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Abstract

The J-integral analysis is presented for the interaction problem between a semi-infinite interface crack and subin-
terface matrix microcracks in dissimilar anisotropic materials. After deriving the fundamental solutions for an interface
crack subjected to different loads and the fundamental solutions for an edge dislocation beneath the interface, the
interaction problem is deduced to a system of singular integral equations with the aid of a superimposing technique.
The integral equations are then solved numerically and a conservation law among three values of the J-integral is
presented, which are induced from the interface crack tip, the microcracks and the remote field, respectively. The
conservation law not only provides a necessary condition to confirm the numerical results derived, but also reveals that
the microcrack shielding effect in such materials could be considered as a redistribution of the remote J-integral. It is
this redistribution that does lead to the phenomenological shielding effect. © 2000 Elsevier Science Ltd. All rights
reserved.
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1. Introduction

Due to the potentialities of reducing weight and the capacities of optimizing the structural strength and
stiffness, laminated fiber-reinforced composite materials are widely used in light structures and applied to
replace many metallic components usually used before. However, the mechanical behaviors of such ma-
terials influenced by the fiber and matrix interaction, the matrix microcracks and the multi-ply configu-
ration show very complicated features, which have challenged designers with a new class of problems. One
particular area, which has received considerable attention in the past decade, has been their low tolerance to
interfacial damage, and the other is concerned with the microdefects such as microcracks, microvoids, and
microinclusions. The occurrence of these types of damage, which are frequently caused by impact or other
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sources, are common and unavoidable during manufacturing, maintenance, and service of the light
structures.

To date, although many significant progresses have been made in solving the interface crack problems in
both dissimilar isotropic materials and dissimilar anisotropic materials (Wang and Choi, 1983a,b;
Hutchinson et al., 1987; Rice, 1988; Suo, 1990; Ting, 1986, 1990; Gao, 1991; Lu and Lardner, 1992; Chen
and Hasebe, 1994a,b), the influence of microcracks in the process zone near the tip of an interface mac-
rocrack in dissimilar anisotropic materials on the tip parameters remains inadequately treated.

On the other hand, recent investigations reveal that the well-known J-integral (Rice, 1968) plays an
important role in treating the interaction problem between a macrocrack and near-tip microcracks in brittle
materials or in bimaterial isotropic solids (Chen, 1996; Zhao and Chen, 1997). It is found that there exists
an inherent relation among three values of the J-integral, respectively, induced from the macrocrack tip, the
microcracks near the tip, and the remote stresses. It seems that the J-integral should play the similar role
when the interaction problem in dissimilar anisotropic materials is considered.

The aim of this paper is to investigate the interaction behaviors between a semi-infinite interface crack
and multiple subinterface matrix microcracks in the near tip process zone in dissimilar anisotropic mate-
rials. In Section 2, the fundamental solutions, respectively, for a semi-infinite interface crack subjected to
different kinds of loads and for an edge dislocation beneath the interface in a dissimilar anisotropic ma-
terials are given. In Section 3, the pseudo-traction method is combined with the edge dislocation method
(abbreviated as PTEDM) to solve the interaction problem. A superimposing technique is adopted to deduce
the interaction problem mentioned above to a system of singular integral equations whose solutions could
be given numerically. In order to confirm numerical results and to avoid mistakes in the manipulations, the
J-integral analysis is performed in Section 4 by introducing three different closed contours specially defined.
In Section 5, numerical results are given for a composite material whose anisotropic material constants are
used by Sih and Chen (1981). The derived results reveal that a consistency check based on the J-integral
analysis really exists, which not only confirms the numerical results themselves, but also shows the redis-
tribution nature of the remote J-integral. Finally, major conclusions derived in Part I of this series are
summarized.

2. Fundamental formulations in dissimilar anisotropic materials

Recently, the interface crack problem in anisotropic materials has been studied by Suo (1990). It is well
known that under plane stress or plane strain conditions, the elastic field in an anisotropic material could be
represented in terms of two complex functions fi(z;) and f>(z»), each of which is holomorphic in its ar-
gument z; = x + u,y, (j =1,2). Here, u; denotes two distinct complex numbers with positive imaginary
parts. They could be determined as the roots of a fourth-order characteristic equation (Lekhnitskii, 1963).
Using these holomorphic functions, the representations of displacements u;, stresses ;;, and resultant forces
T; could be put in the following forms:

2 2 2
u; = 2Re ZAljﬁ(Zj)] s E = —2Re ZL’/ﬁ(ZJ)] s 0y = 2Re ZL’/ﬂ(ZJ)] 5
j=1 Jj=1 J=1
2
o1, = —2Re ZLij.u_jfj/(zj)] (i=1,2), (1)
j=1

where the over prime is designated as the derivative with respect to the associated arguments, and L and A
are two 2 x 2 complex matrices depending on elastic constants (Suo, 1990)
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where, y; satisfies the following fourth-order characteristic equation:
sipt — 251600 + (2512 + 566),112 — 25564t + 522 = 0. 4)

Eqgs. (2)—(4) are valid for plane stress deformation, while the corresponding ones for plane strain de-
formation could be given by using the following change of compliances

$ij = Sij — Si3Sj3 /33 (5)
Suo (1990) has introduced a positive definite Hermitian matrix B
B =iAL ', (6)

where i = v/—1. For interface problems in dissimilar anisotropic materials in which materials 1 and 2
occupy the upper and lower half planes, respectively (Fig. 1), another positive-definite Hermitian matrix H
involving bimaterial elastic constants is defined as follows (Suo, 1990):

H=B, +B,, (7)

where subscripts 1 and 2 are attached to the upper and lower materials, respectively, the over bar denotes
the corresponding complex conjugate.
Furthermore, Suo (1990) has also defined the following function vector f(z):

£(z) = [fi(2), L)', (8)

where f1(z) and f>(z) describe the functions for the upper and lower materials, respectively.

Once the solution of f(z) is derived for a given boundary value problem, a replacement of z; or z, should
be made for each component function to calculate field quantities from Eq. (1). Moreover, the set of vectors
along the interface is given as follows:

(a) (b)
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Fig. 1. (a) A pair of normal and tangential concentrated tractions acting on an interface macrocrack. (b) An edge dislocation near the
interface.
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u, = {u;(x,0)} = Af(x) + Af(x),
t(x) = {o2;(x,0)} = Lf'(x) + Lf (x),
where the x-axis is along the interface.
2.1. Fundamental solution for an interface crack
The formulations presented above are used to derive the fundamental solution for a semi-infinite in-

terface crack under concentrated tractions as shown in Fig. 1(a). Without going into detail (Appendix A),
the following Hilbert problem is deduced:

h'(x) + H Hh (x) = to(x), x€C, (10)
where C is the crack surface, the complete solution could easily be given as follows:
h(z) = b (2)w + h(2)W, (11)
where
}{(Z) tor (X) dx
h = 7 12
©=52 [ Fon-a (12)
7(2) i()l (X) dx
h = 7 13
Z(Z) 27'(1 [‘ T’(x)(x—z)’ ( )
WHtO ()C)
= 14
fo wHw ’ (14)
1(z) =z, (15)
and the vector w and the index ¢ satisfy the following equation:
Hw = ¢ Hw. (16)
It should be pointed out that for the case in Fig. 1(a),
to(x) = [0, P3(x —n)]" for the traction P, (17a)
to(x) = [08(x — 17),0]" for the traction Q, (17b)

where 7 is the distance of the traction point from the origin (Fig. 1(a)).

Therefore, the stresses at any point z below the interface (Fig. 1(a)) induced from the tractions P and Q,
respectively, could be evaluated by using Egs. (11), (A.7), and (1), without any difficulty. As well-known
(Zhao and Chen, 1997; Chen 1996), the stresses could be considered as the influence functions or the kernel
functions in the boundary element method, which will be denoted below by g° and g° for the traction P
and g% and g° for the traction Q, respectively.

2.2. Fundamental solution for an edge dislocation

An edge dislocation below the interface is shown in Fig. 1(b). The potentials f; modeling a dislocation
singularity near a bimaterial interface in an anisotropic body are proposed by Miller (1989)
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fllz) =—= by y (18)
1

Z — Zok = 1 Z — Zy;

in which zo, = xo + 1,0 represents a specified point zy(xo, o) locating the singularity, and

by <A11 A12> <—A—11 —A—lz) -
by | _ | \An An/, -4y —A»n /, (19)
bs; (Lzl Ly ) ( —Lyy _l£>
by; Ly L/, Ly —Ln/,
my = (Aix)y, My = (An)ys  m3p = (La)y,  Mag = (Lig)s, (20)

where the formations (-), and (-), correspond to the upper and the lower materials, respectively.
In addition, B;(k = 1,2) satisfies the following equation (Miller, 1989):
Irn(Bl +Bz) = O,
Im(ﬂlBl + ,usz) = O,

B
Im(4,,B, + A12By) = — —
m(A1B; + 412B,) an
IM(As1 By + AnsBa) = — 2

2181 2b2) = =7

where B, and B, are the displacement discontinuities across the dislocation line in the x and y directions,
respectively.

From Egs. (1) and (18), the stresses field due to the edge dislocation at any point z = z, + e near the
interface are formulated in a polar coordinate system (Fig. 1(b)),

09 + iapﬁ = Al(iv nvﬁ) + /13(57777[37320) =+ AZ(éa ’1,/3) + A4(év’77ﬁvy0)ﬂ (22)
for any point z = z, + ne”, and
(7] + io—p@ = A5(£7ﬁ7x05y077]17ﬁ17x017y01) + A7(é7ﬁ1x07y07nlaﬁthlayO])
+ A6(&, B, x0, 0,11, Pry Xor, yor) + As(E, B, X0, 0, 115 Br, Xor, You )

for any point z = zy; + n,e"1. Moreover, it should be emphasized that 8, = 0, xo; = 0, and yy; = 0, when
point z falls into the interface, where the eight functions (A4, ~ Ag) are given in Appendix B. The influence
functions or the kernel functions used below could be evaluated by Egs. (22) and (23).

(23)

2.3. Remote loading conditions

Consider a semi-infinite interface crack in an infinite dissimilar anisotropic material loaded by the remote
stress intensity factors K° and K3°, the potentials for the two half spaces are

ensKZiaW + efnsl?zfiaw

Llf’] (Z) = T
2(2nz)?cosh me

(z € material 1), (24a)

e “Kzw + Kz W

sz/ (Z) =
? 2(2th)% cosh me

(z € material 2), (24b)

where K = K7° +iK3°.
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When calculating the field quantities via Eq. (1), it is necessary to replace z by z; = x + p,y, respectively,
for each component of f(z) in Eq. (24a) or Eq. (24b) as treated by Suo (1990).
Consequently, the residual stresses to be released on the location of subinterface crack are given as

p=2Relf{(z1) + f3(22)],
q = —2Re[w f{(21) + taf3(22)],

where f{(z;) and f;(z,) are given by Eq. (24a) or Eq. (24b).

(25)

3. Superimposing technique and singular integral equations

Consider N subinterface microcracks near the tip of a semi-infinite interface macrocrack (Fig. 2(a)).
Here, the prescribed stress intensity factors K{° and K3° are taken to specify the applied remote stress
field. Using the pseudo-traction method proposed by Horii and Nemat-Nasser (1985), the problem shown
in Fig. 2(a) is decomposed into N + 2 subproblem (Fig. 2(b)—(d)), each of which contains one single
crack. The unknown normal tractions Py(¢), P;(s;)and shear tractions Qo(¢), Q;(s;) on the crack faces are
the so-called pseudo-tractions to be determined. Furthermore, each subinterface crack with length
2a,(1 =1,2,...,N) could be modeled by edge dislocation distributed continuously at the crack location.
Using the superimposing technique, the following integral equations are reduced as Zhao and Chen
(1997) did, in which P(x;) and Q,(x;) are expressed in the form of continuously distributed dislocations
(Lu and Lardner, 1992).

Y y
Material 1 Material 1
— LA B S
Material 2 Material 2
B I=12..N
oot o<
Ky KY
Original problem Subproblem N+1
(a) (b)
Po(s) Ouls) y ¥
Material 1 Material 1
+ Ehan p
Material 2
| :: jf Material 2 ﬁ ateria

=1

0]

P
Subproblem N+2 Subproblem /
(c) (d

Fig. 2. Method of superimposing.
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ap

0 0
/ PO(ﬂ)gSn,oz(Vlanz)drl'f‘/ Qo(”l)ggl,oz(ﬂvﬂz)dﬂ‘f'Re / (A1 (& 55 Br) + A3 (i mys Bry yor)

00 —a
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i#l
+ A7(&;, Bis Xors Yoi, Ny5 By Xor, Yor) + Ae(Ers Biy Xois Yois g5 Bry Xo1, Yor)

+AS(éivﬁivaivinanlvﬁhxolay()l)]déi :pl(’h) (26C)

ap

0 0
/_Po(n)gSt,m(n,m)dn+/_ Qo(n)gpo/(n,1;)dn + Im / (A1 (Crsmps Bi) + A3(Eas s Brs yor)

00 —a

+A2(fla’71aﬁ1)+A4(§lv’7[7ﬁ1ay()l dél""Z/ AS ézaﬁzaXOIayOtvnlvﬁhx()lvyOl)

i£l
A7(&;, By Xois Yoir My, ﬁ17x017y01) + /16(5,'7 By Xoir Yoi, M7, ﬁnx()hyoz)

+ Ag(&;, B, Xois Yois M5 ﬁuxozy)’oz)] dé; p = 41(”11)- (26d)

In addition, the uniform conditions require that

[ B.(&)dé =0, / B,(&)dE, =0, (27)

ap ap

and Ay, Ay, A3, Ay, As, Ag, A7, and Ag are given in Appendix B, —a; <& <a;,,—a;<n <a(l=
1,2,...,N), —oo < 1 <0, B,(¢) and B, (&) are dislocation density functions; p;(#,) and ¢,(n,) are given by
Eq. (25).

The integral equation (26) could be solved numerically by using the Chebyshev numerical integration
and the Chebyshev polynomial technique, if B(&) is expressed by the first kind of Chebyshev polynomial as
follows:

> dTi(y), (28)
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(29)

1 kak 1)

where —1 <y, =¢&,/a; < 1,—a; <&, < ay, di, by are coefficients of the Chebyshev polynomial to be deter-
mined, M indicates the number of the Gauss—Chebyshev collocation points.

Once the Egs. (26a)—(26d) is solved, the incremental values of the stress intensity factors (SIFs) at the
macrocrack tip and SIFs at both tips of the microcrack could be evaluated.

The stress intensity factor for the semi-infinite interface crack under arbitrarily distributed loads Py(x)
and Qy(x) defined by Suo (1990) is

I\ 172 0 o
K=K, + iKz = — (E) cosh TES/ (—x)777'8t0] (X) dx, (30)

o0

W H[Oo (x), Py ()]
11 = .
o1 () W Hw
w and H are given in Eq. (16). With the solutions of Py(x) and Qy(x) in Eq. (26), K could be calculated by
using the Chebyshev numerical integration method.
For the finite subinterface crack /, the stress intensity factor at the right tip (¢ = a;) described by B(¢) is

K=K, +iK, =

k=1 1 - lluk elﬂ + (1 + i:uk)e_lﬁ

(2n) z/z{i 1+/1 +e2(] — 2f2i,uk)]Bk(a1)

[1 +,Ll_k2 i ezi/i(l _ ,U_kz — Zi,u_k)]B_k(al) }

, , 1
(1 +im)e ¥ + (1 — im;)elf (31)

with an analogous expression at the left tip. With the solutions of Egs. (26), (B.1), (21), (28) and (29), K
could be evaluated numerically.

4. Analysis of the J-integral

It is well known that the J-integral (Rice, 1968) has a definite physical significance as the total potential
energy release rate, which is defined as

J = /r[w(s)nl — oynu;]ds, (32)

where n; signifies the outer normal of the contour I which is a closed contour to be chosen. Customarily,
for single crack problem, I' is generally taken as a smooth curve that starts from one point on the lower face
and ends at another point on the upper face of a crack.

Considering the original problem with three integral contours as shown in Fig. 3, it is easy to get the
following consistent relation among three values of the J-integral, respectively, calculated along the three
integral contours in Fig. 3 (Chen, 1996):

33
T (33)

where J,, and J; are given in Appendix C, and

AJ = J; cosf — J; sinf, (34)
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Fig. 3. An interface macrocrack and a subinterface microcrack with three integral contours.

where f is the angle measured from x-axis to x*-axis (Fig. 3), the star denotes the local coordination system,
and J; and J; are given in Appendix C.
In the above equations, J., J; and J; can also be expressed in the following forms (Suo, 1990):
Jo =W (H+H)W|K + Ky |2/(4cosh2 me),
J, = W' (H + H)W|K® + AK, +i(K5° + AK)|*/ (4cosh® ne), (35)
Jl* _ %(KR)TY*KR _ %(KL)TY*KL,
where Y* = 2Re(IA"L*""), L* and A" are given in Egs. (2) and (3), K*® = [KR KR]", and K" = [K} K1
whose elements K; and K, are stress intensity factors, the superscripts R and L refer to the right and left tip
of the microcrack, respectively.
However, the calculation of J; should specially be considered since it consists of two parts, one of which
is induced from both microcracks tips and the other from the microcrack traction free faces (Herrmann and
Herrmann, 1981).

The contribution of the right crack tip to the J;-integral, namely JiR, should be equal to the energy
release rate specially proposed by Chen and Ma (1997):

yil

I = lim g_j /0 o* (4 — P’ () dr, (36)
where ag;(r) and u;(r) is the stress at a distance r ahead the right crack tip and the displacement jump at a
distance r behind the right crack tip, respectively:

o (r) = X'K* (2nr) 2, -

u (r) = YK* 2r/m)'",
where the superscript R refers to the right tip of the microcrack, and the matrices

X" = —Re(D'L"),

Liu; Lz*zu;] (38)

Ly Lo

D" =

Substituting Eq. (37) into Eq. (36), the contribution of the right crack tip to the J;-integral is obtained
explicitly as:

JR = 4K?)XY KR, (39)
The contribution of the left tip to the J;-integral, namely Ji', could be given in a similar way

Jik = LKHX Y K" (40)
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Following the conclusion derived by Herrmann and Herrmann (1981), the contribution of the crack
faces to the J;-integral could be derived as

- [ g
where ™ and o™ are the boundary values of the strain energy densities on the upper and lower crack faces,
respectively.
Thus, the J;-integral calculated along the contour surrounding the complete crack is
1 1 ¢
5= (K?) X YKR — i (KM XYK" + / (0" — o )dx". (42)

—a

Using the superimposing technique, the above results can be extended to the multiple subinterface
microcracks situation. Assuming that there exist N subinterface microcracks, the consistent relation (33)
becomes

STV .

Eq. (43) shows the inherent law of the J-integral whose values are induced from the subinterface mi-
crocracks (> AJ/J.,) and the tip of the interface macrocrack (J;/J..), respectively. This has been proved to
be valid in brittle solids and in bimaterial isotropic solids (Chen, 1996; Zhao and Chen, 1997). Moreover, it
provides a necessary condition as well as a powerful tool to examine the numerical results derived by the
technique PTEDM proposed in this part.

5. Numerical results and consistency check

In this section, the properties of the upper material are taken to be an anisotropic material, whose
material constants are E; = 5.50 x 10° psi, E; = E3 = 1.33 x 10° psi, Gy = 0.50 x 10° psi, v;, = 0.28,
vo3 = 0.36 (Sih and Chen, 1981), while whose fiber direction is along the interface. On the contrary, the
lower material is taken to be the same material but its fiber direction is perpendicular to the plane under
consideration (the isotropic case, i.e., £, = E, = 1.33 x 10° psi). Therefore, matrix microcracks could be
formed near an interface crack tip in the lower material.

Assume a semi-infinite interface macrocrack interacted with a subinterface matrix microcrack of length
2a in the near-tip process zone as shown in Fig. 4. Here, r is the distance between the macrocrack tip and
the center of the subinterface microcrack, « is the angle between r and the x-axis, and f is the angle of the
subinterface microcrack with respect to the x-axis. The remote stress field is specified by the intensity K{°
only. Let f = 30° and 45°, respectively, and r/a = 2.0, the computed values of J,/J,, and AJ/J,, against the
location angle o are shown in Fig. 5. From Fig. 5, it is found that the consistent relation of the J-integral is
really satisfied, i.e., the computed values of J,/J,, plus the computed values of AJ/J,, always equal to unit.
This confirms that the PTEDM proposed in this paper is effective for solving the interaction problem in
dissimilar anisotropic materials, although the different mismatch nature from those by Zhao and Chen
(1997) is taken into account. Moreover, the relation actually provides a powerful tool to check the nu-
merical results no matter how they are derived.

It is also shown that the microcrack has the amplification effect on J; for smaller values of the location
angle (a < 60° for f# =30° and « < 54° for § = 45°) corresponding to the normalized value J,/J, > 1,
while the microcrack has the shielding effect on J; for larger values of the location angle corresponding to
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Fig. 4. An interface crack and a subinterface microcrack.
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Fig. 5. J;/Jx and AJ/J, vs. the angle o.

the value J,/J, < 1. Moreover, there is only single neutral shielding angle for each curve at which a
transform from the amplification effect to the shielding effect occurs.

6. Conclusion

From the foregoing manipulations and discussions, it is concluded that,

(1) PTEDM is really effective to solve the interaction problem between a semi-infinite interface crack and
multiple subinterface microcracks in dissimilar anisotropic materials.

(2) The simple but universal relation (43) found in brittle solids (Chen, 1996) and in bimaterial isotropic
solids (Zhao and Chen, 1997) among three values of the J-integral induced from the interface macrocrack
tip, the subinterface microcracks, and the remote stress field, respectively, is still valid in dissimilar an-
isotropic solids, although the material mismatch nature influences the near-tip stress field.

(3) The microcrack shielding effect in dissimilar anisotropic materials could be considered, from the
physical point of view, as the redistribution of the J-integral. As pointed out by Hutchinson (1987), there
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are two sources of the redistribution of stress in the near-tip stress field of a macrocrack induced from
microcracks. One is due to the reduction in the effective elastic moduli and the other is the strain arising
from the release of residual stresses. Obviously, it is this redistribution of stresses in the near-tip stress field
that does lead to the redistribution of the J-integral.

In Part II of this series, numerical results of the interaction between a semi-infinite interface crack and
multiple subinterface matrix microcracks will be shown in figures and tables and studied in detail. The
major behaviors of the interaction against the multiple microcrack configurations are discussed.
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Appendix A

According to the continuous condition of the traction across the whole x-axis (see Fig. 1(a)), there is

Lif) (x) + Lif, (x) = Lof) (x) + Lof) (x) (A1)
to facilitate the analytic continuation, Eq. (A.1) is rearranged as

Lif| (x) — Lofy (x) = Lofy(x) — Lif} (x) (A.2)
by the standard analytic continuity argument

Lif|(z) = Lofy(2), ze€l. (A.3)

Define the displacement jump across the interface as

d(x) = u(x,0") —u(x,07) (A4)
with the aid of Eq. (A.3), a direct calculation is given by

t(x) = Lif} (x) + Lof3(x), (A.5)

id' (x) = HL,f (x) — HL,f) (x). (A.6)

According to the continuity of the displacement across the bonded interface as inferred from Eq. (A.6),
implies that L;f (x) and L,f,(x) can be analytically extended to the whole plane except on the crack line and
satisfy

h(z) = Lif! (z) = H 'HLyf,(z), z¢C, (A7)

where C is denoted as the crack line. Hence, one can focus on h(z), and once h(z) is obtained, the full-field
solution could be given by Eq. (A.7). In terms of h(z), the traction (A.5) can be expressed as

t(x) =h"(x)+H Hh (x), z€C (A.8)

Appendix B

22: + g + e (1 — g — 2i)|Bs

Ai(&n, B) = n— &4 (1= ip)ed + (1 +ig)e
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Z +u P+ e(1 - ° — 2if,)|Be

&n, B) =
A 7 L+ig e + (1 — g e

2
)
k=

¢

I G bym;[1 + 2 + 2P (1 — 2 — 2im)]B;
/13(5;”;[3»)/0):_5222 Y j[ k ( _k k)]

C i (n = &)cos f+ (o + nsin B)I; — (o + EsinB)p;”

_IGNY byl + 1§ + (1 — @2 = 2ig,)|B;
A& fryo) = _EZZZ (n — &)cosf+ (vo + nsin B, — (o + Esin )L’

—
(]

[+ 12 + &% (1 — 1 —
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Appendix C
Jy = / (wdy — T di),
I
si= [ (wdy = Ty a),
I,

AJ = (Wdy — T,y dl)a

r*

Ji = § 0wy~ 1),

“— (xo1 + 17, €OS B — Xo — (vo1 + 1y sinfB; — yo — Esin )y,
22: 1+ 2 + e (1 — 2 —
x01 + 1y cos By —xo — fCOS[J’) (yOI +nysinff; — 55111[3)
Z b_kjmji[l + M_kz + e (1 - :u_k2 — 2iy)|B;
(xo1 + 1ycos By — x — ¢cosf) + (o + ny sin )i — (3o + Esin By
RS Zi bl + 12 + e (1 — 12 — 2ig,)] (B.1)
24644 (xor +mcos By —xo — Ccos f) + (or + mysin ) — (o + Esin ),
(C.1)
(C2)

g:fpmwfﬁ%my
.
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