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Abstract

Purpose — This paper aims to analyze the pressure distribution of rectangular aerostatic thrust bearing with a single air supply inlet using the

complex potential theory and conformal mapping.

Design/methodology/approach — The Mébius transform is used to map the interior of a rectangle onto the interior of a unit circle, from which the
pressure distribution and load carrying capacity are obtained. The calculation results are verified by finite difference method.

Findings — The constructed Mobius formula is very effective for the performance characteristics researches for the rectangular thrust bearing with a
single air supply inlet. In addition, it is also noted that to obtain the optimized load carrying capacity, the square thrust bearing can be adopted.
Originality/value — The Mdbius transform is found suitable to describe the pressure distribution of the rectangular thrust bearing with a single air

supply inlet.
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Nomenclature

Notation
a
b

C1 ~Cg

= rectangular length;

= rectangular length;

= complex coefficient in conformal mapping
function;

d; ~ di¢ =real and imaginary parts for complex coefficient
€1~ C8s

= compressible flow region;

= numerical calculation parameter;

= film thickness;

= conformal mapping singular equation;

= pressure distribution;

= inlet pressure at inner boundary I',;

= atmospheric pressure at outer boundary I';;

= radius of concentric circle;

= bearing area;

= relative velocity along x direction;

= relative velocity along y direction;

= complex variable in unit circle;

= horizontal coordinate;

= vertical coordinate;

= segment element along x direction;
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Ay = segment element along y direction;
z = complex variable in region D;
n = kinematical viscosity;

p = density;

r = outer boundary;

I, = inner boundary;

0 = mapping angular;

0, = mapping angular;

0, = mapping angular;

¢, = rectangular length ratio;

&, = rectangular length ratio; and
A = mapping radius.

1. Introduction

Aecrostatic bearings are widely used in super-precise and ultra-
high speed mechanical systems because of their negligible
friction and low heat generation. The main focus of researches
on aerostatic bearings is the performance characteristics such as
pressure distribution and load carrying capacity, which were
represented by many researches, such as Li and Ding (2007),
Cheneral. (2011) and Belforte ez al. (2011).
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Fourka and Bonis (1997) analyzed the influence of feeding
types on the performance of aerostatic bearings and described
the numerical procedures based on the finite element method.
The load capacity and stiffness were calculated with the
integration of the pressure field, which was written in
dimensionless form. The triangle finite elements and linear
interpolation functions were adopted by Baksys and Ramonas
(2009) to solve the non-stationary Reynolds’ equation of
pressure distribution in air cushion of a pneumatic track.
Dependencies of air cushion pressure on system parameters
were determined. Taking into account the equilibrium of the
mass flow rate and the squeeze film effect, Chen and Lin
(2002) adopted the Newmark integration method and the
modified resistance network method to analyze the time
dependent dynamic behaviors at each time step for designing
an aerostatic rectangular bearing with X-shaped grooves.
Yoshimoto ez al. (2007) described the pressure distribution in
the bearing clearance of circular aerostatic thrust bearings with
a single air supply inlet. The flow field was calculated by using
CFD software, which can solve the Navier—Stokes equations
directly. In addition, the numerical results were verified by the
experimental data. Nishio er al. (2011) considered the
aerostatic annular thrust bearings with feedholes of less than
0.05 mm in diameter, and investigated the static and dynamic
characteristics of these bearings by using the finite difference
method. The discharge coefficients of small feedhole were
determined also by using CFD and verified experimentally.

To study the applicability of the Reynolds equation and the
precise calculation of the flow field at large gas film clearance
for a thrust aerostatic bearing, Yu and Ma (2010) adopted both
the finite difference method and the finite volume method to
calculate the two-dimensional flow field. For the finite
difference method, the Newton iteration method for two-
dimensional Reynolds equation of thrust aerostatic bearings
was deduced, and the Chebyshev accelerated over-relaxation
iterative method was introduced to improve the calculation
efficiency. For the finite volume method based on the Fluent
Software, the structured and partial refinement grids were
applied and the mixture model of laminar and turbulent models
were built and solved by the SIMPLE algorithm. To capture
turbulent structures and fluctuations, Zhu ez al. (2013) used
large eddy simulation method to numerically calculate the
transient flow field in the bearing clearance. Vortex structures
and pressure fluctuation in the bearing clearance were
captured. Relationship between the pressure fluctuation and
bearing vibration was established based on the simulation
results and experimentally measured vibration strength. For the
sake of predicting accurately the characteristics of supersonic
flow in externally pressurized spherical air bearings under large
clearance and high air supply pressure, Chang and Jeng (2014)
proposed a modified particle swarm optimization algorithm to
optimize a double-pad aerostatic bearing. The modified
particle swarm optimization algorithm has a global search
capability and high efficiency to optimize a problem with
several design variables and that the mutation can provide an
avenue for particles to escape from a local optimal value. A
surrogate model of the discharge coefficient of an orifice-type
restrictor based on the orifice diameter and film thickness was
also built by using the artificial neural networks.
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Since the creation of the flow field equations inside air
bearing clearance, scientists were committed to search the
solutions. Many studies have been made to investigate the
static and dynamic characteristics and performance of
aerostatic bearings by using the numerical or experimental
methods. With the application of numerical methods such as
finite differences and finite elements methods, the numerical
solutions are reliable only when a large number of nodal points
are considered. This will eventually lead to prohibitive
computational cost owing to the use of iterations. Conversely,
adopting approximate but accurate analytic procedures leads to
simplified formulation and acceptable results. Several
literatures attempted to look for the analytic solutions for the
externally pressurized bearings. The Stokesian viscous fluid
lubricants in an externally pressurized hydrostatic 2:1 ellipse
bearing were studied by Bilal (2012) with complex potential
theory and conformal mapping. The Navier—Stokes’ equations
in three dimensions were reduced to the potential equation in
two dimensions associated with Dirichlet boundary conditions.
Applying the Riemann’s mapping theorem and Jacobian elliptic
functions, the mapping transformation was established.
Balcerzak and Raynor (1962) computed the performance of
hydrostatic bearing pads in the form of n-sided regular
polygons with a central oil supply hole by conformal mapping
method.

For accurately computing the pressure distribution for the
rectangular aerostatic thrust bearing with a single air supply
inlet, the M6bius transform is adopted to map the interior of
rectangle onto the interior of the unit circle in this paper,
from which, the load carrying capacity is analyzed. The rest
of this paper is organized as follows. Section 2 explains the
formulation of compressed air flow field. Section 3
constructs the conformal mapping function with Mdobius
transform. Sections 4 and 5, respectively, detail the mapping
angle and inlet radius. Sections 6 and 7, respectively,
illustrate the pressure distribution and load carrying
capacity of the rectangular bearing. The availability of the
conformal mapping function proposed is verified by
numerical solution in Section 8, and further researches of
the load carrying capacity are described in Section 9.
Finally, conclusions are drawn from the above results.

2. Formulation of compressible air

A typical rectangular aerostatic thrust bearing with a single air
supply inlet illustrates in Figure 1. The domain D is bounded
by two closed contours, I'y and I',. Where I’y is a rectangle and
I', is a concentric circle of radius with » = 0.05. 2a and 2b are
the long side and short side of the rectangle, respectively.
The compressible fluid flow occurs in D in such a way that the

Figure 1 Bearing configuration
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atmospheric pressure P, retains at all the points of I}, while
the constant value P is assumed all over the points of 5.

With the assumptions of perfect gas for air and the
isothermal laminar flow situated in bearing clearance, the
non-dimensional Reynolds equation which is derived from
Navier—Stokes equations, and can be expressed in the two
dimensional Cartesian coordinates system:

(5 6p) (.5 Op

- ) £

Ox <h p@x dy (h pay
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The above Reynolds equation can be further simplified by
introducing the following list:
+ The laminar flow of the boundary layer is fully developed

steady state, and the transient term can be ignored, that is
oph) _ 0

at B ’ . . . . .

+ The aerostatic thrust bearings is stationary relatively to the

pedestal, thatis # = 0 and v = 0.
+ The flow in the gas film clearance is steady, and the gas
film thickness remains constant along the x and y

directions, thatis 2 = 0 and 2 = 0.
x dy

On the basis of the above assumptions, the compressible fluid
Reynolds equation for rectangular thrust bearing can be
simplified as follows:

82 pZ
Ox?

(92 P2

o "

2

The boundary conditions are given by:

P=Px+tiyel,
P:Pox-l-iyel"l

where P, =1 and P, =0.2.

3. Mobius transform

The Riemann mapping theorem states that any simply
connected domain can be mapped conformably onto the
interior of the unit circle. Using the complex potential theory
and conformal mapping, the function that maps the interior of
a rectangle onto the interior of a unit circle can be deduced
(Figure 2).

To construct the suitable conformal mapping function,
the corresponding matching points that map the rectangle to
the unit circle should be recognized first. Obviously, the

Figure 2 Mapping domains
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mapping relations can be established between the four
points (Nos 1, 3, 5 and 7) located on the coordinate axes x
and y of the rectangle and the corresponding four points on
coordinate axes 7 and ¢ of the unit circle (Figure 3). To the
four points at the rectangle corner, Nos 2, 4, 6 and 8, it is
difficult to determine the corresponding matching points on
the unit circle directly. Therefore, given the corner point
No. 2 maps to the unit circle with angle of #, the other
corner points, Nos 4, 6 and 8, are assumed map to the points
with angles of 180 — 6, 180+ 6 and 360 — 6, respectively, by
taking into account the symmetry of the rectangle. The
corresponding matching points from the rectangle to the
unit circle are summarized in Table I:

Using the Mobius transform, the conformal mapping
function is constructed as follows:

Z z+c3 zZ+ cs zZ+ ¢y
w = C
zZ+ ¢ Z+ca)\z+ce zZ+ cg
The unknown complex potential parameters c¢; —c¢g in
equation (3) are determined by the mapping relationships

involving the 8 matching points (showed in Table I), which are
written as follows:

(3

¢ =dy tidy
¢y, =d3 +1idy
¢c3 =ds +1idg
¢y = d7 +1idg
¢s = do +1dyg
c6 = di1 +idia
c7 =di3 +idig
cg = dis5 +idie

Figure 3 Mapping from rectangle to unit circle

Z - plane W - plane
4 3 2
4
5 11 /5
6
6 7 8
Table I Corresponding matching points
Matching points 1 2 3 4
Z-plane a0 a,b 0,b —a, b
W-plane 1,0 cos(@), sin(0) 0,1  —cos(M), sin(A)
Matching points 5 6 7 8
Z-plane —-a,0 —a, —b 0,-b a, —b
W-plane —1,0 —cos(f), —sin(@) 0, —1  cos(®), —sin(0)

Note: Where § =0~ 7
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Introducing the characteristic function:

H=w(z+c)(z+ca)(z+co)(z+cs)

—az(z+e)(z+ces)(z+er) =0 &)}
The real and imaginary functions of H are given as follows:
Re(H) =0
3)
Im(H) =0

Substituting the mapping relationships into equation (5) yields
16 characteristic equations (showed in Appendix 1) referred to
16 real numbers d; — dj6. By resolving the 16 characteristic
equations, the mapping function [equation (3)] from the
interior of rectangle to the interior of unit circle is obtained.

4. Mapping angle 0

By introducing the parameter of aspect ratio §, = &, Figure 4
illustrates the conformal mapping graphics from the interior of
rectangle to the interior of unit circle with the variation of ¢, for
b = 1. These graphics show that the Formula (3) can be used to
build a mapping relationship between the rectangle and the
unit circle.

In addition, it is noted that the rectangular corner point
No. 2 maps to different point on the unit circle for different
aspect ratio &,. As &, = 1, it can be observed that § = 45°.
Increasing £,, the mapping angle 6 decreases. For example,
&,=1.5produces § =21.6°and £, =2 produces § =9.9°. The
relationship between the mapping angle and the aspect ratio is
illustrated on Figure 5. And the corresponding fitting curves in
Figure 6 show that as £, = &, 6, = 90" — 0, which can be
explained from the rectangular symmetry. Taking the feature of
symmetry, just the situation of a > b is considered in the
following sections, and £, is selected as the variation parameter
to research the performance characteristics of the rectangular
bearing.

5. Mapping concentric circle

Adopting the constructed Mobius transform, the air supply
inlet with a radius of r inside a rectangle is mapped to the
concentric circle with a radius of A inside the unit circle
(Figure 7).

The radius of mapped concentric circle A inside the unit
circle decreases (Figure 8) with the increase in £,at b = 1. Itis
also noted from Figure 9 that A decreases with the increase of
bearing area S. And at the same bearing surface area situations,
the increase of length ratio £, improves A.

6. Pressure distribution

For the simplified Reynolds equation (2), which governs the
compressible flow field in the clearance space for a unit circle
with a concentric circle of radius A, the steady pressure
distribution is deduced by integrating the Reynolds equation
and imposing the boundary conditions:
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Figure 4 Conformal mapping from rectangle to unit circle with b =1

W-plane

Z-plane

Z-plane

Notes: (a) z-plane, = 1.0; (b) w-plane, ¢ = 1.0; (c) z-plane,
¢ = 1.5; (d) wplane, £ =1.5; (e) z-plane, & = 2.0; (f) w-plane,
=20

Figure 5 Mapping angle

2
15
Ent
05
% o5 1 15 2
€a
- 2 2w 2
P= Re{(?l —p0%)——— *ho ©)
nA
Substituting the Mobius transform [equation (3)] into

equation (6), the pressure distributions of the rectangular
bearing with a single air supply inlet are obtained and
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Figure 6 Curves of mapping angle with length ratio

50 90
*
40 80 3
30 70
N &
20 60
10 x 50
k.
01 1.5 2 401 1.5 2
Ea &b

Figure 7 Concentric circles

0.05, Z-plane 0.05 W-plane

@) ()
W-plane
© @

Notes: (a) »=0.05 mm in z-plane; (b) &, = 1.0,
in w-plane; (¢) &, = 1.5, in w-plane; (d) &, = 2.0,
in w-plane

Figure 8 Radius of mapped concentric circle with &,

b=1

0.04

0.044;

0.042¢

0.04;

1 12 14 1.6 1.8 2
Ea

illustrated in Figure 10 for different aspect ratio situations.
From Figure 10, the inlet pressure P; = 1.0 within the radius
of air supply inlet, and the atmospheric pressure Py, = 0.2 at
the bearing outer edge, which are consistent with the given
boundary conditions.
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Figure 9 Mapped concentric circle with rectangular area

0.06
| —— & =10
005 | €a=13
O Ea=17

0.041},
0.03}

0.02

0.01

7. Load carrying capacity

Normally, the bearing load capacity is calculated by integrating
the pressure profile inside the bearing clearance as follows:

F = / / pdxdy )

In this article, equation (7) is very hard to be resolved
analytically owing to the nonlinear expression of pressure
distribution [equation (6)]. Numerical integrating method
[equation (8)] is therefore adopted to substitute equation (7) to
resolve the load carrying capacity:

F=Y pids ®)
i=1

The load carrying capacity calculating results are showed in
Figure 11, which is observed improve with the increase of &,.
It is clear that, fixed the length of one side of the rectangle, the
larger rectangular area brings the higher load carrying
capacity.

8. Verifying the conformal mapping method

For verifying the proposed conformal mapping method, the
finite difference numerical technique is used to solve the load
carrying capacity of the bearing. From the comparison results
between the analytic method and the numerical technique, the
validity of the Mobius transform can be verified.

For the compressible flow field partial differential equation (2),
letting f = p?, yields the following:

3f , P

The boundary conditions are as follows:
f=fixtiyel,
f=foxtiyeTl,

where, f; =1 and f, = 0.04

The second derivatives for the partial differential terms in
equation (9) could be approximated by the follow equations:



Rectangular aerostatic thrust bearing

Industrial Lubrication and Tribology

Shang-Han Gao and Sheng-Long Nong

Figure 10 Pressure distribution diagrams forb =1
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Notes: (a) £,=1.0; (b) &,=1.5; (c) £,=2.0

Figure 11 Curve of load carrying capacity with &, forb =1
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Pf  fivrj =2ty
(Ax)*

ox2 (10)

Pf _fijrr = 2ij +fij
oy (4y)*

an

Substituting equations (10) and (11) into equation (9) gives:

(A i1+ (M) i+ (Ao + (AX)f s

fii= 2(Ay)* + 2(Ax)°
(12)
and:
pij = Vhi (13)

Figure 12 illustrates the comparison results between the
conformal mapping method and the numerical technique. The
conformity is found excellent, which indicates that the proposed
conformal mapping formula is appropriate for the pressure
distribution researches of the rectangular bearing with a single air
supply inlet.

9. Further researches on load carrying
characteristics
In this section, the loading characteristics of the rectangular

bearing are investigated by the effects of the aspect ratio £, and
bearing area S.
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Figure 12 Comparison between the analytic and numerical results
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As the bearing area S increase, the load carrying capacity improves
(Figure 13). At the same bearing area conditions, the larger aspect
ratio decreases the load carrying capacity. It has been discovered
from Figure 9 that, at the same bearing area situation, the larger
length ratio ¢, produces the larger radius of mapped concentric
circle A. For A locates at the denominator position of the analytic
pressure distribution equation (6). Increasing A likely decreases
the pressure value inside the bearing clearance, and accordingly
reduces the load carrying capacity value. Combining the analysis
from equation (6) and the results in Figures 9 and 13, it can be
concluded that the bigger the rectangular length ratio takes, the
smaller the bearing’s load carrying capacity, at the same bearing
area situations. Therefore, to get the maximum load carrying
capacity for the rectangular thrust bearing, the aspect ratio of the
rectangle should be given as £, = 1, and that exactly is a square
bearing.

Figure 13 Curves of the load carrying capacity with £, and S

w
[=]

N
o

N
(=]

-
(=]

(%]

Bearing carrying capacity

(=]



Rectangular aerostatic thrust bearing

Industrial Lubrication and Tribology

Shang-Han Gao and Sheng-Long Nong

10. Conclusion

Owing to the virtue of low friction and high accuracy, the
aerostatic bearings are widely used in super-precise and ultra-
high speed mechanical systems. The determination of
performance characteristics for the aerostatic bearing system is,
therefore, very essential. The complex potential theory and
Mobius transform are adopted in this work to satisfy the
boundary conditions of the rectangular bearing, from which,
the pressure distribution and load carrying capacity are
obtained. The analytic results are compared with the results of
the finite difference method, and conformity is found excellent,
which shows that the Mdobius transform constructed in this
paper is suitable to describe the pressure distribution of the
rectangular thrust bearing with a single air supply inlet. In
addition, it is also noted that to obtain the optimized bearing
carrying capacity, the square thrust bearing can be adopted.
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Appendix 1
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—dyaldodys + dra®dyodis — drdsa*dys — dydsdoa®
+ dydedy4a® + adydsdiodys — addedodys + adydedodya
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+ dydyoa® + cos(0)dra® — dya’dys + dadea® + cos(6)d; b
—dydsa® + cos(0)dsa® + cos(0)a>dys + cos(0)dgb®

+ cos(0)dy1a> + sin(0)dsdrdi2b + cos(0)b3dyg — 4sin(0)a>b
+ cos(0)dab® — sin(0)diea® — sin(0)di2a> + 6dya>b?
—sin(0)dya® — sin(0)dsa® + 4sin(0)ab® — sin(0)bd,dy1d;5
— 2s5in(0)dsabdys + cos(0)dsb>dye + sin(0)b>diedry

— 5in(0)dsd7dy1b + cos(0)dsdi2b” — 3cos(0)dsa’b
+cos(0)a’dy1dys + 3dra’dob + 3dra”bdy5 + 3dydsa’b
—sin(0)dsa’dys — dya*dodys — dibdediodis — sin(0)dsdy a®
— sin(0)dsdga® — cos(0)a’dirdre + cos(0)dra’dys

+ cos(0)drdy1a® — cos(0)dsdiea® — cos(0)dsdy,a?

+ cos(0)dsdy1a® + cos(0)dsdra® — cos(0)dsdyisa®
—cos(0)dydi2a® — cos(0)dudga® — 3cos(0)a’bdye

— 3cos(0)a’dyzb + 2dyadsbdy s + sin(6)dybdy2dys

+ cos(0)dsa’dys — cos(0)dsdy1 % + cos(0)b* — dydsdyob?
—adydsdody3 + adydsdyodia + adydediady + adydedy0d13

+ adydsdyady + adydsdyodys + adadedodys — adydediodya
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—dya* — 3dyab*dyy — 3dyadiob® + 3dyadeb® + dibdsd4ds
— dybPdyady — dybPdyodys + sin(0)drdyo b + sin(0)dsb>

+ 5in(0)d;b> + sin(0)dy 1 6> + sin(0)b>dy5s — dydjob®
—dydgb® — dib2d 1y + 4dra’b — 4drab® — dydsb® — dydob®
— dpbdy3 + sin(0)dybdysdyy + cos(0)b*diadis — dadsdob?
— dydgb®dy5 + cos(0)ad;dy 1 dys + drbdsdod s

+ sin(0)bdgdi2dys — cos(0)ad;dirdig — cos(6)adgdiedi
—cos(0)adsdi2dys + cos(0)dsadi1dis — cos(6)dsadi2die
+ cos(0)dsdradys + cos(0)dsdrdyia + cos(0)dsdrdy1dis

+ 2dyabdydys — cos(0)dsadyadys — cos(0)dsad;edi;
—cos(0)dsdydiadie — cos(0)dsdsdiga — cos(0)dsdgdyedy

—cos(6 dgdgdlza — 605(0)d3d8d12d15 — dzbd@dmdn

)
(6)

+ sin(0)b6°d12dys + sin(0)dsdy 1 6° — cos(60)dsdrdyea
—cos(0)dsdrdiedir — cos(0)dadrdiaa — cos(0)dadrdiadis
— cos(0)dsdzadys + 2sin(0)dydsab + sin(6)dsdgb?
+ 5in(0)drb°dyg + dodedoa® + dodsdioa” + drdsa’dys
—cos(0)dsdgdira — cos(0)dadsdi1dis — cos(0)b*di1dis
+ cos(0)dydgdindie — 2c0s(8)ad;bdy — 2cos(0)adydy2b
—2cos(0)abdyedi; — 2cos(0)abdi»di5 — 2cos(0)adsd; 1 b
—sin(0)drdi2a® — sin(0)a’diedyy — 2cos(0)adsbd,s
—2cos(0)dsabdis — 2cos(0)dzadi2b — cos(0)dsd7bdye
—cos(0)dsdrdib — cos(0)dsbdiediy — cos(0)dsbdyads
— dobdsdyads + 3sin(60)adsb® — 3sin(6)d3a’b
—cos(0)bdydyediy — 2cos(6)dsdgab — cos(6)dsdsdy1 b
— cos(0)dsdgbdys + cos(0)bdsdi»die — cos(6)bd;d2d5

—sin(6 d4d7a2 - d1d6d10b2 + 2d1ad6bd13 + 2d1abd10d13

(9)
(9)
— cos(0)bdsdy 1 dis — 3dradsb® — dadsb*diy + dodsdyga®
(0)
+ cos(8)

a* — cos(0)d;b*d15 — cos(0)dzdrb* + sin(0)dsdgdi2b
+ 2dy adgdob + dyaPdiodys + cos(0)dydi»b® + cos(0)dydgb?
—3cos(0)dsab® + dra’dyady — 3cos(0)ad; B>
—3cos(0)ab®dys — 3cos(0)dga®b — 3cos(6)ad; b>

+ 2s5in(0)dyabdys + sin(0)dsdsbdye + 3dya’dyob + dya’dyods
+ 5in(0)dydsdy 1 b + dydgdyoa® + dydsdiaa® + 2dyabdy4ds

- d1d5d9a2 — Sl-n(a)dgazdls — sin(@)a2d12d15
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—2cos(6)dyady1b — 2cos(0)dyabdys — 2cos(6)dydrab
—cos(0)dydydy1b — cos(0)dsdrbdys — cos(0)dsbdy1dys

+ cos(0)dybdyrdig — sin(O)d3d15a2 + cos(0)dydgbd g

+ 2dyadsd b — sin(0)ad;diediy — sin(0)adrdi»d;s

+ cos(60)dydsdi2b + sin(0)dsb’dys + 3sin(6)dsab’
—sin(0)adsdy1dyis + sin(0)adsdidie + 3d1dsa’b
+3dyadsb® — sin(60)dsadyedyy — sin(0)dsadyzdys
—sin(0)dsd:diea — 2dradebdys — sin(0)dsd-diza
—sin(0)dsdrdigdr — sin(6)dsdgdiia — sin(6)dsdrdyo2dys
—sin(0)dsdsad;s — 2draded;ob + sin(0)dsdgdi2die
—sin(0)dsdsdi1dyis — sin(0)dyad; 1 dis + sin(60)dyadi»die
—sin(0)dydrdy1a — sin(0)dydradys — sin(0)dsdrdyidys
+ 5in(60)dyd;di2d16 + sin(0)dydsdisa + sin(0)dsdsdisdi
+ sin(0)dydsdiza + sin(0)dydsdindis — 2sin(6)ad;dy 1 b
— 2sin(0)ad;bdys — sin(0)dsdy»a® — 2sin(0)abd; dys

+ 2sin(0)abdyrdie + 2dradsdob + 2sin(6)adsbd, e

+ sin(0)dyds 0% = 0

- d1d2d10d13 — d1d14a3 + 005(0)d12a3 — d1d10a3 — d1d6d9d2

— d2d9a3 — d1d6a3 — d2a3d13 — 608(0)d3b3 + 608(0)d3d7d12d15

+ cos(0)dsdgadys + cos(0)dsdsdyya — 3sin(0)ab>dys
—3sin(0)dga®b — 3sin(0)ad;b* — 3sin(0)ady; b
+ cos(0)dsdrdiga + cos(0)dsd;dyedi1 + cos(0)dsdrdiza

— COS(@)d4d7d12b — 605(0)d4bd16d11 — sin(t‘))d3d8d16a

+ sin(@)d7d11a2 — Siﬂ(e)dsdmaz — Sin(@)dsdlzaz +d; b2d10d13

+ didedob® + dydsb®dys + sin(0)d12b> — cos(0)dsdrb?
—cos(0)dydy1 6% — cos(0)dsb?dys + sin(0)a’di1dys

— sin(0)dsddy2dys — sin(0)dsdsdysdy; + 3dydsa’h
+3dya’bdy4 + 3dya’d1ob — sin(60)dsdsdyza
—sin(0)dsdsdipdys — sin(0)dsad »dys — sin(0)dsad;dry
—sin(0)dydrdiga — cos(0)dsdgdiea — cos(0)dadsdieds;
—cos(0)dsdgdira — sin(6)dsdrdiediy — sin(0)dadrdina
—sin(0)dyddindy5s — sin(0)dsdsadys — sin(0)dydgdyia
+ 5in(0)dsdsdizdye — sin(0)dsdsdy1dys + dodsdisa’

— 25iﬂ(0)0d7bd16 — 231'n(0)abd16d11 — 25in(0)ad7d12b

(B3)
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—2sin(6)abdyrdys — 2sin(0)adsd; 1 b — 2sin(0)adsbd,s

+ sin(0)dsdy1a® + sin(0)dsdra® — sin(0)dsdisa®
—3sin(60)dsab® — sin(0)dsd7b*> — sin(60)dzdy b

+ cos(0)dya’dys + cos(0)dady1a® + 3cos(0)a’dy b

+ 3cos(0)a®bdys + 3cos(0)d;a*b — 3cos(0)ab’dyg
—3cos(0)ady2b? — cos(0)b%diedy; — cos(0)bdi2d, s

— cos(0)dgdy1b> — cos(0)dsb*dys — 3cos(0)dyab?

— 2sin(0)dsabdyg — 2sin(0)dsadi,b — sin(0)dsd;bd;e
—sin(0)dsd;di2b — sin(0)dsbdedy; — sin(0)dsbdyodys

— 2sin(0)dsdsab + 3dradsb” + 3dradeb® — sin(0)dsdsdy1b
—sin(0)dsdsbdys — sin(6)bd;di2di5 — sin(0)bdydiediy

— cos(0)dydgbdys — cos(0)dsdgdy b — sin(0)bdgd, dis

+ sin(0)bdgdadie — 2sin(6)dsabds — 2sin(0)dsad; b
—25in(6)dsdrab — sin(0)dyd;di1 b — sin(0)dyd;bds

+ cos(8)dydrdy1dys — cos(0)dsdrdi2die + sin(0)dybdiadie
— sin(0)dybdy1dys + sin(0)dsdipb? — 3sin(0)dsa’b

+ sin(60)dydsbdye + sin(6)dsady1dis — dya®diads

— 2cos(0)dsadi2b — cos(0)dadrbdye — dadeb’dys

— dodgdyob® + sin(0)dydsdinb — 2diadsdob — 2dy adsbd,s
— 2dyabdodys + 2dyabdyodis + 2dyadebdyy + 2dyadedyob
— dybdsdody3 + dybdsdyodia + dibdediado + dybdedy0d13
+ dydsdyob® + dib*diady — dpdeb’ + cos(0)dga’

+ cos(@)d16a3 + 2dyadsbdyy + 2dyadsdgb + 2dyabdy4dy
+ 2dpabdyody3 — cos(0)d11 b’ — sin(60)dsady2dye

+ sin(0)dsdradys + 2daadsdob + 2dradsbdys + dabdsdyady
+ dybdsdyodys + dabdsdodys + cos(0)dsdiza® — dybdsdiodys
+d1B2dys — cos(0)b2dys — dpbPdys + sin(0)dra® — dpb*

+ sin(0)a* + sin(0)b* + sin(0)d;a’dy5s — drdsa®

+ cos(0)dsdgdy1dis — cos(0)dsdsdiadie + cos(0)dyad;dis
+ 2¢0s(0)dsdrab + 2cos(0)dsady 1 b + 2cos(6)dzabd,s
—2cos(0)adgbdys — 2cos(0)adsdi2b + cos(0)adsdy1dys

+ cos(0)adrdiedyy + cos(0)adrdiadys — sin(@)azdlzdl()
+3dyadyob® + 3dyadsb® + sin(0)ad;di1dis
—sin(0)adqdipdie — daa”dedys + dra’diodiy

- d2d5a2d13 — d2d5d9d2 + d2d6d10612 — ad1d5d14d9
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—ad\dsdyodi3 — adidedodi3 + adidediodia — adadsdod
+ adydsdiodia + adadsdiade + adadsdiodys + sin(0)dsdzdria
+ sin(0)dsd;dy 1 dys + 2cos(0)ad; bdys — 6sin(6)a®b?

+ cos(0)dydradys + cos(0)dydrdia + sin(0)dsb*dye

+ dydsb?dys + cos(0)dsdiea® + cos(0)drdyi2a?

+ cos(0)a?diedyy + cos(0)dsdyia?® + cos(0)dsdga®

+ cos(0)dad7a?® + cos(0)dga’dys + cos(0)a’dy2d;s

+ cos(0)drdiea® — cos(0)adsdyadie + cos(0)dsadiediy

+ cos(0)dsadi»dis — cos(0)bdgdidiy + cos(0)bd;dy1dys
—cos(0)bdrdy2dye + 2cos(0)abdy1dys — 2cos(0)abdyadie
+ 5in(0)63dys — 3cos(0)adgb?® — cos(6)dyad;2dye
0)dyb’dys + 4cos(6)a’b + cos(0)dsdrdy b

(
+ sin(
(

)
)
+ cos(6)dsd7bdys — cos(0)dudsdiodis + 2cos(6)ad;di1 b
— sin(0)dydi2a® — sin(0)dydga® — 3sin(0)a’bd; e

— sin(0)d3b*dy5 — sin(0)dqdy1b* — sin(0)drb%d,y
—sin(0)b%dy1dys + sin(0)b2diadie + sin(0)dsa’dys + didyb®
—sin(0)adsdy»dis + cos(0)dsbdy 1 dis — cos(0)dzbdizdig

+ dyb*dodys — dyb*dyodis — 3d1a’bdys — 3dydsa’b

+ 3dyab®diy4 — cos(0)dybdiadis — 2cos(0)dydgab

— cos(0)dsdgbdys — cos(0)dsdgdi2b — cos(0)ddy2b?

+ 3c0s(0)dsa’b — cos(0)dsb*dye — cos(6)dsdyb>

— cos(0)dsdgb® — cos(0)d;b*d1s + 6dra”b? + sin(0)dyb°

+ sin(0)a’dys — didsa’dys — sin(0)adsdyedyy + 3dyab®dys
+ dadsdob® + dpdsb*dys — 4dya’b — cos(0)bdgdy2d s

— 2cos(0)dyabdys + sin(0)dydy 0% + sin(0)dydgb®
—cos(0)d7b> + cos(0)dya® + sin(0)dsb® — dydsdyoa®
+sin(0)dy @’ — dydsdaa® + dydsb® — dadiob® + 4dyab’
—4cos(0)ab® + sin(0)dsa® — 3dya’deb — 3sin(0)a’d; b

—da* =0 (B4)

— dsdsdidys + dsdgdiadie + b2 diadys + dsbPdie + dsb?dis
+ d3dgb® + dydi b + d3dipb® + drbPdyg + dudy B

+ dyd7b* + b2dygdyy — didiob® + dgdy 1 B* + dybPds

— a1deb® — d\b’dyy — drdsb® — dpdob® — dyb3dys — dpdgdob®

— dodeb?dys + d3b® + d7b® + di b + b3dys — di bt
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+ dibdsdy4do + dybdsdyody3 + d1bdegdydys — d1bdediodys

+ dpbdsdodi3 — drbdsdiodia — dabdediady — dabdsdiodis
—d3d7diedi1 + d3dgdi2b + dadqdiadie + dadgdiedi

+ dydsdi2di5 — d3drdi1b — d3d7bd15 — d3bdydis + d3bdiadig
+ dsdsbdie — dadrdyidis + didsb*dis + dib*dodis

— di1b*dyodys — dideb’dis — didediob” — dadsbdys

— dpdsdyob® — dyb*dyado — dpb’drodis — dsdrdiadis
—bdydyydys + bdrdiadie + bdsdiediy + bdsdiadis + dadrbdie
+ dydrdy2b + dybdiedyy + dybdiadys + dydgdy 1 b + dydgbds
+ didsdob® = 0 (B5)
didob® — d7b%dy5 — d3d7b? — dydy b + dybPdys — b2dy1d)s

+ dydi2b® — dady 6% + bdipdie — dsb®dys + dsdiob?

+ dgb?dy6 + dadsh® — dodiob® — dodsb® + didsb’ + b
—d3dsdy1b — d3dsbdis — bdzdiedin — bd7di2di5 — bdgdiidys
+bdsdiadi — dadrdinb — dadrbdis — dybdiidis + dsbdizdie
+ dydgbdis + duydsdinb + bdi + di2b® + dsb® + dub’
+dib°dys + didsb?dia + didsdiob® + dibPdiade + dib*diods
+ didedob® + d1dsb’di3 + dodsdob® + drdsb®dys + drbdodis
— dyb*dyodia — dodsb®dis + dobdedodis — dibdsdod, s

+ d1bdsdyodyy + dibdsdy4dy + d1bdediody3 + dabdsdyiady

+ dybdsdiodis — dadediob® — dob’dis — dobdsdiodia — dob®
+ dsd7dy1di5 — dsdrdiadie — dsdsdiedin — dzdsdiadis
—dadrdiediy — dadqdindis — dydsdindys + dadsdizdie
—d3d7bdi¢ — d3d7diab — d3bdiediy — d3bdizdis = 0

(B6)
sin(0)dyb%dys + dadsdiaa® + didsdob® + 3daa’dob
— d\bdedi0d14 + dza’diodys + dibdsdiade — 3dyadob®
—3dyadsb® — dydyaa® + dabdsdodys + 3didea’b + cos(0)dra’
+ cos(0)a’dys — cos(0)d126> — cos(0)dnb® — 4sin(6)ab’
+ sin(0)dyga® + 4sin(0)a’b + cos(0)dsdyga® + cos(0)dsdyra®
— cos(0)dsa’dys — cos(0)dsdy1a® — cos(6)dsdra?
+ cos(0)dsdisa® + cos(0)dydira® + cos(0)dydga®

+ 3cos(0)a®bdye + 3cos(0)a’diob + drdsdioa® — dided;ob?
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+ dadsa’dys + dydedoa® — cos(0)a’dyydys + cos(0)adindie
—cos(0)d7a’dy5 — cos(0)drdy1a® + adydsdedys — adydsdiodya
—adidsd1ady — adidsd10d13 — adzdsdiady — adardsdiodis

— adydedodys + adydediodis — dodea’ + dia’dys + didoa’
+ 6c0s(0)a’b? + didsa® — cos(0)dgb® — drdyoa®

+ cos(0)dy1a> + cos(0)dsa® + sin(0)dy»a> + 2dradsbdy s
—3dyab’dys — dia* — cos(0)b>dye + sin(0)dy1 6> + sin(0)dsa®
+ sin(0)dsa® + sin(0)dsb® + sin(0)dzb> — db>dya
+5in(0)b’dys + 6d1a°b* — didyob® — dideb® — 4dya’b
+4dyab® — dybdsdyodis — dpb’diodis — dadob® — drdsb’

— dyb’dy3 + cos(0)adsdyydys + 3daadiob® — cos(0)adrdyzdye
—cos(0)adsd ¢dy; — cos(0)adgdiadys + cos(0)dsady dys
—cos(0)dsadirdig + cos(0)dsdradis + cos(0)dsd;di1a
—cos(0)dsdsdy1dys + cos(0)dsdrdiadie — cos(0)dsdsdiea

+ cos(0)dsdgdiedi1 — cos(0)dsdsdiza — cos(0)dadrdiza

+ cos(0)dsdgdiadis — cos(0)dsadisdiy — cos(0)dsadirdis
—cos(0)dsdrdiga + cos(0)dydrdiediy + cos(0)dsdrdiodys

— cos(0)dsdgadys — cos(0)dydsdiia + cos(0)dadsdiidys
—cos(0)dydsdiodie — 2cos(0)ad;bdig — 2cos(0)addy»b
—2cos(0)abdyed;; — 2cos(0)abd»dy5 — 2cos(0)adsd; 1 b
—2cos(0)adgbd,s — 2cos(0)dzabdye — 2cos(6)dzady b

+ cos(0)dsd7bdy + cos(0)dsdrdinb + cos(0)dsbdiedi

+ cos(0)dsbdyrdys — 2cos(6)dsdsab + cos(6)dsdsdy b

+ cos(6)dsdgbdys + cos(0)bdrdi¢dyy + cos(0)bd;di2ds

+ cos(0)bdsdy1dys — 2cos(0)dsdrab — cos(0)bdsdy2dys
—2cos(0)dyad; b — 2cos(0)dyabdys + cos(0)dad,dy1 b

+ cos(0)dyd7bdy5 + cos(0)dabd1dis — cos(@)dybdi2die

— cos(@)dydgbd s — cos(0)dsdsdizb + sin(0)adsdiedry

+ sin(0)ad;dy2dys — dadsb’dyy + sin(0)adsdydis
—sin(0)adsdodie + sin(0)dsadiedyy — didebadis

+ Sin(e)d3dd12d15 + Siﬂ(@)d3d7d16d — sin(@)d3d7d16d11
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+ sin(0)dsdgad,s + sin(0)dsd;dia — sin(0)dsdrdiodys
+ sin(0)dsdsdyya — sin(0)dsdsdydis + dra®dyads

+ didedi4a® + didedioa® + sin(0)dydy b — didsdoa®
+dia’dyodis — dadsdyob® + didsb’dis — 2dzadsbdys

— dydeb®dys + 3dyadeb® + 3dia’bdyy — dybPdyado

+ dybdsdyodys — sin(0)dsadiadye + sin(@)dsdsdiadie

+ sin(O)dsadyyds — d1a’dedys + sin(6)dadradys

+ sin(0)dydrdi1a — dpbdediodis — sin(6)dadrdy1dys

+ sin(0)dydrdipdre — sin(0)dydgdisa + sin(0)dydsd;¢dry
— sin(0)dsdsdiza + 2sin(6)ad;di1b — 2drabdod3

+ 2d,adedyob + sin(0)dydgdirdys + 2sin(6)ad; bd s

+ 2sin(0)abdy1dys — 2sin(0)abdyadie — 25in(6)adsbd, g
+ 2s5in(0)dzabd;s — 2sin(0)adgdi2b + 2sin(0)dsad; 1 b
+ 25in(0)dsdrab — sin(0)dsdrdy1b — sin(0)dsd;bd s
—s5in(0)dsbdy1dys + sin(0)dsbdi»die + sin(0)dsdgbde
+ sin(0)dsdsdi b — sin(0)bd;dy 1 dis + sin(0)bdgdyediy
+ sin(0)bdrdi2dig + sin(0)bdsdiadys — 2sin(0)dyabd g
— cos(0)b* — 2sin(60)dsadi2b + sin(0)dsd;bdy

+ sin(0)dsd;d12b + sin(0)dabdisdyy + sin(0)dsbdird;s
— 25in(0)dydgab + sin(0)dadsdy1b + sin(60)dsdgbdys
—2dyadsbdyy — 2dyadsdyob — 2dyabd sdy — 2dyabdyod 3
—cos(0)a* — 2dyadi6deb — 2dyadsbdis + dybdedods

+ cos(0)dsdy1 6% + cos(0)dsd7 6% + 3cos(0)dsa’b
—3cos(0)ad; b — 3cos(0)ad; b — 3cos(0)ab®d, 5
—3cos(0)dsab® + cos(0)drdy 1 b2 — dyb* + cos(0)db%d, 5
+ cos(0)b%dy1dys — cos(0)b%dyadye — cos(6)dsb®dye

+ cos(0)dsb%dys — cos(0)dgdi 26 + 3cos(0)dya’b
—cos(0)dyb%dye — cos(0)dad 2% — cos(0)dsdsb?

— 2dyadsdob + 3dyab’dyy — sin(6)dsdi2a”

— sin(0)dsdya® — sin(0)drdyra® — sin(—)a2d16d11

+ 3dydsa®b — sin(0)dsdyya® — sin(0)dsdsa®
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— sin(0)dydra® — sin(0)dsa’dys — sin(0)a*di»d;s
—sin(0)d;dyga® — in(0)dsa’dys — sin(6)dady1a®

+ 3d,abdy3 — 3sin(0)ab’die — 3sin(0)a’dy 1 b

+ 2dyabdygdia — 3sin(0)a*bdys — 3sin(0)d7a>b

— d1b?dyodyy — 3sin(0)ad) b — 3sin(6)adgb®

— 3sin(0)d3a?b + sin(0)d76%dys + sin(0)dsbdys

+ 5in(0)dsdy2b% + sin(0)dsdgb® + sin(6)drdy2b°

+ sin(0)b*digdyy + sin(0)b*dirdys + 3dya’dyob — dabdsdyads
+ sin(0)dgdy 0% + sin(0)dsb®dys — 3sin(0)dyab®

+ 5in(0)dyd7b* — drdgdob® — dydsa’dys

+ dyb%dodys =0 (B7)

— didsdi4a® + 4dyaPb + cos(0)diza® + dadoa® + didea®

+ dya’dys + sin(0)dsb’ + cos(0)dsdsb® — dydsdyoa’

— 6s5in(0)a?b® + dydyaa® — sin(0)dadiea® — 3cos(0)adsb?
—cos(0)dydy1a® + cos(0)dsd 0% — 3cos(0)dra’b

+ cos(@)d4d7b2 — cos(G)a2d12d15 + 003(0)b2d16d11

+ 25in(0)adgdi1 b + sin(0)adsdiedry + sin(0)dsdra®

+ cos(0)dsdgdiadie — cos(0)dsdsdi1dys + sin(0)dsadiadis
—3cos(0)dyab® — 3cos(0)adib* — sin(0)adydy1dys

+ sin(0)adsdyodie — dob>dya + 2c0s(0)dsdrab

— 3sin(0)a2bd16 — cos(@)azdmd“ — cos(ﬁ)dgd”az

+ cos(6)dsady dys + didob’ + sin(60)dsb’ + sin(60)6>dy6

+ 6d,a?b% + 4cos(0)a®b — sin(0)a?dyodie + drdsa®

— 2dyadebdys — sin(0)dsb>dis — 2cos(60)dsady2b

— cos(0)dsdipa® + sin(0)dydsdyia — sin(0)dydsdy 1 dys

— dodeb?dis — drdsdiob® + cos(0)dsa® + cos(0)dsb>

— dya* + cos(0)drb> — sin(0)bdrdy2dys — sin(6)dia®

+ cos(0)dadrbdig — dadiob® + d1b°dy5 — sin(0)dza®

+ cos(0)dsdsdy1b + didyoa’ + sin(0)a’dyidis — 2dradedob

+ sin(0)dydsdi2b — cos(0)dsdiea® — cos(0)drdy2a>
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+ 2d;adsdob — cos(0)dsa*dys + cos(0)dsbdyod;s

— doybdsdiodyg + cos(8)drdiob? + sin(6)dsa’dys + dydsb’
+ adydsdy4dy + dydsdioa® — sin(0)a’dys + cos(8)ad;dysdy)
+ cos(0)adrdi2dis + dadsb?dys + dyb®dodys — 3cos(0)a’dy b
— dydsa’dys — dydsdoa® + dydsdisa® — dydgdya®
—dyaPdodys + dya’diodiy — 2dradsbdyy — sin(0)dsdrbdys
+ adidsdyodis — sin(0)dsadydis — sin(0)dad;bdys

+ 5in(0)dyb?dyg + adidedodys — 3sin(6)dsa®b
—3cos(0)a’bdys + sin(0)dsd 0% + sin(0)dydgb®

+ dybdsdy4do + didsdob® — dya*dyodys — adidediodys

+ didsb®dy3 — 4cos(0)ab® + adydsdodys — dydsa’dis

+ sin(0)dsdi2b% + 3sin(0)ad; b* + cos(0)adgdy1dvs

— cos(0)adgdi2dis — sin(0)dydira® — adydsdiodys
—sin(8)dsa® + cos(6)dybdyedyy — sin(0)bdy1dys

— 2dyabdigdy3 — adydsdyady + cos(8)disa® — dadsb’

+ cos(0)dga® — 4dyab’® + 3dya’dyob + 3dyabdys

— sin(0)dsdy2a® — 2cos(0)abdyody — 2cos(0)adsbdyg

— sin(0)dgdisa® — 3cos(0)ab*dis + dybdsdyods

+ cos(6)bd;dyadis + cos(0)bdsdi¢dri — 2dradsbd 3

+ 2dyabdodys — sin(8)d;b6%dys — sin(0)bdd6dy,

— sin(0)dsdsbd,s + cos(0)dydgbdys — dybdsdod)3

+ cos(0)dzdgdy1a — 2dyadedyob + 2d, adsbd, 3

— cos(0)dydra® + dybdsdyodys — cos(0)drdisa®

— cos(0)dsdsa® — cos(0)dsa’dys + cos(0)dsbd2die

+ cos(0)dsdgbdys + cos(0)d;b*dy + cos(0)dsb%dse

+ 3s5in(0)ab’dys — 2dyadsdiob + sin(6)dsgb*dys

+ sin(0)dsdy1a® + cos(0)dsdradys + cos(0)dadrdyia

— c0s(0)dydrdydis — 3dyadiob® — 3diadsb® — 3dyab’dyy
+ s5in(0)dybdi2dye — sin(6)dabdydys + cos(0)dsadied;
+ cos(0)d; 1 b° + 2sin(0)ad;bdys + 2s5in(0)ad;dy b

+ cos(@)d3d7d16a — 608(0)d3d7d16d11 - dd2d6d10d13
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+ cos(0)dgb>dys + sin(0)dadgbdye + cos(0)dsdsdiob

— cos(0)bdydy1dys + cos(0)dsadyzdys + di b dyads

+ dib%dyodys — cos(0)dsdrdi1b — cos(0)dsdrbd, s

— cos(0)dsbdy 1 dys — sin(0)d7dy b° + 2sin(0)dyady | b

— dyb?dyodyy + cos(0)bdgdy2dys — 2c0s(6)dyabdys

+ cos(0)dydrdi2b + 3sin(6)ady 6% — sin(0)dsdrdya

+ 5in(0)dsddy1dys + cos(0)dydy 162 + 2sin(0)dsdgab

— 5in(0)dsbdy2dy5 — 3s5in(0)a®diab + cos(0)b*di2d;5

+ 2cos(0)ad;dy1b + 2cos(0)ad;bdys + sin(0)dyd:diea
—sin(0)dyd;di6dy1 + sin(0)dudsdiza + sin(0)bdsdyadi e
—sin(0)bdgd,1dys5 + sin(0)adgdi»dys + sin(60)dsadi»dis
— dyb* + 5in(0)a* + sin(0)b* — sin(0)dsdsd12b

+ cos(0)b%dy5 + 2sin(0)dsadi2b + sin(0)dza*dys

+ sin(0)dydgadys + didsdiob® + cos(0)dydrdiadys

+ sin(0)drdy1a® — 2cos(0)dsdsab — 3sin(0)dyab

+ 2cos(0)dsabdys — sin(0)dsdgdiadys + 2sin(0)dsabd; g
+ 2s5in(0)adsbd,s + 3drdsa’b — 3dyadsb® + cos(0)dsb?dys
—cos(0)dydsdina + cos(0)dydgdiodys + 2sin(0)abdy»dys
+ 2s5in(0)abdyedy; — sin(0)dsdrdiodys — sin(6)dsdgdy b
+ sin(0)dsadiedi1 + dobdsdiady + 2sin(0)dyabd,s

+ 35in(0)dsab® + cos(0)dsdrdiza — cos(0)dsdrdiadys

+ cos(0)dsdgad,s — dya*dyady — sin(0)dydga® — 2d;abdiody s
+ 2cos(0)abdydys — 3dya’bdys — 3dydsa’b
—2cos(0)adgdi2b + 2cos(0)dsady1 b — sin(0)dsdsdiedi
+ sin(0)dsdsdina — sin(0)dsdradys + sin(60)d; b

— cos(0)dydsdisa + cos(0)dydgdisdyy — 3d1a’dob

— 2dyabdyudy + 2sin(0)dsdsab — sin(0)dyd;dy 1 b

+ dybdsdyody4 + sin(0)dydsdiadys — cos(0)dyadyzdie

+ dydsdob® + dybdsdodys — 3dyadob® — 3dyab®dys
—sin(0)dsd;di2dye + sin(0)dsdsdiea — sin(0)dsbdysdiy

+ cos(0)dgdy1 0% + sin(0)b*diadie — sin(0)dsd; %
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— sin(0)dsdy1b* — 3cos(0)d3a’b + dydsb*dys = 0 (B8)
— adydypdie + adzdyydis — adydsdiodis + diya® — dydpdyza

— d3d7a® + dsdi6a® + ad\dsdodys + dadiza® — adidediodis
—adydediado — dydroa® — dzadyadie + dsadyydys — adsdyads
— adgdyedyy — adydsdiodys + a’dys + dsdrdiadie — dsdqdyidys
+ dsdrdiia + dsdradys — adydsdiads + didsa® + a’diadis
+dydoa’ — dsdsdiea — a* + dsdsdiedi — dia* — dsdsdiza

+ dsa’ + dsdsdiodis — adadedodis — dsa’dys + dadsa®

— dyd7diea — dsadyadis — dsadiedyy + dia’dys + dydrdiedi
+d7a® + adodsdrodia—a*dy1dis — dsdyia® + dgdina®

— dyde@® + dydrdi2dys — dadsadys — dydgdyya + dadsdyidys
—drdy1@® — dydsdyzdie — dia’dodys + dgdiea” + dia’dyodis
—didsa*dys — dradys — didsdoa® + didediaa® — dadisa’
+didsdi0a® + dya’diads + dra’drodys + dodsdiaa’

+ dpdsdyga?® + dodea®dis + dadedya?=0 (B9)

— dydgdiza + dydsgdiadis — dyaPdyady — diaPdiods
—didsdy4a® — dydypa” — dydsdiea + dydsdiediy — dadsa’dys
—didsdioa® — didsa’dys — didsdoa® — dra*dod)3

+ dya’diodis — dsdiea® — drdsdea® + drdediaa® + dodsdioa®
+ adydsdy4dy + adidsdyody3 + adidedodys — adidediod)4
+di6a® + d12d® + dsa® + dua® — dra* + adrdyedy

+ adzdi2dis + adsdidis — adsdiadie + dsadiedin + dsadiadis
+ dsdrdiga — dsdrdiedi + dsdrdiza — dsdrdi2dys + dzdsads
+ dsdgdiia — dsdsdidis + d3dsdiadie + dsadyidis
—dsadizdie + dydradis + dydzdiia — dadqdiidis + dydrdiadie
—dgdi1d® + adydsdodys — adadsdiodia — adadedyady
—adydsdrodys + didioa’ + didisa’ — dya’dys + drdsa®
—dydy1a® — a’dyadis — dsdga® — @’ diediy + didea’

—d3d12d* + dya’dys — dga’dys — didiea® — dadia®

+ drdoa® =0 (B10)
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dvdedr0a® + cos(0)di1a® — dodsa® + dia’dys + cos(0)dra®
+didsa® + didoa® — dodioa® — didsa’dys + daa’diady
—cos(0)dsdrdiza + cos(0)dsdrdiodis — cos(0)dadsad,s

— cos(0)dsdsdy1a + cos(0)dsdsdydis + dia’diodis
+dydedi4a” + 2sin(0)dsady b — cos(0)dsa’dys

— 2sin(0)adgdi»b — sin(0)dsdgad;s — sin(0)dsdsdy1a

+ sin(0)dsdsd; 1 dys + 2sin(0)dsabdys + 2sin(0)dsd;ab

+ cos(0)dsdyadys + cos(0)dsdrdyia — cos(0)dsdrdy 1 dys
+ cos(0)dsdrdi2di — cos(6)dsdgdiga + cos(0)dsdsdiediy
—sin(0)dsd;di1b — sin(0)dzd;bdys — sin(©)dsbd; dys

+ sin(0)dsbdydye + sin(0)dsdgbdye + sin(0)dsdgdi2b

+ cos(0)di12b” — dya’dodys — sin(60)bdrdi1dis

+ sin(0)bd;dyadye + sin(0)bdsdiedi + sin(0)bdsdy2ds

— 2s5in(0)dyabdig — 2sin(0)dyadi»b + sin(0)dsd;bd16

+ 5in(0)dsdrdi2b + sin(0)dybdiediy + sin(0)dsbdiod;s

— 2sin(0)dydgab + sin(6)dydsdyi1b + sin(0)dadsbds

+ 2dyadsbdyy + 2dyadsdiob + 2dyabdyado — cos(6)a*

+ 2d;abdyodys + 2dyadsdob + 2dy adsbdys — 3cos(0)dsab
—3cos(0)ad;b* — 3cos(0)ady1 b* — 3cos(0)ab?dy5
—3cos(0)dsab® + cos(0)dsd, 6% + cos(0)dsdy; b
0)dsb°dys + cos(0)drdy 1 b° + cos(0)drbdys
b2dy1dys — cos(0)b*diodie — cos(0)dsb®dye

d4b2d16 — COS(@)d4d12b2 — COS(G)bd7d16d11

+
o
=)
S
S
— — ~— —

bdzdy2dys — cos(0)bdsdy dys — cos(0)dsd2 b
—3¢0s(0)dsa’b — dodisa® — cos(0)dsdgb® + sin(60)dsdira®
+ sin(G)d3d16a2 + sin(@)d7d12a2 + sin(G)a2d16d11

+ sin(60)dsdy1a® + sin(60)dsdsa® + sin(60)dydra”

+ sin(0)dsa’dys + sin(0)a’dyadys + sin(0)drdiea®

+ sin(0)dya’dys + sin(0)dudy1a® — 3sin(60)a’dy b

+ dya’diodys + dpdsdisa® + dadsdioa® + drdea’dys
+ dydedoa® — cos(0)a’dy1dys + cos(0)a?diadie

— cos(@)dmzdls — 605(0)d7d11a2 + 003(0)d3d16a2

+ 605(0)d8d12a2 — 005(0)d3d11a2 + adydsdyd s
—3sin(0)a’bd;s — 3sin(0)d7a’b + 3sin(0)ab’d;e

+ 35{11(9)(1(112[)2 — sin(0)d3d12b2 — ad1d5d10d14 - ad1d6d14d9
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— adydedyodys + 3sin(0)adgb® — 3sin(60)dza’b

)
—sin(0)dsb*die — sin(0)b>diedry — sin(0)dsdsb?
— s5in(0)drb%dye — sin(0)d7d12b% — sin(0)b*d2dss
)d,

(

— sin(0)dsdy 0% — sin(0)dsb*dys + 3sin(0)dyab®

— 5in(0)dadzb> — sin(0)dsdy1b> + cos(0)dsa’® + dpdsb®
—3dya’dyob — 3d1dea’b — sin(0)dyb*dis — 3d1a”bdis
—3dyadsb® — 3dyadob® — 3dyab*dy5 + didsdob®
+didsb’dys + dibPdodys — dib°diodis — didebdia
—3dya’bdys — didediob’ — 3dra’deb — 3dodsa’b
+3dyab’dis — dodsb®dyy + 3dradiob® + 3dyadsb”
— sin(0)dydsdindis — dadsdiob” — dab*drado — dab*drodss
— dydedob? — drdsbdys + dadob® + dpb’dy5

+ cos(0)dadsdi2b — sin(6)adrdiediy — cos(0)b* — dib*

— dybdsdy4do + cos(0)dsb® — dibdsdiodys — dibdsdod, s

+ d1bdedodya + 2dradsbdy s + 2dradsdob + 2dyabdyd) 5
—2dyabdyod 4 — 2dpadsbdyy — 2dradediob — cos(6)dzdgdiza
+ cos(8)dsdgdiadys — cos(0)dyadiedii — cos(6)dsadiadis
—cos(0)dsdrdiga + cos(0)dsdrdiedy1 — drbdsdodys

+ dybdsdyody 4 + dabdedyado + drbdediodys — sin(0)dsadi»d s
—3cos(0)a’di2b — sin(0)adsdy2dys — sin(0)dsddi2a

+ sin(0)dsdsdi2dis — cos(0)dsadiadie + cos(0)ad;di1dys
—cos(0)ad;dipdi — cos(0)adsdiedr; — cos(0)adgdi2dys

+ cos(0)dsad; 1 dy5 + cos(0)bdsd»dis + 2cos(0)dsady 1 b

+ 2cos(0)dyabdys — adrdsdiady — adydsd,odys — adadsdods
+ adydedyodys + 2c0s(0)dsad b — cos(0)dsd;bdy6

— c0s(0)dsdrdy2b — cos(0)dsbdiedyy + cos(0)a’dys

+ 2sin(0)abdy dis + 2sin(0)ad;di1b + 2sin(6)ad;bd; 5

+ sin(0)dsdrdyedyy — sin(0)dsdrdiga — dia* + 6cos(0)a’b?
+cos(0)b’di6 + sin(0)dsdsdisa — sin(6)dsdsdyedy

+ sin(0)dydrdi1dis — sin(0)dadrdiadie — sin(0)dsdgdiadie
—sin(0)dyady1dis — 2sin(0)abdyadie — 2sin(0)adgbd;e

— cos(0)dydgdiadie + 2cos(0)ad;bdye + 2cos(0)adydy2b

+ 2cos(0)abd¢dy; — cos(0)d3bdiodys + 2cos(6)dsdgab

— cos(0)dsdgbdys — cos(60)dsdsdy1b + sin(6)d;b> + sin(0)dsb’

+ sin(0)dy1 6> + 6d1ab% + dydyob + sin(0)b3dys + dib>dya



Rectangular aerostatic thrust bearing

Industrial Lubrication and Tribology

Shang-Han Gao and Sheng-Long Nong

+dydeb® — 4drab’ + 4dra’b + sin(60)dydsdiza
—s5in(0)dsdrdy1a + sin(0)dsad2die — sin(6)(0)dsdrad;s

+ cos(0)d4b3 + 2cos(0)dydrab — cos(0)dyd;di1 b

— cos(0)dyd;bdys — 3cos(0)a’bdye — cos(8)dsdqa®

+ cos(0)dydi6a® + cos(0)dadi2a? + cos(0)dydga®

+ 2¢05(0)abd2dys + 2cos(0)adsdy1b + 2cos(6)adsbd, 5

+ 2cos(0)dsabdye — 4sin(0)ab® — sin(0)dga® — sin(0)dsa®
—sin(0)adsdy1dis + sin(0)adsdi»dig — sin(6)dsadisdi
—sin(0)diea’ — didsdea® — sin(0)dipa’ — cos(0)dsbdy1dys

+ cos(0)dabdyadis + cos(6)dydsbdis

B11)

+4sin(0)a’b =0
—¢0s(0)dsdsgbdy — dya?diady + 2dyadedob + cos(0)adrdiedi
— dyadiodis — 3dradsb® + 2sin(0)abdyed

+ cos(0)dsdgdiadie — 2c0s(0)dzady b + 2cos(6)abdy,dye

+ cos(0)adydiadis + 25in(0)dsabd; e + 2sin(0)abdy»dys

+ 2d;adebdys — dydsdysa® + 2sin(0)ad; by

+ sin(0)dydrdiedry + dobdediodia — cos(0)dsdiza® — dib2dys
— cos(@)d11b3 — cos(@)b3d15 + sin(G)d7a3 — sin(0)dyad;»dys

— dodediob? — sin(0)dydsdiadye + cos(0)dsadiediy
—s5in(0)bdsdi2dys — sin(0)bdsdy1dys + sin(6)dsd;d12d1s

+ sin(0)dsdgdydis — cos(0)adsdiadie — sin(0)dsd;bdye

+ cos(0)adgdi1dis + 2dradedob + 2dyabdyodis — drdeb®dys

— cos(0)dsdrdiedyy — dab’diodis + dyb’dod)

— sin(0)dydsadys + 2dradsbdy s + dyb>dys + cos(0)dsdrdiea

— cos(0)bdydi2dy6 + sin(0)dsdsdyedyy + dadsdob®
—2cos(8)ad;dy1b + 2dyabdyady + sin(0)dzady1dys
—2dyadsbdys + dpdsb?dys + cos(0)dsadizdys — cos(0)dadybdye
—sin(0)bd;diedyy + 2sin(0)dydrab + sin(0)dydsbd, e

+ dlbd5d9d13 + sin(@)d3d7d11a — dlbd6d10d13 + 2d2(lbd10d13
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+ sin(0)adsd;1dys + sin(0)dadsdinb — cos(0)dsd;dy2dss

— sin(0)dyd;bdy5 — sin(0)dybdy1dy5 — cos(0)bdsdiediy
—cos(0)dydgdisa + sin(0)di12b> — 2dyadsdyb + 2cos(0)dyad; b
+ 2sin(0)dsady b — 3drabdy3 + 2sin(0)ad;dy2b

— cos(0)dydsdy1 b — 3dradeb® + 2c0s(0)dydzab

— sin(0)dsdsdiza — sin(0)b* — dpb* — sin(6)a*

+ cos(0)dyady1dys — cos(0)dyadirdis — drbdsdods

+ 2s5in(0)dyabd,s + 2cos(6)adgdi2b — sin(0)dszdgbd,s

— sin(0)adsdi»dys + cos(0)dadrdy1a — cos(0)dadrdy1dys

+ cos(0)dadrads + cos(0)dadsdiedir — cos(0)dabdysdiy

+ cos(0)dsdrdira — cos(6)bdsdiadis + sin(0)dabdiadie

+ cos(0)dadgdi2dis — cos(0)dydsdiza + cos(0)bd;dy1dys

— cos(0)dybdypdis — sin(0)dsdydi b — cos(0)dr b + 6dra°b?
+ cos(0)diaa® — cos(0)dsb® + 6sin(0)a®b? + didsa® + drdoa®
+didioa’ + doa’dys + didiaa® + sin(0)dsb® — dideb®
+dydsa’® + sin(0)b>di6 — 4cos(0)a’b + 2dyadsdyob

— cos(0)dsdsdy1dis — adydediodis — adidediodis + adadsdodis
—adydsdyodis — adzdediady + adidsdiady + adidsdyodys

+ adydedodys — didea’dy3 — dydedoa” — dra’dody3

+ dra’dyodis — drdsa’dys — drdsdoa” + dydedyisa’

+ d2d6d10a2 + sin(0)dsdsdi1dis + cos(0)dzdgdia
—sin(6)adsdiedi1 — 4dya’b — didsdioa” — dibdediads

+ 2cos(0)dyabdis — dra* — sin(60)dsadiediy + dadiob’
+sin(0)dy1a> + cos(0)dsa® + sin(0)a’dys — dydsb’

+ cos(0)dga® + sin(0)dg> + 4cos(0)ab® + sin(0)dsa® + 4dyab’
+ dpdeb® + cos(0)dyea® — cos(0)a’diediy — cos(0)dsdea®
—cos(0)drd12a® — cos(0)dadsbdys + cos(0)dsdrdy1 b

+ 608(0)d4d7d12d16 + 251n(0)d3d8ab — COS(O)dgdn(lz
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— cos(0)dsdsa® — cos(0)dydra® — cos(0)dga’ds

— cos(@)a2d12d15 — cos(G)d4a2d15 — cos(@)d4d11a2

— cos(0)dydrdi2b — cos(0)drdiea® — sin(6)dsdsdyea

— 2cos(0)ad;bdys + 3cos(0)a’dy b + 3cos(0)a’bdys

+ 3cos(0)dza*b — 3cos(0)ab’dys + 2cos(0)adsbd, e
—3cos(0)ad; 6% — 3cos(6)adsb® + 3cos(0)dza’b

+ sin(0)dsdradys — sin(0)dsbdyadys + cos(0)6%dyedy
+ cos(0)d3bdyg + cos(0)dsdi2b> + cos(0)dsdgb?

+ cos(0)d7bdy6 + cos(0)drdy2b% — 2cos(0)abd;ds

+ cos(0)b?dyad;ys + cos(0)dgd; 16> + cos(0)dsb?dys
—3cos(0)dyab® + cos(0)dydrb* + 2dradgbdys + cos(0)dsdy b>
+ cos(0)dsbdy5 — sin(0)a’dy 1 dys + sin(0)adyadye

— sin(0)dra*dys + sin(0)dsdrdizdye + sin(0)dsdiea”
—2¢c0s(0)dsdrab + sin(0)dgdi2a* — sin(0)dsa’dys

— sin(0)dsdy1a® — sin(0)dsdrdinb — sin(0)dsbdyed;y
—sin(0)drdy1a® — dibdsdyodys + sin(0)dsdysa”

+ sin(0)dsdi2a® + sin(0)dsdsa® — sin(60)dsdsa®

— sin(0)dsdgdy b — 3sin(0)a’bdye — 3sin(6)a’dizb
—3sin(0)dsa®b — 3sin(0)ad;b* + cos(0)dsd7bd;5
—sin(0)ad;dy2de + 2sin(0)adsdy b + sin(0)bdgdi»die
+ sin(0)dsdzb® — 3sin(60)ady16° — cos(0)dsbdi2die
—3sin(0)ab’dys — 3sin(0)dsab® — 2cos(0)dsabd,s

+ sin(0)dsdy 6% + sin(0)dsb*dys + sin(60)dydy b

— sin(0)dsadiodie + sin(0)d76%dys + sin(0)b*dy1dys

— sin(0)b*d12dye — sin(60)dsb*dye — sin(0)dsdrdy1dys
— sin(0)dsd12b> — 3sin(0)dya’b — sin(0)dyb*dy 6

+ 2sin(0)dsady2b — sin(0)dsdi26” — sin(0)dsdsb® + 3dya’dob

+ 3d;a?bdys + 3didsa®b — 3dyab®dys — sin(0)dydrdisa
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+ didsb®dyy — 3dyadiob® — 3diadsb® — 2d;abdod, 3

+ dydsdiob? + d1b2dyado + di B2 drodys + didedob?

+ didsb?dy3 — 3dyabdyy — sin(0)dydrdisa

— cos(0)dsdgdi2b + 2sin(0)adsbdis — 3dya*diob — 3drdsa’b
— sin(0)dadsdiia + cos(0)dsdgad;s — drbdsdyado

*dzbd5d10d13 + COS(G)dgbdlldls =0 (BIZ)

dsdrdiedi1 — dadgdiedi) — dsdgdiadis + dzdgdidis

— dydrdi2dy6 + dsdrdyidis + dsdrdindis — dsdipb® — dsbdis
—bdedi1 — dsb?die — didi2b® — d3dsh® — d7bdie — b2 dy2dss
— dydqb® — dydy(b* + didsb® — dgdy 1 B* + di1bdyy — dybPdis

+ dyd1ob® + dydsb® — dsdidy b — dudsdyrdys + dadob®

+ dyb?dy3 + dsdgbdy + dadgdinb — bdydy dys + bddy2dys

+ bdsdyedy) + bdgdipdis + dydrbdie + dydrdinb + dybdiedy)

— d3d;bdys — d3bdy1dys + dsbdiadie + dybdiadys + dydsdy b

+ dydgbdys + dydsdob® + dydsb*dys + dib*dodys — d1b*diodya
— dydsb®dyg — dydediob? — dybdedodys — dadsb®ds

— dydsdyob® — dpb*diady — drb*diodis — dydsdob® — drdsb?dys
— dbdsdyydy — dibdsdiodys + d3b® + drb® + dy b + Bds
—dib* + dybdsdyody4 — dybdsdodys + dybdsdyodys

+ dybdgdiady + drybdediodis = 0 (B13)

— d3dqbdys — dydgdindis — dsdrdyidys — dpb® — d3dqdinb
+dydrdiedyy + dydrdipdys + dydsdyydys + dab’dyy + dsb?dys
+dadiob’ +ds  drb? + dibPdys + dadi 67 + dpdy b — didob®
— dydy2b” + b2 dy1dys — b diadie — dgb’dys — dadsh® — dybdie
+ drdeb® — didsb® — dsbdiedi — dsbdiadis — dsdsdyib

— d3dsbdis — bdzdiedi1 — bdrdi2dis — bdgdyidis

+ bdsdiadi — dadrdi1b — dadrbdys — dybdyidis + dabdi2die

+ dydgbdis + duydsdinb + bdi + diob® + dsb® + dub’
—dib’dy3 + dybdedyodis + dsdrdiadie — b* — drbdsdiads

— dabdsdiod13 — dabdedods + dzdsdiedn + dzdgdizdis

+ dibdsdodis — d1bdsdiodia — d1bdediade — d1bdsdi0di3

+ didsb?dia + didsdiob® — dsdi2b® + di b7 diado + di b7 dyods
+ didedob® + d1dsb’dis + dodsdob® + drdsb?dys + drbdodis

—dpb%diodis — drdeb®dis — dadedib?=0 (B14)
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cos(0)dza® — didya® — didsa® + dprdioa® — dva’dis + dadisa®
— cos(0)dydi2a® + dra’diodis — cos(0)dyb> — 6cos(0)a’b?
+ cos(0)dy1a® + sin(0)dy2a® + cos(0)dra® — cos(6)b2dye
+dya*dyodiy + ad\dedi4do + adidediodys — didsdea’
+ sin(0)dsad2dis — cos(0)dadsdiia — cos(0)dadsdy1dys
+ cos(6)dsdsdizdie + 2c0s(6)ad7bdis + drdsdioa® + dadea’ds
+ cos(@)azd“dls — cos(@)azdlzdl() + cos(@)a3d15
+ cos(0)dra’dys — cos(0)dsdiea® — cos(0)dsd2a?
+ cos(0)dsa?dys + cos(0)dsdy1a® + cos(0)dsdra?
+ sin(0)bdgdiediy + sin(0)bdsdiadys + cos(0)bdgdy 1 dys
— cos(0)bdgdi2di6 + 2cos(0)dyady b + 2cos(60)dyabds
+ sin(0)dsdrdiea + sin(0)dsdrdiedi + sin(0)dsdrdiza
—3sin(60)d3a’b — sin(0)dsb>dye + sin(60)dsdsdya
+ sin(0)dydrdy1dis — sin(0)dsdrdy2die — cos(0)dadgads
+ 2s5in(0)abdy2die — 2sin(6)ad;bdys — 2sin(6)abd,1d;s
—dybdsdiod3 — dibdedodys + sin(0)dsdsad,s + sin(0)dsdsdya
—3cos(0)dsab® — cos(0)dsd7b* — cos(0)dsdy b
—cos(0)dsb°dys — cos(0)drdy1b* + cos(60)dsbdy2d;s
+ 2cos(0)dsdgab + cos(0)dsdsdy b — sin(0)d;6%d1 6
— sin(0)dsdy1b° + cos(0)drdy1a® — 2dyabdyads
— 2dyabdodi3 — adrdedi0dia + adadedod 3
+ 2s5in(0)dsdsab + sin(0)dsdsdy b — dydeb’dis — didedyob”
—3dya*dob — 3cos(0)ab’dis — dydsbdyy — dadsdiob®
+ 3cos(0)dya®b + cos(0)dgb*dy + cos(0)dsdy2b?
—3dyadeb® — 3drab’di4 — 3dyadiob® — sin(60)bd;dy 1 dis
—cos(0)d2b° + dydsdiaa® — dia’dodys + sin(0)dsdradys
— adydsdodys + ad\dsdiodis — dadsb®dys — sin(6)dsb’dys
—3dya*bdys — cos(0)dsdiea® + dobdsdiodis + sin(0)dsa®
+3dyadob® + 3dyab’dy5 + dydsdob® + sin(0)dsdsdy2b
+ 5in(0)dsbdyadie + sin(0)dsdgbd,e + 2cos(0)dzabd;e

+ 2005(0)d3ad12b + 603(0)d3d7bd16 + COS(@)d3d7d12b

1473

Volume 70 - Number 8 - 2018 - 1457-1475

+ 25in(0)dyabdys + 25in(0)dyadi b — d1b*dyod1s + d1dsb>d)3
+ dib*dody3 + cos(0)dsdsbdys + cos(0)bdrdysdyy

+ cos(0)bd;dy2dy5 — sin(0)dadsdina — sin(0)dydsd;ga

— sin(0)dydsdyedy — 2dyabdodys + 2dyabdyodiy

+ cos(0)ad;di1dis — cos(0)ad;dyadys — cos(0)adsdiediy

— dyb?dyady — dab?dyodys — sin(0)adsdyadie + sin(6)dsadyedyy
+ 2¢0s(0)ad;di2b + 2cos(0)abdiediy + 2cos(6)abd;rds

+ 2cos(0)adsdy1 b + sin(0)dysa® — cos(6)dgb® — sin(6)dadyy b
+ cos(0)b* — d;b* — didsadys + 3cos(0)a’bdye

+ 3005(0)a2d12b — cos(0)adsdy»dys5 + cos(0)dzady1dys
—cos(0)dsadpdye + cos(0)dsdradys + cos(0)dsdrd; 1 a

+ cos(0)dsdrdy 1 dys + 2dyadedyob + dybdedyody s

— 5in(0)d7d12b% — sin(0)b>dysdy; — sin(0)b*dyodys

— 3sin(0)ad2b* — 3sin(8)adsb® + sin(9)dsb°

—d,bdsdodys — cos(0)dydga® — 2dyadsbdys + dya*digdy — dya’
+ d\dgb® + sin(0)dga® — 2dyadsdob + dydsb® — 3dya*dyob
—3dydea®b + 3dyadsb® — 4sin(0)a’b + sin(0)dga’ds

+ sin(0)a?di2dys + sin(0)drdiea® + sin(0)dya’dys

+ sin(0)dydr1a® — sin(0)dsdrbdys — sin(0)dsbdy1dis

+ dydsa® — 3dra*bdys — 3dpdsa’b + dydsdioa’

—cos(0)d;b*dys — cos(0)b%dy1dys + cos(0)b2dypdis + dided4a’
+ 4sin(0)ab> — 3cos(0)ady 1 b> + 3cos(0)dga®b — 3cos(0)ad; b>
+ 5tn(0)dy b + sin(0)d;0® + dydsdoa® — sin(0)dydsdi2dys

— 2s5in(0)ad;dy b+ d\b>dyy + 2dradsbdyy — 4dra’b + didyob®
+ 6d,a%b? + sin(0)b>dys — sin(0)dyadiadie + sin(0)dydsbd, s
—2dyadsbdy g — sin(0)dsdgdyadye + sin(0)dsad; dis

— dybdsdy4dy — cos(0)dydsdiab — cos(0)dydsbdys — dardedob®

+ sin(0)dsdsdi1dis + sin(0)dsdsbdig + sin(0)dudrdi2b
—2sin(6)dsdrab — sin(0)dsd;di1b + adrdsdiady + adyrdsdiodis
+ 2cos(0)daydrab + cos(6)dydrdi1b + cos(0)dyd;bdy5

- 25171(0)(13(1(11117 — 231'n(0)d3abd15 — 2d1ad6bd13 + d2b3d13
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+4dyab® + dadob® + cos(6)a* + cos(0)d3bdyed

+ sin(0)dsd;diodys + 2cos(0)adsgbdys + sin(0)bd;diadre

+ dobdedyodys + dabdsdiads — sin(0)dsbdys — 3sin(60)dsab®
— sin(0)dydrb* + cos(0)dadsb* + sin(6)dsdra® — sin(0)dsdi2b*
— sin(0)dsdgb® + sin(0)drd12a° + sin(0)a’dyedyy

+ sin(0)dsdi1a® + sin(0)dsdsa® — cos(6)dsdrdy2de
—cos(0)dsdgdiea — cos(0)dsdsdyedy; —cos(0)dsdsdiza

— cos(0)dsdgdy2dys — cos(0)dsadied + sin(0)adrdiediy

+ cos(0)dab®drg + cos(0)dydi 2% + sin(0)dsdy2a®

+ sin(0)dsdyga® — cos(0)dyady»dys — cos(0)dydrdiea
—cos(0)dydrdi¢dyy — cos(0)dydrdina — cos(0)dydrdiads

+ 2s5in(6)adgbd, ¢ + 2sin(0)adsd b + sin(0)dybdiedry

+ sin(0)dybdyzdys — 3sin(0)a’dy1b — 3sin(6)a’bd;s
—35in(0)d7a?b — 3sin(0)ab’dye + sin(0)ad:di2dy5

+ sin(0)adgdy 1 di5 — 2dzadsdob — 2d; adsdyob

+ cos(6)dybdy1dys — cos(0)dabdiadis = 0 (B15)

—dia?dyady — adydsdiady — 4cos(0)a>b + sin(0)d 20> — 4d, ab>
+ 6d2a*b* — dydoa® — dydyoa® — dya’dys — dydsa®
—adidsdodys — dpdsa® — didysa® — adidsdyodys + sin(0)b>dye
+ cos(0)dipa® — dydsa’dis — didsdipa® — dydsdyaa®
—dya*dyodys + cos(0)dsb® — didob® + sin(0)dyb’

+ adydsdyodiy — adydsdodys — dydsb® + 4cos(6)ab’
—sin(0)di1a® + cos(0)dya® + drdiob® + cos(6)d; b

— dydsa®dys + 3dyadsb? + 3dyadob® + dyaPdyodyy

— dyaPdodys — dydsdoa® + 3dyab®dys + adydedyodia

+ cos(0)diea’ + cos(0)dga® + drdsb® — sin(0)dsa®

+ sin(0)dgb® — sin(0)a’dis + adydsdiodis + adydsdyady

+ 3dya?dob + 3d;a’bdy3 + 3dydsa’b + 3dyab’dyy + 3dyadyob®
+ 3dyadgb® — 3dra’bdyy — 3dya’diob — 3dydsa’h

+ 3sin(0)ab®dy5 + 3sin(0)dsab® — 3sin(0)dya’b — drdsdoa®
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—dya* — 3sin(0)a’dyb — 3sin(0)dgab + 3sin(0)ad; b

+ 3s5in(0)ady 1 b* + 6sin(0)a?b® + dybdsdodys + drdsdyoa®

+ dydsdisa® — 3sin(0)a’bdy — d1bdsdyodys — dabdsdods
—2dyadedob + cos(0)adydiedy1 — 2dyadgbdya

+ cos(8)dsadyodys + cos(0)dzadi¢dr; — cos(6)adgdiadie

+ cos(0)adgdy1dys + cos(0)adydiodis — cos(0)dsdsdiadye

+ cos(0)dsdgdy1dys + cos(0)dsdsdya + cos(0)dsdsad,s

+ cos(0)dsd;di2dy5 + cos(0)dsdrdiza + cos(0)dsd;disdin

+ cos(0)dsdzdiga — 3cos(0)ady1b — 3cos(0)a’bd; s

— 3005(0)d7a2b — 3cos(G)ab2d16 — 3cos(0)ad12b2

— 3cos(0)adgb® — 3cos(0)d3ab — 3cos(0)dyab® — 2dyadsdob
— dpdgb®dyy — dpdgdyob® — 2dyabdyodyy + sin(0)d;b%dys

+ sin(0)b%dy 1 dis — sin(0)b%dypdyg — sin(0)dgb’die

— sin(0)dsdi2b% — sin(0)dyb*dy — sin(0)dsdy 0% —sin(0)dydgb®
+ didsb?dyy + dydsdyob® + dib2dyado + dibPdyod3

+ dydsdob® + dydsb?dys + dydsdob® + dpdsb?ds

+ dyb%dodys — dyb*dyodys — dybdsdyodys + cos(0)dyady dys

+ cos(G)d4d11a2 — cos(@)d3b2d16 + cos(@)d4a2d15

— cos(0)dsd12b% — cos(0)dsdgb?® — cos(0)d7b%dye

— cos(0)d7di2b% — cos(0)b%diedyy — cos(0)b%dydy s

— cos(0)dsdy1 5% — cos(0)dsb®dy5 — cos(0)dsdq b

— cos(0)dydy 1% — cos(0)dsb’dys — sin(6)a’dy1dys

+ sin(0)a?diodie — sin(0)dra’dys — sin(0)dzdyy a®

+ sin(0)dsdyga® + sin(8)dgdi2a® — sin(6)dza’d,s
—sin(0)dsdyya* — sin(0)dsdra® + sin(0)dydy6a*

+ sin(0)dydioa® + sin(0)dadga® + sin(0)dsdr 0% + sin(0)dsdy, b
+ 5in(0)dsbdys + sin(0)dydy1 6% — sin(6)dsbdy2dys
—sin(0)dsbdiedi1 — sin(0)dsdrdinb — sin(0)dsd;bd g

— sin(0)dsdsdiadie + sin(0)dadsdy1dys + sin(0)dadsdya

+ sin(0)dsdgad,s + sin(0)dsdrdi2dis + sin(0)dadrdiza

+ sz'n(ﬁ)d4d7d1(,d11 + sin(@)d4d7d16a + sin(ﬁ)d4ad12d15
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+ sin(0)dsadi¢dry + sin(0)dsdsdiodis + sin(6)dsdsdiza —2cos(8)dsdrab — 2cos(0)dsabdys — 2cos(6)dzad; b
+ sin(0)dsdsdisdny + sin(0)dsdsdisa + sin(0)dsdrdidig + 2cos(6)adsdi2b + 2cos(0)adsbdig + 2cos(0)dsabdse
—sin(0)dzdrdi1dis — sin(0)dsdrdi1a — sin(0)dsdradys — 2s5in(0)dydrab + 2cos(0)dyad b — 2dyabdy4dy
+ sin(0)dsadi»dis — sin(0)dsad; dis + sin(0)adsdi»d;s + 2cos(0)dadgab — sin(0)dsa> — 2sin(6)abdyedi
+ sin(6)adgdyedyy + sin(0)adrdyadye — sin(0)ad;dyydys —sin(0)bdsdy1d15 — 2sin(0)dsabdys — 2sin(60)ad;di2b
+ cos(0)dsdgbdys + cos(0)dydsdy1 b + cos(0)dsbdiodis —2sin(60)ad;bdys — 2sin(60)dsabd,s — 2sin(6)adsbd, s
+ cos(0)dybdiedyy + cos(0)dadrdy2b + cos(8)dydrbdye — 2sin(0)adsdy b — 2sin(6)abdizdys + cos(0)dsdya®
+ cos(0)bdsdyadys + cos(0)bdsdyedyy + cos(0)bdrdyadys + cos(0)a’dediy + cos(0)dydiza® — 25in(0)dsadi2b
— ¢os(0)bdsdy1dys + cos(0)dsdsdinb + cos(0)dsdsbdyg + cos(0)dsdsa”® — 2sin(0)dsdsab — dybdsdodys
+ cos(8)dsbdyadi — cos(0)dsbdy1dys — cos(0)dsd;bd,s — 2sin(6)daady1b — sin(0)bdydy2d1s — dabdsdiady
— c0s(0)dsdrdy b — cos(0)dydsdyndys — cos(0)dadsdina — 2dyadsbdys + cos(6)dy 1 b° + dabPdys + sin(0)dsbdy2die
— cos(0)dydsdigdyy — cos(0)dadsdiga — cos(0)dydrdradis — d2b4 + 2d; abdydy5 + sin(0)dydgbd, ¢ + 2dyadsdeb
+ cos(0)dydydy1dys + cos(0)dsdrdyya + cos(0)dadradys — 2dyabdyodys — 2dradsbdys + cos(0)dsdypa”
— cos(0)dyadiadis + sin(0)bdsdirdie — sin(0)dsdsbd,s — sin(0)bdydi6dyy + sin(60)dsdsdinb — dybdsdyade — sin(6)a*
— sin(0)dsdrdyy b + 2dyadsbdys + dybdedyodys —sin(0)b* + cos(0)d7d16a® + cos(0)a’drzdrs + cos(6)dga’dys
— sin(0)dybdy1dys + cos(0)dsdyea® + cos(0)b*dys — 2dyadsdoeb + cos(0)dydra® — sin(0)dsdzbdys = 0 (B16)

— sin(0)dsdsdy b — dib°dy3 + 4d1a’b — 2cos(0)abd, di 5
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