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1. PURPOSE: T h i s  document provides recommended practices for the design, 
m a t i o n ,  qualification, and operational requirements of the t a i l  bumper 
for p i  1 oted aircraft  . 

2. SCOPE: T h i s  recommended practice covers the fixed structure, or independent 
energy absorbing system affixed t o  the airframe t o  afford protection t o  the 
control surfaces, engine and other por t ions  d u r i n g  ground handling, take-off 
and landing. 

3. DESIGN REOUIREMENTS: 

3.1 Functional: The ta i l  bumper general arrangement and design should be such 
as  t o  provide a minimum clearance of 6 inch5s between the ground and al l  
parts of the aircraft ,  including externally ritounted stores, exc?usive of the 
ta i l  bumper i tself  and the landing gear wheels. 
provided for  a l l  pitch attitudes and loading conditions defined i n  Section 4 
w i t h  the aircraft  rolled laterally five degrees about the fuselage 
center1 ine. 
conditions should be calculated or conservatively estimated. F l i g h t  control 
surfaces should be i n  the most cri t ical  poss’tfons obtainable under the 
conditions being investigated. 

During the takeoff the ta i l  bumper should n o t  res t r ic t  the aircraft  attitude 
more than necessary, consistent w i t h  the c1 earance requirements defined 
above, when maximum elevator deflection i s  applied prior t o  and du r ing  
takeoff rotation. 

This clearance should be 

Structural deflections under the specified dynamic loading 

The  ta i l  bumper may be either fixed o r  retractable. 
would otherwise be unduly restricted, different positions of the ta i l  bumper 
should be provided f o r  landing  and takeoff. 

I f  takeoff r o t a t i o n  

Selection o f  the means for  energy absorption should be based on expected 
usage w i t h  emphasis on serviceability, maintainability, reliabil i ty and 
safety considerations. 

SA€ Technica! Board Rules provide that: “This report is published by CAE to advance the state of technical and 
engineering sciences. The use of thie report isentirely voluntary, aiid itsapplicabilityand suitability fo: any particular 
use, includifig any patent infringement arising therefrom, is the sole responsibility of the user.” 

SAE revieï..s each technical report at least every five years at which time it niay be reaffirmed, revised, or cancelled. 
SAE invites your wit ten comments and suggestions. 
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3.2 Tai l  Bumper Actuation: A retractable bumper may be positioned by a suitable 
actuator. Actuator design requirements should be subject t o  the approval of 
the procuring activity and should consider the effect of rapid compression 
of the t a i l  bumper during ground contact. 

3 . 3  Tail Bumper Control: When a retractable t a i l  bumper i s  used i n  conjunction 
with retractable landing gear, the bumper control should be integral w i t h  
the landing gear control when practicable. A suitable indicator  should be 
provided where the t a i l  bumper i s  needed t o  make a safe l a n d i n g ,  or i f  the 
extended ta i l  bumper has an unsafe effect. Tail bumpers which contact 
during landing impact ( i n c l u d i n g  occasional contact)  should have emergency 
extension provisions and operate w i t h  emergency landing gear control.  Where 
bumper operation other than with landing gear control i s  dictated (such as 
bumper retraction during carrier aircraft  c a t a p u l t ) ,  control should be 
integrated with prime control for  t h a t  condition (such as  launch bar 
extension) 

3.4  Mode of Failure: The t a i l  bumper geometry or energy absorbing device should 
be such t h a t  i n  the event of an overload, links or struts will no t  pierce 
fuel tanks or critical aircraft  components, 

3.5 Wear Surfaces: The t a i l  bumper should have an easily replaceable hardened 
shoe or t i r e  and wheel assembly t o  absorb the wear and damage of impact. 
Selection of wheel or shoe for a particular design should be based on such 
factors as expected frequency of contact,  contact velocity, surface 
roughness, and damage t o  arresting cables o r  l and ing  surface. 

3.6 General Design and Quality: The t a i l  bumper system should be as simple, 
direct, and fool-proof as possible with respect t o  design, operation, 
inspection and maintenance, Materials and finishes should be of aircraft  
quali ty,  and workmanship should be of sufficiently h i g h  quali ty t o  ensure 
satisfactory operation and adequate service 1 i f e .  

4. TAIL BUMPER LOADS: The ta i l  bumper should be designed t o  accommodate the 
fol 1 owing 1 oad condi ti ons : 

4 . 1  Ground Handling Loads: The-airplane should be rolling backwards on a level 
surface (down a five degree slope for  carrier based aircraft)  a t  a speed o f  
five knots, and brakes should be suddenly applied, The airplane gross 
weight and center of gravity should be the most cri t ical  for the 
conditions. The t a i l  bumper loads should be those resulting from a dynamic 
analysis of the a i rcraf t ' s  motion considering a t i r e  coefficient of friction 
of 0.95. 

4 .2  Landing and Takeoff Loads: 
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4 4.2.1 Landing Loads ( C a r r i e r  Based A i r c r a f t ,  Fixed Wing): Tail bumper 
PI requirements f o r  carrier landings  and f ie ld  carrier landing  practice 

(FCLP) should be established by dynamic a n a l y s i s  o f  the a i r p l a n e  motion 
using the s t r u c t u r a l  l anding  criteria establ ished i n  Reference ( a ) .  These 
c r i t e r i a  r e q u i r e  i n v e s t i g a t i o n  o f  i n i t i a l  l anding  c o n d i t i o n s  us ing  a 
mu1 t i v a r i a t e  probabfl  i t y  d i s t r i b u t i o n  o f  e i g h t  independent v a r i a b l e s .  

For  t a i l  bumper l o a d s  the impor tan t  parameters  t o  be i n v e s t i g a t e d  a r e  
p i t c h  a t t i t ude  and s ink ing  speed. Therefore ,  the l and ing  c r i t e r i a  can be 
simplified t o  the fol lowing:  

PT = P ( V v  > Vvi) x P (ep > ep j )  = 0.0005, o r  PVv x Pep = 0.0005 

(The  p r o b a b i l i t y  o f  occurence (Po) i s  0.001; 
t h e r e f o r e ,  PT = Po x 0.5 = 0.0005) 

Where: 

V, = Airplane  s i n k  speed 

V V i  = S i n k  speed i n i t i a l  cond i t ion  va lue  - 
Vv = Mean s i n k  speed va lue  

Vvmax = Maximum s i n k  speed val ue 

= Airplane p i t c h  a t t i t u d e  

= Pitch a t t i t u d e  i n i t i a l  cond i t ion  va lue  

= Mean p i t c h  a t t i t u d e  va lue  

eP 

epi 

eP 
ûpmax = Maximum pi tch a t t i t u d e  va lue  

I f  this j o i n t  p r o b a b i l i t y  i s  p l o t t e d ,  the c r i t i c a l - t a i l  bumper c o n d i t i o n s  
occur  i n  t h a t  quadrant  where ë p  - c @ p i  
T h i s  i s  dep ic t ed  i n  Figure 1. 

For each a i r p l a n e  design there is  p o t e n t i a l l y  a reg ion  o f  t a i l  bumper 
c o n t a c t  w i t h i n  the design envelope (see Figure 1). 
corresponding bumper loads  must be determined by dynamic analysis. 

L' 

ûpmax and V v  - < Vvi - c Vvmax. 

T h i s  reg ion  and the 

The equa t ions  d e f i n i n g  sink speed, pitch a t t i t ude ,  and accompanying 
parameters  t o  be used i n  the a n a l y s i s  a r e  conta ined  i n  Reference ( a )  o r  
a r e  defined by the procuring a c t i v i t y .  
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4.2.1 (Cont'd. 1 

Consideration should a l so  be given, as spec i f i ed  by the  procur ing  a c t i v i t y ,  
t o  the  loads r e s u l t i n g  from t a i l  bumper contac t  w i t h  an a r r e s t i n g  cable a t  
any t ime dur ing  t h e  landing. 

4.2.2 Landing Loads (Land-Based, F ixed Wing A i r c r a f t )  : T a i l  bumper l and ing  
0 loads should be es tab l i shed by dynamic ana lys is  o f  t he  'motion o f  t he  

a i r c r a f t .  The ana lys is ,shou ld  be based on i n i t i a l  con tac t  under t h e  
f o l  1 owing condi t ions:  

Sink Speed = Design l i m i t  s ink speed, as s p e c i f i e d  by the  procur ing  
a c t i v i t y ,  r e l a t i v e  t o  the  ground. 

Gross Weight = 

Center o f  Grav 

Landing ûesign Gross Weight 

ty = Most a f t  permiss ib le  
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