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KBSTRACT

Both the ', 3. Air Force and FAL currently ase dames Brake Loceleromster to messure
the rurwiy condition -tHEE¥rnd o cnrbio lne prediction o” bruking performance. " A
new method hue been recently developed <Afmderrommethecy which also can be used to
predizt Lraking performtace znd uses runwiy ~oudition readlnr-QRGRJ’ds & measure of
ground mu., This”paper discusses hoth Hee-RER methods shd-thre-dndercon-matiod of pre-
dicting the bruking performince.() It is {2741 thot both RCR and Anderson's method lnck
the ingredients necessary for usefpd predictio: € -braking performance in adverse
wentheps  Marther studies are urge§ lo develorp .ne of monitoring mu as well as pre-
Jicting sirplane performunce. -

SUMMARY

Runwny eondition playe o witil role in ndverse wenther braking performanc Several
wrt“o"w of muv«ur.nb Uy uand1uxon are currently in use by the varicus agencies

n US: - nd nbrosd. Far ex-mple, the U, S, Air Force and FAA use 2 James Brake Decelero-
mgter JBX) to mensure runway conilt or (RCP). An FAA working paper "On Runway Burfuce
fordit on Mesiuring, Recording, :nd Reporting! (Appendix 1) proposes the une of the
RCR method fur =onessing cirport runwny condition for use by the Airlines. The
U, 8. Air Porce une also irveloped n method of assessing the ground roll using the

JBD ngressed sond.tion (RCRY of runwey. During a recent ANTISKID FG&UV ‘a new methed of 1
predicting Leoking performincs using KCR o~ a1 mengure of ground mn was propossed 3
{inderson method). (3ee Appendix [I). This w per briefly descr ribes both methods. j
Boueing test date from Log and wet prunwny tests 1o used Lo assess RCK as well as ;
Andercor's metiod,

- - q
Use of Srmes Bruke Deroleprometer gun Ye rtliafictory for dry runways as well os huard
prekad srow ad .ee, nder sluch aud flooded conditions the RCR reedings 4o not
correl-ie toue well. The RCR readings rre mnasked by test vehicle speed, surfuce texture,
Lire degipn and concition ond vehiclse suspersiun characteristics. The test driver's I
notest brged on visdal otservatlion, therefor., wvecoms very important supplementary
irferar Loon 10 aeaurs rroper aceousnting of thic BCR infomation. The Anderson method
as RCR ag aomensus oF crear Domu, Bue to 1uck of proper correlation between RCR
and pround mu, baro ie unstticfactory .nform-iion. The method further zpplies 2 ’ §
vraduated co"“tvt,nn Lo thege (ceewsed ground me vilues to vecount for antiskid
vificiency. Thio correction ln ~omewbai arblfrary 'md ignores the recent advences
Lonl® bechirelopye  The sprl.acition of the method to n few Boclng test resulis

shows Lhae this method Laks the ne-~csswry ingreéients for predicting brak1n3
perform e, .

ey

It i arged that the Indastry develop more mearingiul merns of predicting ground ru.

Further a0 L wleo e aded Lo lnprode tre adverse runway performmnes of satiskid k
syttema, The methede of prelieting brollng performnncs regaire meaningful vedue:
of growrd mu sad srnticgal efficiency. :

1

Witk the Jorreging sumber of Jeb tronsyort :lrcraft operating in aress where runways
are o ther wel o7 slatc covered; the FAA -nd the Alrlines are oecoming increasingly
oLt d sBoul Glrplane brakung perforannee nder such copditions. The necessury
prerecul cite t, leternonstion of broking prrformence 18 the assecsment of rupvay
curface ~oweterietizg. As weuld be ex;o~hod tne braking performoncs dir dependent
et o loepe morber of verinbles, Hez' of these variibles can, however, be predirted
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with reasotable degrees of acsuracy. The one variable whiélt does.not lend itmelf to
eagy determinstion is the tire-runwoy friction coefficient. This cosfficient (which
iz often tormed ground mu) is dependent on spued, pressure, tire.design, yropantlea
of tread material, tive dynamic properties, cire temperuture and mony otlier varudbles.
This clearly is a complvx problem’in tire dynimics. Stucies are presently underway
to explore ihis aspect. The results of these studies would meterially enhance the

antiskid porformance, 2s well as dmprove ground mu measurement and. landing roll
pred;c;xon.

Ik g
‘nile the industry is engaged ir developing mesns of improving brake c¢ontrol systeéms - ’

and ‘bruking performonce the means of assesging performunce under adverse runwsy con-
ditions sre desper rately needed. The Federal hviation Administration (FAR) has
provosed the adoption of a system of recording and reparting dndividuel runvay con-
ditions using n James Brake Inspection Decelerometer (more commonly termed JBD), A i
similar system has besn used by the United Stategs Adir Force sinece 1963, Under the
proposed system (sec Appendix 1) bthe runway surlice condition would be mesgured
periodicnlly and the datz disseminzted to air crews by the various radic facilities 3
connected with tha' airport, The air crew wouid then use the two digit number to
compute a corrected ;4nczn¢;distnnce.

&

—- £
tion of the JBD 25 » mrons of measuring consistently the runwey surfece |
conditions w g conducted concurrently with 737 Air Registration Board (ARB) wet i
runway refused taks -off perfornmuice Leoi*nb. An evalusiion was aiso conducted, at -
the veguest of Alazxa hxnlxqes, on :n ice and srowv coverad runway at Nome Air Field 9
(nla Pl) ) -

Tiase tests snd the data obtains~d will be discussed along with the data obtaimed -
using ground vehicles.

DESCRIPTION OF JAMES BRAKE DECEmuH“WETER

41D RCR METHOD

L

The instrumiat 1s buasically an air damped pendulum whick drives ak indicutour needle
through a linkage. The needle reading, in feet per second equared (ft/sec’), is {
directly related to the inortiszl displacemcrnt of the penduilum during the decelera-
tion of the vehicle in which it is carricd. Some crror is intioduced into .the reading
of the JBD due to piteh down of the fronmt of the vehicle as brakes ore applied.

The procedure used in determining lhe runway condition is to drive a suitable vehicle ;
alony the runway ir guestion at about Z0-70 miles per heur, apply the brakes firmly F
to the point of nhtddlﬂ6 and read the marximum degelarsation value recorded on the )
JBD. This is dons ot 5C0 foot intervals {or other suitable interval depending upon f
the logiutics of u particulwr situation) <lonrg the length of the runway sbusut 20 ft

cither side of the centerline. -

The overuge of 2l these recoi'ded

values becofies the Runwzy Condition Rending Indeéx
(RCH)Q M

It i§ readily sppurent that choice of vehicle, proper sugpension system, careful
choice of lo¢xtxon for mstallution of JBD and manner of cumpling the runway all
influence the dala obtwined,

7ing selected a vericle with the denired charocteristice nnd established the
lor tion for meanbling the JBD the mosl critical part of performing the tast is
establidhing the toratinn for the syci.m,

:'l
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.
Figure 1 shows » Jumes Brzke Decelerometer. Frior to any eévinlusticn 1 calibration.-
is generally conducted., Duwning 737 wet runwny tests, calibration was conducted
using n tilt table. The instrument was placed in a tilt tsble and indicated decelera-
tion for chosen Lilt :ngles was recorded., The idéal volues of tilt anpgle and deceleru-
tion should he uu follows:

Scale 7Read1ug

Tilt Anpgle Ft/sec”
o 0 .

10 5.7

15 - 8.6 )
20 : 11.7
25 15.C
20 12.6
. 5 22.6
Lo .1

T4y ) 2,

The devistion of th- instrument from the ideal was obtained and plotted (see figure 2).
The instrument was mounted on o plece of alumnun plate to provide a firm base and then
ploced on the floor of the teot car. The JBD readings taken during the tests were
corrected using the instrumen® calibration. The corrected decoleration was then
converted to un equ;v;*ent friction coefficient (_u« j. The FAA working paper whichk
proposes the use of RCR method is included in Appendix I for.the convenience of the
reader.

The bnsis for otteining this value of 4 is next discussed.

For = body moving on a rough surface the oppoc.ng forée of friction can he expressed

ag F = muN
{"

) N
——— DiRECTON ©F MoTionN
Faud | ’
777 7 r-cr 717777

The dynamics of the moving vody oan be expressed using Newton's Second lLaw of motion,

where M = moer of moving boidy
A - aceelerstion or deceleration of tihe body in the direclion
M = %/g = test vehscle of motion muss

H

n

Thus F =m-ll = MA = W A .
‘“ f & - .
7, N .A_ o . . -
[

'Q
"

The foregoing thus enzhles the determination of ground mu for a moving vehicle using
dBD. Since 21l wheels of the test vehicle must be skidding and because the JBD
reads the maximum deceleration encountered, the oraking coefficient is ideally that
at incipient skid. If the vehicle doea not vossess sufficient braking, realistic
values of RCR cannot be obtuined. This wss apparent when on Alaska Air Line bus
with torgue limited brukes was used as » tect vehicle. Severul other vehicles were
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uged to correlute ¢he vohicle Leot pesdte ad ncerpt-b™ e spreement wig found,

Wet Runwey Teslity: wats Groun? Vebirleo 'nd Resull o

The radibretion ¢f Boving Firdd Isternstion (3F1) nunwey 17/71 waw conductrd primarily
for wet runway refused tokeof? prriormancs tesbing., Thue the JBD svaluabion was
duited in vhe scope of 1tn testiege  The nctull cualiver. Lloen was cnrricd out uaing a

—

des Fngineering Laboratoricy Frliection Tradlsr.

e
e

Three 200-5ird long tect sections, representsizve of tae runwey, wore locded 2t the
TS feet, S00Q faet and 3CCO Yoot remndiningy st-Lions of runwny 17 ind ;ome diately
to the wezt of tre conlirdine, The 700 fect rnd 5XC fuet persinfas stutions vere
paved with concrete while the 000 foel pemraning sttlon wrg puved with wphalt.
These three teslt Ztations were artificially wetled wmiing o« single witer trick.

Berouse o1 Tanding traffic or the runw:y the test rau- were comlucted wt wneven inbervals
benhind th r truck; then the <BD resndings were lnzeneistont. The datu obi-ined is

oW
<% . 4 Yy . £ =
stown in Table 1.

The J90 wan agﬂlq evaluntod during oet ranwry refd.ed {keoff performnce Lesting con-
ducted on » model 7EP-50C axppline, T1: teot nemrenes wis bepun with the zrtificisl

dﬂtt':g of BRI raary 27 willh olpbt wakor trucks. The rurw-y wos weltsd from the 9000
fo* pepuinings otoflor Lo il 200 fee‘ roroiniag ~‘v*i vng of runway 1. Immedd ately
“eilowing the water tag bz wor the J3D test cop, ﬂ'C| ~Fter the airpl ne hnd completad

.

e cenlarteds A piob of ;8D rendinge ve rous the dintance

N
2 flimure -,

the Hﬁ@, apotacr JUD te 2t run
p

.
setmining clntione Io prooonte

foy Ranway Toob. with “iround Venfeles oad Airpl ;e

(9

Tre procecare a3 i detrrmininy rurws® conicticn wes the some ar discursed -earlier.
Readbupe were Lsker at 990 Foct ant rv Iength ol the raway, ~boutl
JOOfnet wltey Lide of the comreriiee. The overnga v e wez treated s the runway
np index [RCR).  wWhen o mini~uwr BCR reading of 10 ic olt-ined the

skn Alriine nssumes thal Jeonlerition rntes egperienced by
the Lracie ope the gore 55 Lhose 2xperienced Ly Lhe oirplune, The dnls obinined on
shrplonee (Raeing 707) ~nd the Aluske Arrline prinel iruck are shown in Tible IT. The
recw’ te clearly show resgannt e agreement, during the Lozt conditionr {on hard pucked

anowl.

-
EY

% alans the entive

s

coraiiicn reng

g
airfield iz brerwsced. Al

As # result of dircussion btius far, it may be consiuded that JBD preovides & fezsonnble
menns f preducting surfaey condation on suriicrs *urh as dry runway, dzy compigt

1oe whi elightly wet runweys.  Ahen the rusmwny ie slippery due to pressnce of slush,
prnsvnfw of ruddles ef waler or »n generddly flcods=d condition, the readings can

often be misle:ding.

AIDERSOR 'S METHOL T0 PREDICT dR 5L SYSTEM PERFDRMANCE

Andsrson's nethod wses ROR 1nformat
correct .on tor ant swid £ ffL
rutivzid correction goLunts

ion 2§ a messarc of ground mu. Uring =n empirical
t1irs 2 corvected value of ground mu. The

¥ L or piired wheel sontrol, wet or dry

runway, modulat-d or > 0 ~7s t¢. Thne methed as proposed by Mre Anderson of

Gencral Dynwiaes, i~ .reluded in Appendix 1

DP6-5820k 157N
e T

& e etV o o sl A strd Mg

B S .

I R L T LR

e L 4w

[

g

.

S,
R o
2 e e o i [ i




vy

Y

3
Fyyer g, 1 ¥ et T vt
OIV ™ e X, aoiRIUTS Q0 < .
PN
v

g e, o W T
LT
. N

Heving obtraned the correcind vilues of ground mu for the rpeed range of interest,
the braking performunce i calculrsied by the usual methode. These enleulstions
secoant for Yhe various zirplane parume fers sucn ac 1ift drag weight ving ares éete.

An Airplone broking test ic wede fo make sure *nat calculsted numbers are conservative.

Boelng wel 43 wel? «3 10y runwiy tesls were used to assess the accuracy of this method.
The resualls of upplying Anderson's method to these runuey conditiong are shown in
Appe dix TTI.

The end result of Andepson metrod is $o provide ground mu versus velocity duta for
wet runway ond on effective groand mu for dry or icy runway which cun be used to
crlea’ s te wtoepinge distaese,  The comporicon bebween irplane una enlculsted ground
ru values (See Appeniix 117) oleorly sh@ws Lhsd Lhe Anderson method penslizes the
srosrd muy, on webt runwryo, ot bagh siieds. AL low sprods, the resulting mu's are
wrpentar tieg 1w suprrecodon of su valacs a1 high gpeeds can have serious pay load
implic: tionts The turress of Lhe melhod depends on proper determination of mu and
v 1lid inforae tfan on the mytichid efficiency. These ingredients are migzing from

0y

Lhig mo oA,

4

-

NASA ¢t @les (pef. 1) neve showr poor corpel-tinn bet.een RCR readings and the runway
surf v, Tea pongons for thas ore tire design ind Leet specd,  The tire design is so
afficivnd wt lew peede i 4 b e compiotely mask the pavement slipperiness for

wet and puddlicd or floodest runw. ¥ zenditiome. The carfico texture can aleo influence
the readinge.  Figure b stows the influenee of these varisble on ground nu. Antiskid
effi~ieneine ¢ ry from Irpl o to lrpl ne.  Even for o particular airpd -ne tbe
aatinkid effici-rog ie lererdent on u 1orge rowber of variedles, Surface roughness
i= Lhe predovonaet vriableo. Other voriablew wncinds syston componunt conditions,
tolerwnoes, Lemporoture suring operntior, infiuenas of erosior md contaminntion mnd
LIS officiency for the v orious wwmilable mu conditions
crn e obtrdued from tag labaratory test-o. This debe <lonp with available au dati

ey serve nr o o« guide for the vioricu siriinecs. It rart be recognized that ideal runways
do net exicl ana ma values very over a wiae range on the same runway. The runway may
te dryy, woily flooded snd icy or sli nt the oame time, Tt could be wet and flooded

na
or just flood . The sheve irformabion could, of course, he spplied more eusily
to o unifom raweay. Tre nen-uniform runway sonditions impose a gevere ponalty on
itrskid operation ami hove to ko recopnized.

It is renliived thot n need does exict bo mole sirplone ground handling s<fer. Further
inducicy investigsiions :re nwdeq, nowsever, to Jdevelop means of meaturing surfuce
traction our aviilabir- pround = pore reglisticsily. In the meantime further work

ir ulse pecesmry o improve sniiskid system:. The avadi-ble mu as well xg the
antickid officiency datn coald serve ag = wieful tool for airlines in plonning their
route ziricture,

COIICLUSIONS

1o Ae a result of o review of litersiure, vekdole and sirplane test dntny it can
o soneladed Lhadl RCR prevides o reasomwatie means of predicting surface condition
o1 curfuges such i dry rdhway, éry compact ice ond glightly web runways,

2. When the runway is olippery duae to presence of glush, presence of puddles of water

r o gpensraily fSoosed condition, Lhe rendings cur be misleuding,

76533084 187K
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g 3 X, In view of the foregoiug, RCR ng a measure of ground mu is presently of limited
) vulue, : ) .

4, The And -ruon method utilizes the RCR z& well as empirical correctiens which are
not accuratc enough to predict realistic breking performance.

-~

RECOMNMENDATIONS

s P o

It ig recommend-d Lh+t indusiry explore bebter me.ng of weusuring ground mu. The
methods of predicting performance Lhat aceount for known system performance nre '
41ls0 needed. In this respect wirframe manufscturers must provide continuing support.

PRI Y

REFERENCF:

(1) "F vement Grooviug ond Troeticn Studies™ NASA  SP-5Q77 (Hov. 1968)
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APPENDIX T

FAA WORKING PAPER ON

RUNVAY SURKFACE CONDITION MEASURING, RECORDING, AND REPORTING

PURPOSE. This discussion paper provides information and guidance on a standard

method of runway surface condition measurement, recording, and reporting. The

ultimate goal of the agency is the establishment of arn industry-wide integrated
system of measuring and assessing a numerical value for runway curface conditions
and reporting and disseminating this information to all users.

BACKGROUND. The operation of an airplane on a runway surface condition, other

than the certification referenced dry surface, has béen of significant concern

to both the FAA 2nd industry for many years. Operational factors have been
applied to dry performunce values to afford salety margins to operation on other
than dry surfaces. The tungible identification of varying runway surface con-
ditions to the airplane'c operational performance, has initiated o research and

development program for this purpose. The FAA yrogram is based on the decelerometer

system which has been adopted and is being successfully used by the Air Force.

& In 196G the Air Force officially adopted 2 system of measuring and reporting
runway slickness using the James Brake Decclerometer (JBD). At the same time
they instituted a method whereby aircrews corrected their normclly required
ground roll distance for the JBD assessed condition of the runway taken just
prior to their landing. This system nas bren tested, evaluated, nnd proven.

b. The Air Force type decelerometer has a dial face marked from O to 26 and
re{erenced to feet per second squared. The production ¢ivil model of the
decelerometer has a dial face marked from O to 72.2 feet per second squared.
It was recently discovered that the Air Force dizl face was incorrectly marked
and ¢-.librated nnd ithat they will change their entire system to conform to

Lthe 0 Lo ?72.2 seale. Many interested parties throughout the conterminous
United States and Alaska have heard about the Air Force system und the FAA
rroposes to adopt = similar system.

RECOMMENTATIONS. 1In order to encourage consistency in data ucquisition and

dissemination, a vatal key in the success of the JBD concept, this circular is
bring mocommended to all interested parties as a standard method of data acquisi-
Ltian ond reporting. For those ulready haviag a JBD or those about to obtain such
g devier, it is recommended thut a standard melliod of datu acquisition, recording,
od reporting be tdopted.

ne  Crlibratior. A stable-state inctrument calibration check should be made prior
tao initiel testing with continuing peraodic colibration checks to insure the
valildity of the instrument on. its recording capability. The instrument's
inhepent design affords a relatively simple procedure for the stuble-state
aslibrations

{1) Adgurt the inctrument to a zero rruding on @ known level surfoce {exsmples
beneh, table top, or design mount}. ) '

{#) Rize or tilt the instrument in the direction of car motion pointing
downslope, holding tne reset button in and tapping lightly to some

D6-58384-12TH
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predetermined angle (example: 15, %0, of 45 degrees)

<

(%) Read the feet/second/second sculing. The desired ﬂnglﬁ maV‘be astabllshed

by mewns of a protractor or more.simply by a draftsman s triangle. A civzl
instrument (0 - 32.2 feret/second” scaling) is in propet calibraﬁlon if the».

following readings ure observed: Y

Angle ' b~"1e Readang Feef/Second
¢) 0. .

10 5e7 ' o
‘ 18 8.6

20 11.7

25 15, 0

30 ‘ 18. |

40 ] g?,l

4% ‘ 2.2

Acceptsble operational tolerance to the above readinge should be no.
gveatﬂr than ~1.5 fcet/second . Instruments not meeting,mhn calibration
tolerance shonld be returned to the manulf cturer for adjustment.

(4) For those whe have and will continus to use the Air FOPCe instrument
scaling (of O to approximgtely 28), conversion readings to clvml séaling
(of 0 te 32.2 feet/second®) are included in section (d)« Ny

(5) Users of the JBD system should mzke runs on clean, dry pavement to- check
vehicle/deczlerometer readings. A reading of 26 or above on the civit
meter (23 or abeove on the AF model) indicates that -the brakes are in
satisfactory condition 16 give accurate data..

Operation

{1) For most reliable results, place the decelerometer on a level mount
in the vehicle so that the arrow containing the words "Direction of the
Car Motion" is peinting toward the front .of the vehicle. i
(2) Level the decelerometer by menns of the screw in its base, and tap it
with a finger to remove static friction. When level, the pointer wild
coincide exactly with the left horizontal line on the dial. If the
pointer is above this line, the instrument is tilted too fur backward.

(2) Prior to recording a test run data point, be sure the pointer has been
returned to the starting (zero) position. This is done by pre551ng hg
rese® button located on the side of the case.

(L) Drive the vehicle at a steudy speed of 20 miles per hour (steady speeds
up to 20 miles per hour may be used if runway conditions perdit) down the
preselected portion of the runway to be assesseds Apply the vehicle's
brukes smoothly and firmly to induce a full skid. The pointer will record
the meximum - rate of deceleration in fuet per second per second occurring
just prior to the gkid. The braking tnchazque used iz most importanty
and while 2 smooth and firm application is required after a full skid has
been recognized, the release of bruking should be immedinte s¢ as to

D6~58304.18TN
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prevent a full stop. Wherein a full stop is experienced; the test
should be rerun,

(5) The poinbters position should be read and recorded upon brike release
along with the observation and recording of visual runway conditions
such as location, contaminents, painted areas, unitorm or patchy, ete.

(6) Repeat procedures outlined above at approximately 1,000-foot intervals
for the length of the runway. Under patchy contuminated conditions, tests
should be made on the most representative surface encountered within exch
1,000-foot interval, -

(7) To insure that the values obtained ure meaningful to the wirplane's
oberutiony the preselected longitudinal portions of the runway to be
evaluated should be sufficient in number to be representative of the
various types of airplanes using the runway, i.e., down the center, 20 feet
to right of center, ¢G feet left on center, ete. Special attention should
be given to arens of known contaminents, such as painted or heavy rubber
deposit afeas, and appropriete notification made.

(&) Add the decelerometer readings for each 1,000 feet and divide the sum
. by the totel number of reudings. This average will be known as the
Jrmes Brake Index (JBI).

{9) Driver truining is the key to successful operation.. An inexperienced
or careless draver can negate any ovenefits which may be derived from
this system. Severzl persons should be trained in the use of the JED.
Two persons should be in the vehicle -~ one drives and the other reads,
records, &nd resets Lhe instrument. The driver should be cautioned to be
alert for premature wheel lockups, If only one wheel skids, the driver
may beii ro he has fulfilled the test requirement; howeveir, the other
wheels hrve not deveioped muximum siopping power und the reading will
ve low.

(10)  Experieace c2n only be gnined from practice, paying particular attention
to the following:

(=) A full skid must be developed.

{bt) The vehicle must not stob or come to the "shuddering" approsch to
a stop.

{c) The skid must be entered guickly but smoothly; "jamming" brakes
must be nyvoided. The time between npplying brakes and a stop is
very short so 1t itukes practice to perform this operation smoothly.

Renorting. 1n the inlerim preceeding the officinl adoption of a complete
worknble system, it is suggested that average J31 readings and the associated
runway surface condition be dizseminated as wid.ly as possible to all pilots
50 that they muy become fopmiliar with the t{erminology. Regard JBI ond RSC's
{Runwy Surface Condition) us un appenduge to an hourly weather sequence and
any speernls. In the future they may be 2s much a part of the weather obser-
vations as wind, ceiling, visibility, ete. JBI's and RSCt's should be reported
to airport weather stations, control towers, approwuch control facilities,

L]
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Recording,  Informction should be recorded on a form similar to the sample on
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centers and flight service stutions which serve the airport, When runway
condations change, the conditions previously reported to these agencies

will be revised or cancelled as appropriate. The JBI should be repornted

in two digit numbers between O and 30 based on the 0-32,2 scale and should
be followed by the RSC code which should. be reported in the following menner.

(1) WR - Wet Runway
(2) SLR - Slush on Runway

LSR - Loose Sncw on Runway

7

(z

(4) PSR - Packed Snow on Runway

(5) IR - Ice on Runway

(6) P - Patchy (to be used in conjurction with (1) through (%) above.

(7) Sanded - lndicate sunded runweys in clear text at the end of secuence.
"P" may be used as a prefix Lo the RSC code to denote a patchy condition

which muy adversely affect lateral control during braking of some airc¢raft.
n oxample of a sequence ist R/W %%, JBI 1€, PIR Sanded.

tre following pagry  drsed on the 0-32.2 senle, For those operators with an

hir Force m~ter, conversion readings are licted so thut Air
Force dixl readings may be converted to the U-37.2 basis.
:
COLVERSION READINGS FOR AIR FORCE AND CIVIL DECELEROMETERS ;
4ir Force Dovice Civil Device -]
2 b, 25 '
: 5.3
L 6.4
% &b [
8 10.5
10 12.5
12 1.6 ;
14 1.8 ;
16 18.9 f
18 21.0 ]
20 252
2e 2Dk
2k 7.6 ﬁi
6 29.8 i
. g
K
D6-5838%- 15 *’
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MEASUREMENT OF RUNWAY BRAKING TESTS

(using James Brake Deﬁelerometer)
~22 FI/SEC
AIRPORT ~  IOCATION
TEPERATURE TIME DATE, -
RUNWAY SURFACE CONDITION: ( ) Dry, ( ) Wet, ( ) Ponding Water, { ) Frost,
() Ice, ( ) Loose Snow, { ) Slush, { ) Batchy

DEPTH OF MEASURABLE CONDITIONS

_(estimated to

nearest 1/10 inch)

RUNWAY

RUNWAY

RONWAY

TYPE OF SURFACE

TYPE OF SURFACE

TYPE OF SURFACE

~RPFROX. i RPPROX. APPROX.
DIST. FROM READING 'DIST. FROM  READING DIST. FROM READING
THRESEOLD THRESHOLD THRESHOLD
Avg. Avg. AVE.
REMARKS :
RUNWAY SURFACE HISTORIES:
RECCRDED BY:
DRIVEN BY:
D6-58364-18TH
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APPENDIX II

ANDERSCN'S METHOD FOR EVALUATING AIRCRAFT SKID CONTROI, PERFORMAKRCE

l. Dry Runway:
A, ZEstablich Braxing Friction Coefficient:

(1) Meusure Runway RCR

(2) Compute braking friction coefficient using aircraft tire pressure and
skid control characteristics as shown by the following example:

Assume RCR = 23, Then the friction coefficient actually achieved by the
RCR measuring vehicle is 23 = .715 at low speed (opproximately 15 knots).

0.2

Agsume airer2ft tire pressure - 150 psi and RCR measuring vehicle tire

pressure = "0 psi.

From Figure 5z of NASA Report Mo. R-64

@ 70 psi = .89
€ 150 psi = W75

Thereforns, .75 - .84k is tne froction of RCR mensuring vehicle fridtion

which is achievsble on the airoraft.

(.719) (L84k) = .E07 - Low speed friction potentisl for aircraft.

Since almost all test data shows that the achievable friction coefficient
decrenses witn speed (JASA TN D-277C for e¥azmple) such that the friction
coefficiont at nbout 100 knots is approximately 89 percent of the low

speed (3-5 knot) value und since for most of the distance traversed by

the nircraft while slopping its velocity is in -the high speed rnge: reduce
the friztron voefficient to 85 percent of its low speed v2lue for high

spead.

(60%) (W8L) - o512 = Yigh speed friction potential for aircraft.

{If desir~d, a friction coefficient vs. velocity relsztionship could be

echubliched,)

/ﬁ = /; ( 7?5c) Skid Control Performance Efficiency
s A I, B ‘ ) :‘
I Friction Potentizl for Aircraft
Frietion Achievable by Aircraft
n6-508384-18TH
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J ' {; n,c is 2 function of:

b (3) Type of skid control system, "Modulated” or "Adaptive,!"
' or ON-OFF.

; : (b) HNumber of wheels controiled by each. brake torgue con- -
) rolling circuit. .
3 {c) Pocsible pitch control requirements on aircraft with
bicycle landing gear or on some types of bogie arrange-
ment landing gears. )

For usuai configurations without special pitch or frequency
J control provisions, the following values for are recommended
for dry runway. i -

) "Modulated” or

d Number of Wheels ON-OFF "Adaptive' Skid
Control‘ed Per Circuit  Skid Control Contrul
. . (Fc)
1 ..o O ~a 8 - 9
2 .85 .58 .765
. 3 .78 .625 .702
- A .75 60 .675

For example, assume modulated skid control with individual wheel
- control: ﬂ,‘ = .9

A 7 = (~ 12) (-) = 0‘*6
In 512) (.9

4

B. Using the oraking friction coefficient established along with the
sirceraft's serodynamic and dimensionzl characteristics, compute
stopping distance for land-plane landing design grois weight with

! vrakes applied at power off stull speed. Consider appropriste control

surface positions and pilot technigue.

C. Perform =ircraft test to verify that actual stopping distance is not
grester than the above computed value.

")
.
x
]
cr

Runway:
A. Egtablisn Braking Friction Coefficient

(1) ¥Menzsure Runway RGR

; (2) Compute braking coeff.cient using aircraft tire pressure and skid

;- control characteristics as shown by the following example:

] dssume RCR = .7, then the friction coefficient actual achieved

{ by the RCR measuring vehicl: is _17 = .528 at low speed (approximately
P <.» 19 knots). 3.2

. )

o, D6-58384-18TN
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For 150 psi aireraft tire pressure and 70 psi RCR measuring
vehicle tire pressure, and using NASA Reyport R6Y4, same us for
dry runway, .84k igs the fraction of RCR measuring vehicle
friction which is uchievible on the airéraft.

(.528) (.&BL) = b4s5 - Lov speed friction potential
for aircraft .

Vp =9 JT Kuers

Vp= 9475'.3
%= 110 knats

Assume }:w = (}: ...gg)‘k (Vp-V)"+.oS

L—- Friction potential at velocity 2V, wet

Compute hydroplaning speegd,

Establish K such that /;;”-.-}: at V = 15 knots

B 2 (fim08) K (Vo-15)* 5. 05

k = ! I = "J"'z_
T (-5 (uo-/s)a (%)

Therefore

z -
- O, - V L4 05‘
o= (445-705) (9s)* uo-v)"+
by = 395 (HoZV)2 4 o5

Using this equation for}p‘n/‘ y compute /," {Friction Achievable
by Arrcraft) as a function of veiocity with tne following
expression: .

/; "%N(?sc)

Skid Control Performance Efficiency

Yhere ﬂSC = (4(&) (FC )

r Contrel Cenfigurntion Fuctor

Skid Control Performsnee Efficiency from the
atiached curve 2s 2 function of };'“ for
individ-3l wheel sontrel. [;

D6-5¢38k 1875
Page 18

. ot g o e el e g < S sy 0
TSR T o T s ST SR S ey e B g S ey

[

4

!
'
ot e sttt oot s ] o o,

© o gy e e &, st dont s,




Recommended Values for Control Configuration Factor

~F

Kumber «f %heels
Controlled Per Circuit C
| 1 | 1.00
2 .85
z .78
b 725

For individu=l vheel control,l‘ as & function of velocity
is computed and presented graphicuelly on the following page.

D6-52384. 161N
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B.

C.

P
IRE: W 8

Using the breking friction cosfflicient estoblished for wet runway

slong with the rircraft's acrodynnmic and dimensionasl cheracteristics,
compute stopping distance for landplune landing design gross weight

with brakes upplivd it power off stzll speed. Consider »poropriate
control surfuce positions =nd pilot technique.

Perform aireraft lLest Lo verify tlat actusl stopping distance is -
not greater than the above computea value,

N6-583W 191N
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APFENDIX 111

CORRELATION OF ANDERSON'S METHOD WITH ACTUALATRCRAFT TESTS

The method proposed by Mr. Anderson was evoi.. . .or application to dry «nd wet runwsys, -

Itc uge wis extended to icy runways in view of the charncteristics of ground»mu. (The
variation of mu with speed is reussonsbly smalli for both dry as well as. icy runwaya)s
The results are oniy meaningful in the context of the tests considered here and should
not be generalized.

CORRELATION OF ICY RUNWAY TESTS

The RCR readings’ were recorded as discussed curlier in the malfn body of the paper.
The average value wns 12.7. '

The friction coofficient actu=lly achieved by RCR measuring vehicle is 12. 12.7 = 0.395

3302

Aircraft tire pressure - 170 psi.
RCR menguring vehicle tl re pressure = 0 psi .
From fig. 52 of NASA report no R64, ,
At %0 psi omu - 0.89
At 170 psi mu = Q.72
Thus using firet step of Anderson method

S G = 0.811 ieg the froction of RCR measuring vehicle friction which is available

on =ireraft=0.%9% x 0.811 - U.320. This is the low speed friction potentinl. Since
on = icy runwny the mu docs not viry signific.ntly with speed, an 85% reduction used
for dry runwsy mny provide a measure for runway wmu available,

i.e. 0,220 x 0.8% = 0.272.

The ucturl flivht test distance for the test airplene on this runway condition wss

2800 ft. Unlﬂg n oreylistic value of untiskid efficiency under these mu conditiohs

g otner nirrlune parometers rn estimated ¢ topﬂlrg distance can be calculated. To
obtxin *Le rbive stoppirg distine-, however, requires an antiskid efficiency of 3%,
Thir s very unre-listic, especially when actusl measured values of antiskid efficiency
{u:ing SAE AKP & criterion) suggest much higher numbers (740

This simply m +noe thst the RCR reading rus ultu in too high a mu velue., Even after use
nf conseretaive correction frelors Lhe resulting vaiurs nre not resliscic. The test
condition. ured here a1l heve the ssme trond. For the runway conditions where runway
surfuce i.. not consistrut the numbers could easily be more or less conservativa.

The message 1o clesr thet the Anderson method, using RCR as 1 messuage of ground mu,
docs nol appear to ke oo suiizble technigque for preaicting breking performunce on icy
TRAIWAN T

CORRELATION OF WEYT RUNWAY TESTS

Tre woet ranswy oo of fers o ronl chellenge for the RCR method. For this condition mu
vories with speeu.  However, the condition of tire, surface texture und speéd of the
ot v hilele ¢ n il mack the siipperiness.  NASA studies showed thut on moist and

-
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slightly wet runways, where there is no standing water, such as a well drained rFunway, \
the correlation among the various friction monitoring vehicles was pretty good. The '
capability of the RCR method was not judged to be partlculanly good.

The Boeing 7>7 ARB tests are used here to agsess the value of RCR for predzctlng
stopping distance using Anderson's méthod.

The average ROR reading for two tests consider=zd here was 22.5 which results in a mu
value of 22.95 = 0,70,
2.7

E

From figure 52 of NASA report no R6i

At 30 psi mu - 0.89
At 150 p.! oma = Q.75
‘ i i »
Therefors asing the first step of Anderson's method 0.75 = 0.84k4h is the fraction of
0.89

RCP weasuring vehicle friction which is avaiinble to the aircraft.

i o

Thue mw wailoble = 0,854 x Q.70 = 0,959,

N

-

fhow hydrownlining speed ‘lp = Y /AP" in knots

Whore P = tire inflztion pressure =% x{ 1950 210 knots
/“Fw = (/4(,,-.05) l<(VP-V‘)2'+ 0.65

If K is 40 ent-blighed thut /llva =My oLV - 15 knots
!

Q’P"’s) (o -cs) ."9—’_5""- : i
Ther-fore

- Mpyy = (0.57—0.0::) (Mo~v) + .05

AMpa= . 54.( "°"’) . o'a THESE CALCULATED VALDES ARE hown

then K -

M .

Ualng thege volges of corrected mu and ~ivpinne parasmeters the stopping distince was
=alculabed to be 3760 Lt Thv airplans stopping dirtance for these tesls was 3502 ft.
For there Lests it geems that o values oblained by ueing Anderson's method are
Lighly .appressed at high speed-.  This, however, does not correlate with data
obtxineld frum Lke =irplune test results. Twr mu value determined from flight test
rooalbs in o9 stopping distonce of 3215, {~couming smoantiskid efficiency of 100%) .

il

The cverall offi
distance was 2 ¢
corrections as out}
Vhis turns out bette

$-ney far thi. tech cremed to b clore to 7W%.  The stopping

‘leud-ted using the ru from sirplonctest and applying ontiskid
nd in Anderson’s method., These results in o distance of 3125.
Pon netnsl adrpldcone stopping dictwnce.

The gicoreprury betwees tobu:l and pred.ctea v ines of distanes has serious paylond .
pznzlxiinx. Fer exwaapie, if the prediction. of this meihod were to be npplied then >

the - srline vperstor for thin pirpl-ae may heve to wdond more thon 7500 1%s to -
gt the storring wistance aclualiy demerstroted, in the test considered above, . ‘

R Sk
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ubsolute ground mm, howeveyr, presents some problems. fareful control of variables
may improve this situation.
TABLE 1
BFT RUNWAY 1%/%1 CALIBRATION (WET RUNWAY)
JBD JBD
DECEL INST DECEL - CAR
RUX TEST CORR LORR B SPEED
1 25.5 1.6 27,1 B84y 2
e 25 1.6 26.6 .826 28
] 25 1.6 266 826 . 25 ;
4 23 1.5 2b.5 .761 26
5 25 1.6 26.5 5826 26
¢ AN . 1.7 .0 +908 27
7 ah. g 1.6 26,1 811 26
& 24 1.5 25.5 .792 25
2 71 1.6 22,6 1.0 2k
10 2y 1.6 - 26.6 826 --
1l b 1.5 25,5 .79z -
1z 24 1.5 25.5 .792 26
1z oe 1.h4 27.4 .728 26
1h 27.5 1.5 25.0 <778 27
15 sl.5 ) 1.4 22.9 72 2k
16 #1.0 1.6 2.6 1.0 26
L7 20 1.6 21.6 982 2k
!

s NS wv-‘%*w—v“w‘*‘« ""‘"’*-s - f“"’w o b SRR 'i‘.‘{;

T e ISR IR .a(u: wﬁl‘ !
The tTesults of this analysis, therefore, indicute that the Anderson method does not gﬁ%@
pernit the prediction of stopping distsnces with a reasonsble degree of accuracy. o 3

Wnereus th: RCR readings nre of gquestionable vulue to zssess ground mn, these do provide =
come mensure of runwsy condition, especiully when accompaniéd by notes on the visual »?
condition ef the runway. It may be noted that RCR readings do reproduce r reasonably

well when surface 1s dry concrete, dry packed snow, et cetera. Its reduction to fg

MR

e Ees
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Airplane Alaska MAX RCR Touchdown - Brake
Weight Windsperd Airlines FOR Measured on Speed Applicntion
(1be) Knote Ft/sec® Arrplane ?%[%gy _Speed Fb@a:.
1. 12800 0 12 11 190 172
e 126500 no 12 31 192 176
2. 121800 o 2 15 188 171 ' '1
be 119000 ob 12 1 182 170
Ee 1rion ¢ 17 U - 166 :
6. 111500 09 1 1.5 187 173
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