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MIL-I~8670A(AS)
26 June 1974
SUPERSEDING
MIL-I-8670(AER)
31 March 1954

MILITARY SPECIFICATION
INSTALLATION OF FIXED GUNS AND
ASSOCIATED EQUIPMENT IN NAVAL AIRCRAFT

"This specification has been approved by
the Naval Air Systems Command, Department

of the Navy.
1. SCOPE AND CLASSIFICATION
1.1 This specification establishes the minimum requirements

for the installation of all types of fixed guns and associated equipment
including ammunition feed and ejection systems in naval aircraft.
Installation details such as mounting arrangements, fastening devices,
etc., for the separate. component equipments of the gun installations are
contained on drawings or in other publications specifically applicable to

the various equipments In addition to installation requirements, certain
ntgs of the installations are contained
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herein. Also contained herein are certain inspection and test procedures
applicable to the installations covered by this specification. This
specification does not contain requirements for gun fire control equipment
or gun boresight alignment. See 3.8, 3.9 and 3.11.

1.2 Classification - For the purposes of this specification,
fixed gun installations shall be classified into the following two general

types: : _

Wing Installations: OGuns mounted in or on the wings.
Fusélage Installations: Guns mounted in the fuselage
2. APPLICABLE SPECIFICATIONS, OTHER PUBLICATIONS AND DRAWINGS
2.1 The following specifications, standards, draw1ngs, and

publlcatlons, of the issue in effect on date of invitation for bids, form
a part of this specification to the extent specified herein:
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. Maintenance Instructions with

“Aluminim )Alloy 2024, Plate and Sheet

Aluminum "Alloy 5052, Plate and Sheet

L

‘Steel;:Corrosion-Resisting (18-8) Plate,

Sheet 'and Strip

Nickel-Chromjum-Iron Aliloy; Plate Sheet

and Strip

Installation of Droppable Stores and
Associated Release Systems in Naval
Alrcraft

Installation of Armament Control Systems
and Associated Equipment in Naval
Aircraft -

Data and Test, Engineering; Contract
Requirements for Aircraft Weapon
Systems

Demonstration Requirements for Airplanes

General Specification for the Design and
Construction of Airplanes for the
United States Navy - Vol 1
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PUBLICATIONS (Cont.)

NA-11-95M61A1-1 M61A1 20MM Automatic Gun
NA-11-95M89-1 M89 Declutching Feeder
NA-11-95M197-1 M197 20MM Automatic Gun

{Copies of specifications, standards, drawings, and publications required by
suppliers in connection with specific procurement functions should be ob-
tained from the procuring activity or as directed by the contracting officer.)

3. REQUIREMENTS

3.1 Materials - Materials used in fixed gun installations shall
be of the highest quality suitable for the purpose. ‘The materials shall be
in accordance with applicable government specifications. Selection and
substitution of materials shall be made in accordance with requirements of

Specification SD-24, or the applicable Aircraft Detail Specification.
3.1.1 Materials for ammunition boxes and chutes - Materials used

in the construction of ammunition boxes, feed chutes and ejection chutes

'shall be in accordance with the following specifications, listed in order

of preference:

QQ-A-250/5: For boxes only
MIL-N-6840: For boxes and ejection chutes only
MIL-5-5059: For boxes; feed and ejection chutes
QQ-A-250/8: . For boxes and ejection chutes only
3.1.2 Materials for blast tubes ~ Materials used in the con-
struction of blast rubes shall be resistant to corrosion caused by hot gun
gases. (See 3.13.3).
3.2 Required guns and ammunition feed and ejection systems -

The number and type of guns and government furnished or contractor furnished
equipment to be installed in any particular model aircraft shall be as
specified in applicable Aircraft Detail Specification.

3.2.1 All parts and equipment necessary for the proper gperation
of the gun and ammunition feed and ejection system (s), which are not
specified in the Aircraft Detail Specification as government furnished,
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Installation of contractor furnished parts and equipment shall be subject

to Naval Air Systems Command approval. Use of new-tvpe equipment proposed’
by the contractor will be considered by the Naval Air Systems Command, but
shall not be installed in lieu of specified povernment furnished or approved-
type contractor furnished equipment, unless specifically approved by the
Naval Air Systems Command.

3.3. Required ammunition loads ~ The gun installations in the
aircraft shall provide for accommodation of the full ammunition load for
each gun. Unless otherwise specified in the applicable Aircraft Detail
Specification, a full load shall consist of a sufficient number of ‘rounds
to permit a total of 9.0 seconds minimum firing time at the normal rate of
fire of the gun. The ammunition load shall be contained in as few boxes,
or drums, as necessary. Although one container for each gun is preferable,

the type and number of containers installed for each gun shall be in ac-

‘cordance with the aircraft detail specification.

The capacity of the ammunition feed chutes may be utilized
for containing a portion of the full load, but, if so used, the feed chutes
must be designed with separate convenient access for loading the ammunition
which is in excess of the box capacity.

3.4 Location of guns - Guns shall be so located that tne distance
between the guns and the line-of~sight shall be a minimum consistent with
aircraft design, with location requirements for other adjacent equipments
and with satisfactory operation of the guns and gun firing control equip-
ment in the aircraft. The location of the guns shall be such that the re-
ceil and blast forces produced by. firing will cause no damage to the air-
craft structure, instruments, and equipment in the aircraft and will cause

fmnnairmant Fa o Flha anavardian AafF tha noawoy nlant or nthor $|1‘I’r"‘l'2F'|' cCOm—
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ponents. Special attention shall be given to the location of the guns with
respect to electronic equipment; maximum seperation shall be maintained
between gun supporting structure and electronic equipment supporting struc-
ture. in order to prevent malfunction of the electronic equipment due to gun
firing vibration. When more than one gun is installed at a station, each
gun shall be located as close as practicable to the adjacent gunj the dis-
tance between guns to be a minimum consistent with accessibility require-
ments. (See 3.17). Guns shall be so located with respect to the c.g. of

~the aircraft such” that the yaw1ng and pitching-moments caused by firing a

4 second burst from all-guns do not reduce more than 2 mils deflection of
the MPI at 800 yds. The gun firing electrical controls such as relays,
power, supplies, etc. shall be located sufficiently remote from the guns
to prevent accidental tripping or malfunction resulting from gun firing
vibration. For alignment see paragraph 3.8.
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3.4.1 Location with respect to propeller disks - Guns shall be
properly located so that im any of the required positions of boresight
alignment, {see 3.8), adequate clearance as required in 3.16.1 is allowed
between the line-of-fire of each gun and the propeller disk (s).

3.4.2 Muzzle location - The location of gun muzzles in the fuse-
lage or wings shall be in accordance with the aircraft detail specificatioen.
The muzzles of the guns shall be displaced a sufficient distance from ad-

jacent radomes or antenna to prevent fatieuye failure of rhe radome or an-
jacent ragoeomes or anienna o prevent Iatfligue Iagi.ure ragone

tenna frem gun blast. This will require consideration of gun blast pressure
patterns under static and dynamic firing conditions up to the maximum Mach
No. of the airplane. Available gun blast information will be furnished by
the Naval Air Systems Command upon request. The gun muzzles shall be

adequately located with respect to jet engine air intakes in order to prevent,
to the maximum extent possible, the entrance of gun muzzle gas into the engine

air intake. In meeting this requiremeut, consideration must be given to

the air flow around the engine air intake and the gun muzzles during firing
under dynamic flight conditions up to the maximum Mach No. and maximum alti-
tude of the aircraft.

3.4.2.1 Location of muzzles in wings - In wing gun installations,
the muzzles shall emerge at points on the wing on the forward extremity of
the leading edge of the wing or as near to it on the underside of the lead-
ing edge as is cbmpatible with satisfactory aircraft and gun performance.

3.4.2.2 Location of muzzles in fuselage — Fixed guns installed in
the fuselage shall be properly located so that the adverse effect of gun
flash and gun smoke or the pilot's vision is minimized. The muzzles shall
emerge at a point below the horizontal plame which passes through the fore-
most point of the nose of the aircraft with the aircraft in level flight

attitude.

3.4.2.3 Location of puns with respect to other weapons - The guns
shall be so located that there will be no mutual interference between the
trajectories of the gun projectiles and rockets or other weapons fired or
arget range determinad hv
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reieased from the aircraft within the minimum

. the armament tontrel system.

3.4.2.4 Location'of'guns in jet aircraft.- In jet aircraft the
guns shall be so located as not to cause engine flame out or compressi-
bility stall during or immediately after firing. Should this not be
practicable, other means shall be provided to prevent the above engine
malfunction.

wn
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3.5 Location of ammunition containers and feed chuteg -
Ammunition boxes, drums, and their respective feed chutes shall be so located
and installed as ot provide a rapid, uninterrupted movement of ammunition
to the gun feed mechanism. Installation shall be such that maximum "G loads -
in the vertical plane do not interfere with the passage of the ammunition to

the feed mechanism (See 3.14).

3.6 Strength requirements for gun installations - Adequate
strength shall be provided in the gun mounts, attaching fittings, brackets,
suppotting members and carry-through structures consistent with the strength
of the aircraft structure for all combinations of translational and rotational
velocities and accelerations for which the Aircraft Detail Specification
requires that the aircraft be designed. The design~ultimate and design-yield
factors of safety shall be as specified in the Aircraft Detail Specification.
The strength of the gun mounts and supporting structure shall be adequate
to withstand all loads inposed upon them by the reaction forces which occur
when the guns are fired singly and simultaneously during under Yg' loads speci-
fied in 3.14. The design loads must be carried from the trunnion and dis-
tributed into the primary aircraft structure in a manner which will prevent
local distortion and fatique failures. The installation shall be constructed
to withstand firing, (without defects resulting) of 30,000 rounds (minimum)
from each gun in bursts of 100 rounds minimum per gun from all guns fired
simultaneously with cooling periods of minimum duration between bursts as
required to prevent overheating of guns.

3.6.1 Gun reaction forces - Fore and aft reaction forces shall be
considered to act along the barrel centerline of the guns. The value of the
average reaction forces considered shall be in accordance with data contained
on the applicable Naval Ordnance gun drawings and NAVAIR and NAVORD gun man-
vals. -The natural period of vibration of the gun mounts and supporting -
structure shall be sufficiently different from the fundamental and harmonic
periods of vibration of the guns to avold resultant detrimental ‘effects to
the mounts, the guns or to the aircraft equipment during firing. (See
paragraph 3.4. also.)

3.6.2 Fabrication of gun mounts and supporting structure - The
gun mounts shall have no loosely fitted parts or linkages which will cause
impact as the mount or parts thereof change position in response to the
forces applied by the gun during firing. "Forged fittings and riveted, bolted
or welded asseémblies may be used in the fabrication of gun mounts. and sup--
ports. Welded assemblies shall be subjected to 100% inspection. Clamps
shall not bé used for attaching the gun mount to the aircraft structure.

@

I B




Downloaded from http://www.everyspec.com

MIL-T-8670A(AS)

3.7 Adjustment provisions for gun mounts - The design of the
mounts shall facilitate adjustment of the guns in accordance with the fol-
lowing requirements: A minimum of 3° (total excursion) of adjustability
with 2%° downward in elevation and %° upward from the mean position plus
or minus 1° in azimuth shall be provided in the mounts. See MIL-I-8677
for mean position. Adjustment within the specified limits shall be possibile
without relocation of the mounts on their supporting structure. The gun
mounts, when adjusted- to any required position, shall be sufficiently
rigid to prevent firing dispersion or malfunction of the guns due to slip-
page of the mounts during firing as required in 3.6. (Allowance shall be
made in the adjustment provisions for correction of alignment errors re-
sulting from manufacturing tolerances and distortion caused by gun firing.)

3.7.1 Adjuqrmpnr in wing ingtallations - Thp mounts in wing gun
installations shall provide for an adjustment of the guns in the horizontal
plane from convergence at 800 yards to convergence at 250 yards and 3° in

the vertical plane as required in.paragraph 3.8;

3.7.2 Adjustment in fuselage installations = The mounts in fuse-

.lage gun installations shall provide for a 1° adjustment of the guns in

the horizontal and 3° in the vertical planes so that the gun barrel center-
lines extended can be aligned as required in paragraph 3.8.

3.8 Boresight alignment of guns ~ The alignment of the fixed
guns shall be in accordance witi the gun alignment criteria and require-
ments as specified in MIL-I-8677. Boresighting fixtures shall be provided
as required in the above referenced specification.

.8.1 Boresigbt retention - Each single-barrel fixed gun shall
its bores ht within a circle about the nY‘iO’inal borgsight_: of two
iu

esigh
s while firing 1000 rounds of ammunition. During the firing
period, the aircraft shall have engaged in normal flight and the guns shall
have been removed and reinstalled at least once. Retention of boresight
and requirements for multi-barrel guns shall be in accordance with the ap-
plicable aircraft detail specificacion.

3.9 Gun removal ~ Fixed guns shall be installed in a manner
which will enable a ground crew of two men to remove all guns in a maximum

“time of fifteen minutes and reinstall all guns in a maximum time of twenty-

five minutes; (this requlrement does not apply to installations containing
more than six guns) if the above time limits exceed the time required fob
refueling the aircraft (see 3.15.2) the refueling time shall apply in lieu
of the above maximum time limits for removal and reinstallation of guns.
Removal of the guns for servicing and reinstallation shall be possible with-
out disturbing the boresight adiustment of the gun mounts, Arrangement of
pneumatic lines, electrical connections, hydraulic lines, chuting shall

prevent incorrect connections and accidental interchange of lines, etc. be-
tween guns.
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Shafts, pins, etc. used to secure the gun to the mounting arrangement shall
have lead in centering chamfers to facilitate ease of assembly and shall be
equipped with an approved locking arrangement. Safety wiring shall not be
required for retaining these shafts, pins, etc. in place.

3.10 Gun ‘charging, clearing and safing — A suitable hydraulic,
pneumatic or electrical charging/clearing/safing system as specified in the
Adrcraft Detail Specification shall be installed for all guns (single bar-
rel, multi barrel, revolver, rotary, self or externally powered}. For self
povered single barrel guns, provisions shall be included in the installatien

whereby the gun bolts or rounds .are securely held in the rear "out of battery"

safe position automatically by means of the charging/clearing/safing system
when not firing., For multi-barrel externally powered rotary guns that eJect
the spent cartridge cases overboard, a sclenoid actuated declutching feeder
or gimilar arrangement should be used which prevents ammunition from entering
the gun until firing is initiated. This safes the gun by stopping the flow
of ammunition to the gun and ensures that all rounds left in the gun are
fired before rotation ceases. TFor rotary gun systems that retain the spent
cartridge cases and unfired rounds, a clearing/safing arrangement employing a
solenoid actuated mechanism or similar arrangement shall be used to keep the
gun bolts in thesafe-rear position and for clearing live ammunition from the
gun after each burst and at the end of firing, To prevent chambering of live
ammunition by the gun bolts when the gun/aircraft is on the ground, a suitable
safing tool shall be installed on the gun to mechanically hold the gun bolts
in the rear/safe position. Selective gun charging/clearing/safing shall be
provided for multiple installatjons to enable separate charging, etc. of each
gun, each group, such as inboard gums, or upper and lower, or the right hand
and left hand guns. Provisions, also, must be provided for charging, etc.

all guns simyltaneously, Pneumatic, hydraulic or electrical systems used

to + 1 ~L
centrel charging, ete. shall be separated from or fused off from other

aircraft systems operating from the same power source.

3.11 Gun firing controls - All necessary wiring, fuses, connectors,
switches, other electrical system components and the electric trigger control
(except government furnished equipment) shall be furnished and installed by
the airéraft contractor as required to select and fire the guns. Selectivity
shall be provided for firing each gun separately, or each group separately
(such as inboard or outboard, upper and lower, and right hand and left hand
guns) and all guns simultaneously. Wiring circuits shall conform to Bureau
of Aeronautics drawing numbers listed .in the applicable Aircraft Detail Speci-
fication. The voltage of the system will be specified in the Aircraft Jetail
Specification. The contractor shall install the necessary equipment for pro-
viding the specified power to the gun installation components.
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. 3“12 ;_ Gun and ammunltlon heatlng-——lf—requlred -gun heatlng and
coollng provisions shall be as spec1f1ed in the appllcable Alrcraft Detailr ¢
Spec1f1cat10n..s. . e L ‘ R

o o . v . [N Yoo o iatel
3. 13 Blast tubes and blast suppression ‘devices ~ Tf ‘the guns ‘are

installed so that the muzzles are recessed w1th1n ‘the fuselage or w1ng9 sees
suitable blast tubes shall be 1nstalled to convey the blast pressure- and gun
muzzle gas out51de the fuselage or’ w1ng surfaces > The 'sizé ‘and -design of-
the tubes shall permit adjustment of”’ the guns as Speclfled in paragraphs :-.-
3.7 and, 3 8.. Blast tubes shall be 1nstalled concentrlc with ‘the ‘gun barrel
centerllne withln -.15 1nch ‘with® the® gun ‘barrel”in“its¢mesn boresight "align-
ment. The tubes shall be of adequate size and shapé' to prevent adverse
effects on the trajectory of the projectile and to prevent damage to the
tubes in any position of gun adjustment required by.paragraphs 3.7.and 3.8.
Blast. tubes shall be removable for replacement. Blast deflection and muf-
fling devices shall be installed as necessary to prevent gun blast damage on
adjacent structures and equipment and to prevent adverse effect on engine
performance. Information on design criteria for blast suppression devices
will be furnished on request by the Naval Air Systems Command.

3,13.1 Strength requirements for blast tubes - Strength of blast
tubes shall be sufficient to withstand the forces resulting from the blast
pressures encountered at the gun muzzles. Any part of the aircraft which -
is exposed to blast pressure shall be reinforced sufficiently to’ withstand
the maximum loads resulting from the blast pressures. For certain instal-
lation conditions the magnitude of the blast pressures could be obtained:
from the Naval Air Systems Command. LIf these are unavailable the contractor
may be required to determine these pressures empirically or analytically and
have the results submitted to Haval Air Systems Command for approval.

3.13.2 Gas tightness in blast tubes — The blast tubes shall be gas
tight and shall be installed in the aircraft in a manner which will prevent
gun gas in the tubes from entering into the aircraft.

3.13.3 Blast Tube Temperatures - The gun blast tubes shall be installed
in a manner which will prevent excessive heating of adjacent structure.
Blast tube. temperatures of 1000°F shall be considered in conjunctlon with
the muzzle,pressures, dlscussed in paragraph 3. 13 R e o ae el

SR IR L S I E R L TR T
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3.13.4 Gun blast strength reqplrements ‘for adjacent structures s. :
. Suitable:reinforcement shall be provided to prevent-gun blast-damage to-.
adjacent structure of the aircraft. Information concerning gun blast pres-
sures for various aircraft guns can be obtained from the Naval: Air Systems

Command upon request.
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3.13.5 Ventilation of gun compartments = A suitable means shall be
provided for preventing the accumulation of gun gases in the gun compart-
ments. Gun gas collection or gun compartment ventilation shall be employed.
Ventilation or gun gas collection shall be adequate to prevent gun gas con-
centrations exceeding 90 percent of the lower explosive limit after firing
a minimum of 100 rounds (or six seconds. of fire, whichever is greater) per
gun from all guns in a single burst. The gun installations shall be adequate
to prevent the .gun gases and gases from the case and link stowage compart-
ments and unventilated portion of the aircraft. A positive means for pre-
venting gun gas explosions in any part of the aircraft shall be provided.
Measurements of, gun gas .concentration shall be made by government approved
‘gas measurement equipment. AL -

3.14 Ammunition Handling-Feed and Ejection Systems - The ammunition
feed system installed for each gun shall include one (or more, if necessary)
ammunition boxes or storage containers and suitable feed chutes for supplying
the required full load of ammunition to each gun. The ammunition feed system
should be designed to function adequately and insure the uninterrupted operation
of the guns under acceleration and "g'" loads without the use of ammunition
boosters. However, if tests show that operation of the system is not satis-
factory without boosters, suitable feed assist mechanism, energized by a
source other than the gun, itself, shall be installed. Systems utilizing
ammunition storage drums, containmers, etc.,, which are not removed from the
aircraft-for loading, shall be equipped with.a suitable manual and powered
arrangement to upload and download linked and linkless ammunition as required. .
Ejection chutes shall be provided to carry the expended cartridge cases and
links from the gun to suitable storage compartments or outside the aircraft.

The ammunition handiing feed and case and link éjection arrangement shall

be designed and installed in accordance w1th the access and clearance require-
ments of paragraphs 3.15 and 3.17. The gun's ammunition handling feed and .
ejection systems shall operate satisfactorily at all altitudes, flight speeds
and "g" loads required in paragraph 3.16.3 of MIL-D-8708.

3.14.1 Adjustment provisions for feed chutes, ejecticon chutes and
accessories - A suitable means shall be provided for adjusting the position
of feed chutes, ejection chutes and related accessories as necessary to in-
sure their proper functioning for any of the boresight positions of the guns
required in paragraph 3.8. A minimum length (compressed state) of four and
a maximum not to exceed sixteen inches of fléxible féed c¢hite’shall be in-
stalled at-the gun end of the chute to facilitate adjustment of feed chutes
for single barrel fixed ,guns. The remalnder of the chute shall be rigid
‘to prevent de-linking of ammunition whlch occurs when moving ammunltlon whips
in the flexible .chuting. Coe . 7 I

10
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The length qﬁ flex1ble feed and eJectlon chutes for mulit—barrel fixed’guns

’ [
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iy 3 14. 2 ‘Frlbtlbn reduction in ammunition feed and eJectlon systems'—
The 1n51de surfaces of ammunltlon boxes’ shall be’ smooth and entlrely free
of any obspguctlon to the ammunition as it'is removed ‘from the box during

,the operatlon .of -the gun. The inner surfaces of the feed and ejectlon

chutes shall be smooth and hlghly pOllShed to a minlmum of 16 mlcr01nches
to reduce friction, and shall be free of sharp corners ‘and edges or other
protru510ns whlch_plght obstruct the cont;npous passage ‘of the ammunltlon.
All"sérew and fivet heads ‘shall be flush“ﬁlth the 1n51de surfaces. No belt-
retaining springs shall be placed in the feed chutes. Sharp twists or
turns in the feed chutes that will cause friction shall not be acceptable.
Overlaps of the structure material used in feed and ejection chutes shall
be in the direction of the flow of ammunition in order to avoid obstructlons

to ammunition, links and expended cases.

3.14.2.1 Feed rollers - Anti-friction rollers or other suitable means
may be installed in the ammunition boxes to reduce ammunition belt drag 1f
excessive belt drag is encountered. The rollers shall be of the proper
diameters and spacing, as required by the size and contour of the rOunds,
to insure level feed of the rounds.

3,14.3 Ammunition boxes or drums - Ammunition boxes or drums shall
be provided in accordance with the applicable aircraft specification.
The boxes shall be easily and conveniently removed by hand without the use
of tools. The shape of the boxes shall conform closely teo the space in
which the installation must be contained to avoid shifting during flight.
The maximum gross weight of each loaded box shall not exceed one hundred
and fifty pounds. The maximum internal width of the box shall not exceed
tne length of the round plus 1/16 inch clearance between each end of thé
round and the box sides. A drawer-pull and a suitable handle(s) arrange-
ment shall be provided to serve as a locking device to secure the box in
position and to facilitate handling. Anti-friction rollers or buttons shall

-be installed on the box or on the tracks, if necessary, to facilitate the

loading and removal of the box. The bottom of the box shall be adequately
shaped and reinforced to-prevent damage to the box,,yhen the . loaded box 1s
slid'’across: ;rough, decksi .or- floors,., A draln hole adequate to ellmlnate
moisture -accumulation 'shall be placed in each bottom corner of the  ammunition

. box. i.Suitable-rprovisions shall be. made in boxes to prevent Jammlng of ' the
=belt*at the entrance of. the feed chute .or foullng of. the ammunition belt

within the box. during, maneuvers under condltlons 1ndlcated in paragraph 3 14.

11
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Belt layer. separators shall be provided in layer—type ammunition boxes in
order to assure a smooth flow’ ‘of ammunition from the box. The- separators
shall prevent link to link contact between the layers of the’ belt. Figure 1
illustrates a typical belt layer separator installation. Ammunition
channels may be used in lieu of boxes. The internal dimension of channels
shall conform to those of ammunition feed chutés. Ammunition drums ‘may be
provided if multi-barrel fixed guns are installed in the fuselage of the
aircraft. Easy access for removal and servicing of the drum shall be pro-
vided. The drum shall have suff1c1ent strength and stiffness to prevent
deformatlon during operatlon and handling. Hand hold or hoist attachment
points shall be prOVldEd as necessary to the drum to fac111tate handllng-

‘during rearming and maintenance.

3.14.3.1 Mounting provisions for ammunition boxes - The ammunition
box(es) shall be mounted so that the lowermost layer of the belt is either
at or above the gun feed level and at right angle to the centerline of the
gun (i.e. with rounds parallel to the gun barrel centerline) in its average
boresight position (or as close to right-angle as design space and weight
considerations will permit). (See 3.8). The supporting structure for the
ammunition box or drum shall be constructed with sufficient strength and
rigidity to withstand the stress loads to which it will be subjected with
the box fully loaded and the aircraft operating under flight conditions
imposing the maximum design acceleration for the aircraft. {See 3.14).
The mounting shall be arranged so that two men may conveniently mount the
required ammunition load without use of special tools or handling equipment
unless otherwise specified by the applicable aircraft detail specificatiom.
The total capacity of the ammunition boxes and feed chutes shall be in
accordance with paragraph 3.3. Ammunition channels, if used in lieu of
boxes, shall be removable for repair and replacement. Access doors or
panels shall be provided for removing ammunition jams from the channels.
The drum capacity for multi-barrel guns shall be in accordance with the ap-
plicable aircraft detail specification.

3.14.3.2 Multiple boxes — If space or weight limitations make it
necessary, more than one box may be provided for each gun to meet the re—
quirements of 3.3 and 3.14.3. If two or more boxes are to be installed in
close proximity, it shall be possible to replace the boxes for each gun
without dlsturblng the box(es) for the other guns. Each box in.cthe gun in-

\stallation shall be provided with a positive locking device (see 3.14.3)

which will héld the box securely in its proper position and in proper ad-
justment (see 3.14.1). 1In multiple box installations, provisions shall be
included which will insure unobstructed continuous feeding of the ammunition
from all boxes in accordance with requirements of paragraph 3.14.

12
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Self-adjusting false box bottoms or other satisfactotv devices may be pro-
vided for this purpose if necessary See paragraph*3 1.1 for box material

requireme‘ﬁts. Where aircraft Ll':b.l.éu makes J.uulLLPJ.C bum:a fiecessary, Con—
sideration shall be given to use of integral compartments for the ammuni-
tion. — ,‘._"'-‘

3.14.4 Ejected case and llnk dlscharge provisions - Adequate

provisions shal] ‘be installed as part of the gun installation in the air-
craft for conveying the eJected cases and- links. from all guns. The cases
and links sha}%?be dlscharged elther free of the alrcraft or into a suit-
able compartmentiaerequlred by the Alrcraft Qetall Speciflcatlon. Where
the links and cases are retalned adequate space and distribution methods
shall be prov1ded so that no jamming will occur due to pile up of links
and cases. Where the links and cases are discharged free of the aircraft,
it should be done in such a manner and at sufficient velocity that no hits
due to links and cases are sustained by the aircraft.

3.14.4.1 Case ejection chutes - Caes ejection chutes shall be of
minimum length compatible with the aircraft design and shall be comstructed
with the minimum number of bends and twists. Separate chutes shall be pro-
vided for each gun. The case ejection chutes should be designed to follow
the normal path of the expended cases as ejected from the gun. For guns
which eject cases perpendicular to the centerline of the bore of the gun,
the cross sgctlgnal size of the case n=--u=r‘r1nn chute qh::u11 be nr‘pﬂll.‘-’lrp to
permit unobstructed passage of a complete cartridge; this will require that
the minimum inside lingitudinal dimension of the chute cross section shall
be equal to the maximum inside width of the armunition box as specified in
3.14.3. Case ejection chutes which bend to the right or left of the center-~
line of the bore shall have sufficient width so that a complete round of
ammunition can pass through the chute endwise. For guns which eject ex-~
pended cases fore or aft, a cylindrical chuting shall be used. The radii
of bends in these chutes shall be as large as practicable and shall be ad-
equate to prevent obstruction to the passage of a complete round of am-
munition. Where case chute exits are adjacent to one another or combined,
the cross sectional area of the combined chute exits shall be equivalent
to the sum of the areas of the several chutes. Detailed characteristics
of ejected case chuting for gums which eject fore and aft will be furnished
by the Naval Air Systems Comqand upon reqagst’ Walls'of all ejection chutes
which receive the initial impact of the’ e]ected cases “%hall be reinforeed
to prevent failure of the chutes w1th1n\these ‘atreas. For ejected case chute
material requirements, see 3:I.1. A€ the gun end the chutes shall be ad-
justable to permit the gun adjustments required in 3.7. The exit ends of
the chutes shall guide the cases in a direction which will insure positive
discharge of the case from the aircraft.  See 3.16.
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3 14, 4 2 - lLink ejéction chutes - Link ejection chutes may be of
the rigld or flexible type. The chutes shall be of minimum lingth com- '

.. patible with the aircraft design and shall be constructed with a minimum

number of bends and twists. A separate link chute 'shall be provided for
each gun. A cross sectional size of the link ejection chutes shall be no
larger than is necessary to permit’ unobstructed passage of the links. 'The
cross sectional shape of the chutes shall conform generally to the shape
of links. The radii of bends, turns and twists in the chutes shall be as
large as practicable and, in every case, shall be adequate to prevent ob-

. struction to the passage of the links. The inner surfaces of the link .

ejection chutes shall be in accordance w1th 3 14.2, The exit ends of the

chites shall gu1de the 1links 'in 'a direcfion which 'will induce separation

of the link belt and positive discharge from the aircraft. See 3.16.

3.14.4.3 Mounting requirements for case and link ejection chutes -

The case and link ejection chutes shall be mounted sufficiently rigid to
withstand the stress loads to which they will be subjected when the guns
are fired under flight conditions indicated in 3.14 and under firing con-
ditions specified in 3.6. The arrengement of the chutes shall enable sat-
isfactory operation of the guns in any of the required boresight positioms.
The chutes shall be-designed for quick and -easy attachment and removal and,
where necessary, to provide means for easy boresight adjustment.  Removal
and installation of the chutes shall be possible without removal of other
major components or large equipments in the airplane.

3.14.4.4 Ejected case and link stowage compartment — The case.and
link stowage compartment shall be provided, if required by -the Aircraft
Detail Specification. Unless it is incompatible with the aircraft design,
the compartment shall be undivided. The compartment shall be undivided.
The. compartment shall be as close to the guns as is compatible with the

‘aircraft'design. The total space provided in the compartment shall be ad-

equate to hold all ejected cases and links discharged from the full required
load of ammunition fired. See 3.3. Provisions shall be included to facili-
tate removal of the cases and links by ground crew during re-arming of the
aircraft. The case and link chute entrances into the compartment shall be
located and constructed adequately to prevent the ejected cases from rebound-
ing into the gun mechanism and to prevent the cases and links in .the compart-
ment from obstructlng ‘thé ‘erit¥ances ‘dufing:'ald’ aircraft: maneuvers: indicated
in 3. 14 1nclud1ng inverted flight. The construction of the compartment shall
be adequate to prevent “gases from escaping' from the compartment. into any in-
hlblted or unventilated portlons of the aircraft. !Provisions.shall be in-
cluded to prevent ‘explosions due to “accumulation of- gun: gases or 011 funmes

in the case and link compartment. See paragraph 3.13.5. co .
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.o oue 3:24.4.5 < . Ejected case and link discharge outlet - If the Alrcraft
Deta1l Spec1f1cat10n requires the ejected cases”and links.to be discharged
from the aircraft during flight, the dlscharge outlet shall be located in

. . -
accordance with clearance requirements of paragraph,3.16. Suitable stream-

line baffles, chutes or re1nforcement shall be provlded to prevent the
ejected cases and links from jamming and from damaging the aircraft as’ they
are discharged or from being sucked into the Jet engine air intake. ' The
cases and links shall discharge properly under all required flight attitudes
-and speeds;.‘See~3.14. '

2 v 3.15 i 'Ease of rearming - Arrangement of gun 1nsFallation shall
facilitate eff1c1ent,and safe. rearmlng of allrguns under all ldading’ and
operating conditions expected to be encountered by the appllcable aircraft
in service ashore and afloat. Rearming procedure shall not require ground
crews to stand or walk on fuselage or wing surfaces outside of the desig-
nated areas provided for this purpose. Special equipment shall not be
required for rearming the guns unless required by the applicable aircraft
detail specification. '

e ]
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ficient procedure for rearming the aircraft shall be nade in accordance
with paragraph 4.2 and written instructions shall be prepared and included
in the applicable Handbook of Maintenance Instructions, Alrcraft Gun
Operation and Maintenance Manual and Weapons. Loading Procedure Imstructions/
Check List. This determination and preparation shall be made in conjunction
with the related requirements as specified in MIL-I-8671. Use of a maximum
number of two men for the fixed guns and ammunltlon portion of the rearming
procedure is’ desirable.

3.15.2 Rearming time - A procedure shall be determined for re-
arming carrier based aircraft (including servicing the guns and loading
the full required ammunition load for all guns and loading other required
weapons and stores) in the time required for refueling the aircraft. The
time required for rearming the aircraft in accordance with the instructions

required in paragraph 3.15.1 shall correspond to the time required for re-
fueling the aircraft.

3.16 Clearance - The following minimum clearance require-
- mentd ShéTLLBEﬁprovidedﬁfordinqtheygun«installations'in the‘aircfaft:jv
S - S
: 3.16:1 Propeller dlsk clearance - In all of “the requlred
positions of boresight alignment {see 3.8).a minimum clearance of six
inches shall be.provided between~the line-of-fire of each gun and all
propeller disks. - e T

:
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from —-65°F to +160°F and the humidity ranges encountered within this temper-
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3.16.2° Clearance for ejected cases and links - If the instal-
lation provides for the discharge of ejected cases and links from the air-
craft, the location and construction of the discharge outlet shall, through-
cut Lh: serviceable LLLBHL envelope, pUbLLLVCLy insure duéﬁﬁ&te clearance
between the discharged cases and links and all surfaces of the aircraft

which might be damaged by the impact of the discharged cases and links.

. 3.17 . Accessibility ~ Satisfactory access shall be provided
in fixed gun tal'latlnnq to enable safe and efficient adjustment and- -
maintenance of the complete gun system. Hand holes or qulckly securable
doors shall be provided in the aircraft if necessary for this purpose;
such doors, if used, shall be kept to a minimum required size and shall be
so hinged that the slip stream will tend to hold them in a closed position.

Removal of any gun shall be possible without disturbing adjacent guns.

3.17.1 Maintenance access - Convenient access shall be provided
for inspecting, cleaning, and lubricating all guns, ammunition feeding, and
ejection systems and associated equipment, such as mounts, gun pneumatic,

permit ready removal of the gun and accessory components, etc. without che
use of special tools. Special tooling is authorized, however, for removal
of guns, ammunition, storage drums and the like, weighing in excess of 150
pounds if necessitated by their location, but must have the prior approval
of Naval Air Systems Command.

3.17.2 Access for gun system adjustment - Access shall be pro-
vided to enable operation of the necessary hand tools gages,.checking,
fixtures, and boresight equipment required to make proper boresight adjust-
ment of the guns and to adjust the feed and ejection chutes as required.

3.17.3 Rearming access — Access shall be provided in all air-
craft which will enable crews to reload each gun and ammunition box or
drum combination and to remove ejected cases and links in accordance with

rearming requirements of paragraphs 3.15, 3.14.1, 3.14.2.

3.17.4 Gun Removal Access - Access shall be pr
each gun to be removed in accordance with requirements of
without removal of adjacent guns and accessories.

3.18 . Provisions for environmental conditions -~ The gun instal-
g shall operare Satlsfa{;tgrllv within the ambient temperature ranges
ature range. Suitable protection shall be provided in the aircraft to pre-
vent malfunction of guns and ammunition systems due to fungi, shock, vi-
bration, salt water spray, dust and rain storms. The gunnery systems shall
operate satisfactorily within- the altitude and speed ranges specified for
the aircraft in the applicable Aircraft Detail Specification,

LN
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3.19 Required data and drawings - Drawings and design and
engineering data pertinent to fixed gun installatiens shall be submitted
to the Naval Air Systems Command as early as possible in accordance with
the requirements of MIL-D-8706. ‘

3,20 Weight - The total weight of the fixed gun installations
shall be a minimum consistent with strength and material requirements and
ammunition load requirements. In the design and construction of feed and
ejection systems, the contractor shall endeavor to reduce weight wherever
possible by using shorter chutes and lighter materials.

3.21 Dispersion - The average dispersion pattern obtained at
a recommended range of 1000 inches from the muzzle during ground firing of
five 25 round bursts for each fuselage mounted single barrel gun and three
100 round bursts for a multi-barrel gun shall be such that 80% of the pro-
jectiles lie within a 4 @il radius about the mean point of impact (MPI).
For wing mounted guns, the dispersion radius shall be 4.5 mils when fired
under the above conditions.

3.22 . Systematic error (Displacement of the MPI from the
Boresight Point) - The average radial systematic error obtained during
ground firing specified in 3.21 shall not exceed 2.25 mils for single
barrel fuselage or wing mounted guns and 2.5 mils elevatlon or depres-
sion and 4.75 mils azimuth for multi-barrel guns.

3.23 Workmanship - The workmanmship throughout the fixed gun
installations shall be in accordance with high-grade aircraft and ordnance
construction practice, In all respects, the workmanship shall be acceptable
ta the Naval Air Systems Command.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection - Unless otherwise specified
in the contract or purchase order, the supplier is responsible for the per-
formance of all inspection requirements as specified herein. Except as
otherwise specified in the contract or order, the supplier may use his own
or any other facilities suitable for the performance of the inspection re-
quirements specified herein, unless disapproved by the procuring activity.
The Government reserves the right to perform any of the inspections set
forth in the specification where such inspections are deemed necessary to
assure supplies and services conform to prescribed requirements.

4,2 The following inspections and tests shall be conducted
on fixed gun installations in naval aircraft. Additional special inspec-
tions, tests, or demonstrations may be specifically required for certain
aircraft by the Naval Air Systems Command.

18
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Naval Air Systems Command inspection - Authorized Naval

Air Systems Command personnel will inspect the gun installation during con-
struction and installation in the aircraft. Approval of the installation
in process of construction will in no way constitute approval of the ‘final
delivered installation prior to completion of Navy acceptance test.

[

4.3

Rearming procedure test - The contractor shall conduct

a time and motion study of the rearming procedure for the aircraft. This
study shall include the loading and adjusting procedures for all guns,
other weapons and droppable stores. The study shall provide information
from which the most efficient rearming procedure may be determined. See
3.15.2. For the fixed guns, the study shall begin with (1) the removing
of empty and partially empty ammunition boxes and removing case and links
from the stowage compartment (s) or drums (2) servicing the guns and the
gun charging system and (3) reloading. The reloading shall begin with the
required ammunition load (equivalent dummy ammunition may be used in the
ammunition boxes) on ground-handling equipment outside the circular area
which encompasses the extremities of the aircraft. The ammunition load
shall be moved into position and loaded properly in the aircraft. The -am-
munition is to be supplied in the arrangement selected for the particular
aircraft involved (bulk in boxes, pre-belted in boxes, stored in bulk loader,
ete.). The ammunition shall be fed through to the normal safe-take off
position in the gun, feed chute, feed mechanism or loader as required, and
the gun made ready for firing time and motion study for rearming ‘the gun
shall end when the guns are ready for firing.

4.4

Pre—installation treatment - In order to insure proper

and safe handling and operation of the guns during tests and demonstrations
conducted by .the contractor, it is required that the guns be degreased,
cleaned, lubricated and adjusted in accordance with instructions contained
in the publications listed in 4.4.1 below. l

4.4.1

Publications for 20mm Guns — Listed below are publications

pertaining to the operation and maintenance of several 20mm guns. These
publications should be obtained and read by personnel before attempting to

handle, maintain,

install or fire these guns. Information regarding the

operation, maintenance, and firing, etc. of other guns (7.62mm to 40mm) shall ~
from the Haval Air Systems Command.

be obtained

(a) NAVAIR
{(b) NAVAIR
{c) NAVAIR
(d) NAVAIR
(e) NAVAIR
(f) NAVAIR

Technical
Technical
Technical
Technical
Technical
Technical

Manual
Manual
Manual
Manual
Manual
Manual

11-95-2 (MARK 12 Gun)

11-1-103 (MARK 7-2 Feeder)
11-95-1 (M3 Gur and ANM2 Feeder)
11-95M61A1-1 (M61ALl Gun)

11-95M197-1 (M197 Gun)
11-95M89-1 (M89 Feeder)

19
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4.5 Pre-firing treatment — Following the treatment required
in 4.4 and previous to firing the first round from each installed gun, it
is required that the guns and ammunition feed systems shall be inspected,
adjusted, and lubricated as required in applicable publications listed in
4.3.1. The guns shall be boresighted prior te firing. See 3.9,

4.6 Gun installation check—out - The contractor shall con-
duct operation checks on each aircraft prior to or after firing as required
to insure satisfactoriness of the following items in the fixed gun instal-
lations prior to delivery of the aircraft. The aircraft shall remain on
the ground during these checks. TFor the purpose of these checks, guns shall
be fired as required in 4.6.1. This check-out does not supplant any other
test (s) and demonstrations which may be required by the Naval Air Systems
Command .

{(a) Adequacy of all mechanical féstenings and all
hydraulic pneumatic, and electrical connections in the gun firing, charging,
clearing, feeding, purging, control and heating circuits.

(h) Continuity of the gunnery system electrical, hydraulic
and pneumatic circuits. ‘

(c} Functioning of gun charging and clearing arrangement
(d) Functioning of temperature comntrol in ammunition
compartment and gun bay. -

{e) Functioning of all switches and guards in the gun
circuits.

{(f) Functioning of all safety devices.

. ) (g) TFunctioning of ammunition feed mechanisms, loaders,
round, counters, and boosters.

v

(h) Adjustment-positioning, security of all ammunition
chuting, cartridge case and link ejection chutes.

(1) Accuracy of boresight alignment of guns.

, (i) Adequacy of clearance and accessibility (See
3.16 and 3.17).

20
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(k} Gas tlghtness of blast tubes, gun compartments and ’
ejected case and 11nk compartments (visual 1nspect10n)

(m) Adequacy and condition of ejected link and case
stowage compartment entrance.

i i . {n) Adequacy of the gun mount installation {(i.e., no
apparent looseness, shifting, etc.). - :

4.6.1 * Gun firing - The guns iﬁ each aircraft shall be ground
fired as required herein except as noted in 4.6.1.1. Tmmediately before
firing, all prescribed safety and operational check-out procedures must be
performed to ensure satisfactory operation of the. gun system. Dummy rounds
may be used to check-out the system prior to firing. A clean patch (cloth)
shall be passed through the bore of each gun barrel to remove excess oil
and to ensure that the barrel is free of obstructions. The gun system shall
be filled to stated capacity. Fire a one second burst from all fixed guns
in the aircraft. All guns shall be fired simultaneously. 1If a stoppage. of
any gun occurs during the firing of the one second burst, the gun must again
be fired (one second burst) after the cause of the stoppage has been deter-
mined and eliminated. This firing test shall be accomplished prlor to the

delivery of the aircraft.

[4;6.1.1 " Gun firing in first five aircraft - The first two pro-
duction airplanes of any one production model (model designations being
such as F-8A, F-4A etc.) shall have the full required load of ammunition
(see 3.3) fired in flight from the guns unless deviation from this require-

ment is granted by the Naval Air Systems Command. All guns shall be fired

simultaneously. The full load of ammunition shall be fired in interrupted

100 round bursts. Adequate cooling time between bursts must be allowed to
prevent cook-off of the ammunition. The Naval Air Systems Command shall

‘be contacted to obtain the required "between bursts" time required for a

particular gun. If stoppage of the gun or failure of any component of the
gun installation occurs, the cause shall be determined and eliminated and

the test repeated for the affected gun (s).

4.6.2 Care. after firing - The installations shall be checked
as required in 4.5 after firing. The guns and feed mechanisms shall be
cleaned and 1nspected immediately after firing; cleaning and inspection

shall be as requlred in publicaticns listed in 4.3.1. . l
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5. PREPARATION FOR DELIVERY

5.1 The gun installations in the aircraft shall be properly
boresighted, adjusted and serviced prior to delivery. For special treat-
ment of guns, see publications. listed in 4.4.1.

6. NOTES

6.1 Application ~ The requirements in this specification are
pertinent to the installatlon of fixed guns and associated equipments in all
types of naval aircraft and shall be applicable to any particular model air-
craft if conformance to this specification is required by the applicable
Aircraft Detail Specification.

6.1.1 Modification - Modification or amplification of the
requirements of this specification, as applicable to a particular model air-
craft, will be incorporated in the Aircraft Detail Specification at the
time of its preparation. Modification or amplification of these require-
ments becoming necessary subsequent to the effective date of the applicable
aircraft contract shall be accomplished in accordance with established Naval
Alr Systems Command change procedure. Reguests for modification shall be
submitted in writing and shall include complete description, supporting data
and reasons for modification. .

6.1.2 Waivers - Requirements of this specification may be
waived for specific applications upon presentation of substantiating data
to and with approval from the Naval Air Systems Command.-

6.2 Furnished data - Technical and other data required for
the installation of government furnished equipment will be supplied to the
contractor by the Naval Air Systems Command upon request. Requests for in-
formation on gun reaction and blast forces should be forwarded to the Naval
Ailr Systems Command; the Naval Air Systems Command will provide all available
information. Use of technical data furnished by the Naval Air Systems Command
will not relieve the contracter of responsibility for adequate design and
construction of the gun installations.

Preparing Activity:
Navy - AS

Dod Project No. 1005-N526
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