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(567)  Provided are a tensioning method of prefabri-
cated component based on centroid tracking and seam
width control, comprising: Step 1 of establishing a coor-
dinate set Q of center points of micro-segments of a cen-
terline of arubber gasket, and a coordinate setI1 of center
points of bolt hole positions; Step 2 of calculating to obtain
a geometric centroid of the rubber gasket and a centroid
of reaction force of the rubber gasket respectively; Step
3 of calculating a centroid of tension force of a Jack; Step
4 of performing tensioning on prefabricated components

of assembly type based on the seam width control; Step
5 of performing tensioning on prefabricated components
of assembly type based on the centroid tracking. The
method can realize that when the prefabricated compo-
nent is tensioned, the rubber gasket is evenly com-
pressed, and width of seam of which is same at all posi-
tions of the seam. so as to improve assembly accuracy
of large prefabricated components and construction
quality of prefabricated structures of assembly type.
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Description

TECHNICAL FIELD OF THE INVENTIION

[0001] The invention relates to the technical field of building engineering, in particular to a tensioning method of
prefabricated component based on centroid tracking and seam width control.

BACKGROUND OF THE INVENTIION

[0002] Prefabricated assembly technology usually uses rubber gaskets as the key waterproof material for longitudinal
and circumferential joints of assembly components when applied in underground structure. This material is usually
composed of a non-linear elastic material. Under effect of the tensioning force of the assembly Jack, it can change shape
following change of width of seam between the components. It on one hand can ensure waterproof and sealing per-
formance seam between the components, on the other hand can provide cushioning effect for the components in the
assembling and completing stages, so as to avoid quality degradation problems such as component cracking due to
collision.

[0003] After rubber gaskets of the prefabricated components are in contact and compressed during assembling and
tension process, it is required to ensure that the width of the seam between the assembled components is even, the
rubber gasket is compressed evenly, with same elastic reaction force, in which centroid of reaction force of the rubber
gasket is consistent with its plane centroid, so as to ensure the quality of assembly. However, since the width of the
seam between the assembled components is often uneven due to various factors, elasticities of the rubber gasket at
different portions of the components are different, and values of the elastic reaction forces are also different, such that
inconsistency of the centroid of reaction force and the plane centroid of the rubber seal will arise. Therefore, itis required
to monitor the tension force of the tension Jack corresponding to position of the bolt hole in real time, and determine the
reaction force and the centroid of the reaction force of the rubber gasket under different assembly conditions by inverse
calculation. Then by adjusting the tension force of the tension Jack, it is ensured that the centroid of the reaction force
of the rubber gasket is coincident with the plane centroid as far as possible, so as to ensure the quality of assembly.
[0004] In assembling the components of assembly type, each component is required to be subjected to multi-point
tension by using several Jacks. In order to realize even compressing on the rubber gasket in assembling the prefabricated
components, and ensure that centroid of the reaction force of the rubber gasket is consistent with geometric centroid of
the rubber gasket as far as possible, to ensure the quality of assembly, it is necessary to develop a tensioning method
for the prefabricated components of assembly type, in which by dynamically tracking relationship between centroid
position of the reaction force of the rubber gasket and geometric centroid position of the rubber gasket, tension load of
several tension Jacks at the next moment is determined, to gradually approach target tension position of the component
of assembly type, and reach a preset seam width and ensure that the seam width is even.

[0005] As shown in Figs. 1A, 1B and 1C, gaskets 7 and 6 are symmetrically arranged on contact surface 4 of former
group of components B-2 and contact surface 5 of components B-1 to be assembled, and width of seam between two
components is affected by magnitudes and positions of tension force of a plurality of Jacks through tension hole 1, elastic
reaction force of the gasket and sliding friction force of adjacent components and cushion layer. Under effect of tension
forces from multiple groups of Jacks at different positions, gaskets 6 and 7 are compressed to produce elastic reaction
forces. However, due to irregularity of shapes of the components and the gaskets 6 and 7, centroid of effecting forces
from multiple groups of Jack may not coincide with geometric centroid of the gaskets, so that centroid of elastic reaction
forces produced by the gaskets does not coincide with their geometric centroid, resulting in inconsistent compression
deformation of the gaskets at different positions of the seams.

SUMMARY OF AN EMBODIMENT OF THE INVENTION

[0006] Therefore, in view of above defects, inventor of an embodiment of the invention researched and invented a
tensioning method of prefabricated component based on centroid tracking and seam width control, by dedicated re-
searching and designing, and combining experience and achievements of long time in related industries, in order to
overcome the above defects.

[0007] An object of an embodiment of the invention is to provide a tensioning method of prefabricated component
based on centroid tracking and seam width control, which can realize that when the prefabricated component s tensioned,
the rubber gasket is evenly compressed, and width of seam of which is same at all positions of the seam. so as to
improve assembly accuracy of large prefabricated components and construction quality of prefabricated structures of
assembly type.

[0008] In order to solve above problems, the invention discloses a tensioning method of prefabricated component
based on centroid tracking and seam width control, comprising:
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Step 1 of establishing a coordinate set Q of center points of micro-segments of centerline of a rubber gasket and a
coordinate set IT of center points of bolt hole positions;

Step 2 of calculating to obtain a geometric centroid of the rubber gasket and a centroid of reaction force of the rubber
gasket respectively;

Step 3 of calculating a centroid of tension force of a Jack;

Step 4 of performing tensioning on prefabricated components of assembly type based on the seam width control;
Step 5 of performing tensioning on prefabricated components of assembly type based on the centroid tracking.

[0009] In said Step 2, because any point of the coordinate set Q of center points of micro-segments of centerline of
a rubber gasket represents a square micro-segment of the rubber gasket, length of each micro-segment of the rubber
gasket is equal to width A of the rubber gasket, and areas of all of the square micro-segments of the rubber gasket are
Ay=k2. For coordinates and areas of all points of the coordinate set Q of center points of micro-segments of centerline
of a rubber gasket, area moments are calculated for X axis and Y axis, so as to calculate geometric centroid (X, Y) of
the rubber gasket, in which coordinate (X, Y) of the geometric centroid in the XOY plane is obtained by formulae 1 and 2:

”AXX} AX”X» ”X,
0 i 0 i i

Y = izl _ i=1 _ i=l
Z”: y nA, n
0

M

ZH:AO X Vi Ay X Zn:yz‘ ZH:YJ»
y = i=1 _ i=1 _ Q-1
Z”: 4, nA, n

).

[0010] Insaid Step 2, after contact surfaces of prefabricated component to be assembled and assembled prefabricated
component are in full contact, under static balance state of tension of the Jack, monitoring values Z; of widths of seams
of the contact surfaces of the prefabricated component to be assembled and the assembled prefabricated component
are obtained by monitoring the width of seams between the contact surfaces of n different positions of the prefabricated
component in real time, in which i=1, 2, ...n; since the contact surfaces of the prefabricated component to be assembled
and the assembled prefabricated component have two rubber gaskets with exact same shape, and compression amount
of the rubber gasket in same position is same, actual compression amount of the rubber gasket is result of initial thickness
Z, of the rubber gasket subtracted by a half of measured value of actual seam width (that is, Z;/2), that is, Z-Z;/2;
according to the measured n values of the compression amount of rubber gaskets, a surface equation is established
within a same plane coordinate system corresponding to the coordinate set QO of center points of micro-segments of
centerline of the rubber gasket, and the width and deformation amount of the seam are calculated according to coordinate
of each point.; then a dynamic database Zg is established according in order of time, and an elastic reaction force

Z.
F=E,x(Z,——L)/Z,)x A,
2 . . .
of the rubber gasket is calculated for each point of the coordinate set Q of center
points of micro-segments of centerline of the rubber gasket, for elastic reaction force F; of each point, a moment is

calculated for X-axis and Y-axis of coordinate system. According to principle that moment of composite force is equal
to sum of moments of the micro-segments, coordinates (X, Y)) of the centroid of reaction force of the rubber gasket are

obtained by formulae 3 and 4:

F F F
ZFJ-XXJ- ZEijZijAOXXj ZESJ-XZSJ-XXJ-
=1 _i=1 _i=1

X}( n n n
ZFI ZESI x Zg x 4 ZESI X Zg
el it it
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ZF}ny ZH:ESjXZSjXAQX.Vj Z”:EstZSijf
Y _ 1=l — 1=l — 1=l

ZE Z”:ESjXZSjXAO Z”:ESjXZSf
i=1 =1

(4)

[0011] Coordinates of centroid (Xp, Yp) of the tension of the Jack in Step 3, can be calculated by formulae 5 and 6:

b/l
ZPJ X X;
_ i

X, =
£
- (5)
” £oxy,
v, ==
£

(6)

[0012] In said Step 4, real-time monitoring is performed on measuring points of seam width corresponding to each
tension point of the Jack, then monitoring values of measuring points of seam width corresponding to different tension
points of the Jack are obtained, which is recorded as Z; in which i=1, 2, ...n, in which n tension points of the Jack

correspond to n measuring points of seam width, a final control target value of measuring point of the seam width is set
as Z,. By a method of multi-point cooperative tension, the final control target can be realized by continuous equivalent

tension for m times, in which control values of each tension of tension points of the Jack at n different positions is

Z -7
Ly = ——
> wherein i=1, 2, ...n. Required tension distance on tension point 1 of the Jack at different positions
is converted into the tension force of the Jack, and oil pressure and oil speed of a hydraulic control center are controlled.

[0013] Designofthe position of tension hole of the Jack of prefabricated componentshould meet the following principles:

1) in case that only one set of tension holes of the Jack are arranged for a group of components, the tension holes
should be on position of the geometric centroid of the rubber gasket;

2) in case that two sets of tension holes of the Jack are arranged for a group of components, the tension holes
should be on both sides of the geometric centroid of the rubber gasket while aligned on a same straight line;

3) in case that three or more sets of tension holes of the Jack are arranged for a group of components, the tension
holes should be arranged around the position of geometric centroid of the rubber gasket.

[0014] In Said Step 5, due to difference in effective size and position of the Jack, the centroid of tension force of the
Jack does not coincide with the geometric centroid of the rubber gasket, resulting in inconsistence of compression degree
of the gasket, then the centroid of reaction force of the rubber gasket does not coincide with the geometric centroid of
the rubber gasket. In order to achieve the goal that the centroid of reaction force of the rubber gasket coincides with the
geometric centroid of the rubber gasket, the tension forces of each group of Jacks are adjusted, to make the centroid
of tension force of the Jack and the centroid of reaction force of the rubber gasket are symmetrical with each other, with
the geometric centroid of the rubber gasket as center, so that the centroid of reaction force of the rubber gasket tends
to move gradually towards the geometric centroid of the rubber gasket, so that the centroid of tension force of the Jack
is adjusted to be symmetrical with the position of the centroid of reaction force of the rubber gasket accordingly.

[0015] In said Step 1, the plane of the component on which the rubber gasket is located is captured by a camera
device to obtain the image of the component, which is then subjected to correction of image distortion and tilt distortion,
information in the image is corrected by manual guidance, and skeleton contour line of the rubber gasket in the image
is recognized by image recognition technology, then a center line of the skeleton contour line in the image of the rubber
gasket and a center point of bolt hole position are recognized, and any point in the image is selected as the origin to
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establish a coordinate system, which is defined as the XOY plane coordinate system.

[0016] From above, the tensioning method of prefabricated component based on centroid tracking and seam width
control of an embodiment of the invention based on centroid tracking and seam width control has at least following
advantages:

1. The rubber gasket is evenly pressed in the assembly process of the prefabricated components, and the seam
width is same all over the seam, so as to improve assembly accuracy of large prefabricated components and the
construction quality of prefabricated structures of assembly type;

2. The tensioning method of prefabricated componentbased on centroid tracking and seam width control can improve
the efficiency of assembly;

3.ltcanbe applied in assembled structures such as transit stations, sections, entrances, air ducts and other assembly
structures of railway and urban rail, large underground space development assembly structures, underground pipe-
lines and comprehensive pipe corridor assembly structures, urban underground pedestrian passageways, under-
ground road tunnel assembly structure, and other similar projects built in manner of prefabricated assembly, and
has a wide range of promotion significance.

[0017] Details of the present invention can be obtained from the following description and the accompanying drawings.

DESCRIPTION OF THE FIGURES

[0018]

Figs.1A and 1B shows a component in the tensioning method of prefabricated component based on centroid tracking
and seam width control of an embodiment of the invention;

Fig.1C shows an enlarged diagram of a part of Fig.1B.

Figs.1D and 1E show essential contour informationin Fig.1B and a partly enlarged diagram showing the compression-
deformation relationship of the gasket;

Fig.2 shows a set of calculation points for the essential contour information for reaction force calculation of the
gasket, and a diagram showing position relationship among a centroid of effective force from the Jack, a centroid
of reaction force and gasket and a geometric centroid of the gasket;

Fig. 3 shows principle of the tensioning method of prefabricated component based on centroid tracking and seam
width control of an embodiment of the invention;

Figs. 4A and 4B show a reasonable arrangement range of a single-hole Jack of an embodiment of the invention;
Figs. 5A and 5B show a reasonable arrangement range of a double-holes Jack of an embodiment of the invention;
Figs. 6A and 6B show a reasonable arrangement range of a three-holes or multihole Jack of an embodiment of the
invention;

[0019] Reference numerals are as following:

107: the center point of centerline of the rubber gasket;
13: micro-segment of the rubber gasket;

1: tension point of the Jack;

8, 9 and 10: measurement points for seam width;

11: geometric centroid of the rubber gasket;

12: centroid of reaction force of the rubber gasket;

14: centroid of tension force of the Jack.

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

[0020] Figs. 1A to 6B shows the tensioning method of prefabricated component based on centroid tracking and seam
width control of an embodiment of the invention.

[0021] The tensioning method of prefabricated component based on centroid tracking and seam width control of an
embodiment of the invention comprises:

Step 1 of determining a coordinate set of center points of micro-segments of centerline of a rubber gasket and a
coordinate set of center points of bolt hole positions position of a component, wherein the coordinate set of center
points of micro-segments of centerline of a rubber gasket and the coordinate set of center points of bolt hole positions
position of a component can be identified by image information;
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[0022] Particularly, the plane of the component B-2 on which the rubber gasket is located is captured by a camera
device to obtain an image of the component (refer to Figs.ID and IE), which is then subjected to correction of image
distortion and tilt distortion, information in the image is corrected by manual guidance, and skeleton contour line of the
rubber gasket in the image is recognized by image recognition technology, then a center line of the skeleton contour
line 3 in the image of the rubber gasket and a center point of bolt hole position 1 are recognized, and any one point in
the image is selected as the origin to establish a coordinate system for convenient use, in which corner point of the
image can be selected as the coordinate origin to establish a twodimensional plane coordinate system, which is defined
as the XOY plane coordinate system, as shown in Fig.2.

[0023] By usingimage processing technology, the coordinate set Q 107 of center points of micro-segments of centerline
of a rubber gasket, the coordinate set IT 101 of center points of bolt hole positions position of a component, and a
coordinate set I 103 of points of outer contour line of component structure, which are stored in a computer database;

[0024] Step 2 of obtaining a geometric centroid of the rubber gasket and a centroid of reaction force of the rubber gasket;

(1) calculating the geometric centroid of the rubber gasket, in which because any point of the coordinate set Q of
center points of micro-segments of centerline of a rubber gasket represents a square micro-segment of the rubber
gasket, length of each micro-segment of the rubber gasket is equal to width A of the gasket, and areas of all of the
square micro-segments of the rubber gasket are A,=42; for coordinates and areas of all points of the coordinate set
Q of center points of micro-segments of centerline of a rubber gasket, area moments are calculated for X axis and
Y axis, so as to calculate geometric centroid K of the rubber gasket, in which there are n points in the coordinate
set Q of center points of micro-segments, and coordinate of the geometric centroid K in the XOY plane is obtained
by formulae 1 and 2:

14

Z:;onxj onjZ::Xj ZH:Xj

Y =z _ i=l
S 4 o "

(1)

ZH:AOX—Vj AOXZ”:—Vj Zn:yz‘
y - izl _ iz _ i
Z”:Ao 4, n

= 2);

(2) calculating the centroid of reaction force of the rubber gasket, in which distance between the interface between
prefabricated components to be assembled and assembled prefabricated components is monitored in real time by
using laser or other measurement techniques; after contact surfaces of prefabricated component to be assembled
and assembled prefabricated component are in full contact, under static balance state of tension of the Jack, n
monitoring values Z; of widths of seams of the contact surfaces of the prefabricated component to be assembled
and the assembled prefabricated component are obtained by monitoring the width of seams between the contact
surfaces of n different positions of the prefabricated component in real time, in which i=1, 2, ...n; since the contact
surfaces of both of the prefabricated component to be assembled and the assembled prefabricated component have
two rubber gaskets with exact same shape, and compression amount of the rubber gasket in same position is same,
actual compression amount of the rubber gasket is result of initial thickness Z, of the rubber gasket subtracted by
a half of measured value of actual seam width (that is, Z;/2), that is, Z;-Z/2; according to the measured n values of
the compression amount of rubber gaskets, a surface equation is established within a same plane coordinate system
corresponding to the coordinate set Q of center points of micro-segments of centerline of the rubber gasket, and
the width and deformation amount of the seam are calculated according to coordinate of each point.; then a dynamic
database Zg is established according in order of time, so that each subsequent tensioning can be retrieved for use
from the database (the compression plane of the gasket also can be determined by actually measuring the seam
widths at three non-collinear positions of the seams of the structure contour, them according to coordinate position
information (x;,y;) of the planeon which the gasket is located, and angle relationship between the plane and the
compression plane, value Z; of the seam width corresponding to coordinate (x;y;) of center point of each micro-
segment of the centerline of each gasket is determined by inverse calculation according to the similar triangle rule).

1) according to the experimental data of rubber gasket material used in prefabricated components, corresponding
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amount set Eg of deformation modulus of rubber gasket under different compression is established and stored in
the computer database;

Fo=E,; x(Z, —é)/ZO)XAO
2) an elastic reaction force 2 of the rubber gasket is calculated for each point
of the coordinate set Q of center points of micro-segments of centerline of the rubber gasket, for elastic reaction
force F; of each point, a moment is calculated for X-axis and Y-axis of coordinate system; according to principle that

moment of composite force is equal to sum of moments of the micro-segments, coordinates of the centroid Ki of
reaction force of the rubber gasket are obtained by formulae 3 and 4:

b/l b/l b/l
ZEXXJ‘ Zﬁ;jXZSjX’%XXj Zﬁ;jXZ?jXXj
i=1 _ 1=l _ 1=l

Xk = ‘ n - = n = 1z
ZF; ZESJ x Zg; x 4 ZESJ x Zg;
i=1 i=1 =1 (3)
if?xyj iEsz‘XZSjXAoXyJ‘ iﬁ;szijyj
v, = i=1 _ =l = 1=l

5]

Eo SE oz 4 YExZ,
i=1 i=1

(4);

[0025] The centroid of reaction force of the rubber gasket changes dynamically, in which the coordinates of centroid
of reaction force of the rubber gasket are different under different tension balance.

[0026] Step 3 of calculating a centroid of tension force of a Jack;

when prefabricated components are assembled, generally multi-point cooperative tension is performed with different
tension, assuming that number of tension points is n, the tension force on tension points are represented as P, in which
in which i=1, 2, ...n; the centroid Kp of the tension of the Jack is calculated via formulae 5 and 6:

}/
ZPJ X X;
_ 1=l

I
Xp = P

P

1

5)

5]

5

= (6);

[0027] Step 4 of performing tensioning on prefabricated components of assembly type based on the seam width control;
Asshownin Fig.2, when prefabricated components are being assembling, real-time monitoring is performed on measuring
point 4 of seam width corresponding to each tension point 3 of the Jack, then monitoring values of measuring points of
seam width corresponding to different tension points of the Jack are obtained, which is recorded as Z, in which i=1, 2,

...n, in which n tension points of the Jack correspond to n measuring points of seam width, a final control target value
of measuring point of the seam width is set as Z,,. By a method of multi-point cooperative tension, the final control target
can be realized by continuous equivalent tension for m times, in which control values of each tension of tension points

Z — Zi — ZO
of the Jack at n different positions is > wherein i=1, 2, ...n. Required tension distance on tension point

3 of the Jack at different positions is converted into the tension force of the Jack, and oil pressure and oil speed of a

hydraulic control center are controlled.

Ki
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[0028] Further, arranging of the position of tension hole of the Jack of prefabricated component should meet the
following principles as far as possible:

1) in case that only one set of tension holes of the Jack are arranged for a group of components, the tension holes
should be on position of the geometric centroid of the rubber gasket, as shown in Figs.4A and 4B;

2) in case that two sets of tension holes of the Jack are arranged for a group of components, the tension holes
should be on both sides of the geometric centroid of the rubber gasket while aligned on a same straight line, as
shown in Figs.5A and 5B;

3) in case that three or more sets of tension holes of the Jack are arranged for a group of components, the tension
holes should be arranged around the position of geometric centroid of the rubber gasket, as shown in Figs.6A and 6B.

[0029] Step 5 of performing tensioning on prefabricated components of assembly type based on the centroid tracking;
positions of tension point of the Jack for the prefabricated component should be as close as possible to the measuring
points of seam width, but due to various restrictions, it is hard to ensure that all measuring points of seam width correspond
to the positions of tension point of the Jack, thus it is usually necessary to use actually measured data to calculate the
seam width of tension point of the Jack, so the tensioning of the prefabricated component based on seam width control
may lead to problems on tension quality and efficiency. In this case, assembling and tensioning work can be completed
by the tensioning method on prefabricated components of assembly type based on the centroid tracking.

[0030] As shown in Fig.3, due to difference in effective size and position of the Jack, the centroid 14 of tension force
ofthe Jack does not coincide with the geometric centroid 12 of the rubber gasket, resulting in inconsistence of compression
degree of the gasket, then the centroid 11 of reaction force of the rubber gasket does not coincide with the geometric
centroid 12 of the rubber gasket. In order to achieve the goal that the centroid 11 of reaction force of the rubber gasket
coincides with the geometric centroid 12 of the rubber gasket (in this condition, compression thickness at each position
of the gasket is same, which means that the seam width is same in all parts of the seam, which achieves the ideal state
of assembly), the tension forces of each group of Jacks are adjusted, to make the centroid 14 of tension force of the
Jack and the centroid 11 of reaction force of the rubber gasket are symmetrical with each other, with the geometric
centroid 12 of the rubber gasket as center, as shown as a and a’ in the figure, so that the centroid of reaction force of
the rubber gasket tends to move gradually towards the geometric centroid 12 of the rubber gasket along connection line
aa’ between 11 and 14. When the tension force of the Jack is adjusted, the deformation of the rubber gasket changes
accordingly, and the position of the centroid 11 of reaction force changes accordingly to a position such as b’. By adjusting
tension of the Jack, the centroid 14 of tension force of the Jack is adjusted to a position b which is symmetrical with the
position of the centroid 11 of reaction force of the rubber gasket accordingly. By repeating the above centroid tracking
method, the centroid 11 of reaction force of the rubber gasket constantly approaches the position of the geometric
centroid 12 of the rubber gasket along @ —» b’ — ¢’ — d’, and the centroid 14 of tension force of the Jack also constantly
approach the position of the geometric centroid 12 of the rubber gasket along a - b — ¢ — d with changing of the
position of the centroid 11 of reaction force of the rubber gasket, and finally realize that all of the centroid 14 of tension
force of the Jack, the centroid 11 of reaction force of the gasket and the geometric centroid 12 of the gasket are consistent
and compression degree all over the gasket is consistent, thus when assembling of the component is completed, the
width all over the seam is equal.

[0031] In process of component assembly, the coordinates of geometric centroid 12, centroid 11 of reaction force of
the rubber gasket, as well as the centroid 14 of tension force of the Jack are calculated in real time according to step 2
and step 3. By comparing the coordinates of the geometric centroid 12, the centroid 11 of reaction force of the rubber
gasket, as well as the centroid 14 of tension force of the Jack, it is necessary to ensure that the coordinates of the
centroid 11 of reaction force and the centroid 14 of tension force of the Jack are distributed on both sides of the geometrical
centroid 12 of the gasket. Once the coordinates of the centroid 11 of reaction force and the centroid 14 of tension force
ofthe Jack are distributed on the same side of the geometric centroid 12 of the gasket, a reminder can be sent automatically
by a computer program, and through automatic optimization adjustment by the program or manual adjustment, to ensure
that the assembly can be completed accurately and with high quality.

[0032] Therefore, advantages of the present invention include:

1. the rubber gasket is evenly pressed in the assembly process of the prefabricated components, and the seam
width is same all over the seam, so as to improve assembly accuracy of large prefabricated components and the
construction quality of prefabricated structures of assembly type;

2.the tensioning method of prefabricated component based on centroid tracking and seam width control can improve
the efficiency of assembly;

3.itcan be applied in assembled structures such as transit stations, sections, entrances, air ducts and other assembly
structures of railway and urban rail, large underground space development assembly structures, underground pipe-
lines and comprehensive pipe corridor assembly structures, urban underground pedestrian passageways, under-
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ground road tunnel assembly structure, and other similar projects built in manner of prefabricated assembly, and
has a wide range of promotion significance.

[0033] Itisobvious thatthe above descriptions are only examples and are notintended to limit the disclosure, application
or use of the present invention. Although the embodiments have been described in the embodiments and described in
the drawings, the present invention does not limit the specific examples described by the examples of the drawings and
described in the embodiments as currently considered the best mode to implement the teachings of an embodiment of
the invention, the scope of the present invention will include any embodiments falling into the previous specification and
the accompanying Claims.

Claims
1. A tensioning method of prefabricated component based on centroid tracking and seam width control, comprising:

Step 1 of establishing a coordinate set Q of center points of micro-segments of a centerline of a rubber gasket,
and a coordinate set IT of center points of bolt hole positions;

Step 2 of calculating to obtain a geometric centroid of the rubber gasket and a centroid of reaction force of the
rubber gasket respectively;

Step 3 of calculating a centroid of tension force of a Jack;

Step 4 of performing tensioning on prefabricated components of assembly type based on the seam width control;
and

Step 5 of performing tensioning on prefabricated components of assembly type based on the centroid tracking.

2. The tensioning method of prefabricated component based on centroid tracking and seam width control as in Claim
1, wherein in said Step 2, any point of the coordinate set Q of center points of micro-segments of centerline of the
rubber gasket represents a square micro-segment of the rubber gasket, length of each micro-segment of the rubber
gasket is equal to width A of the rubber gasket, and each of the square micro-segments of the rubber gasket is
Ay=42; for coordinates and areas of all points of the coordinate set Q of center points of micro-segments of centerline
of the rubber gasket, area moments are calculated for X axis and Y axis, so as to calculate geometric centroid K of
the rubber gasket, in which coordinates of the geometric centroid Kin the XOY plane are obtained by formulae 1 and 2:

}/ }/ }/
ZAOXXj AOXZXj ij
_ -1 _ i _

_ i=1

S 4 o "

X

(1)
ZH:AOX—Vj AOXZ”:—Vj Zn:yz‘

y — izl i=1 _ i=1

Z”: 4 4, n

).

3. The tensioning method of prefabricated component based on centroid tracking and seam width control as in Claim
1, wherein in said Step 2, after contact surfaces of prefabricated component to be assembled and assembled
prefabricated component are in full contact, under static balance state of tension of the Jack, monitoring values Z;

of widths of seams of the contact surfaces of the prefabricated component to be assembled and the assembled
prefabricated component are obtained by monitoring the width of seams between the contact surfaces of n different
positions of the prefabricated component in real time, in which i=1, 2, ...n; since the contact surfaces of the prefab-
ricated component to be assembled and the assembled prefabricated component have two rubber gaskets with
exact same shape, and compression amount of the rubber gasket in same position is same, actual compression
amount of the rubber gasket is result of initial thickness Z,, of the rubber gasket subtracted by a half of measured

value of actual seam width Z/2, that is, Z,-Z//2; according to the measured n values of the compression amount of
rubber gaskets, a surface equation is established within a same plane coordinate system corresponding to the
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coordinate set Q of center points of micro-segments of centerline of the rubber gasket, and the width and deformation
amount of the seam are calculated according to coordinate of each point.; then a dynamic database Zg s established

F,o=E, x(Z, - Zj)/ZO)XAO
according in order of time, and an elastic reaction force 2 of the rubber gasket
is calculated for each point of the coordinate set Q) of center points of micro-segments of centerline of the rubber
gasket, for elastic reaction force F; of each point, a moment is calculated for X-axis and Y-axis of coordinate system.

According to principle that moment of composite force is equal to sum of moments of the micro-segments, coordinates
of the centroid K of reaction force of the rubber gasket are obtained by formulae 3 and 4:

b/l b/l b/l
ZEXXJ‘ Zﬁ;jXZSjX’%XXj Zﬁ;jXZ?jXXj
i=1 _ 1=l _ 1=l

Xk =1 P = 4= s = n
ZF; ZESJ x Lo X A ZESJ X Zs
i=1 i=1 =1 (3)
i@xyj iﬁ;jXZngAoXYj iEsz‘XZSijj
_Vk — i=1 — =1 = i=1

i=1

Eo SE oz 4 YExZ,
i=1 i=1

(4).

The tensioning method of prefabricated component based on centroid tracking and seam width control as in Claim
1, wherein coordinates of centroid Kp of the tension of the Jack in Step 3 are calculated by formulae 5 and 6:

}/
ZPJ X X;
_ 1=l

I
Xp = P

P

1

5)

5]

5

(6).

The tensioning method of prefabricated component based on centroid tracking and seam width control as in Claim
1, wherein in said Step 4, real-time monitoring is performed on measuring points of seam width corresponding to
each tension point of the Jack, then monitoring values of measuring points of seam width corresponding to different
tension points of the Jack are obtained, which is recorded as Z; in which i=1, 2, ...n, in which n tension points of the
Jack correspond to n measuring points of seam width, a final control target value of measuring point of the seam
width is set as Z,,. By a method of multi-point cooperative tension, the final control target can be realized by continuous

equivalent tension for m times, in which control values of each tension of tension points of the Jack at n different

Z —7Z
ZKi:I—O

m
positions is > whereini=1, 2, ...n, required tension distance on tension point 1 of the Jack at different
positions is converted into the tension force of the Jack, and oil pressure and oil speed of a hydraulic control center
are controlled.

The tensioning method of prefabricated component based on centroid tracking and seam width control as in Claim
5, wherein setting of the position of tension hole of the Jack of prefabricated component should meet the following

10



10

15

20

25

30

35

40

45

50

55

EP 3 868 979 A1
principles:

1) in case that only one set of tension holes of the Jack are arranged for a group of components, the tension
holes should be on position of the geometric centroid of the rubber gasket;

2) in case that two sets of tension holes of the Jack are arranged for a group of components, the tension holes
should be on both sides of the geometric centroid of the rubber gasket while aligned on a same straight line;
3) in case that three or more sets of tension holes of the Jack are arranged for a group of components, the
tension holes should be arranged around the position of geometric centroid of the rubber gasket.

The tensioning method of prefabricated component based on centroid tracking and seam width control as in Claim
1, wherein in said Step 5, due to difference in effective size and position of the Jack, the centroid of tension force
of the Jack does not coincide with the geometric centroid of the rubber gasket, resulting in inconsistence of com-
pression degree of the gasket, then the centroid of reaction force of the rubber gasket does not coincide with the
geometric centroid of the rubber gasket. In order to achieve the goal that the centroid of reaction force of the rubber
gasket coincides with the geometric centroid of the rubber gasket, the tension forces of each group of Jacks are
adjusted, to make the centroid of tension force of the Jack and the centroid of reaction force of the rubber gasket
are symmetrical with each other, with the geometric centroid of the rubber gasket as center, so that the centroid of
reaction force of the rubber gasket tends to move gradually towards the geometric centroid of the rubber gasket,
so that the centroid of tension force of the Jack is adjusted to be symmetrical with the position of the centroid of
reaction force of the rubber gasket accordingly.

The tensioning method of prefabricated component based on centroid tracking and seam width control as in Claim
1, wherein in said step 1, the plane of the component on which the rubber gasket is located is captured by a camera
device to obtain the image of the component, which is then subjected to correction of image distortion and tilt
distortion, information in the image is corrected by manual guidance, and skeleton contour line of the rubber gasket
in the image is recognized by image recognition technology, then a center line of the skeleton contour line in the
image of the rubber gasket and a center point of bolt hole position are recognized, and any point in the image is
selected as the origin to establish a coordinate system, which is defined as the XOY plane coordinate system.

1"
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