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), An Evaluation on Damping Property of Non-linear Shimmy

Damper and Equivalent Linearization Methods °
7

-

Nanchang Aircraft Manufacturing-Co.} Su Kaixin

Abstract
& Jouia?s

In %his paperh;he formula of requisite linear damping for
overcoming landing-gear shimmy 15~éesivedyéccording to the
point~contact theory. However, the damping property of the
hydraulic shimmy damper is mostly non-linear. Two methods
are presented to treat this case: the tangent method and the
minimum equivalent linear damping method. Their correlation
is also found. It is demonstrated by computation that both

methods are effective and reliable. 7 ";}o/LF

I. Simplification of Theoretical Equation for Single Wheel

Shimmy without Inclination

s Based on the following assumptions that (1) the support (or
the directional axis) is vertical and rigid, (2) a static

. —— . — S — —— —— — — — - -
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rigidity model is used to treat tire distortion and there is
pure rotation and no skidding, (3) the entire system is
linear, and (4) it is moving at a uniform speed and the
vertical load is also constant, then the equation of motion

for shimmy is:

Iv‘-’g—ﬁﬂvgf —aAt~bp=0 |

d . k
JQ‘;‘—;—”—)-—a.;+ﬁ¢= )
190 +4L 1 (o+e)=0

where

I -~ rotational moment of inertia of the shimmy part with
respect to the directional axis,

t - distance of stability,

h - damping moment coefficient centered around the
directional axis,

V - speed,

s - rolling distance along the directidn of motion,

8 -~ angle between the diametral plane after the wheel yawing
and that of the wheel in neutral position,

a, B - motion constants of the wheel,

a, b - lateral rigidity and torsion rigidity of the wheel,
¢. A— variables introduced in the point-contact theory to
describe torsion distortion and lateral distortion of the

tire. ®is the yawing angle of the tangent at the contact




center and counterclockwise is positive. A is the lateral
shift at the contact center and it is positive toward the

v

right (see Figure 1).

Let g=Ae"" - 1

Substitute it into equation (1) and let

a,=ab+aft 3
a,=abt+aft*+hVa
a,=hVB+b+at*+IaV? ¢ )
a;=IV:f+hV
a,=IvV?

| S

We then get the following eigen function:
a,x*+tax*+a.xt+ta,x+a, =0 (4)

Based on the Routh-Hurwitz stability condition, the real
part of the root of the gquadratic polynominal eigen function
(4) is negative when the coefficients ags ayr 2y, ag and a

4
have the same sign as the discriminant:

R=a,asas —a,a}—a.a}




In this case, the motion is stable. From equation (3) we
know that Ayr @y 3,5, a4 and a, are always greater than
zero. Therefore, R should also be greater than zero. To

this end, the following must be satisfied:
a,a:as>a.a3+a,al (5)

By substituting (3) into (5) an inequality with the damping
coefficient h as an unknown can be obtained. This ‘
inequality can be solved with respect to h. This is the

formula needed to calculate the minimum damping coefficient.

Ash*+ A2+ Ah+ A =0
_ ()]

where

A.sa',V'Pa‘xv" .

Ay=be+b,V2+b,V* \

Ay=c,V+e,V? ! ™

.A’-d‘v’ /,
In equation (7) _

a',==—Ia’bt(b+g-at)(t-g~) \

a)=I*a*p (b+f—at)(t—g-)

b.-ac(b+£.a:)(b+az=)




by=Iap((+2 a)(Bt=E 1)+ (b+arr)) o ®
b,=Ita*f ;
c‘=a[(b+‘-1—at)(ﬂt-l)+(at’+b)) !
cy=I28*

d.=af

Now, we have all the equations required to solve the linear
damping coefficiénts which include 8 characteristic
parameters, where I, h and t are structural parameters, a,
b,aand 8 are tire parameters, and V is a rolling parameter.
When the load is determined, the parameters I, t, a, b, ¢ and
are also fixed. Hence, other parameters can be calculated
from equation (8). With a specified speed;Xthe parameters
in equation (7) can also be determined. Therefore, all the
coefficients in equation (6) can be determined. The minimum

damping coefficient h can be obtained by solving (6).
direction of motion,

.center of direccional axis
center of

contact plane = __

wheel axis

Figure 1 Tire Distortion during Wheel Shimmy




II. Assessment of Damping Characteristics of the Damper and
Treatment of Nonrlinear Problems

The minimum damping value hmi obtained in the previous

n
section is obtained under the assumption that the damper is
linear, i.e. tﬁeidamping moment is proportional to the
rotational angular speed. 1In reality, most hydraulic
dampers are non-linear. In general, the relation between

the damping moment M and the angular speed of the driving

lever é is

MﬂM.-!-aO“.'H’a}.-. (9)

where M, - friction moment, which is produced by the

0
friction between the piston and the inner wall of the
Qamper,

a, b - known constants,

‘i“' - angular speed of the driving lever of the

damper.

It was pointed out in reference [2] that the drag of the
fluid is determined by the speed at which it flows through a
channel. The drag coefficient of the fluid through a hole
is determined by the shape of the jet and the velocity of
the f£luid in the jet. 1If the channel is not very long and
the speed is not very fast, drag is proportional to the

square of the fluid velocity. If the channel is long and




flow speed is slow, then the drag is proportional to the
flow speed. The damper shown in Figure 2 belongs to the

former type. It satisfies the following:

. M=M.+bo;I'

In the M —0iplot, the damping coefficient b is a constant,
- (see F-lj..ﬂ),

neEn T~

=
=
T~

“compensator

I’ //' b - — piston

d L4 TR left oil chamber

& \

screw plug ~case
Figure 2 Structural Diagram of the JXX Damper
Non-linear dampers have the following advantages:

(1) It is easy to machine the flow restrictor hole on the

3 piston. It will not be.necessary to scrap the piston when
the hole is drilled too deep beyond tolerance or the drill
bit is broken inside and cannot be removed. This is because

this kind of flow restrictor hole is shorter and the




machining is done on a special screw plug which is then
screwed onto the two sides of the piston to avoid the

problems described above.

(2) The non-linear damper is more effective to prevent
shimmy. It incféases with the angular velocity of the
driving lever. The damping moment picks up faster than that
produced by a linear damper. When the angular velocity is
small, the damping moment is smaller than that generated by
a linear damper. Therefore, the turning performance would
not be affected. Hence, this type of damper is recommended

to effectively prevent shimmy.

However, when this type of damper is used, how is the non-
linear damping compared to the theoretical minimum damping
in order to assess its ability to overcome shimmy? Two

methods are introduced in this paper. Both are convenient

and reliable to use in various occasions.
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Figure 3 Damping Characteristics of the JXX Damper
1. Minimum Eguivalent Linearization Method

Let the yawing angle be ¢ and assume it is in simple

harmonic motion:

#=Hsinot

(10)

where @ is "he angular frequency and H is the amplitude of

vibration.

(1) enexgy consumed by the linear damper per cycle
M=kd

2
A= ] ”mauj a/(h 8 ) (Hocoswtdt)
o Jo

= hoH? (_l 1

9
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(2) energy consumed by the non-linear damper per cycle

 M=M,+ab +b0*
o n/2
A'aj Mdo=4j (Merad+b01)dd
o 0
=4M.H+amnx+§-bm=m (12)

The eqguivalent damping coefficient is determined by the fact
that the energy corisumption per cycle is equal. From A = A'

we get

[M. +— ‘. + b@H] 13)

Bence, h is a function of the product of ® and H. Because
we are looking for the minimum eguivalent damp to prevent
shimmy, we have to find its extremum. In order to simplify
the process, let us assume p = ®H and substitute it into

(13):

"’“(u. XN z: 5 "(130)

From k/8p = 0 we get

l‘:,'-i-bo

Because '« and H are positive,

=i f3Ms
» '*szb (14)

10




Also because ‘9'h/9p*=8M,/xpt>0, h has a minimum.
Substitute (14) into (13a), we get the formula to calculate

the minimum equivalent linear damping coefficient

o _ay_M ma , 2b J3M.
hn,’la - N N L]
8(\/3M./zb+ +taVs)
8 [2bM,
=2 /2Me 4, (15)

We can first determine the constants M,, @ and b by
experimentally measuring the damping characteristics, or
performing hydraulic computation, or using mathematical fit
and then find the equivalent linear damping value for the

non-linear damper using (15).
2. Tangent Method

This method does not require to find the constants in
equation (9). Instead, the data obtained in test the
damping characteristics of the damper are plotted on the M-9
curve. M is the moment applied onto the damper and b;is the
angular velocity of the driving lever. 'A tangent is drawn

through the origin o and the slope k is the equivalent

linear damp of the curve, as shown in Figure 4.

The damping value obtained from the slope k of the tangent
is very close to that calculated based on equation (15).
The significance of these values is also clear, as shown
in Figure 4.

11
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Figure 4 Equivalent Linear Damp Obtained by Tangent Method

Let the equation of the curve and the eguation of'the

tangent passing through the origin be

M=M,+al +b6'}
(16)"
M=k
At point N,
Me+ab +b62=k0 .
i.e.
dér+(a—h) 0 +My=0 17)

Let us solve this equation and we get

dm—(a=k) J(;;:DT‘—:‘:FM: (18)

.

12
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By analyzing (18) we know that only when

(a—k)*—4abM,=0 (19)
and

u—k<0 (20)

the straight line and the curve can intersect each other in
the first gquadrant. Moreover, they intersect at only one

point (64, My). From eguations (19) and (20) we get

a—k=—./1bM,

Therefore,

k=2./PM.+a (21)

Equation (21) is an expression for the slope of the tangent
equation in Pigure 4. The coordinate of the point of
tangency is
Sea i -
- 22
M, |

‘Mn"ZD““d 5

In order to explain the significance of the slope expressed

by (21), we calculated the constant in equation (15).

13
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h.‘.‘}J_____zbst +a
=2.0792/bM,+a (23)

Comparing (21) to (23), we arrived at almost the same result
using two différént approaches. The only difference is in
the coefficient. Therefore, the geometric meaning of the
non-linear damper derived from equation (15) is equivalent
to the téngent going through the origin. Furthermore, it is

unigue.

It is worthwhile pointing out that the minimum equivalent
damping value obtained with either method is very
conservative. However, it is necessary to prevent wheel
shimmy because the minimum linear damping value computed
from equation (6) is the critical value to keep the motion
stable. In practice, we must consider a 41.5~3.0 safety
factor to ensure a safe margin for stability. Because the
upper limit that would affect stability is very high[4],

this minimum method@ is certainly feasible.
I11. Example

The JXX front wheel shimmy damperls] is used as an example
to calculate the minimum necessary damping value to satisfy
the entire range of load and speed based on eguations (6~8).

It is converted to iﬂ- = 14.1 Nms.

14
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The non-linear damper chosen is shown in Figure %. The flow
restrictor hole was determined by referring to that in
similar airplanes apd by a rough estimate. It ranges from
approximately ¢i.Smm, ¢! .8mm, ¢2.0mm in diameter. Figure

5 shows the M-§ #urve based on measured damping data.

TR
¥

L 1) } /L/ >
‘s;;§2?522//1 ]

[ 12 13 s $
]

MN-m)

flow restrictor diameter: 1 -¢1.5 mm, 2 -4¢1.8 mm, 3 -¢2.0 mm

Pigure 5 Damping Characteristics of the JXX Damper

Which damping curve do we choose when the safety factor £ =

1.82

We first used the tangent method to find the solution. The

damp value is designed to be

‘Ryl.=1.8X%14 =25 4Nms

The tangent limes for curves 1, 2 and 3 that also pass the
origin are ch.l. chz and °h3’ Their slopes are shown in

Table I

15




Table 1 Slopes unit: Nms

M(N-m) o (rad/s) K=M/ 6
curve ch1 98 2.6 37.7
curve ch2 98 3.75% 26,1
curve ch, ri 98 5.25 18.7

We can see that curve ch2 meets the design requirement. The

diameter of the f19w restrictor should beé¢l.8 mm.

Let us use the analytical method to solve the problem. The
data measured with the¢l.8 mm diameter hole is used to
determine the constants in (9): M = 7.35 Nm, a = 0 and b =

23 anz. The result obtained from equation (21) is

R=2X/23X7.35=26Nms

When using the minimum equivalent linear damping formula

(15), it is

hoiom 8 [EXBXLI _pinng |
x 3 -

The relative error between the tangent and the equivalent

linearization method is

27—26
T ———

¢ 27

X10085=3,7dp

The shimmy experiments and long term use of the JXX landing
16
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gear have demonstrated that this assessment method is safe
and reliable. Moreover, the turning ability is also very

good.
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J. A study on Approaches for Data Treatment of Measured Ground
Loads on Airplanes:

7

/
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Northwestern Polyiechnical University:
Lin Pujia and Zhu Depei
Flight Test Research Institute:

Wang Yuchang
Abstract

- This paper discusses the requirenents for measuring ground
load on an aircraft. A practical data treatment method has
been developed for the case that the measurement satisfy the
minimum requirement. Although the method is illustrated
with taxiing data in this paper, however, it is also

applicable to the treatment of turning and braking load
/ - /e , .
data. Ch/nﬁ S$C—~ /l/ﬂ/ps‘ r LD Y P LoV ( LC/ /) :«:"

{

I. Introduction

/

Landing gear fatigue is a serious problem to consider.

Among the Airworthiness Directives issued by the FAA between
1955 and 1963, 41% of the orders for piston engine airplanes
and 31% of the orders for jets are related to the structure

of the landing gear.(l] More accurate estimation of fatigue

manuscript received on November 3, 1986
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life and crack propagation will require a more accurate load
spectrum. In the load spectrum, the landing and takeoff

1.[2'3] Therefore, the focus of

taxiing are most critica
discussion is centered on the treatment of taxiing load.
Nevertheless, a practical data treatment method can be

easily used tort?eat other load data.

Statistical treatment of the taxiing load data is relatively
complicated. The authors did a preliminary investigation on
this subject matter in reference [6]. In practice, we must
consider the limitations in manpower, financial resources
and flight measurement conditions and take a series of
necessary engineering approximations. For example, there
might be some corxrrelations between the various parameters
measured and they are very important in the force analysis
of the structure. Bowever, they are difficult to obtain and
it is mecessary to make some assunptions.[l] On the basis
of reference [6], a practical statistical treatment of the

round load data is presented in_this péper.

1I. Reguirements for Measured Results

1. Hinimum Requirements

(1) Overload record at the center of gravity of the

aircraft with dual parameter counting, and the frequency at

which load amplitude and mean value occur at the same time.

19
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(2) Loading record of 3 landing gears in 3 directions with

dual parameter counting, and the frequency at which load

amplitude and mean value occur at the same time.

It is not necesh;ry to record the phase correlation between

the parameters measured above.
2. Satisfactory Reguirements

(1) The comparative relation between the vertical overload
cumulative frequency curve at the center of gravity and the
vertical load cumulative frequency curve of the landing
gear. Statistical data shows that the primary taxiing
frequency i= 3/4 Hz and could be as high as 2 ~ 4 Hz. For
small aircraft with a first order wing frequency of 7 ~ 8 Hz
it is considered as a rigid body. The comparison mentioned
above could provide a clear correlation. For larger
airplanes this correlation does not exist because of

flexibility. A direct dynamic analysis is required.

(2) 1In the landing impact stage, the correlation between P

(front and back) and P, (up and down) are recorded and a

Yy
joint distribution is made. 1If the actual data is not

available, use the statistical data shown in reference [5].
For example, the landing drag coefficient for P-100 or F-104G
is 0.6, the rebound coefficient is 0.5 and the lateral

20




coefficient (for the main landing gear) is 0.5.

v

{3} Record the relation between P, (left and right) and Py
in taxiing and make a joint distribution. If there is no
actual data, choose lateral overload to be n, = 0.05 and

P

combine with n, according tao certain frequency and phase as

suggested in reference [5].
III. A Practical Treatment of Taxiing Data

Wben the data satisfies the minimum requirements, it is
possible to obtain a table of joint occurrence frequency
involving the load amplitudes in all directions and the mean
values at the center of gravity or on the landing gear (see
Table i1). Im Table 1, ¢ is the random load amplitude, x
represents its value, n2is the mean load, and y is its

value. ¢ and 4 are in unit of overload g.

Table I Joint Occurrence Frequency of Load Amplitude (¢)

and Mean Value (,)

<
\ t F1 ¥ v Yi < ¥m = =
4 n
. I t
e &tz Aapge Wi Bim f3. -
) a1 A2z~ Sz S3im 2s3.
x; aig Rig™ Sij> ®Bim - B;.
x4 8Ly Akt Bpj*t Bim Bk,
' [
2z 8.1 8 = f,j= Bm 8
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The joint probability distribution of a two-dimensional
random variable (¢, n|) can be estimated based on the data
shown in Table 1. On this basis, the variable mean load
spectrumla] can then be derived. However, this method
regquires more dé@a and more statistical processes.
Furthermore, it fails to emphasize the fact that load
amplitude is a major factor. 'In reality, from the load data
and equivalent life curves of materials, the effect of load
amplitude on fatigue life is far more greater than that of
mean load value. The following method takes this major
factor into account and simplifies the treatment for
engineering applications. The concept is to first convert
all the mean values measured to normalized mean values (such
as on the 1 g stress level) based on the equivalent life
curve and then treat the lcad 5nplitude statistically.

Pinally, a simplified load spectrum with a given order is

derived from the normalized damage principle.

The purpose of measuring the ground loaa spectrum of an
aircraft is to provide the original load spectrum to the
design department. This is a standard load spectrum.
Therefore, we cannot use the fatigue curve (s.uch as the S-N
curve or equivalent life curve) of a specific assembly when
we analyze the measured data. Instead, we should determine
a more general and representative fatigue curve and then

carry out the necessary simplification procedures based on

22




the measured load data.

1. Several Assumptions

(73 that the stress

(1) It is assumed based on a lot of data
amplitude S, ahd fatigue life N have the following relation

when the mean stress s_ is a constant:
1gN=a+blgs, (1)
where a and b are material constants.

(2) The equivalent life Sa - Sm curve is a straight line

swhich passes through (0, S_I) and (Sb, 0). The equation is

s.=s.,(:-.§4) | (2)

where sb is the stretching limit of the chose material and

S is the endurance limit of the material under a symmetric

-1
cycle (R=-1).

(3) The fatigue damage follows the Miner linear cumulative

damage law.

(4) W¥hen the design laad coefficient N Lax is reached, the

total stress at the ideal emdangered point reaches the

stretching limit S Based on this, the stress level at 1 g

b.

23
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during taxiing is

S
Rmar (3)

2. Conversion to Equivalent Life

The data in Table 1 are converted to dual parameter stress

at the endangered point.

Su=Sigexe, i=1, 2, =, k)
{
/

s.j’s"'y‘. i=>x92- see, Mm (4)

The dual parameter stress (Sa’

i smj) has the same frequency

of occurrence as that of (xi, yi), i.e. nij‘

Based on the equivalent life principle, the dual parameter
stress data are simplified to single parameter stress data
with a constant mean stress value. The constant mean stress
is denoted as smo‘ If the equivalent life conversion of any

pair of stress (sai' snj) is (sai » Spo)¢ then based on

3
assumption (2) we have

) i-l ,2.'“,&
- 8 u..s“§_':_§'u
8 SQ‘.".s-f j=1,2,.m (5)

The frequency of occurrence of Saij is still "ij'

24




3. Equivalent Damage Conversion

After equivalent life conversion, the order of stress
amplitude is usually still too high to use. Therefore, we
still have to make another conversion based on the

equivalent damaéé principle.
(1) Direct Conversion

The order of converted stress amplitude is pre-set at M
based on pre-determined requirements. Choose M = 8 for
taxiing load by referring to reference [3] Denote that the
stress amplitude at each. order is SQ‘ (k =1, 2, .., M).

s is converted to its closest stress amplitude g¢» ., Let

aij
us :ssnne that the conversion order is n{;’,and k1 is the
sequence of saij to be converted to the kth order of stress
amplitude. uij represents the life of saij at the ideal
endangered point and n“’ is the life of §!*> at the ideal

critical point. Based on assumption (1) we have

N"’-x‘o‘s(SP.’)’ (8)
Nu-!o ( -il) (6')

Rgain, based om assumption (3)

.:.’ -_t_'.f?
N Ny (7)
25




Prom equations (6), (6°') and (7), it is not difficult to get

) o S > | 8
R,z Rij s“’ ) . . ( )

Rdd all the nmﬁétrs simplified to the same order of stress
S»  and we have the number of times n(k) that stress occurs
Sina Landing or takeoff, i.e. \

"3
'S 1)
alt)= zﬂn
by=1

Ssl)+s£l)

2 ).

where my is the number of saij occurring in (O,

-h
(¥ 3] <8
n ==
= i,
l‘-:

(szl'l;_i.s:l) ;s:l)ts:k;l)) >(9

-

where =, is the number of saij occurring in
and b = 2. 3. Y YYY ) B-1.

2= 2 .:.:)
b‘-l
S 48Y
shere Ry is the mumber of saij that is greater than ———— J

A stress amplitude spectrum with a constant mean value Smo

is obtained (see Table 2).

The averload coefficient spectrum with a mean overload of

N sno/slg can be ohtained by dividing stress with slg’

26




Table 2 Stress Amplitude Spectrum with a Constant Mean

Value saij -

sE1) S:a)i - ist” - issu)

stress amplitude

number of occurrences

(2) sStatistical Smoothing Conversion Method

The equivalent life converted stress amplitude can be
smoothed out by using an appropriate probability
distribution function before performing the equivalent

damage conversion.

(a) selection of suitable stress amplitude probability

function

In order to select a suitable function from several
probabilﬁty distributions, an optimization check for the fit
can be used. To this end, the Saij obiained are rearranged
from Iow ta high (as shown in Table 3), where

n'=k-m, Resy=n®
;; T} (10)

\§Q7




Table 3 Table of Sai‘

j in Sequence

| i '
stress amplitude ;Sun%Saa+ﬂS-u:LﬁSuaU

i {
:l(n !n(n l*}lcu f--lnun
number of occurrences -— -

There are many methods to check the fit. Here, we are using

2

the W® method intro¢uced by Simlnov:

wowr=n* [° [Fu(x)=Fo(0)]faF ()
(11)

where Fn and Po are the empirical and theoretical

.» respectively.

distribution functions of SaiJ

2

n*W” can be calculated based on the following equation:

» Bl

W=l _4+3 G (12).
) 12n imi ket .
where
- 2 ™~
A [F.(S'.‘g)—-%}—] i=1, %0
G - . - - )
s i 2(2315))+2i-! f (13)
[F.(S’.ag)-“""'—'z;.—-———-}, i%l, ®eiy%0
0 nei)=0 J
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k- Secr=Sacnr i=1 \
2 TESY
S’ eij= s“!’.i'_sl_ﬂ-n +k.s¢(-i0l)-sl(l-l) , 1<i<n’ y (14)
2 nciy
Sern s +Secw -1 pp.Seen ) =Seca -1y i=n’ J
2 N(w >

Based on the given degree of significance a, , the percentage

z, correspondi&j to 100 a2 % can be looked up from the n*w2

2

percentage table. If n*W" <z, , F, is considered as the

probability distribution function of Saij' If several
theoretical functions pass the test, the one with the
smallest n*ﬂz can usually be chosen as the distribution
function for saij‘

(b} Discrete Stress Amplitude

The range of saij' (do. dkz" is divided into kz intervals
of equal width. Based on the probability function Fo(x) of
'Saij’ we can calculate the probability of occurrence of Saij
in each interval and use it as the probability for the
stress amplitude to cccur at the center of that interval.
Based on the number of locadings in one'takeoff or landing,
the frequency for the stress amplitude to occur at the
center of each interval cam be calculated. The width of

each imterval is

W-!.L!ri (15)
s

In the ith interval ‘di-l' di) (i =1, 2 ece, kz), the

representative stress is denoted as sai‘
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s..=d.+(i—-;-)w (16)

The probability for Sai to occur is

’I=Fl(dl)—Fl(dl-l) (17)

In one landing and takeoff, the number of occurrence of Sai
is

ny=a%p, (18)

(c) The method used to perform eguivalent damage conversion
of the statistically treated data is similar to that
described before in (1). saij and nij are converted to Sai
and D, respectively to get the simplified stress spectrum

and overload coefficient spectrua.

No matter which method we use, after the simplified stress
spectrum and overload coefficient spectrum are obtained, we
can derive the cumulative frequency spectrum for stress or

overload coefficient based on need.

s 4. Statistical Treatment of Data on Multiple Landings and

Takeoffs

The taxiing load data were obtained in L landings and
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takeoffs under nominally identical conditions. The taxiing
data.for each run can be processed to obtain the simplified

overload coefficient spectrum. The results are shown in

Table 4.

Table 4 Sinplffﬁed Overload Coefficient Frequency Table for

Multiple Landings and Takeoffs

numbe:\\overload coefficient

‘\ .
\ (8 (2} e x(33 o xt¥)

. [} J L
P .(‘:) a$ a (¥
2 (23]
az s -~ i) - (M
s .:n .gn - g4 - 2l i
L .
L i1 SiFY L 88 . pt)

(1) If for am overload coefficient x(k) (k =1, 2,--~, M),
the frequemcy of occurrence in each taxiing follows the
normal distribution (which was found to be valid
experimentally), it is possible to calculate the upper limit
of confidence for the meanm occurrences of an overload
coefficient x{*).

S(l)
e

i=l,2.--',l. (39)
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where

L
5= ll‘_zngn

i=)

_S“’-Jﬁé[“n_!(n ]2

iml

L is the poini §orresponding to 100a % in the t
distribution which has v = L-1 degrees of freedom. It is

looked up from the I-ezdistribution table based on the given

confidence Ievel.

Finally, the upper limit spectrum for each overload

coefficient inm a single taxiing event is obtained (see Table

5.

Table 5 Upper Limit of Mean Number of Occurrences for Each

Qverload Coefficient

et gt | gear] ] e

averlocad coefficient

af el | gt || ut®

number of occcurrences

(2) Based an need, it is also possible to calculate the

upper confidence limit for the number of occurrences for

Cs)

each xﬁk) in each landing or takeoff, ®:
Y ay [ L+t
mer =g 50 [

(20)

where i(k’. S(k) and ¢, are defined as before.

32




Thus, the upper limit spectrum for the overload coefficients

to occur in one taxiing is obtained.

With the above result, the cumulative frequency spectrum of

the overload coefficients in one taxiing can be conveniently

derived.

It is easy to see that the above load treatment method can
be easily expanded to treat turning and braking data

measured on the ground.
IV. Discussion and Conclusions

In addition to the equivalent damage method, which was
described earlier to convert the equivalent life data (i.e.
number of occurrences for each stress amplitude of a
constant mean value) to the effective number of occurrences
of each simplified stress amplitude, there is another
egquivalent damage probability method which guarantees equal
probability of stress induced damage before and after
conversion. However, it can be verifiedla] that when
assumption (1) is valid the fatigue life follows a
logarithmic normal distribution at all stress levels. The
standard deviation is a constant. (It was proven
experimentally that aercrautical metals can usually meet
this requirement.) In this case, the equivalent damage

probability method is essentially the same as the equivalent
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damage method. 1In other words, the equivalent damage method
used in this work is the equivalent damage praobability

method under less rigorous conditions.

The treatment of aircraft ground load data is a very complex
job. The methohipfesented in this paper is a statistical
treatment of the data under the premise that the minimum
requirements are met. Figure 1 shows the flowchart of this
method. If. the data meets the satisfactory requirements in
the future, new statistical methods can be developed based

on the correlation of the parameters. <

Statistical treatment of ground load data is only a portion
of the study of ground load spectrum and the formulation of
staridards. The result does not represent a standardized
load spectrum. Many factors such as load conditions and
environmental impact are difficult to be reflected in finite
measurements. They must be considered by other suitable

methods (such as empirical parameters).

The methods introduced in this paper has been successfully
used to treat the data obtained in 120 landings and takeoffs
of the Chinese made Yun-7 transport at different airports.

A landing load cumulative frequency spectrum similar to the
one described in MIL-A~008866B(USAF) has been obtained. 1In
addition, it is being used in the fatigue testing of the

landing gear of that aircraft.
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Figure 1 Flowchart fcr the Statistical Treatuent of Data
1. lg stress level, S.,, at representative danger point in
the crogs-section; 2. family of equivalent life curves;
3. measured load data; 4. dual parameter coverload
coefficient gpectrum; 3. dual parameter stress agectirunm
representative dange: poaint in the cross-secliun; G
equivalent life conversicn; 7. caastant amean stoe=e
amplitude spectrun; 8. 5-N curve cumulative darays= Lhec
9. direct equivalent damage caonver=.ion; 3. saupiified
stress amplitude ggectrum; 11, siwplified overlaoad
coefficient spectrum; 12. upper limit frequeasy specisun
for the occurrences of gimplified uverload ccefficients;
13. fitting stress amplitude with a distritutian functioo;
14. equivalent damage canvexzian; 15, simpilified =stress
amglitude sgectrum; 16, sgsimnplified averload cowfl.viceat
spectrum; i7. upper limit frequeacy spectrum for
accurrences of simplified averload coefficients;
equivalent damage probabiiity caaversian; 15, simpliified
atrese amplitude cepectrum; 2@, sinplified averload
casfficient gpectrum; 21. upper limit fregueancy speclrum
for the accurrences of simplified overload coefficients;

~n

22, 5-N curve fatigue life probabiility distributaion

the
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