
MIL-STD-2066(AS)
20 MARCH 1981

MILITARY STANDARD

CATAPULTING AND ARRESTING GEAR
FORCING FUNCTIONS

FOR
AIRCRAFT STRUCTURAL DESIGN

FSC 1510

Downloaded from http://www.everyspec.com



NAVAL AIR SYSTEMS COMMAND
DEPARTMENT OF THE NAVY

CATAPULTING AND ARRESTING GEAR FORCING FUNCTIONS
FOR AIRCRAFT STRUCTURAL DESIGN

MIL-STD-2066(AS)

1. This military standard is approved for use by the Department of the Navy,
and is available for use by all Departments and Agencies of the Department of
Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: Commanding Officer, Naval Air Engineering Center, Engineering
Specifications and Standards (ESSD), Code 93, Lakehurst, N.J. 08733, by using
the self-addressed Standardization Document Improvement Proposal (DD Form
1426) appearing at the end of this document, or by letter.

Downloaded from http://www.everyspec.com



MIL-STD-2066(AS)

FOREWORD

This document summarizes loads, accelerations, velocities, and other
parameters statistically analyzed and extracted from test data representative
of the various shipboard and shore based launching and recovery equipment
employed by the U.S. Navy. In determining the volume of information to be
presented, every effort has been made to condense the data and yet present it,
as much as possible, in a form that requires the least amount of additional
calculations by the user. The data shown herein may be used to derive time
histories of loads and accelerations for the design conditions of MIL-A-8863
"Airplane Strength and Rigidity, Ground Loads for Navy Procured Airplanes” and
MIL-A-8866  "Airplane Strength and Rigidity, Reliability Requirements, Repeated
L o a d s9 and Fatigue.”
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1 . SCOPE

1.1 G e n e r a l . The information contained herein presents loading
characteristics,  associated parameters,  and methods to be used in calculating
the catapulting and arresting loads of MIL-A-8863 and MIL-A-8866 for the
design of U.S. Navy airplanes operating from shipboard and shorebased launch-
ing and recovery gears. A listing of such gears for which data is contained
herein is given in Table 1.

2. REFERENCED DOCUMENTS

2.1 Issues of documents. The following documents of the issue in
effect on date of invitation for bids or request for proposal,  form a part of
this standard to the extent specified herein.

SPECIFICATIONS

MILITARY

MIL-A-8863 Airplane Strength and Rigidity -
Ground Loads for Navy Procured
Airplanes

MIL-A-8866 Airplane Strength and Rigidity -
Reliability Requirements, Repeated
Loads, and Fatigue

MIL-A-8868 Airplane Strength and Rigidity - Data
and Reports

(Copies of specificaitons, standards, drawings, and publications required by
contractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
o f f i c e r . )

2.2 Other  publ ica i tons . A listing of Navy publications which include
loading and performance behavior of equipment contained herein is presented,
for reference only, in Table 2.

3 . DEFINITIONS

Not applicable

1
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TABLE 1. Launching and Recovery Gear
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TABLE 2. Related Navy Perfomace Charts and Bulletins
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4 . GENERAL REQUIREMENTS

4 . 1 Desc r ip t ion  o f  fo rc ing  func t ions . T h e  f o r c i n g  f u n c t i o n s  a r e
p resen ted  a s  load  ve r sus  s t roke  da ta . The  fo rm of  p resen ta t ion  i s  ad jus ted  to
p rov ide  condensed  and  ye t  r ead i ly  usab le  da ta . T h i s  n e c e s s i t a t e d  p r e s e n t a t i o n
o f  d a t a  i n  b a s i c a l l y  t h r e e  d i f f e r e n t  f o r m s . F o r  c a t a p u l t i n g ,  t h e  d a t a  a r e
presen ted  in  a  t abu la r  fo rm, nond imens iona l  fo r  the  shorebased  ca tapu l t s  and
dimensional  for  the” shipboard catapults . F o r  a r r e s t i n g ,  t h e y  a r e  p r e s e n t e d  i n
a graphical  nondimensional  form. The  equa t ion  fo r  the  da ta  tha t  a re  p resen ted
in a nondimensional  form is:

where: L =

F =

C =

R =

M =

V =

W=

nondimensional  load

ca tapu l t  tow fo rce  o r  a r res t ing  fo rce  pa ra l l e l  to  the  deck  o r
ground, pounds

cor rec t ion  fac to r ;  fo r  ca tapu l t ing  C  =  1

t o t a l  s t r o k e  f o r  c a t a p u l t i n g  o r  t o t a l  r u n o u t  f o r  a r r e s t i n g ,  f e e t

a i rp lane  mass ,  s lugs

ca tapu l t  end  speed  ( inc lud ing  e f fec t s  o f  ro l l ing  f r i c t ion  and
aerodynamic  d rag ,  bu t  no t  th rus t )  o r  engag ing  speed ,  f ee t  pe r
second

a i rp lane  we igh t ,  pounds

The nondimensional stroke is defined as X, where X is the value of stroke or
r u n o u t  i n  f e e t . R

4 . 2 Tole rance  l imi t s  o f  fo rc ing  func t ions .  The  ca tapu l t ing  and
a r r e s t i n g  f o r c i n g  f u n c t i o n s  p r e s e n t e d  h e r e i n  h a v e  b e e n  d e r i v e d  f r o m  e m p i r i c a l
analyses of  data obtained from a large number of  both deadload and airplane
t e s t s .  I n  g e n e r a l ,  t h e  t e s t  r e s u l t s  i n c l u d e  t h e  e f f e c t s  o r  p e r t u r b a t i o n s  i n
loading behavior due to wear,  temperature,  manufacturing tolerances on compo-
nen t  pa r t s  o f  the  gea r ,  i n s t a l l a t ion  to l e rances  ( f rom sh ip  to  sh ip  and  f rom
one  loca t ion  to  the  o the r  on  a  g iven  sh ip ) ,  e t c .  These  e f fec t s  a re  p resen ted
in  the  fo rm of  mean  va lues  and  to le rance  l imi t s .  Such  l imi t s  were  de te rmined
by  s t a t i s t i ca l  ana lyses  o f  the  l a rge  number  o f  r ecords  o f  t ime  h i s to r i e s  o f
l o a d s ,  a c c e l e r a t i o n s ,  v e l o c i t i e s ,  s t r o k e ,  e t c .  T h e  u p p e r  a n d  l o w e r  l i m i t s
abou t  the  mean  a re  s t a t ed  a s  90-90  p robab i l i ty  l imi t s .  Th i s  means  tha t  the re
i s  90  pe rcen t  conf idence  tha t  90  pe rcen t  o f  the  da ta  a s  ob ta ined  in  p rac t i ce
w i l l  f a l l  w i t h i n  t h e s e  l i m i t s  a t  e a c h  s t r o k e  p o s i t i o n .  I n  t h e  d i s c u s s i o n  a n d
the examples that  fol low, the force and the nondimensional  load shal l  have the
fo l lowing  no ta t ions :

F U = force at  upper 90-90 probabil i ty l imit  or  upper boundary,  pounds

4
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L u = nond imens iona l  l oad  a t  uppe r  90 -90  p robab i l i t y  l imi t  o r  uppe r
boundary

F M = mean force,  pounds

LM
= mean nondimensional load

F L = force at  lower 90-90 probabil i ty l imit  or  lower boundary,  pounds

L L
= nondimensional  load at  lower 90-90 probabil i ty l imit  or  lower

boundary

4 . 3 Nondimensional load-stroke diagrams - derivation of.  The
nondimensional  load-stroke diagram is  a  plot  presenting the nondimensional
load  L  as  o rd ina te  ve r sus  the  nond imens iona l  s t roke  X/R as  absc i s sa .  Such  a
presentat ion permits  derivat ion of  numerous dimensioned diagrams from a single
d i a g r a m .  T h e  d i a g r a m  i s  d e r i v e d  f r o m  a  s t a t i s t i c a l  a n a l y s i s  o f  a  s u b s t a n t i a l
number  o f  ca tapu l t  l aunch  and  a r res tmen t  r ecords  which  a re  f i r s t  no rmal ized  to
the  same  base  and  then  nond imens iona l i zed .  S l i ces  a re  made  a t  f r equen t  in te r -
va l s  o f  s t roke  to  ob ta in  load  va r i a t ion  and  thus  e s t ab l i sh  the  upper  and  lower
90-90  p robab i l i t y  enve lopes .  Wi th in  the  boundar i e s  o f  these  enve lopes ,  a
mult i tude of diagrams can be drawn. These diagrams,  however,  muse sat isfy the
constant  area requirements under the nondimensional  load-stroke diagram of
pa ragraph  4 .4 .  For  s impl ic i ty  and  s t andard iza t ion ,  however ,  a  90-90  p rob-
abil i ty diagram is  formed fol lowing the envelope upper boundary during the
ea r ly  po r t ion  o f  the  s t roke  bu t  c ross ing  ove r  and  p ick ing  up  the  enve lope
lower  boundary  dur ing  the  l a t e r  po r t ion  o f  the  s t roke  to  sa t i s fy  the  cons tan t
a rea  r equ i rement .  The  o the r  90-90  p robab i l i ty  d iag ram i s  de f ined  as  the
reverse of  this .  The mean load l ies midway between the two extremes of the
envelope boundaries.  The maximum load is  defined as the highest  value of
nondimensional  load occurring on ei ther  diagram or on a connecting l ine.
Connec t ing  l ines  a re  used  to  comple te ly  desc r ibe  the  90-90  p robab i l i t y
envelope boundaries.  Figure 1 shows the upper 90-90 peak load occurring on a
connec t ing  l ine  fo r  th i s  pa r t i cu la r  case .  For  o the r  cases  i t  may  occur  dur ing
t h e  e a r l y  o r  t h e  l a t e r  p o r t i o n  o f  t h e  s t r o k e .  F i g u r e  1  a l s o  g i v e s  t y p i c a l
nomenc la tu re  fo r  a l l  nond imens iona l  a r re s t ing  load-s t roke  d iag rams .  The
ca tapu l t  l oad-s t roke  d iag rams  a re  de r ived  s imi la r ly  bu t  a re  p resen ted  in  a
t abu la r  fo rm and  a re  d imens ioned  fo r  the  sh ipboard  ca tapu l t s .  Th i s  was  done
because  such  a  p resen ta t ion  pe rmi t t ed  r e t en t ion  o f  the  genera l  app l i cab i l i ty
wi thou t  inc reas ing  the  number  o f  t ab les  r equ i red .  The  nomenc la tu re  o f  the
ca tapu l t  l oad  da ta  i s  the  same  as  tha t  shown in  F igure  1  excep t  fo r  the
a b s e n c e  o f  t h e  o s c i l l a t o r y  l o a d s .
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4 . 4 Area under the nondimensional load-stroke diagrams. To determine
the area constraint for catapulting, consider the energy balance equation:

where:

F D = force of aerodynamic drag

or

The left hand term is the area under the nondimensional load-stroke diagram.
The second term of the right-hand side of the above equation has been
evaluated for different catapults,  extreme ranges of endspeeds, and gross
weights using the equations of 5.2.6.1.1 for friction and drag, and has been
found to be nearly equal to .01. Therefore the area under the nondimensional
load for catapulting shown herein and the area that has been used for the
derivation of the numerical load-stroke tabulations are based on an area under
the nondimensional load-stroke diagram equal to .51.

To determine the area constraint for arresting, the following energy equation
appl ies :

where: T = ai rp lane  thrus t

or

For the purpose of making the load-stroke diagrams presented herein as general
as possible, a constant value of thrust = .4W (base thrust) was used through-
out the stroke. A constant value of engaging speed (base engaging speed) for
each gear was also used (see Section 5 for corrections required for other
values of thrusts and engaging speeds). The sum of the integrals on the
right-hand side of the equation above has been evaluated for all gross weights
using again for friction and drag the equation of 5.2.6.1.1. This sum has
been found to vary very little for each gear. The corresponding areas are .50
for the E-15, .54 for the MK 7-1, .55 for the MK 7-2 and MK 7-3, and .57 for
the M-21 gear.

7
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5 . DETAIL REQUIREMENTS

5 . 1 Launch ing  gea r  ( ca tapu l t  loads ) .

5 . 1 . 1 T y p e s  o f  c a t a p u l t s . The  da ta  p resen ted  he re in  app ly  to  the  C7 ,
C11-1,  C13,  and C13-1 shipboard catapults  and the CE1-3 shorebased catapulta

5 . 1 . 2 C a t a p u l t  t o w  f o r c e  l o a d - s t r o k e  t a b l e s . Da ta  fo r  ca tapu l t  load-
s t roke  curves  a re  g iven  in  a  t abu la r  fo rm. Each  t ab le  has  been  a r ranged  to
show fo r  a  spec i f i c  ca tapu l t  the  upper ,  mean , and lower boundary value of  the
hor i zon ta l  tow fo rce  ve r sus  s t roke ;  in  d imens iona l  fo rm fo r  sh ipboard
ca tapu l t s  and  in  nond imens iona l  fo rm fo r  the  shorebased  ca tapu l t .

5 . 1 . 2 . 1 Sh ipboard  load- s t roke  t ab les . For  sh ipboard  ca tapu l t s  numer ica l
load versus numerical  s troke data are shown in Tables 3 through 32 for
specif ic   airplane weights   and catapult  energy  levels . The  peak  load  a t t a ined
dur ing  a  l aunch  i s  under l ined  fo r  each  we igh t .  Ca tapu l t  ene rgy  l eve l  i s
expressed  as  accumula to r  p ressu re  se t t ing  fo r  the  va r i ab le  p ressu re  C7 ,  C l l ,
and C13 catapults , and  as  con t ro l  se l ec to r  va lve  (CSV)  se t t ing  fo r  the
cons tan t  p res su re  C13  ca tapu l t s .

5 . 1 . 2 . 2 S h o r e b a s e d  l o a d - s t r o k e  t a b l e s . Due  to  the  va r i ab le  to t a l  s t roke
R o f  the  shorebased  ca tapu l t ,  t he  load- s t roke  da ta  i s  g iven  in  Tab le  33  in
nondimensional  form to minimize the number of  tables required.

5 . 1 . 3 C a t a p u l t  s t r o k e .

5 . 1 . 3 . 1 S h i p b o a r d  c a t a p u l t  t o t a l  s t r o k e  v a l u e s . The  fo l lowing  va lues  o f
t h e  t o t a l  s t r o k e ,  R ,  a r e  u s e d  f o r  e a c h  c a t a p u l t :

C a t a p u l t Tota l  S t roke ,  R ,  fee t

C7 247
C11-1 205
C13 243
C13-1 302

5 . 1 . 3 . 2 Shorebased  ca tapu l t  t o t a l  s t roke  va lues . To  change  the  nond imen-
sional  load-stroke data of  Table 33 to dimensioned load and stroke values,  two
v a l u e s  o f  t o t a l  s t r o k es R,  mus t  be  used  as  fo l lows :

( a )

( b )

A i r p l a n e  t o t a l  s t r o k e  v a l u e s . The curve of Figure 2 repre-
sen t s  the  to t a l  s t roke  due  to  a l l  fo rces  ac t ing  dur ing  the
launch .  Th i s  cu rve  i s  u sed  to  d imens ion  the  nond imens iona l
s t r o k e  v a l u e .

I n t e r i m  t o t a l  s t r o k e  v a l u e s . The curve of Figure 3 repre-
sen t s  the  to t a l  s t roke  due  to  tow fo rce  on ly . I t  i s  u s e d  t o
dimension the nondimensional  value of  the catapult  tow force,
F,  from the nondimensional  load,  L,  given in Table 33.

5 . 1 . 4 Ca tapu l t  ene rgy  l eve l . To determine the accumulator pressure or
CSV set t ing for  shipboard catapults  the minimum catapult  end speed,  Vcat  rein,
must  be found. This  is  found by subtract ing from the minimum airplane launch

8
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speed ,  Vm i n,  the minimum wind over deck WODm i n,  and the end speed increment
d u e  t o  e n g i n e  t h r u s t ,  VE T  i s  d e t e r m i n e d  b y  a i r p l a n e  p e r f o r m a n c e  w h i l e

f i c a t i o n .  H a v i n g  t h u s  d e t e r m i n e d  Vca t  m i n ,  t h e  a c c u m u l a t o r  p r e s s u r e  i s  f o u n d
W O Dm i n  a n d  t h e  c r i t e r i a  f o r  d e t e r m i n i n g  Vm i n  a r e  d e f i n e d  i n  t h e  d e t a i l  s p e c i -

f rom F igure  4 .1 ,  5 .1 ,  6 .1 ,  7 .1 ,  8 .1 ,  6 .1 ,  10 .1 ,  11 .1 ,  12 .1 ,  and  13 .1  as  a
f u n c t i o n  o f  a i r p l a n e  w e i g h t  a n d  Vca t  m i n .

5 . 1 . 5 Shorebased  ca tapu l t  end  speed . To change the nondimensional  load
da ta  p resen ted  in  Tab le  33  to  d imens iona l  load  va lues ,  t he  va lue  o f  the  end
speed  mus t  be  de te rmined .  Th i s  i s  t he  a i rp lane  g round  speed  a t  t he  ins t an t  o f
t o w  f o r c e  c u t o f f .

5.1.6 Peak catapult force. The peak catapult force attained during a
shipboard launch as a function of weight and catapult energy level is shown in
Figures 4.2, 4.3, 5.2, 5.3, 6.2, 6.3, 7.2, 7.3, 8.2, 8.3, 9.2, 9.3, 10.2,
10.3, 11.2, 11.3, 12.2, 12.3, 13.2 and 13.3. Separate families of curves are
given for the upper or maximum and mean values of the peak load. The minimum
values of peak load are not shown in this fern but may be obtained from the
load-stroke tables. For obtaining the peak loads for intermediate values of
airplane weights and catapult energy levels linear interpolation may be used.
for shorebased catapults the peak catapult force must be computed.

5.1.7 Catapult primary loading rate. The catapult primary loading
rates expressed in g’s per second, is imposed on the airplane during the
initial stages of the catapult operation. The values of the primary loading
rate as a function of weight and accumulator pressure are given in Figures
4.4, 4.5, 5.4, 5.5, 6.4, 6.5, 7.4, 7.5, 8.4, 8.5, 9.4, 9.5, 10.4, 10.5, 11.4,
11.5, 12.4, 12.5, 13.4, 13.5. Separate families of curves are given for the
upper or maximum and mean values of the primary loading rate. The lower or
minimum value of primary loading rate can readily be obtained since it is the
same amount below the mean as the upper is above the mean. For obtaining the
primary loading rates for intermediate values of airplane weights and accumu-
lator pressures linear interpolation mUSt be used.

5 . 1 . 8

5 . 1 . 8 . 1

G i v e n  d a t a :

Da ta  to  be
de te rmined :

Sample  o f  ca lcu la t ions .

Sample  o f  ca lcu la t ions  fo r  sh ipboard  ca tapu l t s .

Airplane launch weight -  45,000 pounds
C7  ca tapu l t , to t a l  s t roke ,  R  -  247  fee t
Ai rp lane  min imum launch  speed ,  Vmin -  148 knots
Minimum wind over deck,  WODmin - 15 knots
End speed increment due to engine thrust ,  VET - 6 knots

(a)  Accumulator pressure

(b )  Ca tapu l t  p r imary  load ing  ra t e

(c )  Ca tapu l t  peak  tow fo rces  fo r  each  o f  the  fo l lowing
c o n d i t i o n s :

(1 )  Upper  boundary

9
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(d )

S o l u t i o n : ( a )

(b )

( c )

(2)  Mean

(3) Lower boundary

Load-stroke for  the upper boundary

Accumulator pressure -

From Figure 4.1,  for  127 knot  end speed and launch weight  of
45,000 pounds,  an accumulator pressure of  450 psi  is
ob ta ined .

Catapult  primary loading rate -  From Figures 4.4 and 4.5,
upper boundary and mean catapult  loading rate values are
10 .15  and  8 .25  g ' s  pe r  second ,  r e spec t ive ly .  The  lower
boundary value is  obtained as 8.25 -  (10.15 -  8.25) = 6.35
g ' s  pe r  second .

Catapult  peak tow forces -

(1 )  Upper  boundary  -  In te rpo la t ion  i s  r equ i red  us ing  Tab le
3 ,  a s  fo l lows :

F U  fo r  40 ,000  lb  a i rp l ane  a t  49  f t  and  a t  450  ps i  =
164.9 kips

F U  fo r  50 ,000  lb  a i rp l ane  a t  49  f t  and  a t  450  ps i  =
176.5 kips

de l t a  we igh t  t abu la t ion  =  10 ,000  lbs ;
corresponding delta load = 11.6 kips
delta  weight  this  case = 5,000 lb over 40,000 lb

F U  fo r  45 ,000  lb  a i rp lane  =

T h e  p e a k  t o w  f o r c e  c a n  b e  a l s o  o b t a i n e d  b y  u s i n g  F i g u r e  
4 . 2 .

(2 )  Mean  - By  in t e rpo la t ion  us ing  Tab le  4 ,  o r  us ing  F igure
43 FM

= 157,600 lbs

(3) Lower boundary -  By  in t e rpo la t ion  us ing  Tab le  5 ,

10
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(d) Load-stroke data for  the upper boundary -  In the dynamic
analysis  requirement of  MIL-A-8863 i t  is  necessary to have
da ta  fo r  the  r e l a t ionsh ip  be tween  the  ac tua l  ca tapu l t  s t roke ,
X,  and  the  ca tapu l t  tow fo rce ,  F ,  which  ac t s  on  the  a i rp lane .
T h i s  i s  o b t a i n e d  e i t h e r  d i r e c t l y  o r  b y  s t r a i g h t  l i n e  i n t e r -
polat ion using the tabulated numerical  load-stroke  diagram.
Using Table 3 and interpolat ion. ,  the upper boundary diagram
is formed as shown in Table 34.

TABLE 34. C7 Catapult Tow Force vs Stroke for a 45,000
Pound Airplane

11
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5 . 1 . 8 . 2 Sample of  calculat ions for   shorebased catapults .

Given data: Airplane launch weight -  37,685 pounds
Type catapult  -  CE1-3
End speed requirement - 150 knots
A i r p l a n e  t h r u s t - 13,200 pounds (.35W)

Data to be
de te rmined : Load-stroke for  the upper boundary

So lu t ion : Load-s t roke  - To  ob ta in  the  r e l a t ionsh ip  be tween  the  ca tapu l t
s t roke ,  X ,  and  the  ca tapu l t  tow fo rce ,  F ,  the  fo l lowing
opera t ions  a re  pe r fo rmed:

( a )

(b )

( c )

(d)

(e )

From Table 33 interpolate between 30,000 and 40,000 lbs,  to
get  the desired nondimensional  load values of  L for  the given
a i rp lane  we igh t . These values are shown in the second column
of Table 35 at  different  X/R values.

F rom F igure  2 ,  us ing  the  g iven  da ta ,  so lve  fo r  the  a i rp lane
total stroke, R, hence R = 1,010 feet.

The catapult  s troke,  X,  may be found by mult iplying the non-
d imens iona l  s t roke , X/R, value by the R value of  1,010 feet .
The values of  s troke are shown in the last  column of Table
35.

To  ca lcu la te  the  tow fo rce ,  F ,  ‘ the  va lue  o f  the  in te r im to ta l
stroke must  be used. Th i s  va lue ,  ob ta ined  f rom F igure  3 ,  i s
1 ,320  fee t .

Hence F U =

F U =

o r F U =

and F is  determined by subst i tut ing the values of  L,  shown in
Table 35,  as a function of X/R.

Tabulat ion of  the tow force for  the upper boundary is  shown
in the third column of Table 35.

12
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5 . 2 Recovery  gea r  ( a r res t ing  loads ) .

5 . 2 . 1 A r r e s t i n g  g e a r s . The  da ta  he re in  a re  p resen ted  fo r  two  types  o f
a r res tments ,  i . e . ,  rou t ine  and  emergency .  The  gea rs  used  fo r  rou t ine  o r
normal arrestments are the shipboard arrest ing gears,  MK7-1,  MK7-2,  and MK7-3
and the shorebased M-21 gear.  There are many emergency arrest ing gears in use
but  data for  only the E-15 gear are shown.

5 . 2 . 2 Nondimens iona l  load- s t roke  d iag rams . Diagrams of nondimensional
load  ve r sus  nond imens iona l  s t roke  a re  p resen ted  fo r  spec i f i c  a i rp lane  g ross
weigh t s  in  the  f igures  shown in  Tab le  36 .  Each  f igure  shows ,  fo r  each  g ross
weigh t ,  th ree  smooth  curves  and  an  osc i l l a to ry  curve .  The  th ree  curves  a re
t h e  u p p e rf t he  lower  90-90  p robab i l i ty  d iag rams ,  and  the  mean .  The
osc i l l a to ry  cu rve  wi l l  be  d i scussed  in  pa ragraph  5 .2 .3 .  For  we igh t s  no t  shown
in Table 36 interpolat ion must  be used to obtain the nondimensional  load.

TABLE 36. List of Figures Showing Nondimensional Load vs Stroke Curves
for Specific Airplane Weights and Arresting Gears

5 . 2 . 3 Osc i l l a to ry  nond imens iona l  load-s t roke  cu rves .  Because  o f  cab le
dynamics  the re  i s  an  osc i l l a to ry  fo rce  dur ing  each  a r res tmen t .  For  each  non-
d imens iona l  load- s t roke  cu rve  shown he re in ,  t he  osc i l l a to ry  nond imens iona l
load  i s  shown super imposed  on  the  mean  load-s t roke  cu rve .  Ac tua l ly ,  t he  osc i l -
latory load must  be also superimposed on the upper as  well  as  the lower 90-90
probab i l iu ty  load  cu rves .  The  do t t ed  l ine  on  each  d iag ram represen t s  the  upper
l imit  of  the osci l latory load about  the upper 90-90 envelope boundary and
the re fo re  con ta ins  the  h ighes t  va lue  o f  peak  load  dur ing  an  a r res tmen t .  I t
shou ld  be  no ted  tha t  t he  ampl i tude -and  the  f r equency  o f  the  osc i l l a to ry  cu rves
are average values and that  frequency can vary as much as one half  cycle in
e i the r  d i rec t ion  f rom tha t  shown.  There fo re ,  in  ex t rac t ing  the  max imum non-
dimensional  load from the curves l is ted in Table 36,  al lowance must  be made
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fo r  the  f r equency  va r i a t ion  so  tha t  t he  peaks  o f  the  osc i l l a to ry  and  the
smooth  curves  co inc ide .  The  average  ha l f  ampl i tudes  and  average  f requenc ies
for each arrest ing gear and specific weight of  Table 36 are shown in Figures
15 .3 ,  17 .3 ,  19 .3 ,  21 .3  and  23 .3  a s  a  func t ion  o f  nond imens iona l  s t roke .  To
ob ta in  ave rage  ha l f  ampl i tudes  and  f requenc ies  fo r  in t e rmed ia te  a i rp lane
weights ,  l inear   interpolat ion  must   be used.

5 . 2 . 4 R u n o u t . The  va lues  o f  runou t  va ry  fo r  each  a r res t ing  gea r .  The
runout  value must  be used in obtaining dimensional  values from the nondimen-
s i o n a l  l o a d - s t r o k e  c u r v e s .

5 . 2 . 4 . 1 Runout for  shipboard  arrestments . The runouts for the MK7-1,
MK7-2,  and MK7-3 gears are 230,  310,  and 340 feet  respectively.

5 . 2 . 4 . 2 Runout for  shorebased  arrestments. The runout  is  variable and

5 . 2 . 5

can be obrtained from Figure 21.6,  and Figure 23.1 as a  function of  airplane
weigh t  and /o r  engag ing  speed .  For  ca lcu la t ing  loads ,  the  mean  va lue  o f  the
runout must  be used for  emergency arrestments. For routine  shorebased arrest-
ments,  runouts  associated with the mean and upper 90-90 loads are to be used.

Engaging speeds. Engaging speeds along with airplane weights  and
runout  must  be used for  dimensioning the nondimensional  load-stroke curves.

5 . 2 . 5 . 1 Engag ing  speeds  fo r  normal  a r res tmen t s . Engaging speeds up to
the  l imi t  engag ing  speeds  shown in  F igures  15 .1 ,  17 .1 ,  19 .1  and  21 .1  fo r  the
MK7-1, MK7-2, MK7-3, and M-21 gears may be used.

5 . 2 . 5 . 2 Engag ing  speeds  fo r  emergency  a r res tment s .  Engaging speeds up to
160 knots may be used.

5 . 2 . 6 Correct ions to the nondimensional  diagrams. It  was pointed out
in  Sec t ion  4  tha t  the  nond imens iona l  d iag rams  a re  co r rec t  fo r  on ly  ce r t a in
base  cond i t ions . Therefore some corrections are required to make the diagrams
a p p l i c a b l e  t o  t h e  g e n e r a l  c a s e .

5 . 2 . 6 . 1 Cor rec t ions  fo r  rou t ine   a r res tmen t s .

5 . 2 . 6 . 1 . 1 C o r r e c t i o n s  f o r  t h r u s t  a n d  e n g a g i n g  s p e e d . In Section 4 i t  was
s t a t ed  tha t  the  a rea  o f  the  nond imens iona l  d i ag rams  i s  nea r ly  cons tan t  fo r  the
base  th rus t  and  engag ing  speed  fo r  each  a r res t ing  gea r .  The  base  th rus t  i s  a
constant  0.4W during the runout  for  the shipboard gears  and is  as  shown in
Figure 24 for  the M-21 gear.  The base engaging speeds are 130 knots,  135
knots, 145 knots and 160 knots for the MK7-1, MK7-2, MK7-3, and M-21 gears,
r e spec t ive ly .  To  make  the  d iagrams  app l i cab le  to  the  genera l  case  the -a rea
and  the  nond imens iona l  l oad  ( inc lud ing  the  osc i l l a to ry  load )  have  to  be
m u l t i p l i e d  b y  a  c o r r e c t i o n  f a c t o r .  T h i s  f a c t o r  i s  t h e  r a t i o  o f  t h e  a r e a  o f
the nondimensional  diagram for  any engaging speed and thrust  to the area of
the nondimensional  diagram corresponding to the base thrust  and engaging
speed .  The  co r rec t ion  fac to r  i s  g iven  by  the  fo l lowing  equa t ion :

15

Downloaded from http://www.everyspec.com



MIL-STD-2066(AS)

where: k 1 = . 0 1 7 ,  c o e f f i c i e n t  o f  r o l l i n g  f r i c t i o n ,

k 2  

= (.011 + 2.2 x 10-6 W) aerodynamic drag

c o e f f i c i e n t ,  l b s   s e c2

f t2

V i = i n s t a n t a n e o u s  v e l o c i t y ,  f t / s e c ,

and the subscript  B for  V and T refers  to the base cases for
which the nondimensional  diagrams are presented.

P lo t s  o f  co r rec t ion  fac to r s  fo r  se l ec ted  va lues  o f  th rus t  a re  shown in  F igures
1 5 . 2 ,  1 7 . 2 ,  1 9 . 2 ,  a n d  2 1 . 2  a s  a  f u n c t i o n  o f  e n g a g i n g  s p e e d s .  I f ,  f o r  a
p a r t i c u l a r  a i r p l a n e ,  t h e  v a l u e s  o f  t h e  c o e f f i c i e n t s  a n d  t h r u s t  a r e  d i f f e r e n t
than  those  appea r ing  he re ,  t he  app l i cab le  pa ramete r s  can  be  subs t i tu t ed  in to
the  numera to r  above  to  ob ta in  a  more  accura te  co r rec t ion  fac to r .

5.2.6.1.2   C o r r e c t i o n  f o r  w e t  t a p e . W h e n  t h e  M - 2 1  a r r e s t i n g  g e a r  t a p e  i s
w e t  o s c i l l a t o r y  l o a d s  i n c r e a s e .  F i g u r e  2 1 . 7  g i v e s  t h e  c o r r e c t i o n  f a c t o r  f o r
t h i s  s i t u a t i o n .

5 . 2 . 6 . 2 C o r r e c t i o n  f o r  e m e r g e n c y  e n g a g e m e n t s . The correction factor for
the  E-15  gea r  i s  1 .0  s ince  i t  i s  a s sumed  tha t  the  th rus t  i s  a lways  equa l  to
d rag  dur ing  the  a r res tmen t .  F igure  23 .2  g ives  the  co r rec t ion  fac to r  fo r
convert ing 300 foot  span to 200 foot  span.

5 . 2 . 7 Diagram dimensional  load scale. For each nondimensional  diagram

a  base  d imens iona l  load  sca le  i s  g iven .  To  ob ta in  a  d imens iona l  va lue  fo r
other  than base condit ions correct ions as  shown at  the bottom of each diagram
must be made.

5 . 2 . 8 P e a k  a r r e s t i n g  f o r c e . The  peak  a r res t ing  fo rce  can  be  ob ta ined
from the nondimensional  load stroke diagrams.  For easy reference the maximum
and mean peak arrest ing forces have been plot ted as a  function of  engaging
speed  fo r  d i f fe ren t  va lues  o f  we igh t s .  These  a re  shown in  F igures  15 .4 ,  15 .5 ,
17 .4 ,  17 .5 ,  19 .4 ,  19 .5 ,  21 .4 ,  21 .5 ,  21 .8 ,  23 .4  and  23 .5 .  Peak  va lues  fo r
in te rmed ia te  we igh t s  can  be  approx imated  by  v i sua l  in t e rpo la t ion .

5 . 2 . 9 Sample  o f  ca lcu la t ions .
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5 . 2 . 9 . 1

Given  da ta :

Data to be
de te rmined :

S o l u t i o n :

Sample  o f  ca lcu la t ions  fo r  normal  a r res tmen t s .

Airplane weight -  17,500 pounds
A i r p l a n e  t h r u s t -  7,500 pounds ( .43W)
MK7-1 arrest ing gear
Engaging speed -  100 knots

( a )

(b )

( a )

Peak arrest ing force for  the upper 90-90 probabil i ty  with and
w i t h o u t  t h e  o s c i l l a t o r y  f o r c e ;  a l s o ,  c o r r e s p o n d i n g  f o r c e s  a t
the same stroke for  the mean and lower 90-90 probabil i ty.

Load-s t roke  cu rves  fo r  the  upper  90 -90  p robab i l i ty  inc lud ing
the   osc i l l a to ry  fo rce .

By inspect ing Figure 14.2 for  15,000 pounds weight ,  and
Figure  14 .3  fo r  20 ,000  pounds  i t  appea r s  tha t  the  peak  fo rce
17 ,500  pounds  wi l l  occur  a t  X/R =  .23 .  ( In  cases  where  th i s
is  not  immediately apparent  a  t r ial  and error  method may be
used . )  Ca lcu la t ion  o f  the  nond imens iona l  load  i s  shown in
Table 37,  where the values of  the f irst  two rows of nondimen-
s iona l  load  wi thou t  the  osc i l l a to ry  fo r  we igh t  o f  15 ,000
pounds and 20,000 pounds are obtained from Figures 14.2 and
14 .3 .  The  nond imens iona l  componen t  o f  the  osc i l l a to ry  load
for 15,000 and 20,000 at  X/R = .23 is  obtained from Figure
15 .3 .  The  va lues  o f  the  second  th rough  the  f i f th  co lumn o f
the third row for  17,500 pounds weight  are found by interpo-
l a t i o n .  T h e  v a l u e s  o f  t h e  l a s t  t h r e e  c o l u m n s  o f  t h e  t h i r d
row are the values of  the nondimensional  load including the
osc i l l a to ry  componen t .

Subs t i tu t ing  in  the  fo rmula  o f  4 .1  the  va lues  o f  L  f rom Tab le
37 ,  17 ,500 /32 .2  s lugs  fo r  M, 100  x  1 .69  f t / sec  fo r  V ,  230  f t
fo r  R ,  1 .09  fo r  C  ( see  F igure  15 .2 )  and  so lv ing  fo r  F ,  the
fo l lowing   peak  a r res t ing forces  a re  ob ta ined .

1 7
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TABLE 37. Calculation of Peak Nondimensional Load
for a 17,500 Pound Airplane

(b) To obtain the load-stroke curve for  the upper 90-90
probab i l i t y  inc lud ing  the  osc i l l a to ry  fo rce  the  fo l lowing
s tep -by-s t ep  p rocedure  i s  u sed :

( 1 )

(2 )

obtain the upper 90-90 probabil i ty nondimensional
load-stroke curve for  a gross weight  of  17,500 pounds
wi thou t  the  osc i l l a to ry .  Th i s  can  be  r ead i ly  done  by
read ing  a t  va r ious  va lues  o f  s t roke  the  co r respond ing
values of  the nondimensional  load without  the
osci l latory for  weights  of  15,000 and 20,000 pounds from
Figure  14 .2  and  14 .3 ,  and  then  in t e rpo la t ing  to  ob ta in
the upper  90-90 probabil i ty  nondimensional  load for
1 7 , 5 0 0  p o u n d s .  T h e  r e s u l t s  o f  t h i s  i n t e r p o l a t i o n  a r e
shown in column 5 of Table 38.

Superimpose on the values of  column 5,  Table 38,  the
envelope of  the peaks and bottom of the t roughs of  the
osc i l l a to ry  nond imens iona l  load .  Th i s  can  be  done  by
read ing  the  va lues  o f  the  ha l f  ampl i tudes  o f  the
osci l latory nondimensional  load for  weights  of  15,000
and 20,000 pounds from Figure 15.3 at  various values of
the  nond imens iona l  s t roke  and  then  in t e rpo la t ing  fo r
17 ,500  pounds .  Resu l t s  o f  th i s  i n t e rpo la t ion  a re  shown
in column 8 of  Table 38.  Then by adding to and al ter-
nately subtract ing column 8 from column 5,  superimposi-
t ion is  completed and the resul ts  are shown in columns 9
and 10 of Table 38.
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( 3 )

(4)

Dimensionalize the nondimensional  loads of  (1)  and (2) .
This  is  s imply done by mult iplying columns 5,  9 ,  and 10
by 1.09 (17,500/32.2)  X (100 X 1.69)2/230 = 73,475
pounds ,  a s  exp la ined  in  pa r t  ( a )  o f  th i s  example .  The
dimensional loads are shown in columns 11, 12, and 13 of
Table 38 and are also plot ted in Figure 25.

Loca te  po in t s  o f  t angency  and  in t e r sec t ion  o f  the  upper
90-90  load  ( inc lud ing  osc i l l a to ry  loads )  wi th  each  o f
the  th ree  cu rves  o f  F igure  25 .  S ince  as  i t  was  po in ted
ou t  in  5 .2 .3  the  f r equency  o f  the  osc i l l a to ry  componen t
of the load is  a  variable,  an infini te number of  points
c a n b e l o c a t e d .  F o r  t h i s  e x a m p l e  t h e  f r e q u e n c y  o f  , t h e
osci l latory component  of  the load wil l  be adjusted so
tha t  t he  uppe r  90 -90  p robab i l i t y  load  p lus  i t s  o sc i l l a -
tory component will be maximum. From inspection of
Figure 25 this  maximum occurs at  a  s troke of  52.9 feet .
To  de te rmine  the  po in t s  o f  t angency  and  in te r sec t ion ,
T a b l e  3 9  i s  c o n s t r u c t e d .  D e r i v a t i o n  o f  t h e  f i r s t  s i x
co lumns  i s  se l f  exp lana to ry .  The  seven th  co lumn i s
obtained by adjust ing the number of  cycles of  column 6
so  tha t  t he  uppe r  90 -90  p robab i l i t y  l oad  p lus  i t s
oscil latory component wil l  be maximum with the least
amount of  frequency adjustment.  From column 6 i t  is
noted that  at  a  s troke of  52.9 feet  the number of
average cumulative cycles.  is  2.939.  This number has to
be  ad jus t ed  to  3 .25  cvc les  so  tha t  t he  Desk  o f  the
osc i l l a to ry  componen t  wi l l  occur  a t  a  s t roke  o f  52 .9
f e e t .  T h e r e f o r e ,  t h e  c y c l e s  o f  c o l u m n  6  a r e  m u l t i p l i e d
by the rat io of  3.25/2.939,  as  shown in column 7.
Column 8 shows the adjusted number of cycles per
in te rva l  and  i t  i s  ob ta ined  as  the  d i f f e rence  o f  two
successive cumulative cycles of column 7. To obtain the To obtain the
po in t s  o f  t angency  and  in t e r sec t ion  o f  the  osc i l l a to ry
wi th  each  o f  the  th ree  curves  o f  F igure  25 ,  the  fo l low-
ing observations are made:

1. Intersect ion with the middle curve wil l  occur when
the number of  cycles is  equal  to zero and each half
c y c l e  t h e r e a f t e r .

2. Tangency with the upper or the lower curve will
occur when the number of  cycles is  equal  to .25 and
e a c h  h a l f  c y c l e  t h e r e a f t e r .

To  ob ta in  any  in t e r sec t ion  o r  t angency  po in t ,  s ay  fo r  in s t ance  a  po in t  fo r  6
cyc les  ( in t e r sec t ion ) ,  i t  i s  no ted  f rom Tab le  39  ( co lumn 7 )  tha t  th i s  po in t
wi l l  co r respond  to  a  s t roke  g rea te r  than  92  fee t  and  tha t  ano the r  . 752  o f  a
cyc le  (6 -5*248)  i s  r equ i red  to  comple te  the  6 th  cyc le .  There fo re ,  the
cor respond ing  va lue  o f  the  s t roke  wi l l  be :
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TABLE  39. Adjustment  of Cycles per Interval
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By the same method the remainder of  the intersect ion points  and al l  the
tangency points  are found and are shown as small  circles on Figure 25.  An
alternate graphical  method of  plot t ing Table 39 column 1 versus column 7 and
t h e n  r e a d i n g  t h e  q u a r t e r  c y c l e  i n t e r s e c t i o n s  d i r e c t l y  w i l l  e x p e d i t e  t h e
solut ion.  By drawing on Figure 25 a smooth curve tangent  to the upper and
lower  cu rve  a t  the  smal l  c i r c l e s  and  in te r sec t ing  the  midd le  l ine  a t  the  smal l
c i r c l e s ,  t he  load- s t roke  cu rve  fo r  the  upper  90 -90  p robab i l i ty ,  i nc lud ing  i t s

5 . 2 . 9 . 2

Given data:

Data to be
de te rmined :

S o l u t i o n :

osc i l l a to ry  componen t ,  i s  de te rmined .

Sample  o f  ca lcu la t ions  fo r  emergency  a r res tments .

Airplane weight - 45,000 pounds
E-15  a r res t ing  gea r  (300  foo t  span)
Engaging speed 155 knots

Peak  a r res t ing  fo rce  fo r  the  upper  90-90  p robab i l i ty  wi th  and
wi thou t  i t s  o sc i l l a to ry  componen t

By inspecting Figures 22.5 and 22.6,  i t  appears that  at  X/R = .53
the  peak  a r res t ing  fo rce  wi l l  deve lop .  The  va lues  o f  LU o f  T a b l e

40  a re  ob ta ined  f rom F igures  22 .2  and  22 .6 .  The  va lue  o f  LO S C  i s
obtained from Figure 23.3 and the third row for 45,000 pounds is
ob ta ined  by  in t e rpo la t ion .

Addi t iona l ly ,  f rom F igure  23 .1 ,  the  va lue  o f  the  runou t  R ,  o f  1 ,020  fee t  fo r
155  kno t s  i s  ob ta ined .  Subs t i tu t ing  in  the  fo rmula  o f  4 .1  the  va lues  o f  L
from Table 40,  45,000/32.2 slugs for M, 155 x 1.69 ft . /see for V, 1,020 feet
fo r  R  and  so lv ing  fo r  F  the  fo l lowing  i s  ob ta ined :

F U

F U + o s c

The  above  ca lcu la t ed  load  ( inc lud ing  osc i l l a t ion )  can  be  r ead  d i r ec t ly  us ing
Figures  23 .4  and  23 .5  The  load-s t roke  cu rve  may  be  ob ta ined  us ing  the  same
procedure as in the previous example.
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TABLE 3.  C7 Catapult  (with metering rod),  Upper Boundary,
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2 6

Downloaded from http://www.everyspec.com



M I L - S T D - 2 0 6 6 ( A S )

TABLE 5.  C7 Catapult  (with metering rod),  Lower Boundary,
Load  vsS t roke ,  Numer ica l

2 7

Downloaded from http://www.everyspec.com



M I L - S T D - 2 0 6 6 ( A S )
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TABLE 7. C11-1 (DRY) Catapult, Mean, Load vs Stroke, Numerical
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Load vs Stroke, Numerical
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TABLE 10. C11-1 (DRY) Catapult  (with metering rod),  Mean,
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Load vs Stroke, Numerical

3 9

Downloaded from http://www.everyspec.com



MIL-STD-2066(AS)
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TABLE 19. C13 Constant Pressure Catapult (CVA67), Mean,
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TABLE 22. C13 Constant Pressure Catapult (CVA41), Mean,
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TABLE 23. C13 Constant pressure Catapult (CVA41),
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TABLE 24. C13-1 Catapult, Upper Boundary,
Load vs Stroke, Numerical
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