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Abstract. Taking the copper conductor vertical barrel as the research object, the process flow
principle of the packaging system of the copper conductor vertical barrel is described, the
mechanism that meets the positioning of the inner hole is proposed. The transmission and
kinematics characteristics of the mechanism under different rod sizes are analyzed. The optimal
size of the kinematic parameters of the mechanism is solved using the MATLAB optimization
toolbox, the size of each member is determined for further determine the specifications and
dimensions of the original moving parts to provide a basis for the selection of the original moving
parts.

Keywords: cold-stretched tube, jacket film packaging, inner hole centering, positioning
mechanism, MATLAB toolbox, optimized design.

1. Introduction

For product transportation, packaging technology mainly includes traditional cardboard box
packaging, stretch film packaging, heat shrink film packaging and cold stretch sleeve packaging
[1-3]. The integrity of the product in the transportation process is an important way to reduce the
cost of the enterprise. Through the use of advanced packaging technology, the quality of the
product is guaranteed, the packaging efficiency is improved, and the company brings economic
benefits [4, 5]. The stretched film has high transparency, low squeezing force, high strength and
good tear resistance. The cold stretch casing film packaging has the advantages of high work
efficiency, ensuring the safety and reliability of the goods, and good visual effects [6-8]. In
addition, the film packaging technology has a waterproof and dustproof packaging effect, which
is especially suitable for the packaging of cables and plastic films, and is widely, used in
construction, chemical, food and other industries [9-11].

For the process of cold stretch wrap film packaging, the main processes include tray loading,
film unloading, film stretching, film wrap, and material unloading [12-14]. In the loading process,
in order to ensure the integrity of the packaging film and good physical protection performance,
accurate positioning of the goods loaded on the pallet is required [15-17]. For vertically placed
cylindrical materials, the outer surface is in direct contact with the stretched film, and the inner
surface is used for centering [18-20]. Currently, the medium and small-sized cylindrical materials
mainly use the stretch film process, and there are few studies on the vertical placement of
larger-sized cylindrical materials and the vertical centering.
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2. Composition principle of cold stretch film system of vertical barrel

Wire and cable products need to meet strict packaging requirements due to their own attributes,
sales requirements and circulation requirements. As a metal product that is easily oxidized, cables
are also affected by light and moisture, which can cause material deterioration or damage. The
packaging of materials is directly related to product quality. At the same time, today's consumer
market is saturated; consumers will also consider the beauty and environmental protection of
product packaging when choosing products. The quality of product packaging directly affects
product sales. In addition, the product has to go through many links of transportation, handling,
storage, etc. from the factory to the user, which requires that the packaging method should meet
the convenience of handling and transportation. The above requirements fully verify the necessity
of packaging.

Traditional wire and cable product packaging is mainly wood, because wood is easy to process
and low in cost. With the improvement of human environmental protection awareness and new
product packaging requirements, packaging forms have changed. As a new type of packaging
material, stretch sleeve film, Because of its good protection performance, superior cost and
efficiency, superior appearance transparency, and outstanding advantages in weight and
environmental protection, its share in the packaging field is increasing. In the cable industry, in
order to ensure the integrity of the product during transportation, higher requirements are put
forward for the packaging of barrel-shaped materials.
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Fig. 1. Schematic diagram of copper conductor vertical barrel

As shown in Fig. 1, the copper conductor vertical barrel is composed of a transportation
process beam, a tray, a copper conductor, a restrained inner ring and a restrained outer ring. The
transportation process beam can be used for the AGV forklift to lift or put down the vertical barrel
to realize the transportation between different stations. The tray, the restrained outer ring and the
restrained inner ring can limit the radial and axial movement of the copper conductor, and also
protect the copper conductor from deformation due to external forces. Taking into account the
properties of copper conductor products, sales and circulation needs, the copper conductor vertical
barrel is now packaged with stretch film, that is, the stretch film is wrapped on the outside of the
restraining outer ring to complete the packaging. At present, the vertical drum bagging method
adopts manual bagging. Because the radial size of the copper conductor vertical drum is 1070 mm,
and the axial size is 1980 mm, the cost of manual bagging is high and the packaging quality is
poor. Unsightly and easy to fall off the bag. The covering mechanism is now used to cover the
copper conductor vertical barrel, which can realize fast, efficient and high-quality packaging.

The cold drawing sleeve film system of copper conductor vertical barrel is composed of several
mechanisms. As shown in Fig. 2, the system is composed of membrane sheathing mechanism,
vertical barrel positioning mechanism, membrane supporting mechanism, membrane guiding
mechanism, membrane sealing and cutting mechanism, etc. The finished film roll is pulled out of
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the film by the film pulling mechanism, runs to the upper end of the system through the film
guiding mechanism, and the film supply mechanism stops working. The labeling mechanism
prints relevant product information and pastes it on the stretched film surface. The film supply
system continues to work, the vacuum sucker in the film supporting mechanism absorbs the film,
the action of the mechanism lever group converts the film from line shape to surface shape, and
the planar robot in the film covering mechanism converts the formed surface shape film into round
shape. The film supply mechanism continues to work, when the film length reaches the specified
length, the film supply mechanism stops working, and the sealing and cutting mechanism seals
the film by heating and cuts off the film. The membrane sheathing platform moves downward to
wrap the molded membrane downward on the vertical barrel, the membrane sheathing mechanism
is separated from the membrane, and the membrane is tightly attached to the outer side of the
vertical barrel under the action of its own contraction, thus completing the membrane sheathing
process.
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! Film supporting |
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Fig. 2. General schematic diagram of conveying mechanism
3. Overall design of vertical barrel positioning component

In the process of bagging the vertical barrel, due to the constraints of the performance
parameters such as the cracking elongation, elongation ratio and tension ratio of the stretched film,
as well as the errors in the conveying process, in order to ensure the good packaging effect, the
allowable position error of the vertical barrel at the bagging station is only +£10 mm, so it is
necessary to axially position the vertical barrel to meet the packaging requirements.

As shown in Fig. 3, the outer dimension of the copper conductor vertical barrel is 1070 mm,
the height is 1980 mm, and the inner hole of the tray is 450 mm. The square steel at the bottom of
the tray is used to support the vertical barrel and provide the necessary space for AGV forklift
truck to work. The weight of the vertical barrel when it is full is 2.0T during the positioning
process, the radial positioning is realized by overcoming the friction between square steel and
bagging station.

Considering the errors in loading, supporting and discharging materials and the high
requirements of the bagging station for the positioning of the copper conductor vertical barrel, a
centering mechanism is set at the bagging station. In the process of covering film, the outer side
of the whole material cylinder needs to be covered with film. If excircle positioning is used, it is
not conducive to sheathing film and may even destroy the film. If the inner hole is used for
positioning, the membrane sheathing process will not be disturbed. And the inner circle is not
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easily deformed by external load, and the positioning accuracy is high. Therefore, centering is
completed by inner hole positioning.

Because the bottom of the copper conductor vertical barrel is provided with a beam passing
through the axis of the circular hole, and the vertical barrel has a large mass, when three groups
of bar mechanisms are used to realize the centering action, the requirements on the power source
and bar members are high, and the centering accuracy is low and the stability is poor. In order to
improve the stability and positioning accuracy in the centering process, four groups of bar
members are used to realize the centering action.
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Fig. 3. Schematic diagram of copper vertical barrel size

As shown in Fig. 4, the inner hole centering mechanism of the mechanism consists of air
cylinder, static platform, hinge platform, hinge support and rod group, etc. The air cylinder is fixed
on the air cylinder mounting plate, and the piston is connected with the hinge platform through
bolts to provide the hinge platform with lifting movement. The cylinder plate and the support are
fixed on the frame through bolt connection. The hinge support is connected with the rod group,
the lifting of the hinge platform drives the push rods 9 in the rod group to “shrink” or “expand”,
and the expansion process is the process of positioning the copper conductor barrel. In the initial
state, the cylinder piston is not extended, and the push rod 9 is in the “contracted” state, that is,
the circle formed by the push rods in the four groups of rods has the smallest diameter, which is
convenient for the vertical barrel to enter the station.

When the copper conductor vertical barrel enters the station, the air cylinder drives the hinge
platform to move upwards, and the rod group moves under the action of the air cylinder. In this
process, the diameter of the circle formed by four groups of push rods gradually increases, the
push rods contact with the inner hole and apply load, and the vertical barrel moves stably under
the action of external load. When the piston reaches the maximum stroke, the diameter of the
circle formed by the four groups of push rods is the maximum. At this time, the four groups of
rods are all in contact with the inner hole. That is, the inner hole is coaxial with the center of the
rod group to complete the positioning.

4. Mechanism analysis of vertical barrel positioning component
As shown in Fig. 5, the vertical barrel positioning mechanism consists of a prime Mover, a
transmission part and an execution part. The prime Mover is an air cylinder, which is fixed on the

frame, and its piston is locked with the hinge platform, that is, the air cylinder can directly control
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the lifting of the hinge platform. The transmission part consists of four groups of evenly distributed
rods. Wherein the hinge support on the hinge platform is connected with the rod group, the lifting
motion of the platform drives the rod group to move. The actuating part is a parallelogram-shaped
connecting rod part, which realizes the vertical translation of the connecting rod by swinging the
rod connecting the fixed hinge point, thus completing the centering process.
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Fig. 4. Schematic diagram of inner hole centering mechanism structure

Fig. 5. Schematic diagram of vertical barrel positioning mechanism

As shown in Fig. 6, during the positioning process of the copper conductor vertical barrel, four
sets of evenly distributed push rods are driven by the cylinder to “expand” outwards to complete
the centering. Due to the difference between the feeding position and reclaiming position of the
AGYV forklift, the vertical barrels will be randomly placed within a certain range. For different
positions of the vertical bucket, the force applied by each push rod to the vertical bucket is
different.
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Fig. 6. Positioning process analysis

1 006 JOURNAL OF VIBROENGINEERING. AUGUST 2022, VOLUME 24, ISSUE 5



OPTIMAL DESIGN AND ANALYSIS OF INNER HOLE POSITIONING MECHANISM BASED ON MATLAB.
YONGMEI WANG, JINGYU SONG, ZUGEN Y AN, XIGUI WANG, CHEN LI

It is calculated according to the limit position and the maximum force of the push rod, that is,
the vertical barrel is at the limit position, and the centering process is completed by only one set
of push rods. The full barrel mass of the copper conductor vertical barrel is 2.0 t, and the friction
coefficient between the steel and the steel is 0.15, then the friction force of the vertical barrel
during the centering process f for f = umg = 3000 N.

That is, the minimum output force of the push rod is 3000 N.

The overall mechanism of the inner hole centering mechanism is shown in Fig. 5, and the
motion characteristics of the four groups of rods evenly distributed in the circumferential direction
are the same. The movement of a group of rods is studied separately. The movement diagram of
a single group of rods is shown in Fig. 7. The mechanism is composed of three parts: the frame,
the original moving part and the basic rod group. When the specific motion parameters of the
original mover slider are given, the basic rod group has a certain motion.
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Fig. 7. Single group member motion diagram Fig. 8. Slider-rocker mechanism movement diagram

In order to facilitate the description of the motion characteristics and optimal design of the
component, it is now defined as follows. For members i, define the length of the member as [;,
the vector value of the member is 7;, lever i the angle between the straight line and the
counterclockwise direction of the x positive semi-axis is 6;, lever i the angular velocity and
angular acceleration are w;, &;. For slider 1, the initial position, velocity, and acceleration of the
slider are respectively sq, v,, a,, the offset distance is e.

The movement diagram of the slider-rocker mechanism is shown in Fig. 8. The mechanism is
composed of a slider 1, a connecting rod 2 and a rocker 3. The slider 1 is the driving member, the
rocker 3 is the driven member and the up and down movement of the slider 1 is transformed into
the reciprocating swing of the rocker 3. From the previous section, we can see that the sliders and
rods i the definition of content, the vector equation of the organization can now be established 7, =
T, + 75

According to 8 and the closed vector polygon equation, the angular displacement matrix
component of the mechanism is in the form:

[c0592c0593] [Tz] _ [rlcosﬂl] 1
sin@,sinf; | Ir3] ~ |rysind, | M

Deriving Eq. (1) with respect to time t, the component form of the angular velocity equation
of the mechanism is:

, dry
[rzsin92r3sin93] [wz] B wq7y8ind; — ECOS% .
1r,€080,13c0805 | lws] dr, . (
w,1yCc086; + Esmel

Derive Eq. (2) for time t, and the component form of angular acceleration equation of the
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mechanism is:

. drl . 2
arysinfy + 2w, Esm@1 + wir,cosb;

—@cose — w2r,cos0, — wirycosH
1,5in6,135in6; [az] _ dt2 1 212 2 313 3 G
as -

1,€080,135C050; dry .
a,1,c086; + 2w, Ecos@1 — wirySinf,
2

o, . .
+Wsm91 + w3r,sind, + w3r3sinf;

According to the geometric relation and cosine theorem of Fig. 3, there are:

= \/rZZ + 1# — 21r,13c0s20BA, 4)
s(t s+ vt
0, = arctan% = arctan > 4 Q)

According to the actual space layout, the bar size is initially determined, [, = 80 mm,
I3 = 120 mm, e = 145 mm. Through MATLAB programming, the driving force of the prime
Mover that meets the reasoning conditions can be solved. When 8, = —48.0683°, 6; = 40.2850°
is set, then F; = 6239.25 N. When the pressure p of the air source is 0.6 MPa, the cylinder diameter
D of the cylinder of the prime mover can be solved, so that the prime mover can be selected:

4F
d= |— =115.0656 mm.
P

Therefore, the actual diameter d of the cylinder piston should meet the requirement of D > d,
and taking the cylinder with a diameter of 125.0 mm as driving cylinder meet the requirement.

5. Optimal design of single branch positioning mechanism

In order to further study the kinematic performance and dynamic performance of the
mechanism, it is necessary to determine the size and position parameters of each component, and
MATLAB optimization toolbox function can be used to deal with this problem. In the actual
optimization design process, there are three main steps: first, establish the mathematical model of
optimization, that is, determine the design variables, establish the objective function and determine
the constraint conditions. Secondly, select the appropriate optimization function according to the
actual problem, and finally carry out optimization calculation to determine the position and size
parameters of each component.

The mutually independent quantities that are selected in the design process and finally must
be determined are called design variables. In this mechanism, the length of each bar [,, I3, 4, [s,
l¢ and the eccentricity of the slider e are be quantified. For this institution, there are I3 = s,
l, = lg. Therefore, the design variables can be expressed as:

x =[x % X3 X4 xs]T =[l;l;e0, 93]T-

The variable is a 5-dimensional, which belongs to a small-scale optimization design problem.
In practical application, the value of design variables is usually limited by many conditions,
and the common area that meets all the constraints is called feasible area. By substituting the
coordinates of each point in the feasible area into the objective function, we can get the solution
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that best meets the objective function, which is the optimal solution of design variables.
Constraints can be divided into geometric constraints and performance constraints.

In this mechanism, the slider is the driving part and the rocker is the driven part. To avoid the
“dead point” of the mechanism, the bar OB has no turnover movement, that is [; + e > [,. The
inequality constraints are written as:

g1(x) =x1 —x; —x3 < 0. (6)

In the optimization design of linkage kinematics, in order to obtain the best force transmission
performance, it is required to select the best kinematics parameters, and the optimization design
often establishes the objective function according to the kinematics parameters of the mechanism.
As shown in Fig. 9, this mechanism consists of slider-rocker mechanism OAB and OBCD with
planar linkage mechanism in series. In order to make the mechanism have good motion
characteristics, the transmission angle of two mechanism elements y;, ¥, is greater than or equal
to the allowable transmission angle [y]. The mechanical structure transmits a large amount of
power, so the allowable transmission angle [y] is selected for 40°. The angle y,, ¥, is larger; the
force transmission performance of the mechanism is the better. The transmission angle can be
used as a performance constraint.

Wherein, the y4, y, should be satisfied y;,y, = 40°, and the constraint equation is obtained:

cos(180° — (|x,] + |xs]),

92(x) = {—cos40° < 0, (lxs] + |xs5] =90°), @)
cos(|x4| + |x5]) — cos40° < 0, (Jxu| + |x5| < 90°),
g3(x) = cos|xs| — cos40° < 0. ®)

In the practical engineering application of the mechanism, the size of each bar is limited by
the working space. The size requirement of existing component 3 is 20 < I3 < 250, the range of
offset distance e is 20 < e < 150, the angle range of joystick OB is 0 < 85 < 40°. In order to
avoid the mechanism “dead point”, the value range of connecting rod AB:

e
IL+13

—-90° < 6, < —arccos

After sorting out, the constraint equation is as follows:

94(x) =20 —x, <0, ©)
gs(x) =x, —250 <0, (10)
Je(x) =20 —x3 <0, (11)
g7(x) =x3 —150 <0, (12)
gs(x) = —-90°—x, <0, (13)
Jo(x) = x, — arccos xlfxz, (14)
910(x) = —x5 <0, (15)
g11(x) = x5 —50° < 0. (16)

In addition, in the whole movement process of the mechanism, not only necessary to meet the
above inequality constraints, but also to consider the bar length condition of the mechanism:

cosx
[ x,] [cosx:] —x3=0. 17)

To sum up, Egs. (6)-(17) constitute the constraint function of the optimal design of the bar,
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which constrains the value range of the design variables.

When the objective function is established, the optimal choice of the prime mover is taken as
the objective, that is, the optimal cylinder block diameter is taken as the objective. As shown in
Fig. 9, this mechanism is composed of slider-rocker mechanism OAB and planar linkage
mechanism OBCD in series. When choosing the prime mover, the mechanism can have good force
transmission performance by changing the component size. Considering the transmission
performance of the mechanism, when the objective function is established, the driving force of
the prime Mover is selected as an important index to evaluate the performance of the mechanism.
Now fmincon function is used to optimize the actual problem.

7
3B

L]
=

0

Fig. 9. Transmission angle of mechanism

The force vector diagram of the whole system is shown in Figure 10, which is used to calculate
the driving force of the slider Fy, through the stress analysis of each bar:

F — FBx
47 sin(|6,]) - sin(165]) - sin(16,] + [63])

A B Fa

\ !
Fau N Fa
F

Fig. 10. Force vector diagram of mechanism

When using the optimization function, the objective function needs to be sorted into the
minimum function and substituted into the design variable:
3000
sin(|x,]) - sin(lxs|) - sin(lxg | + [x5])

filx) =

In the process of force transmission, the transmission angle of the rocker-slider mechanism
OAB, it should also be as large as possible, and the objective function can be established:

f2(x) =

X X .
4 5 2

In the calculation process, the objective function f,(x) and f;(x) fractions in
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1/sin(|6,| + |05]) Play an equivalent role, so the objective function can be omitted f, (x).
In summary, the objective function equation is:

3000
sin(loc ) - sin(lxs]) - sin(lx,| + |xs5])

F(x) =

The MATLAB optimization toolbox contains a series of optimization algorithms and modules
that can be used to solve linear programming and quadratic programming, the maximum and
minimum values of functions, nonlinear programming, multi-objective optimization, nonlinear
least squares approximation and curves fitting, nonlinear system equations and large-scale
problems with complex structures. According to the description in the previous section, the
example standard form is a general constrained nonlinear objective programming problem:

Call the nonlinear programming function fmincon solver in MATLAB optimization toolbox
to solve. Its use form is:

[x, fval, exitflag] = fmincon,
(@0bjfun,x0,A,b,Aeq, beq, Lb, Ub, @nonlcon),
minf(X); s.t.AX <b,
AeqX = beq; C(X) <0,
Ceq(X) =0; Lb <X <Ub,

where, f(X) is the objective function.

The meaning of each parameter is as follows: x is the optimal solution of the return objective
function, fval is the function value of the return objective function at the optimal solution x point,
exit flag is an integer identifying the reason for the termination of the algorithm Objfun, in order
to call the function file name of the multi-objective function, x,, is the initial value of the variable,
A, b are the coefficient matrix and constant vector of the linear inequality constraint, Aeq, beq
are the coefficient matrix and constant vector of the linear equality constraint, Lb, Ub they are the
lower bound vector and upper bound vector of the design variable x, and nonlcon is the name of
the function that defines the nonlinear constraint.

For this 5-dimensional multi-objective optimization problem, combined with the optimization
mathematical model and optimization function, the objective function file, the constraint function
file and the main file of the optimization design mathematical model are compiled. Run the
program:

x =[103.7809; 141.2830; 122.5435; -1.0471; 1.0471]

fval =4621.21;

After iterative calculation, the optimal solution is obtained: [, = 103.7809, [; = 141.2830,¢e =
122.5435, 8, = —-1.0471, 8; = 1.0471, and then transform it into a rounded solution based on the
actual working conditions. Round up the solution as [, = 105, I3 = 104, e = 120, at this time,
6, =—60.3509°, 6; = 60.9136°, F, = 4621.21 N. When the air source pressure P is 0.6 MPa, the
bore d of the prime mover cylinder can be solved:

4F
d= |—=99.0278 mm.
P

The standard cylinder can choose a cylinder with a bore D of 100 mm. The rounding solution
can meet the transmission angle requirements, at this time the mechanism has better force
transmission characteristics, and the optimization results meet the requirements.

Taking the optimized rounded rod length and eccentricity as parameters, the mathematical
model of the single-chain positioning mechanism is re-established, and the motion law of the
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connecting rod 4 in contact with the positioning surface is studied. Because the planar linkage
mechanism OBCD constitutes a parallelogram mechanism, the movement law of linkage 4 and
point B is the same.

Displacement curve Velocity curve
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Fig. 13. Horizontal and vertical acceleration Fig. 14. Schematic diagram of optimized
curves of connecting rod 4 organization

Now take the hinge point O as the coordinate origin, calculate the displacement, velocity and
acceleration curves of point B in the horizontal and vertical directions respectively, that is, the
movement law curve of connecting rod 4, as shown in Figs. 11-13.

After determining the size of each rod, build a three-dimensional model according to the
rounded connecting rod size, as shown in Fig. 11. Where, [, = 105, I3 = 140, e = 120, the
cylinder only needs to select a cylinder with a cylinder diameter of 100 mm and a stroke of
150 mm to complete the centering process under the supply of 0.6 MPa air source. The allowable
error of the centering mechanism is £50 mm, that is, the centering process can be completed by
the centering mechanism within the 50 mm range of the target position axis of the copper
conductor vertical barrel. It provides conditions for bagging of vertical barrels.

6. Conclusions

This paper studies the inner hole positioning mechanism of the copper conductor vertical
barrel, and optimizes the design of its rods in combination with actual problems, which has a
guiding effect on the selection of the original moving parts. Through the analysis of the membrane
system mechanism, the explanation of the principle of the positioning mechanism, the
establishment of the mathematical model of the optimal design, the use of MATLAB software to
solve the optimal size parameters of the mechanism, and the selection of the appropriate
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specifications of the cylinder, And the size ratio of the rods in the mechanism has certain guiding
significance for actual engineering practice, and it provides a way of thinking for the optimization
design of tandem rods and the selection of the original moving parts.
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