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Abstract
In this paper, a simplified windshear hazard
criterion is developed based on the mechanism of
the effects of windshear on aircraft flight and

the CAT 1 worst landing limits specified by FAA.

The effects of longitudinal and vertical wind—
shear compoaenis on the performaunce of aircraft
are analysed respectively, in the purpose of in—
vestigating the hazard of windshear components.
After careful study of the correlationship betw—
een the hazard criterion and the performance de—
teriorating parameter J2, the threshold and the
principle for the predictive airborune windshear
deiecting and alerting sysiem are also discussed
in detail in the paper.

I. Introduction

Luw~level windshear is the leading cause {or
the weather related aircraft accidents in the
past few decades, and it’s calied "air killer”
by the civil aircraft pilots. A war aimed at con—
quering the air devil is now spreading all over
the world. Up to now,the conclusion comes to be:
The best way to cope with windshear is to avoid
it if it's possible. Hence, to develop the predic—
tive girborne windshear detecting aud alerting
system is the key goal of the war. There are two
problems here:  the first is to detect wiandshear
field; the second is to evaluate the hazard of
the detected windshear to the aircraft task if
the aircraft penetrates the windshear field. This
becomes more and more im portant as airports
become more and more congested. 1t isn’t feasi-
ble io abort the task and ge around if the de—
tected windshear is slight. So, how to evaluate
the hazard of the windshear te aireraft perfor—
mance and the task, and (o represent the hazard
degree in the forms of detectable physical pura—
meters 8 a key problem te be tackled for the

design of the predictive airborne windshear sys—
tem. In thisx paper,s simplified windshear hazard
eriterion is developed based on the mechanism of
the effects of windshear— on aireraft flight™
and the CAT 1 worst landing limits specified by
FAA™,  Also, the principle and the threshold
for the predictive sirborne windshear detecting
and slerting system is discussed in detail in
the paper.
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1I. The Performance Limits of Aircraft

For ILS CAT 11 landing, FA A specifies concrele
performance limits and the so—called landing
windowsPl, Computations show that a slight
windshear will cause aircrafl dash out of the
windews, It's not feasible and practical to eva—
luate the hazard of windshear according te the
landing windows. But if the aircraft is to land
safely, the trajectory / performance of gircraft in
windshear must meetl the lowest limits—the CAT
1 worst landing limits, see Fig, 1.
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Fig. 1. The CAT 1 Worst Landiag Limits
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Ve > V,

That is to say that under no circumstances
should the aircraft altitude H  belower than
Hmin and the celative air speed be less than the
stall speed Vs,
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The motion equations of aircraft io windshear
field { 2 Dimension) are formulated in wind—axis
ag follows™

V= T cos{e | 8) geiny - (U o8y - W g siny)
m
(2)
y= —Tf ginle -+ 4) + Lo E_ couy + (U nesiny + W o comy)/ ¥
mV mV A%

and the supplementary equations are:




X = Veory + Uwg (3
H ~ Vainy — Wwy 4>

From (4)
ainy = (L + Wwg)/ V (5)

Substitute (5) into (1), under the assumption
W puiny ~ 0, cogy = 1,
Then we have:
ng

%H+V=%cns(c+ 6)-—P—W(U.,.+u )+4AH<u) )

AT W -
w v ( v
where: AT is (he potential thrust margin after
the thrust stick is pulled t¢  ifs maximum posi—
tion,

Modern civil jet aircraft has  a rather long
thrust delay Td, usually about 4 tc 10 seconds.

Under the worst sitnation, the energy of the

H=Hqg + = W - »é—v" (7)

windshear field applied on aircraft is  totally
used to decrease the aircraft potential energy,
i.e.dV /di=0

Thus
" AT . -
H=V(y P Ho (3)
]
Where Fo-om y Yoo
g \%

This is the so—called windshear hazard index
factor by Bowles®,
After infegrating (8), we get.
Hi)=Hot 1 [; “Ty - [JFV dt C))

T W
We know that windshear stipulates the lon—
gitudinal phuigeid escillation mode of aircraft
is the mechanism of windshear hazard (o flight.
To guarantee the landing safety,the aircraft is
not allowed to drop below the CAT I worst land—
ing limits during the half down—oscillation
phase of aircraft motion.
The period of the phuigoid mode of sircraft Ty,
during appreach and landing phase can be appro—

ximately written as:

N2
To = ——aV
4

Vref is the approach reference speed of
usnally

wheres
aireraft (relative to air),

Ver = 1.3V, + 10. knots

Thus t= L % 4V, (to)

Substitute (1),(10), into (9), then

AT N 2pTd v 2 g A\

F g o 0.4H ¢ + 30. — 0.4747 ]
F< W (1 7V o )+ [ + ( 0’)
()
where F i the average of F over distance AX.
2 )
AX 2 Ve b= ; -5. 2V (r2)

It's easy to see that the larger the poteatial
thrust margin AT,  the smaller the weight of
aircraft, the shorter the engiane thrust delay
time parameter Td, (ke higher the initial alti—
tude of aircraft when encountering windshear HQ
the sironger the windshear the aircraft can cope
with during approach phase. This aprees well
with our past knowledge about windshear effects
oa gircraft flight.

Example:
AT
Ho=120 m Td=68 Vyu=70m/8 T=0'15
We have:
F<0.115

AX = 1110 {(m)
This result is rather good as compured to the
conclusions about threshold of hazard windshear
drawn by Bowles™,

}VL The Effectiveness of the Hazard Criterion

A good windshear hazard criterion must descri—
be the flight performance deterioration degree
due to windshear, and must be robust to changes
in windshear model, aircraft type, aircraft con—

trol manner and aireraft initizl aliitude, etc, ¥
According to ', we introduce (he improved fli—
ght performance deterioration parameter J2:

2=jiapr 28 g (13)

AHIBIK

Where:
AH=H,y —H
AH mas = Hn! - Hn-

g V.
PR, GETg-

AD = , 07

.1 Yo < Yo
0 Vo Ve

;1 V<V
‘0 V2V
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Where vy, isthe true glide angle in ground based

axis,
H rer 18 the nomial height of aircraft at
time (.

We see from (13) that |AD) can be much larger if
the derivation of height from the noeminal path
A H is net so large as compared {o the maximum
allowable derivation A Ha.x . Astime goes,
the height of aircraft becomes lower and lower,
the derivation A H becomes larger and larger, and
AH g becomes smaller and smulier, This makes
[AD) smaller and smaller in order to keep the
performance deteriorastion parameter from diver—
glag,

Simulations of Airbus 300A aircraft encounter—
ing windshear field during approach and landing
are made for fixed stick situation and autopilot
landing situation. The windshear models are No. 1,
2, 3 respectively taken from ¥ recommended
by FAA for pilet trainiag, as well as the micro—
burst model by Miele®', Computation resulis are
given in Fig 2.
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Fig 2.

It can be readily drawn from Fig 2. that there
are two critical heights H1 and H2, The fight is
safe when the initial height is high ( H0 > H1)
or the initial height is very small ( HO < H2).
The windshear poses more threat to gircraft fli—
ghi when the initail height is  between the (wo
critical heights.  This conclusion seems unrea—
sonable ! But careful examination inte the ques—
tivn gives some explanation.

When HO is high, the aircraft possesses higher
potential energy, and the aircrfat engines can
deliver more energy to aircraft to cope with the

windshear devil, hence the Hight is safe.

Whea HO is very swall (HO < H2), the aireraflt
will land before the windshear gains enough ener—
gy to jeopardize the flight, since the effect of
windshear on flight is 4 time infegraled process,

Since the airberne radar or infrared windshear
delecting sys{em cun paly detect lvngitudinal or
vertical windshear component, it's necessary to
study the differenced gnd relationships between
the horizontal aud vertical windshear toaircrfat
performance deterioration parameter J2,




Fig 3. shows the computation results for stick
fixed and autopilot situations respectively.
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In Fig 3, (He), is the total energy height loss
that the windshear field will impact on aircraft
va s evminal glide path.

(He)o is the initial energy height of aircraft
when it meets the wiedshear field,

He, = H, +

2g
It's easy to find the fact from Fig 3 (hat under
the same emergy height loss situations, the
flight sitwation is worse for vertical windshear
than horizeatal windshear. This hints that the
energy height loss orly isn’t a good discriminant
for judging (he risk of windshear.

We see that for both situatisns, the vertical
windshear puses much more risk as compared o the
horizontal windshear with the same intensity F.

and
a2, 2 (4
oF « aF n
This suggests the {ollowing expression:
J2=J2¢ +k Fu + F, (15)

k<l
where
Fu, Fy are average horizontal and vertical
windshear intensity over a certain distance.
From (13), we find that J2 is approximately de—
termined by DF, where

AV 87
(Ve — V,) 57.3

Since vertical windshear has much effect on Ay
and horizontal en A\V, a bold assumption is made
as follows:

(1e)

DF= - Ay-

w cxg AV
Apr ——TB 2e0" 5 W
v u7)
AV — Uy, t
ie. )
Wos y (BT2)7 P (18)
Thus, average over the distance AKX, wegel:
DF—F, + & Fa (19)
- [(ET) (ac)
= %,

Fig 4. gives the hazard map for Airbus—300A
aircrafl autopilot landing situation.
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Fig 5 shows  (he cerrelationship of the hazard

criterion
parameter J2.
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From [6], we kaow that for the most hazardous

windshear——microburst, the vertical velocity Wwe
can be represented by the following expression:
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W = (SF) (52 s

) 21

SF = 27. — 0.341H + 0.00403H?2 (22)
where R is (he radius of the point concerned
from the core of the microburst,
Since neither the infrared or radar system can
not measure R accurately, we consider the most
dangerous situation of peaetrating th e micro—

burst through (he core, Thus,

., p
W = (SF) 2. — o+ (23)

Thus frem (11),(12),(19),(20),(22),(23), we get
the windshear hazrad criterion for the predic—

tive girborne winsdshear detecting and alerting
system:

AT V2 gTd
pv., W T v, e (2
AKX V. . 2(SF)
K + -
B Ve
\)Ii_g vnl
Q= o [0.4Ho + 30. — 04747( 5" )] @8

V. Summary
Several conclusions car
paper:

1. There are twae critical heights between which
the windshear poses hazard to flight safety.

3. Vertical windshear poses much more danger to
flight as compared to the same intensity hor—
ontal windshear.

3. The threshold of hazard windshear iz a func—
tion of

4. The correlation between the hazard criterion
developed in this paper DF and the performan—
ce deterioration oarameter J2 is rather good.

There are still 2 long way to go before we can
conguer the ‘gir killer °; some tasks are still
on our agenda;

1. Develop windshear hazard criterion directly
using dBZ fur radar detecting system.

2. Develop windshear hazard criterion directly
using the temperature drop for infrared sys—
tem.

3, Study the correlationship between the criter—
ion and ithe performance deterioration para—

meter J2, by using much authentic and real
windshear model TASS we already established

4. Study the errors dissemination (o determine
the accuracy of the detecting yysiem.
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