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I INTRODUCTION

A. BACKGROUND

1. With the advent of heavy gross-weight hook-equipped fighter
aircraft in the USAF (United States Air Force), the weight spectrum is

so bread that the enmergy capacity of any existing single arresting sys-— '¥
tem is not sufficient to accommodate the full energy requirements of 1
all arrested landings. For example, arrestmznts ¢f a 120,;000-pound air- i?
craft at a speed of 160 krouvs require an arresting system with an energy i

capacity of epproximately 136 million foot-pounds, which is significantly
greater than that of a2 single BAK-~12/E32A system (hereinafter referred
to as BAK-12),

2, With tne use of high-strength air<raft arresting-hcok cables,
it is entirely feasible tc use two BAK-12 systems t¢ arrest heavyweight
aircraft. A Dual BAK~12Z System was tested aiL the Flight Test Center at
the Edwaxrds Air Foxrce Base; the results of those tests validated the fea-
sibility of the dual concept.

3, The strength of various aircraft arresting hooks is generally
proporticnal tn the weight of the aircraft., Therefore, the higher air-
craft-hook axial load generated from a larger—diameter aircraft arresting-
hook cable and the high inertial load and high braking force gemerated by
the Dual System will present no critical problems for heavyweight aircraft.
These same lcads, however, may exceed the strength limit of hooks on light-
weight aircraft, It becomes necessary, therefaore, to provide sSome means of i
accommodating the lightweight fighter ajrcraft. This can be accomplished %;
by providing a method which utilizes the braking force of only one of the .
BAK-12 systems. 31

B. FORWARD

1. The NAVAIRENGCEN ¢Naval Air Engineering Center) was conttracted
by the USAF to design and manufacture component hardware which could be
installed on 2z Dual BAK-12 Ailrcraft-Arresting System. The system should
then be capable of arresting all USAF hook-equipped aircraft. Upon re-
ceipt of the test equipment, the NAVAIRTESTFAC (Naval Air Test Facility)
was authorized by reference (8) to conduct a test program to evaluate the ;
NAVAIRENGCEN design modification when installed on a Dual BAK-=12 Aircraft- |-
Arresting System. :

Ref: (a) Naval Air Engineering Center Project Order No. 3~4015, Subj:
Evaluation of the Dual BAK-12 Arresting-~System Moduiar Hard- .
ware (12 September 1972), and Modification No, 1 to Project J
Order No. 3-4015 (10 August 1973)
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2. The test program consisted of two phases, as follows:

a. Phase I: ON- and OFF-CENTER arrestments of various weight

deadloads were conducted at the RSTS (Recovery Systems Track Site) No. 4 with f
the system installed on a 225-foot arresting-sheave span to obtain base- o)
line performance data for the Single and the Dual BAK-12 (1,200-foot runout) i

Adrcraft-Arresting Systems configured for different modes of operation.

b. Phase II: ON- and OFF-CENTER arrestments of various weight
aircraft were conducted on the NAVAIRTESTFAC runway with thesystem installed
on a 225-foot arresting-sheave span to obtain aircraft performance data.

IT INSTALLATION

A. GENERAL: All tests werz conducted with the system installed as

shown in Figure 1. The aircruit-arresting system was installed on a N
225-foot arresting-sheave span with a 30-foot split distance measured
from the centerline of the inboard arresting sheave to the centerlineof
the deflector sheave. The nylon purchase elements were connected to the
hook cable with purchass-element connectors and adapters. Tensiometers
were installed to record purchase~element tension for umits Port 1 and
Starboard 1 for both deadload and aircraft tests. 1

- —— -
"

R

B. BOLTED INSTALLATION (DEADLOAD TESTS)

1. In order to expedite the installation at RSTS No. 4, the Dual
Arresting System was installed on the UMP (Universal Kounting Pad) (see
Figure 2). This type of installation enables the arresting system to be 1.
installed on grade with accurate .lignment and true perpendicular arrest-
ments can be accomplished.

2. Each of four BAK~12 energy absorbers was secured to the WMP 1
(12WF58 beam assemblies) with eight 1.125-inch-diameter high-strength !
bolts inserted through the existing anchor hules on the absorber bases. >

3. The arresting-sheave assemblies consisted of one left-hand and ‘
one right-hand arresting sheave, PN 52-W-2252-1 and 52-W-2080-1, respec-
tively, mounted on a common baseplate (see Figure 3). Eight mounting holes
on each sheave base were fitted with one-inch~long steel bushings (1.125-
inch outer diameter x 0.999-inch inner diameter). The arresting sheaves
were then fastened to the baseplates with through bolts (1-8uUNC-2A, 100,000 !
UTS (minimum)) that were torqued to 140 to 160 foot-pounds. These bolts re- :
place bolts, PN 52-B-3728, (1-8UNC threaded portion with a 1.062 +0.005-
inch shoulder diameter), which in standard installations secure the arresting-
sheave assemblies which have 1.125 +0.0156-inch-diameter mounting holes.

e p——
it
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Figure 2 - Dual BAK-12 Arresting System Bolted Installation
for Deadload Testing
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4, After the arresting sheaves were shimmed and bolted to the
base plates, shear blocks were welded in place (see Figure 4).

e

* 5. The arresting~sheave base plates were secured to the UMP by
tpifty—six one-inch-diameter through bolts,
C. EXPEDITIONARY INSTALLATION (AIRCRAFT TESTS) %3
¢ £
1. Dimensional restraints for the installation of the BAK~12 , ,?’E

Arresting System for aircraft tests at the NAVAIRTESTFAC runway were E
identical to those shown in Figure 1. For these tests an expeditionary- 3
‘type installation was used.

2. The arresting-sneave assemblies were installed on the same
base plate used for the deadload tests. The base plate was modified to
accept cruciform stakes and .earth anchors (Figures 5 and 6).

[
A .

$

E 3. Each of the four arresting~system energy absorbers was ;
secured to a 5-foot-wide x 13.5-foot~long x l-inch-thick steel plate -3

! by eight 1.125-inch-diameter through bolts whicu were inserted through ;

; the existing mounting holes in the absorber base. The absorber base i :

i plates were secured with earth anchors and cruciform stakes as shown

J in Figures 7 and 8.

4, The ruwnay configuration was installed with a relative 27 .
slope between the arresting-sheave assemblies and the energy absorbers. ;

; 5. Arresting engines, designated Port 2 and Starboard 2, had .
: to be cornected electrically. This was accomplished by buryinga shielded N
four-conductor cable in a transverse runway expansion joint to a depth of Voot -

i approximately four inches. ! ? :
¥

1

6. No deadmen were used for this installation.

o

|
: I
' II1 GENERAL DESCRIPTION OF DUAL BAK-12 SYSTEM =
]
H

necessary to provide land-based emergency arresting systems of greater
capacity to absorb the greatly increased weight and speed of the aircraft.
From this need has grown the Dual BAK~12 Arresting System concept. The Dual C
BAK~12 Arresting System with its increased absorbing capacity can safely o
arrest all types of heavyweight hook-equipped aircraft. The increase in o
system inertia and higher braking forces generated by the Dual BAK-I2 System 4
impose a severe penalty on the maximum permissible engaging speed for light- Pooag
weight aircraft. In order to upgrade the Dual BAK-12 System for use to Co ’
arrest lightwelght aircraft, a modification to two BAK-12 units would, when bt
actuated, prevent hydraulic pressure from acting on the brake assemblies
thereby reducing the total braking force when arrestments are made into the !
Dual BAK-12. ' o
!

!

A. PURPQOSE: As aircraft have grown faster and heavier, it has become k
i
kH
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B. DESCRIPTION (AIRCRAFT ARRESTMENT ENERGY ABSORBERS )

1. The aircraft arresting-system configurations used for this

‘test program are categorized as Single-System BAK-12, Dual-System BAK-12,

Dual BAK-12 in the Single Mode, and Dual BAK-12 in the Dual Mode. For
the purpose of clarity and brevity, -the following terminology will be

used throughout this report. Figure 9 displays the braking character—
istics of the arresting-system configurations defined below..

a. Single System: A BAK-12 Aircraft Arresting System
comprised of two standard arresting-system units (one on each side of
the runway) connected by a single 190-foot-long by 1-1/4-inch diameter
aircraft arresting-hook cable.

b. Dual System: A Dual BAK-12 Aircraft Arresting System
comprised of four standard arresting-system units (two on each side of
the runway) connected by a single 190-foot-long by 1-1/4-inch diameter
hook czble.

c. Modular Hardware: Equipment (consisting of suitable
valves, tubings, electrical junction -boxes and wiring, and a tower
control panel) which is easily installed as a package on a Dual BAK-12
aircraft arresting hydraulic system. When actuated, the system will
prevent hydraulic pressure from acting on the brake assemblies of one
of the BAK-12 systems. When Dual BAK-12 capability is required the
equipment can be isolated and system performance will not be degrad.d.

d. Single Mode: A Dual BAK-12 Aircraft Arresting System
comprised of two standard and two modified arresting-system units (one
standard and one modified unit on each side of the runway) coaneécted by
a single 190-foot-long by 1l-1/4-inch-diameter hook cable. The modified
units are installed with modular hardware which prevents hydraulic pres-
sure generated during an arrestment from acting on the brake assemblies.

e. Dual Mode: A Dual BAK-12 Aircraft Arresting System
comprised of two standard and two modified arresting-system units -(one
standard: and one modified unit on each side of the runway) connected by
a single 190-foot-long by 1-1/4-inch-diameter hook cable. Although the
modified umits are installed with modular hardware, the hydraulic system
performs identically to a Dual System in that the hydraulic pressure gen-
erxated during the arrestment acts on the brake assemblies on all units.

2. Each of the four energy absorbers used for these tests is
classified as a 1,200-foot-runout, 50,000-pound-weight-setting BAK-12
synchronized according to Figure 5-21 and paragraph 5-38 of reference (b)
for an arresting-sheave span of up to 200 feet. The hydraulic system,
on units designated Port 2 and Starboard 2 in Figure 1, modified to

Ref: -(b) Technical Manual, Operation and Maintenance Instructions (T.O.

35E8-2-5-1) for Aircrq{;.Arresting System Model BAK-12/E32A
dated 1 Aug 1972

14
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NATF-EN-1136

include the modular hardware, was hydrostatically tested in accordance
with Appendix A - Hydrostatic Test of Piping on Modified BAK~12 Aircraft
Engines. Except for the Single-System configuration, all arrestments
were conducted with four energy absorbers, two each on either side of
the runway.

3. With the arresting systems in the battery pcsition, the
tail hook of the aircraft engages the supported hook cable. The hook
cable is connected to purchase elements which, when payed out, impart
rotation to the purchase-element reel shaft. The hydraulic pump out-— ¢

e N e o e rm e e

g

[l
|

put is programmed by the cam—actuated valve to control pressure to each .

of two arresting-system brakes. The brake torque creates a purchase-— - ;.
element tension which slows and eventually stops the aircraft. s !

4. The aircraft is then disengeged from the hook cable and
the purchase elements are rewound on th: reels for the next arrestment.

o

C. PRINCIPLE OF OPERATION

1. BAK-12 HYDRAULIC SYSTEM: The hydraulic system, Figure 10, T

is a velocity/position-sencitive control system which is powered by a
reel-driven pump. The hydraulic pressure is regulated with a cam-
actuated control valve., The system provides the capability of a wide
range of weight settings with one basic cam contour. A weight-setting
needle valve is installed downstream of the control valve in the hy-

draulic return line. A vernier scale affixed to the barrel can be -

preset to any number of orifice sizes and serves to modify the pres-
sures monitored by the control valve; thus, high- and low-weight set- !
tings can be accomplished. A static pressure system is used to apply T
& pressure to the brakes so that tepsion can be maintained on the pur~
chase elements and hook cable in the batter - - i-ion. The system
consists of an accumulator, a fluid-reple: wng hand pump, and a res-
ervoir which is common to the main hydraulic system. The static pres-
sure system is linked to the main hydrau®ic system by a shuttle valve !
which also serves to 'lock out" the sta..c pressure once the main hy- . |
draulic~-system pressure v.ercomes the preset static pressure. Once
thé shuttle valve locks out the s*atic pressure, the valve will remain
in that position until manually reset.

:

2. BAK-12 HYDRAULIC SYSTEM WLITH MODULAR HARDWARE: The hydraulic

system on the engines that have the modular hardware is identical to a
standard system with the exception of suitable valves, tubing, and fit- §.
tings used as a bypass during Single-Mode operations (Figures 1l and 12). , .
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Figure 12 - Modular Hardware Hydraulic System Bypass of the i -
Dual BAK-12 Arresting System |

a. Single-Mode Operations: When the arresting system
is in che Singla-Mode configuration, the valves, tubing, and fittings
are uszd to divert hydraulic—pump output from the energy-absorber
brakes and to return the output to the reservoir. Actuation of this
bypass can be achieved electrirall, from the control panel, Figurel3,
or manually from the deck edge, Figure 14, The engines with the mod- :
ular hardware will supply only static pressure to the brakes through- v
out the entire arrestment. Because the shuttle valve on the energy ; )
absorbers with tie modular hardware does not sense any hydravlic-pump
pressure when ar ;estments are conducted in the Single Mode, the spool
.of the shuttle valve will remain in the ON position (static pressure
acting on brake assemblies). Manual selection to the OFF position is
necessary prior to retraction in order to relieve the static brake
pressure from acting on the brake assemblies.

b. Dual-Mode Operations: When the bypass is closed, the
hydraulic-system operation is identical to that of a standard hydraulic
system. 4

3. The two airecrart arresting-system units designated Port 1 |
and Starboard 1 in Figure 1 have standard BAK-12 hydraulic systems. ;
The two aircraft arresting-system units designated Port 2 and Star- o
board 2 in Figure 1 have BAK-12 hydraulic systems modified to accept .
the modular hardware, i
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Figure 13 - Dual BAK-12 Arresting System
Control Panel

Figure 14 - Dual BAK-12 Arresting System Manual Hydraulic
Control Valve
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IV. TEST PROCEDURE

A. TEST OUTLINE: The test program was divided into a deadload pro-
gram, Phe e I, and an aircraft program, Phase II. Tabulated results of

_deadload o 1 aircraft testing are presented in Appendix B.

1. Phase I was conducted in three parts:

a. PART I: 16,000-pound deadload arrestments were conducted
ON-CENTER with the BAK-12 configured in the Single System, Dual System, and
the Single Mode to obtain baseline performance for the three configurations.

b. PART II: 16,000-pound deadload arrestments were conducted
ON-CENTER and 3 feet OFF-CENTER with the BAK-12 configured in the Single
System and Single and Dual Mode to investigate the effect of 1) reducing
the static brake pressure, 2) increasing the connector mass, and 3) engag-~
ing the hook cable 3 feet OFF-CENTER.

c. PART III: 16,000- and 35,000-pound deadload arrestments
were conducted ON-CENTER, 3 feet OFF-CENTER, and 11-1/2 feet OFF-CENTER
with the BAK~12 configured in the Single and Dual Mode to determine the
effect of engaging the aircraft arresting-hook cable OFF-CENTER. 90,000~
pound deadload arrestments were conducted ON-CENTER in the Dual Mode to
determine system performance with high-energy engagements and to demon~
st ate Mode selection with either the tower control panel or the manual
control valves.

2. Phase II arrestments were conducted with A-4, F-4, and A-3 air-
craft ON-CENTER and 11-1/2 feet and 30 feet OFF-CENTER with the system
configured for Single Mode operations to obtain aircraft performance data.
A~4 aircraft arrestments were conducted 11-1/2 feet OFF-CENTER with the
arresting system configured in the Single System and Dual Mode to compare
results with similar arrestments conducted with the Single Mode configuration.

B. —DEADLOAD'TESTING

1. All deadload tests were conducted at RSTS No. 4. Simulated
aircraft arrestments were attained by guiding a weighted vehicle along
7,400 feet of track at which point the vehicle left the rail system and
engaged the hook cable with an A-3 aircraft hook assembly which was at-
‘tached to the vehicle. The deadloads were ballasted to simulate appro-
priate aircraft weights. Each deadload was propelled by a four-wheel jet
car powered by either J48 or J79 engines. The jet car was arrested by a
system of trailing friction brakes which engaged a thickened section of
track rail .at the end of the launch stroke. By, proper selection of the
initial jet-car thrust setting or by incorporating an electro-mechanical
speed control, aircraft arrested energy levels can be simulated.

2. Once the deadload engaged tl. hook cable, directional and run-
out performance of the vehicle was determined solely by the arrestingsystem.

20
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3. Arrestments of deadloads weighing 16,000, 35,000 and 90,000
pounds were conducted at engaging speeds ranging from 79 to 167 knots.

C. AIRCRAFT TESTING: All aircraft tests were conducted on a 200-foot-
wide by 12,000-foot-long runway. All arrestments were of the roll=in type
; and were conducted on a runway heading of 300 degrees.

D. INSTRUMENTATION: All parameters that were measured were recorded 15

either by visual observation or by frequency-division multiplexing methods -

on magnetic tape. The data was permanently recorded on magnetic tape. I

An oscillograph was used to provide quick—-look data immediately after each :

test event. The quick-look data allowed immediate data review in order to

determine that all parameters were being recorded and that purchase~element

tensions and hook axial lovads were not exceeding specified Limits.

o It was also used for preliminary data reduction until computer plots of the
data were received. The following parameters were recorded:

Accurate Frequency 4

Within Response
Parameters Measured Means of Measurement @ (Hz)

e - e W W

Arresting System
(Port and Starboard)

i Purchase—element tensions 3-sheave tensiometer 5% 100
; : Purchase-element reel Magnetic coil 5% NA
Brake pressures Pressure transducer 3% NA [
. Reel RPM Rotary tachometer 5% NA N
E Deflector-sheave Magnetic coil 5% NA g
: revolutions ;
f Deadload E
1 Engaging Speed Magnetic coil 2 Kn NA 7
;% 4 Wheel revolutions Magnetic coil S% NA .
23 Hook axial load Strain gauge 5% 60 .
Longitudinal deceleration  Accelerometer 5% 20 b
Instant of engagement Break wire NA NA %
Deadload stop Reed switch NA NA ’ﬁ
Runout Painted deck marks 10 rt NA -

NA = not applicable ) §

(continued)
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Accurate Frequency
Hithin Response
Parameters Measured Means of Measurement *®) (Hz) )
e Aircraft
‘ Engaging Speed Magnetic coil 2 Kn NA
E Wheel revolutions Magnetic coil 5% NA
‘Hook axial load Strain gauge ’ 5% 60
‘Longitudinal deceleration Accelerometer 5% 20
‘Engine RPM Aircraft tachometer 5% 20
1 generator
t Runout Painted deck marks 10 Fc NA

f NA = Not applicable.

In addition to the above arrasting-system inctrumentation, an indicator
switch was wired to the mode-selection switeh in the power control
panel to indicate arresting-system mode.

E. PHOTOGRAPHIC COVERAGE

1. DEADLOAD

a, Still photographs of the arresting-system installation
were taken.

b. Four high-speed motion-picture cameras (500 frames per
second) were required for seclected arrestments to record any purchase-
element slip.

c. A high-speed motion-picture camera (500 frames per second)
was positioned at each of two deck sheaves to photograph the interaction
between purchase elements and deck sheaves.

2. AIRCRAFT

a. Aircraft-mounted high-speed motion-picture coverage
(200 frames per second) of the hook cable/hook pickup was used to
determine the exact engaging point.

b. High-speed motion-picture coverage (500 frames per
second) of the hook cable/hook interaction was used to check on pos-
sible aircraft damage from hook-cable dynamics. This coverage was
eliminated once it was ascertained that damage would not occur.
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c. High~speed motion-picture coverage (500 frames per sec—
ond) of the absorber engines was used to determine if any over-spin of
the purchase-element stack was present when arrestments were conducted
Into the Single Mode. This coverage was continued throughout the test

program.

d., Still pbotographs of the arresting-system installation,
modular installation, tower control panel installation, and equipment
failures were tcken. .

F. DATA PRESEHTATION

1. The maximun arresting-hook axial loads were plotted versus
engaging speed for each configuration. The least-squares =ethod was
used to reduce the individual data 9011ts to mean curves utiliziag the
following load equation:

. ) Mean load (pounds) = av® (knots).

Constants a and b were determined fron the test data using the least-
- squares method.

[ pe—

2. 1In Figure 27, presentéd on page 38, the solid curves are

the mean or regression loads and the dashed curves are the upper one-

sigma deviations from the mean curves, indicating the extent of the
load scatter. The engaging-speed limic is derived at the poiat at

which the upper one-sigma curve is intersected by the established air-

craft arresting-hook axial-load limit of cthe alrcrafc. Theoreti-

cally, the probability of realizing 2 load of less thaa one-sigza

is 0.84, and a load of more than one-sigma is 0.16. |

L 1
R LR

"

R

PRy

I 0 NI DT AP SN R T ] 5 SPBIBRL i A IO R R i

WHAE W



NATF~EN-1136
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V  TEST RESULTS AND DISCUSSION
A. PHASE T DEADLOAD TESTING

1. Rart I

a. The first 28 deadload arrestments of the test program.
comprise Part I of Phase I and were conducted with nitrogen in the
static accumulator pressurized to 175 psi. Baseline data of arrestments
into the Single-System, Dual-System, and Single Mode configurations of
the arresting system is presented in Figure 15. The results from thir-
teen ON-CENTER arrestments conducted with a 16,000~pound deadload com-
prise the data for the test points represented by the regression curve
in Figure 15 for a Single System.

b. Eleven ON-CENTER arrestments were conducted with a
Dual System and four arrestments were conducted into the Single-Mode
configuration. The test data showing the maximum deadload-hook axial
loading for Dual-System and Single-Mode configurations is represented
by the appropriate symbols in Figure 15. The maximum deadload-hook
axial load occurred in the dynamic region for 13 of the 15- arrestments
and in the frictional region during two arrestments. The occurrence
of maximum deadload-hook axial loading in the frictional region of the
arrestment is believed to be a result of the hook cable not being posi-
tioned ON-CENTIR during these two arrestments and therefore is not in-
cluded in the data presentation for the Single-Mode and Dual-System
regression curve because the results of these tests were intended to
show aircraft arresting-system inertial effects.,
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>

¢. No significant difference exists in the maximum deadload-
hook axial loads when ON-CENTER arrestments are conducted into either the
Single-Mode or Dual-System configurations. Maixmum deadload-hook axial
loads that occurred in the dynamic region of an arrestment were propor-
tional to the engaging speed, hook-cable density, purchase-element connec-
tor mass, and system inertia. The limited number of arrestments conducted
into the Single Mode, normal scatter in maximum deadload-hook axial load-
ing associated with tape purchase-element type arresting systems, and the
probability of engaging the hook cable exactly ON-CENTER account for the
slight variation in results obtained from Single-Mode and Dual-System tests..
For these reasons, one regression curve is pplotted to present maximum dead-
load-hook axial loading for both Single-Mode and Dual-System ON-CENTER per-
formance with a 16,000-pound deadload. The regression curves plotted in
Figure 15 will serve as a baseline for comparing results obtained when a
16,000-pound deadload is arrested by the BAK-12 Arresting System in other
configurations.

d. Figure 1( presents representative runout histories of dead-
load-hook axial loads of ON-CENTER 16,000-pound deadload arrestments conducted
into the Singla-Mode configuration and the Dual System.

e. Baseline performance, represented by the regression curve
in Figure 15, for the Single System shows an approximate 457 reduction in
maximum deadload-hook axial loading when compared to the baseline perfor-
mance represented by the regression curve for the Singlée-Mode and Dual-
System configurations. The maximum deadload-hook axial loads occur in the
dynamic region for ON-CENTER arrestments conducted with the 16..J0-pound
deadload for Single Mode and Single and Dual Systems. For this reason, the
reduction in maximum deadload-hook axial loading, when arrestments are con-
ducted ON-CENTER into the Single System, is a result of reduced system inertia..

2. PART II

a. Part IIL is comprised of 16,000-pound deadload arrestments con-
ducted to investigate: (1) the effect of reducing the pressure in the static
accumulator, (2) the effect of maxing OFF-CENTER engagements into a Single
System, and (3) the effect of increasing purchase-elemenl connector mass.

b. Figures 17A and 17B present regression curves for ON-CENTER
16,000-pound deadfoad arrestments conducted into the Single Mode and Single
System; respectlvely, with nitroger in the static accumulator pressurized
to 175 psi. The data for these curves was obtained during tests conducted
during Part I testing. Three arrestments were conducted into a Single-Mode
configuration--two arrestments with nitrogen in the static accumulator pres-
surized to 75 psi and one arrestment with nitrogen in the static accumulator
pressurized to 175 psi in one System. During this test, there was no charge
in the accumulator of the System with the modular hardware. In addition,
three arrestments were conducted into a Single System with nitrogen in the
static accumulator pressurized to 75 psi. Reducing the pressure in thestatic
accumulators, during the limited number of tests conducted, appeared to have
little or no effect on the arresting-system performance compared to similar
arrestments counducted with 175 psi of static charge.
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c. The results generated from six 16,000-pound deadload
arrestments conducted three feet OY¥F-CENTER into a Single System com-
prise the data for the regrassion curve for baseline performance for
this configuration. The ON-CENTER regression curve was reproduced from
Figure 15. Both curves are presented in Figure 18. No significant dif-
ference exists in maximum deadload-hook axial loading when arrestments
are conducted ON~CENTER or 3 feet OFF-CENTER into a Single System.
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Figure 18 - aseline Regression ~urves for ON-CENTER and
3-foot-0FF-CENTER At stments Conducted into
a Single System

d. Four arrestments were conducted into a Single System
configured with heavy mass compectors. Two arrestments were conducted
ON-CENTER and two arrestmen.s were conducted three feet OFF-CENTER. The
purchase-element—connector mess was increased by 59 pounds on both the
port and starboard purchase-eclement connectors. The increase in mass
was accomplished by adding a second purchase-element connector and adap-
ter to each terminal. The increase .n weight simulates the purchase-
element—connector mass when conductin, arrestments into the Dual System
and Single or Dual Mode. Because of th: limited test data and the nor-
mal scatter in maximum deadload-hook axial loading associated with the
dynamic portion of the arrestment, no defl.ite effect was observed from
these tests though the data ind! .ted the terdency of an increase in
the maximum deadload-hook axial l.oads when arrestments were conducted
with heavyweight connectors.
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. 3. PART IIT

i

i a. This phase of -deadload testing was conducted to determine

; the effect 6f positioning the hook cable OFF-CENTER. The Investiyation
was conducted to show the effect of timing the reflected port and starboard
kink waves so that they would reach the deadload hook out-of-phase, thereby
i reducing maximum dynamic deadload-hook axial loads.

b. Four 16,000-pound deadload arrestments were conducted into
a Single Mode; two arrestments were conducted ON-CENTER and two arrestmeics
were conducted 3 feet OFF-CENTER. The results of these tests are displayed !
by the appropriate symbols in Figure 19A. Because -of the limited test data,
no regression curve is plotted for these results. i

¢, Figure 19B shows the comparison of 16,000-pound deadload K
arrestments conducted ON-CENIER .and 3 feet OFF-CENTER into .a Dual Mode .
configuration. The results from four 16,000-pound deadload arrestments »
comprise the data for the 3-foot-OFF-CENTER regression curve plotted in

Figure 19B. The ON-CENTER regression curve displayed in Figure 19B was :
reproduced from Figure 15. -
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A significant reduction in maximum deadload-hook axial loading resulted
when conducting 3-foot-OFF-CENTER arrestments into the Single and Dual
Mode. When 3-foot~0FF-CENTER arrestments were conducted with the 16,000-
pound deadload, the reflected kink waves reached the deadload hook out-
of-phase :thereby reducing the dynamic deadload-hook axial loadings which
were the maximum loads recorded throughout the arrestments.

d. Testing was continued with the Dual-Mode configuration
using a 35,000-pound deadload to determine the effect of OFF—QENTER en-
gagements and to demonstrate the need for modular hardware. The data
in Figure 20 compares the effect of positioning the hook cable 3 feet
OFF~CENTER with comparable ON-CENTER arrestments. The maximum deadload-
hook axial load recorded during the three arrestments conducted -ON-CENTER
occurred:- in the dynamic portion of the arrestment. When the two arrest-
ments were conducted 3 feet OFF-CENTER, dynamic loading was reduced but
the frictional loading approached the dynamic loading of the ON-CENTER
arrestments. For this reason, only a slight reduction in the maximum
deadload-hook axial load occurred.

e. To further investigate the effects of OFF-CENTER engage-
ments with the arresting system configured in the Dual Mode, the hook
cable was positioned 11-1/2 feet OFF-CENTER. This is the maximum OFF-
CENTER distance that can be accomplished with an ON-CENTER installation
by positioning a 190-foot-long hook cable on a 225-foot arresting~sheave
span. Arrestments of a 35,000-pound deadload were conducted into the
Dual Mode. The regression curve for this data is shown in Figures 20
and 21. The data in Figure 20, when compared to the data for 3-foot-OFF-
CENTER engagements, shows that no reduction in maximum deadload-hook axial
load occurred during 1l1-1/2-foot-OFF-CENTER engagements. The maximum load
for all of the above OFF-CENIER engagements occurred in the frictional re-
gion of the arrestments.
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f. TFigure 21 compares 35,000-pound deadload arrestments
conducted 11-1/2 feet OFF-CENTER into a Single- and a Hual-Mode System.

Data for the Single-Mode rezression curve was obtained from the results

of three deadload arrestments. A substantial reduction in maximum dead-
load~hook axial loadingz occurred when the arresting system was config-
ured in the Single Mode. The maximum deadload-hook axial loads occurred
in the frictional regicn for all 35,000-pound arrestments conducted 11-1/2
feet OFF-CENTER. When arrestments were conducted into the Single-Mode
System, the frictional loading was reduced significantly because of the
modular hardware.
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Figure 21 - Regression Curves Showing Comparison of 11-1/2-Foot-
OFF-CENTER 35,000-Pound Deadload Arrestments
Conducted into the Single and Dual Modes

g. Figure 22 compares representative runout histories of
deadload-hook axial loads =f two similar arrestments conducted 11-1/2 feet
OFF-CENTER (in the Single Mode and Dual Mode). Both arrestments were con-
ducted with a 35,000-pound deadload. Though dynamic loading is approxi-
mately the same, a substantial reduction in maximum deadload-hook axial
loading resulted during Single-Mode operationms.
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h. Six 90,000-pound deadload arrestments were conducted
to determine Dual Mode performance and to demonstrate that mode selec-
tion can be obtained either electrically from the tower control panel
or manually from the control valves located on the aircraft arresting
system. Figure 23 displays the regression curve obtained from data
acquired from six .arrestments conducted with a 90,000-pound deadload
and the aircraft arresting system configured in the Dual Mode. All
arrestments were conducted ON-CENTER. Three arrestments were conducted
with electrical selection of the system in the Dual Mode and -three
arrestments were conducted with manual selection of the system in the
Dual Mode.
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B. PHASE II - AIRCRAFT TESTING

1. All afrcraft arrestments were conducted with nitrogen in the

static accumulator pressurized to 175 psi. During all aircraft arrest-
*ments conducted with the arresting system- configured for Single-Mode
operations, no problems were encountered with -the aircraft hook hanging
up in the aircraft arresting-hook cable at ‘the conclusion of the arrest-
ment. All aircraft had sufficient rollback to dislodge the hcik from

the cable because during Single-Mode arrestments; static pressure acts

on the friction brakes on the units with the modular hardware components
throughout the entire aircraft runout thus providing sufficient purchase-
eiement elongation at .the end of _the arrestment to roll back
the aircraft. During Single-System and Dual-Mode arrestments conducted
with the A-4 aircraft, the aircraft arresting hook did not dislodge from
the hook cable. The hook was .dislodged from the hook cable by inducing
aircraft rollback by retracting the BAK-12 System approximately 25 feet.
All arrestments were conducted with dry purchase elements. Dual BAK-12
Arresting System discrepancies which resulted during aircraft testing are
reported in Appendix C.

2. Figure 24 presents regression curves of maximum aircraft
arresting-hook axial-load data from all A-4 aircraft tests. The A-4
eircraft gross weight ranged from 14,700 to 12,60G pounds.

The results derived from eighteen 11-1/2-foot-OFF-CENTER arrestments
(nine arrestments conducted into the Single System and nine conducted
into the Dual Mode) comprise the data for the Single-System and Dual-
Mode regression curves. Single-Mode regression curves are presented for
12 ON-CENTER arrestments, eight 11-1/2-foot-OFF-CENTER arrestments, and
seven 30-foot-OFF-CENTER arrestments.

3. The effect of reducing maximum aircraft-hook axial loads by
engaging the aircraft arresting-hook cable OFF-CENTER was confirmed by
comparing ON-CENTER and 11-1/2-foot-OFF-CENTER arrestments conducted into
the Single Mode. A comparison of the ON-CENTER regression curve with the
11-1/2-foot-OFF-CENTER regression curve for the Single-Mode configuration
presented in Figure 24 shows an approximate 35% decrease in maximum air-
craft-hook axial load when arrestments were conducted 11~17/2 feet OFF-
CENTER. Because maximum aircraft-hook axial loads occur in the dynamic
region when conducting ON-CENTER arrestments with lightweight aircraft,

a shift in engaging position to either port or starboard of the aircraft
arresting-hook cable centerline will cause the reflectad kink wave to
return to the hook cable out-of-phase, thereby reducing the maximum air-
craft-hook axial load.
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4. By comparing the curves for Single-Mode and Single-System
11-1/2~foot-OFF-CENTER engagements presented in Figure 24, the.e is an
approximate 6,000-pound increase in the maximum aircraft-hook axial load
when arrestments are conducted into the Single Mode. The increase in
the maximum aircraft-hook axial loading, when arrestments are conducted
with the Single-Mode configuration 11-1/2 feet OFF-CENTER, is attributed
to an increase in system braking force due to static brzke pressure and
also, an increase in inertia.
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Figure 24 - Regression Curves for A-4 Aircraft (14,700 - 12,500 Lb)
Arrestments into the Single System, Dual Mode,
’ and Singie Mode

5. Seven A-4 aircraft arrestments were conductwl 30 feet OFF-CENTER
with the system configured in the Single Mode. No signiricant difference
resulted from 30-foot-OFF-CENTER arrestments when compared to similar 11-1/2-
foot~OFF~CENTER arrestments. Results of OFF-CENTER arrestments of the A-4
aircraft into the Single Mode are presented as a single regression curve and
one-sigma standard-deviation curve in Figure 27 on page 38. No adverse air-
craft swerve occurred when making A-4 aircraft arrestments up to 30 feet
OFF-CENTEK.

6. Nine A-4 arrestments were conductec 11-1/2 feet OFF~CENTER with
the system configured in the Dual Mode. The results of the tests are pre-
sented by the appropriate regression curve in Figure 24. Tests wete con-
ducted to show a comparison between Single- and Dual-Mode performance when
arrestments were conducted 11-1/2 feet OFF~CENTER. An approximate 25% re-
duction in maximum aircraft-hook axial loading resulted when arrestments
were conducted into the Single Mode at an engaging speed of 140 knots.
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7. A total of fifteen 4-3 aircraft arrestments was conducted
with the system configured in the Single Mode. Adrcraft gzross weight
ranged from 52,000 to 46,500 pounds. All arrestments were coaducted with
the aircraft engines set at IDLE thrust prior to engaging the hook cable
and the engines remained at this setting throughout each arrestment. A
regression curve of all aircraft-hook axial-load data from the A-3 air-
craft arrestments is presented in Figure 25.

a. Ten A-3 aircraft arrestments were conducted into the
Single Mode ~ six arrestments were conducted 11-1/2 feet OFF-CENTER and
four arrestments were conducted ON-CENTER. The maxinum aircraft-hook
axial loads are represented by the appropriate regression curves im Fig-
ure 25. No significant difference in maximum aircraft-hook axial load-
ing resulted between ON-CENTER and 11-1/2-foot-OFF-CENTER arrestrents.
Maximum aircraft-hook axial loads occurred in the dynmamic region for
three out of four ON-CENTER and five out of six 11-1/2-foot-OFF-CENTER
arrestments conducted with the A-3 aircraft.

b. Five A-3 aircraft arrestments were conducted 30 feet
OZF-CENTER and the results are represented by the appropriate regression
curve in Figure 25. Maxinum aircraft-hook axial loads were reduced when
arrestments were conducted 30 feet OFF-CENTER. The maxicun aircraft-hook
axial load cccurred in the dynamic region for all arrestmeats. Xc adverse
aircraft swerve occurred when making A-3 aircraft zrrestments uap to 30
feet OFF-CENIER.

8. The maximum runout recorded for amy A-3 aircraft arrestment
conducted into the Siagle Modz was 1,150 feet. This caxinus recorded run-
out occurred during a 136-knot 30-foot-OFF-CEXIER arrestcent.
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9. A total of fifteen F-4 arvrestments was conducted ON-CENTER,

11-1/2 feet OFF-CENTER, and 30 feet OFF-CENTER into a Single-Mode config-
uration. Aircraft gross weight ranged from 38,000 to 35,000 pounds. Fig-
ure 26 presents the regression curves obtained from four ON-CENTER, seven
11~1/2-foot-OFF-CENTER, and four 30-foot-OFF-CENTER arrestments. Maximum
aircraft-hook axial loading occurred in the dynamic region for ON-CENTER
arrestments and in the frictional region for 11-1/2- and 30-foot~OFF-CENTER
arrestments. Maximum aircraft-hook axial loads were substantially reduced
when arrestments were conducted 11-1/2 feet OFF-CENTER, compared to similar

ON-CENTER arrestments.

10. No aircraft swerve was encountered when making 30-foot-OFF-
CENTER arrestments with the F-4 aircraft. The aircraft remained stable
throughout the arrestment and final OFF-CENTER positions were within ten
feet of the initial position.

11. The maximum runout recorded for any F-4 aircraft arrestment
conducted into the Single-Mode configuration was 985 feet. This maximum
recorded runout occurred during a l43-knot, 11l-1/2-foot-OFF-CENTER
arrestment.
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Figure 26 - Regression Curves of F-4 Aircraft (38,000 - 35,000 Lb)
Arrestments into the Single Mode

No significant difference exists in maximum aircraft-hook axial loading
when arrestments were conducted either 11-1/2 or 30 feet OFF-CENTER.
OFF-CENTER results with the F-4 aircraft into the Single Mode are pre-
sented as a single regression curve and one-sigma standard-deviation
curve in Figure 27 on the following page.
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12, Based on A-4, F-4, and A-3 aircraft tests, all aircraft
arrestments with a gross weight of up to 52,000 pounds should ‘be con-
ducted with the Dual BAK-12 Aircraft Arresting System configured for
Singie-Mode operations. Performance curves for OFF-CENTER Single-Mode
arrestments with A~4, F-4, and A-3 aircraft are presented in Figure 27.

13. The A-4 and F-4 regression curves and the one-sigma standard
deviation curves displayed in Figure 27 are comprised from data generated ,
from 11-1/2-foot~ and 30-foot-OFF-CENIER arrestments with the respective
aircraft.

o P e ik

14. The regression curve and the one-sigma standard-deviation
curve for the A~3 maximum aircraft-hook axial loading presented in Fig-
ure 27 are comprised from data generated from 11~1/2-foot-OFF-CENTER
arrestments only. Maximum aircraft-hook axial loads resulting from
30-foot-OFF-CENTER arrestments conducted with the A-3 aircraft produced
lower loading when compared to similar 1l-1/2-foot-OFF-CENTER arrestments.
For this reason, the A-3 aircraft performance curves presented in Fig- o
ure 27 reflect only A-3 arrestments conducted 11-1/2 feet OFF-CENTER. E
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VI CONCLUSIONS

. A. No significant difference exists in the maximum deadload-hook
axial loads when 16,000-pound deadload arrestments are conducted ON-

CENTER into either the Single Mode or the Dual System. (Paragraphs VAlb
and VAlc)

B. 16,000-pound deadload arrestments conducted ON-CENTER into the
Single System prodiced an approximate 45% teduction in maximum deadload-

hook axial loading when compared to similar Single-Mode and Dual-System
arrestments. (Pusagraph VAld)

C. Reducing the pressure in the static accumulators during a limited
number of Single-Mode and Single-System arrestments had little or no
effect on the arresting-system performance. (Paragraph VA2b)

D. No significant difference exists in maximum deadload-hook axial
loading when 16,000-pound deadload arrestments are conducted ON-CENTER
or 3 feet OFF-CENTER into a Single System. (Paragraph VA2c)

E. No definite effect in maximum deadload-hook axial loading was
observed during Single-System arrestments conducted with heavyweight
connectors. (Paragraph VA2d)

F. A significant reduction in maximum deadload-hook axial loading
resulted when 16,000-pound deadload arrestments were conducted 3 feet
OFF-CENTER into the Single and Dual Mode when compared to similar ON-
CENTER arrestments. (Paragraphs VA3b and VA3c)

G. Maximum deadload-hook axial loads were not reduced substan-
tially when 35,000-pound deadload arrestments were conducted 3 feet

OFF~CENTER into the Dual Mode, compared to similar ON-CENTER arrestments.
(Paragraph VA3d)

‘H: A substantial reduction in maximum deadload-hook axial loads
occurred when 35,000-pound deadload arrestments were conducted 11-1/2
feet OFF-CENTER into the Single Made, compared to similar arrestments
conducted into the Dual Mode. (Paragraph VA3f)

I. Arrestments conducted with modular hardware incoxrporated in the
arresting system resulted in reduced maximum deadload-hook axial loads
that occur in the frictional region of an arrestment when the system was
configured for Single-Mode operations. (Paragraph VA3f)

J. A-4, F-4, and A-3 aircraft-'had sufficient rollback to dislodge

the aircraft arresting hook Erom the hook cable during all Single-Mode
arrestments. (Paragraph VBl1)

o i wem T M
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K. Maximum aircraft-hook acial loads for the A-4 and F-4 aircraft
were reduced by engaging the aircraft arresting-hook cable 11-1/2 feet
OFF—CENTER compared ‘to similar ON-CENTER arrestments. (Paragraphs VB3
and VB9)

L. No aircraft swerve was encountered when making 30-foot-OFF-CENTER
arrestments with the A-4, F-4, or A-3 aircraft. (Paragraphs VBS5, VB7b,
and VB10)

.

M. The data contained herein will enable the Naval Air Engineering
Center to prepare a family of performance curves for arrestments of air-
craft with gross weights up to 60,000 pounds into -the Air Force Dual
BAK-12 equipped with modular hardware and set for Single-Mode operations.
(Paragraphs VB12, VB13, and VB14)
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' VII RECOMMENDATIONS

< . A, Incorporate modular hardware on all Dual BAK-12 Arresting
Systems in service.

B. When the arresting system is set for Single-Mode operations,
conduct all engagements 10 - to 30 feet OFF-CENTER in order to maintain
maximum arresting-system capability.

.

C. The Naval Air Engineering Center should prepare and submit to .o
the United States Air Force a family of performance curves for arrest— z
ments of aircraft with gross weights up to 60,000 pounds into the Air
Force Dual BAK-12 equipped with modular hardware and set for Single~

Mode operatioms.
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VII1T REFERENCES

~(a) Naval Air Engineering Center Project Order No. 3-4015, Subj:
Evaluation of the Dual BAK~12 Arresting-Gear Modular Hardware
(12 September 1972), and Modification No. 1 to P.0. 3-4015
(1.0 August 1973)

{(b) Technical Manual, Operation and Maintenance Instructions (T.O.
35E8-2-5-1) for Aircraft Arresting System Model BAK-12/E32A
dated 1 August 1972
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APPENDIX A - PROCEDURE FOR HYDROSTATIC TEST OF MODULAR HYDRAULIC
COMPONENTS

The following procedure is required to insure that the modified piping
is completely subjected to a pressure test. This Appendix enumerates
the steps required on each modified engine prior to connecting the
engines together electrically.

1. With the arresting engine in the synchronizing configuration
(see paragraph 5-38 of Technical Manual, Operation and Maintenance
Instructions - 7.0. 35E8-2-5-1 - for Aircraft Arresting System Model
BAK-12/E32A dated 1 August 1972), rotate the cam approximately 230
degrees by manually rotating the cam drive sprocket (on the gear re-
ducer). The valve, NAEC PN 422350, labelled with tag "A" must remadn
open; valve, NAEC PN 422350, labelled with tag "B", must be open.

!4
i
i

2. With the rewind engine operating at 2,500 +100 RPM, rotate the
cam sprocket so that the cam approaches the 270 degrec mark. The brake
pressure will approach 2,60G PSIG.

3. Repeat steps 1 and 2 a minimum of three times or as often as -
required to visually check that no leaks are present in the modified =
piping system.

4. Return valve, NAEC PN 422350, labelled with tag "B" to the
closed position.

5. Return rewind system to operational configuration.

§. Return the cam to zero position and replace the cam reducer-
sprocket drive chain.

\
L




APPENDIX B - TABULATED DATA OF BAK-12 DEADLOAD AND AIRCRAFT TESTS

e d Arpesticg Sys
5'1?:9- idloa Purchase-- —- rake Pressure Deadload
ng Engag{ng Hook Axial tong. Config Elealenotj‘;'el?im Psnuc PSt Ar‘rz:'snwint
Event No. Wefght Speed Position 0ad Decel!  or ressure Gre 3 u
Proj/iite (o) _(kn) _(F8) (1,0001b) _(G) . Mode Dort¥ Ssmd¥ _(pS1) T .z T 2 _ (ft)
1 6012 16,000 120.3 O¢-CIR 46.3 2.45 g}g&l: 19.0 255 175 45 « 510 - 858 H
2 6014 - 137.0 . 40.0 2,23 * 18.0 19.0 - $00 - 520 ~ 910
3 6015 - 156.6 - . 2.61 - 25.5 5.0 - 655 = 690 - 899~
4 6016 . . - 68.1 3.38 - 27.4 25,4 - 640 - 750 - 94 :
5 6037 - 161.8 . 59.5 3.8 - 25.7 25.7 = 620 -~ 705 - 88
6 6018 - 140.3 - 42.7 2.27 = 21.7 21.1 - 530 - 510 -~ 851 )
7 6019 . 149.5 - B 2.13 . 23,6 24 ot 570 - 560 - 900 N
8 6020 - . - 2.2 1.43 = 155 165 - 255 - 35 - 795
9 6021 - 1n8.9 - 3.0 |19 . 185 19.2 = %5 - 380 - 840 H
10 6022 - 79.8 - 15.5 1.03 * 1.8 12.2 i 175 - 220 - s31 N
11 6023 - 14.7 - 3.0 1.75 = 17.8  17.1 - ¥ - 370 - 806 )
12 602% - 149.5 - 48.5 A - 25.1 25.1 * 60 - 63 - 866
13 6025 - 155.0 - 71.3 3.7 - 8.7 27,9 - 4244 625 - 893
14 6026 - 97.9 - 45.5 2.30 S?s‘:; 13.5 1.5 = 230 290 310 295 576 -
15 6027 - 83.7 - 41.5 2.17 = 16.1 14.0 - 200 238 225 20 510
16 6028 . 82.5 - 33.6 .n - 12.5 9.8 = 175 200 175 175 404
17 6029 - 14.3 - 3.8 2.31 - 15.0 134 ot 315 320 360 345 599
18 6030 - 130.4 - 67.4 333 " .0 7.6 - 3 435 425 [
19 €031 - 135.8 ot . 3.53 . 19.9 7 - 415 450 SIf 415 611
20 6032 - 142.3 - 8 4.00 *~ 19:3 18.1 = 4650 485 520 485 612
21 6033 - 126.0 - 60.8 2.8 - 17.3 152 - 385 420 405 599 H
22 6034 - 123.3 - §7.7 2.92 = .6 i5:0 - 3% 3%0 420 310 585 N
23 7035 - 117.5 - 53.0 2.84 » 14.5 13.8 - 34 50 370 370 57% :
24 6036 - 134.5 - .4 3.0 - 17.8 . - 475 430 425 435 563
25 6040 - 92.8 - 3.8 2.10 ngele 13.9 - - 150 125 240 175 438
26 6041 - $8.7 » 57.0 2.64 - 15.5 j2.2 - 220 175 249 175 524 :
27 6042 - 118.4 - 63. 3.0l " 15.3 5. 320 175 365 1715 5
28 6043 - 131.0 - 78.8 3.6 * . B - 405 175 420 175 615
29 5044 - 119.8 - £6.0 2.65 * E 13.9 75 3B & 40 75 675
N 6045 - 132.7 - 63,2 3.01 - 17.1 16.5 * 400 150 360 120 820
31 6046 = 117. = 56.2 2213 ¢ 15.5 147 1570 33 100 365 80 8% =
32 6047 - 117.9 3Port 3.9 1.0 = . 13.7 75 380 120 40 75 215 =
33 6048 - 132, - 41.5 2.35 = 16.6 16.5 - 430 160 510 125 820
3 6049 - 118.4 - 30.8 1.65 Single 15.6 17.1 * 35 - 450 - 825 ’
Sysiem
35 6050 = 133.3 = 13.0 1.66 - 0.6 209 = 55 ~ 5310 - 815
36 6051 117.5 - 3.0 1.88 " 15.2 155 - 420 - 485 - a3
37 6052t - 32. = 0.2 2.3 * .0 20.4 - 550 - 560 - 845
38 6053t - 114. ON-CTR 36.2 1.5 " 16.0 16.0 * 300 - &5 - 250
t " 132, - 2.0 2.58 * 19.2 .1 - 5 - 540 - 785
40 6055 - 142.3 . 48.0 2.50 e 2.6 -4 = 580 - 640 - 910
41 ¢0%8 - 131.6 - 40.1 2.19 - 13.9 19.4 = 25 = 580 ~ 545
42 6057 = 143.0 - 5.0 2.35 = 2.9 2.1 - 620 - 630 -~ 950
43 6058 - 142.3 3 Port 39.8 1.89 - 21,8 22.0 = g - 9 - 80
4% 6059 - 141.0 - 4.3 .03 o~ 0.7 .5 s 553 - 611 - 937
45 6060 - 152.6 - 1.4 2.3 " 3.4 5.4 3 & - 123 - &850
46 6061 - 165.4 . 61.2 2.92 * 7.7 3.9 bl 0 - 851 -~ &5
47 €082 - 20.8 - 44,65 2.42 &g 15.18 15.83 175 336 329 38) 358 680
48 6063 - 133.9 - 44.3 2.50 * 17.0 7.9 405 405 £33 404 716
49 - 143.0 .37 3.8 * 18.1 15 - §92 418 522 &80 736
6065 155. - 5.5 3.5 - . z0.7 - 526 537 632 S54% 580
51 6066 35,000 118.5 - Ly N e 1.6 13.7 e 451 43 497 455 KRR
52 6067 = 138.3 = €7.1 1.72 - 19.3 7.7 * €23 519 613 552 827
53 6068 * 1€5.3 - £3.6 2.3% - .5 . - 799 692 841 180 912
54 ¥4 = 120.8 - 68.6 1.61 Siryle 14, 8. = 455 175 175 -
55 6070 - 141.0 - 69.3 1.56  Hoce 8.3 18.6 = 582 115 684 175 933
5 8071 - 163.6 d 0.7 1.98 .l 2.8 23.0 = 817 2 933 175 AR
57 o172 - 323.3  ON-CIR 73.7 1.69 g:‘d: 15.2 15.5 d 421 475 1040 H
53 6073 " 141.0 - 7.1 1,74 - 18.4 18.6 * £52 566 681 362 910
53 6074 - 163.. . 0.1 2.13 = .8 22 - 741 731 7883 7718 9%S
&0 6075 - 117.0 3 Port 45.5 1.26 Single 138 15.8 - 420 W5 505 115 g0 B
61 6076 " 118.4 11,5 Pert  33.2 548 ¢ 15.0 158 7% 442 8 S8 116 1100
82 8027 * 139.5 - 44.3 L2 - .6 186 - 559 187 653 156 1112
53 €078 = 160.9 - 63.7 186 - 2.0 21.8 = BI2 254 900 212 AR
64 6079 - 1213 - $2.7 1.50 Dual 153 146 » 485 435 524 471 1023
65 6090 - 143.7 - 66.1 1.82 Moce 15.0 172.2 - €53 &]% 6e6 628
&6 6081 = 1€5.3 - 8.8 .17 * 2.2  21.3 = 826 &3 819 8% B8R
G oM DR Fme R oEowom @ -
63 608 - . - . . 3 R 23, = - -
63 6088 90,083 79.8 ON-CIR 41,3 »63  Cusl 10.0 13_5 - 265 259 381 281 763 s
70 6085 " 02.8 - 85.6 63 Mode 157 15.4 - 356 413 S14 45} %%
71 6335 = 120.1 - 67.2 .£5 * 16.0 17.3 = E37 553 633 565 1o
2 687 " 137.0 - 78.0 97 - 2.3 230 - 6§74 723 274 705 1072
73 €83 = 143.5 - 93.2 1] - 2.8. 2.2 - 771 835 94 835 A7
75 8039 - 167.0 - 117.3 1.3 - 6.3 1.9 » g3 1o 1072 A1 128

RR = Rt recorded.
* 175-psi statfc pressura on port 1 and stdd T, O-psi statdc pressure on port 2 and stod 2. :
t With Z adipters (PN 71223-01], and 2 extra purchase-elesent Lonsctors. -
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tngaz- tngaging

Positicn Hook Axfal Llong.

Purchas
Config Element Te
or

ing

Event No. Kefght S . ]th Load Decel 000 Lb

Praf _Site Date  Type _{tb) X5 arget tual (1,000 tb) _{G) _Mode Pert ¢!
1 3L915  7-16-74 A4 14,700 102 [ 0 42.9 2.8 Single 126 130
2 31,96 . = 14,300 115 . - 50.7 3.4 Mode 12.8 158
3 3,517 - - 13,700 15 * 5P 459 3.0 = 133 143
4 31,918 = = W50 17 - . 51.5 3.3 = 152 145
5 31,919 - = W10 120 N « 53.4 3.5 = 156 W45
6 31,920 " 130 125 = L5p s 3.2 = 155 154

7 32,009 9-12-74 * 14400 AR - 0 AR R . AR NR

8 32,030 - s 13,2060 AR = 1.6$ NR AR - KR R
5 32,001 91778 ¢ 14,400 12 = 055 59.2 3.1 = 152 154
032,022 . = 14,000 127 - 0 51,4 3.1 * 150 5.4
132,03 - = 13,600 126 = L0S 582 3.2 = 162 1.5
12 32,0% . s 13,200 129 = 5 61.2 3.5 = 155 155
13 32,08 - 12,800 132 = 055 69.7 4.0 ~ 169 167
14 32,035 . * J2.650 135 * 055 629 3.9 = 181 162
15 32,03 . = 15,400 118 11.5P 11.5P 311 2.1 = 133 150
15 32,08 . - 13,80 120 - - N 2.1 = 152 15
17 32,039 13,60 127 = 0P 39 2.5 =169 157
18 32,040 - = 13,10 135 = 5P 312 2.5 = W7 115
E 19 32,081 9-18-74 = 14,500 134 = 10.5p 442 2.6 = 65 161
20 32,042 - " 14,200 140 = 5P 456 2.9 = 167 174
21 32,083 - = 15,000 143 = J2.0P 433 3.0 = 1.9 1.5
22 32,048 - - 13,600 148 < 1L5p  49.8 3.3 = 187 183
23 32,03 - = 13,283 16 - - 38.9 2.7 el 135 129
24 312,035 9-19-74 = 15,403 125 = 12.5p 512 3.2 mée 154 151

25 32,047 = = 13,800 132 * 120P 60.3 3.9 < 151 s,
26 32,04 - 14,400 132 - = 50.9 3.7 = 1.6 154
27 32,049 . 14,100 137 = J2.5f 5.2 3.7 v 164 160
28 32,050 . - 900 141 = 12.0P 59.2 3.6 = 169 8.6
29 32,081 - 13,59 147 * .5  SL7 4.4 = 1.9 185
30 32,052 - " 13,200 152 * 120p 621 4.6 = 196 182
- 31 32,083 - = 12,9 M2 = N.5Pp 339 2.4 LIRS T35 T
32 32,08 - = 12,669 106 23.0P 23.0P 7.4 1.9 Single 13.5 13,5
= 33 32,055 - = 34,400 2 30.0P 30.0 29.1 1.5 Mode 145 132
= 3% 32,0% - = 1,200 13 = 33.5 1.9 = K5 ILT
35 32,087 . 1380 13 = 30P 393 2.4 = 146 154
36 32,05 - = B9 129 * 80P 3. 2.4 = 158 161
37 32,055 - = 13,20 13 = . 43.5 2.6 = yi 168
33 32,060 - * 13,000 14 = 30.0P SL2 313 v, 189 18.3

3 33 32,168 2-3-75 ¢ 13,00 R ILSP 12.0P W R oSaten WM
E 40 32,165 2-4-75 * W0 W = nse MR 5 - AR R
=5 41 32,166 - » 13,8% R = 90p AR ® - NR AR
E 22 32,414 32675 "= 13,30 1o = 5P 233 1.5 * 168 154
43 12,45 . s 13,40 10 = 12.0P 2.8 1.4 = 7 163
4 32,86 . - 14,00 123 = NSsF 1.8 2.8 = 218 225

xfs 45 36000 7-7-75 7 15,30 = = 10.0P NR "R - ) KR

] 45 36,001 7-8-75 " 15,20 R = 7.0°P " R . K R
E 47 36,62 - = 13,500 127 = 100P 292 2.2 « 187 200
43 35,003 . = 1,33 139 = 13.0P 3% 2.0 = 216 217
49 35,004 - 14,000 13 = 1007 302 1.7 = 132 196
53 36,055 - * 13,60 138 = l0.5P 29.9 1.9 = 23 23
51 35,006 - = 1330 1 = 50P 50.3 3.3 .22 7
52 36,607 - - 151 *  1G5P 44 2.9 = A.8 2.6
53 36,133 91575 F-& 37,000 12 = IL5P 48,7 1.1 Single 201 2.9
E 55 35,140 . 365,600 120 - . 523 1.0 6.4 1.4
: 55 35,142 9-16-75 = 33,600 1% = 0P 452 1.2 = 138 178
55 35,143 - L = I1L5P 490 1.3 = 185 2.6
= - 57 36,144 - = 36,80 14 = 1.0P 550 1.5 = 2.0 208
E £+ 36,34 10-2-75 A-3 52,00 9 * WN5P 588 1.3 = 14,2 146
. 53¢ 36,365 - = L0 1z = 120P 537 1.3 = N7 .0
60 35,3% - * 50,80 128 = N.5P 588 1.1 +  1BS W5

E - 61 36,37 10-2-75 A-3 50,690 132 IL5P 19.5P  59.4 1.3 Single 191 2L
62 36,33 10375 * 50,80 14 = 1B0P 6.3 15 tode 25.9 29.?
63 36,% = " 540 W 0 2.0P 447 IR 4.7 144
65 3830 - = 3940 i@ = - 61.9 L - I 193
65 35,311 - L 0 - I ) o . 6.6 1z 19.2 222
6 36,33 10-1595 = 50,600 165 3.0P 25.0P R ®mo" 13.7 184
67 5,79 - = 5,5 15 . . N [ 1.5 18.9
£ 36,391 - = 51,009 107 - - 43.1 g7 * 3.8 15.2
&8 3832 5,89 1 = - $3.9 1.0 = 185 175
0 036353 - " 0,00 1% = .0P 538 W - 0.0  13.6
n B - " 49,600 U1 1L5P ISP 482 05 " 145 155

72 35335 1041575 = 52,28 105 0 .0 P R Mo iR AR
73 353 ¢ = 516X 13 30.0P 2BOP 506 1.0 " 175 1838
73 %5397  4,5m 123 = BOP 434 IS Wy 122
5 1,38 ¢ " 4550 122 ¢ 0 7. I B 6.9 162
76 36,49 1-28-76 F-4 37,59 * LeP 889 28 - 15,1 175
) 3680 109 = . 417 s " T B T

73 35458 - S T - B »® MR [ S ey xR
] 7 AP 16 T BTN 16 9 ) 2.8 1.6 s 139
s 3850 - 5 I = 0SS 5.5 1.6 = 14.6 158

g+ 35,501 * o B x xR R R - X R
35, - " 35,50 15 ) ] 73.1 2z - 20.5 2.8

g3 35,503 - = I R AR n R . R ()
BO35,508 1376 T 3A W3 ISP 1ASP 4] | 17.7 188
g5 36,55 ¢ Tk 1% = 5P 543 - 0.2 2.5
56 35.5% - * I5EX I 0P NOP 4. .30 .6 117
81 3507 - 5 1% - - 45.8 3 - 7.3 184
5 5 M2 - *B5 N3 = noP 519 | I 1.8 L9
= g 3559 - X B - R = <] = w® R
E »50 % - >4 = nr 55,0 .6 - 2.6 2.8

o)
= AR = Not recoréed.  NA # Mot applicadle.
$ = Starbosrd. P = Port.

) * Power to port solensld valve inadvertently disconnected,
theredy sending those valts Inio Tual ¥ode while stir-
= board mnits recalned In Single Mode.
E T High lcading caused by cxcessivs taps slip; test event not
= _incloded-{n performnce cirys. ) - o

Presslure

175

—
LI R ] LR B B “an e aT ey LI I L] *RS S L AL B I IR B AR I | LI L I

"

Arresting Systen
ha Brake PFressure Afrcraft
S

Qe
nsion Static

Arrestoent
ort St Rurout
0 N 2 N 2N Ft
319 175 33l 125 460
W2 * 462 ¢ 430
38) * a2 - -
373 = 428 ¢ -
8] = 428 " .
42 " 419 - 510
MR " N " 430
NR * KR * 480
463 " 483 * 550
483 " 548 *° 505
42 = 492 * 490
475 * 512 * -
49 = 554 - 495
485 = 557 * 450
425 = 453 *~ 570
a6 * 451 - 530
462 = 513 = -
499 = 538 = 540
§22 ° 604 " 545
50 * 619 * 550
599 = 65 * 550
604 " 617 " 555
379 401 411 433 490
411 475 534 415 530
489 503 529 554 510
485 498 4953 530 520
519 537 554 v
535 534 554 600 505
559 558 598 510
601 592 6356 651 525
354 364 378 408 500
358 175 354 175 s10
33 = 3/ " 525
413 = 418 " 535
458 % 458~ 540
508 " 501 0~ 560
B85 * 561 " 580
613 ° 610 ¢ -
KR XA KR NA 850
KR NA NR RA 750
KR M KR KA -
463 XA 489 XA 700
487 NA 488 WA 690
613 XA 642 KA 739
MR M R KA KR
R M K NA 820
551 HA 603 HA 815
631 M 61 NA 860
552 KA 620 NA 855
585 KA 626 MA 850
705 KA 715 MR -
710 M 744 KA 830
503 175 520 175 780
854 " 665 830
7% " 7157 " AR
79% = 755 * =R
8% = 813 * ®
569 5%0¢ 591 * KR
553 683 - AR
319 175 835 * KR
858 175 835 175 1000
1035 " 104 - 1150
86 " €25 * 1025
767 = 881 ™ 1070
9% " 956 ~ 1120
83 Y 50 - 550
766 * 739 = 1050
556 ~ 518 " 1000
83 = 755 " 1120
925 * & " s
81 " 597 0= 1010
N KR 950
735 " IW - 1120
63 * 715 -~ 1015
606 * 1% * -3
48 * 423 - 105
51 " 563 *~ 755
m ® = " L]
5 * 578 ™ 765
e - N5 = 815
M * KR - xR
1052 * 185 - 915
KRR * MM - [
915 * g2 * 95
1035 T 1w ot 970
818 = 775 = %0
852 ~ 71z ¢ 8%
028 - 912 * 940
® " R - R
6 = 1010~ 95
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i APPENDIX C - NAVAIRTESTFAC DISCREPANCY REPORTS -APPLICABLE TO- THE
R BAK-12 ‘ARRESTING SYSTEM.

NAVAIRTESTFAC Blue Sheet NAVAIRENGCEN
L No. aanate i "Di;crepancy andect1on Taken ~ Date - Acgion/RepLj

BAK-12-1 Rain can-drip in through-mufflier and 6-Aug 1974 Copy sent to J. Shields (Air
30-Jul 1974 settle in-manifold causing.extensive i Force). SAMMA has-cognizance
damage to -retract-engine. of this -equipgment,
Action Taken: Removed-muffler, -in-
serted 90° &lbov and- nipple, and re-
attached muffier.

BAK-12-2 52-D-338-rewind clutch hub failed -6-Aug 1974 Same as above.
30 Jul 1974 during retract. Hub should be fab-

ricated from steel rather than

brittle cast material.

Action Taken: Replacement hub or-

dered from SAAMA. Three remaining

hubs removed for dye-penetrant

inspection.

BAK-12-3 Second 52-D-338 rewind clutch hub None.
8 Oct 1974 failed during retract. Hub should

be fabricated from steel rather than

brittle cast material.

Actjon Taken: Spare hub inspected,
magnaf luxed, and installed.

' BAK-12-4 Raised matal keeper on 66-D-1751 None.
8 Oct 1974 tape connector deforms and allows
pendant pin to rotate. Keeper
should be strengthened or enlarged.
Action Taken: Connectors are in-
spected following each arrestment.

BAK-12-5 Crack developed in 65-D-1751 tape None.
8 Oct 1974 connector. Connectors should be

redesigned if similar failures oc-

cur at other stations.

Action Taken: Connector was re-

placed.

“ -

-

BAK-12-6 Third 52-D-338 hub rewind clutch 9 Apr 1975 Reply/Action from San Antonio
11 Feb 1975 failed during retract, Hub should Air Logistics Center, Kelly Air
be fabricated from-steel rather than Force Base, Texas: ..
brittle cast material. Discrepancy reported has been
Action Taken: Spare hub installed. investigated and corrective ac-
: tion taken as follows:
‘ a. Drawing 52-D-338 revised
; to require hub fabrication from
steel. This will affect hubs
procured for use with BAK-12
systems using clutch-type rewind
systems.

b. On new pin drive rewind
system using a steel weldment,
hub is being furnished with all

’ new BAK-12 systems and will be
* used-on attrition basis to re-
place all pin drive hubs now in
service.
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