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i SOCIETV OF AUTOMOTIVE ENOINEERS. ,~~. 	p E R 0 S PA C E 4B5 LEXINGTON AVENUE 	 A I R$Q~ 
NEW YORK ~7, N.Y. 	I N F 0 R M AT I 0 N R E P 0 RT 

BRAKE REI~ASE RFSPOIdS~ TII~ ~EQUIRED FOR 	 ~s•~sd 2-15-63 
AUTOP~1l~TIC SYID CONI.'ROL 	 Revised 

~ntroduction 

This report deal.s witn establishing a reasonable time that can be allowed for brs.ke 
release in relation to accomplishing skid control that prevents severe tire dama~e. 
The recommended brake release tim~ set forth in this report is based on limiting 
ttie skid distance to that short enou~h to prevent "flat spotting" of the tire. 
Yet, the time is long enough to hta.ve  been co~nonly achieved. 

(For clarification; tne term "skid" in this reuort is used to mean a locked 
wheel that has linear veZocity, and "slip" is used to mean that the wheel is 
rotatin~ but has some relative velocity a.t tne contact point on the runway.) 

~-. 	OSe' 

The purpose of this report is to set iorth tne maxirium time that can be per- 
mitted in releasing brake pressure to achieve skid control without causing 
tire damage. 

2. S~~ 

2.1 The maximum distance that a tire may be permitted to skid on a dry concrete 
runway is about 40 feet. 

2.2 To prevent exceedir~ this distFance ~rith a locked wheel, the locked time can- 
not be ~reater tnan .157 seconds at 150 knots and .113 seconds at 200 knots. 

2.3 To a11ow a locked wheel to resume rotation before the skid exceeds ~+0 ieet 
on a dry concrete runway, the brake pressure must be reduced to at least 
13•5;~0 oi that pressure that caused the braked wheel to start decelerating 
into the locked condition. 

2. ZE The 'orak.e release time reco7rnnended 4~i11 pernlit the brake pressure to be re- 
duced to the value that wi1~ permit resumption of wheel rotation before the 
wheel 'nas skidded 20 ieet at 150 knots and 30 feet at 200 knots. 

2.5 The recommenaed brake release curve without line losses can be expressed by 
the i'ollowir~ equation: 

P~Pl  = 2172~~~3 

2.6 This requires that the brake pressure be reduced to 10;~, of the initial 
pressure in 0.10 seconds. 
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2.7 The temperature at which data was taken that has been used in this re- 

port ranged from 20 to 100° F. The recorrmlended release time can bE 
taken to apply to approxima.tely + 40° F. 

Factors Influencing Brake Release 

l. In order to establish the ma~cimum. allowable time for brake release, we 
must first establish how long and iar the tire may be permitted to skid. 
Figure 1 shows a plot of actua7.. data taken from fighter airplane landings 
on concrete runways. In all these tests the maximum skiddir~ distance on 
a dry runway was approximately 27 feet and on a wet runway was al~prorima.tel~~ 
1+0 feet. The airplane was such that its wing lift was very low after touch-• 
do~m so there was at least 75 ~ of the airplane's ti~eight on the wheels durin€; 
any skid. No flat spots or other appreciable da~nage resulted from these 
skids. Further study of Figure 1 reveals that the locked wheel may be re- 
leased by reducing the brake pressure to some percentage of the pressure 
tnat caused the wheel to start into the deceleration th~.t terminated as a 
skid. As tn.e length oi skid increases, the brake pressure must be further 
and further decreased to release the locked wheel. By the time the wheel 
has skidded ~+0 feet on dry concrete~ the brake pressure must be reduced to 
about 13.5~ oi that pressure that caused the skid to start. 

2. The time duration for skids of 20, 30, and ~+0 feet in length~ is shown in 
Figure 2. Since most jet po~aered a.:irplanes have maximum ground handlin~ 	• 
speed between 150 to 200 knots, these t~~o speeds have been used in this study. 
To gain some conception of tne time to release the brakes to resume rotation; 
study of Figure 2 shows that when the skid is li~.ited to 20 feet the brake 
release must be achieved within .059 seconds if the plane has a speed of 200 
knots, or ii the skid is to be limited to as much as ~;~0 ieet and the air- 
plane has a speed oi 150 knots, the brake release time may be as long as 
.157 seconds. 

3. Tne eiiect of slip on brakin~ is shown in rigure 3. This shows that in 
order to avoid drastic reduction in brakin~, the percenta~;e oi slip must 
be held to less than 50;;. In order to prevent the bra.ked wheel from in- 
creasing tne amount of slip, the brakes must be released faster than the 
wheel decelerates. The release must be initiated before slip has progres- 
sed beyond reqairing more than about 20jo reduction in brake pressure. 

~+. The required reduction of bra.kin~ to sto p  undesirable slip or a skid in 
relation to time is shown in I`ig~are 4. Two curves for airplance speeds of' 
150 and 200 knots were established by use o~ Fi~;ures 1 and 2. ri~are 2 
establisned the time oi' skid for various skid lengtrs at these two speeds 
and Figure 1 es'tablished the percent of braking that the bra.Yes must be 
reduced to in order to stop the skid. These curves can be usecz For es- 
tablishin~; maximum allowable br2lce release time. These curves show that 
in order to limit the skid to not more than ~K) feet; a.t 200 knots tne braYes 
must be released to 1~+~ in .11~ seconds and a,t 150 knots they must be 
released to th~ sarle percenta~;e in .157 seco~~ds. 

~ 
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5. In order to establish a realistic brake release curve, the brake release 
time of many airplane brakes were plotted on a percentage basis in Figure 
~. Study oi this data showed that the brakes rele~.se along a curve similar 
to tne discharge of a capacitor throu~h a resistance. This curve can be 
closely approximated by the equation; 

P~P1 = 1 

E t~K 

Z~lhere: p= Pressure at any time (t) and 

Pl = Pressure at tne time brake release is initiated. 

E =  Base of natural log. (2.72) 

K = Constant 

By plotting a straight line curve throu~h most of the points of actual re- 
lease data and 10U~~ braking a curve was established th~,t conforms to the 
equation; 

	

P~pl = 	
1 

(F) t/. 0~+3 

Another curve drawn parallel to the one discussed above that covers the 
maximum brake release time can be expressed by the equation; 

	

P~pl = 	
1 

~E~ t-.o15 .____I_o  3_ 

These release data were established on the airplane in actual landing ro11s 
so hydraulic line losses affected the release time. 

By study oi these two equations plotted on Figure 5 it can be readily seen 
that this brake release can insure the skidding to be limited within 20 
leet at 150 knots and 30 feet at 200 l~ots. 

Conclusion 

l. The brake release as expressed by equations (1) and (2) will allow the 
control to prevent severe tire darnage. 

Recor,~ndation 

l. It is reco~nded tnat equation (1) be used to establish ma~;imum bx~ake 
release time sor brakes where line losses ~.re not bein,r; considered. 

. 	~. Z•~lzere line losses are consic~ered, equa,tion (2~ is recor.~mendea as tne 
ma.xir.rum allowable time For br~ke rele2,se . 

PREPAP,FD BY S1lE COA~ffT'1'EE 1~-5~ 
AIRCRP.FI' j-?~ELS~ BRP~S~ SK~ CONTROLS AND 1LXI~t:,S 
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