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1. Introduction 

The precision air-floating platform is widely applied 

in the fields of lithography and precision measurement. It con-

sists of aerostatic air-floating guideway and linear motor drive, 

which is connected by non-mechanical method to efficiently 

avoid the vibration disturbance from external environment and 

free from the friction, heat, wear, lubrication caused by tradi-

tional bearings [1-2]. Recently, three major international li-

thography equipment producers adopt air-floating platform as 

their core subsystem, such as, air flotation bearing support 

used by ASML company from Holland to realize high speed 

and large range motion on the horizontal plane, symmetrical 

aerostatic guideway driving technology used by Japanese Ni-

kon and Canon company to realize nanometer scale motion on 

the horizontal plane [3].  

This paper intends to design a X-Y direction air-

floating platform to engrave 3000 mm raster motherboard for 

4-5 days. Thus loading capacity and gas consumption for air-

floating guideway are key indicators, which the platform runs 

smoothly depends on the load capacity, and the production 

cost depends on the gas consumption capacity during contin-

uous operation for a long time. Therefore, in order to meet the 

requirements of long raster engraving, it is greatly necessary 

to optimize the platform structural parameters when the form 

of air-floating platform is determined.  

The influence of the dimension and quantity of the 

restrictors on the air bearing performance by establishing finite 

element models are studied [4–5]. Du, et al [6], and Kassab, et 

al [7], investigated the influence of the size and position of the 

equalization groove, the thickness of gas film and the pressure 

of gas supply pressure on the loading capacity and stiffness of 

the guideway through numerical analysis and experimental 

study. YANG, et al [8], analyzed pressure and velocity of gas 

film by CFD array restrictors model, the result revealed that in 

a certain range loading capacity of gas film can be increasingly 

improved when the number of restrictors increases. 

The above studies mainly focus on the influence of 

the restrictor structure and distribution on loading capacity. 

Nevertheless, the comprehensive influence of gas film thick-

ness, the guideway width and gas supply pressure on platform 

performance is not mentioned in previous studies. Here, we 

have established an ANSYS model for long raster engraving 

platform. Taking loading capacity and gas consumption as in-

dicators, the influence of structure parameters on the perfor-

mance of the guideway was investigated by orthogonal test. It 

is the theoretical reference for the optimum structural design. 

2. Finite element modelling and experiment study  

of air-floating platform 

Precision air-floating test platform made by marble 

material, adopts T-typed guideway structure with length of 

800 mm, width of 680 mm, height of 300 mm, and weight of 

197 kg, of which the width of top air-floating face is 125 mm, 

bottom 95 mm, side 150 mm and on each face are eight re-

strictors. In order to test the loading performance of the air-

floating platform, a test system is set up as shown in Fig. 1. 

 

Fig. 1 Precision air-floating test platform 

 

The test is designed for investigating the loading 

capacity of air-floating platform by using DWS capacitive 

displacement sensor with the gas supply pressure of 0.20 

MPa. During the test, at the beginning, data is collected once 

without air supply. Then gas is supplied for 5 minutes to en-

sure that the platform is fully floating and steady and meas-

ure the data at no load. After that, when the weight of the 

same quality (10 kg / block) is added to the platform in turn, 

data is recorded after each additional block until data of 60 

kg is taken as a group. Four groups of data measured by the 

regression treatment is shown in Table 1. 

The test data shows the air-floating is under the air 

supply pressure of 0.20 MPa and the thickness of top gas film 

without loading is 0.0264 mm. With the load increasing, the 

gap between top gas films decreases gradually. When the load-

ing is 60 kg, the thickness of top gas film is 0.0231 mm and 

the variation is 0.0033 mm. 

http://dx.doi.org/10.5755/j01.mech.26.1.23332
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Table 1  

Results of loading performance in test 

Loading capacity, 

kg 

Group 1 Group 2 Group 3 Group 4 
VFV, 

V 

Fluctuation value of 

top gas film, mm 
MV, 

V 

VFV, 

V 

MV, 

V 

VFV, 

V 

MV, 

V 

VFV, 

V 

MV, 

V 

VFV, 

V 

0 -5.91   -5.56   -5.34   -5.12       

10 -5.88 -0.03 -5.54 -0.02 -5.33 -0.01 -5.13 0.01 -0.01 -0.0001 

20 -5.94 0.03 -5.62 0.06 -5.41 0.07 -5.20 0.08 0.06 0.0006 

30 -6.01 0.10 -5.69 0.13 -5.48 0.14 -5.26 0.14 0.13 0.0012 

40 -6.09 0.18 -5.76 0.20 -5.55 0.21 -5.33 0.21 0.20 0.0019 

50 -6.16 0.25 -5.83 0.27 -5.61 0.27 -5.40 0.28 0.27 0.0026 

60 -6.24 0.33 -5.89 0.33 -5.68 0.34 -5.47 0.35 0.31 0.0033 

No air supply -8.62 2.71 -8.29 2.73 -8.06 2.72 -7.85 2.73 2.72 0.0264 

MV – Measured Voltage, VFV – Voltage Fluctuation Value 
 

According to the test results, 3D finite element model 

is established with an average thickness of gas film of 

0.028 mm, and the thickness of top gas film of 0.0264 ~ 

0.0231 mm. Gas pressure is applied to faces of each gas film 

with gas supply pressure of 0.20 MPa at the restrictor inlet. 

The pressure field distribution of each face of gas film is 

shown in Fig. 2. 

 

Fig. 2 The pressure field distribution of gas film 

 

The vertical loading capacity of unilateral guideway 

on the vertical direction under different thickness of gas film 

is shown in Table 2. 

Table 2 

The vertical loading capacity of unilateral guideway 

Top gas film Bottom gas film 
Vertical 

loading 

capacity, 

N 

Thickness of 

gas film, 

mm 

Loading 

capacity, 

N 

Thick-

ness of 

gas film, 

mm 

Loading 

capacity, 

N 

0.0264 1380.4 0.0296 400.1 980.3 

0.0259 1424.5 0.0301 386.6 1037.9 

0.0253 1471.0 0.0307 373.5 1097.6 

0.0248 1520.3 0.0312 361.1 1159.3 

0.0242 1573.2 0.0318 349.1 1224.1 

0.0237 1630.1 0.0323 337.8 1292.3 

0.0231 1689.7 0.0329 327.1 1362.7 

Through analysing the test data and results of finite 

element analysis, the curves of loading capacity varying with 

thickness of gas film are illustrated in Fig.3. 

As shown in the Fig. 3, from no-load to 10 kg, the 

thickness of top gas film has no significant change, and from 

10 kg to 60 kg, the loading capacity shows a good linear 

growth with the reduction of the top gas film. Comparing with 

the results of finite element analysis, it is found that the loading 

capacity varying with the change of gas film gap is the same, 

and the maximum deviation of loading capacity appears at 

thickness of 0.0231 mm, about 6.04 %. 

 

Fig. 3 Comparison between loading capacity of air-floating 

and finite element analysis 

 

The deviation is due to the finite element analysis 

carried out under the ideal model, without considering the un-

even gas film caused by external environment interference, 

guideway processing or assembling errors. However, the error 

range can meet the engineering design requirements, and the 

following is the modelling approach for the specific design 

model. 

3. Structure of long raster engraving air-floating  

platform and finite element modelling 

In order to satisfy the feed requirement of laser dur-

ing the long raster engraving, this design adopts a symmetrical 

X-Y direction air-floating platform which combines T-type 

guideway with dovetail guideway, shown in Fig. 4. Ones can 

see that X direction platform not only has to support the weight 

of X-Y direction platform, vertical slide, laser device, and 

other components [9], but also overcomes overturning mo-

ment when Y direction platform is feeding [10]. Therefore, to 

insure the platform compact and the loading capacity enough 

to overcome overturning moment, X direction platform adopts 

T-type aerostatic guideway which can support the weight of 

600 kg [11]. 

In practice, double row restrictors are used in end 

thrust plates of guideway to improve the loading capacity of 

guideway [12]. However, air-floating platform fixed and fed 

in nanometre works continuously for a few days and gas from 

the supply system is not so clear that air impurities would ac-

cumulate in velocity ‘dead zone’ between double row restric-

tors, the result of which finally changes the pressure field 

changed and affects the platform performance [13]. Hence, in 

order to make air-floating platform satisfy the need of long 
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raster engraving, on X direction air-floating platform, 3×3 re-

strictor and grid shaped pressure groove are adopted on the top 

and single row restrictor and pressure groove on the side and 

bottom [14], as shown in Fig. 5. 

 

Fig. 4 X-Y direction air-floating platform 

 

Fig. 5 Platform gas film structure 

 

As can be seen from Fig. 5, gas films length L=400 

mm, top gas film width Bs=216 mm, the number of top gas 

film restrictors n =9, side gas film width Bc=140 mm, the num-

ber of side and bottom gas film restrictors n=6 [15], pressure 

groove is 0.05 mm high and 1mm wide. This paper focuses on 

the bottom gas film width Bx and gas film thickness. Here each 

end face of gas film is numbered for the analysis of air con-

sumption of guideway. 

Due to the symmetry of guideway, gas film of left 

side has been chosen as the study object to establish finite ele-

ment model for high solving efficiency. 3D fluid element, 

FLUID142, is selected to divide mapping mesh for gas film 

model and refine the mesh around restrictors. In addition, C1 

chamfer has been built in gas film intersection. 

When the platform is working, high pressure gas 

flows in from the roof of restrictor and throttling. Then the 

high pressure gas enters the guideway at subsonic speed and 

forms a high pressure gas film. As the gas flows toward the 

exhaust boundary, the aeration cross-section expands, and 

the gas velocity decreases. Eventually, it flows out from the 

end faces of the respective gas films. 

The variation in fluid density and turbulent fluctu-

ations of the high velocity gas flow is caused by the pressure 

gradient. Therefore, the compressibility and turbulence of 

the gas need to be considered when establishing the finite 

element model. Gas supply pressure Ps is applied to restric-

tor roof. The guideway surface and the restrictors are re-

garded as fixed surfaces, so each speed component is 0, and 

the heat is insulated. Atmospheric pressure Pa that means 0 

is applied to each end face of gas films. Air viscosity is 

1.81×10-5 kg/(ms) and assumed to be constant. 

The Mach number at the exit of the restrictor is ap-

proximately 0.3, which is much higher than the other posi-

tions of the gas film. Therefore, in order to ensure the cal-

culation accuracy and high calculation efficiency, the Stand-

ard k-ε turbulence model and BiCGSTAB (Bi-Conjugate 

Gradient Stabilized) method are selected for joint solution 

[16]. 

The standard k-ε turbulence model was proposed 

by Launder and Spalding in 1972 [17]. It is a semi-empirical 

model derived from turbulence theory and experimental 

data. It is widely used in engineering. 

For compressible fluids, the transport equation of 

the turbulent kinetic energy k and its dissipation rate ε can 

be expressed as Eqs. (1)–(2):
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where μ is air viscosity, it is assumed to be a constant, μt is 

the turbulent viscosity, it is a spatial coordinate function, de-

pending on the flow state. Subscripts (i and j) represent the 

tensor notation (i, j (1, 2, 3)), μi, μj are velocity compo-

nents. Gk is average velocity gradient production by the tur-

bulent kinetic energy, Gb is buoyancy term generation due 

to turbulence kinetic energy, YM is contribution on behalf of 

compressible turbulent pulsation expansion, σk, σɛ are 

Prandtl numbers of turbulent kinetic energy k and its dissi-

pation rate ε, respectively. C1ε, C2ε, C3ε, are empirical con-

stants. 

Here μt, Gk, Gb, YM can be further expressed as 

Eqs. (3) – (6): 
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where: Prt is turbulent Prrandtl number; Prt=0.85 for this 

model; gi is variable for the acceleration of gravity in the i 

direction. 

 
2

2 ,
M t

Y M  (6) 

 

where: Mt is turbulent Mach number. 

Because the high pressure gas is perpendicular to 

the gravity in the main direction of the gas film, therefore 

C3ε=0. 

According to the recommended values of Launder 

et al and subsequent experiments, we set the model con-

stants as: σk=1.0, σɛ=1.3, C1ε=1.44, C2ε=1.29 [18]. 

BICGSTAB is a variant of the BiCG (Bi-Conjugate 

Gradient) method, it has faster and smoother convergence 

than the original BiCG as well as other variants such as the 

CGS (Conjugate Gradient Squared) method [19]. 

Finite element model after setted up, mesh division 

and boundary conditions are presented in Fig. 6. 

 

Fig. 6 Finite element model mesh generation and boundary 

conditions 

 

The main working condition of this platform is 

long-time, low-speed micro-feed motion, the pressure field 

and flow field in stable state are analysed emphatically 

through the model. 

The air-floating platform design procedure chart as 

shown in Fig.7. 

4. Orthogonal test design of air-floating platform  

structure 

In order to improve the platform performance, or-

thogonal test is applied to study the influence of different 

structure parameters on the guideway performance, which can 

provide theoretical reference for the optimum design of air-

floating platform when structure of the platform has been set. 

The orthogonal test procedure as listed in Fig. 7. 

4.1. The choice of orthogonal test parameters and test 

scheme 

Loading capacity of air-floating guideway deter-

mines if the platform works stably in engraving process, and 

gas consumption determines production cost. Therefore, in the 

design, loading capacity and gas consumption are regarded as 

performance indicators and such parameters as thickness of 

gas film, width of guideway and gas supply pressure are tested 

on multiple levels to optimize the structure scheme. 

In aerostatic guideway, the thickness of orifice com-

pensation of gas film is generally between 0.01 and 0.05 mm. 

In this design, the total length of X direction air-floating guide-

way is 4200 mm of which 3000 mm works effectively, flat 

face of guideway is within 0.003 mm, parallelism of top and 

bottom of guideway face is within 0.005 mm, verticality of 

side and top guideway face is within 0.004 mm, and roughness 

of each guideway face is within 0.2 um, shown in Fig. 8. In 

order to ensure the platform work efficiently, the gas film 

should not be too thin, but not too thick to avoid the influence 

on the consumption and stiffness except in the technics re-

quirement [20]. Therefore, in this study, parameters on three 

thickness of gas film with 0.020, 0.025 and 0.030 mm are cho-

sen. 
 

 
 

Fig. 7 Air-floating platform design procedure chart 

 

Fig. 8  Structure of X direction air-floating guideway 

 

When the gas film thickness, air chamber, and pres-

sure groove size are determined, the higher gas supply pres-

sure is, the easier hammer vibration occurs. However, the pres-

sure is too low to meet the requirements. So, in this test, three 
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pressure levels of gas supply with 0.15, 0.20 and 0.25 MPa are 

selected. 

In order to make platform overcome whole system 

weight and eccentricity ratio approaches to zero, T-type guide-

way is usually designed for narrow bottom and wide top, with 

ratio of Bx/Bs<1. In order to ensure enough loading capacity 

on the vertical direction, three widths of guideway with 120, 

140, and 160 mm are chosen respectively. 

Test parameters about the platform structural opti-

mum design are listed in Table 3. 
Table 3 

Orthogonal test factors and levels 

Levels 

Factors 

A-Gas film 

thickness H, 

mm 

B-Gas supply 

pressure Ps, 

MPa 

C-Width of bottom 

guideway face Bx, 

mm 

1 0.020 0.15 120 

2 0.025 0.20 140 

3 0.030 0.25 160 

In case of the interaction between factors ignored by 

three-factor and three-level orthogonal test, L9(34) orthogonal 

test table is chosen, and the blank column is used to estimate 

test error, shown in Table 4. 

Table 4 

Orthogonal test scheme 

TN 

A-Gas film 

thickness 

H, mm 

B-Gas sup-

ply pressure 

Ps, MPa 

Error  

C-Width of bot-

tom guideway 

face Bx, mm 

1 1(0.020) 1(0.15) 1 1(120) 

2 1 2(0.20) 2 2(140) 

3 1 3(0.25) 3 3(160) 

4 2(0.025) 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3(0.030) 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

4.2. Orthogonal test calculation 

Based on Table 2, in total 9 finite element models are 

established and 4 steps are loaded to help gas compressibility 

convergence until inertia relaxation coefficient is 1.0×10-10. 

To implement the above ANSYS models, test 1 is 

chosen randomly and the pressure distribution of gas film is 

shown in Fig. 9. 

According to simulation results,   the distribution of 

 

       

a) The pressure distribution of gas film                              b) The pressure distribution of top gas film 
 

 

c) The pressure distribution of side gas film                  d) The pressure distribution of bottom gas film 

Fig. 9 The pressure distribution of No.1 test 

every gas film face is relatively independent, and the pressure 

is the highest around pressure-equalizing groove and low rap-

idly from the centre of gas film to each side. At the intersection 

of gas film faces, top and bottom gas films form higher pres-

sure zone on one side of chamfer, and pressure distribution of 

side gas film is more symmetrical. 
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The results from all tests show similar distribution in 

different pressure field of gas film, and loading capacity of gas 

film in every test is listed in Table 5. 

As can be seen from Table 5, the loading capacity of 

guideway on the vertical direction means a difference in load-

ing capacity between top gas film and bottom gas film. The 

test results also present that test 9 has the largest loading ca-

pacity, reaching 4895 N, and test 4 has the smallest loading 

capacity, reaching 2486 N respectively. In each 3, 4, 8 test, the 

loading capacity of side gas film is the largest due to the gas is 

only exhausted from the front and the rear to have a higher 

utilization of guideway face and a greater pressure zone, alt-

hough the side gas film is narrower than the bottom. 

 

Table 5 

The results of loading capacity analysis in orthogonal test 

TN 

Loading 

capacity of 

top gas 

film Fs, N 

Loading 

capacity of 

side gas 

film Fc, N 

Loading 

capacity of 

bottom gas 

film Fx, N 

Vertical 

Loading ca-

pacity  

F=Fs-Fx, N 

1 7036 4481 3272 3763 

2 9378 5950 5114 4263 

3 11659 7375 7290 4368 

4 6401 4165 3915 2486 

5 8335 5492 3657 4679 

6 10153 6694 5297 4856 

7 5553 3769 2832 2721 

8 7057 4805 4179 2877 

9 8458 5825 3564 4895 

In test 1, the flow field distribution of each gas film 

is shown in Fig. 10.  

Fig. 10, a, shows maximum flow velocity of all the 

gas film occurs around the exit of restrictors at the front and 

rear of each gas film, because of the gas with high speed 

after throttling dramatically changes direction when imping-

ing bearing axletree surface, and restrictors near the ends are 

less affected by the pressure change. The flow velocity at 

both top and bottom chamfers is also higher, since one side 

at the chamfers of joint face has higher pressure and gas only 

exhausts through the front and rear at the chamfers leading 

to increasing velocity than other ends. 

Besides, the flow velocity of the gas film changes 

greatly. In order to show the distribution of flow field more 

clearly, except the nodes at top and bottom chamfers and 

nearby the restrictors, flow velocity of nodes in each ends is 

fitted by higher order curve and then the distribution in 

Fig. 10, b–d shows that the maximum flow velocity of each 

ends occurs in the middle of the ends of gas film, where is 

maximum gas consumption too. At the corners of gas film, 

the flow velocity is close to zero caused by the decrease of 

pressure and velocity with gas flowing to the ends, and gas 

is exhausted through the nearby ends when arriving at the 

corners.  

All the tests indicate that flow fields have similar 

distribution. Double integral is carried out for flow velocity 

curve of each end and gas film thickness, and the results 

show gas consumption in each test listed in Table 6. 
 

 

 

a) Flow field distribution of gas film                         b) Flow field distribution of top gas film 
 

       

c) Flow field distribution of side gas film                            d) Flow field distribution of bottom gas film 

Fig. 10  Flow field distribution of test 1 
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As shown in Table 5, Table 6, test 9 shows the 

maximum loading capacity, and the gas consumption is also 

the highest, reaching 1342887 mm3/s. Test 1 shows the min-

imum gas consumption, reaching 194818 mm3/s. Although 

the ends of chamfers are small, the flow velocity is much 

higher than other ends, so the gas consumption at chamfers 

cannot be ignored. 

Table 6 

Gas consumption in orthogonal test (mm3/s) 

TN Side a Side b×2 Side c×2 Side d×2 Side e 
Top of 

chamfer 

Bottom of 

chamfer 
Gas consumption 

1 33620 32878 24976 19843 37878 22506  23117  194818  

2 48093 47076 35109 31899 46250 32215  31141  271783  

3 63381 62114 45655 46406 53101 42240  39064  351961  

4 87468 86527 64482 63178 72187 30324  27726  431892  

5 120700 119610 89073 64724 124800 41232  39312  599451  

6 154233 153205 113124 94769 139424 51444  47672  753871  

7 174309 175949 132514 106827 156900 34947  31587  813033  

8 232163 235450 176183 158796 185659 44919  40004  1073175  

9 289018 295334 223175 146904 285990 53332  49134  1342887  

 

4.3. Design and analyses of orthogonal test 

Regarding the loading capacity and gas consump-

tion as the critical indicators, the results of tests are analyzed 

through range analysis by considering the data in Table 5, 

Table 6 respectively. 

The loading capacity is the basic requirement for 

platform stability. Practically the higher value is the better 

stability it can achieve. The range analysis of loading capac-

ity is calculated in Table 7. 

Table 7 

Range analysis of loading capacity 

Indicator 1 A B Error C 

Vertical 

loading 

capacity, 

N 

KF1 12395 8971 11497 13337 

KF2 12022 11820 11645 11841 

KF3 10493 14119 11768 9732 

kF1 4132 2990 3832 4446 

kF2 4007 3940 3882 3947 

kF3 3498 4706 3923 3244 

Range R 634 1716 90 1202 

Primary and 

secondary factors 
B→C→A 

Selecting 

favorable project 
B3 C1 A1 

 

It can be observed from Table 7 factors of primary 

and secondary sequence of influencing loading capacity are 

gas supply pressure, bottom guideway width, gas film thick-

ness. Based on the principle of most loading capacity, the 

favourable project is B3 C1 A1. Range of error is much 

smaller compared with other factors, which indicates that all 

the influencing factors are considered. 

The gas consumption determines the production 

cost. Normally the lower value can greatly save money for 

the company. The range analysis of gas consumption is cal-

culated and presented in Table 8. 

As can be seen from Table 8, the gas film thickness 

is the main factor of influencing gas consumption, and gas 

supply pressure following by. The bottom guideway width 

and range of error are both small, which indicates that bot-

tom guideway has little influence on gas consumption. 

Based on the principle of least gas consumption, the favour-

able project is A1 B1 C2. 

As can be seen from Table 8, the gas film thickness 

is the main factor of influencing gas consumption, and gas 

supply pressure following by. The bottom guideway width 

and range of error are both small, which indicates that bot-

tom guideway has little influence on gas consumption. 

Based on the principle of least gas consumption, the favour-

able project is A1 B1 C2. 

Table 8 

Range analysis of gas consumption 

Indicator 2 A B Error C 

Gas 

consum

ption, 

mm3/s 

KH1 818562 1439743 2021863 2137157 

KH2 1785214 1944409 2046563 1838687 

KH3 3229095 2448719 1764445 1857028 

kH1 272854 479914 673954 712386 

kH2 595071 648136 682188 612896 

kH3 1076365 816240 588148 619009 

Range R 803511 336325 94039 99490 

Primary and 

secondary 

factors 

A→B→C 

Selecting 

favorable 

project 

A1 B1 C2 

 

According to the requirements of air-floating plat-

form design, the above analysis results are summarized as 

following: 

1. Based on the above analysis, A1 can be deter-

mined as film thickness. 

2. It is contradictory that gas supply pressure is an 

influencing factor for both loading capacity and gas con-

sumption. There is no cutting force during the platform 

works and the vertical loading capacity of single side on the 

X direction is about 3000 N. It can be observed from three 

tests of A1, loading capacity is far beyond the requirement. 

Therefore, under the precondition to satisfy the loading ca-

pacity and according to the principle of least gas consump-

tion, B1 is determined as gas supply pressure. 

3. Considering the overturning moment on the Y 

direction when air-floating platform moves, C2 is deter-

mined as bottom guideway width to improve the gas film 

stiffness. 

Overall, the favourable structure parameter of air-

floating platform is A1 B1 C2,which means gas film thick-

ness H=0.02 mm, air supply pressure Ps=0.15 MPa, bottom 

guideway width Bx=140 mm. Due to the favourable project 

excluded in above tests, another test should be made, in 

which vertical loading capacity of the guideway is 3177 N 

and gas consumption is 191487 mm3/s, herein lies the more 
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loading capacity than that in test 4, 7, 8, which can meet the 

loading requirements of single side of 3000 N and gas con-

sumption is less than all other tests. 

5. Conclusions 

This study determines the structure of air-floating 

platform and optimizes the structural parameters by apply-

ing orthogonal tests. Conclusions from tests are drawn as 

following: 

1. The distributions of pressure field and flow field 

for each gas film face are independent, the pressure around 

pressure groove is the highest and attenuates from gas film 

center to ends rapidly, maximum flow velocity occurs 

around restrictors at the front and rear of gas film and cham-

fers. 

2. Gas supply pressure is the main factor influenc-

ing the loading capacity. The loading capacity and gas con-

sumption increase with the pressure increasing. Gas film 

thickness is the main factor that influences the gas consump-

tion. Both of the loading capacity decreases and gas con-

sumption increases when the gas film thickness increases. 

Bottom guideway width is an important factor that can in-

fluence the loading capacity, but has little influence on gas 

consumption. 

3. The optimized structure parameters are achie-

ved, which are gas film thickness H=0.02 mm, gas supply 

pressure Ps=0.15 MPa, and bottom guideway width 

Bx=140 mm, which can achieve vertical loading capacity of 

single side of 3177 N and gas consumption of 

191487 mm3/s. These structure parameters can efficiently 

satisfy the requirements of the loading capacity and long-

term continuous work on long raster engraving air-floating 

platform. 
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D.Y. Mo, P. Ma, H. S. Lian, M. F. Gong 

OPTIMAL DESIGN FOR THE STRUCTURE 

PARAMETERS OF LONG RASTER  

ENGRAVING AIR-FLOATING PLATFORM 

S u m m a r y 

Air-floating platform is the core component of long 

raster engraving system. In order to meet the demands of 

long raster engraving, this paper, proposes a three-dimen-

sion finite element model about gas film based on the vali-

dation of simulation model accuracy by test platform. We 

investigate the influence of the gas film thickness, air pres-

sure and width of bottom guideway on the loaded capacity 

and air consumption by orthogonal test method. The best 

design scheme of air-floating platform structure is deter-

mined by range analysis method. The experiment results 

demonstrated that air film thickness, gas supply pressure, 

width of bottom guideway, the loading capacity of single-

sided guideway and air consumption are H=0.02 mm, 

Ps=0.15 MPa, Bx=140 mm, 3177 N and 191487 mm3/s, re-

spectively. Hence, this scheme can greatly meet the require-

ments of the loading capacity and reduce air consumption of 

air-floating platform. It provides a basis for optimum struc-

ture design about air-floating platform. 

Keywords: air-floating platform, finite element, orthogonal 

test, loading capacity, air consumption. 
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