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I.    INTRODUCTION AND SUMMARY 

FMC Corporation   Engineered Systems   Division (ESD)  was  awarded 
Contract DAAA 21-73-C-0211 to develop new concepts and to complete 
a preliminary design for a high-speed (1, 200 units per minute) automatic, 
remotely controlled system for loading,  assembling,  sealing,  inspecting, 
and packing detonators. This final report describes the work performed 
under this contract and provides a systemd concept recommended for 
implementation. 

The major accomplishment   of this project   was   the   development   of 
techniques for charging, tamping,  and crimping detonators. 

This final report presents proven principles gained through bench-model 
verification of the feasibility of producing M55 nonelectric detonators 
at a rate of 1,200 per minute,  using live powder, in the following areas: 

• Metering of charges 
• Consistency of charge weight 
• Loading of charges 
• Consolidation of charges 
• Crimping 
• Elimination of powder bridging. 

This report also presents a final,   overall system design incorporating 
practical improvements to the initial concept.    The fully automated 
system includes the following features: 

• Bulk feeding of cups 
• Variable volume metering 
• Safety during metering 
• Elimination of propagation of explosion to metering hopper during 

consolidation 
• Seal blanking and inserting 
• Rapid tooling changeover to accommodate other sizes 
• Packaging of finished detonators. 

The basic advantages of the proposed system are: 

1.      Detonator transport is achieved by a standard 1-inch-pitch hollow- 
pin chain carrying simple holders that may be quickly changed if 
necessary. 
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2. Metering of each charge is accomplished on a separate turret for 
maximum safety and simplification of equipment. 

3. Loading and consolidation of each charge is made on a separate 
turret to simplify equipment. 

4. Powder bridging in the metering hopper is prevented by pneumatic 
agitation. 

5. Charge weights are accurate and easily variable. 

6. All functions can be computer controlled. 

In conclusion, the major operations have been proven by bench-model 
testing.    The packaging operation is now being investigated by FMC 
and feasible approaches have been developed.   The major unproven area 
is sealant application.    The proposed single supply roll system has been 
analyzed and we feel confident that this approach can be successfully 
implemented. 



II.    SYSTEM DESCRIPTION 

A. GENERAL 

The detonator assembly line will consist of 12 turrets linked by a carrier 
chain,  cup-feeding equipment,   and detonator-packaging  equipment. 
(Figure 1 illustrates the general layout schematic.)   In addition to the 
main carrier chain, three auxiliary powder-transport systems,   synch- 
ronized with the fill turrets,  will maintain a powder supply from the 
magazine to the assembly line. 

All functions required for assembly of M55 and other size detonators 
will be performed on rotary turrets; therefore, the system will operate 
continuously rather than intermittently.    Turret functions and principal 
items of equipment are described in the following paragraphs. 

B. CARRIER CHAIN (Figure 2) 

The chain is a standard Number 80 hollow-pin,  self-lubricating,   1-inch- 
pitch chain and will contain a detonator carrier every fourth pitch.    The 
hardened carrier will float freely within the sintered steel hollow pin of 
the chain,  and the head diameter will be precision ground so that the bore 
can be accurately located on the tooling centerline of a turret work sta- 
tion.  The bore will accept the outside diameter of the detonator cup; a 
D-shaped spring (Figure 3) protruding very slightly into the bore through 
a slot in the side of the carrier head will prevent the cup falling through. 
The amount of protrusion will be insufficient to cause interference with 
the lower anvil punch which, in operation, will move the spring aside. 

A number of air-escape holes in the carrier head will prevent compressed- 
air disturbance of the empty detonator cup on the initial rapid rise of the 
anvil punch in the close-fitting carrier bore.    A generous lead-in at the 
bottom of the carrier bore will permit alignment with the lower anvil 
punch on entry.    The carrier will be free to move axially so that the 
carrier head may be accurately located in the tooling die register, 
pushed into position by a shoulder on the lower anvil punch.    Return of 
the carrier to the normal position in the chain will be accomplished by 
a conical spring at the bottom of the carrier,   retained by a small ring. 

C. TURRETS 

All turrets  will be approximately   36   inches  in diameter,   designed 
basically around a 96-tooth,   1-inch-pitch chain sprocket of 30. 563-inch 
pitch-circle diameter.   Each turret will  contain 24 tooling stations, 
spaced 4 inches apart around the circumference, with tooling station 
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centerlines  on the  chain  roller centerlines.   The turrets will  rotate 
at 50 rpm, and output will be 1, 200 parts per minute. 

Each turret will be driven through a 10-to-l gear reducer beneath the 
turret.    The gear reducers will be driven through a 2-to-l gear belt 
drive from a common shaft extending the  length of the machine.     A 
variable-speed DC electric motor will drive the shaft.   A torque-limiting 
feature,  built into the spring-loaded chain idler mounts at each turret, 
will initiate   shutdown of the equipment    should an overload     condition 
occur at any point on the line.   Also,  an adjustable and easily reset 
torque limiter will be provided at the main drive. 

Turrets will be provided as follows: 

• Loading Station (1) 
• Filling Stations (3) 
• Brushing and Aspirating Turrets (3) 
• Disc Blanking and Inserting Station (1) 
• Crimping Turrets (2) 
• Sealant-Application Turret (1) 
• Unloading Turret (1). 

In many cases turrets are of identical construction,  and many parts 
are duplicated, to minimize manufacturing costs, engineering effort, 
and spare parts inventory.     The number of turrets can be reduced if 
turrets  to perform multiple   functions  are employed,  e.g.,   both the 
crimping stages on one turret,   as outlined in the initial Phase I proposal. 
However, based on extensive experience with similar equipment,   FMC 
ESO has found it is often beneficial,  especially in high-volume production 
equipment, to reduce a complex,  combination operation to separate and 
simple functions. 

This design philosophy was applied to arrive at the number of turrets 
shown above.    £ach is described herein. 

D.     LOADING STATION 

The first station of the machine comprises a cup-supply system and a 
loading turret.    Three vibrator-feeder bowls will dispense oriented cups-- 
open end up--at the required rate,  to a collecting area.    Two V-belts, 
set at 45 degrees,  will gently direct the cups in a single line onto a star- 
wheel for inspection.    A scanning device incorporating a laser beam,  with 
a capacity for several thousand    parts per second, will inspect the cups 
and reject misoriented and damaged parts.    The cups will be conveyed 
to the turret by a set of pinch belts and a narrow slide bar; the pressure 
required to  ensure a continuous  supply of   cups at the   turret takeoff 
will be exerted at the lower portion of the cups where radial strength is 
greatest.    This system is similar to that employed for the feeding and 
inspection of primers for the primer-insert equipment built for Frankford 
Arsenal (Figures 4 and 5). 
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1. CHAIN, NO. 80,  1-INCH PITCH, 
HOLLOW PIN 

2. CUP CARRIER 
3. RETAINER (D-SPRING) 
4. SPRING 
5. SNAP RING 

Figure 2   CARRIER CHAIN ASSEMBLY (FMC Drawing 5102520) 
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Figure 3   SPRING-POWDER FILL TURRET (FMC Drawing 5100586) 
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The loading turret will consist of a 96-tooth,   1-inch-pitch chain sprocket 
running beneath a starwheel,  with detonator cup nests every 4 inches 
around the circumference.  The nest centerlines will match those of the 
carriers in the transport chain.    A set of 24 bottom punches on the same 
centerlines will   raise  and accurately align the  carriers immediately 
beneath the starwheel nests. 

A similar set of top punches will push the cups downward out of the 
nests where they will be held by a stationary spring blade similar to 
that shown as Item 21,   Figure 5„ 

An alternate concept would provide for application of vacuum through 
the top set of hollow punches,  to hold the cup to the punch.    With this 
method,  stationary spring blades,  which can cause scratches on the 
outside surfaces  of the   detonator cups,   would be unnecessary.    The 
vacuum would be applied intermittently, and a slight positive air pres- 
sure could be applied during top punch withdrawal to assure retention 
of the cup in the carrier. 

E.     FILLING STATIONS 

The three filling stations are of identical construction,  differing only in 
type of powder loaded and adjustment of the punch pressures,  consolida- 
tion height,  and powder volume as appropriate.    Figure 6 depicts the 
component parts of the prototype loader; it is represent.' tive of the two 
turrets which comprise each of the three loading stations. 

The proposed equipment (Figure 6) consists of two separate turrets on 
a common machine table top,  one operating   .s a rotary press for charge 
consolidation, the other utilized for metering and dispensing powder into 
the powder funnels of the rotary press.    Each turret will be driven by a 
10-to-l   gearbox   beneath the  machine table  top which  derives  power, 
through timing belts,  from a common drive shaft extending the length 
of the line.  The two turrets will rotate at 50 rpm in opposite directions, 
each incorporating 24 stations around the periphery.  They will be synch- 
ronized through the drive components so that the stations converge on 
rotation in a manner similar to the meshing of the teeth of gear wheels; 
however, no physical contact of the rotating turrets will occur. 

1.      Rotary Press 

This is a conventional rotary press design,  with a top set of 24 punches 
and a lower set of 24 anvil punches.    The punch stroke movements will 
be made by means of side-mounted cam followers working in stationary 
cams mounted at the top and the bottom of the turret,  the top cam sup- 
ported by columns.    A dial between the quick-release punch sets around 
the turret will carry 24 tooling dies accurately located above the pitch 
ciicle diameter of a 96-tooth,  Number 80 chain sprocket.    This chain 
sprocket   will   carry   the main   transport chain between turrets  of the 
overall assembly system. 
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Another cam follower will be mounted on the same centerline of each 
punch assembly; it will be used solely for providing the axial thrust 
necessary for the heavy consolidation pressures required.    During 
movement around the turret, the cam follower will enter stationary 
special cam sections (not shown on Figure 6) also mounted at the top 
and bottom of the turret. The top cam section will carry the slow and 
final consolidation slopes and dwell periods required,  and the lower 
section will act as a straight reaction component for the top punch 
pressure.    The stationary top special cam section will be spring 
mounted to provide a definite consolidation pressure,  and provided 
with an LVDT (Linear Variable Differential Transformer) gage head 
to monitor movement of the cam section to indicate fill condition.  (The 
signal from   this   LVDT will be  stored for  subsequent rejection,   if 
necessary,  on the unload turret of the overall assembly system.) 

All punches on the rotary press will be capable of fine adjustment and 
may be easily referenced to the machine table top during setup.    Suit- 
ably angled powder funnels on the tooling dies will compensate for the 
centrifugal force on the powder. At the bottom of the funnel, a parallel 
section, no longer than required for the maximum charge volume of loose 
powder, will preclude the possibility of an unnecessary compression of 
air and resulting powder "puff" loss on rapid punch approach,  a technique 
successfully verified on the bench-model tests. 

An accurately ground register incorporated on the underside of the tool- 
ing die will precisely locate the head diameter of the transport chain 
carrier.  A small recess in this register is designed to accommodate 
only . 030 inch of the detonator cup rim. 

2.     Metering Turret 

This turret comprises a stationary support column, with a cam and a 
large top bearing mounted on top of the column.    A tubular shaft rotates 
in the bearing; the lower end is borne by the bearings of the gearbox 
that c'rives the shaft.    A hub at the top of the rotating tubular shaft 
carries a dial plate on which is mounted a 96-tooth,  Number 80 chain 
sprocket and 24 Delrin powder cups. 

The powder cups contain angled funnels,  and are spring loaded against 
a metering shaft beneath each cup to provide positive doctoring. The 
metering shaft contains a metering cavity angled so that when facing 
upward,  the powder in the funnel may be transferred directly into the 
cavity. The metering shaft may be rotated 180 degrees by means of 
a cam follower which moves a 20-tooth gear through 90 degrees.    This 
gear then rotates a 10-tooth gear attached to the metering shaft,  allow- 
ing the cavity to be rotated 180 degrees.  A snug-fitting porous ceramic 
plug within the cavity of the metering shaft may be moved axially in 
either direction by means of a screw to vary the cavity volume as re- 
quired.  Only one size metering shaft should,  therefore,  be required 
for all three charges on the M55 and other detonators,  and adjustment 
of fill volume may be made manually.  On rotation of the metering shaft 
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to the downward dump position,   the adjusting screw will   clear the 
doctoring area above because of its angled slope. This arrangement 
also compensates for any adverse centrifugal effect when dumping the 
powder.    Vacuum filling of the cavity and nitrogen pressure dumping 
directly into the die funnel will be achieved through small-bore pneu- 
matic circuitry to the rotating hub.  The top valve face of the hub will 
contain 24 holes connected to the metering apparatus. 

A stationary valve disc mounted immediately above this valve face will 
be free to move axially on a stationary center tube and prevented from 
rotating by a key.    A labyrinth system of valve ports on the valve disc 
face will provide vacuum or nitrogen as required for operation of the 
equipment at the aporopriate times.  The valve disc, manufactured from 
Oelrin,   will  be  maintained   in a  sealed   contact   condition   by a wear- 
compensating adjustable spring mounted above it. 

Vacuum and nitrogen stationary inputs will be connected to this valve 
disc, with the respective tubing led through the bore of the stationary 
center tube which is anchored on the machine base.    Concentric tracking 
of the valve disc will be maintained by a sealed roller bearing at the top 
end of the stationary center tube.     The vacuum line will pass to an as- 
pirator bottle containing kill solution, then to the vacuum pump.  Nitrogen 
pressure and vacuum level will be constantly monitored. The machine 
will be automatically shut off whenever pressure and vacuum readings 
are beyond preset limits. 

3.     Operational Description (Figures 2,   3,  6,  7,  and 8) 

The transport chain (Figures 2 and 8) will enter the rotary press turret 
'Figure 7) with empty detonator cups loosely resting in the carriers. 
The cups will be prevented from falling through the carrier bore by the 
D-shaped spring (Figure 3) which protrudes a few thousandths of an inch 
into the bore.    The amount of protrusion will be insufficient to interfere 
with the upward travel of the anvil punch which will move the spring aside. 
Continuing its movement around the press turret,  the lower anvil punch 
will rise and enter the 1 Dttom of the carrier above it, which has limited 
freedom to float  in tht   hollow pin of the chain;    this action will  center 
the carrier.     The possibility of compressed-air disturbance of the det- 
onator cup   by the  rapid rise of the close-fitting punch in the bore  of 
the carrier will be  eliminated by   the  air-escape holes  in the  carrier 
head,   as   successfully   demonstrated   in   the   bench-model tests.   The 
final movement   of the  anvil   punch   will   accurately locate the  head of 
the  carrier in   the  register of the tooling die  above.   The carrier head 
will be  moved   upward by   the anvil punch  shoulder and compress the 
carrier spring. 

Simultaneously,   the  tip of the anvil  punch will  raise the detonator cup 
out of the carrier by 0.030 inch,  effectively sealing the detonator cup rim 
to the 0.030-inch recess in the tooling die register to prevent powder loss 
during transfer from the funnel.    This anvil punch action will be completed 
just prior to convergence of the tangent points of the rotating press turret 
and the metering turret (Figure 7). 

16 
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Figure 8   CUP CARRIER (FMC Drawing 5100587) 

At this point (shown as "carrier in raised position" on Figure 6), the 
doctored and mete red powder charge held by vacuum in the metering 
shaft of the metering turret will be transferred to the press turret. 
The transfer will be accomplished by the automatic valving system 
turning off the vacuum and applying a short sharp pulse of compressed 
nitrogen to the metering cavity.    ESD has determined, through bench- 
model tests,  that a pulse of approximately 50 milliseconds duration at 
IS-pounds-per-square-inch pressure will result in clean removal of the 
entire cavity powder content with no "dusting" normally associated with 
a flow of air or gas.  Continued rotation of both turrets will then permit 
the transfer points to diverge and the turrets to function independently 
for the remainder of the revolution.    The functions of the turrets are 
described in the following paragraphs. 

a.      Rotary Press Turret 

With the powder cup and metering shaft of the metering turret free of 
interference,  the top punch will rapidly descend,  compressing the charge 
in the cup within approximately 0. 090 inch of final consolidation.    At this 
point the consolidation cam followers will enter the special cam sections 
which allow a powerful but gentle application of thrust necessary to finally 
consolidate the charge to 70, 000 pounds per square inch, the maximum 
required cuusolidation pressure.    The upper cam section (not shown on 
Figure 6) will be adjustable spring loaded to provide the necessary pre- 
load thrust as previously mentioned,  and will be equipped with fill height 
measuring capability through an LVDT gage head. A short dwell period 
will follow consolidation, then the consolidation cam followers will leave 
the special cam sections and both top and bottom punches will be rapidly 
withdrawn.  (The arrangement of the special cam section and LVDT are 
similar to that shown on Figure 9,  Items 2,   3,  and 4.) 
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The spring of the carrier will allow the locating head to withdraw from 
the tooling die,  and the carrier will return to the normal floating posi- 
tion in the- hollow pin of the chain.  The detonator cup will remain in 
the consolidated position in the carrier, with the rim protruding 0. 030 
inch. This position will be maintained for all subsequent operations in 
the entire detonator assembly system,  including crimping,  and will 
minimize the possibility of surface  scratches on the outside diameter 
of the cup   through linear movement   in   the carrier.   The  cup will be 
held in   this  position in   the  carrier   by   the  radial   compressive force 
from the first charge consolidation. With both punches retracted,  and 
the carrier out of the tooling die, the carrier chain vill leave the rotary 
press turret for the 
next operation. 

b.     Metering Turret 

As the metering shaft and powder cup move away from the rotary press 
after transferring   the charge,    the metering  shaft   will  rotate through 
180 degrees so that the cavity is immediately beneath the bottom opening 
of the powder < up. 

At this time the valving   system will cause a short period  of alternate 
vacuum/nitrogen pulses which will fluidize the powder in the cup, break- 
ing up any bridging which may have occurred.    Bench-model tests proved 
that this procedure is essential for consistently accurate charge weight, 
especially with NOL 130.    Also,  the nitrogen pressure, used frequently 
and passed through the porous filter in a reverse direction to the vacuum 
on every turret revolution, will serve to purge the filter free of any 
clogging of porous surfaces. 

Continued rotation of the turret will cause the valving system to turn on 
the vacuum continuously,   drawing the powder into the metering cavity. 
With the vacuum still on,  the metering shaft will start to rotate through 
180 degrees, doctoring the powder in the cavity, and position the cavity 
facing downward,  ready to dump,  with the vacuum still securely retaining 
the powder.    The metering turret and the pressing turret,   rotation synch- 
ronized, will converge on the appropriate metering shaft and tooling die, 
ready to repeat the operation. 

4.      Powder Supply Conveyor 

The metering turrets of the  three  fill stations ?.re to be regularl/   sup- 
plied with powder on an 11-increments-at-a-time basis.    At 11-revolution 
intervals each of the 24 cups of the turret will receive a mete red amount 
of powder consisting of slightly more than 11 increments. 

The amount of powder in each cup will be constantly monitored and 
when a preset level is exceeded, the supply to the particular cup will 
be inhibited. The supply conveyor will extend from the metering turret 
to a rotary powder-dispensing and doctoring device isolated from the 
machine by a barricade.   The basic  component of the  conveyor is the 

Preceding page blank 21 



same 1-inch-pitch, hollow-pin standard roller chain used for the main 
carrier. The filling sequence will be determined by the spacing of the 
powder containers at 11-turret-pitch intervals (44 chain pitches).  The 
containers are cam-actuated, hinged scoops; the entire assembly will 
be mounted on a single link, using both hollow pins as guides for vertical 
motion (Figure 10). 

;;     i. SCOOP 
2. TORSION SPRING 
3. CARRIER BRACKET 
4. CAM FOLLOWER 

FigurelO      POWDER DISPENSER (FMC Drawing 5102641) 

As the conveyor chain enters the metering turret,  the scoop-actuating 
rod wil be cammed down; the scoop will rotate 90 degrees to a ver- 
tical position and empty into the funnel-shaped powder cup beneath it. 
During this dumping phase,   vibration will be induced into the scoop 
through the cam track. 

Behind the barricade,  powder will be dispensed from a rotary trough, 
with the  scooping motion   described   above   somewhat   reversed.   Sta- 
tionary plows in the pickup station of the trough will  stir and mix the 
powder and maintain a powder level slightly higher than in the remain- 
der of the trough. 
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Rotating doctor blades will move radially outward to remove any excess 
powder in the scoops. When refilling is to be inhibited because of too 
high a level in a cup on the metering turret, the scoop-lowering mech- 
anism will be actuated and the powder will be dumped back into the 
doctoring area. 

5.     Inspection 

Satisfying the  scope of work  requires   inspection after each fill  and 
consolidation; three inspection turrets could be included to perform this 
task.    Each   would   consist of 24  lower anvils to raise the detonator 
and carrier to a  reference  level,   where  a top set  of 24   LVDT  gage 
heads would descend to measure  the consolidation height.   An unsatis- 
factory signal from any of the LVDTs,   sent to a central memory system, 
would cause  rejection of the  defective  component at the unload turret. 
A considerable cost saving is possible,  however, if the three inspection 
turrets are eliminated and the one stationary LVDT gage head on each 
consolidation turret is utilized to perform the fill-height inspection. 
The details of this process are included in the filling station equipment 
description.   FMC ESD strongly recommends adoption of this simple 
method, which could also be incorporated on the final crimping turret 
to monitor final assembled height of the detonators. 

F.    BRUSHING AND ASPIRATING TURRET 

Following the principle of simplicity,  FMC ESD proposes separate tur- 
rets to brush and aspirate the cups and chain after each consolidation, 
rather than incorporation of a system of brushes operated by linkage 
and  added to each consolidating turret station. 

The turret will consist of a lower section carrying 24 anvil punch sta- 
tions,  operated by a stationary cam.   A 96-tooth sprocket above will 
carry the  transport chain with the cups in the carriers.   On the same 
centerline as and   immediately  above  the carriers,   a set of 24  small 
annular   brushes will   rotate   on  a  small vertical  shaft.   A gear wheel 
on the top of each shaft will mesh with a large  stationary gear wheel 
at the top of the turret.    The rotation of the turret around the stationary 
gear will produce a speed of 1, 280 rpm for each brush shaft. 

Aspiration will be provided by small tubes inside and around each brush, 
connected to the aspiration vacuum.   All  such shrouds will be continu- 
ously open   to   the atmosphere,   even at  stations  not in operation,   and 
a slip ring-type  coupling   from   the  stationary vacuum   to   the   rotating 
turret will be necessary.    As an alternate method,  aspiration could be 
provided by a stationary nozzle very close to the brush tip.   The nozzle 
would be  only as long as  the section of the turret where  brushing takes 
place,   so   the vacuum connection would be considerably     simplified. 
Preliminary aspirating will be performed on the press turret to prevent 
any buildup of powder on the chain. 
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G.     DISC BLANKING AND INSERTING STATION 

1. Alternate Equipment Concept 

The proposed closing disc blanking and placing equipment (Figure 11) 
comprises a   24-work-station rotary turret equipped with a stationary 
(aluminum) foil tapefeed system.  The tape-feed system will be positioned 
in a plane tangential to the pitch circle of the rotating work stations. 

The tape-feed system will advance the tape at a speed equal to that of 
the rotary turret,    for the  short time  during which the  disc is blanked, 
and allow short-duration travel of the tape at a slower speed while the 
next disc-blanking punch approaches. 

2. Reels and Capstans 

The new foil tape will be unwound from the reel by the payout capstan, 
at a rate equal to the takeup speed. To achieve minimum tape consump- 
tion, the tape will be advanced only 3/8 inch between blanking operations. 
The chain carrying the loaded cups will travel in a rotary path during 
the blanking operations,  resulting in a differential between the velocity 
of the work stations and the velocity of the tangentially moving tape. 

The takeup capstan and  rotary turret will be driven at the same speed; 
therefore,   the  capstan  radius  must be approximately   1/10 the turret 
radius to produce tape advance not exceeding 3/8 inch.  This size ap- 
pears reasonable, and the takeup capstan drive can be directly coupled to 
the rotary turret drive  to assure a constant proportion between average 
tape speed and turret speed. 

This motion is comparable to that of the film in some high-speed movie 
cameras that is brought to a complete  stop 500 times per second or 
30, 000 times per minute.   We will  require the same result at a much 
slower rate,  i.e.,  1,200 per minute. 

The mechanism   for accomplishing   this  motion is   described  in the 
Rotary Table and Punch Assemblies discussion.   The  takeup reel drive 
will be  driven at a speed higher than that of the  takeup capstan and will 
be  equipped with a slipclutch  to accommodate the takeup speed change 
resulting   from coil  radius  growth as  the  scrap foil tape is wound on 
the reel much like a movie projector takeup reel.  In an ideal situation 
the two capstans (takeup and payout) would consistently advance an equal 
length of tape;  therefore,   the  length of tape between the two capstans 
would remain constant.    However,    the   two capstans will   not   operate 
equally,  and control of one of the capstans will be necessary to avoid 
excessive tension buildup or slack buildup of the tape.  The slack-loop 
control will perform this function. 
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3,     Slack Loop Control 

To prevent tearing of the foil tape during the short-duration speedups 
(when the tape speed matches the speed of the blanking punch),  a slack 
loop will be maintained in the tape on the payout side as in movie pro- 
jectors.    The   length   of the  slack  loop will be  reduced   when the tape 
speed exceeds the payout capstan feed rate and will be enlarged when 
the tape   speed   is   less   than   the  payout   capstan   feed   rate.    The tape 
speed will differ fron the payout capstan speed each time a blanking 
punch operation is performed,  or in the event the takeup capstan feed 
rate changes. 

The change of the slack-loop length will be 
the tape slack-control unit. When the loop 
minimum limit, the payout capstan drive 
celerated accordingly. The tape slack-c 
loop length through the use of two photoe 
the loop. Interruption of the light beams 
cate a loop length exceeding the maximum 
unobstructed will indicate a loop length les 

continuously monitored by 
length reaches a maximum or 

will be decelerated or ac- 
ontrol   unit   will   monitor the 
lectric cells  in   the  plane  of 

of both photocells  will indi- 
limit, and both light beams 
s than the minimum limit. 

The signals from the slack-control unit will initiate action to correct the 
slack loop length. Through a phaser gearbox driven by a stepping motor, 
the payout capstan will be advanced or retarded as necessary to bring 
the loop length within the allowable limits. FMC ESD has successfully 
utilized an identical slack-control device in an automatic winder for 
8-channel tape decks (Figure 12). 

Figure 12    SLACK-CONTROL DEVICE FOR 
WINDING TAPE DECKS 
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4,    Rotary Table and Punch AsBemblicB 

The proposed rotary-turret work station will consist of a die and an up- 
per and lower punch assembly straddling a rotary table:. The functions 
of these elements are as follows: 

• The rotary table will register the carriers holding the detonator 
cups in line with the upper punch assembly to allow blanking and 
placement   of the closing   disc  in a   direct   straight line.   (This 
operation will require two separate punch strokes, as explained 
later.)   The rotary table will be equipped with blanking die inserts. 
Proper registration of the detonator carrier sleeves with the die 
inserts will be maintained through a 96-tooth,   1-inch-pitch roller 
chain sprocket.  The transfer chain with the carrier sleeves on 
4-inch centers will wrap around the sprocket for a minimum arc 
of 180 degrees; therefore,  the pitch circle diameter of the rotary 
table will be identical with that of the 96-tooth sprocket. 

The action of the upper and lower punch assemblies along the 180- 
degree active arc of the rotary turret is shown schematically in 
Figure 13. 

• The upper punch clamping sleeve will be faced with polyurethane 
that will momentarily clamp the foil tape to the rotary table and 
bring the tape to the same speed as that of the table just preceding 
the blanking action of the descending inner punch. This feature will 
assure that the tape is moving at the same velocity as the rotary 
table when the upper punch shears out the closing disc. 

Immediately after the closing disc is severed from the  tape,   the 
punch will  retract with the tip  rising  above the top surface of the 
foil tape,   and the clamping sleeve will  release the tape,  allowing 
continued rotary motion of the punch without tearing the tape.  To 
reduce acceleration  forces   developed within the tape  during the 
clamping operation and to assure  tape   synchronization with the 
punch velocity, a cam roller will be placed at a point in the outfeed 
path of the tape from the turret.  The tape will pass over the cam 
which will make  one  revolution per station,  or  1,200  revolutions 
per minute.   The  cam will develop a sinusoidal tape-acceleration 
curve,   minimizing tape stresses  during the acceleration portion 
of the cycle.  This action will assist the polyurethane clamping ring 
to maintain a tape velocity equal to the tangential velocity of the 
punch. 

After the turret has rotated sufficiently to permit the ascending 
blanking punch to clear the tangentially running foil tape, the 
punch will again descend. The closing disc will be pushed farther 
down into the detonator cup being held in the carrier in the chain. 
Several methods for mechanically stripping the disc from the punch 
may be employed. The usual commercial practice, providing the 
punch with   a  spring-loaded   plunger   that   pushes the blanked disc 
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off the  end of the punch is considered inadvisable with the thin 
aluminum.    The same general principle could be employed,  but 
with the tip of the plunger normally spring loaded upward within 
the punch so that it is flush with the end of the punch. The stroke 
of the plunger would be very short,  about 0.015 inch, and take 
place at the end of the  stroke  of the punch, just prior to or at 
the beginning of return movement. The plunger would be rod op- 
erated through the punch  ram,   the rod protruding from the  top 
of the ram.     On rotation of the  turret,   the top of the plunger 
rod would engage a stationary cam follower which would momen- 
tarily impart the necessary   0.015-inch   stroke to the plunger, 
stripping the disc from the punch.   The   same action might be 
achieved by the mass  inertia of the plunger movement against 
a very light   return spring due  to the   rapid deceleration of the 
punch when  reaching the end of the stroke.   A subsequent turret 
will crimp the cup over the seal disc. 

5.     Concept Design Considerations 

The proposed concept for blanking and placing closing discs in a con- 
tinuous operation is based on proven movie-camera applications. 
The relatively slow-moving   foil tape  can be quickly accelerated to 
match the speed of the fast-moving blanking punch and die,  and the 
blanking punch operation can be completed within a short time;  the 
velocity vectors  of the foil tape and the blanking tools are practically 
equal. 

The proposed concept utilizes only  one  foil tape reel to supply the 
material for the closing disc blanking operation. 

If, because of reel size limitations, the supply reels must be changed 
during operation,  a commercially available automatic splicer can be 
incorporated   in   the design to automatically attach the new tape to 
the end of the exhausted tape reel, without stopping the system. 

H.    CRIMPING TURRETS 

Crimping of the detonator cup requires two distinct operations,  a 45- 
degree precrimp followed by a final flattening crimp.  Both operations 
may be performed on one turret as described in detail in the Phase I 
report; however,   FMC ESD recommends that two turrets be used to 
perform these functions,   enabling a simple turret design for both, em- 
ploying construction components similar to those used in other turrets. 
Utilization of an LVDT gage head and special cam section similar to 
those used in the consolidation turrets will permit monitoring of an 
accurate final crimp height.  This system would be readily adaptable 
to a simple turret design, 

A fixed aspirating station,  as specified in the scope of work mandatory 
requirements,  may be positioned between the two crimping turrets to 
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remove any loose powder created from the 45-degree crimping opera- 
tion as the crimped cups in the chain pass nearby. A possible alternative 
would be toprovide the45-degree crimp punches with hollow stems with 
a side port. On rotation of the turret, the port would pass close to a 
fixed aspirating head, transferring the vacuum directly to the crimp 
before the top punch rises. 

I.      SEALANT-APPLICATION TURRET 

The sealant-application turret (Figure 14) consists of basic elements 
similar to those of other turrets, i. e., sprocket and upper and lower 
punches. 

The lower punch will locate,   raise,  and support the work part for ap- 
plication of sealant.  The upper punch will be equipped with a special 
polypropylene dabbing tip and a lacquer container.  Container and tip 
will form a sealed unit; therefore,  lacquer cannot dry out and will not 
clog.   The tip,   commercially  available,  is designed to meter the same 
amount of liquid each time  the plunger is depressed,  independently 
of pressure and time. The lacquer container is sufficiently large to 
accommodate a 1-day supply of sealant. 

This concept is similar to a machine developed,  built,  and now operat- 
ing satisfactorily at Frankford Arsenal for the sealing of primers with 
lacquer at a rate of 1, 200 per minute. 

An inspection is necessary to detect the presence of the sealing disc 
and of sealant. Both inspections may be made by stationary optical scan- 
ning means, the latter reacting to sealant color. Turrets for these 
inspections are not considered necessary. 

Essentially, each inspection station will consist of a light beam directed 
at an angle onto the top surface of the finished detonator. A disc in the 
detonator will reflect the beam into an optical receiver. 

The signal to start scanning for the reflected beam will be derived from 
the leading edge of the chain carrier, which is always the same distance 
from the  cup.     Thus,   at  a given chain speed,   the time  at which the 
scan should take place is easily established,   so that the scan occurs 
when the detonator cup should reflect the beam if the disc is present. 

Inspection for the presence of sealant application is accomplished in 
a similar manner,  except that the optical system is sensitive to color. 
The reflected color of the sealant,  or absence of reflected color,  at the 
appropriate time  of scan would  result in acceptance  or   rejection as 
required at the unload/reject station. 

J.     UNLOADING TURRET 

In this final turret of the machine, the finished detonators will be trans- 
ferred into special carriers for packaging, and parts found unacceptable 
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Figure 14    SEALANT-APPLICATION TURRET (FMC Drawing 5100213) 

at any inspection station upstream will be ejected (Figure 15). The car- 
rier rings  (Figure   16)  are  flat collars in which the detonators will fit 
snugly because of the tight hole-diameter tolerance and be held firmly 
due to the  springiness  inherent   in the  split-ring configuration of the 
holders. 

A starwheel, directly above the chain sprocket of the turret,   is equipped 
with pitch diameter and nest centerlines which match those of the main 
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NOTES: 
1. MATERIAL TO BE DETERMINED BY TEST. 
2. THESE FINAL DIMENSIONS TO BE DETERMINED 

BY TEST. 
3. THIS DIMENSION IS FOR DETONATOR, STAB, 

M55, ONLY. 

Figure 16     CARRIER RING,  DETONATOR (FMC Drawing 5102190) 

carrier chain.  The carrier rings will be fed into the starwheel as   are 
the cups into the loading turret.   A  circular plate above the starwheel 
will limit the upward motion of the carrier rings to a few thousandths of 
an inch. 

Detonatovs will be transferred from the carrier chain into the rings by 
a set   of lower  punches  moving  all the  way through the  carriers,  past 
the D-shaped spring.   Ejection of defective detonators will be accom- 
plished by inducing additional punch travel.  The rejected parts will be 
pushed out of the carrier rings; openings in the top plate will allow for 
this motion. A rotating brush in the ejection area will send the rejected 
parts down a chute into a desensitizing container. 
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This momentary overtravel,   about  3/16  inch,   will be performed by a 
movable cam section adjacent to the main cam of the punches.  An ex- 
plosionproof   solenoid   will   maintain   the  cam  section  removed from 
the path   of the  cam   followers   against   spring pressure   to  satisfy the 
fail-safe requirement.  In event of solenoid failure,  all detonators would 
be rejected.  Each punch will carry a central cam follower, which will 
ride the main cam track,  and a cantilevered cam follower for the mov- 
able ejector cam section. 

The carrier rings will be removed from the unload turret by a simple 
peel-off mechanism and proceed,  in a solid single line,  to the packag- 
ing area. An optical inspection system will locate and effect ejection of 
empty carrier rings. 

K.     RANDOM SAMPLE STATION 

Sample detonators may   be   removed   at   random   from   the   line   follow- 
ing removal from the chain at the unload station. A simple gate moving 
laterally across the linear flow of detonators to the packaging operation 
will divert one or more detonators as required,  still in the plastic car- 
rier rings for safe handling. 

An alternate system would utilize the reject cam on the unload turret to 
remove a sample detonator, but divert the sample from the reject chute 
to the sample chute by means of a gate. 

L.     PACKAGING LINE (Figures 15 and 17) 

Loaded carrier  rings from the unload turret will be assembled in a 
buffer, then will proceed,  in two lines, to the box-filling stations.  The 
filling patterns, based on nest arrangement in the boxes,  will be five 
rows  of 10 detonators.  The proposed carrier ring OD is exactly the 
same as  the nest spacing (0.437 inch); therefore, when the carriers 
are squarely aligned and touching each other, the detonators will be 
in line with the nests  in the boxes.  At regular intervals,  a shuttle bar 
will move  one  row of 10 carriers one index across (0.437 inch) over 
a   dead   plate.   The  shuttle bar will be located exactly between the two 
incoming lines of carriers and will operate the two lines alternately. 

Empty boxes will be forwarded on an indexing conveyor,  below the dead 
plate,  and a tray elevator will raise the boxes against the dead plate. 
After five cross indexes, the detonator will be transferred into a box 
through clearance holes   in the  dead plate.   This transfer will be ac- 
complished by a cylinder acting on a spring-loaded pin pad.   Both sides 
of the   shuttle   bar will be  transferred simultaneously. 

As the shuttle   bar  resumes  motion,   the  empty carrier   rings  will 
be pushed into a chute by the oncoming rows of filled carriers and 
recirculated. 
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The use of expendable (plastic) carriers, which would be loaded in a 
modified box, has been suggested. The plastic carriers would act as 
cushions  during shipment and could be utilized in an automated    as- 
sembly line,  then discarded or returned in bulk to the detonator plant. 

The filled boxes will be lowered to the conveyor and, two indexes down- 
stream,   a cushion pad will be  slid onto each box,   sideways from a 
stack, by a  shuttle plate.   The pad will be located accurately by four 
flexible fingers actuated by an air cylinder. 

Farther down, the boxes and pads will be pushed into outer wrappers 
through a funneling gate.   The boxes will then move at right angles to 
the loading  conveyor.    A   rotating   table will turn every second box 180 
degrees  to stagger the detonators when packed in 20-box cartons. The 
boxes will  slide down an incline onto another,  slower conveyor. As a 
result of the velocity differential, the boxes will overlap as they are 
moved along to a dead plate.   At the  end of the dead plate, a pivoting 
end plate will gently raise the first bo>'. on end. A vertical bar, moving 
in   from the  other end when 20 boxes have  reached the dead plate, 
will cause the overlapping boxes to slide,  one onto another, until the 
stack is vertical. 

A pusher bar will transfer the 20 boxes into a carton.    The open container 
will  move   down a helical chute which will turn it gradually until it 
is placed,  open side up, at the next station. An overhead arm equipped 
with   suction cups will   pick up a lid and lower it onto the carton, with 
the assistance of four positioning fingers. 

The junction between carton and lid will be taped at the next station by a 
rotary tape-dispensing and wetting device,  a set of pressure rolls,  and 
a cutter. 

The closed carton will then be enclosed in a special plastic-coated bag; 
this operation will be performed at the last station of the packaging line. 
The bags,  supplied in stacks, will be singulated and one bag will be lifted 
by suction cups and moved next to a carton.  The bag mouth will be held 
open by a combination of vacuum bars and flexible fingers until the carton 
is completelv oushed inside the bag. As before,  the flexible fingers will 
act as guide,..  The bag mouth will be clamped shut,  except for a small- 
diameter vacuum   tube  extending a couple  of   inches  inside   the bag, 
approximately at the center of the opening. 

Vacuum will be drawn until the bag is molded around the carton.    As the 
tube is withdrawn,  two heated bars will clamp the bag near the end and 
seal the package. 

M.    FINAL INSPECTION 

A final inspection will be made after the unload turret operation to en- 
sure that   all detonators are  removed from   the  chain carriers.   The 
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equipment forthis inspection will be similar to that used for disc-presence 
inspection,  except that the scanning beam will pass through the carrier 
to verify that no detonators remain within.  A signal from this    -t^pection 
station indicating that the carrier is not free from obstiuction will  re- 
sult in the immediate shutdown of the line so that corrective action may 
be taken. 

N.    CHAIN CLEANING AND ASPIRATING 

After leaving the unload turret and clearing the packaging area, the 
transport chain will pass through a cleaning tunnel.   Rotary brushes, 
on vertical and horizontal shafts,  will remove all powder dust and other 
particles the chain may have gathered in the various work stations. 
Vacuum heads arour ' the brushes will remove the dust as soon as re- 
leased. 

O.    SAFETY 

Because of the high production rate--l, 200 detonators per minute-- 
safety is of primary importance. The equipment will be designed to 
meet the following requirement«: 

• Satisfactorily low velocities of powder in contact with rubbing 
surfaces 

• Avoidance of steel-on-steel condition of such surfaces 
• Avoidance of unnecessarily large operational volumes of powder 
• Nonpropagation of accidental detonation 
• Sanitary powder handling. 

The rate of consumption of potentially hazardous powder will be higher 
than with slower conventional equipment.  To preclude frequent stops 
for refilling,  a large basic supply of powder will be required.   Even 
with the basic supply safely housed behind a magazine barricade,  a 
system for transporting small amounts of powder to the metering and 
pressing equipment will be required.  Adequate spacing must be main- 
tained between these small volumes to avoid propagation of accidental 
detonation to the  main  supply of powder  at the pressing station. 

To achieve repeatedly accurate metered charges, the system will 
utilize a method of volumetric metering immediately prior to charge 
consolidation.  The entire metering system will be carried on a separate 
turret to preclude close proximity of the loose powder of the metering 
apparatus to the potential hazard of consolidation and pressing. The 
close engagement proximity and metered charge transfer of the turret 
to that of the  pressing turret takes place as  far as possible   from the 
point of pressing,   maximizing safety of the operation.  Another advantage 
of the method   is  the  resulting  simplified,   economical design of both 
turrets.    A large proportion of the metering turret rotation will be now 
devoted to metering only, and the actual velocities of metering surfaces 
will be  considerably   lower than those  of the   combined metering  and 
pressing   turret   originally proposed.    This  method has   been proven 
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feasible by bench-model tests.   The punch  velocities  of the  pressing 
turrets have similar advantages,  enabling a larger portion of rotation 
to be  devoted to  pressing  e.a* consolidation only. 

The design of the metering shaft through a separate turret is compatible 
with a semirotary movement rather than the linear action first envisaged. 
Semirotary movement  will reduce rubbing velocity by further reducing 
the length of surface travel necessary,  and increase available time.  The 
semirotary action will  also allow the powder in the powder-metering 
cup to fall directly to the metering cavity of the shaft, beneath which it 
will be pulled by vacuum and assisted by gravity.  This method offers 
a considerable advantage in overcoming powder bridging to that of pul- 
ling powder upward   into   the cavity.    The  pneumatic-agitator  system 
successfully demonstrated in the bench-model tests is incorporated 
in the equipment design,  providing a high level of confidence in repeat- 
able accuracy of charge weightj.   Doctoring of the metered charge will 
be  performed by Delrin/steel surfaces, wear compensated by spring 
pressure.     Dumping   of the charge into the  die  funnel of the pressing 
turret will be performed by dry nitrogen which assists in the mainten- 
ance of thoroughly dry powder considered essential for consistently ac- 
curate metering and equipment operation.   All possible precautions will 
be taken against accidental spillage of powder,  with vacuum aspirators 
employed around powder working areas. 

In addition, all plastic components will be made conductive and grounded. 
Nonsparkinp materials will be used, wherever necessary, throughout the 
machine. 

P.     DETONATION DETECTION 

The detonation-detection system uses  an au !lo-frequency microphone 
housed in a dustproof enclosure and a frequency-selective amplifier. 
The voltage  at the microphone is in the order of millivolts and thus is 
intrinsically safe;   therefore, a complete explosionproof enclosure is 
not necessary even in the most hazardous areas. 

Experiments will be  made using  the microphone and a storage oscillo- 
scope to determine the predominant frequency generated in a detonation. 
The design of the amplifier will then be modified to amplify that frequency 
and reject all  others.    The  output  of this amplifier can then be used to 
operate a relay,   sound an alarm,   and "top operation if required. 

Q.    CONTROL DISPLAY 

A display panel  will  continuously  indicate  the   cycle   rate  of the equip- 
ment together with  information on  the total number of parts processed, 
number of parts rejected,  and number of samples.  Indicators will readily 
identify  a  source   of malfunction,   including  detonation and parts out  of 
tolerance. 
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III.    WORK   PERFORMED 

The objective of this project was to develop a concept for an automatic 
system to produce nonelectric detonators at a rate of 1, 200 units per 
minute.    The program consisted of the following steps: 

• Engineering study of present production system 
• Development of new concepts for performing the required operations 
• Manufacture of bench models of the charging,  tamping,  and crimping 

modules 
• Testing of these bench models with inert and explosive material 
• Final report. 

A. ENGINEERING STUDY 

FMC ESD personnel visited Lone Star Army Ammunition Plant, Texas, 
and Picatinny Arsenal,  New Jersey,  to observe the present operations 
of loading,  assembling,   sealing, inspecting, and packing detonators. 
These methods are relatively slow and manual.   Discussions with knowl- 
edgeable personnel provided an understanding of the hazards now entailed 
in handling sensitive explosives. This information contributed to the 
development of the recommended systems concept to meet Government 
requirements, 

B. DEVELOPMENT OF NEW CONCEPTS 

Conceptual drawings were prepared for each operation required to pro- 
duce and package nonelectrical detonators. Each concept was reviewed 
by Government personnel.  As required,  the concepts were modified to 
overcome any objections.   Drawings oi these concepts are included with 
this report. 

C. MANUFACTURE OF BENCH MODELS 

Bench-model equipment was designed to accomplish the following tasks: 

• Metering of charges 
• Loading of charges 
• Consolidation of charges 
• Crimping. 

The equipment was designed to perform at the same speed required to 
meet the 1, 200-per-minute production rate.  Because of the need to 
process sensitive explosives,  appropriate procedures were followed. 
The equipment was procured and manufactured. 

Precädin; page blank 
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D.    TESTING OF BENCH MODELS 

Using simulated charging material, the bench model (Figure 18) was 
operated.   By changing tools,  the metering,  dispensing,  consolidating, 
and crimping functions were satisfactorily performed.  The equipment 
was then moved to enable operation with actual explosive materials. 
With the equipment safely housed in the FMC pressing block-house, 
a program of live powder metering, dispensing,   and consolidation was 
conducted using NOL 130,  lead azide,  and RDX at appropriate consoli- 
dation pressures.  As shown in Figure 18, an LVDT attached to the up- 
per consolidation punch monitored the velocity and movements of the 
punch with the output signal connected to a graph recorder.    The times 
were referenced to a 1-second pulse on the recorder which confirmed 
that the approach,   consolidation,  dwell, and retraction time? were within 
the timing sequence designed to produce 1,200 detonators prr minute 
on a 24-station rotary press at 50 rpm.  Metering and dispensing of 
the charge was successfully accomplished within the time allocated for 
this function at this output rate,  with a consistent weight of charge 
dispensed after several hundred operations.    Based on this performance, 
and the fact that no detonations occurred,  a high level of confidence 
in the system design is possible.    Figure 19 shows a graph trace from 
a typical live test using NOL 130. 

All tests were documented,  and the following observation summaries 
were made: 

1.     Metering 

Doctoring of the metered charge by Delrin doctor blades on steel is 
satisfactory at the calculated speed of 1.08 feet per second or less. 

• The vacuum fill/nitrogen eject volumetric filling method is highly 
satisfactory, provided the eject pulse is sharp and short to elim- 
inate any dust.   Repeatable accuracy is good. 

• Vacuuming powder into a metering cavity tends to promote bridg- 
ing in the powder supply.  The proposed funneling of the supply 
downward to the cavity and pulling the powder down,  assisted 
by gravity,   is preferable. 

• Pneumatic agitation was found satisfactory to prevent the supply 
powder from bridging,  and is essential when using NOL 130. 

• A substantial increase of vacuum at the metering cavity increases 
the charge weight only marginally,  if at all.  As a means of finely 
adjusting charge weight,  varying the vacuum is not satisfactory. 
A quick and simple physical adjustment of volume is preferable 
and is presented in the report. 

44 



s 

r 

1 - J 

Iw^ 
-I CLL h-^-t 

A 

r ' 

iXP L£ 

j^ 4o   bP  ii   »r  4.1 

I 
w 

cl: [ ,io: 
ihm 

:^l 

li 



Pü mi 

4   44   5-    ?   m\ JT1 ih   9      .i$) fj I?) 

I 

S'S (*)    6      4'   44 
m     if 



v.) 

.     »■■■      ■   -.,     .. mm 

-^T 
A®—: 

n 
"v 

y 

1       J 
UJJ 

i 

^ 

, t 

V: o 

' 

LI. 

(E 

i^; 

gazes 

r   44/   MMW«  «^      ■*■ ' ft   MMM 

«    OHM/»    •«/ w   , '/•«    7fM ** * Mr."    fl»«.'  » 

trnmrrm   %■**■'*■■ 



— «IHM iBWWW—W*'^'*''^ "WlWüHW«-«».! 

jrflaa 

3      «MTMV    /«W      >    " **    "IT'«    ■    «M»i   ,"*>*•  rr» , 

•    M   MM/^.    OM •   .;*<•      mTTA.Ai,'    ff   «  «^ 

9     «U   fi/r'k.i*. .r.\-    -g    V   fWIMW  I» in 

f   0   «/*UHif, *ift*f 

Reproduced  from 
bes> availabU copy. 9 

^ 

•FMC FMC Corporation 
Engineered Systems Division 

Figure 18     EXPERIMENTAL MODEL 
NONELECTRIC DETONATOR (FMC 
Drawing 5100859) 

iff 



1-SECONO TIME REFERENCE' 

-.62 SECOND 

RETURN 
CUP TO 
CARRIER n \A 

PUNCH 
HIGH-SPEED 
APPROACH 

^J  ^35 M/S DWELL    t 

5-INCH 
TOTAL 
PUNCH 
TRAVEL 

Figure 19    GRAPH TRACE FROM LIVE TEST 1, CUP 1, 
USING NOL 130 
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• The filter medium must be capable of withstanding the abrasive 
effect of continued powder metering. Porous ceramic is used in 
industry for this purpose. 

2.     Consolidation 

Data obtained from a typical graph trace on consolidation of NOL 130 
(Live Test Number 1; see Figure 19) shows the following: 

• Punch approach speed to within 0.3 inch of final consolidation: 
4.7 inch in 140 milliseconds   equals   2.8 feet per second. 

• Punch consolidation speed,  including 35 milliseconds dwell: 
0.3 inch in 180 milliseconds  equals  0. 139 foot per second. 

• Punch consolidation speed,  not including dwell: 
0. 3 inch in 145 milliseconds   equals   0. 172 foot per second. 

• Effective consolidation pressure is 70,000 pounds per square inch 
(derived from 1-inch-diameter hydraulic cylinder at 1,390 pounds 
per square inch hydraulic pressure, producing 1,090 pounds of thrust). 

• Slope of this graph trace for consolidation equals 9 degrees, 30 
minutes. This slope allows design of the mechanical cam track of 
a rotary press which can be  operated without fear  of detonation. 

• The parallel portion of the powder funnel should be as short as pos- 
sible to avoid an unecessary compression of trapped air on the fast 
approach of the punch. Air-escape holes must be provided in the 
carrier for detonator cups to prevent disturbance of the cup by a 
pump action on the rapid approach of the lower punch. 

E.     ROTARY DISPENSING TEST 

1.      Equipment Description 

In order to test the feasibility of dispensing powder by a rotary technique 
rather than that of the linear method used on the bench model,   a jury 
rig was constructed as shown in FigurrZO.    For simplicity of construction, 
the metering shaft was continuously rotated at 60 RPM rather than given 
a semi-rotary action, thus dispensing one powder charge every second. 
A cam,  fitted to the shaft,  operated a three-way valve which was provided 
with air pressure in one port and vacuum in another.    The third port, 
being alternately common to both supplies, was connected to the metering 
cavity so that at any one time the cavity was subjected to either vacuum 
or air.    A sharp lobe on the cam provided a short pulse of eject air 
when the metering cavity was at bottom center, thus dumping the charge. 
Vacuum was applied at the cavity for the remainder of the revolution. 
A mechanical revolution coulter was included to enable a record to be 
made of the number of charges dispensed.    The jury rig was also used to 
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1. Metering Body Block 

2. Metering Shaft 

3. Powder Hopper (Delrin) 

4. Doctoring Spring 

5. Retaining Ring 

6. Plug 

7. Filter Screw 
(Adjustable Volume) 

8. Micronite Filter 

9. Retaining Ring 

10. "0" Ring Seals 

11. Cam 

12. Metering Bracket 

13. Drive Pulley 
(60 RPM) 

14. Base Plate 

15. Three-Way Valve, 
Vacuurn/Nitrogen Input, 
Roller Operated 

16. Dish 

Figure 20   ROTARY DISPENSING TEST 
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determine consistency of charge volume by weight, and if possible clog- 
ging of the "micronite" porous plastic filter would occur after repeated 
operation of several thousand cycles.    Baby powder (talc) was used as a 
simulant of NOL 130, being recognized as the most difficult powder simu- 
lant to handle. 

2.      Procedure 

The apparatus dumped 1,000 charges into a dish and the contents were 
weighed.    This was repeated every few thousand operations and weights 
compared.    Results: 

Charges Dispensed 

1,000 
3,000 
5,000 
10,000 
15,000 

3.     Observations 

Weight 

150 m/g 
159 m/g 
205 m/g 

96 m/g 
83 m/g 

The small,  but progressive increase in weight up to 5,000 charges 
showed that no clogging was occurring.    The abrupt change in weight 
after 10,000 charges, and even less after 15,000 charges,  indicated a 
malfunction.    The filter was removed and found to be half eroded away. 

4. Conclusions 

Although baby powder is usually considered soft and gentle,   it is never- 
theless a finely divided mineral silicate talc or mica,  and despite being 
the softest of all abrasives (Moh's Scale I),  it appeared to have sufficient 
capability to seriously abrade the soft porous plastic.    As the material 
was eroded,  the cavity volume increased, as evidenced by the gradual 
increase in weight up to 5, 000 operations.    Further erosion allowed 
the powder to be sucked directly into the vacuum line.    This caused the 
air to channel,   resulting in a partial volume fill as shown by the reduced 
weight at 10,000 to 15,000 operations. 

The test was abandoned and considered inconclusive at that time,  especially 
as the abrasive qualities of live powders were unknown.    Experiments prior 
to the live test showed that vibration was inadequate to ensure a fully filled 
and doctored cavity, the pneumatic agitation method being a successful 
technique. 

5. Recommendations 

A porous ceramic filter should be substituted for the porous plastic filter 
to resist any abrasiveness of live powders,   and to provide filter longevity. 
This is standard practice for the industry.    A further ceramic filter should 
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be incorporated in the vacuum aspirator system,  preferably in the meter- 
ing shaft   prior to the  rubbing  surfaces  of the seals.   This   is  a  safety 
consideration, preventing the ingress of powder to the vacuum system in 
the event of a metering filter failure. 

An increase   in dump pressure for a shorter time would be beneficial to: 

• Prevent "dusting" through excessive air flow 
• Discourage clogging of ceramic pores 
• Result in a clean, loose,   slug of powder charge 
• Provide clean removal of all residual powder on cavity walls. 

F.     FINAL REPORT 

This document   constitutes   the   final   report for work under contract 
DAAA21-73C-0211.   Included are the concept drawings of the total system 
recommended for development by FMC. 
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IV.    ESTIMATED COST 

The estimated cost is based on costs of the 5. 56-mm primer-insert 
equipment previously developed,   built,  and installed by FMC and 
now successfully operating at Twin Cities Army Ammunition Plant, 
Minnesota.    The six rotary turrets of the primer-insert line and the 
associated  carrier chain system,  primer-feeding equipment, primer- 
insortion equipment,   LVDT depth inspections,   crimping,   sealant 
application,   and controls  generally follow the same basic operation 
requirements  as  those   for   the  nonelectric   detonator assembly line. 
The estimate  also reflects   the use  of   stainless-steel fabrication   to 
satisfy the requirements concerning washdown capability, nonsparking 
materials,   and saltspray tests. 

The cost estimate is as follows: 
Engineering 
Fabrication and Assembly 
Total Equipment Cost Estimate 

$1,804, 140 
$4,734.560 
$6,538,700 

Note:        Freight,  installation,  acceptance testing,   spares,  manuals, 
travel,   safety analysis, training, human engineering,  relia- 
bility and   similar  studies,   are  not   included   in   the  above 
estimate.  Planning for further phases of this program should 
include costs for any such items which may be desired. 

A project schedule is shown in Figure 21. 

TASK 
MONTH                                    { 

l 2 3 4 5 6 7 8   \t 0 11 12 13 4 15 16 .' 
1   LAYOUTS AND DESIGN 1 JHIiHiiJt&^&BäSQaQKSIKSKS^^ 

1   DETAIL EF   "S^S                                      * 

1  MANUFACTURING BMMM8S 

TEST AND MODIFY SSSSSS^S^SSl 

J 
Figure 21   PROJECT SCHEDULE 
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I. SUMMARY 

This report presents practical principles in the following 

areas for non-electric detonator production at a rate of 

1200 per minute: 

1. Overall System Design. 

2. Transport of Detonators. 

3. Metering, Loading and Consolidation of Charges. 

4. Crimping. 

5. Rapid Change-Over of Equipment Components. 

The transport chain is standard and has simple holders 

that accurately locate the cups and are quickly changed 

when necessary. 

The metering,  loading and consolidation of the charge is 

accomplished all on one turret for each charge.    The 

powder handling components are all easily and quickly 

changed when necessary, and the velocity of the moving 

parts in contact with the powder is satisfactorily low. 

Both crimping operations are performed on one turret. 

Other operations such as seal blanking,  inspection,  seal- 

ing,   etc.   are "ftate-o(-the-art" techniques already em- 

ployed on current FMC equipment built for Frankford 

Arsenal. 

Preceding page blink 
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B. Experiment»! verification of conceptual design was 

successfully conducted in the following areas, with 

appropriate simulants: 

1. Metering of charge. 

2. Consistency of charge weight. 

3. Loading of charge. 

4. Elimination of powder "bridging". 
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11. SYSTEM DESCRIPTION 

The detonator filling line ( lay-out drawing R-5100207 ) will 

consiflt of 11 ( eleven ) turrets linked by a carrier chain.   In 

addition, three auxilliary conveyor chains will continually supply 

the filling turrets with powder. 

Carrier Chain 

The carrier chain is a standard hollow-pin,  1" pitch ( #80 HP ) 

equipped at 5" intervals, with detonator cup holders.   These holders 

sit loosely in the chain;   they are accurately centered in the turret 

by the lower punches.    The holder bore diameter allows for a sliding 

fit with the detonator cups.    The latter are prevented from falling out 

by spring clips mounted in such a way that they will temporarily de- 

flect when the lower punches move up to raise the cups ( see drawing 

R-4793170 ). 

Turrets 

The turrets are about 36" in diameter and have 20 stations,   5" 

apart.    The following turrets are planned: 

1 loading turret ( drawing R-5100208 ) 

3 inspection turrets ( drawing R-5100211 ) 

3 filling stations (drawing R-4793170 ) 

1 disc blanking and inserting turret ( drawing R-5100210 ) 

1 crimping turret ( drawing R-5100209 ) 

1 sealant applicating turret ( drawing R-5100213 ) 

1 unloading turret { drawing R-5100214 ) 
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Loading Turret ( Drawing R-51002:08 ) 

Cups are bulk-fe'd into two 12" vibrator-type feeder-orienters.    They 

emerge standing, opening up,  and are forwarded by conveyor belt to a 

■ et of horizontal belts which move them in one single line,  to the pick- 

up point.    There, they are transferred to the 1st turret whose dial acts 

ai a star wheel.    The transport chain comes in on a sprocket under- 

neath the dial.    The lower punches enter the chain holders and thus 

aligns them accurately.    The upper punches push the cups into the chain 

holders.     Inside the mounting frame of this turret is the main drive of 

the line.   It consists of a variable speed motor ( D.  C.  ),  a right angle 

gearbox, two timing belt trains and hand cranking arrangement. 

Inspection Turrets ( Drawing R-5100211 ) 

The three inspection turrets will check - 

a) Presence and orientation of cup ( turret # 2) 

b) Height of powder increments ( turret # 6 ) 

c) Removal of all detonators ( turret # 11 ) 

In all three cases,  probes connected to L. V. D. T.  ( Linear 

Variable Displacement Transformer ) gages are used to perform the task. 

The detection of a defective part will either shut down the line ( turret #11) 

or will be   entered in a central memory thus inhibiting the actual filling 

operation ( turret # 2 ) and rejecting the parts at the unloading turret 

(turrets # 2 and # 6 ).     Sealant inspection will take place on the sealant 

applicating turret.    It is an optical device reacting to color.    It will also 

monitor the presence of a disc in each detonator.    These will duplicate 

turrets already satisfactorily built by FMC for Frankford Arsenal to 

inspect primers inserted in cartridges at the rate of 1200 per minute. 
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Disc Blanking and Inserting Turret ( Drawing R-5100210 ) 

In addition to tfei« basic turret ( upper and lower punches,  dies ) 

the disc blanking operation requires an unwind and rewind stand mounted 

outside the rotating turret.    The discing material strip, in large coils, 

runs from the unwind stand tangentially across the turret.    The punc - 

tured strip ( scrap ) is collected at the rewind stand.    Quick change 

provisions can be provided for new tapes. 

As the chain engages the sprocket on the turret,  the lower punches 

move up and locate the cup holders in line with the blanking dies inserted 

in the dial directly above the chain and the upper punches.     At the place 

where the strip's center line is tangent to the dial's ( and chain's ) pitch 

circumference,  the actual blanking occurs:     The upper punch moves 

down about . 020 in. , barely engages the die and retracts.    The blanked 

disc is left in the die.     As a result of the minuteness of the stroke the 

operation could be performed in about one millisecond.    However,  this 

time will be increased so that the amount the strip has to travel with the 

dial due to punch engagement,  equals the indexing pitch ( about 1/4" ). 

Some 15   turret rotation later,  the upper punch comes down again and 

pushes the disc all the way through die into the detonator on top of the 

three powder increments. 

Crimping Turret ( Drawing R-5100209 ) 

Two crimping operations are performed here.    In addition to the 

upper and lower punch assemblies and the chain sprocket,   this turret 

is equipped with a radially moving shuttle similar to the powder metering 

shaft on ehe filling turrets.        The lower punch enters the detonator cup 

holder,  locates it accurately and then raises the cup 1/32 in order to 

expose the edge for crimping.    During both crimping operations, the 

lower punch remains at that level to support the cup.    The upper punch 
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comes down directly and perform! the first crimp.    Its face is 

shaped so as to bend the cup's lip at 45 . 

The punch retracts high enough to make room for the shuttle 

to be moved in place between the punch and the work piece.     This 

shuttle has a hardened,  spring loaded anvil.   As the upper punch 

moves downward for the second crimp,  it pushes the anvil against the 

cup thus flatening out the pre- crimped edge.    This procedure eliminates 

the need for two crimping turrets. 

Sealant Applicating Turret ( Drawing R-5100213 ) 

This turret consists of the similar basic elements,  i. e.,  sprocket, 

upper and lower punches.    The lower punch locates,  raises and supports 

the work part for the sealant application.    The upper punch is equipped 

with a special polypropylene dabbing tip,  and a lacquer  container. 

Container and tip form a sealed unit.    The lacquer cannot dry out and 

thus will not clog.    The tip is commercially available.    It is designed 

to meter out the same amount of liquid each time its plunger is de- 

pressed independently of pressure and time.    The lacquer container is 

large enough to hold a day's supply of sealant. 

This concept is similar to a machine developed, built,  and satis- 

factorily operating in PMC's shop for the sealing of primers with 

lacquer at a rate of 1, 200 per minute. 

Unloading Turret ( Drawing R-51002 14 ) 

All parts, good and bad, are carried to this turret on the conveyor. 

Parts are pushed out of their seats and ejected at either one of the three 

exits for: 

1) Rejects 

2) Test samples 

3) Good detonator s 
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The turret haa a sprocket,  20 lower punch sets and 20 air 

noszles connected to zonal and controllable air supply very 

similar to the one designed for the filling turrets.      The lower 

punch pushes the finished detonator almost completely out of its 

holder on the chain.    The reason for keeping the cup lightly seated 

is to compensate for the centrifugal force. 

Times pulses triggered by the central memory or by the pro- 

grammed sampling pattern will release an air Jet whenever a recognized 

faulty detonator or one selected for testing reaches the reject or the 

sample exits respectively.    The third nozzle remains activated as 

the parts pass in front of the packaging input station and all remaining 

detonators are ejected there.   A conveyor belt forwards them into 

a singulator-orienter;   from there they are fed into a customized tablet 

packaging machine ( LAKSO Model 49 or similar ). 

Powder Supply Chain ( Drawing R-5100212 ) 

In order to keep the filling turrets consistently supplied with 

powder while maintaining the total amount of explosives below the 

permissible maximum, the supply system is based on refilling each 

chamber on the turrets once every 20 revolutions with the equivalent 

of 20 increments of each powder charge.    Taking into account an 

additional 20% to keep the chambers from being completely empty 

at any time,  we obtain the following figures for the rcsupply charge 

weight. 

NOL # 130 -   .015g x 20 x 20 
2 

Lead Azide:    . 062 x 20 x 20 

20% of . 015 x 20 x 20       4. 2 gram 

20% of . 062 x 20 .17. 4 gram 

RDX:    . 019 \ 20 x 20 
20% of . 015 x 20 x 20      4. 8 gram 
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In the plan view, the conveyor■ run perpendicularly to the main 

chain between the turrets and the main powder supply rooms,  behind 

barricades.    They consist of standard #60 roller chain loops and 

cylindrical containers accurately spaced.    The latter are equipped 

with trunions allowing them to rotate about the chain's axis,  and 

cam followers engagine a stationary guide bar.        The container's 

opening is facing up for most part of its travel, but as it engages 

the sprocket on the turret, a spring mechanism is released and 

causes the container to pivot briskly 180    over the loading chamber. 

As the container leaves the turret,  it engages the guide bar again. 

The latter has a semi-cylindrical portion with a helical groove.   There, 

the container is turned "face-up" again and its springs are rewound. 

The container is filled in a loading turret ( behind the barricade ) 

by a metering shuttle arrangement similar to the one described above 

(R-4793170 ).    The filling sequence,  on both ends, is determined by 

sprocket size, chain length and spacing between containers.    With the 

"overfill" built in,   the powder height sensor ( item #28, drawing 

E-4793170 ) will occasionally cause the container not to be filled in the 

supply room. 
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POWDER FILL TURRET 

III DESCRIPTION OF EQUIPMENT AND OPERATION 

Drawing E4793170 

General 

The Powder Fill Turret shown in the above drawing is identical 

in construction for the Lead Azide,  NOL 130 and RDX charges,   the 

only variation between these turrets being in their powder charge 

quantities achieved by a different powder metering shaft embodying 

the appropriate metering cavity. 

The same basic turret construction is used in the ciimping 

operation, and a similar design for the sealant application,  closure 

insert and inspection station allows maximum economy of design 

and manufacture. 

All turrets are driven by a common line shaft through a gearbox 

under the vertical shaft of each turret, thus relieving the transport 

chain of any drive function.    This is the same construction satisfactorily 

used on the primer insert machine ( 1200 per minute) built for Frankford 

Arsenal. 

Construction 

The turret is composed of a central shaft on which is mounted an 

integral inner and outer drum.    The drum shaft runs in flange bearings 

(8) in a frame consisting of the machine table-top and a top plate supported 

by columns.    The turret rotates at 60 RPM and has   20 stations around its 

periphery equally spaced on a 100" circumference.    Each station is com- 

posed of a top and bottom punch assembly ( 10 and 19 ), both of which are 

secured by quick-release clamps (20) and are located by axially machined 
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grooves on the outer drum,  thus assuring accurate punch alignment. 

In addition,  ea( h station has a consolidated die with a powder funnel 

(15) and also a powder metering assembly (16) mounted by similar 

quick release clamps on the inner drum. 

The air passages through this assembly are sealed by sliding 

"O" rings (31) and static "O" ring (33),  the doctoring seals (22) of 

conductive material in the powder supply chamber (2 3) being lip 

seals to minimize friction and to provide a clean powder cut-off 

when doctoring.    The bore around the metering shaft (16) in this area 

is relieved so that at no time is the powder subjected to a "steel-on- 

steel" condition,  this lessening the possibility of detonating the powder 

through friction.    ( The maxirrum linear speed of the powder shaft as 

it moves radially in and out is 1. 08ft/sec.,  this further reducing the 

danger of detonation, being below the maximum acceptable speed of 

1. 2 ft/sec.  for a lead azide steel-on-steel condition,  according to a 

study by Cadillac Plastics proviJed us by Picatinny Arsenal ). 

The tip of the metering shaft carries a fine screen (24) consisting 

of .006" dia.  conical holes spaced at .022" centers,  this screen held 

in place above the metering cavity (25) by an insert (26) filled with a 

cotton filter material (27) which prevents the ingress of powder to the 

vacuum system.    The top of the insert is highly polished to provide 

a reflective surface for a fiber optic photo-reflective scanning sensor 

(28) which is used for an overfill powder level detection in the powder 

supply chamber.    The self-cleaning of the polished surface as it moves 

through the doctor seals assures reflectivity. 

A 100 tooth 1" pitch sprocket (18) is mounted on the outer drum,  this 

carrying the transport chain ( drawing No.   5100207 ) from the turret to 

turret.    A 120 tooth 3/4" pitch sprocket (13) also mounted on the outer 
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drum carries the powder supply chain (12 ) (Drawing No.  R5100212) 

from the powder supply hopper behind a barricade. 

The punches are moved mechanically by means of cam followers (6) 

which are operated by a stationary external cam (7) which provides 

only the approach and retraction of the punches,  the heavy consolidation 

pressure with very short stroke being achieved by the larger cam follower 

(5) mounted on the thrust centerline of the punches.    This final pressure 

is applied by a separate short section of cam (3) mounted on the external 

cam close to one of the columns,  and free to move over a small vertical 

distance.    It is held in its consolidation position against an adjustable 

stop (4) by a hydraulic cylinder (1) with its pressure pre-set to provide 

the required consolidation force.    Mounted on this cam section is a 

bracket which operates a L. V. D. T.  precision gage head (2),   signals 

from v/hich indicate the condition of the fill height. 

The lower part of the turret is fitted with a stationary air/vacuum 

slip ring (21 ) ( Drawing No.  B5100234 - Sheet 1 ) which supplies the 

alternate vacuum and air pressure requirements for accurate metering 

of powder in the powder metering assemblies rotating above.    The slip 

ring also embodies a means of rapidly alternating the air pressure/ 

vacuum in the powder supply chamber of the powder shaft assembly to 

break up any "bridging" which may occur there.    We have proven this 

principle by experiment in the laboratory. 

An internal cam (19) operates the powder meter shaft (16) through a 

linkage (17) mounted on the inside of the inner drum. 

Operation 

On entering the turret,   the transport chain(29) carrying empty 

detonator cups is roaghly located on the pitch line of the punches which 

is the same as that of the sprocket.    Every 5" pitch of the hollow pin 
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chain carries a small floating detonator holder (30) the bore of which 

accepts the outside.dia.  of the detonator.   A small "D" shaped spring 

clip (31) prevents the detonator from falling through but allows the 

lower punch to pass by freely.    The lower punch starts to rise and 

enters the radiused mouth at the bottom of the detonator holder. 

Continued upward movement of the bottom punch,  the outside dia of 

which is the same as that of the detonator, now precisely locates the 

floating holder, finally transferring the detonator into the die (15) 

above. 

The extended metering shaft (16 ) carrying a doctored and meter- 

ed charge held in its metering cavity (25) by vacuum now has its vacuum 

abruptly changed to air pressure,  and the powder charge is dumped directly 

into the powder funnel of the die.    The metering shaft now retracts   radially 

inward and its air pressure reverts to vacuum ready to pick up another 

charge after entering the powder chamber (23) of the powder metering 

assembly through the doctoring seal. 

The top punch now descends by means of cam follower (6) which 

brings it close to its consolidation position.    The stationary external 

cam track (7) now opens in slight clearance around the cam follower (6) 

and the pressure cam follower (5) engages cam section (3) which continues 

the downward movement to final consolidation position.    As this cam 

section is held in position by a pre-set hydraulic cylinder pressure (1) 

the consolidation pressure in the detonator is automatically assured, 

the only variable being the height of consolidation.    This height is mon- 

itored via a precision L. V. D. T.   gage head (2) the output signals of 

which indicate an acceptable or unacceptable condition.    These signals 

are stored in a shift  register for subsequent rejection. 
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The bottom punch now starts to descend to its lowest position, 

and is immediately followed by a further short descent of the top 

punch which returns the detonator cup to its holder in the transport 

chain.    The top punch now returns to its uppermost position and the 

transport chain leaves the turret for the next turret function. 

No Cup-No Fill Protection 

In the event that the previous inspection station   detects the 

non-presence or improper position of a detonator cup,  a fluidic 

logic shift register signal prevents the powder fill from taking place 

at the appropriate fill station.    Although all the mechanical functions 

take place normally and the powder metering shaft advances to the 

powder tunnel with its metered charge ready for dumping, the dump 

is inhibited by changing the air pressure to vacuum in the section 

of the air/vac slip ring that causes the powder to dump.    This is 

simply achieved by means of a fluidic interface 3 way change over 

valve connected to the slip-ring section,  and even though mechanical valving 

still takes place on the slip ring when the appropriate fill station port 

reaches this posit: on,  no change of vacuum in the powder metering 

cavity occurs.    The powder metering shaft merely returns the powder 

to the supply chamber and normal functioning is resumed. 

Powder Level Detection - Powder Meter Assembly 

The powder supply chain,  drawing No.   R5100212,   and its function 

is described in detail,  but the means for level detection in the supply 

chamber of the powder metering assembly is now described. 

Since the turret is rotating and the level of powder must not be 

excessive,   direct scanning of the powder level itself is desireable.    Due 

to the dark nature of some powders,   little light reflection is possible 
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from the powder itself, thui making a simple optical scan impractical, 

or at least unreliable.   However,  the high polish of the top of the 

meter shaft insert (26) reflects light to a stationary photo-reflective 

fiber-optic pipe (28) at every pass of the powder meter assembly,  this 

assuring the associated logic that the powder is below the level, and 

that operation is normal.   If the powder level becomes too high, 

however,  it will cover the shaft and prevent sufficient reflected light 

passing into the fiber-op'-.ic receiver pipe.    The self cleaning action of 

the doctoring seals (22) conlinually present a reflective surface to the 

light pipe therefore, as long as the powder level does not cover the 

shaft.    Since the powder supply chain is set to a slight over-fill 

condition,  no powder starvation in the supply chamber should occur. 

However,  if an insufficient amount of powder is deposited in the detonator 

cup due to chamber starvation for some reason,  the L. V. D. T.  gage 

head (2) would detect the improper height of the cam section (3) and 

singal accordingly. 
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IV DESCRIPTION 

Powder    Metering 

Probably the most important function of the fill turrets is the 

accurate metering and powder delivery to the consolidation dies, 

therefore the major effort in jury rig and laboratory testing was 

devoted to this problem. 

As the high production requirements of 1200 Fills/minute was 

considered too high to weigh each charge before consolidation,  a 

volumetric metering approach was made.    However,  even tiny 

voids in such small quantities of powder in each charge would make 

a large percentage variation, therefore,  emphasis was placed on 

methods of ensuring: 

a.        Each volume metered was free from voids, 

b Doctoring of the volume was consistent. 

c. Discharge from the metering cavity was complete with no 

residual powder. 

d. The weights of each charge remained consistent. 

Drawing No.   E473170 Item 14 shows the general arrangement of the 

method used for powder transfer to the dies and for its accurate metering. 

A jury rig test block similar to this was constructed shown in Figure 3, 

and various test metering shafts with differing metering cavities and 

filter arrangements made to determine the most acceptable configura- 

tion,  these shafts shown in Figure 4. 

An operator filling the powder supply chamber of the jury rig 

block is shown in Figure 5,   and Figures 1 and 2 show the general 
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Figure 1 

Figure 2 
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arrangement of the equipment used.      This equipment was com- 

posed of a electric balance reading to 0.1 milligram, and a 

pneumatic consol with vacuum and pressure gages fitted with 

capability to infinitely adjust the vacuum and air/pressure outlet 

levels.    These outlets were connected to a manually operated 3 way 

poppet valve which changed the vacuum to air pressure at a touch 

of the button, the output of this valve connected to the metering 

shaft is under test. 

Three simulants were supplied :   - lead azide,  NOL 130,  and 

RDX.   The latter however, had extremely large granular particles 

which varied in size so much that the large variations in bulk 

density resulted in large weight variations.    ( See Sheet 2 & 3 

of Appendix "A" ).    Permission was obtained to screen this through 

a No. 28 seive,  whereupon results were satisfactorily.    Baby talc 

was used as the simulant for NOL 130. 

Several preliminary tests were conducted which showed up some 

unfavorable methods with results not warranting documentation.   One 

of these ( as an example,  Sheet 1 - Appendix "A" ),  was conical dimple 

on top of the metering shaft which was rotated 180    after doctoring, 

which dumped the charge by gravity.     Haphazard powder adherence to 

the cavity after dumping was the major cause of the poor results in this 

case. 

Procedure was adopted as follows: 

The powder metering shaft under test was fitted in the block 

which was then filled with a simulant.    The shaft was then drawn into 

the supply chamber where the vacuum, normally on,   sucked powder into 
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iti metering cavity filling any void».    The shaft was th<n moved 

outward which doctored the powder off before emerging,  the valve 

was then pressed which changed the vacuum to air pressure,  this 

dumping the charge into a glass dish. 

The charge was then weighed and the process repeated and the 

results tabulated.    This procedure was repeated for all simulants. 

Different metering shafts were tried,  some of which were 

poor, the best of which «ppearr^ Lo be of the construction shown 

on Drawing No.  E4793170.    Page.» 3 and 4 of Appendix "A" show 

results, with the coarse screen . 010" dia.  conical holes at . 022" 

spacing being the most satisfactory,  giving an average weight 

variation of: 

- 1% for lead aside simulant, 

t 1. 2 % for NOL 130 simulant. 

1 l.Z % for RDX simulant. 

Observations 

From the previous experiments, it was noted that the best 

resuks were achieved when: 

a The powder metering cavity was cylindrical,  not conical. 

b. The cavity should be highly polished. 

c. Ejection air pulse war- «hert and sharp,  not sustained. 

d. Vacuum level was 12" - 15" hg. 

e. Air pressure approx.  IS'P. S. I. 

It was also noted that in the case of NOL 130 simulant ( baby talc ) 

99 



I 

Figure 5 

«. 

100 



occasional agitation was required to ensure that no large voids 

occur in the supply chamber of the block through "bridging ". 

This was effectively achieved without mechanical aid by rapidly 

fluctuating the air pressure/vacuum while the metering shaft has 

Its metering cavity in the chamber.    This pneumatically shakes 

down the powder without the risk of stratification likely with a 

vibration system. 
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Sheet 1 - Appendix "A" 

Powder Meteripg Data Jan.  3Ist. 

Jury rig eet-up using 3/8 drill point dimple in 3/4 dia.  shaft and 
rotating 180   for gravity drop. 

w- — 
\ 

M'LAHT Jmr C.'-'. • vT 

MfTfr:<c Si'-~ 

tiPStfiL ASbocrcwie i>tvtrr 

Lead A.-.ide Simulant ( White ) RDX Simulant ( RED) 

9.925 
9.923 
9.923 
9.922 
9.922 
9.922 
9.921 
9.922 
9.921 
9.920 
9. 922 Average 

Less  9. 894 Tray weight 
. Ü28 Gr. Av.  Weight 

9.940 
9.939 
9.940 
9.940 
9.938 
9.941 
9.941 
9.942 
9.941 
9.939 
9. 940 Average 

Less     9. 894 Tray weight 
. 046 Gr. Av.  weight 

Widest Wt.  Diff:  5 m/g.  ( ± 8. 9% ) Widest Wt.  Diff.    4 m/g (t 4. 4% ) 

Test conducted without shock or jolt to free any remaining powder in 
dimple when dropping into tray. 

Äyc^ /Ö4-/0H  bte"X 
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Sheet 2- Appendix "A" 
Feb. 2. 1973 

Test conducted with 3/4" dia »haft with 5/16 dia dimple cone 90   angle and 
with 1/8 dia poroui bottom. 

Vacuum applied to fill cavity, ( apptox. 26" hg ) and air pressure applied 
to remove powder from cavity.    ( Air pressure just sufficient to prevent 
"dusting"). 

eno PLUG n A; ,J / _.c .<   /. ..j 

fiPPLci) 

CCN/CAL cvrr 

SHAFT USED IN SAME BODY AS PREVIOUSLY .  - NOT ROTATED. 

Lead Azide Simulant ( White ) RDX Simulant ( Red ) 

9. 9309 
9. 9309 
9. 9309 
9. 9304 see note 
9. 9299 
9. 9299 
9. 9289 
9. 9294 

• 9. 9294 
9. 9299 

Av. wt. 9. 3005 
Tray 9. 8962 
Av. charge .0338 g 33.8 m/g 

This simulant would not 
be picked up by the vacuum, 
it appears that the large 
sand-liKe granules of the 
simulant do not allow the 
powder to "self-seal" in 
the cavity. 

Widest differential     2 m/g (       2. 9 % ) 

Note:    - A small amount of simulant started to adhere or build up onto the 
edge of the cavity dia,  even after polishing ( which seems to be an impo. tant 
factor ). 
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Sheet 3 - Appendix "A" Feb. 13, 1973 

C0T7C" 
FILTT* 

MATTEL • 

POWDER METERING -PERF.  SCREEN METHOD 

Plt/f 

if-: 
^ 

* I 

n^z 
wrrr ^SCtff'V 

The cavity is a 3/16 dia polished hole.    The plug has an anular groove 
and cross holes for air flow,  and it also serves as a screen retention. 
The screen is . 005" thick stainless disc with . 006 dia.  straight sided 
holes spaced at .010 centers. 

Results 

(vac @ 10 " hg.  ) 

Lead Azide Sim.   N0L 130SIM. 

( Vac @ 20 " hg.  ) 

#28 Screened 
RDX Sim. 

Unscreened 
RDX Sim. 

33.6 49.4 52.3 56.7 
33.5 49.5 51.8 57.5 
34. 1 50.4 51.8 53.7 
33.4 47.8 51.5 54.7 
33.2 49. 1 51.2 53.2 
33.3 49.2 51.3 53.5 
33.5 48.9 50.9 53.9 
34.4 49.6 51.1 51.7 
34.4 50.4 51.6 52.8 
34. 1 50.8 

51.5 
Av.  Wt.         33.8 m/g 49.3 m/g 51.4 m/g 54.2   m/g 
Widest Diff.     1. 2 m/g 2. 6 m/g 1.5 m/g 5.8   m/g 

± 1. 8 % ± 2. 5 % ± 1. 5 % ± 5. 3 % 
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Sheet 4 - Appendix "A" Feb.   15,   1973 

PERFORATED SCREEN METHOD - LARGE SCREEN 

This test was conducted with the same apparatus as that shown on page 3 
but with the following differences: 

a. Screen Disc: - . 008 St.  Stl . 010" dia cone hole (large dia.  toward 
cavity) spaced on .022 centers. 

b. 3 way poppet type valve used (instead of rotary previously) to give 
short burst of eject air after vacuum. 

c. Air pressure increased to approx.   15 P. S.  I. 

d. Vacuum at 10" hg^ for all simulants. 

Lead Azide Sim.       NOL 130 Sim.  »    RDX Sim.  (#28 seived) 

33.6 
33.6 
34.3 
34.1 
33.9 
34.0 
34.0 
33.9 
33.8 
33.6 

Average wt. 33.9   m/g 
Widest Diff.     0. 7   m/g 

±1.0% 

48.0 51.0 
47.2 51.0 
47.2 50.5 
46.9 49.8 
47.0 50.5 
47.7 50.4 
47.5 50.0 
47.4 49.8 
46.9 50. 1 
47.7 50. 1 
47.7 m/g 50.3   m/g 

1. 1 m/g 1.2   m/g 
+ 1.2 % tl. 2% 

Note: The NOL 130 simulant required occasional agitation to prevent 
"bridging". 

This was achieved by a rapid pulsing of the valve while the 
metering cavity was in the powder supply chamber causing a 
pneumatic powder settling. 
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POWDER METERING DATA Jan.31,   1973 

Jury rig setup using 3/8 drill point dimple in 3/4 diameter shaft and rotating 
180° for gravity drop. 

DttlfU. 

TM/. 
fl^^ö 

j*mw 

-SHArr 

arm /if MC7smtJ£mz 

LEAD AZIDE SIMULANT (WHITE) RDX SIMULANT (RED) 

9.925 9.940 

9.923 9.939 

9.923 9.940 

9.922 9.940 

9.922 9.938 

9.922 9.941 

9.921 9.941 

9.922 9.942 

9.921 9.941 

9.920 9.939 

9.922 Average 

Less  9. 894 Tray Weight 

.028 Gr.  Av.   Weight 

Widest Wt.  Diff.= 5 mg    (±8.9%) 

9. 940 Average 

Less  9. 894 Tray Weight 

.046 Gr. Av.  Weight 

Widest Wt.  Diff.=4 mg     (±4.4%) 

Test conducted without shock or jolt to free any remaining powder in dimple 
when dropping into tray. 
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POWDER METERING DATA Feb.  2,   1973 

Test conducted with 3/4 diameter shaft with 5/16 diameter dimple 
Cone 90° angle and with 1/8 diameter porous bottom 
Vacuum applied to fill cavity (approximately 26" Hg) and air pressure 

applied to remove powder from cavity.    (Air pressure just sufficient 
to prevent "dusting".) 

PLUG- ^: 
ptms FLUL VAC~/H* ***.** 

cwfCAi cw/rr 

Shaft used in same body as previously —not rotated. 

RDX SIMULANT (RED) 

This simulant would not be 

picked up by the vacuum. 

It appears that the large 

sand-like granules of the 

simulant do not allow the 

powder to "self seal" in 

the cavity. 

LEAD AZIDE SIMULANT (WHITE) 

9.9309 

9.9309 

9.9309 

9.9304* 

9.9299 

9.9299 

9.9289 

9.9294 

9.9294 

9.9299 

9. 3005 Average 

Less  9. 8962 Tray Weight 

. 0338 Gr. Av.  Charge = 33. 8 mg 

Widest Wt.   Diff. =    2 mg   (±2.9%) 

*A small amount of simulant started to adhere or build up onto the edge of 
the cavity diameter,  even after polishing (which seems to be an important 
factor). 
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POWDER METERING — PERF.  SCREEN METHOD Feb.   13,   1973 

Fftm 
SLue 

oiy/rr 
The cavity Is a 3/16 diameter polished hole.    The plug has an annular groove 
and cross holes for air flow, and it also serves as a screen retention.    The 
screen is .005" thick stainless disc with .006 diameter straight sided holes 
spaced at .010 centers. 

Results;                    ,,.                       (Vac at 

Lead Azide Sim. 

10" Hg) 

NOL 130 Sim. 

(Vac at 20" 
RDX SIM 

#28 Screened 

Hg) 
• 
Unscreened 

33.6 49.4 52.3 56.7 

33.5 49.5 51.8 57.5 

34. 1 50.4 51.8 53.7' 

33.4 47.8 51.5 54.7 

33.2 49. 1 51.2 53.2 

33.3 49.2 51.3 53.5 

33. 5 48.9 50.9 53.9 

34.4 49.6 51. 1 51.7 

34.4 50.4 51.6 52.8 

34. 1 50.8 

51. 5 

Av.  Wt.            33.8 mg 49.3 mg 51.4 mg 54. 2 mg 

Widest Diff.      1.2 mg 2.6 mg 1. 5 mg 5. 8 mg 

= ±1.8% = ±2.5% = ±1. 5% = ±5.3% 
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PERFORATED SCREEN METHOD — LARGE SCREEN Feb.   15,   1973 

This test was conducted with the same apparatus as that shown on page 3, 
but with the following differences: 

1. Screen Disc: .008 st.  stl.   .010 diameter cone hole (large diameter 
toward cavity) spaced on .022 centers. 

2. i-way poppet-type valve used (instead of rotary previously) to give 
short burst of eject air after vacuum. 

3. Air pressure increased to approximately 15 psi. 
4. Vacuum at 10" Hg for all simulants. 

PINK 
RDX SIM. (# 28 SCREENED) LEAD AZIDE SIM. NOL 130 SIM. 

33.6 48.0 

33.6 47.2 

34.3 47.2 

34. 1 46.9 

33.9 47.0 

34.0 47.7 

34.0 47.5 

33.9 47.4 

33.8 46.9 

33.6 47.7 

Av.  Wt. 33.9 mg 47.4 mg 

Widest Diff. 0. 7 mg 1. 1 mg 

s = ±1.0% = ±1.2% 

51. 0 

51. 0 

50. 5 

49. 8 

50. 5 

50. 4 

50. 0 

49. 8 

50. 1 

50. J_ 
50. 3 m 8 

1. 2 m g 

= ±1. 2% 

*Thi8 NOL 130 Simulant required occasional agitation to prevent "bridging. " 
This was achieved by a rapid pulsing of the valve while the metering cavity 
was in the powder supply chamber,  causing a pneumatic powder settling. 
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CAM FOLLOWER DIMENSIONS — FILL TURRET Jan.   19,   1973 

Diameter of Detonator 
ürea 
Compression of Powder 
Compressive Force 
Turret Diameter 
Circumference 
Speed 
Circumferenential Speed 

. 147 inch 

. 0169 square inch 
70,000 pounds/square inch 
1, 188 pounds (say,   1,200 pounds) 
32 inches 
100 inches 
60 RPM (20 stations) 
6,000 inches/minute 

(Ref. McGill Catalog, 
Pages 20 and 21) 

Circumference 
Speed of Roller 
Load 
Life 
FL 
FS 

Required Bearing 
Capacity 

2-inch Roller 

6. 28 inches 
955 RPM 
1, 200 pounds 
500 hours 
1 
2.8 

3, 360 pounds 
(1,200 x 2.8 x 1) 

1 -inch Roller 

3. 14 inches 
1,910 RPM 
1,200 pounds 
500 hours 
1 
3.4 

1-3/8-inch Roller 

4. 32 inches 
1,388 RPM 
1, 200 pounds 
500 hours 
1 
3. 1 

4, 080 pounds 3, 720 pounds 
(1,200 x 3.4 x 1)  (1,200 x 3. 1 x 1) 

Page 20 states 
that 1-3/8-inch 
diameter capaci- 
ty is 3,930 lbs..'. 
This du meter is 
adequate. 
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TRIAL NO.   1 OF LOADING FIXTURE Nov.  2,   1973 

Johnson's Baby Powder (NOL Simulant 70, 000 psi) 

Air Pressure 3 psi 
Vacuum 15 in.  Hg 
Upper Cylinder Pressure 200 psi (should be 1,390 psi) 
Automatic Cycle (Airmotor @ 250 RPM) 

Detonator Tare Wt. (mR) Filled Wt. (mR) Load Wt. (mg) 

1 
2 
3 
4 
5 

16.6 
16. 1 
16.6 
15.9 
16. 1 

19. 1 
19.8 
24.4 
20.7 
19.8 

2. 5         Powder sticks 
37         to tip of upper 
7* s         punch. 
4i g      1 Punch cleaned 
3' 7     Rafter each run. 

6 16. 1 19. 1 3.0 
7 16.4 20.6 4.2 
8 16.2 19.2 3.0 
9 16. 1 20.5 4.4 
10 15.9 20. 1 4.2 

Plunger area =.0155 in2 = (1, 090 lbs.   required) 

With 1-inch bore cylinder P=   ' = 1, 390 psi. 
. Tob 

Lead Azide simulant should be 197 psi. 
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TRIAL NO.   1 OF LOADING FIXTURE 

RDX Simulant (15,000 psi) 
Powder -- Pink #80 Mesh 

Pressure 3 psi 
Vacuum 15 in.  Hg 
Upper Cylinder Pressure 200 psi (should be 298 psi) 
Automatic Cycle (Airmotor @ 250 RPM) 

Oct. 22, 1973 

Detonator Tare Wt. (mg) Filled Wt. (mi) Load Wt. (mg) 

1 16.2 18.6 2.4 
2 16.3 18.8 2.5 
3 16.2 18.4 2.2 
4 15.9 19.3 3.4 
5 16.0 18.2 2.2 
6 16.4 19.7 3.3 
7 16.1 17.6 1.5 
8 16.2 19.2 3.0 
9 15.8 17.2 1.4 
10 15.7 17.6 1.9 

.0155 in^ punch area   (234 lbs. required) 

234 
.785 -298 psi gauge pressure. 

* 
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Oct. 23,  1973 

1. Began fabricating a new metering slide for a larger charge volume. 

2. Moved the jury rig to a new area to improve accessibility. 

3. Increased the hydraulic pressure to the newly calculated compacting 
force valves. 

4. Tried to load primers using the new pressure setting (1,300 psi) and 
found that the cups were being destroyed by excessive plunger speed. 
The higher speed also caused the lower plunger to get out of adjustment. 

5. Tests were discontinued to upgrade the jury rig. 

a. A new cam is being made to improve the secondary deceleration 
time length. 

b. The lower and upper cylinders will be doweled to prevent the 
plungers from getting out of adjustment. 

c. Flow control valves were ordered to provide speed control on 
all cylinders. 

6. Completed the installation of the air line dryer. 
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Oct.  24,   1973 
1. Completed the secondary deceleration cam modification. 

2. Completed the adjustment and doweling of the lower cylinder. 

3. Began the doweling of the upper cylinder. 

4. Still looking for a source for Immediate delivery of the flow control 
valves. 

1. Completed and Installed the new metering rod. 

2. Completed the doweling of the upper cylinder. 

Oct. 25,   1973 

3. Found a source for three flow control valves.    Delivery promised 
for today. 

4. Fabricated a vacuum trap. 
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Oct.   26,   1973 
1. Installed the three flow control valves; two in the return lines for 

the upper cylinder and one in the pressure line preceding the four 
selector valves. 

2. Adjusted the lower punch. 

Oct.  29,   1973 
1. Reinstalled the old metering rod.    The new rod deposited too much 

powder. 

2. Started fabricating a third metering rod with a volume increase of 
twice the original volume. 

3. Demonstrated the filling operation for general and other army 
personnel. 

4. Added a sight glass to the vacuum trap. 

Oct.  30,   1973 
1. Installed vacuum trap to system. 

2. Made filling trials using #80 mesh pink powder. 

3. Demonstrated the filling function for the Picatinny Arsenal represen. 
tative,making the hazard analysis. 
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Oct.  31,   1973 

1. Set the   three speeds for the top punch.    Hydraulic pressure 400 psi. 

2. Recorder was too slow to register the speeds during the automatic 
cycle.    A more sensitive recorder is being wired in. 

I 

Nov.   1,   1973 

1. Completed the recorder hookup. 

2. Made several trial runs (see samples). 
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Nov.  1.   1973 .(Continued) 
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3.     Final cushion too long.    Cylinder removed and modified to shorten 
cushion. 
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Nov.  2,   1973 

1.     Completed cushion modification. 

.'[VT 
•r-r 

T fi-tn 
■•:r:r^-T";r 

..i..   !.J...;H-.l:: ffg 

2.     Cycle time too long.    Increased the system hydraulic pressure 
from 400 psi to 1,000 psi. 
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Nov.  2,   1973 (continued) 
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3.      Cycle time shortened some,   but not enough.    Decided to change 

the cam timing to shorten dwell times and close up the sequenc- 
ing of the functions. 
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Put In larger volume plunger 
10-inch Hg vac. 
2 psi dump pressure 
1,350 psi system pressure 
Airmotor 200 RPM (38 psi) 
200 psi upper punch press 
Pink simulant #80 mesh. 

Nov 5,   1973 

Detonator Tare Wt. (mg) Filled Wt. (mg) Load Wt. (mg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

^W] 

16.0 
16.0 
15.9 
16.2 
16.2 

Est. 

Inspected screen:   it was plugged except for 2 holes. 

Cleaned screen and turned vacuum off between shots. 

10" Hg,  3 psi 

1 16.0 
2 16.0 
3 16.0 
4 16.0 
5 16.0 

Est. 22.3 
24. 1 
24.2 
24.0 
26. 1 

6.3 
8.1 
8.2 
8.0 

10. 1 

Air 2 psi 
Vac.   10-inch Hg. 
28 Mesh 

I 
2 
3 
4 
5 

Est. 

34.0 
27. 1 
37.2 
32.4 
32.0 

18.0 
Mg. Diff. 
6.0 

= 50% variation. 
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Nov.  7,   1973 
Installed new plunger with micronlte. 

Nov.  8,   1973 
Test 1 — 1 psi,   10-inch Hg 

Cup Wt.   (cup and powder) 

1 20.2 
2 15.8 
3 18.7 
4 15. 1 
5 15.3 

Test 2—4 psi,   10-inch Hg 

Cup Wt.   (cup and powder) 

1 17.5 
2 17.3 
3 17.5 -p-r = 20%mg 
4 18.2 
5 17.5 

Run 3 — Baby Powder 

Note 1  - Built up on funnel. 
Note 2-60 percent relative humidity. 
Note 3 - Powder not hitting center of funnel. 

Cup Wt. 

1 25. 1 
2 25.8 
3 23.2 
4 24.4 
5 29.8 
6 27.3 
7 17.4 
8 26.5 
9 30.0 
10 17.2 

>   8 mg Diff. 
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Nov.  9,   1973 
Cleaned filter with acetone. 
Replaced one O-rlng. 

4 psi air,   10-inch hg vac, pink slm.   28 mesh. 

Run 1 Run 2 

Cup Wt.  Filled (mg) Cup Wt.  Filled mg) 

35.0 I 29.0 
31. 1 2 33.0 
32.0 3 32.3 
33.2 4 36.5 
32.0 5 36. 1 
33.4 6 35.1 
33.3 7 27.0 
32.5 8 32.0 
32.8 9 34.5 

10 32.0 10 35.4 

Humidity,  62 percent.    Fine powder sticks to side of funnel. 
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28 mesh pink simulant. 
Humidity,  65 percent. 
Temperature,   67 degrees. 
Varied time 25 seconds to 1 minute. 
4 psi air,   10-inch hg vac. 

Nov.   12,   1973 

Run 1 

Cup 

1 
2 
3 
4 
5 

35.3 
35.3 
33. 5 
31.2 
33.3 

Run 2 

Loaded Wt.(mg)    Cup 

1 
2 
3 
4 
5 

(same as above except 
timed 30 seconds each) 

Loaded Wt. (mg) 

34.3 
33.4 
34.2 
33.7 
33.8 

Flow control added to metering shaft cylinder (exhaust) to control outward 
speed of shaft and help control powder spill*. (Controls set at 5 white. ) 

Humidity,   60 percent. 
Temperature,   72 degrees. 
30 seconds each. 
4 psi air,   10-Lnch hg vac,  air motor 200 RPM. 

Detonator Tare Wt(mg) Loaded Wt(mg) Load RUN 1 

1 16. 5 37.6 20. 1 
2 16.7 31.4 14.7 
3 16.3 26.5 10.2 
4 16. 5 29.6 13. 1 
5 16.6 29.3 12.7 
6 16.3 33.3 17.0 
7 16.8 30.9 14. 1 
8 16.8 31.2 14.4 
9 17.0 32.7 15.7 
10 16.3 27.7 11.4 *Spill not noticeably 

reduced. 

Cleaned screen.    Flow control set at 5 blue.* 4. 5 psi air,  8-inch hg vac. 

RUN 2 
Detonator Loaded Wt( mg) Detonator Loaded Wtlmg) 

1 26.4 6 24.7 
2 22.1 7 21.7 
3 25.2 8 26.9 
4 25.7 9 26.3 
5 27.3 10 24.3 

*Amount of spill greater than above setting. 
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Nov.   12,   1973 pm 
Pressure side of agitation closed off. 
4 psi air,   10-inch hg vac. 
Time,  30 seconds. 
Air motor 200 RPM. 
200 psi gauge. 

RUN 3 (28 m 

Lo 

esh) 

Detonator aded Wt(mg) 

24. 3 
25. 6 
27. 7 
20. 7 
23. 2 
20. 3 
20. 3 
19. 8 
27. 5 

10 23. 4 

+ spills. 
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Nov.   13,   1973 am 

Cleaned flit .r and screen with acetone. 
Reversed juter lip seal. 
Meter shaft flow control set at 0 white. 
Time,  30 seconds. 
Air motor 240 RPM. 
Temperature,   70 degrees; humidity,  68 percent. 
4 psi air,   10-inch hg vac. 
200 psi gauge. 
28 mesh. 

Run 1 
(same as above except 10 psi air 

Detonator Loaded Wt(mg) Detonator Loaded Wt(mg) 

1 30.4 1 32.4 
2 32.8 2 33.5 
3 34.6 3 34.2 
4 36.5 4 28. 8 
5 29.1 5 34.3 
6 25.7 
7 29.0 
8 31. 1 
9 31.4 
10 35.3 

Spill 26. 0 mg 

Run 3 

8-inch hg vac,   10 psi air,   200 RPM 

Powder spills caused by speed and shock of outstroke of meter shaft. 
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Nov.   14,   1973 pm 
Shortened metering shaft travel by 13/16 inch by moving powder fill block 
closer to powder fill die. 
12-inch hg vac,  6 psi air, air motor 200 RPM,  200 psi gauge. 
Meter shaft flow control set at 6 gold. 

Run 1 (28 mesh)     Timed 20 seconds 

Detonator Loaded Wt(mg} 

1 
2 
3 
4 
5 

35.0 
35.3 
34.5 
34.1 
35.0 

12-inch hg vac,  6 psi air, air motor 200 RPM,  200 psi gauge. 
Meter shaft flow control set at 6 gold. 

Run 2 

Detonator Loaded Wt(mg) 

1 33.7 
2 34.7 
3 34.7 
4 35.8 
5 35.9 

18-inch hg vac,   5 psi air,  otherwise same as above. 

Run 3     Timed 20 seconds 

Detonator       Loaded Wt(mg) 

1 27.8 
2 28.9 
3 32.0 
4 33.0 
5 32.9 
6 33.4 
7 30.3 
8 31.7 
9 35.0 
10 33.0 
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Nov.   15,   1973 am 
12-inch hg vac,  6 psi air,  air motor 200 RPM,   200 psi gauge. 
28 mesh,  pressure side of agitator closed,  timed 30 seconds. 

Run 1 

Detonator       Loaded Wt(mg) 

n... i (same except 10-inch 
£HIL£ hg vac & 5 psi air) 
Detonator        Loaded Wt(mg) 

1 35.4 1 30.7 
33.7 2 35.8 
33.6 3 31. 1 
33.4 4 36.4 
32.4 5 34.8 
36.4 6 35.3 
33.8 7 36.2 
34.6 8 24.2 
34.9 9 35.3 

10 34.4 10 35.8 

Run 3 (same except 16-inch hg vac & 8 psi air) 

Detonator        Loaded Wt(mg) 

21.7 
19.0 
22.0 
22.3 
21.4 
20.8 
21.8 
22. 1 
20.0 

Spill is dust only. 

Screen was plugged. 
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Nov.   15,   1973 pm 

Changed metering shaft: has filter only with no screen. 
Flow control - meter shaft 6 gold. 
10-inch hg vac, 4 psi air, air motor 200 RPM,  200 psi gauge. 
28 mesh pink,  timed 30 seconds. 

Run 1 

Detonator Load 

1 36.5 
36. 1 
36.0 
36.4 
36.9 
37.0 
36.3 
36.7 
36.7 

Spill reduced to dust only. 

Run 2 (same as Run 1 except: Run 3 (same as Run 1 except: 
8-inch hg vac 6-inch hg vac 
timed 20 seconds) timed 30 seconds) 

Detonator Loaded Wt(mg) Detonator Loaded Wt(mg) 

I 35.8 1 35.4 
2 35.5 2 35.1 
3 35.6 3 34.5 
4 35.9 4 35.4 
5 36.3 5 35.4 
6 35.5 6 34.6 
7 36.2 7 34.6 
8 36.1 8 34.7 
9 35.5 9 34.3 
10 35.8 10 35.0 
11 33.7 U 34.0 
12 35.3 12 34.0 
13 34.6 13 34.0 
14 35.3 14 34.4 
15 3 5.2 15 34.6 
16 34.1 16 34.0 
17 34.6 17 33.8 
18 35.0 18 34.0 
19 34.0 19 34.3 
20 34.6 20 34.3 
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Nov.   15,   1973 pm (contd. 

10-inch hg vac,  5 psi air,  air motor 200 RPM,  200 psi gauge. 
28 mesh pink. 
Filter only - no screen. 

Run 4 

Detonator        Loaded Wt(mg) 

34.0 
33.9 
33.8 low 
34. 1 
34.0 
33.8 
33.8 
34.3 
34.5 high 

10 33.7 

34.5 
■ 33.8 

.7 

.7 
17.8 

33.8 
■ 16.0 
17.8 

cup 

= ±2% 
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Nov.   16,   1973 am 

Meter shaft has filter only, no screen. 
Flow control meter shaft 6 gold. 
Agitator action not used (pressure side). 
White simulant powder, timed 30 seconds. 
6-inch hg vac,  4 psi air, air motor 200 RPM,  200 psi gauge. 
Temp ambient,  humidity 72 percent. 

Run 1 Run 2   (same except 5-inch 
_ ng vac & i psi air; 

Detonator Loaded Wt(mg) Detonator Loaded Wt(mg) 

1 28.2* 1 29.2 
2 28.4* 2 28.8 
3 28.5 3 28.7 
4 28.6 4 27.3* 
5 28.9 5 30.3 
6 28.7 6 26.5 

7 28.9 7 32.3 
8 28.8 8 26.5 

9 29.0 9 28.5 
10 28.9 10 27.2 
11 28.7 11 29.3 
12 29.0 12 29.4 
13 29.0 13 29.0 
14 29.0 14 30.0 
15 30.1 15 28.9 
16 29.1 16 30.6 
17 28.5 17 29.3 
18 30.2 18 27.4 

19 28.6 19 28.9 
20 29.8 20 27.4 
21 28.6 21 29.5 
22 28.6 22 27.5 
23 28.5 23 26.0 
24 28.5 24 25.0 
25 29.5 25 * 

26 28. 3  Cleaned funnel. 
«Light char 

«     e. 

ge may be from first 
i _ .        J«  _ 

ran slow cycle. 
cycle after changeover from 
28 mesh to white sim.  powder. 

Small amount of powder blown out 
around funnel.   Also a film of 
powder sticking to sides of funnel. 

Noted powder on botton punch after 
each cycle.  Cleaned funnel & punche 

*#2 5 - bottom pushed out of cup. 
#4   _ out of round. 

All cups hard to remove from holder. 

s. 
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Nov.   16,   1973 am 
(continued) 

Filter only in meter shaft. 
No pressure on agitator. 
Clean funnel. 
6-inch hg vac, 4 psi air, air motor 200 RPM,  200 psi gauge. 
Humidity 72 percent. 
White simulant,  timed 30 seconds. 

Run 3 

Detonator Loaded Wt(mg) 

I 29.4 
2 28.9 
3 29.5 
4 28.4 
5 28.6 
6 28.0 
7 28.8 
8 29.0 
9 28.7 
10 29.1 
11 29.4 
12 29.0 
13 26.3 
14 28.6 
15 29.3 
16 30.7 
17 28. 8 
18 28.9 
19 27.4 
20 28.9 

Small amount of dust blowing out around funnel. 
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Nov.   16,   1973 pm 
Raised top punch .085. 
Charge:   white aim.  over pink aim. 
6-inch hg vac, 4 psi air,  air motor 200 RPM,  200 psi gauge. 

Loaded with Pink sim.  powder 

Loaded 
Detonator Wt(mg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

35.7 
34.0 
35.5 
34.0 
35.9 
35.9 
35.7 
34.2 
35.7 

±5% 

Powder 
Wt(mg) 

19.7 
18.0 
19.5 
18.0 
19.9 
19.9 
19.7 
18.2 
19.7 

34.0-«- 18.0«*- 

Znd Charge loaded with white    T  .   , 

Loaded Powder   Powder 
Detonator        Wt(mg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

48.7 
46.7 
48.5 
46.5 
47.4 
48.8 
48.3 
47.8 
48.2 
47.1 

2.1 
11.5 

Wt(mg)    Wt(mg) 

32.7 
30.7 
32. 5 
30.5 

13.0 
12.7 
13.0 
12. 5 
11.5 
12.9 
12.6 

31.4 
32.8 
32.3 

13.6-«- 31.8 
12. 5 «— 32.2 
13.1 31.1 

= + 10% 

Ran 60 more white over pink at same setting as above. 
Noted small amount of powder on top of bottom punch after each cycle. 

Pink sim.  over white, gauge psi 295,  otherwise same settings as above. 

White +Pink White +Pink 
Powder Powder Powder Powde r 
Loaded Loaded Loaded Loaded 

Detonator Wt(mK) Wt(mg) Detonator Wt(mg) Wt(mg) 

29.4 46.0 11 29.4 49.0 
28.9 47.4 12 29.0 48.0 
29.5 47.3 13 26.3 48.8 
28.4 45.7 14 28.6 48.5 
28.6 51.9 15 29.3 48.0 
28.0 45.4 16 30.7 48.7 
28.8 51. 1 17 28.8 48.3 
29.0 45.0 18 28.9 45.5 
28.7 47.6 19 27.4 48.0 

10 29.1 46.0 20 28.9 46.8 

Preceding tests run with metering shaft flow control set at 6 gold. 
Top punch flow controls: hi speed,   9 yellow;   lo speed,  7 yellow. 
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±. l?m 
— Lead Azide (white) Simulant 

RDX (pink) Simulant 

Nov. 19, 1973 am 

"D" 

. 114 #1 

. 114 #2 
.114 #3 

D 
777*- ——RDX Simulant 

Lead Azide Simulant 

. 102 #1 

.102 #2 

.105#3 

White over pink. 
Top punch flow contols set: hi speed,  9 yellow; lo speed,  7 yellow. 

Hydraulic pump pressure 500 psi. 

Top punch gauge pressure 310 psi. 

Top punch set on bottom of crimping die. 

Bottom punch at end of cylinder stroke is . 139 ' below top punch. 

Air motor 200 RPM. 

*Flattening punch is .004 shorter than crimping punch. 

» 
I 

i 
i 
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^ 
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Nov.  26,   1973 
New holder for rod scraper seal done 
Longer chamfer and seal punches with new drawings 
10 new chains and holders without chamfer on top 
1 new funnel with smaller diameter hole (. 147 max) done 

Nov.  29.   1973 

Precrlmp? 

"H" "B" 

1 .129 

2 .133      .139 

310 ps 

IS 
H 

I~ 
_L 

 / 

B 

.135      .140 

.130      .140     / 

i    r^vLip Lowered lower punch 

—■• '-O 

Inspected housing and found chamfer. 
Removed chamfer: 

Lowered lower punch .003 

Lower lower punch another .005 

.130      .143 

.130      .144 

f -*- 

. 148-^ 

o 
) r 

Very slight bulge (OK) 

Very slight bulge (OK) 

.«-.147 

X 
\ 
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Nov.  29,   1973 
(continued) 
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Nov. 30,   1973 

CRIMPING OPERATION 

Ten new cup retainers and chains made: 
Cup length 1. 79/ and flat on top. 

Two new crimping (lower) punches made: 
One 1.682 long,   one 1.676 long (from shoulder to tip). 
Th»   longer punch to be used with the 45° crimp upper punch and the shorter 
one with the flattening punch (upper). * 

First trial detonator looks acceptable on crimp operation, but bottom of cup 
is out of round and oversize . 0005 at bottom. 

Hydraulic pressure 450 psi.    Gage pressure,   top punch,  290 psi. 

Second trial shows crimp acceptable but detonator has slight bulge around top. 

Third trial also has slight bulge (002 oversize) at top. 

*For this operation top and bottom punches were changed but no adjustment 
was made on stroke length. 

Bottom punches sent to be hardened. 
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Dec.  3,   1973 am 
28 Mesh pink simulant. 
8-inch hg vac,  4 psi air. 
Hydraulic pressure 1,000 psi,  gauge pressure 297 psi. 

Slow Speed 
No. 
No. 
No. 

1 
2 
3 

one charge 
two charges 
three chargt 

33. 6 mg • 
54. 3 mg - 

B8     73. 3 mg • 

• 17. 
■ 20. 
• 20. 

6 
7 
0 

Run _2 as above (s low speed): 

Cup 
Loaded 
Wt(mg) 

Est. 
Load 

1 
2 
3 
4 
5 

34.0 
34.2 
34.5 
34. 1 
33.7 

18.0 
18.2 
18.5 
18. 1 
17.7 

Run 3* • 28 mesh,  pink simulant 
hydraulic pressure 1,000 psi,  gauge pressure 290 psi 
air motor 200 RPM 
8-inch hg vac, 4 psi air.        Not Timed. 

Loaded Loaded 
Cup Wt(mg) Cup Wt(mß) 

1 33.5 6 35.3 
2 34.9 7 35.2 
3 34.7 8 35.3 
4 35.0 9 36.2 
5 35.0 10 35.1 

Run 4 « "*% mesh,  pink simulant 
hydraulic pressure 1,000 psi,   gauge pressure 290 psi 
air motor 200 RPM 
10-inch hg vac,  4 psi air. Timed 30 seconds 

Loaded Loaded Loaded 
Cup Wt(mg) Cup Wt(mn) Cup Wt(mg) 

1 36.4 6 36.3 11 34.9 
2 36.2 7 35.6 12 35.7 
3 35.8 8 36.6 13 36.4 
4 35.6 9 36.1 14 35.0 
5 36.3 10 34.4 15 35.2 
«Used one chain and holder only.    Other holders tend to damage cup. 
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Dec    i,  1W3 pm 

Deburred and cleaned all holders, 

28 mesh pink simulant. 
10-inch hg vac,   5 psi air, air motor 200 RPM. 
Hydraulic pressure 1,000 psi,  gauge pressure 295 psi. 
Timed 30 seconds. 

Run 5 

Loaded Loaded 
Cup Wt(mg) Cup Wt(mg) 

1 35.3 6 34.2 
2 34.4 7 34.6 
3 35. 1 8 34.7 
4 35. 1 9 34.6 
5 Damaged 10 34.4 

Same as Run 5 except 16-inch hg vac and timed 15 seconds: 

Rui: 5 

Loaded Loaded 
Cup Wt(mg) Cup Wt(mg) 

1 33.6 6 3 5.2 
2 34.4 7 35.0 
3 35.7 8 3 5.2 
4 34.4 9 35.1 
5 33.7 10 34.3 

Attempts made to duplicate Run 4 (morning of Dec.   3) 
See results of Run 4: 

Run 6 

Loaded Loaded 
Cup Wt(mg) Cup Wt{mg) 

1 34.7 6 34.3 
2 34.2 7 33.4 
3 34.2 8 34.4 
4 33.7 9 34.4 
5 34.6 10 34.0 
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Dec.  4,   1973 

28 mesh pink simulant. 
10-inch hg vac,   4 psi air. 
Hydraulic pressure 1,000 psi,  gauge pressure 297 - psi. 
Reference Drawing 8798331. 
"H" compressed height Note 4. 

Ran 3 charges with above settings and checked compressed height 
(ref.   . 133 t .002) 
Heights below are with closing eise (. 003)= (. 136 t . 002). 

1 .1375 .148 din 6 .133 .148 dia 11 .1295 .148 dia 16 .146 .1475dia 
2 .133 All pcs 7 .121 12 .131 17 .144 .1472 
3 .1355 8 .130 13 .133 18 .142 
4 .1375 9 .131 14 .131 19 .147 
5 .131 10 .1295 15 .113 20 .1395 

At No.   16 adjusted top punch (shorter . 06) to keep from pushing cup 
into holder too deep. 

21 .140 .148 dia 26 .119 .148 dia 31 .142 36 .143 .048 dia 
22 .136 27 .132 32 .143 37 .141 
23 .1385 28 .142 33 .134 38 .140 
24 .136 29 .140 34 .144 39 .139 
25 .139 30 .14?; 35 .144 40 

41 
'.128 
.108 

All cup diameters are . 148 (oversize . 001). 

Making new funnel with . 146 diameter hole for die. 
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Dec.  5,  1973 am 

Pink simulant 28 mesh. 
500 psi hydraulic pressure 
290 gauge pressure top punch 
4-inch hg vac,  4 psi air. 

Reference Drawing 8798331.    "H" height . 133±.002. 
Includes three charges of pink simulant mesh plus closing disc .003 thick  . 

1 . 123 11 . 133 

2 . 134 12 . 139 
3 .135 13 . 135 

4 .137 14 . 138 

5 .139 15 . 136 

6 . 142 16 .139 

7 .130 17 . 144 
8 . 137 18 . 138 
9 .133 19 . 140 
10 . 133 20 . :43 

21 . 134 

Cups are pushed too deep into retainer. 
Sides of some cups are damagedwhether by retainer spring or misalignment 
between filling die and retainer. 

All diameters of cups are . 148 + . 

*all heights. 
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Dec.  6,  1973 

Tried new metal scraper seal with 28 mesh pink simulant. 

Decided that seal was doing a better job than original seal.    Also that 
most spill was coming from cavity not emptying completely and was 
spilling when metering shaft retracts. 

Metering shaft being  reworked with cavity smaller in diameter, but 
deeper. 
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Dec.  7,   1973 

Reworked metering shaft with cavity . 100 diameter and .25 deep. 
Filter only --no screw. 
Set up and used with small diameter funnel and new rod scraper seal. 

\ 

28 mesh,   500 psl hydraulic pressure,  290 gauge 
10-inch hg vac, air 8 psl. 

Run 1      (Slow speed - hand) 

Loaded 
Wt(mg) 

1 39.6 
2 37.0 
3 36.4 
4 37.5 
5 36. 1 

Run 2      14-lnch hg vac 
air motor 200 RPM 

Loaded 
Wt(mR) 

1 37. 5 
2 37.4 
3 35.5 
4 35.7 
5 37.4 

Noted dusting condition all over 
and around funnel. 

Excessive dusting. 

Run 3      14-inch hg vac,  air reduced     Run 4     10-inch hg vac,  air 3 psl 
to 6 psi, air motor 200 RPM to 6 i 

Loaded 
Wt(mg) 

1 36.3 
2 35.9 
3 36. 1 
4 35.8 
5 36.4 

Loaded 
Wt(mK) 

1 35.8 
2 35.7 
3 34.6 
4 18.2 
5 16.8 

Still excessive dust around funnel. Dust reduced,  loaded weight also 
reduced. 

Changed to larger mouth funnel to check dusting problem: 
Hydraulic pressure 500 psi,  top punch gauge 290 psi 
14-inch hg vac, air 6 psi,  air motor 200 RPM 
28 mesh pink simulant. 

Run 1 
Loaded 
Wt(mg) 

1 35.2 
2 35.8 
3 36.8 
4 35.0 
5 35.6 

Loaded 
Wt(mg) 

6 37. 5 
7 36. 5 
8 36.0 
9 36.3 
10 35.5 147 

Still dust around sides and on top of funnel. 
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Dec.   7,   1973 
Metering shaft cavity . 100 diameter,  . 25 deep (continued) 
Hydraulic pressure 500 psi, top punch gauge 290 
6-inch hg vac, air 5 psi,  air motor 200 RPM. 

Run 1     (White simulant   powder) 

Loaded 
Wt(mg) 

1 29.0 
2 28.6 
3 28.7 
4 27.5 
5 28.4 
6 29.5 
7 29.1 
8 27.5 
9 28.6 
10 28.3 

Dust on and around funnel. 

Hydraulic pressure 500 psi, top punch pressure 200 psi 
8-lnch hg vac, air 4 psi,  air motor 200 RPM. 

Run 2      (White simulant powder) 

Loaded 
Wt(mg) 

1 28.0 
2 28.0 
3 28.3 
4 28.3 
5 29.3 
6 28.4 
7 28.2 
8 28.0 
9 29.1 
10 28.4 
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Dec.   11,   1973 am 
Small mouth funnel,  . 146 diameter die 
. 100 diameter cavity,  .25 deep metering shaft 
Brass rod scraper seal 
New carrier . 1455 diameter ID 
500 psi top punch, 600 psi gauge 
6-inch hg vac,  6 psi air,  air motor 200 RPM 
White simulant powder, two consecutive charges. 

Loaded 
Wt(mg) 

1 40.3 
2 41.2 
3 40.3 
4 39.8 
5 40.6 
6 40.2 
7 40.0 
8 39.8 

9 41.2 
10 39.6 

Loaded 
Wt(mg) 

11 40. 1 
12 39.8 
13 40.0 
14 40.2 
15 40.0 
16 40.5 
17 40.0 
18 40.3 
19 40.4 
20 41.0 

Flow control valves: high,  2 yellow; low,  9 gold. 
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Dec.   13,  1973 am 
Filled 60 detonators with 2 consecutive charges of white simulant powder. 

Hydraulic pressure 600 psi, top punch pressure 500 psi 
6-inch hg vac,   5 psi air, air motor 200 RPM 
Meter shaft flow control: 8 gold 
High speed flow control,  6 blue; Lo speed,  2 yellow 
Small mouth funnel and brass rod scraper seal. 

Noted dusting condition on and around funnel -- powder sticks to sides 
of cup. 

Dust sticking to sides 

If >| 
Lg H^—^Ppe* punch diameter 

Spot Check of Loaded Wt(mg) 

White (2) Plus Pink (1) White (2) Plus Pink (1) 

1 40.6 58.9 36 40.3 59.6 
5 40.9 59.3 41 41.1 60.6 
10 40.5 58.5 44 40.6 59.5 
16 40. 3 58.2 48 40.3 58.8 
19 40.4 58.7 51 40.9 59.6 
23 41.6 59.8 55 39.7 57.8 
24 41.0 60.8 60 39.2 57.2 
30 39.6 58.4 

Added 1 charge of pink 28 mesh simulant to above cups (6-inch hg vac and 
8 psi air). 

White simulant powder 
Hydraulic pressure 1,400 psi, top punch 1,370 psi 
Main flow valve open enough to assure delivery of powder when meter shaft 
flow control is open:       hi pressure flow control - 2 blue 

lo pressure flow control - 8 aqua 
6-inch hg vac, air 6 psi,  air motor 200 RPM. 

Have trouble with top punch sticking ir cup and pulling it part way back into 
funnel each time. Relined top punch .015 about 1/32 from end. Noted very 
little improvement. 

lU relief 
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Jan.   14,  1974 

Redesigned die and carrier to allow the cup to move 1/32 inch only in carrier. 
The entire carrier is pushed up by lower punch into a recess approximately 
3/16 inch deep in the bottom of die.    Lower punch also raises cup 1/32 inch 
out of carrier and into a very small recess about .001 inch larger in diameter 
than the cup,  and 1/32 inch deep. 

Results: 

Damage occurred to the cup edges in a 
haphazard manner.    This was attributed 
to the "pump" action of the lower punch 
which pushed a column of air ahead of it, 
sometimes forcing out the cup completely, 
sometimes halfway,   sometimes not at all, 
depending on the degree of cup fit in the 
carrier. 

Powder simulant was spilled on numerous 
occasions due to the above. 

s*-* 
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Jan.   15,   1974 

1/16" dia. air holes (4) drilled under spring clip 
of carrier. 

Purpose; 

To allow escape of air from bore of carrier and 
reduce the "pump" effect of the lower punch,  thus 
leaving the cup in place. 

Result; 

Cups retained continually and no further damage 
occurred. 

Furthermore, no powder spill on top of carrier 
occurred after this modification. 

Some powder sticking to punch. 
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Jan.  16,   1974 

Punch dia. increased .005" 

Die modified to provide less "pump" effect 
in parallel portion of funnel. 

Object; 

JTjflo    To lessen chance of dusting of baby powder 
up on punch on high speed descent. 

.....J Inci 
.005" to suit punch. 

T Also to allow more time for slow action 
because microswitch was lowered by 1/4". 

All compression testing and setups from this date to 21st of January 
conducted with this setup. 

Punch increased .005 in diameter to give less powder extrusion up sides of 
punch inside cup when pressing. 

extrusion 

increase 

Before After 
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Jan.   21,   1974 

Setup for first compression to provide graph slopes on attached trace. 

Cushion (top punch) 
Hydraulic Pressure 
Punch Pressure 
High Speed Regulator 
Low Speed Regulator 
RPM 
Time Cycle 

Fully Open 
1,400 
1,390 
1 Red 
4-1/2 Aqua 
275 
. 6 seconds. 
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Jan. 22,   1974 
LIVE TEST NOL 130 

The first of a series of live tests was performed using 10 carriers and 
compressing the first charge of NOL 130.    Carriers were numbered for 
fill identification.    Settings used on the equipment were as follows for 
all 10 fills. 

Punch Pressure 1,390 lbs. 
Cushion - Top Punch Fully Open 
Main Flow Valve Fully Open 
Meter Shaft Flow Valve Fully Open 
Punch High Speed Valve Flow Setting 1 Red 
Punch Low Speed Valve Flow Setting 4-1/2 Aqua 
RPM of Cam Shaft 275 
Vacuum 6-inch Hg 
Nitrogen Pressure 6 psi. 

The powder hopper was slowly filled with 250 mg NOL 130 and Teat No. 1 
attempted. No powder in the cup resulted due to insufficient powder level 
in the hopper. The hopper quantity of NOL 130 was gradually increased, 
approximately 5 grams being necessary for correct metering and cup fill. 
Tests No. 1 through No. 4 using No. 1 cup were made to establish hopper 
fill requirement --no cup fill resulting until Test No. 5. These first few 
tests without cup fill showed that the speed of the metering shaft was 
adequate for operation without danger of frictional detonation. 

Test No.   5 through Test No.   14 produced 10 filled cups without detonation. 
These cups were then oven dried prior to weighing for uniformity of charge 
weight. 

A record of the punch speed pattern was made with each test.    The graph 
trace for these are on the following pages.    Times were identical for all 
tests — . 62 seconds time elapse from start of punch descent to finish of 
its return.    (See 1-second time reference on graph trace of Test No.   1. ) 
This time reference was consistent for all tests and are therefore not 
included on remaining traces. 
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Jan.  24,   1974 

LIVE TEST DATA 
NONELECTRIC DETONATOR 

NOL 130 Detonator Cup Charging 

The results of the 10 detonator cup fills, according to the procedure on Live 
Test NOL 130 dated January 22,   1974,  were as follows. 

It should be noted that no agitation of the hopper powder was taking place. 

1 Charge per Cup — No.   1 Test 
Cup No. Tare Wt. Total Wt. Charge Wt. 

1 .0155 .0611 .0456 
2 .0159 .0642 .0483 
3 .0149 .0650 .0501 
4 .0155 .0663 .0508 
5 .0155 .0657 .0502 
6 .0160 - - 

7 .0151 .0640 .0489 
8 .0150 .0622 .0472 
9 .0153 .0500 - 

10 .0150 - - 

11 .0159 .0363 .0204   * 
12 .0161 .0203 .0042   « 
13 .0150 - * 

14 .0150 .0203 .0053   « 

Comments 

Bad Cup 

Cup dropped during removal 
Out-of-round cup 

Out-of-round cup 

♦Cups 11-14 were run after 40-minute shutdown. 

Conclusions 

Individual metering shots with a fairly long time period between them (chang- 
ing cups,   resetting controls,  etc.) was disadvantageous to accurate metering 
without  agitation.     Note  the   considerable   change  after  40-minute   shutdown 
and hopper bridging started.    This test was the very first with live powder, 
performed by Ordnance personnel unfamiliar with good or bad cups for 
this equipment,  and no calculations were made due to the variable weights 
obtained. 

The next test.  No.  2,  was a metering test — 100 successive cycles 
indicated that the mechanical shocks from fairly rapid machine cycling 
helps bridging somewhat,  but the gradual decrease in weight shows that 
it progressively became worse until serious bridging occurred during 
the fill of Dish No.   10.    The single shots into Dishes Nos.   11-20 exhibit 
similar problems without agitation. 
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Jan.  24,   1974 
10 Charg es Per Dish — No.  2 Test (contd.) 

Dish No. Tare Wt. Total Wt. Charge Wt. Comments 

1 1.4096 1.8451 .4355 
2 1.3996 1.8338 .4342 
i 1.3982 1.8292 .4310 
4 1.3980 1.8367 .4387    + 
5 1.4012 1.8291 .4279 Hopper ran low,  was 

6 1.4028 1.8271 .4243 refilled. 

7 1.4040 1.8258 .4218 Note gradual decrease 
8 1.4049 1.8154 .4105     - in weight. 
9 1.3982 1.8103 .4121 
10 1.3991 1.6309 .2318 Serious bridging, this 

Average Weight 
line omitted. 

.4262 (1-9) 
Widest Difference .028 
Maximum wt. variation ±3.3% 

1 Charge Per Dish — N o.   3 Test 

11 1.4064 1.4131 .0067     - 
12 1.4067 1.4288 .0221 
13 1.3984 1.4137 .0153 
14 1.4086 1.4159 .0073 
15 
16 

1.3974 
1.4025 

1.4068 
1.4232 

.0094 

.0207 
>     Continued Bridging 

17 1.4144 1.4422 .0278    + 
18 1.4178 1.4299 .0121 
19 1.4076 1.4153 .0077 
20 1.3959 1.4051 .0092 

Average Weight .0138 
Widest Difference .0211 
Maximum wt.   variation — exceeds average weight. 

The above two tests were both conducted without the pneumatic agitation 
of the hopper powder.    Serious bridging and haphazard metering occurred. 
Dish No.   10 weight was so obviously low that it was omitted from average 
weight calculations. 

Recognizing the reason for the poor results of the last three tests,   the 
agitation was connected (it had been disconnected because of the difficulty 
of achieving an adequate vacuum  reading and sufficient nitrogen pressure 
reading at the same time due to a leakage path between the port routes of 
the common valve). 
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Jan.  24,   1974 
(contd,) 

Although the vacuum on the following test was low, and the nitrogen 
pressure also lower than desirable, the results of the single charge 
per dish repeat test, with agitation show great improvement. 

1 Charge per Dish — No. 4 Test 
Charge Wt.       Comments Dish No. Tare Wt. Total V 

11 1.4049 1.4448 
12 1.4029 1.4459 
13 1.4068 1.4496 
14 1.4086 1.4520 
15 1.4066 1.4497 
16 1.3980 1.4421 
17 1.4013 1.4445 
18 1.4046 1.4489 
19 1.3997 1.4434 
20 1.3939 1.4393 

Average Weight 
Widest Difference 
Max. Weight Variation 

.0399    * 

.0430 

.0428 

.0434 

.0431 

.0441 

.0432 

.0443 

.0437 

.0454 

.0436 (12 - 20) 

.0026 
±2.9% 

This line omitted 

*The charge weight on this first shot after previous bridging problems 
is so obviously low that it is omitted from average weight calculation. 
It is attributed to the existing lack of fill condition without agitation still 
being present until a complete metering cycle had taken place,  i.e. ,  from 
Dish No.   12 onward. 

Vacuum on No.  4 Test 5. 4-inch hg 
Nitrogen Pressure 4 psi 
Hydraulic Pressure (for metering only)    500 psi 

No detonation took place. 
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Jan.  24,   1974 
LIVE TESTS — LEAD AZIDE 

Graph Traces for Detonator Cup Fills 

Machine settings as on data sheet. 
Slower approach and retract slopes of punch is due to lower hydraulic 
pressure (197 lbs/sq in) than that of the NOL 130 slopes (pressure 1,390 
Ibs/sq in). 

!■ 

i 
|... 4-..L i   1 

"T" 
i 

 1.- ._.! . • !. 

I ■ 

1 . I    ■ 

i  ! i i 

'   :   '   • 

'. i::j...;.;-U 

i   i 

:   i 

 V ifrW fiZ/r.r 

-;:.! 

J¥LL$?T \ 

•   .1. .J.:. 

-i 

I.:.;.-:. 
i • ! ' i 

.l.i:ti::l 

-m 
*W ■ .. j_..L..;  .:L1 

JMMtMAV, :     i : 

\..-..\ ..'■' .1... ,  .-1   rCArA/^b.V     '/-.'...~'-\...X..X—\ — 
.    \    I •:• ill.,       „    . •    /•    i     I     I     \.\:   ]-    1     I        • 

•■.r-v-t-:-!     <■■'■   .MV:»»-. -. .~   :r-fC~\    I,  vp.-pr  . ;fr:     :;-.   -j    :-:: 

i-r.?,"       :  r-\- r ;-:.r;i"'ir :;':" ■■"'" ■.^-^'^^   ">Tt 

1!!||il!lf'|'   !• •T'tlH'ij-  '•■r'l"!   •!   v   l   if ir,!|n'".   mil 
iiiil.iiii! , ,     I  '  I j  i  I  ;■ ;   ^ 

UJ&SL £JtJ£L : £''.7.C(£ 

164 



i|i|i!l!|'ii;r"ii |I|||II|M:>| 

I   I   • r ■■■ !■ i !■    !:■   ; 

U
:
PV AZlPt K* 4 CVP 

-v f~rrt-f r-l/ ;■■"!"■ 
••-T        ...!...J\! 

r;;;rr!'! 

iT;!.:!''.'^'] 

l/f 
;;■!    -I 

I i 

1 .'(;;J :.r-i: :.|...4:: 
.. ir 

^ 

■^ r:T;:t rt-. - • • Xjjj:; TJ  Xn^r 
...f 

i" 

u\.i...:!..'.' 

, j,""T" 

;   l    !    i 

..J_J._.:...::..J .-!:::    /i-1 

i-;M:i::i: ■   '   ;:r :■! \  : •' .1 A   i 
A-" —T^r!-:--:r-T-/--       ! 

■      ■   ... .    j     j    ■• •   !      i      : 

. T:.1   ..A.,...-,.-!    r.:,.,.:,_. A 

wvs 
t 

I: ' I-:   !•■!• •:! i\       A '• i 

li|l|! HTM 

:"'I ;: •■-■■rT-T-T: p: 

j H..-i._i:..\:4-.. i„-;..-f.i-j.-
l--!-4;;#^ 

« 

.]. : ! ::• 

Reproduced  from        ^% 
beit availabl« copy. 165 



Jan.   24,   1974 
LIVE TEST DATA 
NONELECTRIC DETONATOR 

Lea d Azi de Live Tes king 

No. 
Detonator Cup Fill — No.   5 Test 

Cup Tare Wt. Total Wt. Charge Wt. Commen ts 

1 .0155 .0656 .0501 
.0160 .0648 .0488 
.0165 .0662 .0497 
.0163 .0646 .0483 Slight spill 
.0158 .0658 .0500 
.0158 .0657 .0499 
.0158 .0651 .0493 

8 .0164 .0650 .0486 
9 .0155 .0658 .0503          + 
10 .0166 .0668 .0502 

Average Weight .0495 
Widest Difference .002 
Max.  Wt. Variation ±2.02% 

Equ ipment Settings: 

Hydraulic pressure on punch 
Punch cushion 
Main flow valve 
Meter shaft flow valve 
Agitation 
Punch high speed valve setting 
Punch low speed valve setting 
Tachometer reading 
Vacuum 
Nitrogen 

197 psi 
Fully open 
Fully open 
Fully open 
Off 
Fully open 
4-1/2 Red 
275 RPM 
6-inch hg 
6 psi 

L<;ad azide requires little agitation compared to NOL 130.    Cup fills were 
6[ood,   compression looked good.     No detonation took place. 
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Jan.  24,   1974 
LIVE TEST DATA 
NONELECTRIC DETONATOR 

Lead Azide Live Metering Test 

10 Charg es per Dish — No.   6 Test 
Dish No. Tare Wt. Total Wt. Charge Wt.    Comments 

1 1.4122 1.9153 . 5031 
2 1.3686 1.8748 .5062 
3 1.4008 1.9070 .5062 
4 1.4011 1.9091 .5080       + 
5 1.4012 1.9068 .5056 
6 1.3974 1.9013 .5039 
7 1.4058 1.9088 .5030 
8 1.4059 1.9120 .5061 
9 1.4130 1.9197 . 5067 
10 1.4063 1.9139 .5076 

Average Weight . 5056 
Widest Difference .005 
Max.   Wt Variation ±0.49% 

1 Charge per Dish — N o.   7 Test 

11 1.4050 1.4556 .0506 
12 1.4042 1.4543 .0501 
13 1.3946 1.4451 .0505 
14 1.3953 1.4455 .0502 
15 1.4124 1.4626 .0502 
16 1.4100 1.4594 . 0494 
17 1.3318 1.3826 .0508 
18 1.4087 1.4586 .0499 
19 1.4013 1.4605 .0502 
20 1.4081 1.4598 .0517       + 

Average Weight .0504 
Widest Difference .0023 
Max.  Wt Variation ±2.28% 

Equipment settings same for  No.   5,   6,  and 7 Tests. 
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Jan.  29,   1974 
LIVE TESTS — RDX 

Graph Traces for Detonator Cup Fills 

Machine settings as on data sheet. 
Note slope of punch descent (ascent is slightly faster due to hydraulic 
pressure increase [to 298 psi] over that of lead azide pressure at 197 psi). 
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Jan.  29,   1974 
LIVE TEST DATA 
NONELECTRIC DETONATOR 

RDX Live Testing 

No. 
Detonator Cup Fill — No. 8 Test 

Cug_ Tare Wt. Total Wt. Charge Wt. Comments 

1 .0158 .0433 .0275 
2 .0160 .0440 .0280 
3 .0157 .0441 .0284 
4 .0162 .0445 .0283 
5 .0165 .0451 .0286 
6 .0157 .0446 .0289 
7 .0170 .0457 .0287 
8 .0155 .0447 .0292 
9 .0162 .0456 .0294      + 
10 .0155 .0443 .0288 

Average Weight .0286 
Widest Difference .0019 
Max.  Wt. Variation ±3.3% 

The RDX was screened through a No. 48 sieve before use. 

Equipment settings for Nos.  8,  9, and 10 Tests were as follows; 

298 psi 
Fully open 
Fully open 

Hydraulic punch pressure 
Punch cushion 
Main flow valve 
Meter shaft valve 
Agitation 
Punch high speed valve setting 
Punch low speed valve setting 
Tachometer reading 
Vacuum 
Nitrogen 

Fully open 
On 
Fully open 
4-1/2 Red 
275 RPM 
4-1 /2-inch hg 
4 psi 

Fill in cups looked good.    No detonations occurred.    Compression looked 
good.    Two extra cycles were run because two carriers were inadvertently 
cycled without cups.   The fill assumed a pellet shape in the carrier and 
had to be pushed out before -reloading with a detonator cup.    No detonation 
occurred. 

170 



Jan. 29,  1974 
LIVE TEST DATA 
NONELECTRIC DETONATOR 

RDX Metei ing Tests 

10 Charg es per Dish — No.  9 Test 
Dii ih No. Tare Wt. Total Wt. Charge Wt. Comments 

I 1.3982 1.6883 .2901 . 
2 1.3955 1.6882 .2927 
3 1.3975 1.6923 .2950 
4 1.3987 1.6918 .2931 
5 1.4012 1.6951 .2939 
6 1.3960 1.6213 .2323 * Hopper ran out of 

powder and needed 
7 1.3952 1.6894 .2942 refilling. 
8 1.3958 1.6920 .2962 + 
9 1.3938 1.6895 .2957 
10 1.3980 1.6923 .2943 

Average Weight . 2939 (omittj ng No .  6) 
Widest Difference .006 
Max.  Wt. Variation ±1.03% 

*The obviously low figure of No.  6 dish is dut to the hopper running dry. 
The calculations for average weight do not include this dish. 

1 Charge per Dish — No.   10 Test 

11 1.3976 1.4272 .0296 
12 1.3957 1.4256 .0299 
13 1.3960 1.4258 .0298 
14 1.3975 1.4272 .0297 
15 1.4003 1.4288 .0285 
16 1.4030 1.4320 .0290 
17 1.4056 1.4350 .0294 
18 1.3991 1.4284 .0293 
19 1.3954 1.4250 .0296 
20 1.4008 1.4300 .0292 

Average Weight .0294 
Widest Difference .0014 
Max.  Wt Variation + 2.38% 
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Feb.  27.   1974 
LIFE TEST OF M1CRONITE FILTER 
ADJUSTABLE VOLUME METHOD 

A jury rig was built ar shown in Sketch   K. 1.   2/6 to prove feasibility of 
method of metering as well as to determine if filter would clog after 
repeated operation. 

Charges were weighed after several thousand operations to see if filter 
was clogging.    Baby powder was used (talc). 

Results: 

1, 000 operations 
3, 000 operations 
5, 000 operations 

10, 000 operations 
15, 000 operations 

150 mg 
159 mg 
205 mg 

96 mg 
83 mg 

Observations; 

Up to 5,000 operations,   the volume by weight showed an increase but 
dropped off when measured at 10, 000,  and a similar decrease was 
apparent at 15,000 operations. 

Filter was removed and it was practically half eroded away.    This erosion 
probably accounted for the gradual increase :n volume by weight as the 
cavity increased.    However,  the total breakdown and consequent clogging 
allowed only a small amount of powder in the cavity later. 

Conclusions; 

Use a ceramic filter rather than the porous plastic micronite to resist the 
abrasive effect. 

Also,   an increase in dump pressure for a shorter dump time would    elp to 
prevent clogging. 

Test is considered   inconclusive using plastic filter and abrasive baby 
powder (talc or mica) as the abrasive qualities of NOL 130,   Lead Azide 
and RDX are unknown. 
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Sketch K.I.  2/6      BENCH TEST JURY RIG (Needs Variable Speed 
Motor Drive,  also Rev.   Counter) 

4\(T& 
Simulant 
Powder 

f 
^ 

u 1 
t 

1. Metering Body Block 
2. Metering Shaft 
3. Powder Hopper (Ni/.on or Delrin) 
4. Doctoring Spring 
5. Retaining Ring 
6. Plug 
7. Filter Screw (adjustable  volume) 
8. Micronite Filter 
9. Retaining Ring 
0.   "O"   Ring Seals 

11. Collar 
12. Mtg.   Bracket 
13. Drive Pulley (shaft to rotate 

at 60 RPM) 
14. Base Plate 
15. Screwhead Cam to Operate 

Roller of Valve  16 (sharp 
"blip" to valve  required) 

16. 3-way Valve.   Vacuum and 
Nitrogen Input,   roller operated 
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