S TR SR Bl 3l Sy o 0 FT 45 R kAL AT 45 O S RO 89

(d) GednITas () GRANEE R

@) ®&
S XA S BK Sl 3745 e 4T 25 5 B3 72 ]

Fig.5 Knotting simulation process drawings of

(h) #ER 5 n (1) gk

the knotter driven by double gear-discs

Bl Je 28 25 I AFIE e R 28 BT 45 WE A RO 4 Tk
TR SR 48 AR EE DA 4 4 Sk R DR i o 2 4
MATEEWE EHEDL . X TR 2a B R, SOk [4 ] 0% &
TR SR NI R AR, LRI FR O o (A, R TR A
2R BELJE F BOH B T AR S ST I R 4R 3 g 2 A R
TR 4 LS AR R AT AR AT R A A ) R B 4
AR T8 K 3 ) 2E Mg o

TE AT 45 477 B ey, 5 e 2 35 A 48 208 K i 1 ]
SE, VR e 00 4R 4 2R o 9 i TR 9% 1) e 0B T ) B 4G
WE 6 frR, X 5 5P T 45 3 B2 A 45, 3R B 2
ADAMS K fif i XE LA ECHR 4845 0 1 %107 0 2o A2, 4
2R, — ity B I 20 2 A AT S A 0 4 g SR AE AT
SEWE TSR )R S 4 T 4R SE 4T A5 W R
I S B, BB A IEOT AT BRI, X
2 1 e 28 48 A0 4R 48 2R 3 5 i — > STEP & 504K 5
P H JE S RUBE AUl ) R B 48 B A . SCiik [ 4]
Wk ADAMS R IT A& R T 455 il sk Be IR A 2 2l ok i
IR0l %0 248 3 /E , %F ADAMS — R JF & 2ok &, i
AR SCRLADL R 48 2 VF 1 05 vk B LA M T S
3.2 ERUTHE R IIE

W B R BB SN T S5 LA B NI S B
2R b A R A I 2R 5K T ) R e 4 R AR Y
JE iR B GG (H , AEA EREFF DR IS B0, 18 o 4K
BT L, A AT 45 2 A%, O FH B AE BT 5% 4T 45 4% A
iR, ST A 07 B A R AT XS L, i T
7, L ZE O B R SRR BILET 45, A7 O 81 R 3T 45 25 4
PLAT 4

B 7 AT UL, R AT 45 5 T 45 4 ) BEAE AL 4T
S RRAR T WA, R W LT 45 S By AT LU

() MINEAHGE E (d) ST
Bl 6 R LFT 45 iY &) 48 3l VR A7 78 /Y ) 7

Fig.6  Problem of cutting rope motion of virtual knotting

FETT B Bk 36 1 45 45 19 245 44 WOtk Fn S 50 5 1Y
BUEE A DR UEFT 45 25 1) BRAE BL— U1 i 3 1) B g
KK BEAR T F745 5% Hil & 19 B A A
3.3 EMITHENA

FT 45 W6 F e 28 B S VR I e 22 @ AT 45 6 b 2
HEMAL I o RITHEB/BEITHHARAS
B R ERIE AR o Ml o FEARF A AT
FI A5 SRR AT B AT 45, LU UE S 5L d 2 75 5
W TEM, o B 98°, ¢ HL 2.5°.7.5°,12.5° 17.5°,
22.5°3L 5 {H . Il 8 Fras, W AT Al ok O 48 S5 4T 45
e AT 6 20 e A 22 o B 30°, /R i B AN 58
R 5 R B YA 58 4 1A 48 1 2R A 22
Hee=¢@+¢ B M o B 2.5°,7.5°12.5°,
17.5°.22.5° 0}, & B 32.5°,37.5°,42.5° 47.5°,
52.5°,

1B AT 45 8% KE AR HLRE B A /N 3 B AR 58 42
HERAe 5 R8BI 8 2R e LR AN 2 &
53R 32.5°.37.5° 47.5°.52. 5° | R Hij & 7 2k %f
HIBATE 05 @ W12, SOy Y 5 #0047 45 o 72 %)
H, WA 9 ~ 13 iR

HE9 ~13 K a AT, Y ¢ Ky 2.5°.7.5°,
12.5° 17.5°.22. 5°I}, LT Iy B I 4 3k AH X AT 45
W P 2 S 1 T R T, B AT 2 W S e R B 22 o
RO, AN T by ik 48 2 0 e 4 B 30 i B D 1w 41 48 e
R e 4i g how % , B WAk T I s i 5 Je g B iy
I F G a0 . 4 o =2.5°m, L30T th i)
e 2 B R KGR 400k A e 4 B v e B T iR SR S 4
SR AR 1], RE AT 45 R M, R BN £ B A 58
A HE A G 5 0 T A o A G S IS OROIA B RS 5E



90

& A Bl B ¥ i 2016 4

B8 A A A8 AR 0 22 7R 2 A
Fig.8 Installation phase difference between bevel

gears on the gear-discs

Lohhide 20 KRG8 3. 9T45MER 02 4. Jedi SR PO 2

(b) $48

(a) GenFraannd Fe i | (b) GeAnFFaaad SRR
K9 o 2. 5OmF iYL 5T 45

Fig.9  Virtual knotting when ¢ is 2. 5°

() B @ HRILER  (Rd. FASR
SRR (oo pren B H R A

10 o B 7. 500 i i 4047 45
Fig. 10 Virtual knotting when ¢ is 7. 5°

LHEVTR ST A R R i S K 2 J o B 2. 5°
AN M@ =7.5°mF, BEANIT IR i e 4 4 O K K 4
T AR NI Ag Bl e, B AE 48 B e R R 2 0 il B A
FATR L Bl HT 25 W T it 8 11 1) ) B 478 2 48 o e %
AW REITES o 2 @ = 12. S°WF, SE41IT fh i) 46 28
B Je w2k A LB R KE, Y o=
17.5°F @ =22. 5°/F, L2 IF 4 B 40 48 © 9k Je 28 4%

o Hlkeagsh b %,
@ TIEME | P 100 ,10d 0] L, 2 @ =7. SORY, 448 4L T 4
B 7 R REHL 5 4T 55 SR BT 45 5 R X 1 B R ity 5 ¥ T &5 W R ity i 48 0 P ) Al A, S A R
Fig.7 Contrast of knotting process between virtual BB A BRI AR 48 5 1A 12¢ ~ 12e AT LY

prototype and knotter prototype o =17. SO H0AG AL T 4§ K B 5 T 55 W o B e 4R



59 1

TR G ST WIS AL Ak B ) B AT 4 AT S T IR TR 91

(o) BT A @B (oRe. # SR
A AR A EHEARS B AR AR
B 11 @ B 12, 5°0F Y B 0047 25
Fig. 11 Virtual knotting when ¢ is 12.5°

() BmT @B (oWt HASK
EHEARAS B R A P ey

F12 @ BU17. 5 Bl i LT 4%
Fig. 12 Virtual knotting when ¢ is 17.5°

O Sy VR 1 N VA L T s ol 1 2 2 I R
Ui &l Tle ~ e nl L, 34 ¢ = 12. 5O, il 48 4b T
AR A S 5 T 45 W O S 1 £ ) o I B B AT R
WCAE AN 46, KW @ = 12.5° n] 2R 45§ W N 48 d 1 37
B @ =22, 5O, I8 48 75 e 4 4 B Y e fr
G, b s 41 268 9 3 2 FT 45 e 7, S R Gk
WA AR 248, B I 8l A 2R T AR BE U2, ] 13\ 13d
P, W @ B 22 5°5 K.

 ER T, 2 a=98° 9 N 7.5° ~ 17.5°F,
nf LS BB AT &, SR /NG B R o A fE I A

(c) EHmEIF i i {RERIR AR

K 13 o WL 22. 5o 1y RE L 4T 45
Fig. 13 Virtual knotting when ¢ is 22. 5°

(d) $Hm KR SR A

5 ORG B b AN 58 4 eI A Y R L 22 e A A
(42.5 £5) °[A) 22 8l , 29 M A I B AT BE

MIET 9 ~ 13 nl i A8 7 3T 45 Wi A1 Je 2 45 3 4 it
¥ 2% @ WO RMELI , R AUUFT 25 RO L A7 3159 )5 /9
B A PSR S8 0L, X B T 45 2 BOUE G
0 3 S ) B UE A T, A B T8 OB 1 4T 45 4%
BT S . MR T I RE MR DT 45 A Bt JE YE L E
LS8 I B A5 AR Y 18] R, 8 B3 B BERT A BTk
B oAV AT 45 ot i s P B ARAR o

4 it

(1) FEST 158 B 0 4T 405 45 I 52 & frh fE 40047 45 52
BT L 38 S R AT 45 A RE B AY BCAS S A 5 AT 45
(95 A5 R REAT RS Ee 70 A7, Bk 1 48 48 3l g 2 A Y
55 W S 4 fuh 3 g 27 05 LA IE B P, AT AR D A BT
DL PRAUEFT 25 4 — U 1 i )2 A 8T 1

(2) 3 3o X RUT AT 45 25 37 45 1 7 9 W 2 42 fih
1A B E T ADAMS () Bushing 3% 2 AT fi§
RASTE Fe 28 3R SR Y st 7 5 0 [ T, 1 5%
SR LA B S A B A R

2 % X W

1 PR RTIE, BRIEWL, 45, 14588 R di-Sen- A s E S B ST AR [T ] R LR i, 2015,46(9) 135 -

143.

YIN Jianjun, ZHANG Wanqing, CHEN Yaming, et al. Parameters analysis of rope-holding motion, knot-winding motion, rope-

biting motion of knotter and knotting tests[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(9) .

135 - 143. (in Chinese)

2 LI Hui, HE Jin, WANG Qingjie, et al. Design and experiment of @-type-knots knotters on Chinese small square balers [ ]J].
Chinese Journal of Mechanical Engineering: English Edition, 2014, 27(1) ; 154 - 164.

3 KRS, YR, WM, F. W o SIS R SN BT (1], R HLA i, 2013, 44(12) : 74 - 79.
ZHANG Shaoying, LI Haitao, CAO Qinghe, et al. Design of key transmission mechanism of double-a-knot knotter [ J].



92

PN A1 R G S 4 20164

10

11

12
13

14

16

Transactions of the Chinese Society for Agricultural Machinery,2013, 44(12) . 74 =79. (in Chinese)
FHHEEE, AR, BRI D BUST A RO B AL GE S LS R AT (] RO ALAA 4R, 2011, 42(6) : 103 - 107.
YIN Jianjun, LI Shuang, LI Yaoming. Kinematic simulation and time series analysis of D-knotter and its ancillary mechanisms
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(6) : 103 —107. (in Chinese)
WRopf, 2o, sk, . LTt CRER D B4 EA 5as s (i K[ T]. R LI, 2014,45(12) :104 - 108.
CHEN Longjian, LI Cheng, ZHANG Angqi, et al. Reconstitution and motion simulation of D-bale knotter based on reverse
engineering[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(12) :104 - 108. (in Chinese)
AR, ISR, XA, %, D AT 4548 Pro/Engineer {f ELESIEDIRESHT[J]. RALMLHFF, 2009,31(9) :58 - 60.
HUANG Wei, ZHANG Zhiyi, LIU Zhiqgiang, et al. Pro/Engineer imitation and the analysis on movements and functions of twine
knott[ J]. Journal of Agricultural Mechanization Research, 2009,31(9) :58 —60. (in Chinese)
BESSONNEAU J S, MARICHAL D. Study of the dynamics of submerged supple nets ( applications to trawls) [J]. Ocean
Engineering, 1998, 25(7) : 563 —583.
SHARF Inna, ZHANG Yunning. A contact force solutionfor non-colliding contact dynamics simulation [ C] / ASME 2006
International Design & Engineering Technical Conferences and Computers & Information in Engineering Conference, 2006 677 —
687.
BEM, KT, Rk, . LS— DYNA W BRI CIEAE KT PN AU [T ] HUMER: 550K, 2013, 32(9) : 1249 - 1253.
ZHAO Guowei, ZHU Ouning, XU Yunfei, et al. The application of LS — DYNA seatbelt element in net simulation[ J]. Mechanical
Science and Technology, 2013, 32(9) . 1249 —1253. (in Chinese)
SKOKHE, VEVEYE, IR, 5. BT ANSYS 5 ADAMS R MIRIC G E[T]. R 5 K4 R, 2008, 20(17) : 4501 -
4504.
ZHANG Yongde, WANG Yangtao, WANG Monan, et al. Co-simulation of flexible body based on ANSYS and ADAMS [J].
Journal of System Simulation, 2008, 20(17) : 4501 —4504. (in Chinese)
BT, WK E. FA s S B SE 4R TAT AT LT ] RGO H ARk, 2009, 21(20) : 6519 -6523.
JIA Shiyu, PAN Zhenkuan. Real-time knot tying simulation of ropes with haptics[ J]. Journal of System Simulation, 2009,
21(20) : 6519 —6523. (in Chinese)
KLISCH T. Contact mechanics in multibody systems [ J]. Mechanism and Machine Theory,1999, 34(5) : 665 - 675.
JE%. UHMWPE S48 KM MA L2 MR ID]. 58 B K%, 2013
ZHOU Luyu. Study on the knitting process and mechanical properties of UHMWPE fiber rope[ D]. Qingdao: Qingdao University,
2013. (in Chinese)
FHEEAROT I BRI, S XU IR Sl AT A5 s it 5 A K IR A [T ] R HLB A 4R ,2016,47(3) 98 - 105.
YIN Jianjun, ZHANG Wanqing, CHEN Yaming, et al. Design and knotting test analysis of knotter driven by double gear-discs
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(3) :98 - 105. (in Chinese)
A4, KIS, AT, 5. BE T A AR S 1 O FOF EBCRLT] . BB AR 4R, 2011, 46(7) : 108 - 113.
SHI Mingquan, ZHANG Peng, FAN Shugqian, et al. Computational efficiency for dynamics simulation based on multi-contact
mechanical system[J]. Journal of Mechanical Engineering, 2011, 46(7): 108 —113. (in Chinese)
WROEfE, 2o, sk, . FEATRFLI B b 3T 45 B s il g e M [T ] RO AL 4, 2015, 46(9) + 128 - 134,
CHEN Longjian, LI Cheng, ZHANG Angqi, et al. Load experimental analysis of bill hook during straw baling[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2015, 46(9): 128 - 134. (in Chinese)



