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‘f ~‘rav ‘.y location .
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~~~~~~~~ un~ t~~ rr~’-1z1euver~ ~~ 5j ~~~’0

?I~1~ haVe cont r i  r .  • . y ~ ~‘io~ I dl :~~ adequ.’it e .~u . l

~..‘etu ~ ~;l re-~g’h , vai.151 ~~~~ ions m~y i~~t
’ ~~\i r~~ u’dt~~ i~~ realism in oor ~—

~~L’~~~C5 ac~~~l open~t t~~~~ii ~~~~~ s. et ’ lh. h~~ cr1~ eria .n t he
- 

.
~ ~ 

,~~ ~e the k~— rt ed In ~ ~~ ~ ol I 01 ~~~~~~~ I Ve y
t ~~~~~~ ~ .~ ~rev t te~ tt ~e I ~~~~~~~~~ ai. ~~ : id u ground t a r~

e f f .  ‘r ~ ~tb 1.1 .~~~ re.~L C .~ . oa~ fiL’~ or rlte! ’ ~t wt I or
I e ~t . or. of ne e~qk~ct ed 

~~~~~~~~~~~~~~ Ional ~~~~~ of t tie  a~ rcrai’i

I :e~: ~~ .0 ~~~~Thl l~ hed ground t urning data n t t ~~ re0 or C—i ~4 1A ,
— 

~~~~ — ‘..~C , NC— t k’-’ and ~~~~~~ a.t rvraft was ava.1 labie e
• :.e~ .. :15. rt s . ~~~~ daia was condensed and analyzed, ~i.n0 was e~~ ful i~

toe devc1~ m i t  of a r~~rn~t . ltzed probability di:~t r ibut  ion whIch
itA ~~~~~~~~ t on of the expected lat eral accelerations for ground t a rYi ing
S .f ~~~

. 
~‘- . A 2~I~ ed az~~unt of ether ground service loads dat a frç~

A .Ltr ’ r ,~f toO the KC—135 was also used In the 5. I tn tVa t  ion of a si.’~ iar
r i t ~u~ ion wtil th can provi de a rudimentary est in~ te of’ expeott’d

~.t.xI io~ to.: l .tr..ttng side load factor occurr ~~~es. I t  is the  purpose ~f th is
C he data analysis procedures and study result for appl los—
C .‘ ier 1.1 r ’a.ft

I
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1~eferences 3. ~4 aod ‘~ have t~rov~. I~~ he a~~ t~l ’to i - u.’ -
~~~t no  -

tat~ ased In -. ‘O~ study . The ’ data ln t he:. t ’e r ’~~ . . - .

~e:tsured t rLza~i .rIty durIng ground turning r r1euvers 5~j i~ is  nra ‘ n ’ .! ~~~ .

various fcj r ,iwtts. I i  - rder t o  facIl i ta t e ccr~~.rI~- n , th.~ .la -~ was
~~ a cc~r~ r~ basel ‘:‘:‘ frequency of cc’urrences of aL:-. Ia ’ ~ :
~~~~ e~~tt 1t~’-i per 1CCO f I  i~~iI . in cert aj n cases t2I1 roqu rt -A * ? - . - r~—

1 load factors of equal n~~~iitude regardless ci ’ d~ reet i. -r .  ~r
re— aid 

~
. .s~—: ’il ~~c occurrence. P~~ it tedly such cclnblrlat b r :  ~~~~~

t~~~rr&’~rv between ~et~ and rl~~ t. occurrences u.s wel t as .t~ff ’ r.~!c . -n
w.. e.n nre—flI~~ t a.rKJ r~)st —fli~~it oceu.rrence~ O~t’~ t’ cor~cer.~’~~ 11 be

-1i:ou. sed subsequently , however .

A. :kve 1~k~~ (.flt of a Normalized Probab i 5.i.$y 7Ht r hat i n
~~eque~oy d s’ r ihu t  I ons ( s 4 lateral ac~ eler on: .Iu” ’~~ oro~~ O

as derived f’rm ~he measured dat a in ReVere, 5. .: ~hr a~ h
shown 151 Tables 1 throu~~ 5 for the C—l ~4lA , 727—ICC , Fr~ a~1C~, Kc—l ~

-
,

~nd V — t C ~~l . The cumu1a~Ive frequency distribution as well u.s t h e  ri at ly e
frequency and r e ia  .v cumulative frequency are shown .

S 
The re t i v o  ‘~u 1at lye frequency or cumulative p r oL~tt5 . : :  ~ is c~J—

• ‘uhtt€ ’J by divIding hi ‘uau lat ive number of c’ccurrencf-a H each c lass
intervai by the urrlulat. ¶. ye raxriher of occurrences n the i 

~~ s ’ c l a s s  lo t  ‘rv.t .
:kwever , whereas ~he J~t~a frcin refercmce: 3 and A is . ‘ . r a ~-ureo
tc. ’eierat ion ~‘uak s in  all class lot crv:L ’i: exceedIng a ‘er :tcct ’l tu’a t, lcT ’~-, - ~V o i

F—I 35t) data fr~x~ Reference 5 1 ncorz.erate: only .L’ceIer ~-1t ion Iar~~r t.i i.u
C. -

~ “g” . ~~ a ’ i ’~~~e~~~ • ~~~~~~~~ asa;el ly in r~~’ ‘r ‘ox$ ~~~~~~~~ ‘

h’n. ng ~~~a~ ion: ~ l~ ‘ o d~ 5~ O ! T . 1C • such ~~ ~~ uu ar ~un0 c. .

~.axi—ways . (‘ceHr:c.l . as loss t.hoi~ A . “
~~~

‘ L555.X’ ht •. es~ wt t h . i . or I ng Input.s
of less than 10 seconds du rat 100 were ~‘, t t  ed. ~‘t e ~

“
~~
‘ -~ t ’r , s~’ ~~~~~~~~~~~~~~~~~~~~ 3 qjS

., - T n  the other har i , Le: H 1 ate - 0 ‘~..r y ,X r~ -: h r ’ er duru —
t ’.on assocIated WI ’ h srnai ~x’r he &l :~~ t S S L . ~~~~~ . ‘~~~~~ ~~~~~~ h~:~- ~s~easured during turns around corners ~x :wu.y~ . ~~ .iut a f or  the  .‘— I A I A .
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— . ‘,‘‘— • i. —. ‘— ‘:‘ t: .~t “ -
. :r-  :~ . A~ fer. : ia’s ~ ~u ..~ —. is S c~ r tier ’—

Ic ~~. ~~~~ • ‘X * - ~~- e ’  .1 ‘~e,y ~~
- r’~..-r* ’ r’ :r .  * r . ’’O I V i ’ . 1 ’ ‘ne t~~t~u ground

~~: ~‘x~’e.r:~ no’ . 1’... i r’rprev* ~~~ •. 0 
~~. ~cit.l re i i~ b l . . t v  of the data

-a , w a ;  
~~~~~~ ~~ 

• S nt Refe rence ’ .. w •.~ ~ data as the primary i Y ; ~~ t 4 t

.to5.l .a-r.: I :e~r .t. l . - ~ccarrt ’rcea; dove  C . 3 ‘
~~.
‘‘ . Ahe- ’ cumulative f requency of

H t l .e  l~wer c l a ss -  lot ervai s f . r he ~‘— l U ~l -  was Inferred by
or ~~~~~~

S I tS  C t~5t l~r~tt~ tr io  • ota. : .rr’.ber . f t~’-cç~ ’5.’t e- ; tccelt ’rat 1 5 . 0  i.’k~a_ c. s
• :.:~~ ~). 

“~~~ “ , •. r a  .Lva~ia~ ~e ‘ — .~~~‘ , dat.e oeeUeu to  to  e t r ~p eiateo .
:~~~. s ~-x rt ~. . 0  1 ~~. was performed t r ough appi b a t  ion of a least squares

* ~‘~c: -j- ~ ~a•-

~+ present the currrulateJ frequencies ox’ the C—1’~41A,

• :~~ — ‘—I ’- toO K 5 . — I  ~5 data plotted against the lateral acceleration
:-~u .tre-a . l .~ :‘igures reveal that the data , wher. p lot t ed so sdnl—iog paper ,

a n *’iir ly 5.inear relationship: and least squares strai~~-it lines fitted
• - n.’~~~. 0 -v lOt g~~ d appn~~~~ tl ons. ~~ a consequence , it  ~~~ assumed

“ I t  ~
‘— t C ~~; experience could be adequately descrfted by a similar

,tpt r xir~c i-:n. Thus , a l east squares expression was determi ned for the
avai l tn Ic V-A ~~~~~~ dat.a and the predicted accurm.ilated frequence of occurrence

r = .3.3) calculat ed . F’igure 5 shows the data and the least squares
:~ Hast squares relationship does not seen to represent the data of

• ia V- . as accurately as it did for the other aircraft , but was nevertheless

1 eas t, squares curves fitting the curr~.ilative probabilities of the side
l oad No’. or squared for the observed data of Tables 1 throu~~ 5 are presented
1:; Vi~~.ire b. Considerable differences are evident in the slopes of these
curves . These differences cannot simply be attributed to any obvious
di fferences in airplane type or usage. The di rect app1icat.~on of theso
cumu lat ive probability curves to predict expected lateral accelerations on
- tr er -L ro raf t s therefore not feasible . Sane form of norm~qA I zat ion which

~~u1d cor.sol idate the available data into a single relationship applicable
.: all ai rcraft provides an alternate approach.
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in Reference 7, a data normalization procedure was used which included

considerations of airplane capability . The procedure contains the initial

assumption that an aircraft is utilized in direct proportion to its capahi~ Y~y.

A proportionality constant or ratio could then be determined for each
parameter peak by dividing the recorded value of the parameter by the maximum
analytical value of that parameter. For example:

R = fly recorded/ny analytical maximum ( 1)

The maxirru~n lateral acceleration which defines the aircraft capability
in ground turning is the overturning side load factor . The mageitude ‘tO ’ the
overturning side load factor is determined by the landing gear dimensional
arrang~ nent and center of gravity location of the aircraft. Figure 7 pre-
sents a generalized center of gravity-landing gear geometry diagram. Assuming • ‘3
an airplane to be in the static three point attitude and the ratio of side 

—

load to vertical load component equal on all gear units , the overturning si de
load factor will be:

- 

n5 = O.5~~~ (2 )

Table 6 presents the landing gear arrangament dimensional data for the
five airplanes under consideration as well as average center of gravi ty
locations for representative taxiing conditions . Calculated overturning
load factor values are also shown.

Using the overturning load factor of Table 6, the oL served lateral
accelerations of Tables 1 throu~~i 5 were normalized according to the concept.
expressed by Equation 1. The cumulative probability distribution of the

normalized acceleration squared is presented in FIgure 8. Clearly, the
nonr~ 1l zation h-ar rc’culted i n  a rnert consistent data has ’• Ar “ tri ~ ty~

expec° ‘:d , the normalized data points also exhibit an approximately linear
reiationship. This relationship can be adequately described by ru; expression
of the form: _y/b

P . r P e (3)

This exponential expresses a linear relationshi p when plott .erl (W;  semi log
paper where the slope of the 1 Lne w i l l  be equal to —1/b.

14
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~ u’ank~t t - r b prov i des a mt~tsU r ‘ - t  the lot ‘:is 1 ty of tk ~..’ ‘cei ‘ rtO i t

ens~ sot ored and can be equated to t~1’ t ’ t .h mean sdu .lLrt ’ . P0 is th 1st ( rv( 1
or the straight line at the ordinate. It represent s the probability of
exceeding the zero value of’ the norma l I zed accelerati on squared during ground
turns . The least squares straight. lint ’ for the data points of Figure 8 can

provide the values for and 1/b for use In the equation. The resulting
v~iiue for }~ equals .84 , while 1/b equals 1/.(X’~). Clearly the probab Il i ty

t ’ exceeding zero accelerat ion during t urns shoul d be 1 .0. The di fference
can be attributed to the failure of tht ’ least squares f i t  to exactly -

‘

represent the data. The value for b on the other hand can be accepted as
an accurate description of the relative severity of the acceleration s~mpie.
:‘ht ’ ~urv e ~or the probability of exceeding the normllzed acceleration squared
wiL th t ’ rt ’fore be rai sed to reflect a value of P0 = 1.0 , whIle ret.aining the
slot ~ as determined by the least squares fit. The resulting equation is
thus :ts :\ 1 l ci-’ws :

(n ,n \ ~
, ‘

_ % ~u1 SI  ( 4)
I = LO e .009

13. ielttlo ri of Lcw AmplItude Peaks
To ~q.in Insight into the effect of changes In data base , primarily In

low amplitude accelerations where ext raneous noise might exist , the data

~u~alysis discussed in the previous section was repeated for all peaks exceeding
0.08 t gfl . Thus , for the C—l4iA, 727—100, DC—9-.15, and KC—l35A , all peaks

Less t han o.o8 “g” were deleted. In effect, this results in a data threshol d
at 0.08 U ghI consistent with the available F—lO5D data, Instead of’ the 0.0 “g”

as was previously used.

Because of variation in the overturning load factor n~ for the di fferent.
airplanes , the normalized threshold load factor 0.08/n5 value wi l l  be
different for each airplane . To compare all aircraft , it was necessary to
redefine the abscissa of the probability curve as (flyPs)2 - (0.08/n )2 .

The resulting data points were a~~ in fit with a least squares straight
line as shown In Figure 9. DerivatIon of the slope of thi s line shows it- to

• be nearly identical to the slope of the line for all data points above 0.0 “g”
as shown in Figure 8.

_ 
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concluded t t i ~t t t t i ’ ’ re~atl ve severit•y of t h ’  ~~‘~‘ ‘~ c r : i T  ton 1i~~t T~~~ —

lox :L; expressed by ~The I :t f i t  ted straI~~it. I t i t ’  is • 1’ t i  Vt
- - ‘ ,i1~~’e5 in ht - Li.O ~t b~Lt ’  . t I ! ‘Vt tI3os our Coo t’. Ut ’!h’ t h L t  ~-~~ Lt

w .  x - cl iab~e appruxiinatIon for th e  oredictios of ~ tt Or : LL :L ~ ‘s~~ - r

~1oo probabilit los , support ed by the largest possible data base.

Ground Thrns Per I~
‘‘ ccelerat ion ~tLt :~ from References 1, 4 , and ‘)  t trt~so, ~ p~s:~Jç ‘ ‘:t

rieasured :tt  the -0 rp~a1le cent -er 01’ gravIty during o~tch grout hi ~ !:~ U - .

e c~unulat ive frequency cli stri but lon of the normal I :‘ed :is ’el cr :tt on:- hus
ret ’iec ’ s he probabil it~y ot ’ exceeding a given maximum ti  ~~~~ I ~~t ’- I • t ’ ~~~t 0 ‘ r ’

w.ak when execut I ~~ a ground turning maneuver. It, c:tn be envi ¶ - -
~

i of ground turning maneuvers which exceed a given :u’ce • ‘r::t to’ V:L ~ U~
• ut of ’ :01 turn i ng maneuvers being considered .

~‘cr the prob ab i lity  di stribution to he meaningf’ul . i t i s  r ’ct ’: ’ -•try T.o

knowledge of the t o t al number of turning maneuvers t o  be expected during
z~ given flight. The’ number of turns will  be primari ly dependent. t ’i i t h e  phy .

cal layout arid orientation of’ runways , taxiways , ramps and ai rcraft parki ng
areas. It can be expected that si~~dficant variations In the number ~I’ turns
per indi vidual arrival or deperture exists. However , the avernge number of’
turns over many arri vals and departures on a variety of airfi elds shoul d
approach a constant value . For purposes ci’ thi s study , the avor :t~”e number
of turns will be determined on a per flight ,  basis, where ct f l I ~ ht t : : ! s t ~
of a departure and arrival . The di st ribut ion of ’ these t u :  k t- ~..t -t ’~ . t rr lv:0 -
and departures will be discussed subsequently . Table 7 present s th e  number
of turns per 10(X) flight s exceeding ) .0 ‘

~~~
“ as derived from - ‘1gw-es I

through 5. Clearly ccris~ der ~. t’ v o’i :0- on nrt ’s~’nt . ~‘!-ie values for the
I ~ and F— L O5D oxp~ ‘rler hsc in particul :u’ ~p~~ar t r~ ‘presen t Xtr (~fles

wher cc~npared with ~~~ r : L i rc r:U’t. . 1 ~~ ‘ 1:i * for ~t ’ :- ‘

and 727—100 is based on arrivals and dt~~~r t :xres  fr om ~l U..~. Mi! t:iry and
U.S. Ccmnerclal , and I t ’orei~~’t ‘rd 1 ’ t : irv ‘r cc~xrTeri ’ 1-0 :0 r~~rt s. In  i ’Cfl—

t rast . the data for the — 1 - - - o i i  i — ’~ ~~~ cl ’ •. .
‘ :5~~ • :~,o~,1 ’ ~ a11’cit

th each case a cli fferent~ U. S. mU I t - :Lr~v h : t : - t ’ . PT1OIt ’fltk St , :s: shown 1

‘ S  

- . “ 4
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S t ’  ‘
, ! 5- ~~~~~~~~ *~ st ’s 1’~ i each al r ’s t : t f t  trt -~tJ So L,:t:;ocl on : t  di fj ’t rot ~t

: . -~~:. t o r of t ’~ ~~ - ,i i t :; . ~::0t ’ I ’ i i gh t s ar -• t h ~- r esu l t  ut  1Td::: - l r ~T dat:t i n  SCInO

: &i ’rt \-‘~i S (hz ’ lt ’part u r t s .  ‘~‘he weighted meaj~ of the combined data of
~t i t l e  7 5 ’s ,t~s!J~ .z’ t t ~~t the number of ai rport s and the number of flights  fur
e:tcO :j~ rl ou. t w:ts s~ npu t e ’~I as 9881 ground turns per 10(X) f lIghts using
the t ’c 1 lowing relat ionship:

- 

n,1m~x1 ~ fl~ x2 + fl1
fll~ X

1
-. n1it: , 

~ f l
tJ TL~ 

+ n1m1

: :k t ~~ ~
‘ ~rt ’st ’:~t~s Th e relative di stribution of ground turns between

arr i v:t~ s Lid departures and between left hand and right hand turns for
the C— l ~4 lA , 1X’—~ — i ’~, 727—100, and F—lO5D . As shown , the ground turns are
at~~ut equal ly (j ivideci between arrivals and departures with slightly fewer

iS ~ ‘curring during arrival s than departures . Although no large

~f i I ’ft -’rences exist , more left hand than rig-it hand turns are evident . It Is
pes : l t i t  h~it a pilot may prefer left hand turns if given a choice. In—
s u f I ’ 1 ’ i ~~r i ’ i : : t ~~ir ~~x tori exists to analyze the differences other than to
note t t ~~- I r exi stenc e.

7



—- -

sa~rloN 111

ANALYSIS O!~ GROUND FIPJWLING AND l ANDiNG DATA

.1 :o lateral ac- ‘ t ‘r:it c t:S ~t ud!ed so far Were based exc I i i i~ I v e l ’-,’
tm -asur~ ij ents made lur ’ ~~ ~ x -~ und turns . The’ data in Reference ~ t ’ t’ •

l’i~—~ I iA is represept:tt ~ve of’ “groui~~ handling. ” Ground handling is  rf . f i r . i
in Reference 6 as “Al l ground static operat ions and all ,Iu~v speed (~ -s : - e n t I - - t :  ly  -

‘s*’n l i f t . ) taxi operations , including operations on taxiways , and rrirn r — u t d
* 

I r :  parki ng areas.” Lateral accelerations during take—off , landing ransi 1 - t  - ,  -
~

:Ln J landing roll—out were specifically omitted .

ThI s  definition allows Inclusions of lateral accelerat ion measuroment s
other t han during m~j or ground turns such as short duration heading changes

- ~ ri ~~ corrections during low speed roll ut :~‘t or land~~~ . Such
:j idY : r ~0 accelerations would have contam inated the ccznparlson with t h e
‘-141A , lX~—9--15, 727—100, KC—135 and F-105D aircraft and therefore t -h Ls

dat ~t was not included in the previously discussed study .

A. DeveloLxnent ut  a Normalized Probability Distribut i on
‘lab ~ 

()  presents the lateral acceleration data for “ground handling ”
of  the ~B—l1lA . This  data was ext rapolated and the cumulatj .vt - ? probability
~1st  r i b u ’ ion of the tlor,m~ 1zed lateral acceleration squared was determined
using the sam e methods previously applied to the F—lO~I) data . Figure 10
shows th e  resul t,s for the FB—l llA ground handling data with a compari son I-u
the general curve for ground turns derived for the previous1~, studied :0 rcral ’t .
As anticipated , the FB—I11A “ground handl ing” data doer not appear t~ i-c
from t h e  same population :w the ca rI i ’r data , and may I r :clude rn ’sasurt ’~i~
othot - than from ground turns only. ‘: ‘ t\i rt her test ft  io : ~ssuinpt I - i :  hat

thor lateral acce1er:~f I nris :~~’c ~c laded • ti ~e I :t ~ ~d I. n~— and h i~’;i sp ‘ 1  lai i f  r ~~~

I —out :tsce I erat. 1 ut were added I o th e  “ground hand I I rif t” d:tt a fot’ the 
*IA and Compared t .~ the suxxii~tt ,I on vi ’ turril rig and I at cii rig 1u’oe I cr :it. I MS

for the KC—135.

Table 10 presents th e  I r eqtu ’tu - -y 1 1 :-:t ,r lbut ion of iat-er :d aced oral, ions
measured during KC— 135 l andi ngs and gr i t r id  t urns a:: do t - I  ved f rom H t ’ t ’i’ eriot - 4 .
fable i i  presents corr’’x;p ‘rid 1 ti ~~ P t  a for t i i ’ - PB—il l  A :xs der iv ed fr  ~n



_ _ _  ~~~~~~~~~~~~~~~~~ 
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~

F~ef ert-rice ri . ‘
~~~~~~ . ~B - 1 l1A ~ax.di ng data, however , includes only measuroment.s

for thy, landing transition and landing rol l out to start of zero l i f t ,  speed .

Sunrnat1or~ of the frequencies for land i ngs and ground turns for the
KC— 135 and landings and “ground handling” for the FB—lllA essentially pro-
vide the lateral accelerations frequencies which mi~~it be expected during
the entire landing phase and subsequent taxi ing until the following take—off .
Figure 10 shows the sumatlons for both aircraft as a function of the
acceleration squared . These suni~at Ions are subsequently normalized and the
cumulative probability determined . Figure 11 presents the results for the
KC—l35 and FB-lllA.

The agre~~ent between the KC-l35 and FB-lllA data Is good . Althou~~
thi s agree~ent cannot be taken as proof , it does lend credence to the
assumption that the FB—lllA “ground handling” data includes additional
lateral accelerations possibly associated with the low speed portion of

the landi ng roll—out . It suggests possible application of Figure 11 to
the ent ire landing and taxiing phases. A least squares strai~~’it line fit
to the data exhibits a slope of —1/b = —1/.025 and a zero intercept P0 equal
to 1.0 provIdes the relationship for the probability of exceeding the normalized
accelerat ion squared as follows:

In  ,n \ 2
P = e ~~~ .~ 25 1 ( 6)

B. Lateral Acceleration Per Fli~~it
As in the previous study for ground turning maneuvers , it is now

necessary to determine the average number of lateral accelerations per f1i~~t
due to the landing and taxiing. Table 12 presents the number of accelerations
exceeding 0.0 “g” as derived frc~n the least squares curves fitted to the data
in Figure 10. The data for the KC-135 was measured during operation of a
single airbase. Over 9C~ of the FB—II1A data analyzed was obtained during
operation at a single base. For ~xarposes of this study, all PB-lilA data
will  be assumed from a single base. The weI~~ted mean calculated from the
data -,f Table 12 equals 19224 lateral accelerations per 1000 fli~ ’its.

9
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~ ‘~‘0N IV

Al P:~~ L ’IVI :- )N CI ’ STUDY RE~~JI C’~ Th l E~I i U N  C I , ’i~ :i-~

Varied lateral aL-oel~’rat 1or frequency di st ribut lvvs for ‘~“~‘ “r i. ‘ i
c’v nf’~gu rat icris have nt ’t ’I norTrallzed into a single oumu l a ’ f vt ’ prc t - d 1 1  ‘ ,v
-d is~’ r~ but ton.  This  successful norn~ .l1zatj on suggests tha~ t h~ i~,- ~ r”~d ,-

~~~ I .~t -

-f f’uture des i~~ cr It er ia  for ground maneuvering sh oH vc ’Iudo c : - t’  L ’ ‘

-i ’ the expected landing gear di mensional data and pred~Hted a r’!’af “‘n ’ e”

- -f gravity locations . Results from thi s study ma,y he ‘ ( ‘~‘L~ M~’d t ( ~c rr a
:-r c’ dure for establIshing ground turning criteria whi ch inc l udes suc k 
s~ i~’rat1i)n5~ The resulting criteria wiE be applicable t o  a p-in ’
‘~-~~‘t .  tnd wil he di fferent from airc~~ft th aircraft le~e’sf ~~‘ ‘n t~
‘raf~ ‘ S landi ng gear dimensional arrang~ yients arid cent er of ~r avt ry  t ’atha

A. Ground Thrning
To apply the study results in the definition of d~sl~ ’i -~r i t e n i a  If

ground turning, I t  is first necessary to compute the overturning side  ‘ ‘ : l - i

( ‘- -tnt -c r . Thi. is accomplished througji app U cation of E j ao:  I ‘~ 2 and wi I i

a funct i on of’ t h e  Known or speci fi ed landi ng gear dimensiona l arrangt - *met c
and ‘er ft ~

‘ ci’ gravi y ~~cat ton . ‘Ihe center of gravi ty i cfcat- ion c~u~
r nrc and p st f l  ~~‘~ t gross wei~~ it. oonditions , if desired . H~ ~wev - ~r .

c ’’flt - ( -r 1’ ~~av1 ty b c -at lenS for average t axi gross wel~~ t. considerat ~- -~ns
wet-p .- used in the original normalization and therefore would be nor ” ‘ t ! T r ~a- ’ : - a :
Using the predi cted overt u rning side load factor , the cumula~ ivo i v  i t - - t i - I

Later-U at-’celeratj ori nan be determi ned t,hrou~~ apid l ’ :t ~ lo t , of ‘qua ’ I I  t i

wac detetrdnrd in Cr-~ t I-  ~n U that - v  ‘-tveragt ’ cf ~ ~~I~I ~rotuid ‘ i ” i is i~~- t

- C-~~ ~ occur. I a’ c sovoni ot ~c” - . ‘ Id wi I ~ be r~nL ’ d~ vi of t ’  ‘ I
‘curr ~’nces per I(X~ f t  n . ~~~~~~~~~~~ r und t u ~~’s w~U l~ f~~n “ ‘H’ . - t  : - -

‘L ,~c ’!’ ;- ii ce w ’ t h  ‘ n ’- r ola~ lye frequ~n- ’v t l ~~~~’, ri but i en d ri ’co f ft ’- ’r’ : - “ t ~~~~~~~~~ -~~~~-~~~.

I t has he’’n shown t t i a ’ the ground t Urn: ; are a intent  ocivo,l ly d l v i  - :‘ ‘-1 *

be ween departures and ‘trr~ v-~ 1~~’ ’ ” ’ ~~~. ’e- (j  
~~~~~ f t  t~th~ . ~“-o’ ‘r n ’’ I

engineering applicat i on , ~h~’ n~~~t I i  d f e  re r v-e can be 4egJ ceted . ‘he ground
urn frequency distribution wil l ,  tJ -rot ’ r~ - . ho e~uai 1 ,” di v~ dod L. - I  ‘~‘c’~”

pre and post fli~~’it gr sn w i ~~t 0 ‘tat I c  ‘n:: I -er  USAF aircraft ‘ ~c ’ - : ’- ‘

I 0

-, _~~~— _______
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I
wei~~ t ~-oridf tonic  are test represented L y  the naxL’nun desi&t weight and land
piane landi r~’ weight as defined in Reference 8.

‘the difference between left and right hand turns was found to be
somewhat larger as evidenced in Table 8. I)tta for ground handling act lvi Los
cf the I-’B-- l 1’.. (not shown in Table 8) indIcat es a relative frequency of
approximately oO percent for accelerations which would result from left turns

‘ to ~+d) percent for right turns. Reference 2 requires an acceleration di s—
t r i b u~ Lori of 60 percent t -  the right (left turn ) versus ~4O percent to the

‘ left ( right turn) .  Based on the data of Table 8 and the FB—111A, It se~ ns
appropriate to retain the 60/LU) distribution as specified in Reference 6.

B. Landing and Taxiing j IThe procedures discussed to define criteria for ground turning are
equally applicable to the combined landing and taxiing data. Unfortunately,
this data base is ext r~ne1y limited and the procedure should. therefore,
be applied with caution. It t~ y perhaps best be used in conjunction with
existing criteria and as a guide to further understanding and future develop—
ments of new criteria.

When using the procedure, the cumulative probability distribution is
obtained from EquatIon 6. For convenience, the 19,79?4 lateral accelerations
per 1000 flights is rounded off to 20,000 accelerations per 1000 flights
or twice the number of accelerations defined for ground turning. For right
(left turn steering ccn~and ) versus left ( right turn steering cc*miand )
accelerat ion , the 60/LU) distribution is applicable.

11

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ .



- -‘ ‘ 
~~~~~~~~~ 

‘ ‘ ‘ “  -- “ ~~~~~~~~~~~~~~~~~~~~~~ — - “~~~~‘ ~~‘~~~~~~~ ‘ “  ‘ “~~~~ ‘~~ — ‘-~~-

SEP:” ~ N V
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‘h~
- lat e”v ’ -

~~ ‘5 ’e t ~‘ra -n: ’- rtearured cturt rig ground ur ’vt !i~~ ic  •

-f ~-~rav~ ’v of a ~—~- i - A , l’_ l__ ’t r , ‘~- ‘‘—- 1 C(~, KC— 1~~ and a ~~~~~~ hav f ’ H - n
;;s’ ,’t n n t ’ut  ly ::~ ‘i ~~~~ L I  1 r e d  o a sIngle cumulative probab i l ity  din t  rfl ’ut Ion .
,~~~~~

- t~~- i~~ U I~v t t .  t - ~ n ‘ao ‘r u s t ’ 1  was the overturning side 1 a’tI fac’~ or V r t ’an~’
- !

‘ ‘he at r~ I : cit- - c . This  o’•-er ’ t i rnln g n t d e  l oad factor’ in  a funCt O’fl  c f

* -~ - a I r I ante ’ ’ i- - I ‘tn~t ~~
‘. ~ ‘an ci I tn# ’ns I or i—U arrangement as we l b  as t 5’on~ er

- V gra’: * 1 - ‘cat I ot ’ c.  I i .  ,nhd I c rc . the aver~~e niznber of t-ur ,-s ocr IC~V’ I
I I ~‘~c arid he rd at Vt ’ dl  cit ri but Ions of lateral acceleration, c bt ’t weer’

arid rx st VI i~’?’it , and I et’t hand versus r ~~it hand turns were d~,t t ’ rnd ncd .
it ntu~y r esult s have been used t o  t’cr’ri a procedure for he red I ‘~~ 

¶ on of

ct -i i~ t-e 1 acceleratIon dist r’Lbu t ion restdting t’r~ i: gn ’utid arni  t~~~ ci’
c’y ai rcraft .

ci tu na’ t ir ed n the’ dcve1o~~ent uf the ncr~ ;d 1 ‘oct d I n t  n i  hut on
which t ’~-rm ; t he’ basis of he predict-i on procedure is nt-’~ I:u’ge . :~oWe’\’ ’r .

tht ’ ,‘o~c~c ide rai’le nr’re: t~; in the origi nal lateral aecelerat Ion dat a and I he’
nt- r d  I :uat I or: fac t - - r n  ot’ the subject aircraft, prov l des v ’n,f i dt ’x;oe t ia ‘ 1w’

I n  pra ” ‘ab e’

lte ’ resul ~
‘
~~c~~ t • he ¶ ‘r \ ’~’ Iiirt ’ are’ prin~irl ly 1 ‘ he’ i~~’ ; 1~

‘V r- ’~’octt c t I ~i I or - i ‘ e r - ia .  However , I t  was used t o  suI~ k ’r’I  a no ‘ ~‘t i~~t

i n  i~~ ~~~~~~ f t  t ’d ~“L\ : di  -nr ~r I t ~ ‘n ground ‘ “ ~ ~~~~ 
of  ~ -

‘h’ ‘prnnoh ‘‘: 1,’ h - ‘ u i i - ’ ,i H “‘‘ ‘  t ’ d t c ’
, - ‘ ot d l n o r ’ ’ e c ’ ’ ; t  I ’  -I ’- - ’ “‘

~ er a V ‘r ~rourcd cc ’ ’ : . I  ‘ ,‘~~ c’’ c ~r~ r n - c d ’ ’ 1w t ’n 4 ab ’ n?ii r,~” - ‘ ‘ ‘  in ‘ a ’ : t c d I o  - ‘

‘ V -0 ! t I c  ar
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Frequency 1)1 c i t  r I t,’ut for : V ~ itci’a L Ac,’e L erat I ‘ru

tIXirIng Ground Thrn Maneuvers of a C’.-1’~lA

c ATIVE
~~ ~~EJJE7’1CY FREQJE~4CY i~~~ :-: v1-~PER PER RELATtVE C’~~ i”Jt-i’i\’F:c’~x ~- ‘:i~i-rrs locxJ FLIGHT-S FRE JEi’~C’~’ FRa~J~~:’:

0 — :. u~’ 1i ,~~- ‘ ~ 3L4-b . iio: 1.0

— ~~~~~ I ~T759 ~ 6i .280 k .

- .~~~ ~~ )1 . ~~ .~~ : -

‘

— C.~~~ ~It ~ .l7$I~ .

— 0.10 -~-4-c ’ i 1l’~
Q .0961

— 0. 12 513 .02&3 .0:

0.1, ’ — 0 .14 X~’ ~~~~
0.14 — 0. it’ ~i I 47 .0031 .t)~4’,

e. ~ — 0.18 [ .ooi6 .cx~it ~

14 1-



I

1 5 1 ri ~ut 1 ~r u - f  era I A ‘~‘c1crat I

IAir irg G round Turn Maneuvers ~-f a fXI—~--15

C~~~ ATIVE
FR~~ JERCY RELATIVE

~~:ThA : PER PER RELATIVE Ct MJLATIVE
ICXX) FL.IGFFI’S I~X~ F:~ GJ-fl 0 FR~~J~ ’ICY FREX~J~~CY

C.0 — 0 . ~ 1’T 3~ 1~ 400 .1667 1.0

- .Oo :h33 8667 . 214t 3 .83
.06 — .09 11667 6134 .44&~’ .59

.09 — .1.-’ 667 1467 .01461 .i4i

- - . I ‘-
~ 800 8oo .0769 .0769

.15 — .15 — — — —
_ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  I _ _ _ _ _

TABLE 3

Frequency Distribution of Lateral Acceleration

tX~ring Ground Turn Maneuvers of a 727-100

CLNJ1ATIVE
FREX~JET1CY FR~~JE~1CY RELATIVE

LXI~~AL PER PER RELATiVE CUP&JIATIVE
ACCELERATION 1000 IC~fl’S 1000 FLIC2ffS FRE(~J~T~CY FRE)QtJE ’JCY

0.0 - .03 3200 12800 .25 1.0

.03- .06 3467 9E00 .27 .75

.06 — .09 2800 5133 .22 .48~y2

.09 — .12 2133 3333 .17 .2604

.10 - .15 1067 1200 .083 .0937

.15 — .i8 133 133 .01 .0104

Li ~~~
, 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- ~~~ ‘~~~~~~~ —‘-‘- ‘- ‘~~~ - ~~~~~‘— 

~
—--- --- _ ~~~~~~~~~~~~~~~ -



F’~~~~ 
— - - - - , -  - --------

— — e - “ -—‘ . - •.—~‘—‘-~~ — —-

I
TPIBLE 4

Frequency Distribution of Lateral ACL-el era t ir~s

IXiring Ground Turn Maneuvers of a XC—i 35

CtMJLATIVE
FRE~JJE~ CY F~~~~J~ 4CY RELATIVE

LATERAL P~~ PER RELATIVE ~1JMJlATIVE
ACCELERATION :~~

) FLIGHTS 10(X) FLIG~fl~ FRE~ JERCY FREX~JF~ CY

0.0 - 0.5 731 2423 .50’2 1.0

.05 - .10 69.’ 1692 .o86 .698

.10 - .15 615 1000 .254 .413

.15 — .20 270 385 .111 .159

.20 — - , )5 115 115 .047 .0118

16
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‘1 Ah~i~ ~

r~ 
-
~~u~ -r ’y I’isLribu t - ;tr t~vai Acceleration

Luring Ground Turn Maneuvers of a F—105D

CUMJLATIVE
I FRBI~J~~ICY FRE(~JE11CY RELATIVE

PER PER RELATIVE CI.KU1ATIVE
ACCEL~~ ATION 1000 FLIQrrS 1000 FLIGHTS FRE)Q(JENCY FREQJF~1CY

0.O - .02 - - - —

.02 - .04 - - - - -~~~~~~~~~~

.04 - .o6 - - - -

.~A:- - .C~1i - - - -

.08 - .10 1533 5533 .28 .35

.10 — . 1~ 1267 11000 .23 .~5

.l~ — .14 1067 2733 .19 .17

.i4 — .i6 800 1667 .145 .105

.It- — .18 533 867 .095 .055

.i8 - .20 267 333 .05 .021

.20 - .22 67 67 .01 .0042
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‘rABIE 7

Total Number of Ground Turns per 1000

F11~~ts for Five Ai rcraft

OCCURR~ 4C&S NUMBER OF SAMPUr~
A1RCRA?~ n,~ = 0.0 “g”

~‘ PER
1000 FLIGHTS AIRFIELDS FLIGHTS

c l41A 9846 42 64.5

DC—9-15 101100 8 7.5

727—100 12800 8 7.5
— 

KC—135 2423 1 26 j
- 

F—105D 15835 
— 

1 is -‘

TABLE 8

Relative Frequency of Ground Turns for Arrivals vs

Departures , and for Left Hand vs R1~~t Hand Turns

RELATIVE F~E~~ jqCr~’
AIRCRA1~’r

ARRIVALS DERMIURE~S 11FF HAND RIGHT HAN])

b—141A .487 .513
)C—9—l5 .495 .505 .52 .148

~‘27—10O .497 .503

‘F—105D .47 .53 — - -:

KC—135 .55 .45
I. _ _ _  _ _  

___ 
_ _ _  _ _ _



- 
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~~~~~~

- 1’A~ 1.~ ‘)

F’requen~y !)L~tr1button of !~ttera.1 A~\-ek ’f -s t ’

During Gruund Fkuid 1~~~’, of a FB—11 IA

CU!4JLATIVE
F E(JJERCY FHEQIJE~4CY REIA IVE

lATERAL PER PER RELATIVE (‘iMFI ATIVE
- ACCELERATION 1(U) ~LI GHTS 0(X) FLI GHTS FR JF~4C’~’ t *~4Th~ CY

- - -

.~~~- .13 - - -

1 ~ — .19 3108 . ~o8 . c

~ — .1 06] 286 . . 
~
.

.:5 — .3 1 ~ 25 .008 ~~~~~ r

TABLE 10

Frequency Di stributions of Lateral Accelerat Ion

L~ ring I Rndlng and Turning of a 1(0—135

ACCUMIJLAT~ ) FREc~J~ 4CY PER
1000 FLIGHTS

IA~~~AL 
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

ACCELERATION I

GRO~~D
l ANDING TuRNS .1 0

0.0 — .10 1461t

.10 — .20 3865 1000 486’,

.20 — .30 0 115

.30- .Lk) I

.140 — .50 17~ -

— __~__~1

_ _ _ _  

~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -



-,- * a-a.-.--.. -- - —

AI~I~~

Frequency L)istribut 1on~ of Lateral A~~t :1~-t i i t  Ion During Landing,

Landing Transition and Ground Handling of a FB-111A

~~~~~VIAThD FREX~IJ~ 4CY PER
k 1000 FlIGHTS

LATERAL 
___________________ ___________ ___________

ACCELERATION
LANDING & GJ~)UND

LANDING TRANSITI ON HANDLING 1 + 2

0 — .06

.o6 — .13 4

.13 — .19 1050 3108 4158 0

.19 - .25 200 286 1486

.2 5 — .31 25 25

t —

TABLE 12

Total Number of Lateral Acceleratio ns Per 1000 F1i~~ts Due to

the Landi ng and Ground Maneuveri ng of a KC— 135 and a FB-II1A

OCCURRERCF.S
EXC~~~ING NUMBER OF SAMPLES

AIRCRAFF n~ = 0.0 “g” 
____________  __________

“ PER
1000 ~ .1C~ FS AIRFIELDS FLIGHTS

KC—135 6568 i. 26

FB—111A 28001 1. 38
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