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I INTRODUCTLON

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 broad that the energy capacity of any existing single arresting sys-
tem is not sufficient to accommodate the full energy requirements of
all arrested landings. For example, arrestments of a 120,000-pound air-
craft at a speed of 160 kf.ots require an arresting system with an energy
capacity of approximately 136 million foot-pounds, which is significantly
greater than that of a single BAK-12/E32A system (hereinafter referred
to as BAK-!2).

2. With the use of high-strength air-raft arresting-hook cables,
it is entirely feasible to use two BAK-12 systems te arrest heavyweight
aircraft. A Dual BAK-12 System was tested at the Flight Test Center at
the Edwards Air Force Base; the results of those tests validated the fea-
sibility of the dual concept.

3. The strength of various aircraft arresting hooks is generally
proportional to 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 generated by
the Dual System will present no critical problems for heavyweight aircraft,
These same loads, however, may exceed the strength limit of hooks on light-
weight aircraft. it becomes necessary, therefore, to provide some means of
accommodating the lightweight fighter aircraft. This can be accomplished
by providing a method which utilizes the braking force of only one of the
BAK-12 systems.

B. FORWARD

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

Ref: (a) Naval Ai Engineering Center Project Order No. 3-4015, Subj:
Evaluation of the Dual BAK-12 Arresting-System Modular Hard-
ware (12 September 1972), and Modification No, 1 to Project
Order No. 3-4015 (10 August 1973)

5
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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

= - the system installed on a 225-foot arresting-sheave span to obtain base-

line performance data for the Single and the Dual BAK-12 (1,200-foot runout)
f Aircraft-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 the system installed
on a 225-foot arresting-sheave span to obtain aircraft performance data.

II INSTALLATION

A. GENERAL: All tests were conducted with the system installed as
shown in Figure 1. The aircraft-arresting system was installed on a
225-foot arresting-sheave span with a 30-foot split distance measured
from the centerline of the inboard arresting sheave to the centerline of
the deflector sheave. The nylon purchase elements were connected to the
hook cable with purchase-element connectors and adapters. Tensiometers
were installed to record purchase-element tension for units Port 1 and
Starboard I for both deadload and aircraft tests.

B. BOLTED INSTALLATION (DEADLOAD TESTS)

i. In order to expedite the installation at RSTS No. 4, the Dual
Arresting System was installed on the UMP (Universal Stunting Pad) (see
Figure 2). This type of installation enables the arresLing 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 liP
(12WF58 beam assemblies) with eight 1.125-inch-diameter high-strength

V 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 (l-8UC-2A, 100,000 f
UTS (minimum)) that were torqued to 140 to 160 foot-pounds. These bolts re-
place bolts, PN 52-B-3728, (1-8UG 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.

A
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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).

5. The arresting-sheave base plates were secured to the UMP by
thirty-six one-inch-diameter through bolts.

C. EXPEDITIONARY INSTALLATION (AIRCRAFT TESTS)

1. Dimensional restraints for the installation of the BAK-12
Arresting System for aircraft tests at the NAVAIRTESTFAC runway were
identical to those shown in Figure 1. For these tests an expeditionary-
-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).

3. Each of the four arresting-system energy absorbers was

secured to a 5-foot-wide x U3.5-foot-long x 1-inch-thick steel-plate
by eight 1.125-inch-diameter through bolts whicu were inserted through
the existing mounting holes in the absorber base. The absorber base

plates were secured with earth anchors and cruciform stakes 
as shown

in Figures 7 and 8.

4. The ruwnay configuration was installed with a relative 2%
slope between the arresting-sheave assemblies and the energy absorbers.

5. Arresting engines, designated Port 2 and Starboard 2, had
to be connected electrically. This was accomplishedby burying-a shielded
four-conductor cable in a transverse runway expansion joint to a depth of 1.

approximately four inches.

6. No deadmen were used for this installation.

I-I GENERAL DESCRIPTION OF DUAL BAK-12 SYSTEM

"I A. PURPOSE: As aircraft have grown faster and heavier, it has become (
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
BAK-12 Arresting System with its increased absorbing capacity can safely
arrest all types of heavyweight hook-equipped aircraft. The increase in
system inertia and higher braking forces generated by the Dual BAK-12 Systeme impose a severe penalty on the maximum permissible engaging speed for light-
weight aircraft. In order to upgrade the Dual BAK-12 System for use to
arrest lightweight aircraft, a modification to two BAK-12 units would, when
actuated, prevent hydraulic pressure from acting on the brake assemblies
thereby reducing the total braking force when arrestments are made into the

j Dual BAK-12.

10



NATF-EN-1136

LO - r

N-

Rol' II

'-4~

---

I 1

4<

00 -co

TM-



7- -7 777777

NATF-EN-1136

DIRECTION OF ENGAGEMENT
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HO6E - PLCE FO OE-28PAE O

EAT>ACO STAKESEAT-NH BRACKET$j
Figure~~~~~~~~ 5- DulBK1 resigSse eai xeiinr
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1 .25-NENDI}~LER 2 UHOI~EE

HOLE~~~~~~~ W7 LCE O HL LCE, OEATNACURBRCET ERh-NHO TAP
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Figure 6 - Iual BAK-12 Arresting System Expeditionary
>1Installation of Deck Sheave
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%~
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figure 7 -Dual BAK-12 Arresting System
Absorber Base-Plate Detail

Figure 8- Dual BAK-12 Arresting System Expeditionary Absorber
Install ation
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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 cable.

c. Modular Hardware: Equipment (consisting of suitableIvalves, 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 degraded.

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) connected by
a single 190-foot-long by 1-1/4-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 units are installed with modular hardware, the hydraulic system
performs identically to a Dual System in that the hydraulic pressure gen-
erated 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,

-t on units designated Port 2 and Starboard 2 in Figure 1, modified to

SRef: (b) Technical Manual, Opexation and Maintenance Instrictions (T.0.

35E8-2-5-1) for Aircrf-t. Arresting System Model BAK-12/E32A
dated 1 Aug 1972

14



tI

t it

-P 4-1

MMI-

ciit

f 41- U

cn

iL-0

Iffi0

.9.5



7F

( NATF-EN-1136

5 include the modular hardware, was hydrostatically tested in accordance
with Appendix A - Hydrostatic Test of Piping on Modified BAK-l2 Aircraft
Engines. Except for the Single-System configuration, all arrestments
were conducted with four energy absorbers, two each on either side of 4
the runway.

3. With the arresting systems in the battery pGsition, 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-
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.

4. The aircraft is then disenge;ged from the hook cable and
the purchase elements are rewound on tht reels for the next arrestment.

SC. PRINCIPLE OF OPERATION

'i. BAK-12 HYDRAULIC SYSTEM: The hydraulic system, Figure 10,
is a velocity/position-sensitive control system which is powered by a

reel-driven pump. The hy-iraulic 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 co 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- u -

tings can be accomplished. A static pressure systcm is used to apply " r
a pressure to the brakes so that Ler;i.on can be maintained on the pur-

k ,chase elements and hook cable in the battf. •. VI-n. The system
consists of an accumulator, a fluid-replet, Lng 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'b
which also serves to "lock out" the staLc pressure once the main hy- U
draulic-system pressure t..ercomes the preset static pressure. Once
the shuttle valve locks out the s'atic pressure, the valve will remain
in that position until manually reset.

2. BAK-12 HYDRAULIC SYSTEM WITH. MODULAR HAIRDWARE: 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- 1,

A ,tings used as a bypass during Single-Mode operations (Figures 11 and 12).

16
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Figure 10 -Schematic of the 'Hydraulic System of the DulO
BAK-12 Prresting System
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Figure, 11 -Schematic of the Modular-Hardware Hydraulic System
of the Dual BAK-12 Arresting System
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II
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Figure 12 - Modular Hardware Hydraulic System Bypass of the
Dual BAK-l2 Arresting System

a. Single-Mode Operations: When the arresting system
is in che Singl_-Mode configuration, the valves, tubing, and fittings
are us,:A 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 electr., ali) from the control panel, Figure 13,
or manually from the deck edge, Figure 14. The engines with the mod-
ular hardware will supply only static pressure to the brakes through-
out the entire arrestment. Because the shuttle valve on the energy
absorbers with the modular haxdware does not sense any hydraulic-pump
pressure when ay :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.

3. The two aircratt 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-
board 2 in Figure I have BAK-12 hydraulic systems modified to accept
the modular hardware.

-18



4C

_ ( NATF-EN-.1136

-r I

~~Figure 1 Dual BAK-12 Arresting System na yrui
Control anvel

19_ _ _I



: _ .- - - . .. .. - .. . -= ... - . . ... ..

NATF-EN-1136.

IV TEST PROCEDURE

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

deadload .1 ' aircraft testing are presented in Appendix B. i .

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 111: 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 coiuducted at RSTS No. 4. Simulated
aircraft arrestmenLs 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 sinulate 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-
I -out performance of the vehicle was determined solely by the arresting system.
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3. Arrestments of deadloads weighing 1.6,000, 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
either by visual observation or by frequency-division multiplexing methods
on magnetic tape. The data was permanently recorded on magnetic tape-.

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 loads we-re not exceeding specified limits.

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

Accurate Frequency
Within Response

Parameters Measured Means of Measurement itn (Hz)

Arresting System
(Port and Starboard)

Purchase-element tensions 3-sheave tensiometer 5% 100

Purchase-element reel Magnetic coil 5% NA
revolutions

Brake pressures Pressure transducer 3% NA

Reel RPM Rotary tachometer 5% NA

Deflector-sheave Magnetic coil 5% NA
revolutions

Deadload

Engaging Speed Magnetic coil 2 Kn NA

Wheel revolutions Magnetic coil 5% NA

hlook axial load Strain gauge 5% 60

Longitudinal deceleration Accelerometer 5% 20

instant of engagement Break wire NA NA

Deadload stop Reed switch NA NA

Runout Painted deck marks 10 Ft NA

NA = not applicable

(continued)
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Accurate Frequency
Within Response

Parameters Measured Means of Measurement (±) (Hz)

Aircraft

-Engaging Speed Magnetic coil 2 Kn NA

Wheel revolutions Magnetic coil 5% NA

-Hook axial load Strain gauge 5% 60 F
Longitudinal deceleration Accelerometer 5% 20

-Engine RPM Aircraft tachometer 5% 20
generator

Runout Painted deck markg 10 Ft NA -

NA = Not applicable.

In addition to the above arrasting-system inttLrumentation, an indicator
switch was wired to the node-selection switch 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 se lected arrestments to record any purchase-
element slip.

c. A high-speed motion-picture camera (500 frames per second)
was positio c 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 c(500 frames perb. Hgh-pee moionpicurecoverage(50faepr

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 photographs of the arresting-system installation,

modular installation, tower control panel installation, and equipment
failures were tvken.

F. DATA PRESENTATION

1. The maximum arresting-hook axial loads were plotted versus
engaging speed for each configuration. The least-squares method was
used to reduce the individual data points to mean curves utilizing the
following load equation:

Mean loid (pounds) = aVb(knots).

Constants a and b were determined from the test data using the least-

squares method.

2. In Figure 27, presented on page 38, the solid curves are
the mean or regression loads and the dashed curves are the upper one-
sigma deviations from the nean curves, indicating the e-ten- of the
load scatter. The engaging-speed limit is derived at the point at
which the upper one-sigma curve is intersected by the established air-
craft arresting-hook axial-load U [mit of the aircraft. Theoreti-
cally, the probability of realizing a load of less than one-sigma
is 0.84, and a load of more than one-sigma is 0.16.

- 2
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71 V TEST RESULTS AND DISCUSSION

A. PHASE I DEADLOAD TESTING

1. Tart I

c 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 raximum 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-CEY7-ZR 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.

' O 8 100 120 140 10 10

11 Trr-qf

1~~_ 41IN QP.FO(

INGLE-MOD NDs DUAL-SY TeEM

[°~~RC Systems CURVEge od

42

0 o 100 120 10 160 10
ENGAGING SPEED (N

Figre 5 BselineRegression Curves of 16,000-Pound Deadload
Arrst-iens CndutedON-CENTER with Single and Dual-

Systems and Single Mode
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c. No significant difference exists in the maximum deadload-

hook axial loads when ON-CENTER arrestments are conducted into either the
Single'-ode 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-

I" . 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 plotted to present maximum dead4
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 1C presents representative runout histories of dead-

load-hook axial loads of ON-CENTER 16,000-pound deadload arrestments conducted

into the Single-Mode configuration and the Dual System.

e. Baseline performance, represented by the regression curve

in Figure 15, for the Single System shows an approximate 45% reduction in

maximum deadload-hook axial loading when compared to the baseline perfor-
mance represented by the regression curve for the Single-Mode and Dual-
System configurations. The maximum deadload-hook axial loads occur in the
dynamic region for ON-CENTER arrestments conducted with the 16.L30-Dound

7deadload for Single Mode and Single and Dual Systems. For this reason, the
reduction in maximum d- aca -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 II is comprised of 16,000-pound deadload arrestments con-

ducted to investigate: (1) the effect of reducing the pressure in the static

accumulator, (2) Lhe effect of mneing OFF-CENTER engagements into a Single

System, and (3) the effecL of Icreasing purchase-elemenL connector mass.

-b. Fi Lres 17A and 17B present regression curves for ON-CENTER
16,000-pound dea3load arrestments conducted into the Single Mode and Single
System, respectively, with nitroge. 1r. the static accumulator pressurized

to 175 psi. The data for these curves was obtained during tests conducted-

during Part 1 testing. Three arrestments were conducted into a Single-Mode

configuration--two arrestMents with nitrogen in the static accumulatot pres-

surized to 75 psi and one arrestmant with nitrogen in the static accumulator

f pressurized to 175 psi in one System. During this test, there was no charge '1

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 the static 4
accumulators, during the limited number of tests conducted, appeared to have

little or no effect on the arresting-system performance compared to similar

arrestments conducted with 175 psi of static charge.

25
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c. The results generated from six 16,000-pound deadload
arrestments conducted three feet OFF-CENTER into a Single System com-
prise the data for the regression 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. "

80121

0forN ONCNTRan.

a -E -'GESSION~ Y j CUR ffI
WGGING SPEED (M')

I Figure 18 - i aseline Regression "urves for ON-CENTER and
3-roor-OFF-CENTER Ai istments Conducted into

a Single System[i
d. Four arrestnnts were conducted into a Single System

Eta configured with heavy mass conpectors. Two arrestments were conducted
I ON-CENTER and two arrestmens ere conducted three feet OFF-CENTER. The

4 purchase-element-connectox mna.ss was increased by 59 pounds on both the
port and starboard purchase-element 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-

j element-connector mass when conductin., arrestments into the Dual System
and Single or Dual Mode. Because of thw. 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

a{ these tests though the data ind! .Lted the terdency of an increase in
the maximum deadload-hook axial loads when arrestments were conducted
with heavyweight connectors.
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3. PART III

a. This phase of deadload testing was conducted to determine
the effect of positioning the hook cable OFF-CENTER. The invetigation
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
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 arrestmetics
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.

c. Figure 19B shows the comparison of 16,000-pound deadload
arrestments conducted ON-CENTER 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.

ODNG - -0 ... .1.0

.... H .4 +

NN ...

Figure Ig - Regression Curves Showing Comparison Between
ON-CENTER and 3-Foot OFF-CENTER Arrestmnents

! of a 16,000-Pound Deadload into a Single Mode

and a Dual Mode
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-I A significant reduction in maium
n 

deadload-hook axial loading resulted ;i

when conducting 3-foot-OFF-CENTER arrestments into the Single and Dual

Mode. When 3-foot-OFF-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. 'I•

d. Testing was continued with the Dual-Mode configuration .I
using a 35,000-pound °deadload to determine the effect of OFF-CENTER 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

A 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 4
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 3-
load occurred during 11-1/2-foot-OFF-CENTER engagements. The maximum load

for all of the above OFF-CENTER engagements occurred in the frictional re-
gion of the arrestments.

.~~10 ... ......, Ts 'KEY

ILLR

"O-I- T-O-CE('E .. ..
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-" Figure 2 0-- Regression Curve Showing Comparison Between ON-CENTER
i:[ iand OFF-CENTER 35,000-Pound Deadload Arrestments

Conducted into the Dual Mode
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f. Figure 21 compares 35,000-pound deadload arrestments
conducted 11-1/2 feet OFF-CENTER into a Single- and a Dual-Mode System.
-Data for the Single-Mode regression curve was obtained from the results
of three deadload arrestments. A substantial reduction in maximum dead-
load-hook axial loading occurred when the arresting system was config-
ured in the Single Mode. The maximum deadload-hook axial loads occurred
in the frictional regien- 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.

4-

6 . .

MW: - - 11-lI-FT-OF---II-1tJ

: i Figure 21~ ~~ - !a-~ Rersso Curves ShTow CingCmaisnoE-/-ot

RERESSIN CRYE

2060 8 0 2 4 6

0FF-CENTER 35,000-Pound DeadI oad Arrestments

Conducted into the Single and Dual Modes

I

g. Figure 22 compares representative runout histories of
deadload-hook axial loads zf 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 operations.

31
A1

J-_



NIAF-EN-1136

I T. I
w o 2 M 3 w w w i = MM m6

M -i ~~~1 MR,~no-

Figure 22 --oprsno4ersnatv uotHsoiso-

of Arrestments Conducted-1-1-1/2 Feet OFF-CENTER i
the Dual Mode

32



RPM - TT '4 W. 10 M__F! MEA41LWU
2-N IoI

-- 360- q0 zo 56

/-t fi

fl!-

1 I 1 1 M I M I _L -
M;4 91 il l NIn

.0tj~~~ 4* ____4 _

-of Representative Runout Histories of Deadload-Hook Axial Loads
--fnts Conducted 11-1/2 Feet OFF-CENTER into the Single Mode and

- - the Dual Mode

32



+ i--- .= ,-- -I+

-NATF-EN-1136

h. Six 90,000-pound deadload arrestments were conductedto 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 f
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 $1f;
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.

140.. . . .
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Figure 23 - Regression Curve for 90,000-Pound
Deadload ON-CENTER Arrestments
Conducted into the Dual Mode
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B. PHASE II - AIRCRAFT TESTING

1. All aircraft 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 encoufttered-with the aircraft hook hanging
up in the aircraft arresting-hook cable at the concluiion of the arrest-
ment. All aircraft had sufficient rollback to dislodge the hcGk 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-
element 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

1 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 curies of maximum aircraft
arresting-hook axial-load data from all A-4 aircraft tests. The A-4
aircraft gross weight ranged from 14,700 to 12,600 pounds.

The results derived from eighteen 11-1/2-foot-OFF-CENTER arrestments
- -(nine arrestments conducted into the Single System and nine conducted 4

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 11-12-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 arres-tments 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 11-1/2 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 reflected kink wave to
return to the hook cable out-of-phase, thereby reducing the maximum air-
craft-hook axial load.

at
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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, thGe 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 brake pressure and J
also, an increase in inertia. N

100.

A -SIK(ILE - O-CENTER
8 - WBAL IVX - 11-1/2-FT-OFF-COhGiER
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Figure 24 - Regression Curves or A-4 Aircraft (14,700 - 12,500 Lb)

Arrestments into the Single System, Dual Mode,
and Single Mode

5. Seven A-4 aircraft arrestments were conduct%-,I 30 feet OFF-CENTER
with the system configured in the Single Mode. No signiticant difference
resulted from 30-foot-OFF-CENTER arrestments when compared to similar 11-1/2- -

foot-OFF-CENTER arrestments. Results of 0FF-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-

F- craft swerve occurred when making A-4 aircraft arrestments up to 30 feet
OFF-CENTER.

6. Nine A-4 arrestments were conductet 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 were con-
ducted to show a comparison between Single- and Dual-Node 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 Sngle Mode at an engaging speed of 140 knots.
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7. A total of fifteen A-3 aircraft arrestments was conducted
with the system configured in the Single Mode. Aircraft gross weight
-ranged from 52,000 to 46,500 pounds. All arrestments were conducted 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 maximum aircraft-hook
axial loads are represented by the appropriate regression curves in Fig-
ure 25. No significant difference in maximum aircraft-hook axial load-

ing resulted between ON-CFANTER and 11-1/2-foot-OFF-CNTER arrest=ents.
Maximum aircraft-hook axial loads occurred in the dynamic region for
three out of four ON-CEN'ER and five out of six 11-1/2-foot-OFF-CEN'TER
arrestments conducted with the A-3 aircraft.

b. Five A-3 aircraft arrestments were conducted 30 feet
OF-CENTER and the results are repLesented by the appropriate regression
curve in Figure 25. Maximum aircraft-hook axial loads were reduced when
arrestments were conducted 30 feet OFF-CENTER. The maxi=am aircraft-hook
axial load occurred in the dynamic region for an arrestments. Fi adverse
aircraft swerve occurred when making A-3 aircraft arrestments up to 30
feet OFF-CENTER.

8. The maximum runout recorded for any A-3 aircraft arrestment -1
conducted into the Single Xfode was 1,150 feet. This raximlu recorded run- A

-_ out occurred during a 136-knot 30-foot-OFF-CENTER arrestment.
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Figure 25 - Regression Curves of A-3 Aircraft (52,000 - 46,500 Lb)
01-CEHTER and OFF-CEU4TER Arrestmants Conducted into a

Single Mde
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9. A, total of fifteen F-4 arrestments was conducted ON-CENTER,
: ii-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 -' ..... TER
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

J" 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 143-knot, 11-1/2-foot-OFF-CENTER
arrestment.

-CURVE IDHIFICATIO

§ - 0- -OFF-CENTER

r, z

- -4- +

100 120 1- 0 1601Y
El &IGS . - TPE T

O_, 310-Fr-OFF-CENTER

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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7 --- =-7, . 7,

W

- - - -N

NATF-EN-11-36

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
Single-Mode opcrations. Performance curves for OFF-CENTER Single-Mode f
ariestments 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-CENTER arrestments with the respective
aircraft.

curve.1 4 h. 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 11-1/2-foot-OFF-CENTERarrestments.
For this reason, the A-3 aircraft performance curves presented in Fig-
ure 27 reflect only A-3 arrestments conducted 11-1/2 feet OFF-CENTER.

SYMOL - ACFT - DISTANE (FT. I

Fl -4 11-1/2 AND 30

70 A-A I D 30.

.. .... 44+.S D~lDY lO aE

.- ~~ ,oo t .o ,°o

4"4

Z 0 10 10 10 10

_IX _

Fiue 7 RgesinCurves n One-Sigma RersinCrves for :1

A-4, A-3, and F-4 Aircraft Conducted OFF-CENTER into
the Single Mode
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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 VAI c)

-B. 16,000-pound deadload arrestments conducted ON-CENTER into the

Single System prod iced an approximate 45% keduction in maximum deadload-
hook axial loading when compared to similar Single-Mode and Dual-System
arrestments. (Pda graph 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 arrastments 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 1.1-1/2
feet OFF-CENTER into the Single McQde, compared to similar arrestments 1,

conducted into the Dual Mode. (P4.ragraph VA3f)

I. Arrestments conducted with modular hardware incorporated 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) dI

J. A-4, F-4, and A-3 aircraft.'had sufficient rollback to dislodge'
the aircraft arresting hook from the hook cable during all Single-Mode
arrestments. (Paxagraph VBI)
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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
OFFL'CENTER, compared-to similar ON-CENTER arrestments. (Paragzaphs 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 VB5, VB7b,
and VB1O)

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)

i il
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VII RECOMMENDATIONS

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

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. 4 "

C. The Naval Air Engineering Center should prepare and submit to
the United States Air Force a family of performance curves for arrest-
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 operations.

4,k;

4i

i-ii
;
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'.-(a) Naval Air Engineering Center Project Order No. 3-4015, Subj:
Evaluation of the Dual BAK-12 Arresting-Gear Modular Hardware
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-:" (10 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 - T.O. 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 qear re-
ducer). The valve, NAEC PN 422350, labelled with ta "A" .... i t.SS I

open; valve, NAEC PN 422350, labelled with tag "B", must be open.

2. With the rewind engine operating at 2,500 +100 RPM, rotate the
cam sprocket so that the cam approaches the 270 degree mark. The brake
pressure will approach 2,000 PSIG.

3. Repeat steps I 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.

6. Return the cam to zero position and replace the cam reducer- -it sprocket drive chain. 4.-

A-1

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

Pura se . Br 8. Pressure Deadload
neg Engaging Hool Axial Long. Config Elapent Tension Static A IL ArrestaentEvent No. Weight Speed Position Load Decel or I Pressure ot Ronut

(L~i fb) JKn) (Ft) (1,000 Lb) (G) Mode ____ (PSI) -- = (Ft)
1 6012 16.000 120.3 03-CTR 46.1 2.45 Singe 19.0 Z5.S 175 465 - 510 - 868

2 6014 137.0 - 40.0 2.23 * 18.0 19.0 500 - 520 - 910
3 6015 156.6 42.5 2.67 " 25.5 25.0 655 - 690 - 899-
4 6016 166.3 68.1 3.38 27.4 25.4 640 - 750 - 945
S 6017 161.8 59.5 3.28 25.7 25.7 680 - 705 - 888

5 6018 140.3 42.7 2.27 21.7 21.1 530 - 570 - 851
7 6019 149.5 37.5 2.13 23.6 24.0 570 - 560 - 900
8 6020 * 100.3 23.2 1.43 - 15.5 16.5 255 - 305 - 795
9 6021 * 118.9 31.0 1.71 = 18.5 19.2 365 - 380 - 840
10 6022 " 79.8 15.5 1.03 " 11.8 12.2 175 - 220 - 541

II 6023 114.7 34.0 1.75 17.8 17.1 355 - 370 - 806
12 6024 149.5 48.5 2.50 25.1 25.1 600 - 630 - 6613 6025 * 155.0 71.3 3.37 28.7 27-9 C60 - 625 - 893
14 6026 * 97.9 45.5 2.30 Dual 13.5 17.5 240 290 310 295 576

system15 6027 89.7 * 41.5 2.17 " 16.1 14.0 200 236 225 210 570

16 6028 * 82.5 33.6 1.77 12.5 9.8 175 200 175 175 404
17 6029 114.3 39.8 2.31 15.0 13-4 315 320 360 345 599
18 6030 130.4 67.4 3.33 17.0 17.0 390 380 43S 425 620
19 6031 135.8 62.5 3.53 * 19.9 177 415 460 51 415 61120 6032 142.3 82.5 4.00 " 19.3 18.1 460 465 520 485 612

21 6033 126.0 60.8 2.85 17.3 152 390 385 420 405 599
22 6034 123.3 3"57.7 2.92 15.6 15 0 393 380 420 370 585
23 7035 117.5 53.0 2.84 * 14.5 13.8 340 350 370 370 579
24 6036 134.5 56.4 3.07 17.8 17.3 475 430 475 435 563
25 6040 92.8 38.5 2.10 Single 13.9 16.1 190 175 240 175 438

)bde
26 6041 " 98.7 57.0 2.64 15.5 12.2 220 175 240 175 52427 6042 - 118.4 63.0 3.01 - 15.3 15.1 320 175 365 175 575
20 6043 131.0 . 78.8 3.60 16.7 17.2 405 175 420 175 615
29 6044 119.8 . 56.0 2.65 * 14.0 13.9 75 350 80 400 75 675
30 6045 - 132.7 . 63.2 3.01 17.1 16.5 * 400 150 460 120 820
31 6046 = 117.9 - 56.2 2.73 15.5 14.7 17510* 330 100 365 80 800
32 6047 - 117.9 3 Port 31.9 1.80 13.3 13.7 75 380 120 400 75 715
33 6048 132.7 . 41.5 2.36 16.6 16.5 . 440 160 510 125 820
34 6049 * 118.4 . 30.8 1.65 Single 16.6 17.1 . 395 - 450 - 825

System
35 6050 - 133.3 . 33.0 1.66 20.6 20.9 545 -530- 875

36 60510 117.5 . 33.0 1.81 15.2 15.5 420 - 46S 835
tu 37 6052t 132.7 . 40.2 2.39 * 20.0 20.4 550 - 560 - 845

38 6053t 114. 01-CTR 36.2 1.96 16.0 16.0 . 400 - 445 - 740
39 6m54t 132. 52.0 2.58 19.2 20.1 540 - 540 - 785
40 6055 142.3 . 48.0 2.50 22.6 22.4 590 - 640 - 910

41 6056 131.6 " 40.1 2.19 19.9 19.4 525 - 560 - 945
42 6057 143.0 - 45.0 2.36 * 21.9 22.1 620 - 630 - 99043 6058 142.3 3 Port 39.8 1.89 21.8 22.0 585 - 640 - 84044 6059 - 141.0 44.3 2.08 = 20.7 22.5 175 59a - 611 - 93745 6060 152.6 51.4 2.53 24.4 25.4 75 61, - 723 - 860

46 6061 165.4 * 61.2 2.92 " 27.7 28.9 750 - 851 825
47 6062 120.8 - 44.65 2.42 Dual 15.18 15.83 175 336 329 381 358 680V be

48 6063 133.9 44.3 2.S0 17.0 17.9 . 404 406 439 404 716
49 6064 143.0 60.37 3.28 18.1 19.1 . 502 438 522 460 736
50 6065 155.8 65.5 3.54 20.9 20.7 526 537 632 S44 580
51 6D66 35.000 118.9 - R MI R 13.6 13.7 451 41- 497 455 MR52 6067 " 138.3 - 67.1 1.72 - 19.3 17.7 623 519 638 552 827
53 6068 * 166.3 * 80.6 2.39 23.5 23.1 799 692 841 780 912
54 6069 120.8 6 68.6 1.61 Single 14.S 18.6 455 175 S0S 175 808
55 6070 141.0 - 69.3 1.56 N1on 18.3 18.6 582 17S 664 175 933

S6 6071 - 163.6 - 70.7 1.94 - 22.8 23.0 - 817 230 933 175 MR57 6072 123.3 ,x-CTR 73.7 1.69 Dal 14.4 16.5 421 390 Sol 476 1040

58 6073 141.0 77.1 1.74 ' 18.4 18.6 562 566 681 :62 910
59 6074 161.3 90.1 2.13 - 22.8 22.7 - 741 741 794 778 96S
60 6075 1 117.0 3 Port 46.5 1.26 Sin e 14.8 1S5.8 - 420 175 505 175 820

61 6076 118.4 11.5 Port 33.2 .948 1S.0 15.8 75 442 ,A 508 116 1100
62 6077 139.5 44.3 1.22 * 17.6 18.6 - 589 187 6S3 156 1112
63 6078 160.9 63.7 1.86 22.0 21.8 " 8S2 254 900 212 MR
64 6079 121.3 47.7 1.50 Dual 15.3 14.6 . 465 435 524 471 1023
65 604 - 143.7 - 66.1 1.82 yode 19.0 17.8 669 C74 686 628 808

66 6081 " 16.3 . 81.8 2.17 24.2 21.3 - 826 824 879 844 -89267 68 121.8 - 29.2 .825 Single 19.7 19.2 175 598 - 607 1 cs
606083 141.6 " 41.6 1.00 5yste, 23.6 23.8 - 729 - 767 - 1164
69 6084 0.6 79.8 O,- CR 41.3 .63 Dual 10.0 12.6 265 259 343 28 76970 6085 - 102.8 - 55.6 .69 rode 15.7 15.4 456 419 S14 451 950

71 6086 = 120.3 * 67.2 .65 " 16.0 17.3 597 559 633 566 1000?Z 7 6067 " 137.0 . 78.0 .97 - 17.3 23.0 674 723 774 705 1072
73 6000 149.5 190.2 1.1 19.8- 26.2 771 836 924 836 1127
74 6089 167.0 117.3 1.35 26.3 33.9 " 935 1032 1072 941 1294fi11 hot recorded.

* 175.7111 Static pressnwi- on port 1 ard sthd 1. G-psl static pressure en Part. 2 and st50 2.
t Withl 2 adapters (PN 71224-01). and 2 extra purcae-ehlmt co-ecteor .



Aircraft Arrestin'i System
Enga- Engaging Purchase- Brake Pressure Aircraft

rg Positin Hook Axial Long. Config Eleent Tension Static (PSI) Arrestment
Event No. VeIght Sd ( t Load Dece or (1,00 Lb) Pressure Par t 58 Runout

£221 Site Date Type (tb) K") Target Actual (1.000 Lb (G)L 1ode Port 1Stbd (APSI) TT'= '_TT (Ft)

1 31.915 7-16-74 A-4 14.700 102 0 0 42.9 2.8 Single 12.6 13.0 175 319 175 331 175 460

2 31,916 " 14,300 115 50.7 3.4 oe 12.8 14.8 " 382 462 " 490
3 31.917 13.700 116 0.5 P 45.9 3.0 13.3 14.3 " 380 427
4 31,918 14.500 117 " 51.5 3.3 IS.2 14.5 373 " 424
S 31.919 14,100 120 53.4 3.5 14.6 14.5 - 387 - 424

J 6 31,920 . 13,700 125 1.5 P 52.1 3.2 15.9 16.4 427 " 479 510
7 32.029 9-12-74 * 14.400 SR " 0 KR SR MR MR MRN 11R 490
8 32,030 . 13,200 IQ 1.0 S MR MR SR hR 18R " 8R ' 480

9 32,031 9-17-74 * 14.400 1 2 0.5 S 59.2 3.1 15.2 15.4 * 463 " 484 550
10 32,032 " 14,000 127 0 57.4 3.1 - 16.0 15.4 483 - 548 SOS

11 32,033 . 13,600 126 1.0 S 58.2 3.2 16.2 17.S 462 * 492 490
12 32.034 ° 13,200 1242 9 61.2 3.5 * 15.5 15.5 475 532 •
13 32,03S 12.800 132 0.5 S 69.7 4.0 * 16.9 16.7 494 554 ' 495
14 32.035 12.600 135 * 0.5 S 62.9 3.9 18.1 16.2 485 * 557 ' 490
15 32,037 * 14,400 118 11.5 P 11.5 P 37.1 2.1 14.3 15.0 425 453 ' 570

16 32.038 " 13.800 120 " 31.1 2.1 15.2 14.5 416 * 457 * 530
17 32.039 " 13.600 127 . 12.0 P 37.9 2.5 16.9 15.7 462 513 '
18 32,040 - 13,100 135 . 11.5 P 37.2 2.5 16.7 17.6 499 * 538 " 640
19 32,041 9-18-74 14.500 134 . 10.5 P 44.2 2.6 16.5 16.1 522 " 604 " 545
20 32.042 14,203 140 . 11.5 P 45.6 2.9 16.7 17.4 540 619 * 540

21 32.043 14.000 143 . 12.0 P 44.3 3.0 17.9 17.5 599 658 ' SSO
22 32.044 13.600 143 11.5 P 49.8 3.3 18.7 18.3 604 677 ' 595
23 32.045 13.2&3 116 38.9 2.7 Dual 13.5 12.9 379 401 411 433 490
24 32.046 9-19-74 14,403 125 12.5 P 51.2 3.2 rode 15.4 15.1 " 471 475 544 475 530
25 32.047 13,800 132 * 12.0 P 60.3 3.9 " 15.1 15.1 489 503 529 554 510

26 32.048 14,400 132 50.9 3.7 17.6 15.4 485 498 494 530 520
27 32.049 * 14,100 137 * 12.5 P 57.2 3.7 16.4 16.0 50B 519 537 554
28 32.050 13.900 141 12.0 P 59.2 3.6 16.9 18.6 535 534 554 600 505

29 32.051 13-500 147 * I.S P 57.7 4.4 17.9 18.S 559 558 590 606 510
30 32,052 13:200 162 12.0 P 62.1 4.6 19.6 18.2 601 592 636 651 525

31 32.053 12.900 112 * 11.5 P 33.9 2.4 * 14.3 14.2 354 364 378 408 500
32 32,054 12.600 100 23.0 P 23.0 P 27.4 1.9 Single 13.6 13.5 358 175 3S4 175 510

33 32,055 14.400 98 30.0 P 30.0 P 29.1 1.6 Mde 14.5 13.2 335 " 352 " 525

34 32.056 * 14.200 113 " 33.3 1.9 14.5 14.7 413 ' 418 " 535

35 32.057 13.800 123 " 31.0 P 39.3 2.4 * 14.6 15.4 458 " 458 - 540

36 32.053 - 13.60D 129 . 28.0 P 37.1 2.4 " 15.9 16.1 504 " 501 $60

37 32.059 " 13.200 138 " 44.5 2.6 17.1 16.8 565 " 561 Sao

38 32.060 • 13.000 144 30.0 P 51.2 3.3 18.9 18.3 613 610

39 32.164 2-3-75 * 14.03 XA 11.5 P 12.0 P MR 18 Sy MR Nq MR MA 1R MA 850

40 32,165 2-4-75 " 14.100 M R I1.S P hR M * SMR NA X2 NAN ASA 750

41 32,166 " 13.80 XA 9.0 P NA MR M SR NA R MMNA I XA

42 32.414 3-26-75 ' 13.800 110 12.5 P 23.1 1. 5 16.8 15.4 " 463 I 489 BA 700

43 32.41S " 14.400 110 17.0 p 22.8 1.4 17.7 16.3 487 MA 488 BA 690

4" 32,416 14:000 123 11.S P 33.8 2.8 21.8 23.6 611 1A 642 NA 730

45 36.000 7-7-75 14,100 ,SR 10.0P hA A NR MR A * NA BA S2 FA MR

46 36.001 7-8-75 14,200 .R * 7.0 P MA MR ha A " FASA H KA 820

47 36.002 * 13,903 127 * 10.0 P 29.2 2.2 18.7 20.0 " 561 MA 603 BA 875

48 36.003 " 14,300 139 13.0 P 37.4 20 21.6 21.7 " 681 ?A 639 MA 660

49 36,004 " 14.000 134 10.0 P 30.2 17 17.2 19.6 5 652 NA 620 MA 855
50 36.005 13,600 130 10.S P 29.9 1.9 22.3 21.3 B6 MA 626 MA 850

61 35,006 - 13.100 148 90P 60.3 3.3 22.2 21.7 705 MA 715 NA

52 36.007 " 1.900 151 1 10.5 P 44.1 2.9 21.8 23.6 " 710 KA 744 BA 830

53 36.139 9-15-75 F-4 37.0uW 112 1 11.5 P 48.7 1.1 Single 20.1 21.9 $ 503 175 520 176 760

54 36.140 36.603 120 * 42.3 1.0 Mode 16.4 17.4 6 54 666' 830

55 36.142 9-19.-75 38.000 124 12.0 P 45.7 1.2 18.8 17.8 • 796 757 MR

66 36,143 " 37.400 130 11.5 P 49.1 1.3 18.5 21.6 796 795 h 1

57 36.144 36.m00 141 11.0 P 55.0 1.5 20.0 20.8 896 878 M'R

S8" 363.f 102-75 A-3 52,000 109 " 11.5 P 54.8 1.3 14.2 14.6 569 590* 591 MR

Sg* 36.305 51.200 z122 12.0 P 58.7 1.3 13;7 21.0 53 683" 903 MR

60 36.306 50.800 128 lI.S P 58.8 1.1 18.5 20.5 19 175 835 M N

61 36..37 10-2-75 A-3 50.000 132 11.5 P 10.5 P 59.4 1.3 Single 19.1 21.0 175 858 176 884 175 1000
62 36.3 10.3-75 , SO833 144 " 13.0 P 68.3 1.5 Mode 25.9 29.1 * 1035 1034 1140
63 36.309 - 50,400 107 0 2.0 P 44.7 1.1 14.7 14.4 66 " 626 102.5
64 36,310 49, 40 129 6 61.9 1.4 17.1 19.3 787 " 881 1070
65 36,311 .- 48,700 141 56.6 I 8 19.2 22.2 925 " 956 ' 1120

66 36.389 10-14-75 - 5O.00 106 30.0 P 29.0 P MR MA 13.7 18.4 583 690 950
67 36,390 49,5F3 125 ." V . 19.6 18.9 766' 730 1050
63 36,391 51.000 107 " " 48.1 0.7 13.8 14.T 596 ' 574 ! D000
69 36.392 ' 50.60 129 " " 63.9 1.0 18.5 17.5 868 " 756 ' 1120
70 36.333 " 50.00A 136 " 27.0 P 53.8 1.0 ZO.O 19.6 925 820 " 1150

71 36.394 49,603 111 11.6 P 11.5 P 48.2 0.9 14.5 14.5 581 5 597 - 1010
72 36.395 10-15-75 52,200 186 0 2.0 P 11 MR = MR NA NA 950
73 36.396 ' ' SI.6 134 30.0 P 23.0 P S.6 1.0 ' 17.S 18.8 735 " 790 * 1120
74 36,37 ' 47,500 123 " 29.0 P 4s.. 1.1 ° 14.9 17.2 689 " 715 1035
75 36.398 46.SOO 122 0 0 57.7 1.3 16.9 16.2 670 734 X1

76 36.496 1-28-76 F-4 37.500 95 * 1.0 P 88.98 2.8 19.1 17.5 448 " 423 " 705
7 36,437 . 36.80 109 " 41.7 1.4 ' 13.1 14.S 41 S63 755

7&-- 36.086 . 3553VA 129 kR in NA NA NA NA MR B ' MA R
79 36.4" i-2-

7 
6 35,73 109 0 0 30.8 1.6 11.6 13.9 555 578 " 765

80 36.50 37,33 124 " 1.0$ SO.5 1.6 ' 14.6 14.8 680 715 " 815

8l -36.501 " 36.) 3134 N1 NA NA IR ,l M NA = A -

_2 36,2 35.500 153 0 0 73.1 2.2 20.5 22.8 102 - 1065 ' 975
r3..36.603 ' - 35.C00152 MR MR BA R NZ MR M R ' NA MR
r4 35.4 1-3 -76 ' 37.3 .3 143 11.5 P 10.5 P 49.1 1.4 17.7 18.8 " 935 923 92 5
&S 36.5-6 3 ' .6.600 155 " 11.5 P 54.3 1.7 20.2 21.5 1035 ' 1020 * 970

86 36.s0 m 35.800 134 30.0 P 33.0 P 44.1 1.3 17.6 18.7 818 775 - 940
eI' 36.507 " 36.50 126 " 45.8 1.3 17.3 18.4 852 712 890
&a 36.5U3 35.900 148 ' 28.0 P 51.9 1.6 1.8 1.9 " 1024 ' 972 ' 940

si -6Vx 35,4v)3154 KR la~ MR !IR MR MR MA Nqf 1
90 S6.510 " 37.100 152 " 30. P 65.0 1.6 20.6 21.5 " 1046 " 1010 965

MR - Not recorded. KA Moat applicable.
S - Strboard. F, Part.

Power to port solenoid valve lndeyriently disconnected.
thereby sendirg those units into raal rode while star-
board units runalned in Single roe.

t Ilk,% lcadin caused by cxctssvz taptsup; test event not,

fncludedlin ptrformsmcg curm.--
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APPENDIX C - NAVAIRTESTFAC DISCREPANCY REPORTS-APPLICABLE TO THE
BAK-12 ARRESTING SYSTEM-

NAVAIRTESTFAC Blue Sheet NAVAIRENGCEN
No. and Date - Discrepancy and Action Taken Date Action/Reply

BAK-12-1 Rain can drip in through muffler and 6 Aug 1974 Copy sent to J. Shields (Air
30 Jul 1974 settle in manifold causing-extensive Force). SAMMA has-cognizance

damage to retract engine, of ibis equipment.
Action Taken: Removed muffler, -in-
serted 90' elbow and nipple, and re-
attached muffler.

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 SAAA. 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.
Action Taken: Spare hub inspected,
magnafluxed, and installed.

BAK-12-4 Raised metal 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 ollowing each arrestment.

BAK-12-5 Crack developed in 65-D-1751 tape None. b
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 affecthubs
procured for use with BAK-12 ;A
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 inservice.



-- .---- - -

NA.-A--R'tG -N --- 91 1 -- a

-- 95 ;

(9iS1i -tDE NRW - TTF8 - 2

UAAIRYSOIA(AR6 -m1 -

COMOPTEMFQ KCD 734)


