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Optimization of Slider-Type Hydraulic Powered Support (SHPS) Using FEA and Response
Surface Methodology

Yang YANG, Qingliang ZENG, Lirong WAN, Chenglong WANG, Kuidong GAO

Abstract: Optimization design for SHPS is investigated in this paper. Through finite element analysis, SHPS with torsional load on the upper beam and base together is
determined as the optimization object. The distance between the cross-section of the live column and the top end of the outer cylinder of the adjustment jack P1, the
horizontal distance between axis of lug and rear linkage P2, and the angle P3 of the inclined ramp are chosen as the variable quantity, and the maximum von-Mises stress
and maximum total deformation are chosen as evaluation indexes, the size range of each variable is defined in ANSYS WORKBENCH (AW). AW implements force analysis
and Solidworks reconstructs the optimization object within the variable range. Two pieces of software jointly implement the continuous modeling and simulation automatically
to achieve the 3 factors and 2 levels central composite design experiment of the optimization object. The simulation results after each model reconstruction are recorded in
AW. The effects of three selected variables on evaluation indexes are studied and the optimum structure of SHPS is determined. Compared with the original design, the two
evaluation indexes decreased by 2,37% and 2,40% respectively, which improves the supporting ability of SHPS efficiently.
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1 INTRODUCTION

Hydraulic powered support is the main supporting
equipment for underground mining [1]. As is shown in Fig.
1, the traditional standing shield hydraulic powered
support consists of the base 1, leg 2, the front bar 3, the rear
bar 4, the shield beam 5, the balance jack 6 and upper beam
7. But for a long time, the traditional hydraulic powered
support has the problems of the leg's large inclination angle
when working at low position, low working resistance and
low supporting efficiency.

7 Upper beam

6 Balanced
jack

5 Shield
beam

4 Rear
bar

2 The leg

1The base 3 Front bar
Figure 1 The model of the traditional standing shield hydraulic support

SHPS [2] is a new type hydraulic powered support
designed by us which supports the roof by vertical bar 4,
slider 3, adjustment jack 2 and inclined ramp 1-a set on the
base 1, as is shown in Fig. 2. It is composed of the base 1,
the adjustment jack 2, the slider 3, the vertical bar 4, the
front bar 5, the rear bar 6, the shield beam 7, the balance
jack 8 and upper beam 9. It can effectively improve the
supporting efficiency while achieving larger stretching and
retracting ratio.

As important underground support equipment, the
hydraulic support should have reliable working strength
and strong adaptability. In order to study the whole
working performance, many scholars have done a lot of
research and optimization design to the hydraulic powered
support. Oblak et al. [3] proposed a procedure to optimize

two groups of parameters of a hydraulic support based on
mathematical programming methods.

9 Upper beam

8 Balanced

7 Shield
beam

The outside is defined
the left of the SHPS.
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Figure 2 The model of the SHP

A. K. Vermal et al. [4] developed the finite element
models including the structural components of hydraulic-
powered support, the surrounding rock mass and broken
rocks to study the interaction between hydraulic support
and surrounding rock. Xuewen Wang et al. [5] carried out
the force analysis and the stability analysis to the double-
telescopic prop of the hydraulic support based on mixed
structured and unstructured finite element mesh and
buckling analysis method. Xinhua Liu et al. [6] applied
numerical simulation on the loaded state of the two-pillar
shield-type support based on the inner loading method to
research the stress characteristics and deformation law of
the high cutting hydraulic support. Marcin Witek et al. [7]
put the shield on a hydraulic cushion to simulate the ground
with different load-bearing capacities, and the laboratory
tests and numerical calculations are carried out to the
hydraulic support. Wenshu Cai etal. [8] established the
force balance equation of the hydraulic support and carried
out the static analysis and modal analysis of the front
connecting rod model in MSC Nastran. Tang Mei [13] puts
forward a method to improve the structure of the nest
through the finite element analysis on the static strength of
the nest of the different structure top beam. Guofa Wang et
al. [10] use the finite element analysis to optimize and
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redesign the structure of the high seam-caving coal
hydraulic support based on the coupling model of the
surrounding rock and the hydraulic support. Yu et al. [11]
studied the dynamic bearing and adaptability of a hydraulic
support in a coal caving with a great mining height through
theoretical analysis and field monitoring. I. Prebil et al. [12]
optimized the four-bar mechanism of hydraulic support
through a global optimal solution to find the optimal values
of the mechanism link lengths. Dong et al. [13] studied the
structure and kinetic characteristic of support by solving
plane mechanism equations of a new type of top-coal
caving hydraulic support. Xiaohui Zhao et al. [14] applied
finite element analysis and fatigue test method to study the
fatigue design of the welding structure of powered support.
However, people seldom consider the effects of the
structure of the hydraulic support on maximum stress and
maximum total deformation, which directly influence the
maximum support capability of the support, and the
structure optimization of the support has not been
researched systematically.

With the development of simulation technology, many
people have tried to carry out the structure reliability
analysis and dynamics analysis by RSM [15]. RSM is a
global approximation optimization method, and a design
method to study multiple factors level which is often used
for structure, materials and performance optimization of
equipment, and many researchers have done optimization
with this method [16-20]. Therefore, this paper aims at the
optimization design for the structure size of SHPS. The
distance P1 between the cross-section of the live column
and the top end of the outer cylinder of the adjustment jack,
the horizontal distance P2 between axis of lug and rear
linkage, and the angle P3 of the inclined ramp are chosen
as the variable, and the maximum von-Mises stress and
maximum total deformation are chosen as optimization
object evaluation indexes. The effects of these variables on
evaluation indexes are studied and the optimum structure
of SHPS is determined by response surface methodology
(RSP) which combines the Solidworks model
reconstruction and FEA.

The remainder of the paper is organized as follows:
Section 2 selects the experimental design method of RSM
and constructs the second order response surface model.
Section 3 determines the optimization object in SHPS with
torsional load on the upper beam and base together by finite
element analysis. Section 4 describes the SHPS
optimization process using RSM. Section 5 studies the
effects of variables on evaluation indexes and the
comparison and analysis of the SHPS before and after the
optimization is carried out. Section 6 shows some related
work and our conclusions.

2 THE SECOND ORDER RESPONSE SURFACE MODEL

The optimization of RSM includes orthogonal design,
factorial design, uniform design, central composite design,
and D-optimal design. Among them, the distance between
the test points and the center points is the same in the
central composite design; it has good fitting correlation and
predictability and is suitable for the occasion with a few
variables. Therefore, the central composite design is
chosen for the experimental design in this paper. The

second order response surface model [21] can be expressed
as:

f:ko+ik[x[+ikiixf+iikyxixj+§ (1)
i=1 i=1

i=1 j>i

The regression coefficient vector k =[k, k,, ..., k; ]
can be solved by:

k=X"X)'X"r ()

The matrix X consisting of response primary function
of design points is:

1 X2 X3 XL
1 xy 12 XL
X=| : 3)
I Xsp Xsop X(s-1)L
11 x5 Xs3 Xsp |
where fis the response function, x;, x; (i,j =1, 2, ..., n) are

variables, ko, ki, kK (i, j = 1, 2, ..., n) are regression
coefficient, ¢ is comprehensive error, L is the number of
regression coefficients, S is the number of the test.

3 DETERMINE THE OPTIMIZATION OBJECT BY FEA

The working environment of underground mining is
very complex; the contact condition between the hydraulic
powered support and the roof or bottom plate, and the load
bearing form has great influence on the stability of the
support. In order to optimize the support structure so as to
reduce the maximum working stress, it is necessary to
determine the load bearing state when the maximum stress
will occur. According to the Chinese National Standard
GB-25974.1-2010 [22], the FEA was used to carry out the
simulation of hydraulic support under multiple combined
working conditions based on the inner loading method, and
the optimization object was determined by the maximum
von Mises stress and the maximum total deformation.

Top ﬁ Heel block

Front

Bottom

Heel block

Figure 3 Active braced mechanical bearing model of adjustment jack

498

Technical Gazette 27, 2(2020), 497-505



Yang YANG et al.: Optimization of Slider-Type Hydraulic Powered Support (SHPS) Using FEA and Response Surface Methodology

3.1 Force Load of the FEA

The working height range of SHPS is 800 ~ 1500 mm
and the working resistance is 2100 kN, where the working
resistance of SHPS is the supporting force of the vertical
bar 4 to the upper beam 9. The SHPS is axisymmetric
structure. When the force loading point is located in the
middle axis of the upper beam, the force of the vertical bar,
the balance jack and the adjustment jack on both sides of
the hydraulic powered support are the same.

When the inner loading simulation of SHPS is carried
out according to the Chinese National Standard GB-
25974,1 - 2010, hydraulic powered support does not bear
external force, the adjustment jack is the driving
component. The heel block is placed separately on the
upper beam and the base according to the working
condition. The boundary constraint is applied to the heel
block and the constraint type was defined as full constraints
to limit the movement of the upper beam and the base. The
friction force Fybetween the slider and the inclined ramp is
upward along the inclined ramp. The mechanical bearing
model of SHPS is established and shown in Fig. 3. Total
working resistance of two vertical bars to upper beam F; =
2100 kN. The static equilibrium equation of the slider is:

F -sinf+F,-sinf=F, -cosf+F, -sina .
F -cos@+F, -sinfi+ F,-cosfi=F, -cosa @
5 :cos(ﬁ’—é?)—,u-sm(ﬁ—ﬁ)'F1 (5)
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Where F is counterforce from roof to vertical bar, F,
is normal force of the slider, F> is total driving force of two
adjustment jacks, # is the friction coefficient between steel
and steel, « is dip angle of adjustment jack, fis dip angle
of inclined ramp, @is dip angle of vertical bar.

According to the Chinese National Standard GB-
25974.1-2010, the working height of the SHPS is 1100 mm
when the inner loading test under the condition of the
eccentric load on the upper beam is carried out on the
SHPS, «a, S, f1is 18,4°; 30°; 45,3° respectively, F»is 2221
kN, the driving force of every adjustment jack F»sis 1110,5
kN. The working height of the SHPS is 1266,7 mm when
the inner loading test is carried out under other condition,
a, B, 01s 20,6°; 30°; 56,5° respectively, F»is 2099,5 kN,
the driving force of every adjustment jack F»,is 1049,75
kN.

3.2 FEA to SHPS

Establish the 3D models of SHPS at the height of 1100
mm and 1266,7 mm by Solidworks. Chamfers and other
structures of SHPS with no effect on its strength was
rationally simplified. A section of the live column and the
bottom of the outer cylinder were respectively arranged at
the column nest of the slider and the lug set on the base.
Position and size of the heel block are established
according to Chinese National Standard GB-25974.1-2010,
as is shown in Fig. 4.
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Figure 4 Position and size of heel block. (1) Upper beam bearing the eccentric load; (2) Other test conditions

Position and size of heel blocks under conditions of
load combined by eccentric load on the upper beam and
load on both ends of the base, eccentric load on the upper
beam and load on four corners of the base, eccentric load
on the top beam and torsion load on the base are shown in
Fig. 4(1)-(a), Fig. 4(1)-(b) and Fig. 4(1)-(c), the working
height of SHPS is 1100 mm under three conditions.

Position and size of heel blocks under conditions of
load combined by torsion load on the upper beam and load

on both ends of the base, load on the diagonal corners of
the upper beam and load on both ends of the base, torsion
load on the upper beam and torsion load on the base are
shown in Fig. 4(2)-(a), Fig. 4(2)-(b) and Fig. 4(2)-(c), and
the working height of SHPS is 1266,7 mm. The sizes of Fig.
4 are: a =150 mm; b = 200 mm; ¢ = 300 mm; d = 50 mm;
B =1440 mm; Y =328 mm; W= Y — 100; thickness of heel
blocks # =50 mm.
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Heel block

According to the Chinese National Standard GB-25974.1-
2010, the safety factor of non-column nest loading test s =
1,2. Surface load p; and p, are applied on the across
sections of live column and the bottom of the outer cylinder
separately. The surface loads are calculated by:

Upper beam bearing the eccentric load:

1,2F.
P =——25=169,76 MPa (6)
1
1,2F.
Py =——25=117,89 MPa (7)
2

Live column  Out cylinder

Figure 5 Example of FEA model of the SHPS ..
9 P Other test conditions:

Importing the 3D model into AW is shown in Fig. 5.

The material properties of components, connection relation P = L2F, =160,48 MPa (8)
and friction are defined. The constraints are applied to the M

heel blocks respectively and the type of the constraint is 12F.

"fully constraint". In order to calculate accurately, Hex py =——*-=111,44 MPa ©))
dominant method is used to divide the mesh of the SHPS. 2
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Figure 6 Distribution of stress and displacement of SHPS when upper beam is bearing the eccentric load
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Figure 7 Distribution of stress and displacement of SHPS under other test conditions
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3.3 Determine the Optimization Object

The distribution of stress and displacement of SHPS
under conditions of load combined by eccentric load on the
upper beam and load on both ends of the base, eccentric
load on the upper beam and load on four corners of the base,
eccentric load on the top beam and torsion load on the base
are shown as Fig. 6(a), Fig. 6(b), Fig. 6(c) separately,
where the stress is von Mises stress and the unit is MPa,
the unit of displacement is mm.

According to Fig. 6, the maximum von Mises stress at
the bottom of the heel block and near the column nest of
the upper beam under three kinds of loading modes while
the upper beam is bearing the eccentric load, and the
maximum total deformation appears at the front end of the
upper beam away from the side where the heel block is
located. The differences between the values of maximum
von Mises stress and displacement under different working
conditions are few. Under condition of load combined by
an eccentric load on the top beam and torsion load on the
base, the maximum von Mises stress and displacement are
relatively larger and are up to 627,63 MPa and 10,74 mm.

The distribution of stress and displacement of SHPS
under conditions of load combined by torsion load on the
upper beam and load on both ends of the base, load on the
diagonal corners of the upper beam and load on both ends
of the base, torsion load on the upper beam and base
together are shown as Fig. 7(a), Fig. 7(b), Fig. 7(c)
separately, where the stress is von Mises stress and the unit
is MPa, the unit of displacement is mm.

According to Fig. 7, the maximum von Mises stress is
also near the heel block but far away from the column nest
under three kinds of other test conditions while the upper
beam bearing the eccentric load, and the maximum total
deformation also appear at the front end of the upper beam
away from the side where the heel block is located. The
maximum von Mises stress and displacement under
condition of torsion load both on the top beam and on the
base are larger in the three other test conditions which are
up to 760,69 MPa and 12,87 mm.

Comparing the six groups of inner loading simulation
results, when the upper beam is bearing the torsion load,
the maximum stress of SHPS is more than 730 MPa and
the maximum total deformation is above 12 mm. Therefore,
the torsion load on the upper beam should be avoided as far
as possible in the working process of the SHPS. The SHPS
under condition of torsion load both on the top beam and
on the base has the largest maximum von Mises stress and
maximum total deformation, this condition is the worst
working condition for the SHPS, so the SHPS under
condition of torsion load both on the top beam and on the
base is selected as the optimization object.

4 OPTIMIZATION BY RSM

The response surface methodology was used to
optimize the SHPS under the condition of torsion load both
on the upper beam and the base. During the optimization
process of this article, AW implements the force analysis
of the model, Solidworks software reconstructs the model
within the range of variable values. AW and Solidworks
jointly implement the continuous modeling and simulation
within the design variable range of the SHPS automatically

under the condition of torsion load both on the upper beam
and the base and record the value of the evaluation index
after each simulation.

Front end of vertical bar

End of vertical bar

Adjusting cylinder(b) The base(a)™=®
Figure 8 The optimization model of the SHPS

After the interface set between AW and Solidworks,
the 3D model of the optimized object is established in
Solidworks software. The heel block at the upper beam and
the base is established according to Fig. 4-2(c). In the
optimization process, the variable changes will alter the
position of the vertical bar and the adjustment jack so as to
change the force on the adjustment jack. The methods that
cancel the structure of the adjustment jack according to Fig.
5 and apply the surface force p1, p» to the live column and
bottom of the outer cylinder in accordance with Eq. (5) and
Eq. (6) cannot guarantee the constant force of the vertical
bar. Therefore, when we build the 3D model, retaining the
adjustment jack, canceling the structure of the vertical bar,
and retaining only a section of tip and tail of the vertical
bar, then the surface force can be applied to the section of
the vertical bar directly during simulation. The 3D model
of the optimized object is shown in Fig. 8.

After the 3D model is established, the AW program is
invoked in Solidworks software to set up the optimization
system. The material parameters of each component and
the connection relationship between the components are
defined in WORKBENCH, friction is added, and the
constraint which is full restraint is imposed on the heel
block at the upper beam and the base.

The surface force ps is applied at the tip and tail of the
vertical bar respectively:

1,2F.
py =——2=71,3375 MPa (10)

3

'/ (a)

(b)

Figure 9 Variable parameters of the SHPS
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To simplify the calculation, the double telescopic
adjustment jack is transformed to a single telescopic
adjustment jack with the same length. Meanwhile, taking
the distance between the cross-section of the live column
and the top end of the outer cylinder of the adjustment jack
P1, the horizontal distance between axis of lug and rear
linkage P2, and the angle P3 of the inclined ramp as the
design variables, the dimensions of other structures of the
SHPS remain unchanged as shown in Fig. 9. Define the
size ranges of each variable in AW. The maximum von-
Mises stress of P4 and the maximum total deformation of
P5 were taken as the evaluation indicators. Conducted 3
factors and 2 levels central composite design after other
related settings are performed, and some experimental
results are listed in Tab. 1.

Table 1 Some experimental results

Node | P1/mm P2/ mm P3/° P4/ MPa P5/ mm
1 284,464 220 30 638,608 11,384
2 264,464 220 30 641,359 11,321
3 304,464 220 30 989,133 10,073
4 284,464 200 30 653,338 11,316
5 284,464 240 30 644,092 11,489
6 284,464 220 26 650,582 11,601
7 284,464 220 34 626,526 11,174
8 268,204 203,74 26,748 641,973 11,435
9 300,725 203,74 26,748 647,786 11,576
10 268,204 236,26 26,748 647,598 11,554
11 300,725 236,26 26,748 1000,488 10,270
12 268,204 203,74 33,252 630,410 11,110
13 300,725 203,74 33,252 635,949 11,223
14 268,204 236,26 33,252 696,669 11,208
15 300,725 236,26 33,252 959,375 9,939

5 ANALYSIS AND DISCUSSION OF OPTIMIZATION
RESULTS

5.1 Response Relationship between Design Variables and
Evaluation Indexes

After the optimization using RSM, we get the
sensitivity of the design variables P1, P2, and P3 to the
maximum von-Mises stress of P4 and maximum total
deformation of P5, which are shown in Fig. 10.
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o
w

o
~

k=]
[

Local Sensitivity

P1 P2 P3

o P1 P2 P3 _
0,1

P5 Maximumvon total deformation

P4 Maximum von Mises stress

Figure 10 The sensitivity of design variables to target variables

Fig. 10 shows that the sensitivity of P1, P2 to P4 is
great, and the value of P3 has little effect on P4. For the
maximum total deformation of PS5, P1 has the greatest
sensitivity to the influence on it and is followed by P3, P2
which has the least effect on it. Owing to less fluctuation
of the maximum total deformation value, the purpose of the

structural optimization is to change the overall stress state
of the SHPS. Therefore the influence of each variable on
the maximum stress value is emphatically considered.
Ignoring the effect of P3 on P4, take P3 as a constant
value, the curved surface response diagram between the
variable P1, P2 and the maximum stress of P4 is shown in
Fig. 11. The response relationships of single variable P1
and P2 to the maximum stress of P4 are shown in Fig. 12

separately.
595.0
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Figure 11 Surface response diagram between P1, P2 and P4

The curved surface response diagram in Fig. 11 shows
the tendency of both ends to be high and concave in the
middle. The maximum von-Mises stresses P4 changes
slowly when P1 and P2 are small. The maximum von-
Mises stresses P4 increases sharply with the increase of P1
and P2 when P1 and P2 are large, and the largest maximum
von-Mises stress P4 occurs at the maximum value of P1
and P2.
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Figure 12 The relationship between individual variable and P4

As is shown in Fig. 12, the maximum von Mises stress
P4 shows the tendency that decreases first and then
increases with the increase of P1 when P2 and P3 take fixed
values. The minimum point of P4 appears in the position
when P1 is 284,5 mm. When P1 is greater than 284,5 mm,
P4 increases rapidly with the increase of P1. When P1 and
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P3 are fixed, P4 increases gradually with the increase of P2,
and the growth rate is small.

Therefore, when the inclined angle P3 is determined,
P1 has a great influence on the force of the SHPS. In the
process of designing the SHPS, for the SHPS with a height
of 1266,7 mm, the length of P1 is near the value of 284,5
mm which can improve the structure force of the hydraulic
powered support effectively, and P2 should select the
minimum value within its allowable range.

5.2 Determination of Optimal Structure of SHPS

The ultimate stress and displacement values obtained
by RSM are listed in Tab. 2. When P5 is 8,966 mm and
9,422 mm, P4 is 1776,155 MPa which does not meet the
optimization requirements. While P1 is 292,994 mm, P2 is
200 mm, P3 is 29,2°, and the maximum von Mises stress
P4 gets a minimum value of 595,739 MPa while P5 is only
11,696 mm. The result is in accordance with the rule shown
in the curved surface response diagram in Fig. 11.

The optimized model of SHPS was determined
according to the optimized data. The length of the vertical
bar changed from 790 mm before optimization to 802,211
mm due to the change of the three optimization variables.
When the optimized model of the SHPS is at the height of
1266,7 mm, the angles «, fand 6 are 19,636°; 29,2°, and
56,515° respectively.

Table 2 The ultimate stress and displacement values obtained by RSM
P1 P2 P3 P4 P5
/ mm / mm /° / MPa / mm

292,994 | 200 | 29,200 | 595,739 | 11,696

Limit point

Minimum von Mises
Stress
Maximum von
Mises Stress
Minimum Total
Deformation
Maximum Total
Deformation

304,464 | 240 34 1776,155| 8,966

304,464 | 240 | 26,666 |1776,155| 9,422

295,028 | 200 26 597,127 | 11,874

5.3 Analysis of the Optimization Results

According to the position relationship of the SHPS
after the structure is optimized, the adjustment jack F> =
2091,59 kN when the vertical bar /1 = 2100 kN. During
the simulation, each adjustment jack force F', = s-Fhs =
1254,95 kN. Then we establish the 3D model of the SHPS,

Upper beam

The distribution of stress and displacement are shown
in Fig. 13 and Fig. 14 which are obtained from the FEA of
the SHPS. Meanwhile, the maximum von Mises stress of

Shield beam
Figure 15 The positions of the stress concentration points

among them the heel block at the upper beam and the base
are established according to Fig 4(2)-(c). Retaining the
vertical bar, canceling the adjustment jack, and retaining a
section of the tip and tail of the adjustment jack during the
process of modeling. And then importing the 3D model
into WORKBENCH to define the material parameters,
divide the mesh, apply full constraints on the heel block
and apply surface forces p'i, p'» on the sections of the active
column and bottom of the cylinder. The FEA is carried out
to the structure optimized SHPS under the condition of
torsion load both on the upper beam and the base.

Type: Equivalent (von-Mises) Stress
Unit: MPa
742.77 Max
BB0.24
577.72
455,19
41266
330.13
247 61
165.08
82552
0.024558 Min
Figure 13 Distribution of stress after optimization

Type: Tatal Deformation
Unit: rmm

12.565 Max
11.169
97728
5.3767
5.9306
5.5845
4.1883
27922
1.3961
0 Min

Figure 14 Distribution of displacement after optimization

5 6

The base

the SHPS is 742,77 MPa and the maximum total
deformation is 12,565 mm, and the position of the
maximum von Mises stress and the maximum total
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deformation is the same as Fig. 7(c). The maximum von
Mises stress and maximum total deformation are reduced
by 2,40% and 2,37% respectively after optimization.

Table 3 Point stress before and after optimization

Stress Point Stre_ss _bef(_)re Str;s; aftftr Percentgge

Optimization Optimization Reduction
Point]1 488,59 476,23 2,53
Point2 444,32 408,22 8,12
Point3 441,88 434,44 1,68
Point4 387,19 377,37 2,54
Point5 329,24 300,41 8,76
Point6 384,98 288,30 25,11
Point7 657,96 612,13 6,97
Point8 267,06 239,79 10,21

Under the working condition of the torsion load on the
upper beam and base together, the stress concentration
appears many times on the upper beam, the vertical bar, the
shield beam and the slider of the SHPS. The larger stress
point is marked and their position coordinates are shown in
Fig. 15. The von Mises stress values of the stress
concentration points in Fig. 7(c) and Fig. 13 were extracted,
and the results are shown in Tab. 3 and Fig. 16.

It can be seen from Tab. 3 and Fig. 16 that the
concentration stress at the upper beam, the shield beam, the
vertical bar and others are significantly reduced after the
SHPS optimization, and the values vary from 1,68% to
25,11%.

700
—=a— Stress before optimization 1as
—e— Stress after optimization r\
600 - —e— Reduced proportion /1 \
A -~20 =2
)
3
T a
[« -
s 500 15 g
~ ke
a e
S 400t 1 3
=] >
@ &
15 B
300 ~
xR
—0
200 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9

Stress point
Figure 16 Point stress and stress reduced proportion

Concentrated stress of the shield beam has been greatly
reduced, and the stress reduced ratio is up to 25,11%.
Maximum concentration stress reduced ratio of the slider
is more than 10%. The reduction of the stress value at the
stress concentration point reduces the requirement of the
slider on its own material strength and improves the
working reliability.

While the upper beam has the smallest change of stress,
the reduction ratio of stress ranges from 1,68% to 8,12%
after optimization. The reason is that the vertical bar
supports the upper beam directly and the working
resistance remains constant, while the inclined angle of the
vertical bar changes little. So that the changing degree of
the force transmitted via the vertical bar to the upper beam
is small. Although the stress reduction proportion is
smaller than before optimization, it can effectively
improve the adaptability of the hydraulic support to the
roof, meet the requirement of working intensity and
provide greater bracing force as well.

6 CONCLUSIONS

To reduce the ultimate stress when the SHPS is
working, a response surface methodology is carried out to
optimize the parameters based on the FEA results of the
support under multiple loading conditions. The effects of
these parameters on evaluation indexes and optimization
results are investigated. The following conclusions can be
drawn from the results obtained in this study:

The SHPS under the condition of torsion load both on
the upper beam and the base has the maximum von Mises
stress of 760,69 MPa and the maximum total deformation
of 12,87 mm, which is the worst working condition of the
SHPS. And it is the SHPS under this condition that is
considered as the optimization object. After optimization,
the maximum von Mises stress and maximum total
deformation of the SHPS were reduced by 2,40% and 2,37%
under the same conditions. The maximum concentration
stress reduction ratio of the shield beam was up to 25%,
and the maximum concentrated stress of the slider was
reduced by more than 10%. The optimized stress reduction
ratio of upper beam was 1,68% ~ 8,12%, and the overall
supporting strength of the SHPS was improved.

P1 and P2 are more sensitive to the maximum stress
value of P4, while the value of P3 has almost no effect on
P4. P1 has the greatest sensitivity to the maximum total
deformation of P5. P2 has the smallest influence on P4.
When the height of the SHPS is 1266,7 mm, the length of
P1 is near the value of 284,5 mm which can improve the
structure force of the SHPS effectively, P2 should select
the minimum value within its allowable range. And it is
better for the upper beam to avoid the torsion load when
the SHPS is in the application
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