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S U M M A R Y 

A laboratory fatigue investigation was performed on 4n E-IB 
with „ «Uforced c.t.puU k.el to d.t.mtne if 1 * could the load, 

associated with 3,000 catapult launches. 

The bulkhead at fuselage station 135 failed after 8 420 test cycles 

releases. 
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INTRODUCTION 

The majority of E-l/C-1 airplanes now in service have exceeded or are 

approaching their'authorized limit of 750 catapult launches. ?ro)ecteà 
operational requirements for these airplanes necessitate their poss^s^g 

a capability for sustaining 3,000 catapult launches. To obtain th s new 
capability, the catapult structure of these airplanes has been strengthen 

by installing a keel beam modification. The E-l/C-1 airplanes, with or 
wUllout reinforced c.t.pult keel,, heve never been teeted to e.t.bUsh their 

catapult launch fatigue lives. 

[•he fuselage structure of the model E-l and C-l airplanes are identical 

in the region critical for the catapult start of run condition, but are 

dissimilar in the region critical for the catapult release condition Th 

gross weight of the E-l is 257 higher than that of the C-l. ^efore 
results of an E-l airplane subjected to simulatea catapult launches are 

applicable to the C-l for the catapult start of run conditionally. .he 

fuselage structure of the C-l airplane is identical to the S-2 «^plane in 

the region critical for the catapult release conditron and has been 

stantiated by a catapult fatigue investigation of ene S-2 airplane recen .y 

completed by the i'íAVAIRDEVCEN. 

The objective of this program is to ascertain the structural capacity 

of the E-l/C-1 airplanes with reinforced catapult Keels to sustain e 
cumulative effects of repeated catapult launches and to safely extend 

current usage limits of these airplanes to 3,000 catapult launches. 

description of test specimen 

The test specimen was an E-lB airplane, serial number 147236, which 

was removed from service. The history of the test specimen when it was made 

available to the NAVAIRDEVCEN is as shown in Table I. 

TABLE I 

HISTORY OF TEST SPECIMEN 

E-lB Airplane - Serial Number 147236 

. ... 149 months 
Ahp ,•#•••••• •••••••• 

Total Flight Time.4’777¿t 
Number of Flights . 
Number of Arrestments . 78^ 

Number of Catapults. 

* The number of catapults (not a log book entry) was determined by using the 

Naval Weapons - Dahlgren, Va. Naval aircraft usage tape data Based on 
this data, it can be determined that the E-lB aircraft experiences 0.786 

catapults per arrestment. Therefore, the assumed number of catapults fox 

the test specimen is: 

788 arrestments x 0.784 catapults/arrestment = 619 catapults_ 

Preceding page blank 
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For the purpose of this test program, and as a prototypeforthe 

F-’/C-l model airplanes, the catapuU keel was reinforced by NAUIREWORKFAC, 

Ouonset "in . liis re nforcement is cetailed in AFC .92 and in reference 
Ta) A stress analysis and fatigue life analysis of the reinforcec catapult 

keel is given in reference (b). 

The wine outer panels, vertical and horitontal stabilisers main and 

nose landing gears were removed, as vere the engines, engine cow 

and fuselage nose structure forward of fuselage station (FS) 46. Figure 

shows the final test specimen. 

Por che ccpulc sere of run condition, the loeds *re introduced into 
t„e_iuS.Ugethrou^.idryTC:t.puitrhooUsintOrthe>ce„terbUn«;eet:puUM 

ieel'beam^hich extends along the bottom of the fuEe1“8*- vertlcal and 

side loads are carried primarily by the bulkhead at FS 135. 

Holuback loads for the catapult release condition are introduced into 

the fuselage through a fitting located at FS 479.25. This fit ng 

butes the axial load through two longitudinal 8trinf*!8 TiîLuTby two 
tu FS 449.51. The vertical and side loads are carried p y > 

vertical channels located at FS 474. 

test program 

The test program consisted of two parts, a catapult start of run 

condition and a catapult ralease (holdback) condition, pertomed separately 

in that order To demonstrate a service fatigue life of 3,000 Çat P 

launches, 6,000 catapult launch simulations (test cycies) were tequ re or 

each of the two conditions. 

The details of each test conditior are follows: 

CATAPULT START OF RUN CONDITION 

The catapult start of run condition loads, locations and magnitudes 
The catapult L « TnKi p a-t These loads correspond 

are shown in Appendix A, Figure A-2, and Table A I. of ^un 

to GAC (Grumnan Aerospace Corporation) conditio.. 7 , P 1 , . 

for“ c.c.pultln8 gross weighe of 26,600 pounds, bosds were applied in 

accordance with the test spectrum shown below: 

1. 
2. 

Apply mean tow axial and vertical loads. 

While holding the above, apply the side load as 

Zero side load 

Mean side load to the left 

Zero side load 

Mean side load to the right 

Zero side load 

follows : 

6 



N/»OC-75310-30

i

I U
s

/ ’

. - 1

I

m
f /i

m,-Kij

I ^



NADC-75310-10 

3. Reduce the loads of step 1 to zero. 
U. Repeat steps 1 - 3 (one application of the catapult start 

of run condition) nine timej. 
5. Repeat steps 1-3 u«lng maximum loaos in lieu of m^an 

load one time. 
6. Repeat steps 1-5 (ten applications at the catapult start 

of run condition) 600 times. 

A typical catapult start of run load cycle is as shown graphically 

below: 

The above spectrum was modified from MTL-A-8867 (reference(c)) by 

NAVAIRSYSCOM and is based on aircraft usage information. 

CATAPULT RELEASE CONDITION 

The catapult release (holdback) condition loads, locations and 

magnitudes are shown in Appendix A, Figure A-9 and Table A-IV. These loads 

correspond to the GAC condition 7A, catapult release for a catapulting gross 

weight of 26,600 pounds. 

The test v,as performed according to MIL-A-8867, paragraph 3.5.3.2, 

which specifies simulation of dynamic effects caused by holdback link 

failure. Side loads r.suiting from catapult spotting misalignments were 

applied, and these side 1c .ds w^re reversed after every 250 cycles. 

8 
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A total of 6,000 holdback cycles were required to satisfy this 

condition. 

TEST METHOD 

The test specimen was supported with the fuselage reference line 

parallel to the floor and 120 inches above it. The plane of symmetry of 

the aircraft was perpendicular to the floo». 

To support the aircraft and to react the test loads, the main landing 
gear was removed and replaced by more rigid dummy gear. The dummy gear 
Zas supported on vertical columns. A third support reaction point, designed 

to react only vertical loads, was provided at the holdback fitting for the 

catapult start of run condition and at the catapult fitting for the catapult 

release condition. The tare weight of the test specimen was reacted by the 

support points. 

Loads were applied to the test specimen by hydraulic actuators which 

ate part of an electro-hydraulic, clcsed-loop, servo-controlled loading 

system. Each hydraulic actuator had independent control by means of in¬ 

dividual servo valves and servo controllers with load cells to generate 

feedback information. Loads were monitored on a multichannel bar-video 

display and strip chart recorders, both of which provided overload protec¬ 

tion. Two additional and independent overload protection systems were 

provided by error detectors on each servo controller and stroke limit 

switches on each actuator. Triggering of any overload system would immedi 

ately dump hydraulic pressure at all actuators and at tie hydraulic pov^r 

supply. 

Other test method details particular to each test condition are given 

below. 

CATAPULT START OF RUN CONDITION 

The catapult hook was removed and replaced by a dummy fitting which 

incorporated the same self-aligning spherical bearing from the original 

catapult hook. The arresting hook was removed and replaced by a dummy hook. 

The catapult axial (X) and vertical (Z) loads simulating the tow load, 

were applied as a resultant, using a single hydraulic actuator. Catapult 

side loads (Y) were applied with a separate hydraulic actuator. Figures 2 

and 3 show the catapult start of run condition test set-up. Figure 4 shows 

the catapult hook loading system. 

CATAPULT RELEASE CONPT^ION 

The holdback fitting was removed from the specimen and replaced by a 

dtunny fitting. The X, Y, and Z components of the release leads were applied 

9 
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as • resultant using 
dynamically by using 
a frangible holdback 

a single hydraulic actuator. The load was released 
a quick release mechanism to simulate the breaking o 
link used in service. Figure 5 shows the catapult 

f 

release loading system. 

test results 

CATAPULT START OF RUN CONDITION 

Durint the start of run condition, structurel failure occurred In 

cycle nuaber 8,420 st £ »^«*- ** ^f'.Uure re- 

re^n^cc dÏÏt^t crlc^ hcrehy deslgneted point A. point B, end point 

C. Figure 6 shows the failure. 

Metallurgical examination of the fracture surfaces revealed striations 

emanating from the edge of the drlUedrlvet ' 
These striations indicated a fatigue mode of failure. No evi e 

corrosion or ^“site^obslrvedr^es the establishment of 
due to number of crack initiât UrlultyTmT tt i8 concluded that the failure 
the initial crack an ^^Hhin section on the left-hand side of 
initiated at point A (Figure b), in tne c .ppUed load then 

the bulkhead. A redi8trib“t^n°^heB (n“re6), in the thin section on 
initiated the fatigue cr*ckKa^ P01"1' Yf!^ failure °f the thin section of 
the right-hand side of the initiated at point C 
the bulkhead at points A and B, the final fatigue cracK inici v 

failure of the bulkhead due to shear overload. 

.., .2=,:r 
the sero load and maximum load conditions, respec y. 

CATAPULT RELEASE CONDITION 

f^Ird if L Wdísck fittlul. Figure. 9 .«1 10 show the reliure. 

“• S-, 
of origin and the mode of failure was fatigue. 

Metallurgical examination of the fracture surfaces revealed ^at fail- 
Metaiiu g game „^nner in both stringers. A fatigue 

ure occurred in ^ the rivet hole end propeg.ted to epproxl- 

“•tC,Ïydn^fer£rort„ inch A much 

critlcsU^sited ^ t^re^nln“^^^?« to shLr oyerloed. 

13 
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A scannii.g electron microscope examination of the fracture surfaces 

revealed fatigue striation spacing of 42,000 striations per inch at the 

crack origin and 14,000 scriations per inch at the outer edge of the fatigue 

crack prior to structural failures. Based on an average crack growth rate 

ot 28,000 striations (cycles) per inch and a crack length of 0.250 inch, 

the fatigue crack developed in about 7,000 cycles of load subsequent to 

initiation. 

CONCLUSIONS 

Based on the results of this fatigue investigation, the E-IE fuselage 

is capable of sustaining the effects of 3,000 catapult launches with a re¬ 

inforced catapult keel. 

The program results are also applicable to the C-l fuselage with the 

exception of the holdback structure. However, the C-l holdback structure, 

wnich is similar to the S-2 aircraft, has been verified by an S-2 catapult 
launch fatigue investigation in excess of 10,000 holdback test cycles after 

the installation of a holdback structure reinforcement. Therefure, the C-l 

fuselage is capable of sustaining the effects of 3,000 catapult launches 

with reinforced catapult keel and holdback structures. 

This fatigue life is limited to the catapult launch mode of service and 

does not imply any other structural limitations on the aircraft. 

RECOMMENDATIONS 

installed 

the hold- 

be in- 

It is further recommended that the current authorised catapult launch 

limit of 750 launches for the E-IB and C-l aircraft be extended to ->,000 

launches after installation of the reinforcements indicated above. 

It is recommended that the catapult keel beam reinforcement 

on the test article be installed on all E-IB and C-l aircraft and 

back structure reinforcement, co be installed on the S-2 aircraft 

stalled on the C-l aircraft. 

(a) 

(b) 

(c) 

REFERENCES 

c Drawing No. 117-201B, Catapult Hook Reingorcing Strap for Extended 

rvice Life - Model E-lB, 23 Feb 1972 
C Report No. 0a’-72-1, Analytical Evaluation of Service Life for the 

2, E-lB, C-1A Aircraft - Phase V, 31 Mar 1972 
L-A-8867 (ASC), Military Specification - Airplane Strength and 

gidity Ground Tcits, 18 May 1960 
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SYMBOLS 

All symbols used in this appendix and in the text of the report 

are defined below: 

FS . 

FRL 

LL . 

Re . 

MLG 

fuselage station 

fuselage reference line 

limit load « 2/3 design 

ultimate load 

resultant load 

main landing gear 

A-4 
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SIGN CONVENTION 

The following sign convention is used: Distances and forces are 

positive when they are up, aft and to the left with respect to the reference 

axes. (See Figure A-l) 

Positive bending moments produce compression in the top surface and 

left side of the fuselage. 

Positive vertical shear results when the positive vertical loads aie 

sunmed from a station of greater magnitude to one of lesser magnitude. 

Positive lateral shear results when the positive lateral loads are summed 

from a station of greater magnitude to one of lesser magnitude. 

Positive torsion about the FRL results when a station of higher 

magnitude rotates clockwise in relation to a station of lower magnitu e 

when viewed from aft. 

REFERENCE axes 

X - axis: Lies in the plane of symmetry an I is coincident with 

the FRL. 

Y - axis: Perpendicular to the plane of synmetry through the 

X - axis at FS 0. 

Z - axis: Perpendicular to the X-Y plane through the intersection 

of the X and Y axes. 

BASIC DATA 

Catapulting design gross weight - 26,600 pounds. 

Catapulting test conditions (references (a) and (b)). 

1. Catapult start of run - Grumman Aerospace Corporation (GAC) 

Condition 7B 

2. Catapult release - GAC Condition 7A 

A-5 
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TEST LOADS 

START OF RUN CONDITION 

The E-l aircraft was designed for use with hydraulic powered ship¬ 

board catapults. The corresponding launching conditions design curves are 

found in reference (a). The hydraulic powered catapults have since been 

replaced with steam powered catapults which produce a smoother, more uniform 

catapulting stroke. As a result, the E-l catapult drag load has been re¬ 

duced and is determined as follows: 

For Cll-1 steam catapult; dry conditions; W-O-D (Wind-Over-Deck) * 

0 kts.; 100 kts. end speea; and single engine operation. 

Design gross weight « 26,600 lbs. (References (a) and (b)) 

With 90° day and W-O-D - 0 kts; (Reference (c)) 

Effective gross weight = 27,400 lbs. 

Effective W-O-D - -3 kts. (1 kt/l0°F above 59°F> 

Receiver pressure - 224 psi 

Therefore, using reference (d), 

Mean tow load parallel to deck = 82,000 lbs. limit 

Maximum tow load parallel to deck = 88,000 lbs. limit 

(Design tow load parallel to deck * 95,449 lbs. limit; reference (b)) 

Using the equations of reference (b), the catapult maximum/mean loads 

are: 

Ground Axis 

D = -88,000#/-82,000# 

V - -39,160#/-36,490# 

S - 15,592#/ 14,52# 

Fuselage Reference Axis 

X = -82,426///-76,80# 

Z - -49,837#/-46,43# 

Y = 15,592#/ 14,529# 

The above maximum/mean horisontal (D or X) and vertical (V or Z) 

loads were used as the test loads. The side load (S or Y) was further 

modified as follows: 

GAC Design Side Load - 16,911# 

GAC Proposed Side Load ■ 5,90# 

A-7 



NADO? 5310-30 

The GAC proposed side load is based on reference (a) and the assump¬ 

tion that the steam powered catapults produce lower side loads. A test 

side load equal to 11,400# maximum and 10,620# mean was selected, with 

NAVAIR concurrence, by averaging the GAC design side load and the GAC 

proposed side load, thus allowing some conservatism for any unusual con¬ 

ditions or major mission changes. 

The locations of all applied loads and reactions are shown on Figure 

A-2. The m.' nitudes of all test loads are shown in Table A-I. The dis¬ 

tribution c loads are shown in Tables A-II and A-III. Comparison of the 

design and test curves are shown in Figures A-3 through A-8. The differ¬ 

ences between the design and test curves are due to the new catapulting 

loads as derived above. 

CATAPULT RELEASE CONDITON 

The holdback loads for catapult release, GAC condition 7A, as shown 

in reference (a) are as follows: 

X = 27,542# 

Y = ±4,515# 

Z = 5,771# 

The location of all applied loads and reactions are shown on Figure 

A-9. The magnitude of all test loads are shown in Table A-IV. The distri¬ 

bution of loads are shown in Tables A-V and A-VI. The test curves are 

shown in Figures A-10 through A-15. 

REFERENCES 

(a) GAC Report No. 3639.01C, Determination of Conditions for Catapulting 

Static Tests, Model WF-2, 3 Dec 1958 
(b) GAC Report No. 3603.3C, Ground Loads, Model WF-2, Rev. 20 Aug 1957 

(c) Aircraft Launch Bulletin No. 6-52D 
(d) LTV Report 2-S •420/6R-2259, Appendix C, Determination of the 

Characteristic Non-Dimensional Load Stroke Diagram for Ship Based 

and Shore Based Catapult and Arresting Gear from Analysis of 

Airplane and Dead Load Test Data 

(e) GAC Report 3625.9, Carrier Suitability Trials of XS2F-1 
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TABLE A-I - TEST LOADS - CATAPULT àTART OF RUN CONDITION - SIDE LOAD LEFT 

Load Point Applied Loads 

Loc. tion. Inches Maximum Load, Lbs 

X Y Z X Y Z 

1. Arresting Hook 

2. Radome Drag Fitting 

3. Wing, left 

right 

4. Wing, left 

right 

5. Engine, left 

right 

6. Catapult Hook 

7. Nose Bulkhead 

449.513 

266.761 

231.816 

231.816 

231.816 

231.816 

210.000 

210.000 

132.000 

46.000 

0 

0 

51.25 

-51.25 

60.75 

-60.75 
110.00 

-110.00 

0 

0 

-6.000 

49.904 

38.140 
38.140 

38.140 

38.140 

23.000 

23.000 

-35.250 

0 

13,330 

6,670 

3,330 

3,330 

3,330 

3,330 

16,000 

16,000 

-82,424 

6,670 

0 

0 

0 

0 

0 

0 

0 

0 

11,400 

0 

-2,270 

2,530 

0 

0 

0 

0 

0 

0 

-49,857 

0 

Reaction Loa d 

8. Holdback Fitting 

9. Main Gear, left 

right 

475.25 

220.563 

220.563 

0 

+102.395 

-102.395 

-13.92 

-30.00 

-30.00 

0 

277 

10,137 

0 

-5700 

-5700 

306 

24,353 

24,938 

NOTES : 

1. The X and Z loads at load points 1, 2 and 6 are applied as the following 

resultant loads at the following angles: 

G = 9° 39.9' 

Re = 13,522# 

0 *= 20° 46.3' 

Re = 7,134 

0 = 31° 10.1' 

Re * 96,330# 

2. For the side load right condition the side loads (Y) at points 6 and 9 

reverse direction and the axial loads (X) and vertical loads (Z) at 

point 9 interchange. 

Load Point 1. 

Load Point 2. 

FRL 

Load Point 6. 
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NADC-75310-30 

IABLE A-IV - TEST LOADS - CATAPULT RELEASE CONDITION - SIDE LOAD LEFT 

Load Point Applied Loads 

Location. Inches Maximum Load. Lbs 
X Y Z X Y Z 

1. Holdback Fitting 475.250 0 -13.92 27,542 4,514 -5,771 

Reaction Loads 

2. Main (.ear, left 

right 
3. Catapult hook 

220.563 

220.563 

132.000 

102.395 

-102.395 

0 

-30.000 

-30.000 

-35.250 

-8,157 

-19,385 

0 

-2,257 

-2,257 

0 

14,038 

13,330 

-21,597 

NOTES : 

1. Catapult release is holdback link fracture simulated by use of a 
quick-release mechanism. 

2. The loads at point 1 are applied as a resultant load Re - 28,500# at the 
following angles: 

3. For the side load right condition the side loads (Y) at points 1 and 2 

reverse direction and the axial loads fX) and vertical loads (Z) *t point 2 

interchange. 
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