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1.0 INTRODUCTION

The objectives ofrContract BAAKHO=29=L0096. were to design prototype auto-

loader and recoil systems for the 155mm howitzer mounted in the M109A2 vehicle.

These systems were to require the minimum changes possible to the existing
vehicle and were not to impair the 360-degree iraverse and 0- to 75-degree

elevation capability of the weapon. Projectiles and powder charges would be

stored and fed automatically by either powered or manual operation of all
functions, with a burst rate of three rounds in 10 seconds and a sustained rate
of four rounds per minute. The howitzer would have a sliding breech and a fixed
or variable recoil length, The primers would be fed and ejected automatically
as well. The system should be recoil operated with instantaneous selection cf
the various powder charges and projectiles from the gunner's station. The
ammunition stowage racks should hold more than 43 rounds and permit setting of
the fuzes in the stowed position.

The recoil system should be of modular design with each module replaceable
without draining oil or gas. All cylinders should be designed for a maintenance-
free 1{fe of 10,000 rounds. Each pair should be identical, and the system should
function on one each of the recoil and counterrecoil cyiinders. Both systems
should maintain simplicity and adequate reliability while operating over a
temperature range of -50%F to +160‘F..<

The following is a report of the methodology and design of the autcloader

and recoil system designed by Pacific Car and Foundry Company (PCF) to bes:

fulfill the above requirements in the most practical and reliable manner.
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2.0 AUTOLOADER

2.1 RATIONALE

The original proposal concept provided a stowage rack mounted across the
rear of the vehicle with the projectiles and powder raised from the stowed
position and transported along their respective sides to a feeder which held
multiple rounds. The magazine type feeder on each side of the gun would move
up to the stowage rack to load and then down to the gun position to present
the projectile and powder to the rammer. During the initial evaluation of this
design, questions arose as to its ability to perform the necessary functions
within the firing cycle constraints. Initially, the idea of a multi-round
magazine that would follow the weapon in elevation for the burst-fire rate
seemed to be the best method of reserving the maximum aliowable time for load-
ing a projectile and powder charge. However, several compromises were necessary
with this system. A prefilled magazine of heavy projectiles and charges of one
type presented the necessity of removal by hand should the fire order be
changed or cancelled. The feed system required projectiies and charges to be
lifted from the stowage racks to cab roof level and then moved forward to the
magazines, which would lower them to the weapon elevation. Also, the system
required all projectiles to be stored on one side of the vehicle's longitudinal
center, creating a gross imbalince. Depending on the amount of ammunition used,
this imbalance would change greatly as rounds were consumed, requiring a sophi-
stication of the vehicle's suspension system.

Certain design parameters become apparent during this initial study of
the autoloading system. To conserve energy and reduce time, it would be de-

sirable to move the projectiles and charges as short a distance as possible
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while attempting to use gravity to the bast advantage. A gravity feed system
was considered. However, a study of such a system indicated a reduced
reliability. A system which would advance one type of projectile and charge
at a time would eliminate the necessity to remove urused rounds. The stowage
racks should retain the projectiles and powder in a positive manner during
recoil and vehicle operation. Also, the system should stow the projectiles
as low and evenly across the vehicle as possible to maintain an even trim and
low center of gravity for the vehicle. At least five types of projectiles
and charges should be readily available. Also, a modular design of the stowage
racks would enhance reloading capabilities as well as provide greater reli-
abiiity.

The resulting design presented in this report reflects a departure from
the proposal for a more effective and reliable system, while meeting the ob-

jectives of the contract as well.

2,2 DESIGN
2.2.1 Autoloader

The autoloader design evolved from the combination of requirements and
trade-offs necessary to produce a system that would meet the required firing
rate and yet be operable by hand. The preliminary conceptual design assumed
that the firing rate could be met only by using a magazine type loader holding
two or three projectiles and powder charges and moving in elevation with the
weapon. During the initial design phase of this system, it became apparent
that although the system would meet the requirements, it would be desirable
to eliminate certain features if possible. The necessity to elevate the ammuni-

tion from the feed racks to the reload point for the magazines would pose a
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problem for manual operation. Also, the mechanism would be fairly complicated,
and a weapon stoppage for any reason would require removal of the ammunition
in the magazines by hand. Also, multiple handling of the ammunition reduces
the system's reliability. In addition to maintaining the proper vehicle trim,
the projectiles should be stored completely across the vehicle and as low as
possible. To accomplish this, it would have been necessary to reduce the types
of rounds carried and complicate the feed system considerably; therefore, concepts
for alternate methods were evaluated. A system that would advance one round
at a time would be desirable. However, to do this would require a system that
would follow the gun during full elevation and yet accept ammunition from a fixed
point.

In the design resulting from this study, a simple system of sliding arms
(see Figure 2-1, Item A) was devised so that during elevation of the weapon (see
Figure 2-1, Item B) about the trunnions, the support anchors (see Figure 2-1,
Item C) which are firmly attached to the gun, provide a fixed point for the
telescoping arms at all elevations. A fixed reference point at the vehicle is
provided by anchors (see Figure 2-1, Item D) attached to the turret, The geometry
is such that as the gun changes elevation, the fixed anchors at the gun and the
feeder lengthen or reduce the length of the arms (Item A) appropriately. These
arms provide a track for the feed carriage (see Figure 2-1, Item E) to travel
on. Since the carriage is firmly affixed to the tracks and due to the geometry
of the followers on the carriage, the carriage will always be level at the feeder
position and assume the angle of the gun when moved to the gun positien. The
carriage is powered by a hydraulic motor (see Figure 2-1, Item F) which drives
a chain (designed to become rigid under compression) on each side of the carriage

(see Figure 2-1, Item G), During retraction the chains will bend in one direction

s m o e v
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Figure 2-1. Autoload and Feed System
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only, which allows them to turn around the sprocket and store in a small place.
Upon arrival of thé carriage at the gun (shown level in Figure 2-1 for clarity),
the rammer module /see Figure 2-1, Item H) rises from its stowed position below
the recoil path of the gun. The rammer module is carried with the gun on a solid
structure (see Figure 2-1, Item C) to maintain its relationship with the bore
centerline. On its finel bit of travel, it picks up the carriage that the powder
and projectile have been transferred on and makes the final alignment with the
bore far ramming. The projectile is always carried on the centerline of the
weapon; therefore. the system is always moving the heaviest items the shortest
distance. The carriage moves downward when carrying a projectile and powder,
except when lcading at gun tube angles of 0 to -10 degress of elevation. A
handcrank at the motor would allow rapid operation of the system in the manual
mode.

The rammer (see Figure 2-1, Item J) is of unique design to allow stowage
in the least possible space and ram the projectile and powder separately in the
least possible time. The rammer is a "flick" rammer in that {t accelerates the
projectile to above 10 ft/sec to provide proper seating force. After acceleration
of the projectile, the rammer leaves the base of the projectile 1 inch inside the
chamber, The rammer is capable of velocities above 10 ft/sec if found necessary
during testing. Also, the alignment of the projectile and rammer to the center-
line of the weapon can be adjusted to eliminate balloting during the projectile
free travel. After ramming the projectile, the rammer returns to the retracted
position, and the powder charge is moved over in line with the weapon and pushed
into the chamber. The rammer is throttled to leave the powder the required 1 inch
inside the breech surface. The rammer is retracted and lowered while the carriage

returns to the feed position to allow full recoil at any elevation. The breech
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will close automatically, feeding a primer and arming the weapon, ready to fire.
The weapon is oriented so that the breech block rises when opened and the rammer
assembly provides a tray to the rear of the chamber for the projectile and powder
charge to travel on during ramming. The rammer cylinder is controlled by means
of a valve to provide the speed necessary for projectile seating and reduced
force to place the powder in the proper position.

For manual operation or when using the Copperhead projectile, the weapon
should be loaded level or at a low angle to allow use of the hand rammer. However,
the hydraulic rammer could be used with manual control, if desired, by the addition
of an accumulator and hand pump.

A study to determine the feasibility of using the recoil stroke to charge
accumulators to self-power the system resulted in the conclusion that such a
system would reduce reliability and result in undesirable complexity. Past
experience in the recovery of recoil energy has proved unprofitable due to the
short time and stroke of recoil (approximately 20 miliseconds and 22 inches of
travel). If required, a system to recover energy could be developed in the future.

Although the autoloader is primarily designed to accommodate a sliding
breech and modular charge, the system could be modified to use the present
rotating breech, The addition of an extendable tray on the rammer assembly
to bridge the threaded portion of the chamber would accomplish this. Bagged
powder could be used with this system with the addition of a plastic disc to
retain the bag in the chamber at elevation.

The autoloader as presently designed will accommodate the 155mm howitzer
mounted in the M109A2 vehicle with no major modifications needed for operation
up to 45 to 50 degrees of elevation. To achieve a full 75 degrees of elevation,

the weapon trunnions would need to be raised approximately 6 inches or the rammer
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assembly modified to stow below and slightly to the side of weapon. This would
result in a slightly slower rate of fire. Computer time and energy studies of

the autoloader mechanism show the ability to achieve the 5 second burst rate
within reasonable velocities and energy levels. The computer studies (see

Figure 2-2) were conducted using 50 percent of the time to accelerate the
mechanisms and 50 percent for deceleration. Additional studies using 60 percent
acceleration and 40 percent deceleration and 70 percent acceleration and 30 per-
cent deceleration show that the accelerations and energy levels could be optimized

{f necessary.
Stress and friction calculations and details of the autoloader are con-

tained in Appendix A.
The design of the autoloader uses fabricated and commercially available

parts, rather than castings, extrusions, and special parts, to facilitate the

building of a prototype prior to production engineering.

2.2.2 Stowage and Feeder

The stowage and feed system was presented a challenge in the need to provide
six different types of projectiles and powder charges, readily available and in
any order. The feed system must offer safe reliable stowage for the components,
yet provide ready access for changing fuses or charges, and for replenishment.

A unique system using a lead screw type device to advance the units in rows was
concepted (see Figure 2-1, Item K). Each row would use two lead screws to capture
the units in the rack. These same lead screws would advance the units simply

by rotating one revolution. To reverse the feed, the drive to the lead screws is
reversed. The projectiles and charges would be advanced to an elevator incorp-

orating the same type of lead screws. The elevator would lower the projectile
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and powder charge to trays at the lowest Tevel of the system. These trays are
in line with the feed carriage in the stowed position (see Figure 2-1, Item L).
A set of pushers moves the ammo components forward to the feed carriage upon
demand. The simplicity of this system is very desirable (see Appendix C, Draw-
ing C-1, Sheet 4). Also, the system is never required to 1ift the projectiles
and powder charges. They are rolled with a minimum of friction, horizontally

to the elevator, where they are lowered to the ready position. The drive motors

for the stowage racks are fitted with a handcrank receptacle for manual operation.

The elevator motor, which is also used as a brake, is fitted with a receptacle

for manual operation, as is the motor that advances the units to the feed carriage.
Hydraulic motors are used for compatibility with the turret drive system.

Energy and friction requirements are minimized by the use of plastic or nylon

coatings on the wearing surfaces of the system. Projectiles and powder charges

are firmly held in place at all times, and it is expected that advancement and ;
Towering of the units could be accomplished while the vehicle is in motion or
during recoil. However, the system is designed to advance the next ready round
during the autoloader cycle.

The stowage and feed concept was so unusual that it was decided to fabri-
cate a half-size model to prove the theorv prior to finializing the design
(see Figures 2-3 and 2-4), The model, although unrefined, shows the ability
to use the concept and i{s submitted as part of this report. The racks as designed
can be accommodated aboard the M109A2 with a minimum of modifications. It will
require a slightly higher bustle and the addition of a set of doors across the
back. The doors are designed to lower to a horizontal position to provide a
platform for individual loading of projectiles and powder charges. The doors

can also be dropped to a vertical position to provide access if a modular rack

12



Figure 2-3. Stowage Rack Mode!
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is used. The present configuration will hold 30 complete ready rounds (6 rounds
of 5 types). Adaptability to the present M109 vehicie and modular design were
the prime considerations for this configuration. A modular rack is shown in
Figure 2-1 (K). The elevator section remains with the vehicle as do the drives for
the stowage rack. The concept shows fork 1ift pockets to facilitate remecval of
the entire rack except the drives. The racks and drives are simple and would

be fairly l1ight. The racks would be filled at the depot area and transported

to the vehicle directly. Either a fork 1ift or boom crane could be used to

remove and replace the racks. Excess room was left at the bottom of theze

racks for a test situation; however, 35 ready rounds could be carried by utili-
zation of this area with very little additional modification. Stress calculations
and specific details are contained in Appendix A. The system is designed to

be fabricated from available material welded, etc., as a protstype. Production

design would include the use of castings, extrusions, etc.

2.2.3 Primer Luader

The automatic primer feed system for the 155mm autoloader performs basically
the same function as a small arms automatic weapon, However, the shape of the
M82 or M119 primer does not lend itself well to autoloading as the sharp square
front and the rim at the base create difficulties not normally encountered with
regular cartridges. Also, the necessity for the primer loader to operate in
conjunction with the breech presents a unique cycling problem. The sliding breech
was selected as the prime candidate for the autoloader system, Therefore, the
primary emphasis of the design is the use of this type of breech. Although
either of the concepts could work with the rotating breech, a rotating bolt type

mechanism would probably be used.

15




Standard automatic weapon actions generally extract and feed by recoil or

gas pressure. It was not deemed desirable to extract the primer while pressure
remained in the bore. Also, a primer should not be fed into the firing position
until just before firing the cannon. The system also should be activated by

the motion of the breech rather than be externally powered.

To meet the above criteria, it appeared that a straight 1ine locking
arrangement would be in order to simplify the system and take advantage of the
sliding breech motion. The initial design used a basic rotating bolt type lock.
However, this was activated by a straight forward and aft motion of the bolt
carrier (see Appendix D, Layouts D-1 and D-2). This system had the disadvantage
of length, compiexity, and probably the necessity to round the forward end of the
primer to permit smooth feeding into the chamber,

The concept chosen (see Appendix C, Drawing C-2) is a simple mechanism
activated by a cam surface on the breech, which provides a straight rearward
pull on the bolt lever. As the bolt carrier moves to the rear, the firing pin
is retracted, releasing the locking lugs. The bolt comes forward, driven by a
cam on the breech, as the breech closes. This feeds a primer from the basic
10-round clip or optional 30- to 60-round drum (see Appendix D, Layout D-3).

The primer is positively guided into the chamber and is engaged by the extractor.
When fired, the bolt is driven forward by a spring developing approximately

60 pounds force. The firing pin reacts directly on the locking lugs. The
forward motion of the firing pin moves the locking lugs out into position and
fires the primer. If the bolt is not locked or the lugs are unable to lock for
any reason, the primer cannot be fired. During the breech opening, the bolt
carrier moves to the rear with the firing pin. The locking lugs are released

and the spent primer extracted and ejected. The firing pin locks in the rear,

16
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or cocked, position. The entire assembly is mounted in an interrupted thread
housing which allows easy, fast removal from the weapon for service or replace-
ment. The primer may be fired using the integral solenoid or manually with a
lanyard. (See Appendix C, Drawing C-2 and Appendix D, Layout D-3.)

A1l components of the primer feeder are rugged, minimum tolerance parts

for reliability and ease of maintenance.

2.2.4 Controls

The autoloader controls (see Figure 2-5) present a go/no-go display for
the gunner and/or assistant gunner. Standard solid state circuitry techniques
will be used (see Figure 2-6). The controls are capable of fully automated
operation when interfaced with a fire control computer system or they can
operate in an autonomous fashion. Three modes of operation are available.
The manual mode requires the gunner to address each function and activate it
as well. The auto mode requires the gunner to select rate, projectile, charge,
and number of rounds only. All other functions except the fire initiate are
done automatically. In the computer mode, the system is interfaced with the
fire control system and reacts to the fire order sent from the FDC. The gunner
commands by excepticn and can hcld or abort the mission from his controls. In
the use of the computer controlled system, the FDC could have a similar control
panel or a reduced function panel to monitor the system functions and maintain
ultimate control of each weapon system. Should a problem occur during operation
of the system, it will show a red light and stop at that function until corrective
action is taken. Each operation is fail safe and must be in a “go" mode for
the system to advance to the next position. During the automatic operation,

the go/no-go signal will appear as the function is performed. The fire order
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(Not to Scale)

FUNCTION Fail Ready
MODE MANUAL AUTO comuni RED
RATE SINGLE SUSTAINED BURST @ @
NUMBER
ROUNDS 1 2 3 5 § 6
PROJECTILE HE wP A ! F @ @
“NUWBER
REMAINING
CHARGE 3 L1 7 8 9 @ @
SELECTED PROJECTILE AND
FEEDER ACTIVATE HOLD CHARGE IN POSITION @ @
PROJECTILE AND CHARGE
LOADER ACTIVATE HOLD READY TO RAM @
| I |
PROJECTILE AND CHARGE
RAMMER ACTIVATE HOLD RAED R FALLoAEK @ @
BREECH CLOSE OPEN HOLD @ @
PRIMER CLOSE OPEM HOLD @ @

RECOIL SYSTEM - FAIL SIGNAL REQUIRES CHECK OF RECOIL PANEL

FIRE ORDER

FIRE ORDER

XX XXX XXX

COORDINATES

XXX XX X X X

XX X X X X X X
)
XX X XXX X X <::::> '\\_’/)

FIRE

GUN POSITION GUN POSITION
AZIMUTH ELEVATION
COVERED TUBE TEMP TIME
FIRE HOLD 1500 ABORT [ &
L \

Figure 2-5. Autoloader Panel
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coordinates are displayed in the upper panels, and the system will not advance
to the fire mode until these numbers are matched either manually or by the gun
system. The go/no-go light for the recoil system will indicate if a problem
exists, thereby, notifying the gunner to check the recoil system panel for the
specific problem. The panel could incorporate fallback indication as well as
tube temperature and the amount of time the breech has been closed or the safe
time to cook-off. The hold button will simply hold the system ready and require
the gunner to 1ift the cover and press the fire button. The abort switch will
open the breech and extract the primer. The ammunition select buttons will

also serve as an indicator for the number of each type of projectile and charge
remaining in the stowage racks. As the gunner selects the typs and number of
projectiles and powder, the switches will 1ight up, e.g., if he should press

the number 4 to indicate 4 rounds, and then selects HE for the projectile, the
number 2 indicator would begin flashing if he only had 2 HE rounds left in the
rack. The same would hold true for the charge as well. An added feature would
be a digital. counter to indicate the number of units remaining for each. To
ensure the proper projectile and powder charge will be fed to the weapon, sensors
for weight of charge and type of projectile are incorporated on the feed trays.
The system will hold and indicate the type of units in the feed trays by flashing
the appropriate select buttons.

The use of a simple miciro-processor with a memory will allow the unit to
be used for other uses such as hatch and spade positions, engine functions,
vareious liquid levels, etc., if desired. If a fire control system is used, the
fire control computer could be interfaced with the control sensors, thus,

eliminating the need for a separate micro-processor.
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2.3 CONCLUSIONS AND GROWTH POTENTIAL

The complete autoloader system offers a growth potential for the 155mm
weapon mounted in the M109 vehicle and all other cannons using one- or two-part
ammunition desiring the ability to load and fire at all degrees of elevation
or while stabilized or moving.

The basic design, as reported here, is the result of a study in a limited
time with specific requirements for interface with the existing weapon system.
An improved version of the system, as desired for the M109, would include
development of some of the following areas. ’

Additional racks of ammunition can be carried in the area forward of the
existing racks using a mechanism to move the ammunition rearward to be accepted
by the existing carriage. Either of these systems would provide up to 50 or
60 ready reunds in the existing vehicle. The vehicle would still maintain
enough space to carry an adequate supply of Copperhead and special purpose
rounds.

A study to determine the feasibility of an underslung carriage to accept
the projectiles and powder charges directly from the elevator would provide
a simple solution for the addition of another rack of ammunition forward of
the existing racks.

The compact nature of the autoloader and storage racks will permit isola-
tion of the gunner and assistant gunner by proyiding an enclosure that will
turn with the turret, with doors into the gun compartment as weli as hatchcs
in the turret roof. This arrangement would provide smote, heat, noise, and
CBR protection for both crewmen. The system should be capable of manual opera-
tion and maintenance by the gunner and/or assistant gunner, eliminating the
need for additional crewmen, Should sustained firing be required, additional

crewmen would be assigned. The autoloader system as designed could provide

21
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total autonomous operation of the M109 when interfaced with a fire control
system,

The telescoping arms of the autoloader could possibly be replaced by a
strong back chain, over which the carriage could travel. This would eliminate
some complexity of the system.

A compromise of the turrets ability to traverse through approximately
120 degrees rather than 360 degrees could provide a lower profile with increased
stowage of ammunition because the bustle would extend much lower and turn with
the turret.

The anticipated 5 seconds between rounds might be further optimized,

depending on the weapon configuration and recoil system.
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3.0 RECOIL SYSTEM

3.1 RATIONALE

The basic goal of this effort was to design a recoil system that could
be retrofitted to the M109 and that would provide a significant improvement
in reliability and maintainability over the existing system. This was a-
chieved. The integral buffers and replenishers which eliminate all hydraulic
plumbing will provide this significant improvement.

A secondary goal to provide safe operation if one cylinder of either
pair of recoil or counterrecoil cylinders becomes inoperative was not achieved.
This is due to the following two reasons.

First, to permit a reasonable retrofit, oniy one counterrecoil cylinder
can be utilized. The location where a seccnd cylinder could be installed is
occupied by the direct fire telescope. There seems to be no practié?l way
to relocate this telescope in a retrofit program.

Second, the impulse of the rounds expected to be fired from the new
gun is so great that it became impractical to consider permitting firing
with only une recoil cylinder operating.

Modification of the gun mount structure required to accept the new
recoil system consists basically of cutting off and boring out tne existing
welded-in recoil cylinders. The new gun mount assembly will be very
“clean". The buffer cylinder, replenisher cylinder, and all hydraulic
tubing and fittings will be gone.

A constant length recoil system was selected because analysis showed
that recoil length had 1ittle effect on vehicle motion resulting from
firing. (See Appendix B3.) Vehicie motion is primarily a function of the

magnitude of the impulse of the round fired, It is effected only slightly by
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changes in trunnion reaction, unless the recoil length can be made long enough
so that static equilibrium is approached. Such a long recoil travel is not
practical in the Mi09,

Although the new gun and ammunition have not been finalized, the
following weapon characteristics were furnished by ARRADCOM for design
purposes:

Projectile weight. . . . . . . . 98 1b
Projectile velocity. . . . . 3,250 ft/sec
Propellant weight. . . . . . . . 40 1b
Recoiling weight . . . . . . 9,600 1b

3.2 DESIGN (see Appendix Bl and Appendix C, Drawings C-3, Sheets 1 and 2)

3.2.1 Recoil Cylinder

The following is a discussion of the major features of the recoil

cylinder.

3.2.1.1 Rod Seal

The rod seal is a unique feature of the recoil cylinder design. The
seal is not subjected to the high pressure (over 6,000 psi) during recoil.
The high pressure is reduced to almost zero by the labyrinth groves and is
then bled off to the low pressure end of the cylinder. The rod seal will
be subjected to only the pressure required to move the o0il that leaks through
the labyrinth grooves to the front end of the cylinder. During recoil, the
front end of the cylinder is actually under a vacuum caused by the displace-

ment of the piston rod.
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3.2.1.2 Buffer

The buffer i+ ¢ 1-3/4 inch diameter, 6-inch-long spear which plugs
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into a cavity in the piston rod. The spear has three parabolic shaped

orifice grooves designed to bring the weapon to a stop with a constant

%g force acting over a 6-inch travel. The buffer is absolutely foolproof

i%g : since it has no moving parts. Also, during counterrecoil, oil is forced
‘g; from the front end of the cylinder to the rear end, transferring the vacuum
. .

'%ﬁ from front to rear, thereby, assuring the buffer cavity is full of oil.

" 3.2.1.3 Orifice Sleeve

:g; For a fixed-length recoil system, the orifice sleeve has a number of
5{3 advantages over a control rod. The piston, piston rod, and buffer are

:%4‘ much simpler. In addition, the sleeve provides a means of piping the bleed
%ﬁl 0il from the labyrinth seal in the rod gland to the other end of the cy-
.%%} linder without external plumbing.

am

%;? \ 3.2.1.4 Replenisher
_gfg» L Both recoil cylinders are equipped with an integral replensiher. The
‘gi i 1% replenishers have a nitrogen spring and are at sufficient capacity to ac-

b commodate all operational temperatures and provide a maintenance-free life

of over 10,000 rounds.

Electronic sensors are installed in the replenisher to indicate the
status of the oil volume, which is displayed as estimated rounds before

maintenance on a display panel.

o 3.2.2 Counterrecoil Cylinder

The existing M109 counterrecoil cylinder is completely self-contained,
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and this basic design has been retained. However, two major modifications
have been made to the cylinder:
o The cylinder has been shortened by approximately 16 inches to
take advantage of the fixed 21-inch recoil travel.
o Electronic sensors have beasn included to provide a readout on
a display panel of the conditions of the rod seal and piston

seal.

3.2.3 Controls

The Recoil System digital readout panel (see Figure 3-1) can be mounted
either at the gunner's station or at both the gunner's and assistant gunner's
station, Each unit indicates the condition of the recoil system by a per-
centage readout. If any function reaches its Tower limit, an X will begin
flashing in the numeral 1 position of that indicator. Simultaneously, the
fire inhibit circuit will be activatedf interrupting the trigger switch.
Therefore, to fire the weapon, the gunner will be required to engage the
override switch on the panel, thus, acknowledging a lower limit condition
within the system. The orange displays can be quickly and easily read in
direct sunlight and at a distance of 20 feet. This will ailow the displays

to be monitored while recharging.

3.3 CONCLUSIONS AND GROWTH POTENTIAL

The recoil systom discussed here is a significant improvement for the
M109A2 because it is a simple design that will provide improved performance,
it is designed for RAM-D improvement, and it enhances performance of the
autoloader. As explained earlier, the recommended approach has traded-off

the redundancy possible with a four-cylinder system in order to make
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RECOIL FUNCTIONS

REPLENISHER PRESSURE

25 PSi

REPLENISHER OfL VOLUME

FIRE INHIBIT SWITCH

WITH COMBAT OVERRIDE

RECOIL SYSTEM DIGITAL READOUT PANEL
(SCALE: FULL SIZE)

BECKMAN SP330 DISPLAYS

LOWER RECOIL

UPPER RECOIL

COUNTER RECOIL

COULNTER RECOIL FUNCTIONS

PRESSURE % PRESSURE % PRESSURE %
CYLINDER PRESSURE
100\ 100! 100 =
LOW LIMIT 10 LOW LIMIT 10 LOW LIMIT 1500
PISTON OIL % PISTON OIL % PISTON OIL %
oo oo 1og ™
LOW LIMIT S LOWLIMITS LOW LIMITS
FIRING SWITCH .
TEST ROUQNIL%
OVERRIDE @ ROD OtL VOLUME
@ ALL UNITS / U D
INHIBIT 100% LOWLIMITS
TEST SWITCH

MOMENTARY ON, ALL
iNDICATORS READ 100%
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Figure 3-1. Recoil System Digital Readout Panel (Scale: Full Size)
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4.0 RAM-D

4.1 AUTOLOADER R&M MODEL
This report presents a preliminary assessment of reliability and main-
tainability characteristics of an automatic feed, load, and recoil system
concept for a 155mm self-propelled howitzer. The data presented are con-
sidered to represent typical values for generic components in a severe
environment. While the assessed values for individual components likely
possess a large degree of inherent error, both high and low, some errors
should cancel, and the result indicates a balipark figure for the toal
assembly. In this regard, the analysis should not be considered as con-
clusive, but rather as a point of departure to stimulate thinking, arouse
concerns, and guide follow-on efforts.
The three values presented on the block diagrams are defined below:
o \f = Failures/10% rounds
Where failure results in complete loss of autoload capability.
No allowance is made for the capability to revert to manual
loading.
® )\m = Maintenance actions/108 rounds
Where maintenance action is considered as any repair necessary
to retain full capability. This includes replacement of
failed components, adjustments, and preventive repair (tighten
bolts, replace seats, etc.)
» T = Average corrective maintencice time in hours for maintenance
actions. This includes enly action immediate to the autoloader/

recoil assembly and assumes repair parts are readily available,

29
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MRBF = Mean Rounds Between Failure = 1
N

MRBMA = Mean Rounds Between _
Maintenance Action am

Any discrepancy in terminology between this porticn of the report and

other sections, the other sections will prevail.
The R&M Model and related data are depicted in Figures 4-1 through 4-5,

Figure 4-1 shows the top diagram with its major subassemblies while Figures 4-2

through 4-5 show the details of the major assemblies
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DATE LZ’/ [ “79 PAGE 7ﬁ OF

EpecTor CHAUYELS
STRESS AVALYSIS

(D ConT.
S (1) o |
¢ b — PlEQI F3)= &4
el e
{p; (}?‘ | R =5
ALK FORHILA: © = —d
Kol foanith: €= (1- 415

1= M1 ¥ j—(JG“LZ/TAU(J‘S“L?.)»/ (2]
V1= LRSI 4 YL = Toree pere. (D)

- ___:;N ’\\(A’\'a)
. N DGR = (C)

Roark FoeHOLA - O- MOK(_[ Si): aso.

=l
O ) k’ ="Jg-’f‘) 2 SMA kﬁ )Cq'-st’a Kl
(T2) =M 56" 1/06714) - BesQULD/ Hs(e1a)/ pps (ce)
(¥9)= [3*sm(12)+Vz = Torar Dert. (2)
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PACIFIC CAR AND FOUNDRY COMPANY

M\ ENGINEERING DEPARTMENT
-~
NAME W Z REFERENCE A !i"’f

oare | 2-(2-T70 once 75‘ -
ELECTOR C/f‘/y/ldég«{ S

STHTT AINSS
07,
\JITH TUE LOADS F MOMer) T DETEs vz
THE STRETTSES CAN BE CACHATED,
e
I K _[ A STO, QUPITER FR3GEAM
’ 1 R 2
e KBSecTd, wis_osep 7
"— b - | - |
DeTeraNe THE I)g Sri
Tvp Chavnel _
_OF EACH CHANLEL.

Clrss-_tcTion) _;L__ ‘ A
OL( 5-),’2694?69 /. /‘w‘ 25

6’2555=M° OLZ"‘ ) X
1 A @ L~ 087 ,.284926, 1.0625

@ L4~ 1144393449, 1.265.2

DLl ~ sO,K) = ABS(MI) /13

D12~ SK) =pBSM)/TT + M)/ ES
D L3~ 5(= k)= ApS(M3) /T4

@ Lé~ S4K) = ARS(M3)/18 + pRs(c)/EG

PCF-RN-1284 A-75
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PACIFIC CAR AND FOUNDRY COMPANY

ENGINEERING DEPARTMENT
NAME DEUE— REFERENCE A '—L : gﬁ‘ A4 ”c“"le
76 __ o«

o
DATE 12 /m"?? PAGE
ElECTOR. CHAULIELS
3’7)1“‘ D0 /?’U/ \/
Ar 1R Twe SeArch /?ous A BRIT- U~ oF

Canew et

THE FIVAL LOADE ) DEFLECTIONS, STHESSETS &2,

(:\’[3( \,yf;'\ 1' /Ut‘ /::;:-

~ 2507 Y8E2S 7 Be2 T
200 RE
160 REM o
RUN ™~

KUDEFLY  0G:bd 12/12/79 WEDNESDAY 106

PROG. CALCS., DEFL.,LOADS,MONS . & STRESSES OF RAMMER ERECTOR CHANS,

NOLT77 7 T RT HOR. DY T T #1 DEFL. 2 DEFL. REQ.

1 es1.822® L iuar3gin -.185753 in.
MAX. bLEND. STKESSES IN CHALNELS .

WO, #A-T e R8O g2-T. .
1 9551,3 pst. 10332.5 Ps|. 11228.4 P91,

ﬁ2 HOR. LD. #2 DEFL. ‘ HOR, ANGLE
. °
28228185750 0.98833 - -
e BB
l0422.2 p5}

El: 36000 _ 5 [ e SAreT
Fae.r = /[27,'




PACIFIC CAR AND FOUNDRY COMPANY

,MG ENGINEERING DEPARTMENT : .
F" ~ Dy ey
NAME oL < REFERENCE A L RS

pATE IZ*I? a PAGE 77 oOF
6://’ 0k CHANDEL
f577?g¢j:j SA s,
Lot ChSE 2,

G‘rﬁé 1 CoNSIDERED ALL THE )OIu7S A5

2 WILL CoLSIOEE g Jonsrs s o
(! & 3e0* — 757~ (F9)
{ Loy .

ane e 2 o s s e -x\
ROLLEFR oA auty,
A WeavE # Roa) (i \/D\

FranieAnt, KRDEF wyl,
Whs WRITTEN To
_SOLVE THIS
CAsE, AL THE mk/zm}?/*j LOAD IS CARRIED £Y Q
eVEL , THED A DIFFEPEIT GEBts 7Y was i !

i
?
I
l

To FwD THE DEFLETION AUGLE OF TIHE - c»m:c'
(A

D R S

KBDEFWVL — 12:48  12/19/79 WEDNESDAY 106

‘250 T8=P9_ L
' 572 X4=Y9%COSCA2)
5T4 YU=Y9RSINCAR)
575 LY9=L+X4-X3

* 576 A3=DEGCATNCCY3+YH)I7L9Y)
b 580 REM
X 70 REM L
R, "10690 X3=Y7%COSCAL)
a 1 1095 Y3=Y7%S INCAL)
% l PCF-RN-1284 A-77
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PACIFIC CAR AND FOUNDRY COMPANY

/ ENGINEERING DEPARTMENT 3 -
: Y} L. v .‘
NAME / @4,@:{ REFERENCE .‘4” "/m A 4 .’ff'f

DATE ‘ [2-19 =75 PAGE ‘/758 OF
ERecior CHAUMES S

STREST ALANTS
Couy.

WVR KBLEFLY ,KBDEFWVL
12:49  12/19/79 WEDNESDAY .106

PROG. CALCS. DEFL.,LUADS,MOlS, & STRESSES OF RAMMER ERECTOR CHAMNS,

NO. #1 HOR. LD. #1 DEFL. #2 DEFL. REQ.
I L -9, 56426E-02 -.126643
MAX. BEND. STRESSES IN CHANNELS. o ‘
NOQ. $1-T #1-8 $2-T
r 6603.0 . T434,82 o lhaty,
§2 HOR. LD. $2 DEFL. HOR. ANGLE
0 -.239408 755235
C 2.8 T h

k3303 L L

OTE_THAT THE AcTosd #2 DEFL. 1S MopE THAU THE

20D, 72 DEFL. BECAUSE THE Jorur IS MWOT PIvies

rov

oL BEIN L AT Prear o TeiT

-
-

-

Fact 4479
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PACIFIC CAR AND FOUNDRY COMPANY
l / ENGINEERING DEPARTMENT 4 /

{ w s/‘? '?fg'
DATE 122 -7 PAGE 79 OF

NAME | ReFeRENE £ 17/ . -

Evecor CHANE(S
STRESS ALY LTS
T,
) Terwing losp CHECK.

1 5,38(9011\ pore (o)

——

-~

.

O 7basTiin T P2

-

1 . SRR
4 Max. Lorp (4= D05 LF s,
LD

B ".'”l R g
— 3397, 06 wnsl fORd .’T‘. A~

S e

p=_205(LI5) '% - 15327,
2(,3397)

{

396-.375
6( - O69’ ]‘532(:[“1(0 .%86(‘%,,73.) - 3‘{,%2 P;l

ho Q0000 - 907 Facror OF SAFETY.
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PACIFIC CAR AND FOUNDRY COMPANY

’,:% - ENGINEERING DEPARTMENT ' -~
« {0 W < 4 ' e
NAME b PEEL. REFERENCE _ /™1~

e {24227 T
ERec7oRk CHANLVECS

r~ o } )
l / 4 % } 4' ! - /N
'\.4-'){'{-« 'i/“’" - /ag 4 l!i-f"*" *\1&:’.’1}/\.":0)\/ ‘‘‘‘‘‘ e
o~ J{“‘\‘

2r4(115)

o T2(5)

it
%
_Cj
Q
|
‘\\.
™
A
I
2
A
i
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PACIFIC CAR AND FOUNDRY COMPANY
ENGINEERING DEPARTMENT

NAME ' REFERENCE A" L EAM /V]Eie
DATE 9""6) "79 PAGE 8' OF

SOUPPORT , FAMIMER _ASSY.

THE SuPPsRT CHAMVEL IS BoLTER T2 THE /4

DLATE Shown) BECocd wiTh (6) 73 BoLTS, Hypraueic

CONTROL ITEMS CAM BE ALSO MOOUTED 24 Tii [T

| F
X
S W Estmpres: F= 1717%x 2)

j\gb"ﬂ'? \A)'a. 250*

' bJ %2 28
|2,

»: 55.5,'

PCF-RN-1284 ColoT ) A8l
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PACIFIC CAR AND FOUNDRY COMPANY

ENGINEERING DEPARTMENT
NAME /@O’Uii REFERENCE /4 'Z- EAMM ER
DATE “G -79 PAGE 82 OF

SOPPORT - RAMMER _ASSY.
STRESSES £ DERECTIONS (QuT)

Mo, = [77(2)355+ 250(28) =19 567"
(oTe: Do INERTIA FORCES HAUE [3GEM CALCULATED.) |

—A b p—
N R= t(b-t)? =.25(5-.25) = 24.793

'Lt' {: T > w
2¢(b-t)"  225)(5-25)"

35050 (- 6) ~ |2.| ES.
s - 121 RE

o= Lt | 195610/5) = sma763em.
G & 1500 (2)26772

= 0,0773°
"F- o) ) )

"-T,F > 0%/ -3%29

S=F6 = 355(M04%3) = 0.0/650 84S

Ll?[rJ Moves EuT,

DEFLECTIONS DUE TO INTER MEDIATE
STRUCTORAL MEMBERS WILL ADD 70 THI4 FIGURE &
TheE INERTIA FORES (ill SOBTRACT.

= /734(47' P"Sf
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}; PACIFIC CAR AND FOUNDRY COMPANY

ENGINEERING DEPARTMENT
NAME /@ZZZ REFERENCE 44 L Z”'\MEQ

DATE 9 “7"79 PAGE 8 3 OF

SUPPORT ~KAMMER_AZSY.
DerrecTrions (CouT.)

DEFLECTIONS OF THIS MAGUITUDE CAN BE
EASILY COMPEMSATED FCR BY _APJOST/ING THE
PostTiol) & ATTITUOE OF THE BODY CHAUUEL,
[HIS 15 DonE BY JUDICINS PLACEMENT OF THE
Two (2) ADJUDTARLE ROLLER - TRAYEESTOPS, cud
IN_THE BoDY_CHANNEL F OUE |0 THE SUFRKT
CHALVEL, TV AVY eVEN T, THE OPTIMUM "AIm
oF THE RAMMER ‘GuU’ il HAUE TO BE DETER-
MINED BY ACTUAL OPERATION & TEST, SUFSKIEVT

ADIOSTMENT MEAUS HAs BeEE PROVIDEC.
C_—-—‘r—'s

#
<12 12‘” M= 1717(2)3115 +

M ,
ﬂ 177(2) 250 (1575 ) = 4955775
—i._ ‘/' « J W :

P
b d

"ot
E
,%

;
X
5
g

« 3
f H
%
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S
et
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3
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3
¥
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23 s VTR S e s s T 2
R Ry AN

SLENR '7‘?"‘" G
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R s e
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Iuml
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NAME /@ML REFERENCE
DATE 9;7 - 7 9 PAGE A

PACIFIC CAR AND FOUNDRY COMPANY
ENGINEERING DEPARTMENT /4 L
- [}

Eammer

OF

SUPPORT-FAMIMER A5V,

Using Koark: J- Epﬁ-a) ()::!Z
J
e 1= =Wy T O, ) (9T )
T - BH>bh> ] KB W= oso™
& AN j; P- 354"

] — b= 125"

. 1567 - >
T- (57) = 5625(4.6257) , = |95

= 509,9938¢ ). = 0240196
J= 509,99 6/,,,005:/_9 U= .0 1

M " 95D (516) Tann (0202) =~ 30GLOG .

2 250 - '
Yyons 33_4_( 1225 - 510 TANR(02462)) = 015222,

DoTe: OuLY_ONE CHAUVEL X-5&T, was USED,

Heuce M &\ _ARE TWICE ACTOAL HIGS.

Aob M, 3 P4%) To My, = 165454 306l%
= 19 566.46"" Tome.

i s ™
PCF-RN~1284 ‘\Q-DMT‘ : A-84
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PACIFIC CAR AND FOUNDRY COMPANY
ENGINEERING DEPARTMENT

o neremence A~ KAMMER
9 "'7"’ 79 PAGE 85 OF

S OPPORT- KAMMER Assy.

“-—;M%——

267 Qdmmx(?.l%)

;\JM‘ Y, > WL romas (st

1

k)‘ =, 026 919794¢ ‘
Yt Y, > 02042] H

+ THIS WoulD BE CORRECT FOR A LNIFRM JRE A

£ A FacTor OF SAFETY OF (). Hxocuer, THE
SECTION_TALEN WAS THE SHALEST & 77&
DEFLECTION CALCULATED IS MEAIGLESS,

(HC. STPESSES # WwellD STRENGTHS.

F-Q- :.’__l_/“,,__... = 19‘3’6&%@«53

= |6406.66 pﬁ\

ANt =
36w, . 2334)F3
WELD STRGTA. 1S40bs " —m T

2 M 14566.46Q) ;

S,= 1) )'ﬁ,‘ . 12,098 = ST
W
L A

. 250 _
Au=5 g >0.0

9
PCF-RN-1284 ( CobT. } A-85
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PACIFIC CAR AND FOUNDRY COMPANY

- K@ﬂ)‘{ ENGINEERING DEPARTMENT
NAME a REFERENCE A L Y?AM M&
DATE 2 7 7 9 PAGE 8_9 OF

SOUPPORT —RAMMER ASSN,
Welo STReNGTH  (CoNT)

AT ~975.24%. (@Fs5-2)

EeD (Weto RoD ~ P, FILET WELD & /800% 0.
Kecmc. S,

L —ph—

T === E‘jé_ﬁ'\ﬂ&
, lucees b.ﬁé

S0 bd+ 42
Q"""'a'-»:" &

Y/ -
d=5 B P - (800

/ b 1.5
Sz 3
£

tSD"~ 1200 ) £ = 119895789,

5 ) .
£ - % . 195665 - 149, \Su™ 16319

Su
6. 22 = 5h + 65 b= 2.4306@’?‘") Jse 25"
_CHek- K3
io %*0!144’450‘ = 26D ffin

187 . 1.5 Es.

|
L &l (290 s




é I PACIFIC CAR AND FOUNDRY COMPANY

j,/ y ENGINEERING DEPARTMENT. ’4
NAME .é’ﬂ)'ff REFERENCE L ')/‘A( 5= /’é'
DATE 2-26- 3D PAGE 67 OF

Fox Tertiis.
s 'I'HZ? WAGAZIWE TROXES ARE DESIGUED T0 13&

=102 BLE, THE BASIC STRUCTININE OF THE BoXes
5 /oe;,-,uwcrré.:"}’/'?é:)i ARE MADE INTO [ 2R 22kl
Bov =0 BN PACHIVING THE SPIRAL RELIEF
GRODULS N THE SHELF EDGES f#DJ/-Cé.:UT
E TB THE ELEUATOR SECTIOL. THED 7""*"~ AP
| Danps Ape ADDED T THIS SAWNE =06 2 78
Beapn€s FoR THE ["HRIZAUTAL SPIRAL
DRIVE FORS ARE WLLDED 70 THk O7HER
(Cure @) SIPE.

THe Boxes ARE Na0E Feou f (447, LD STEEL
SHEET, CHADEL'S,& AVGLESS, I) A WELDED ASSEMALY.
THE e 2o0TAL SPRH. RELIER GROOUES A€ |
Mmape 07 WNLOQ TEFLOV, ETC., BLOK'S CemeTel
TO THE METAL SHELF STRUCTUKE,

P T e
ey e e R N T e TS
\

R I S

SR SR R A e S s

‘_———“r—-—
H
i
§ :' PCF-RN-1284 A-87 i
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PACIFIC CAR AND FOUMDRY COMPANY

ENGINEERING DEPARTMENT. A
NAME /%Mf REFERENCE ’L ‘ MM-AZ /‘Ug
88

%:; DATE 2—2 C— 8(:} PAGE __ OF
: BOX DETAILS
~ PARTIAL SECTIoD JIEW OF [NDER
EDGE OF TNPICAL SHELF,
S SKID BLOCK
\
{
\JERTICAL 3
<PIRAL | |
- Kelefr f'
f W' SLp |
: |
- FLAP DoOR |
_ Cooss i
SET_CROSS —» t"’— CHANUEL ’

VERTICAL
CHAYLEL §

CHANMEL IN
ForR HIUGE (RLHP)
DOOR JVSTALL,

VAN AT

ark b T

PCF-RN-1284 A-88
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PACIFIC CAR AND FOUNDRY COMPANY

% ENGINEERING DEPARTMENT,
NAME 7.z REFERENCE /4 'Z- . MAGATIUS

v 2726280 - 89
Box DeTALS

|
zC@% C"*’WW-SX | QosssEcTIo
| o R

e

B vepTICALS

SPIO LS J

RoMT SHEE \ o
: L GROOVE  STRUCTVLE.

A

- " — e

0
N
N
e
~

i

-

e e

- e - WP e - s @ =
i o, T, M T S

Z-'Bo-r-fom SHEET
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PACIFIC CAR AND FOUNDRY COMPANY

E ﬁ, %sz{ ENGINEERING DEPARTMENT
- e
# i NAME 2; REFERENCE /4 Z‘ - MMA'Z//"K&

y oare 226 —ZL0D _ PAGE 90 OF

- Box Dezais

it it

B T Y
ST a2 e g RO e B op SR 9 A
T DA e e

x
o
J
R
kS
)
S

LD

Cioss
CHALDEL Kear VerTicac

CHADDVEL

| TPcw ToP E0ce ¢

‘ ConsTROCTION.

Q NoTe: BoTTom 5
SIMILAR — CRoS'S L

CHAVVEL W/R REVERSED.
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PACIFIC CAR AND FOUNDRY COMPANY
ENGINEERING DEPARTMENT,

NAME /@()UZZ' REFERENCE A’Z\ . MWZ//UE
DATE 2 - 2’7” 8@__‘ PAGE 9’ OF

SUPPOET BASE

|

THE [BAse STRUCTURE CAN BE UTILIZED
NOT onty FOR STouwrG € — KOUNPS, PowDER
CANNISTERS ,ET1C., BUT FOR ThE [NSIALLATIXY
OF MOST of THE HWYDRAULIC & ELECTROANC . ,
EQUIPMENT 2 GEAR NECESSARY FOR THE AUTO-
LOADER COUTROL & OFERATION. THE oLy Zur-oﬁ-%
BASE’ IDRAULICS ARE U THE PAMUER SISTEd,
WERE THE ABOVE ACCOMPUSHED, ADBPTATION
OF THE DESIGO FoR KIT N TURE ) STORIGE,
% IUSTALLATION WOULD BE GEaATLY FACL(TATED.

THE TEAR TRACK SUPPORTS & THE CALRAGE
OPERATING SYSTEM IS MSO PASTENED TOTHE.
BAss, EVEN THo NOT INPCATED L) THE SKERH.
Tese 1TEMS APPEAR o) SHEET 4 OF THE DI~

W
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PACIFIC CAR AND FOUNDRY COMPANY

% ENGINEERING DEPARTMENT /4
NAME m){ REFERENCE A ‘é. /OIAG;(Z/(%:\
DATE 2 A—?’" PAGE 92- OF

CEUTER STPUCTUX
ELEVATOL
P

——-—-.-—-—.. e et ghn e

Qeae +ucs
Hll)_‘ﬁ FO\
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PACIFIC CAR AND FOUNDRY COMPANY
ENGINEERING DEPARTMENT,

REFERENCE

wn_MBazz

2.-27-80

PAGE

é'é. MAcA2110e

CEULTER DTRUCTURE.

DETAILS

5 - e R o e D ¢ oty e i ®. N e < . s
Y e TR R T ¥ e S0k, famoca\ oy et 840 ooy cozna o LIS S o o A g e e N .
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% I PACIFIC CAR AND FOUNDRY COMPANY

g //) ENGINEERING DEPARTMENT
s 5 Ve
f&{;; - NAME Akwma REFERENCE /A Z /U/;G‘A 2 L

M ia DATE 2-~27 “'3(-/) PAGE 94 OF
i SPiRaL ROD GENERATIOY.
i Tt /pEA OF USING A SPRAL 200 (ScRew)
N A CODVEYING SYSTEMN 15 LJOT L&A

FO7T |0 THIS CASE |7 40Ul D FHAUE THE AD-
UANTAGES OF SIPLICHT AUD QUE-LIAN MO

L PO _PAPT OF IT 1HAS To RETURL Umw”-c A5
1D ¢ BELT CoUVENOK DYSTEM,

! 10 DETER VINE THE DIMELSIODS OF THE

‘ ) SPIRAL ROD (SPRING ) A SEAECH PROGRAN WAS

o vee e v o - ot st s

""‘l'zf

WRITTEY GENERATING SINE WAES TH

€ hna—r = v e ———

WOOLD BE TANGEU( TD,0R LARFER T+ {J‘> A
Base CRCLE (RouQD DIA. -+ A CLEARANCE = b FoD
DIA) SUBYECT TO CERTAIN LINTATAUS . THE™
MOST BROMNISING WAVES WERE STUDIED BY
WEAVING § POLVING THE SEARCH PROGRAN AWD
A ‘PRnT-cuT PReGRAM TosETHER. The FINaL
SELECTION PRINT-OVUT F LISTING IS 00 THE LEXT

SHEET, ALL SPIRAL RoDS 0 7RI CESIGL APE
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PACIFIC CAR AND FOUNDRY COMPANY
ENGINEERING DEPARTMENT

Koz

A»L. Mﬂaﬂzwg‘

NAME REFERENCE
= 5
DATE 2-27- B PAGE i
Wi
SPIEAL [P0D GELE /f 4*/,)
’,‘ . - . n , . - ~ I» N 1" ~\(‘_
For GRAIN PRINT-OUT FOR CORUE K | CCLELS.
12:3% 02/27/80 VWEDHESDAY 106
% v L R AIGLE (C’ ?
! ] 0 4,02768 h,02768
o GhO2T68 . 567075 ... __ 3.62h91____ ____3. 66.9,__..---_“--~8 _.-__53 -___28 2?.75_.
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M109 RECOIL CYLINDERS

Tentative parameters (Telecon Walter Pape November 21, 1979)

Projectilevelocity . .................. 3250 ft/sec
Projectileweight .. ...........co0vunn . 981b
Powder weight. . .. .ccovvvvviienanenn, 40 1b
Recoilingweight .. .............c.00. 9600 1b

impulse = (1.3) (3250) (98 + 520) = 15483 Ib /sec

APPENDiIX B1

32.2 o
Free recoil energy _ _I* _ (15483)% (32.2) = 402,036 ft-Ib

2m  (2) (9600}

Nominal reaction for 21-inch recoil

R = (0.8) (402036) (12) = 184,000 b
21
Nominal time for recoil = 15483 = 0.084 sec
184000
Use 200,000 Ib reaction for design.
Maximum Q.D. of cylinder = 6.5 in. (For reasonable retrofit)

25in.

Assume piston rod diameter

Assume 3/8 cylinder wall and 1/4 sleeve

Trial piston diameter

6.5-125=56.25in.

T
Piston area = ry (5262 ~252) = 16.739 5q in.
100000 ,
i = = = 5974
Nominal pressure =~ 6,739 psi

(5974) (5.75)
75

Hoop stress =

45,800 psi  (OK)

Orifice area = ‘éﬂ /NA pe S (See Appendix B2)

WC
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Where:

= Recoil piston area sq in.

Number of recoil cylinders

Recoil oil density Ib/cu in.

= Distance to end of recoil in.

Recoiling weight b

Orifice discharge coefficient

Ratio of orifice generated resistance to total resistance to recoil.

ORXRSES®ne 2
s o
'l

Use a sharp edge orifice because it is influenced less by variations in viscosity than a
round edge and <=, live better with contaminates. The discharge coefficient /K" for a sharp

edge orifice is .61.

For guns whose trunnion reaction are very high compared to their weight, item “C" is

very nearly equal to 1.0 and can be ignored in the initial design.

Then the approximate maximum orifice area =

Ao = 16.739 (2) (16.739) (.0313) (21)
.61 9600

Ao = 1.314sqin,
Orifice sleeve area = jz— (6.75* —-5.25% ) = 4.320 sq in.
= 1.314 =30% (OK)

c———

4.320

Percent cutout

B1-2

Lo




?
RS

The classic expression for orifice area derived in Appendix B2 will give precise values for the

IRy

portion of recoil stroke coming after the chamber pressure has ceased to produce a

e
»
e
»
N
.
R
3
-
" &
TR

: % significant force on the breech. For weapons with a relatively long recoil stroke, this ;
i " expression is all that is needed since the travel consumed while the recoil pressure is building
;1 : up to maximum is a small part of the total travel.
v For weapons with a relatively short recoil stroke, like this one, the recoil travel '
consumed during the time the weapon is being accelerated can be a significant part of total
f‘ travel. To optimize the recoil system (i.e. minimum trunnion reaction) for these weapons,
: the orifice calculations should take into account the varying breech force.

A very successful solution to this is to determine the position in recoil, where the
net force on the gun is zero and apply the classic orifice area formula from there to end of
recoil. Then hold the orifice area, at the zero force point, constant to the beginning of recoil.

Another method is to actually solve for the recoil velocity at small recoil increments

during the time of varying breech force. This approach s been made much easier with the

" e .
YO
e S toaridl 2 -

[Tt

advent of the computer. Following are calculations for orifice area using this method.
The interior ballistics were nct available for the weapon with the parameters used

for this design. A computer printout of the interior ballistics of a similar weapon was

available and is used here for an interim orifice design until the interior ballistics are finalized.

B1-3

T AR T TR

A

i




——— '
,, - {

g2t ' 01 05" L 00°'S g5 2 0o B
00" , _
i

S

0097

K
N

a
[P

m 905t < g0 fd 2792
H H ® ®m 3 mm; \ __ Lum )
N ~ ] | =
A D m.. : w..sm.. !
m A 1 < ~
" oot Toes'y / 0" 0F 7 .
— < / o |
N ! \..f.
_‘Im N-A IM..-
M
T

S
Lo
Y
o

—_——-— S

. . PN
"¢o2l 1 eece ” | 7
{ t
! -
I
M - I VD Y S
L W L) - l‘ll!'.llll‘ll'llrll\lhwv'\l—
52 SL°E - |

ISdY 2274 XWWdd VL.
| Sd4% L21°E Z0W0 5URT0
” Iﬁmm —v—ﬁ-hmm.ﬂ " “/aﬁmo ..U e ' -u
8L-22-17 :ILYd Y/H S ¢dre: i

'y .

- T a7 TR AT KT et I L
¥ ReL-22-6 Q3LWGdN S1E€I *ANIG GIudAn danli-Muni,

5 Baoos 253 SusEns i B R R ok ey i B AES
et b SO LS M..w TR ST Pt o R SRR ,P..,,,n).v,p,._,‘.,i«j‘




£
i
I
i RECOIL ORIFICE
|
IS R T — === =
e
' 2 X  Fg—Fp
4 az= dt?
L 7 m
-
R
-
X
Let:
I = Solution point
= Time - — — sec
m = Recoiling mass — — — |b/sec?
in,

} i X = Recoil travel = — — in,

Vg = Recoil velocity — — — in/sec
l Fg = Breech force — —— b
| FR = Recoil force — —-—1b
Fm = Massforce =Fg ~FR

“Rs oK
= pe PRI R s,

P Ap = Recoil piston area — — —sq in,
: Ag = Orifice area — — - sq in.

K = Orifice discharge coefficient

b = Orifice width — — — in,

iy
i B1-5
o EY or=y -
d o Siebaridy Wire. - E " " T e
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i oil
KA,

2 (2 cylinders)
p

= Vg A
K 29 R K \/ 9 ?R'
2 Ape

Ao = 1 /Ap3 e
K g

Vg
JFR

16.739 sq in.

>
°
#

0313 Ib/eu in,

g = 386 in/sec?

K = 61

- BAS AV TRCE T 1 O S ALY, © s 41

2~

J (16.739)° (.0313) Vg
386

JFr

Ao = 1011 v

AFR
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T
Sleeve section area = -
4

Using 3 slots per sleeve

(575 —5.25*) = 4.320sqin.

) = 271 Ao = 2424 Ao
(6) (4.320)
® = (2424) (1.011) Vg = 245 Vg
.fﬂ; A Fr
b = (5.75+5.25) Sin® =55Sin0
2
b  =558in .245 Vg

FR
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BUFFER
Piston rod area required to pull 100,000 pounds at 50,000 psi stress
Area = 2sqin,
Rod diameter is 2.5 in.
Maximum inside diameter of rod = d
2=7 (28 -d)

d = 1924 use1-3/4
Buffer spear area = -;1;- {1.76%) =2.405 sq in.

Assume the counter recoil force in battery will be 1-1/2 times the recoiling weight
(maximum) and the pressure will double in the 21" stroke,
Apprcximate stored energy = 9600{15+( 3 )] 20
E, = 453,600 in-b 2
The recoil cylinders will dissipate approximately 1/2 of this during counterracoil.
Energy to be dissipated by 2 buffers is then 226,800 in-Ib

Force per buffer with a /8" stroke

F = 201000 = 18,900 Ib

{2) (6)
Pressure = 16750 = 7 B89 psi
2.405
Buffer oritice area = A ——— (See Appendix B2)
2 B

Use a round edge orifice, KX = 1, because the small clearance between the |.D. of the

buffer cavity and the buffer spear precludes a sharp edge orifice.

Then Aq = 2.405 (2.405) (2) (.0313) X
1 9600

Ag = 00952 JX
Use 3 orifice grooves 100 wide ,

Groovedepth = 00952 JX = 03173 X
{3) (100}

Buffer orificedepth  d = .03173 N

X d
in in
0
.032
.045
.065
.063
071
J78

DU HEWN O
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ORIFICE AREA DERIVATION
Find the orifice area for a constant force recoil system.

Let:
w = Recoiling weight — — — |b
Ap = Recoil piston area — — — sq in.
N = Number of recoil cylinders
e = Recoil oil density — — - Ib/cu in.
S = Distance to end of recoil — — — inches
F = Total force resisting recoil - — —Ib
P = Pressure developed by orifice — — — psi
C = Ratio of orifice generated force to total force
K = Qrifice discharge coefficient
Vg = Recoil velocity — — — in./sec
Vo = Velocity of oil through orifice — — — in./sec
Ao = Crifice area — — — sq in.

G = Acceleration of gravity -- in/sec2

APPENDIX B2

After the propellent gasses cease to act on the breech, the kinetic energy of the recoiling
weight at any point “S’ is equal to the work that will be done by the constant force *“F"

acting through the distance “S".

—9
2G
Vg = 2GFS
w
Oil velocity, Vo  =Vg Ap
K
also equals
Yo 6P
e
& HE Vg A [2GFs Ap
e KAg W KAg
1
Ao = hp 26Fs [P
K w e
AO = ...A_p Ee.
K WP
since ¢ = PNAp -_F
F NA, C

z
A LJ>
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APPENDIX B3

VEHICLE MOTION RESULTING FROM
FIRING LARGE WEAPONS
Chase | suspension is active. This is analogous to a load suddenly applied to a mass spring system
where the product of the magnitude of the load, firing reaction, and its duration, time of recoil,

is a constant which is equal to the impulse of the round fired.

Let
lo =Moment of inertia about the point of rotation
K = Torsional spring rate of suspension about point qf rotation /\ © l‘\
Iy = Impulse of round Yy
N \ T - f—F
F = Trunnion reaction
\
t = Time of recoil \ R
R = Effective lever arm of force F &~
© = Total rotation resulting from firing 3 g
Qo = Static rotation under load F :
Assume No Dampening
¢ = Rotation when raaction ceases or at time t
i :
L2
' 8
3 . %
- , 0}
t ——p
@y cosw t
O = Qog—Qocoswt = Qgf{1—coswt)
FR
‘ %o=%
& _ FR
i 0 = X (1 —coswt)
% Energy input = FRQ
; Fz Rz
% En = -K-—(1-coswt)
e e B3-1
= |
% é i

7

P LA - . - RS, &
T PRy Ty 2o - - e . e - o S TR w1 ,
o T U s A - A0 — — 3 e MR R



E ! ’ §
B
3 i
p L At turn around, © rotation, all input will be in strain energy of the suspension.
‘; . En = 1/2K©?
I F? R?
F 1/2K Q% = K (1—coswt)
@ | 0 = EIEE 2(1—coswt)
w - K
I, ©
vt F
e =F—R‘/2(1—co§ﬂ51_m — s
K Iy F ;
|
Case !l Suspension is locked out F

Let

a = Rotational acceleration

5

s

.

& |

e
4

Frs
f!
9

]
¥
1
1

w = Vehicle weight

® = Rotation when reaction ceases

e
o S e s G

PV

A 3 i ‘ Since the angle of rotation will be relatively small,”’h’’ and 'a’’ can be considered as remaining
1 ‘ constant without appreciable error.
u Then
’ % H ) —I—o-— Fh w
ShE - y¥a
/ U @ =12at? =|{ 3 ) ¢
i e Im °
|| F
K o = (Fn—Wa Py
4 2, ' F?
Energy input= Fh @
Atturnaround P.E. =~ Wa®
LetFh @ = W?‘ e
F
® = Wa 0 ,
- I
o = Fh (Fh=Wa) _ m
Wa 21, F2
21, FWa
. e___I’mh (1_1)4_____
210 Wa F
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M109 motion caused by firing impulse as a function of recoil length.

Approximate parameters of the A" 09

Impulse of round ~ — — 15, 33 Ib/sec

Weight - - — - = —— — 53,000 Ib
Suspension spring rate

Fore and aft pitch — — — 27 x 10% Ib-in /rad

Lateral — — — === — == 28 x 10% Ib-in /rad

Moment of inertia

Fore and aft Lateral
About c.g. sprung weight 187 x 106 Ib in? about c.g. sprung wt 36 x 10 Ib
About rear corner 1204 x 10¢Ib in2 about edge of track 365 x 106
Distance

Trunnions to ground 90 in.
c.g. to spade 102 in.
Trunnion to c.g. 36 in.

1/2 width 62 in.

Case | active suspension

Firing forward

FR /K Im
2] m 2 (1 —cos -

Im = 15483 Ib sec

F = 2&5%_19_‘?_ L = Recoil length in.
R = 36"

K = 27 x10¢ Ib-in

I, = 187x10° Ibin?

[27 x10° (386)
~ TS TeTxior 48
. (3.864  10°) (36) — (1.46)15483) L)
e =
TxiooL V2 T 3.864 x 10°

5.152
e = 255 J2(1—cos.03L) rad

_ 295 _
= 22 JZ (1— cos .03L) degrees

%
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Case I Active Suspension

3 3 . Firing
bE Firing over the side Recoil Firing Over
; ‘ ER K- T Length Forward | The Side
2 S =-K-~/2 (1~ cos /-- == L Odegrees | © i
o F 5
i K=28x10% Ib-in./rad 20 8.72 18.23 ;
T |
Io=36x 10° Ibin? 25 8.64 17.39 !
S 6
A /1'55 -J 2 (386) _ 4~ 33 30 855 | 16.40
E . (3.864 x 10%)(36) /2 (1 - cos (17.33) (15483) L - 8.4 15.26
o 3R 1L 3.864 x 10° ‘ '
- 0= -'9!_—-68 2 (1 —cos.0694L rad 40 8.33 14.01 ;
i’ 2] =-2-?_-5- J 2 (1~ cos.0694L  degrees |
Case I Suspension Locked Out
\, Firing forward
£ Im?
%‘ g = LI
g 2lp Wa F
L I;m= 15483 Ib sec
. w =53000 Ib
B { |
Bl - h =90 in.
l ’ Io = 1204 x 108 lb in®
58
y W = 53000 Ib
23
a =102in,
6
F =3884X100 ol length
o - (15483) (80) (386) (=20 _ L ) k
(2) (1204 x 10¢) ' (53000)(102)  3.864 x 10° f
|

© = 3458 (1.66 x 10° — 2,59 x 107 L)
© =.03458 (1.66 — .0259 L) rad

© =1.98 (1.66 — .0259 L) degrees

B34
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Case II Firing over the side i

RIS
RE SRR IR RIS s,

I, =365 x 106 ib in?

SR e,
AR
1t v i e i w1

s
S T G ..":.,A:Al? "v_"’ i

a =62 in,

(15483)? (90) (386) , 90 -2
= -259x10"% L
&= 2 385 x 109 ' [53000) (62) X ’

E 0 = 11408 (2.74 x 10"5— 250 x 107 L)

e zitks Ak St
T

- O =.11408 (2.74 — .0259 L) rad

s | © =6.54 (2.74 — 0259 L) degraes

Case Il Suspension Locked out

Y

s bisiaadings

Firing

Recoil | Firing Over
Length | Forward | The Side

L =) ©

20 2.26 14,53
25 2.00 13.68
30 1.75 12.84
. 35 1.49 11.99
¥ ‘ 40 1.24 11.14

. P N
B A et e A PO ST

P
ALES F TN WA
L

o
v
[N

et
< IR
- 1
e

ey

M109 Rotation from Firing a 15483 Lb/Sec Round
‘ 10

S
i

3 gu

!

Suspension Active

K 12 ‘

s Firing Over the
Side

\Suspension Locked

o N & OO

AN N P ke Bt e 0 e Gt S T
e .W‘) ELL R S (;@m»‘.&%y P :aé{',.m

\ \Suspension Active

Firing Forward |
'/ ,~Suspension Locked

———
|

Vehicle Rotation Degrees
T

= ' 20 25 30 35 40
b ¢ Recoil Length Inches

B35
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X PACIFIC CAR AND FOUNDRY COMPANY

};() ENGINEERING DEPARTMENT
NAME - hﬁﬁf{i REFERENCE ﬁ(’?(@[ (_ CYC
DATE I 2"/ 2 ‘79 PAGE

SIRESS &K,

JEUSILE STRESS = [DAD . 5 045 s
7.06/00663 |

USE 21243, 3 Psl

STRESS (o cL/)"}?Z/#* 7100 CHALLS.
NOTCH EFFECTS

k\\\\\\\\f\ \\\/\yr\/ PUTTRES

Fioo: v
Geonetpy: |
} 'f
[} /’/ ‘
7 5 -
' Pl
A= ———4
5 ) \,-/A
970 C\4 :r c.zj/i ‘
\ p
b
Grven A\
————————— \1
S = 2069 /

Auares, 7°,45°
s C‘,:S 121»\7°)C2?—§7Zm~?§°
C=QCQtC, =CqtCy
PCF-RN-1284 a2 ___COMT.
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PACIFIC CAR AND FOUNDRY COMPANY

ENGINEERING DEPARTMENT .
) NAME %Mi REFERENCE Egd/ L C_’\ZL
DATE / 2"{ 3 -7 PAGE 3

<TRESS CHeeK.

kit Wasinbitindissnene

r=Cy a0 435° = &, TAw 678°

C'S = C4_ T/‘Vu (97§
TH 457

ct( | + 77‘@6';;3 - C = S(POTITAO4S")
A 4%

'C4< | £ 2.5%57%) = 0co72(134
C,=.6024704733
Ca =.60SNEAT

i | ! o 2AD.
e [ V= ,0059642.54 ~— U=E .% AS NOTCH B

—-——-—W

— id

Gertd Beod 15 Feot\ Petersol :Steess GueeurEniol
_DESIGH) [FACTUES,

i

In general, it ean be sadd that our knowledge of noteh se natvity s not veny satisfactory, However, it is
believed that until better information beeomes avialable use of such curses as in . 10 will provide reasonable

desten information 00
ROTCH RADIUS, r, INCHES

bl 02 0} 04 050!070.0! WO M 213 1438 16 17 18

o
t
T
e —"GUENCHED AND _|__
] redrureRes
4N £ <= TANEALTD ON WORWALITED

= /1/ t STEELS l “ {

063 hand v Ll—’ v
M

R i, 4
1748 ¢ 10
A uEE

|}

(TF" For Vi LESS THam 3
] , s n

NOTCH SENSITIVITY FACTOA,

L I T L e L I -)
T

L+ ! 1
9 V32 Vie 332 iy 3/32 Yie
NOYCH RADIUS, ¢ INCHES
FiG. 10

AVERAGE NOTCH SENSITIVITY CURVES

{ PCF~RN~ 1284 B4-3
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PACIFIC CAR AND FOUNDRY COMPANY

ENGINEERING DEPARTMENT
erence ot Cyt

J_Z'( &-79 PAGE 4: OF

STRESS CHeeK.

e PoRMULA USED IS

- e =

e |

/'t O mek. )

* e ) Clon.= 2124347 F51

(Pace 2)

%f . Te_ _ FATIGUE STEGTH. OF ULUUTCHER SRR,

One FATIGUE STRGTH. OF PUTCHED SHEC.

Flg. 3 Comporison of conctant-lifotimo fatiguo behavior of notchod and unnotchod spocimans

Muvmum stiess Ay [

1w 7 Y] 0 “‘ > "0 o 1 HY] 200
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Constont lifetime fotigue diagrom for A1SI.SAE 4340 alloy steel {(bar), hardened and temnerra ta o tenule stren jrh 21 1035 MPg (180 k1, Soliu

anas tepiesent datag obitained from unnotched specimem, dathed lines represent data from spscimens hoving notchey with X, -‘\3 3
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PACIFIC CAR AND FOUNDRY COMPANY

ENGINEERING DEPARTMENT ~
NAME / @mg REFERENCE ? &0y, C\{' 4
DATE I 2""( 8 "‘7 9 PAGE 5

<7PESS CHeeK
THe _DIaGRAM 15 FRom MeTms HAUD oo,
VoLl 9% eED. AS M. 1978 Pe. 667

OF

K APRANGIN G FOBMULA: %

A
“

j..
i$
‘J)
" D
-

1628187

—T'—‘ ,‘“ Nt . éfb't"}"” YR

[ O™ Ke 01, > 1628157(21243.43 )= 34, E5d

ekl ———.

: for 4340 st~ F, = 1sDK51, !
‘ ‘15_3 2 [3SKS),

1580 . 2 o Frerof OF SAFETY.
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PACIFIC CAR AND FOUNDRY COMPANY

ENGINEERING DEPARTMENT
NAME / z REFERENCE @é@/ L C\ZL .
DATE / VA -~/ ?“'19 PAGE é OF
STRESS (HEeK

: EH,,*—.G;QZ?I P-.0552

P= Pt = /422 L8333 15
~Fee COUTACT He =, 0472 0.
d= P-.775 ~ 075593 AppRoX-

La4 T (5s3y) = SHEAL. PREA FOPR (1) THReAD.
= ),465] IN*
LoaD =906 (114081) = (26,458.33577 75

|
!

SHEAR. OFF QUE THREAD. |
2 Z ;
Frce ConThACT /612&7‘}’&5. & +,0236) (55 om}j% ‘

= 4337293 "
= 345,334.692( psi,

15D, 610"
435 NI
17 15 VITAL ThAT HAORE THAO ONE (1) TheeAD
1S CARRYING THE LoaD, THERE |$ A DESIGU

TBAT WILL HELP SPREAD THE LOAL on THE
THE EALS.
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PACIFIC CAR AND FOUNDRY COMPANY
ENCINEERING DEPARTMENT

NAME W_ REFERENCE /?GZ@( C CY(_
DATE / 2-18 ""79 PAGE 7 OF

STREES ek,

v ——

Y
=
E
2 !‘n(.,,,. i

e

(9) (b) {c) !

F16. 97

NUT DESIGNS FATIGUE TESTED (WIEGAND)
(FLOW LINES ~HELE SHAW METHOD)

In the arrangement shown in Fig. 97¢ the transmitted load is not reversed, Fatigue tests 1% showed » futigue
strength more than double that of the standard bolt-and-nut combination (Fig. 974q).

Unioutied face of nu%

Q_; TUOSTRATION FROLA

B < R
h o | PereRson-Smess Gnc.ere
------------ | S ILosTRATION SHowWS
-1 _Steess peroR pTRIR-
------------- . 4 ,
............. 4 OTow 10 RoLT-PUT Gl
________________ o — o

1S s Y _THE ARRAUGEMEVT
T SHOWN N FI6 90 €)
ChU_BE ADAPTED FoR

TE PRESeET DESIGU.
: I P::;ic;:cj':;gmeermg, December 1977 ‘34«7 (Cﬂ);r:)

l To bolt head

The highest ioaded threads are those closest to bolt head in
normal design Next drawing shows how load can be evened
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TasLe XIV.4.—Tolorances on Bullress threads, class 1 (free)

Threads per inch Tol on
i
dismeter| Prcfcrred diameters
Major w6 |n|w]s)e] s | o] ms) 2 os]m| |
minor
disofint
Tolerance on pitch diameter, external and {nternal threads thread
it |t |t | tn | oo | ta | tn}]in | ta | tn .|
B, 4056 1 Heeeeunee.. 10. 00R3 {0. 0000 (0. NO67 " fn b . f . ‘amw
s .00u3 | . 0104 0. 8iii 0050
1%, 134,134,144 .0107 | . 0114 [0.0124 [0.0138 »ONRO
136, 2,244, 235 L0113 | .0120 | 0130 | 0144 {0.0154 [0.0168 |...... . 0060
234,3,31, 4. L0119 | 0126 { 0126 | .0150 § . 0160 | .0174 . 0060
| 434.5,5%4,6 L0133 { o143 | .o157 | .o167 | . 0181 lo. 0201 0080
7.8,9,10 .01421.0182 1.0168 | . 0176 | .0100 | . 03210 10. 0224 10.0243 . 0100
1 11,12 14,16, .0163 | 0176 § . 0187 | .0200 | .0220 | . 0235 | .0254 {0.0282 0.0303 |....... L0
| 18,20,22,24 | <0173 | .0187 | o197 | o211 | .0231 | -02¢8 | .0265 | 0293 | .0314 [0.03417| om0
for measurement of thread angles and pitch they INTERNAL THREAD (NUT)
should be held to close limits; see tables XIV.2,
XIV.3, and XIV 4.

(¢) Tolerances on minor diameter of external
thread and major diameter of internal thread. —It
will be sufficient in most instances to state only
the maximum minor diameter of the external
thread and the minimum major diameter of the
internal thread without any tolerance. However,
the root truncation from a sharp v should not be
greater than 0.0826p or less than 0.0413p.

7. MinmmoM CLEARANCES FOR Easy Assem-
BLY.—An allowance (clearance) should be pro-

;.

TiNEAD

Ts
l 3
5
vided on all buttress external threads in order to 2N 3 = £3
secure easy assembly of parts. The amount of Z :% g é i Z 15
the allowance should be deducted from the nomi- o £ S 4 Ea
nal major, pitch, and minor diameters of the s Max § by E 8 MIN—~3 "4 g § S
.. external member in order to determine the maxi- : gi&g 3.1
mum metal condition. ) ] - 33" §§
The minimum internal thread diameters will be HER: §§§ § 3
Ly basic. ) €3¢ 193 124
i th!'.l‘he fecommfenged glloxsance is :lhe s%ine tior all
e classes of thread and is equal to the class 3
. (close) pitch diameter tolerance as calculated EXTERNAL THREAD (SCREW)
; ' unde‘: par. 6(a), p. 29, The a!lowa‘nces for Varous  pgumy X1V.2.—Illustration g lolerances, allowances, and
i combinations of pitch and diameter are given in voot truncations, Bullress threads,
table XIV.5. ] .
. The disposition of ailowances and tolerances is g-%pltdl diameter allowance on external thresd
indicated in figure XIV.2, s=root truncation

TaBLy XIV.5.—A4llowances on exlernal Butlress threads, all classes

Threads per inch

Major diameter Prefecrod diasmeters 20 16 12 10 8 8 L) [} 3 b12 2 136 | 1K 1

in. in, in. in. in, in,

X

0080 [0. 0089

. 0093 10.0100 (0. 0108
0008 | 0104 | .0112 [0.0126 [0.0135 |....~..
.0103 | .0109 | .0L18 | .0130 | .0130 | 0.0152

[ T
3555 S3pin

g : Screw-Thread Standards for Federal Services,

, U. S. Department of Commerce. National \‘ 3
r Bureau of Standards, 1966, Handbook H28 ‘

. 1 (1957) — Part Uil

g
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678/Service Characteristics

Fig. 24 Scatter of fatigue limit data
Tensde strength, ksi
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Survival after 10 millien cycles of AlSI-SAE 4340 steel with tensile strengths of 995, 1320,
ond 1840 MPa (144, 191, and 267 ksl). Rotating-beam fatigue specimens tested at 10 000 te
11 000 rpm. Coefficients of variation range from 0.17 to 0.20,

value of b may be —0.1. If the steel has
been severely cold worked, the value of
b may be ~0.05.

For a fatigue life of more than a mil-
lion cycles, the use of these parameters
in Eq 2 provides a slightly lower esti-
mate of fatigue limit than the fre-
quently used rule of thumb that the fa-
iiguelimit is half of the ultimate tensile
strength.

The fatigue ductility coefficient, ¢, is
approximated by the true fracture duc-
tility, e, which can be calculated from
the reduction in area in a tension test

by 100
G~e=In (M) (Eq 6)

Typical values of €/can be: approximated
from the Brinell hardness number as
follows: €is 1.0 for HB less than 200; ¢;
is 0.5 for HB between 200 and 400; <} is
0.1 for HB greater than 400. e;should be
calculated from %RA rather than using
these approximate values, if possible.

The fatigue ductility exponent, ¢, has
approximately the same value (~0.6)
for most ductile steels. Severe cold
working may reduce the value of ¢ to
-0.7; annealing or tempering at a high
temperature may raise ¢ to about
-0.b. )

The elastic modulus (Young’s mod-
ulus), E, is the slope of the elastic por-
tion of the uniaxial stress/strain curve.
For most steels, it has a value of about
200 GPa (29 x 10¢ psi). Further infor-
mation on estimating these fa-

Metals Handbook, Ninth Edition,

tigue parameters may be found in Ref 8.

Estimating Fatigue Life. Design-
ers of machine components that will be
subjected to cyclic loading would like to
be able to predict the fatigue life from
basic materials parameters and antici-
pated loading patterns. However, the
scatter of fatigue data is so great that
the likelihood of accurate predictions is
extremely low. The methods and ap-
proximations in this article and Ref4,7,
8 and 12 can provide some indication of
fatigue life.

In a particular situation, assessment
of the seriousness of fatigue is aided by
knowledge of the cyclic strains involved
in fatigue at various livas. These gener-
alizations are useful guidelines for duc-
e steels:

1 Ifthe peak localized strains are com-
pletely reversed and the total range
of strain is less than S,/E, fatigue
failures will occur in a larpe number
of cycles or not at all.

2 If the total strain range is greater
than 2% (amplitude *1%), fatigue
failure will probably occur in less
than 1000 cytles.

3 Part configurations that prevent uti-
lization of the ductility of the metal
or metals that have limited ductility
are highly susceptible to fatigue fail-
ures.

In the long-life fatigue region, the
relative magnitude of the change in fa.
tigue strength due to processing may be
crudely estimated by the relative

American Society for Metals, 1978, Vol. 1
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chenges produced in the ultimate ten.
sile strength and the hardness. If the
ductility change is also measured and if
the qualitative effects of various pro-
cesses on different types of metal are
known, more refined estimates of the
change in fatigue behavior can be made
without resorting to extersive fatigue
testing.

Fatigue life may be estimated by in.
serting a calculated strain amplitude
and the appropriate materials parame-
ters from Table 3 into Eq 4, solving for
N,. Where deformation is purely elas-
tic, a calculated stress amplitude and
Eq 2 may be used. The calculated fa-
tigue life must be adjusted to compen-
sate for stress concentra..ons, surface
finish and the presence of aggressive
environments, as described in Fig. 7
#nd Ref 2, Alternatively, the calculated
stress may be adjusted by using stress
concentration factors such as those in
Ref 9 and 10. Any of these calculations
include the assumption that the loading
is fully reversed (R = —~1).

Potter (Ref 11) has described a
method for approximating a constant.
lifetime fatigue diagram for unnotched
specimens. Using this method, a series
of points corresponding to different life-
times are calculated and plotted aloug
the diagona! line on the left side (R =
- 1), Each of these points 1s connected
by a straight line to the point of the
other diagonal (R = 1.0) that corres-
ponds to the ultimate tensile strength.
A comparison between the estimated
constant-lifetime diagram and the ex-
perimentally determined diagram is
given in Fig. 26. The calculated lines
correspond well with the experimental
unes. Generally, the predicted lines
represent lower stresses than the actual
data. Estimating fatigue parameters
from the Brinell hardness number pro-
vides more conservative estimates.
These results are only approximations,
and the methods may not apply for ev-
ery material.

Cumvulative Fatigue Damage.
The data presented in this article, and
most other published fatigue data, were
obtained from constant-amplitude test-
ing; every load cycle in the test is iden-
tical. In actual service, however, the
loading can vary widely during the life-
time of a part. There have been many
programs to evaluate the cumulative
effects of variations in loading on the
fatigue behavior of steels. References 3
and 11 through 13 describe methods of
analyzing cumulative damage. A few
overload cycles can reduce the fatigue
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