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~4Ur craf t specifications which quote stop distances under dry conditions can
be misleading since it is th. wet case which gives the longer stop d.tstanc.
and may define the length of an operational runway. Tr ials have shown how-
ever , that the wet stop distance can be between 10% and over 100% longer
than th. dry distance depending on factors such as wate r depth and surface
type. To try and overcome this problem , this paper studies the ~BCAR method
of aircraft certification under wet condition~ and th. correction of stop
distances to a ‘standard ’ using a friction trailer. It conclude s thsre is
merit in this well tried method but the ‘standard ’ is unsuitabl. for military
aircraft and the friction trai i.r should be of the type in service with the
RAF. Zn addi tion the ‘ standa rd ’ should be related to acciden t investigation
procedures and NATO standards

Using tb. SCAR method as a basis, this paper proposes a Standard Military
Reference Wet Surface and a way of correctinq aircraft performance to the
‘ standard ’ .
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1. Introduction

1.1 Aircraft specificatio ns usual ly contain a clause which specifies
stop distanc. and the surfac e condit ions under which it is to be
de onstrsted. These conditions have been variously quoted as either
‘dry ’ or ‘wet ’ , and as aircraft trials have shown that the wit stop
distance can be anything between 10% and 100% longer than the dry , the dry
distance cannot be used to indicate the suitability of the aircraft under
wet cotdLtions.

1.2 It is the wet runway condition alone that will show aircraf t
desigeers if a high efficiency anti skid system is needed but the problem
is how it can be specified. To decide if it can be adopted for use with
military aircraft , thi s paper studies a method which has been used success-
fully with British civil aircraft for sos. year s to determine a certified
stop distance , Ref 1, under standard wet runway conditions.

2. Th, SCAR Stan ’d Re ference Wet Surfac e

2.1 The basis of the SCAR method is to produce runway friction conditions
for the aircraf t as near as possible to the SCAR curve in Fig 1 , using a
friction trailer approved by the Civil Aviation Authori ty - in this case
the Transpo rt and Road Research Laboratory locked wheel trailer described
in Ref 2. The aeasured aircraft performanc. is then adjusted by calcu-
lation for any differences betw een th. friction coefficient of the test
surface as measured by the TRRL trai ler and the Standard Reference Wet
Surface as defined by SCAR.

2.2 By comparing the TRBL trailer friction readings at 1.0 mph with those
at 20, 60 and 80 on a number of runway surfaces under closely controlled
wetting conditions , it was poaaibl. to produce a family of speed/friction
curves which are plotted in Fig I to show how they change as the surface
becoses more slippery and compares them with the curve for the SCAR
Standard Reference Wet Surface. The curves are repr esentat ive of asphalt
and brushed concrete runways, tested with wat er depths up to .060 inches
and appear to indicate that the Standard Reference Wet Surface is not

one which is wholly re presentative of normal runways as it has a higher
friction at high speed and Lower at low speed.

2.3 The curve in Fig I for the Standard Re ference Wit Sur face goes up to
180 mph whilst the maximum speed of the TRRL trailer is 80 and somet imes
100 mph which presents a problem as the latter has to be extended up to
the aircraft ‘brakes on ’ speed . Sometimes the extension is made by assuming
the friction coefficient above 100 mph does not drop with speed and a
horisontal line i. drawn . An alternative end more scientific method would

• be to determ ine the beet fit equation from 1.0 mph for the SRVS and assuming
all Thu. trailer curves are of a similar type , to usi test data up to 80
mph to calculate th. best fit equations for other curves and extend these
curves up to the aircraft ‘brakes cii ’ speed.

2.1. Using the ‘alternative ’ method suggested in par .. 2.3 an e~ iatios in the
t.llowin 1g form 1*... bess used to exta4polate the t..t data fro, some ?~~Ltr ailer rtnVa7 trials. See Pig. 1.

L~ k
where p,is the friction oo.ffioisst at v.1..L~~ V An mpi. & ,Ljs the
estimated friction ooetf tsisst at intisi to veleei~~. a and b ar e .o,stasts.

2.5 Calculations have shown that when two spe.d/frictios curves crams theygiv, the same stop distance from a speed eqmel to spçrsid ste1~ 1.3 tim.s the
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speed at which they cross . So that if an aircraft has a ‘brakes on ’ speed
of 120 knots the cross over point between the TRRL trailer and SCAR curves,
to give equal distances, would be 105 knots. Fig I shows that to cross at
this speed requires a ThRL trailer friction reading at 1.0 mph of over .7
which trials between trailer and Mu-Meter have shown in Fig 2 to be the
equivalent of a Mu-Meter reading of over .8. This is extremely high and
corresponds to the values expected from a porous friction course or
grooved asphalt, two of the highest friction surfaces used on runways.

2.6 Further confirmation of the high friction characteristics of the SCAR
Standard Reference Wet Surface is provided by data from trials on a porous
friction course and a harsh textured surface named Quartsite. A
comparison between the friction of these surfaces and the SCAR friction curve
is at Fig 3.

3. The $tan&.r~ ~j1jtarv Reference Wet Surface

3.1 Th. SCAR Standard Reference Wet Surfac e appears to be one with high
friction which will not provide an adequate test for braIri~g systems and
anti skid units. For military aircraft a P4u-Meter ( see 5sf 3) speed/
friction curve should be used which represents a surface on the border
of . ‘aediuWgood’ as defined in the Braking Code and Conversion Table
of STAKA~ 3631, - Rw ay Brald.ng Action ( Table I ) It is suggested that
a Mu—Meter 40 mph reading of .55 and its related speed/friction curve
derived from Fig 1., be used as the Standard Military Reference Wet Curve
with an equation of: 

• 13
u .2 + io 117

w

Experience has shown that it is difficult to create a more slippery
runway surface by the artificial wetting procedure used during aircraft
trials.

3.2 Briefly the test procedure ii to wet a selected portion of the runway
using water bowsers and to run the Mu-Meter along the same track both
before and after landing the aircraft and by using a t ime base as in Fig 5,
datermiM the reading at the time of the aircraft landing. Since it is
probable that, due to practical difficulties , the Mu-Meter reading at the
time of touchdown will not be .55 a correction method must be devised.

3.3 Provided the Mu-Meter reading during the aircraft test is within the
band .5 to .6, then a proport ioned correction to the aircraft spe.d/
friction curve can be used . By comparing the Mu-M eter reading at 1.0 mph,
obtained during the test ,with Fig 1., the corresponding readings at spe.ds
up to 11*0 mph can be obtained . Th. aircraft speed/friction curve can then
be correc t ed in direct proportion to the difference in readings on the two
Mu -Meter curves. The aircraft stop distance which can then be calculated
will be that on the Standa rd Military Wet Reference Surface.

3.1* An alternative sethod of deter mining the Mu -Meter .pe.d/fricti os
curve at the time of the aircraft run , is to wet the test surfac e at
some convenient time not associated with the aircraft trial end make runs
at 20, 1*0, 60 and 80 mph whilst the surface is drying out. By timing each
run it is then possible to plot a grid of Mu-Meter readi ngs versus time
and speed as in Fig 6. bsiag the 1*0 mph reading corresponding to the
time of the airc raft test rim (see Pig 5) the speed/friction curve up to
80 mph can be determined and extrapolated to higher speeds by calculat ing
the best fit equation as shown in Pig 7, where it is compared with the
Standard Military Reference Wet Surface.

— 
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3.5 The limits of .5 to .6 within which a proport ional correction can
be appli ed has been set arbitrari ly. Provided it has been established
before the trial that , with the wetting equipment available , it is
possible to get Mu-Meter values below .55. by asdug a series of Mu Meter runs
as in Pig. 5, the approximate time can be !etermia.d for the runway to reach
th. correct test condition. This time can then be used during the aircraft tris.

3.6 There viii be occasions when a lack of detail ~~owl.dge of thrust ,
Lift and drag sakes it impossible to calculate aircraft friction
coefficient against speed. Provided the test runway conditions are very
close to that specified for the Standard Military Re fer ence Wet Sur face
ie • .03 then the deceleration/speed curve can be used since any srror~
in the proportioning process caused by their omission , will be negligi~ole.

1*. Conclusions

1*.i Tests with the TRR L locked wheel trailer appear to indicate the
friction/speed curve for the SCAB Standard Reference Wet Sur~ace defines
one with high friction which gives a Diagonal Braked V*hicle wCt to dry
stop distance ratio of 1.2. This is too high to demonstrate the
capabilities of anti skid systems . ( Para 2.5 and 2.6).

*.2 A Mu—Meter reading of .55 at 1*0 mph should be used to specify a
Standard Military Reference Wet Surface (Pare 3.1).

1*.3 Met hods of correcti ng aircraft stop distances to the Standard
Military Reference Wet Surface dsscribed in pares. 3.3, 3.4 , 3.5 sad
3.6 should be adopted.

5. Reco endat ions

5.1 Aircraft stop distances should always be specified under wet conditions.

5.2 The Standard Military Reference Wet Surface and its method of
definition should be used as a standard for aircraft specification
purposes.

5.3 The method described in this paper be used to correct aircraft stop
distance data to the Standard.

Table I

NATO STAMAG 3634 ~~AXDIQ C0~~ AND CONVERSION TA~ IE

Mu-Meter Verbal
‘Ig e Reading Description

A .5 aad Good
above

3 .1*9 to Mediim
.33

C .3~~and Poor
below
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