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Abstract

In this paper, we consider the reliable robust tracking con-
troller design problem against actuator faults and control
surface damages for a LTI system with input disturbance.
First, models of actuator faults and control surface dam-
ages are presented. Then a reliable tracking controller de-
sign method is developed, which guarantees the closed-loop
system stability, optimizes the tracking performance of the
system in normal operations, and maintains an acceptable
low-level tracking performance of the system in the event
of actuator faults and/or control surface damages. This
method is based on LQ)/H tracking performance indices
and multi-objective optimization in terms of linear matrix
inequalities. A numerical example of an F-16 aircraft model
and its simulation results are given.

Keywords: reliable control; flight control; tracking; LMI;
actuator faults; control surface damages.

1 Introduction

In the design of either classical or modern control systems, it
is often presumed that all system actuators and sensors are
in good working conditions. As a result, a majority of con-
trol systems designed using conventional techniques may not
be able to maintain a satisfactory performance in the pres-
ence of sensor/actuator faults or control surface damages,
especially for aircraft. In some cases, even the closed-loop
system stability can not be guaranteed. However, there are
some inherent redundancies in multi-input and multi-output
systems, which often makes it possible to design controllers
such that faults in some system components do not cause
immediate threats to the safety of the overall system. Such
controller design methodologies are particularly important
in safety-critical systems, such as air vehicles ete.111.

A control system designed to tolerate faults of sensors or ac-
tuators, while maintaining an acceptable level of the closed-
loop system stability/performance, is called a reliable con-
trol system[ I Presently there are two main methodolo-
gies that can improve system reliability. The first one relies
solely on the existing system redundancies to achieve a tol-
erable performance degradation in the event of component
faults, i.e. robustness against component faults. In this
type of systems, once a controller is designed, it remains
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fixed. The second one involves such procedures as real-time
fault detection, isolation, and control system reconfigura-
tion. Compared to the reconfigurable reliable controllers,
one of the advantages of fixed reliable controllers is that it
guarantees satisfactory system performance not only during
normal operations but also under various component faults
without spending time on fault detection, isolation, and con-
troller reconfiguration. This is very important in the case
that the available reaction time for the system is very little
after the occurrence of a severe fault.

In recent years, there are many researchers working on ro-
bust tracking problems. For example, Shaked et al. (61 used a
game theory approach to solve a tracking problem, Takabal”
developed a design method for state feedback control with
integral and preview actions to achieve the robust LQ track-
ing performance by using the LMI approach, and so on.
However, there are very limited results for reliable tracking
problems. A method based on robust pole region assign-
ment techniques has been proposed by Zhao, et al.[lo] to
realize the reliable tracking control in the presence of actu-
ator faults.

A problem to be solved in the reliable tracking problem is
how to optimize the tracking performance during normal
system operation, while guarantee an acceptable low-level
tracking performance in the event of component faults. In
this paper, we study the reliable robust tracking problem of
linear time-invariant systems with input disturbance in the
presence of actuator faults and/or control surface damages.
The multi-objective optimization methodology is used to
ensure the designed tracking controller not only guarantees
the stability of the closed-loop system and optimal track-
ing performance during normal system operation, but also
maintains an acceptable low-level tracking performance in
the event of actuator faults and/or control surface damages.

This paper is organized as follows: Section 2 gives the fault
models of actuators and control surfaces. Section 3 dis-
cusses the problem formulation. Section 4 presents the de-
sign method of the reliable robust tracking controller. In
section 5, a numerical example is used to illustrate the de-
sign, followed by some concluding remarks in Section 6.

2 Fault Model
Consider a LTI aircraft model described by

(t) = Az(t) + Bu(t) + Gw(t), z(0)==xo0 (1)
y(t) = Cx(t)



where z(t) € R" is the state, y(t) € RP is the output,
u(t) € R™ is the nominal control input, and w(t) € R"
is the derivative-bounded input disturbance. To investigate
the reliable control and tracking problem in the event of
actuator faults or control surface damages, the fault model
must be established first. Common actuator faults include
outage and stuck, while the usual control surface fault is
the control surface damage. Let u”(t) represent the con-
trol vector after failures have occurred, then the following
actuator fault model is adopted for this study:

() =wru(t)+aafs, L=0,1,---,l,, [,<2"-1 (2)

where 85 =[851, -, Bim)" with 85 (j=1,2,---,m) being
a positive bounded shift that represents the maximum out-
puts of the jth actuator in the presence of an actuator stuck
fault. The scaling factors wr, (L=0,1,--,l,,1,<2™—1) and

g, satisly
wr, € Q = {wL:diag[le,wL2,~~~,wLm],
wr; =0 or 1, j=1,2,---,m} (3)
A .
aa € A = {a.=diag[aa1, Qaz," * , Cam],

—1§Oéaj§17 j:1727""m}
Define wo = I when L = 0.

Remark 1: When wr; = aq; = 0, it corresponds to the
case of the jth actuator outage. When wr; = 0 and —1 <
Qaj < 1, aaj = 0, it covers the case of the jth actuator
stuck fault. When wr; = 1 and aq; = 0, it corresponds to
the case of no fault in the jth actuator. Therefore when
wr = I and aa = 0, u”(t) = u(t) represents the nominal
control input vector.

Unlike actuator faults of the form (2), aircraft control sur-
face damages will change the aerodynamic characteristics
of the aircraft (i.e, A, B and G matrices). Such faults can
be modeled by polytopic uncertainties in the matrices A, B
and G as follows

A(@, i):A6‘1+Ai6’27 B(6’7 i):B6‘1+Bi927 6(6’, ’L):G91+G-L6’2

(1)

where for i = 0 (corresponding to the nominal case), Ag =

A, Bo = B, Go = (G, and the uncertain constant parameter
vector 6 = [1 62]7 € R? satisfies

0 €02 {0cR? : 0,20, 0:>0 and O1+02=1}  (5)

The matrices A;, B; and G; (i = 1,2,---,q) are known con-
stant matrices of appropriate dimensions, which represent
the vertices of possible control surface damages.

Hence, the aircraft dynamics with both actuator faults (2)
and control surface damages (4) is described by

{ () = A(0,1)x(t) + B(6,1)u” (t) + G(6,i)w(t) (6)
y(t) = Cz(t), x(0) = xo, i=0,1,---,q

Remark 2: It is noted that, in the faulty system descrip-
tion (4) - (6), when i = 0, we have A(0,0) = A, B(6,0) =
and G(0,0) = G. When ¢ > 1, the index i = 1,2,---, ¢ cor-
respond to the models with control surface damage faults.
The parameter € provides interpolation between nominal
and the fault cases, hence providing approximate models
for intermediate faults.

3 Problem Formulation

Consider the aircraft dynamics (6) with both actuator faults
(2) and control surface damage faults (4). The design prob-
lem considered in this paper is to find a controller such that:

e The closed-loop system is robustly stable for all wy, €
0,00, L=01,-,l,andi=0,1,,q

e In the normal operation, the output Sy(t) tracks the
reference signal 7(t) without steady-state error, that
is,

lim e(t) =0, e(t) = r(t) — Sy(t) (7)

t—o0

and with optimal closed-loop performance. S € R!*?
is a known constant matrix used to form the output
required to track the reference signals.

e In the event of actuator faults or control surface dam-
ages, the output Sy(t) tracks the reference signal r(t)
without steady-state error and with an acceptable
low-level performance.

It is well known that the tracking error integral action of a
controller can effectively eliminate the steady-state tracking
error. In order to obtain a robust tracking controller with
state feedback plus tracking error integral, we introduce the
following augmented state-space description of the system

—scTe®][ o T.p. 1 o Ti
{Aﬂ 0 A@z)}{ tHB(@,i)}u (tH, G(@J)}[@(t)} (8)

Define the augmented state vector ¢(t)=[eT(¢) 27 (¢)]” and
disturbance vector v(t) = [T (t) @' (t)]*. The augmented
system (8) can be rewritten as

C(0) = Ar(6,6)¢(1) + Br(8,0)3" () + Gr(0,00(t) )
i=0,1,---,q

where

Ar(0,1) = [8 - }ER(””)X“*”)

A(8,7)
Br(0,i) = [ B0, ] e RiHm)xm (10)
. I 0 n
Gr(0,1) = [ 0 GO.0) } e RU+n)x(1+h)

It is easy to see from (4) and (10) that this augmented faulty
system can be expressed in the polytopic form as follows

Ar(8,i) = A6 + Arif2
Br(0,1) = B,01 + Brit2 (11)
Gr(0,i) = Gob1 + Grib2

where

&

0 -SC 0 10
O N R

0 —-SC 0 I 0
Api = {O Ai:|73Fi = |:Bi:|7GFi = {0 G

] (12)
Since 4% (t) = wri(t) according to (2), the augmented faulty
system can be rewritten as

C(t) = Ap(0,0)(t) + Br (0, wra(t) + Gr(9,i)u(t)

1)
L:O T 7l177 7'_0717"'7(1 (13)



Remark 3: (a) Since Ao = A, Bo = B, Go = G, it is easy
to see Apg = AO, Bro = B,, Gro = G, In (11). (b) It
is obvious that if we obtain a controller robustly stabilizing
the augmented system (13), the controller also stabilizes
the original system (6) and achieves the output regulation
lim; o e(t) = 0.

In the following design, we choose the performance indices
of normal and fault cases as

Vi = [J[e” ()Qe(t) + i (twr Rwpi(t)|dt

; (14)
L:071a"'alpa 120,1,"'7(]

where Q € R™*! is symmetric positive semi-definite and R €
R™*™ is symmetric positive definite. Our objective is to
minimize the performance index Voo of the nominal system
(1), and simultaneously guarantee the performance indices
Vi< i=0,1,---,q, L=0,1,---,1,, i+ L =0) for
each of the probable faults.

4 Reliable Robust Tracking Controller Design

Before presenting the design, the following two hypotheses
are made:

[H1] (Ai, Bswr) is stabilizable for i = 0,1,---,q, L =
0,1, 1.
[HQ] rank{gi BZOwL:| :n+p’i:Oa17"'7q’ L =

0,1, 1.

Remark 4: Hypotheses [H1] and [H2] guarantee that the
augmented system (13) corresponding to the normal opera-
tion and each of the probable faults is stabilizable via state
feedback.

Theorem 1 Consider the closed-loop system of the aug-
mented faulty system (18) with the state-feedback controller
u(t) = K((t). Assume that the hypotheses [H1] and [H2]
hold, and for t < 0, z(t) = 0, u(t) = 0, and r(t) = 0.

For every given positive constant vyr; (L = 0,1,--,1p,
i = 0,1,---,q), suppose that there exist a matric Zr;, €
R™ W) and o symmetric matriz Xp; € RV XU gqp
isfying, for alli=0,1,---,q and L=10,1,--- 1,
Xri>0
XLiAF, + AriXpi 1o 5l
+Z[wLBE; + BriwrZLi Gri X1iQd ZpwoR?
G —yid 0 0 <0 (15)
1
Qi Xri 0 -1 0
R2wi 71 0 0 -1
where
_ Q0
e-|9 5 (16)

Then, the following controller robustly stabilizes the closed-
loop system. ¢

u(t) = Ke/ e(t)dt + Kyx(t) (17)
K =K. OK;,;] = ZLiXE-Ll (18)

Furthermore, upper bounds of performance indices Vi,; are
given by

Vii < C0)TXLC(0) + e [ vT (Du(t)dt, 19)
Voe®, i=0,1,---,q, wp €Q, L=0,1,---,1,

Proof: Substituting u(t) = K{(t) into (13) and (14) yield,
forall L=0,1,---,1l,,i=0,1,---,q

() = [Ap(0, iHBr (0, )wr K|S(H+G (0, i)u(t) (20)
Vi = / ¢ () [Qat+K " wr Rwp K¢ (t)dt (21)

By the Schur complement formula, (15) is equivalent to
Xri >0,
XpiAbiAAri XpitXiK wr BhABriw, KX i (22)
+%GFiGgi'FXLiQaXLi‘i‘XLiKTWLRWLKXL1'< 0

Post and pre multiplying the inequality (22) by Pr; = X},
we obtain Pr; > 0 and

[Api + Briwr K|" Pri + PLi[Ari + Briwp K]
+ L PLGriGE P + Qu + KTwrRop K <0 (%)
Since v: > 0, Qu > 0, Qo = QT and R > 0, R = R7, then

[Ari + Briwp K" Pri + Pri[Api + Briwp K] <0 (24)
According Lyapunov stability theorem, controller u(t) =

K {(t) which satisfies (15) robustly stabilizes the augmented
system (13). Furthermore,

t
V05 < —/ ¢ () {[AFH‘BFiwLK]TPLH‘PLi[AFi
0
+BF'LUJLK]+%PL~LGF'LG£1'PL’L'} ¢(t)dt
- [T OPc] s [ T wuoar
0 0

¢T(0)Pri¢(0) +7Li/ v ()(t)dt

(25)

IN

IN

Further, partitioning K as in (18) , and by using the as-
sumptions that for t < 0, z(t) = 0, u(t) = 0 and r(t) = 0,
we obtain (17). This completes the proof. O

Remark 5: The upper bounds of the above performance
indices consist of two parts. The first part corresponds to
the upper bounds of the performance indices under the con-
dition of zero-input. The second part corresponds to the
upper bounds of the performance indices under the con-
dition of zero-initial state. The performance parameter
vo:s (L = 0,1,---,1lp, ¢ = 0,1,---,q) corresponds to the
Hy norm ||T.v||eo of the transfer function from the input
v(t) in (20) to the performance output z(t) = Q%(j(t) +
[ 0 (R% )T ]T wra(t). It is noted that the above Theorem
1 is a sufficient condition guaranteeing the close-loop sys-
tem (20) is robustly stable and the quadratic performance
indices Vi; (L =0,1,---,lp,i=0,1,---,q) have the upper
bounds.

Now the reliable tracker design problem can be rewritten as
J 1= Minimize[Tr(Y)] subject to (15) and

{1; X{)O]>o (26)

In other words, a common controller KX must ensure the
above performance criteria. Namely, K = Z LiXEi1~ Due to
this constraint, the above reliable tracker design problem is
not jointly convex. In order to get around this problem, a



general method is to use a common LMI solution: Xgo =
Xri,1=0,1,---,¢q, L =0,1,---,1,. However, this method
is at the cost of high conservativeness. To overcome the
conservativeness of the common LMI solution, an iterative
method is adopted here.

Theorem 2 Consider the closed-loop system of the aug-
mented systems (13) with the state-feedback controller
u(t) = K((t). Assume that the hypotheses [H1] and [H2]
hold, and for t < 0, z(t) = 0, u(t) = 0, r(t) = 0.
For given positive constants vr; (L = 0,1,--- 1y, i =
0,1,---,q) as well as given positive-definite matrices Prio €
RUMIXUn) - cunpose that there exist a feedback gain matriz
K € R™ U+ gnd symmetric matrices Pr; € R4 (147)
satisfying, for alli=0,1,---,q and L =0,1,---,1,

Pri >0
ZprLi PLiGri (e K+R'BEPri)” 7
GﬁiPLi 7’}/L~;I 0 <0
wr K+R'BL,Pr; 0 —R7!

with Qq as in (16) and
ZprLi = ALiPri+ PriAri + Qo — PrioBri R 'BE,Pr;
—PriBrpi R~ B Prio + PrioBriR™' B Prio

Then, the following controller robustly stabilizes the closed-
loop system of the augmented system (13).
t

u(t) = Ke / e(t)dt + Koa(t) (28)

K :O[Ke K.] (29)

Furthermore, the upper bounds of performance indices Vi,
are given by

Vii <¢(0)7 PLiC(0) + e [y v (tu(t)dt

30
VOO, i=0,1,---,q, wp€Q, L=0,1,---,1, (30)

Proof: The proof is omitted due to lack of space. O

Remark 6: Theorem 2 converts non-convex problem into
convex problem and its conservativeness can be minimized
when Prio trends to Pr; (L = 0,1,---,lp, ¢ = 0,1,---,q).
It should be noted that the existence of a solution X, to
(15) is equivalent to the existence of solutions Pr; and Prio
to (27). Therefore, Theorem 2 does not introduce any ad-
ditional conservativeness other than those in Theorem 1.

Theorem 2 leads to the following iterative algorithm to get
an optimal tracking controller:

1. Choose proper vr; (L = 0,1,---,1p, ¢ = 0,1,---,q),
and minimize trace(Y’), subject to (15) and (26) with
X1 = Xoo and Zri = Zoo. Let Kopt = Zooopt X goepi-

2. Respectively minimize trace(X,}') (L = 0,1,---,1,,
i =0,1,---,q) subject to the inequalities (15) with
K = Kopi. Then we obtain Priopi(= X7,.,)-

3. Choose a proper A >0 and pr; >0 (L =0,1,---,1p,
1= 0,17"',(], L+’L = 0) Let PLiO = PLiopt (L =
0,1,--+,0p,i=0,1,+,q).

4. Minimize trace(Poo) subject to the inequalities (27)
as well as trace(Pr;) < pr: (L = 0,1,---,1l,, i =
0,1,---,9, L +i=20). Then we obtain Priopt.

5. If \trace(PLiopt — PLiO)‘ > A, let Prio = PLiopt
(L =0,1,---,lp, i = 0,1,---,9) and go to step 4.
Otherwise, set K = K,p¢ and stop.

5 Numerical Examples

In this section, an example of tracking control for a linear
F-16 aircraft model is given to demonstrate the proposed
methods. The trimmed values of F-16 aircraft equation are:

Thrust T = 0.1464,
Center-of-gravity location Xeg = 0.35,
Velocity Vi = 152.4m/s,
Altitude H = 500m,
Angle of attack e = 2.3703°,
Angle of sideslip I} = 0.0°
Horizontal stabilator deflection &y = —0.5831°,
Aileron deflection da = 0.0°
Rudder deflection Or = 0.0°

After linearization and allowing the left/right control sur-
faces move independently, the aircraft model is described
by

#(t) = Ax(t) + Bu(t) + Gw(t) (31)
y(t) = Cz(t)

where z(t)=[u w ¢ v p |7, w(t) =[6nr Ont Sar dar 6],
y(t) =g firot Tstab @ B]T, w(t) represents the vertical gust
disturbance. The numerical values of the matrices are given
in the Appendix. The following possible actuator faults are
considered:

1. Left elevator actuator outage corresponding to wi=
diag{1,0,1,1,1};

2. Right elevator actuator outage corresponding to wo=
diag{0,1,1,1,1};

3. Right aileron actuator outage corresponding to wsz=
diag{1,1,0,1,1};

4. Left aileron actuator outage corresponding to w4 =
diag{1,1,1,0,1};

5. Left elevator actuator and right aileron actuator out-
age corresponding to ws=diag{1,0,0,1,1};

6. Right elevator actuator and right aileron actuator
outage corresponding to we=diag{0,1,0,1,1};

7. Right elevator actuator and left aileron actuator out-
age corresponding to wr=diag{0,1,1,0,1};

8. Left elevator actuator and left aileron actuator outage
corresponding to ws=diag{1,0,1,0,1};

Since we don’t consider the control surface damage in the
example, then ¢ = 0, hence ¢ = 0. Let vp0 = 1, L =
0,1,---,8 and

0000 0 0 0
01000 100 0 0010 0 0
S—[O 001 o],@—[o 10[,R=0 0 0010 0
00001 001 0 0 0 0010

0 0 0 0 o001

where the matrix S determines the outputs required to
track, i.e., firot, @ and .

Case 1: Consider only fault 2 (w2) where right elevator
actuator outage has to be tolerated. By solving the convex
multi-objective optimization problem using the proposed it-
erative algorithm, we obtain two reliable trackers under dif-
ferent design requirement of the fault performance indices
71 and 45.5. Table 1 compares the performance indices ob-
tained from the standard tracker design method (without



Table 1: Performance indices comparison for fault 2 (w-)
with A =0.01
System [[Stand’d

status [|tracker

Reliable robust tracker*
designed jachieved |[designed [achieved
Nominalf| 16.7063 || 16.7261 | 16.7227 || 17.7921 | 17.7918

Onr 71.5299 || < 71.0 | 63.8079 || < 45.5 | 45.4945
[Simwion] Fig. 1 | - | Fig. 2 |

*The two sets of ”achieved” values are obtained from the

different upper bounds (pr;) of the fault performance indices,

respectively.

considering actuator fault) and the reliable robust tracker
design method.

In this particular example, the standard controller (without
considering the fault) can still stabilize the system when the
wo fault occurs. From Table 1, it can be seen that for the
first reliable controller, by imposing a fault case performance
of 71 (which is about the same as that achieved by the stan-
dard controller), our method gives an optimal guaranteed
nominal performance of 16.7261 and an actually achieved
nominal performance of 16.6227. The guaranteed and the
actually achieved nominal performance values are very close,
and both are just slightly larger (0.1%) than that achieved
by the standard controller. This indicates that the conserv-
ativeness of our method is very small. In the second reliable
controller, by sacrifacing the nominal performance slightly
(6.5% from 16.7063 to 17.7918), the performance when the
fault occurs can be drastically improved by 36.4% (from
71.5299 to 45.4945). Simulation results using the standard
controller are given in Figure 1, and the results using the
second reliable controller are given in Figure 2. Results for
both without and with w2 fault are given. It can be seen
from the simulation results that, while the standard and the
reliable controllers give above the same response in the nor-
mal case, the reliable controller performs much better when
wo fault occurs.

Stability axis roll rate Angle of attack Angle of sideslip

1.5

time(s) time(s) time(s)

Figure 1: The nominal case (solid) and fault 2 case (dash)
with standard tracker K

Case 2: Consider fault 6 (ws) where both right elevator
actuator and right aileron actuator outage are to be toler-
ated. The design results are given in Table 2. Closed-loop
stability is also maintained by the standard controller in this
case. Similar to Case 1 (w2 fault), our method gives litter
conservativeness and greatly improves the system perfor-
mance when the ws fault occurs. Simulation results given
in Figures 3 and 4 also confirm this observation.

Stability axis roll rate Angle of attack
1.5 1.5 1.5

Angle of sideslip

time(s) time(s) time(s)

Figure 2: The nominal case (solid) and fault 2 case (dash)
with reliable tracker Kopi12

Table 2: Performance indices comparison for fault 6 (ws)
with A=0.01
System |[Stand’d

status tracker |ldesignedfachieved |[designedjachieved
Nominal|[ 16.7063|(16.7120 | 16.7078 [[18.0976 (18.0940
Snrtdar || 75.9259 || < 75.0 | 64.8140 || < 43.0 |42.9435

[Simuion|| Fig. 3 | - I Fig. 4 [

Reliable robust tracker

Case 3: Consider simultaneously all faults from 1 to 8 (w;
to wsg). By using the iterative algorithm, reliable tracking
controllers satisfying all the performance requirements of
the eight kinds of fault cases are obtained. The results for
two reliable controllers and for the standard controller are
given in Table 3.

In this case, the standard controller is also able to stabilize
the system in all fault cases. It can be seen from Table 3
that sacrificing the nominal performance slightly (7.4% from
nominal 16.7063 to 17.9368), the performance indices for
the 8 fault cases can all be improved significantly (ranging
from 28.4% to 38.0%, except for cases of ws and w4 where
about the same level of performance as that of the standard
controller is achieved.

Summarizing all the three cases of faults, it is noted that
the reliable tracker design method can significantly improve
the system performance in the event of fault cases than the
standard design method, under minimal sacrifice of nominal
performance. it is easy to see that we can obtain various
reliable tracker according to the upper bound requirements
pri of fault performance indices in the design of the reli-
able robust tracker. This provides the design of the reliable
tracker design the flexibility of trading off between the nom-
inal performance and the performance when faults occur. It
can also be observed that, as more and more fault cases are
considered in the design, the conservativeness of our method
also tends to increase.

6 Conclusions

In this paper, we have investigated a reliable robust tracking
problem for a linear time-invariant system against actuator
faults and control surface damages. Based on the multi-
objective robust performance analysis of the system in the
nominal case and the faulty cases using LMIs method, we



Stability axis roll rate Angle of attack Angle of sideslip

1.5

time(s) time(s) time(s)

Figure 3: The nominal case (solid) and fault 6 case (dash)
with Standard tracker K

Stability axis roll rate Angle of attack Angle of sideslip

1.5 1.5 1.5
1b - >
osf '/- ------
o -0.5 o
o 5 o 5 o 5
time(sf? R . time(s) . time(s) .
Elevator deflection Aileron deflection Rudder deflection
a

time(s) time(s) time(s)

Figure 4: The nominal case (solid) and fault case 6 (dash)
with Reliable tracker Kopio2

have derived a reliable robust tracking controller with state
feedback plus tracking errors integral. The simulation result
of an example of F-16 shows its effectiveness.
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7 Appendix
System Matrices:
[—0.015 0.048 —5.942 0.002 0 0
—0.091 —0.957 138.361 0.016 0 0
A 0.000 0.005 —1.022 —0.001 0 —0.003
0 0 0 —0.280 6.267 —151.144
0 0 0.000 —0.182 —3.419 0.640
] 0 0 0.003 0.045 —0.030 —0.454
[ 0.024 0.024 —0.025 —0.025 0 0.048
0.172  0.172 —0.180 —0.180 0 —0.957
B 0.087 0.087 —0.008 —0.007 0 G- 0.005
—0.315 0.315 0.023 —0.023 0.121}’ 0
0.189 —0.189 —0.346 0.346 0.124 0
|—0.168 0.168 —0.015 0.015 —0.059 0
[ 0 0 57.296 0 0 0
0 0 0 0 57.247 2.370
C= 0 0 0 0 —2.370 57.247
—0.016 0.376 0 0 0 0
L 0 0 0 0.376 0 0




