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I INTRODUCTION

I is report summarizes the design and development of two automatic process

control machines for the M577 MTSQ Fuze. The work was performed under

I contract DAAAZI -76-C-01 57, U.S. ARMY ARRADCOM, DOVER, N.J. from

23 March 1 977 through 30 September 1978. This followed an initial feasibility

J * demonstration phase from 4 March 1976 to 4 October 1976.

j The two machines developed are the Automatic Regulation Machine which sets

the M577 Fuze Timer beat rate and the Automatic Poising Machine which

J dynamically balances the Timer balance wheel assemblies.

The basic design concepts established during the Engineering Study (Feasibity)

Phase provided the primary design parameters for this equipment. The feas-

1 ibility model of the Automatic Regulation Fixture is shown in Figure 1. Regula-

tion of the Timer Assembly is accomplished by shortening the Hairspring length

using successive, progressive ultrasonic welds to the hypodermic tube projecting

from the End Support. To regulate in this manner the timer beat frequency

I established by the initial weld has to be approximately 1. 0 beat per second slow.

The production Automatic Regulation Machine Figure 2, consists of a manually

,I loaded fixture, a precision servo table, an ultrasonic welder and a Hewlett

Packard 9825 computer control. The Timer beat frequency is monitored con-

tinuously and the Timer is powered by its Mainspring. Process control data

can be printed out at the machine or batched to a central site. Included as

I auxiliary equipment are an oscilloscope and a visicorder which provide additional

process information and aid in trouble shooting.,

The Automatic Poising Machine Figure 3 which inspects and corrects the dynamic

I balance of the Balance Wheel Assembly was developed with the Schenck-Trebel

Corp. The machine has two manually loaded interlocked stations. Operation is

fully automatic with indicator light to indicate completion of cycle acceptance and

rejection. Material removal when required is accomplished by laser beam.,iI 1
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2.0 AUTOMATIC REGULATION MACHINE

2.1 Background

Since the fundamental operation of this machine is intimately related to the

fastening method of the wire to the Timer at one end and the Balance Wheel at

the other, a review of the history of this joint may facilitate the discussion.

The prototype M577 Timer, designed in the early 19 6 0's, had a hairspring which

was fastened mechanically. The balance end, had a brass bushing which was

press-fitted to the end of the .010" diameter balance pivot. One hairspring end

was flattened into a spade shape, and was keyed into the brass bushing by being

drawn through it. At the other end, the hairspring was held by a split collet,

clamped by a set screw, which enabled regulation to be made in either direction.

As the fuze design progressed, it was necessary to shrink the regulator diameter

to less than 3/16 inch to accommodate a setting mechanism. This was done by

designing a spring collet to hold the adjustable end. An attempt to simplify this

construction led to a taper pin, screw-adjusted clamp, which was the final

prototype configuration. All of the prototype designs required a "trapped plate"

subassembly, consisting of the balance assembly and the hairspring assembly

press-fitted together with the bushing and pivot as mentioned, with a thin plate

between. This prototype subassembly was fragile and difficult to handle. The

design solution of this problem, was very closely connected with the development

of regulation. The production design eliminated the regulator. The hairspring

was fastened directly to the pivot, which was a .018 inch diameter hypodermic

tube, at the balance end. The other end was also an .018 inch diameter hypodermic

tube, fastened to the hairspring in the same manner. The completed balance-

hairspring assembly was much more easily handled than the prototype. The

assembly was inserted into the Plate #I by passing the hypodermic tube, and

wire assembly through the Plate #I bushing, at which time, the outer end was

fastened by a split taper collar and epoxyed to the support.

--
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The regulation for this design was accomplished in a fixture. The balance-

hairspring assembly, with the outer hypodermic tube not yet assembled to the

wire is supported by a micrometer-adjustable clamp on the spring wire and a

bearing on the pivot. An adjustable oscillator caused the wheel to vibrate at its

natural frequency. An operator adjusted the clamping point until instrumentation

showed the rate within tolerance. An integral tool was functioned to cut the

spring, which was then fastened to the hypodermic tube at the point at which it

had been clamped.

The word "fasten" in the context of the last paragraph, refers to one of three

methods. The first production design used a heavy crimp to squeeze the wire

inside the tube. The First Article Samples were produced with this method

using a "presstaker" tool. Later, epoxy was used to cement the wire in place,

necessitating a fine knurl on the wire at the fastening point. In further develop-

ment, the epoxy was replaced by ultrasonic welding, but the knurl was retained.

In the current automatic regulation system, the knurl was eliminated for several

reasons. One reason is that the final weld location cannot be predetermined

and hence neither can the knurl location. Although, if it was essential, the

length of the knurl could be increased. It was found in early destructive pull andtorsion

test results of the weld joint that unknurled specimens were equivalent to knurled

specimens. Firing test results summarized in Section 5; data in Appendix I1 and IV,

show that fuzes with automatically regulated timers containing unknurled

* hairsprings are equivalent to the production fuzes which contain manually

regulated timers with knurled hairsprings. Therefore, the knurl is unnecessary.

2.2 Principle of Operation

The process of fastening the Hairspring Wire to the supporting structure was

changed to ultrasonic welding by NOR 7590034. In this process, the supporting

structure is a hypodermic tube, having an inside diameter which has about

1.- -6-
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BULOVA SYSTEMS & INSTRUMENTS CORPORATION

.002 inch clearance between itself and the Hairspring Wire. The assembly of

- wire and tubing is crimped between the Sonotrode and Anvil of an ultrasonic

welder, and bonded together. This weld replaced the epoxy cement formerly

used to make this joint.

It was decided to take advantage of the speed and controllability of ultrasonic

welding and mechanize the regulation process. In the implementation of the

process, the configuration of the supporting member to which the hypodermic tube

is attached was redesigned. The hypodermic tube was extended outward from the

Timer instead of inward, to make it accessible for the subsequent regulating

welding operation. Figure 4 shows the manual and automatic methods of

regulation.

The principle of automatic regulation is shown on Figure 5. Initiall) the Balance

Wheel and Hairspring Assembly are welded to the hypodermic tube at point

"X". It is done at the subassembly stage of Plate #1 Assembly. The

attachment is made in such a way that the "endshake", i.e., the clearance

between the Balance Staff thrust shoulder and the Plate #1 Bearing is established,

and the "dead beat", i.e., the angular Balance Wheel location is also established.

The axial location of the weld location is chosen so as to cause the Timer to run

approximately 1 to 1 1/2 beats per second slower than nominal rate. Assembly

of the Timer is completed after this operation, the mainspring wound, the

Balance Wheel cocked into the starting position and the Setback Pin locked

out with the Setback Pin hold-down. The Timer is loaded into the Regulation

Machine fixture, and is started. The beat rate and amplitude are measured,

and the results automatically read into the computer. The location of point "X",

is made a part of the computer program. The difference between the desired,

and actual beat rate. is computed. An algorithm uses this data to advance the

location of the timer a distance of A L to point "Y", and a weld is made.

The direct result is a shortening of the Hairspring's active length, and consequently,

a rise in the beat rate.

7i -
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&alance Wheel

-Point "YoeK Point"X

.atrepring Tube Hypodermic Tube

PRINCIPLE OF AUTOMATIC REGULATION

FIGURE 5

1. -9-



DULOVA SYSTEMS A INSTRUMENTS CORPORATION

The computer solftware and details of machine operation are included in Appendix I,

"INSTRUCTION MANUAL, AUTOMA TIC BEAT RATE REGULATION MACHINE";

computer software details in paragraphs 11. 0 and 11. 1, operation in Paragraph 6.0.

The algorithm for regulation may take different forms. Some examples are

as follows:

(a) The incremental regulation advance is illustrated by the " A L" dimension

on Figure 5. Its value is determined byA L= KL R where L R is the difference between

final and actual beat rates, and K is a constant, whose value is determined by the

Hairspring properties. The value of K for a hairspring diameter of . 0085

inches is .036 inches/beat/second. Variations in the wire drawing process,

tolerances in diameter, and modulus of elasticity result in a dispersion of

regulated beat rates, which may be controlled in different ways. A safety factor

may be introduced by a conservative value for K. The number of resulting welds

would, on the average, be increased, while the number of "overshoot" Timers

would be decreased, until an acceptable trade-off point is achieved. A non-linear

safety factor may also be used. An example is of the form A L = KA R - CA RE

where C and E are suitable constants. This algorithm causes the table move-

ment to be more conservative as the amount of regulation increases.

(b) The beat rate may be read before the first weld, or afterward. Figure 6

shows the tack welding arrangement. One method does not require as accurate

a "tack" welding location. For example, consider the first bonding of the

Hairspring to the Plate #1 Assembly. After assembly and loading into the

Regulation Machine, a reference weld is made, following which the beat rate

is read. In the alternative method, the beat rate is read first, and associated

with the "tack" weld. The incremental move is then made, and the weld cycled.

-10-
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The former method seems to have the advantage of one fewer weld. Moreover,

the "tack" location has not proven to be troublesome to hold. Its location is

entered into the algorithm as a conservative value, which may result, infrequently,

in an extra weld cycle.

(c) The increment distance may be a constant. This would not be feasible

for the entire regulation process, but has been used with some success on

"fine tuning", where small table movements are encountered. It should be noted

that the ultrasonic welder power is always adjusted to weld a . 050 inch wide

joint. In the case of a small table increment, the welding power of a . 050 inch

joint is used to weld a much shorter joint. The result is a greater lateral

vibrational sonotrode displacement, with a regulation increment greater than

intended.

t ; -11 -
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2.3 MANUALLY-OPERATED PROTOTYPE

Figure 2 shows a prototype fixture used to demonstrate the feasibility of the regula-

tion principle. The weld location is controllable by a micrometer, and the welder

cycled by the operator. The operation is performed while the Timer is running

under the driving torque of its own mainspring. Standard M577 instrumentation

for the detection and readout of the beat rate and the amplitude are in position

during the regulation cycle and are used by the operator to determine the setting

of the micrometer for each successive weld.

The machine demonstrated that the method was feasible for accomplishing rapid

and accurate regulation, and produced Timers which maintained their beat rates

during testing.

2.4 HAIRSPRING TACK WELDER

Figure 6 shows the Tack Welder, used to perform the initial weld between the

Plate #1 Assembly and the Balance-Hairspring Assembly. The fixture supports

the Plate #1 Assembly in the same manner as the Regulation Machine. A shim

is ased to set the endshake, and a key pin holds the Balance Wheel in the dead-

beat position. The welding point location is controlled by a dial indicator, after

an initial trial-and-error determination, to result in approximately one to one-and

one-half beats per second, slow rate.

It should be noted that the ML-300 welder is illustrated here, while the M600

welder is shown in other illustrations. Either welder can be used for either

operation. The ML-300 has the advantage of an indexable multi-typed sonotrode,

j which lasts longer between sharpenings. The ML-300 anvil also is more easily

adjusted, using two cross, slides instead of one.

I
-13-
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2. 5 Fixture, Servo & Sensors

Figure 7 shows the work holding fixture of the Automatic Regulation Machine.

The operation of the fixture is described in the section on "Interface" in

the Instruction Manual (Appendix I). The Timer is loaded by hand

into the fixture, orienting the flat on Plate #1 as noted in the sketch in the

Instruction Manual. The machine cover is closed and the cycle initiated.

The computer algorithm contains instructions to check the condition of three

proximity switch sensors, as depicted in Figure 7. One of thepe is activated

by closing the protective cover. One is at the base of the Timer, and is

activated by the presence of a Timer. If these two sensors are in the correct

state, the air cylinder clamps the fixture. This action engages the Scroll pivot

into the fixture bearing, clamps the Timer against its stop, and releases the

Balance Wheelstarting the Timer. Another sensor is activated by the fixture

jaws closing fully. The beat rate and amplitude are then detected with con-

ventional M577 instrumentation. If the amplitude is within limits, the algorithm

calculates the table incremental movement required. The table movement is

under the control of a servo, which is visible at the lower right hand side of

Figure 7. The table location depends upon the servo's master scale, which is

calibrated in steps of . 0001 inch. There is a preselectable "home" position.

which initializes the system once each cycle. After the regulation cycling,

described elsewhere in this report, the fixture retracts, the door latch is

released by a solenoid, and the cover springs open. The operator then removes

the regulated Timer, noting the condition of the ACCEPT or REJECT light.
I.

The proximity sensor used to detect workpieee presence is based upon the eddy

-. current principle and can detect the presence of metal up to 1/16 inches. The

other proximity sensors are Hall effect devices. They detect the presence of a

small magnetic field at a working distance of 1/16 inch.

L -14-
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2.6 Ultrasonic Welder and Sonotrodes

The method used for fastening hairspring wire to hypodermic tubing in the auto-

matic regulation process is similar to the pre-existing method with some changes.

The changes are necessitated by different requirements and by options in the

welder type.

The tacking and regulation welders perform welding which is not required to

pass through a bushing, as is required of both welds in the previous system.

The tubing diameter was increased from . 018 to . 022 and then to . 024 in the

final phase. Therefore, the anvil shape may be modified to a more efficient

shape. A V-shaped anvil and sonotrode, with a greater angle, was chosen for

tacking, and yields good results. The V's tend to centralize the wire inside the

tube. The opening of the V's are wider than the previous design, permitting a

greater lateral dimensional tolerance in the location of the workpiece.

Either the M600 or the ML 300 Sonobond Welder may be used on tacking or

regulation operations. The ML 300 permits a multiple-toolhead sonotrode

design to be used, which facilitates set-up because of the ease with which a

fresh sonotrode may be set. Both units use the identical power supply.

The V anvils are made of RDS steel. The regulation machine anvils have flat

faces and are made of tungsten carbide. The carbide anvils are inserts, press-

fitted into aluminum holders. The M-600 welder uses individual anvils which are

threaded in such a manner as to effect proper angular orientation when the

anvil is torqued on, facilitating anvil replacement.

The operational procedures and other matters relating to the set-up operation,

maintenance and troubleshooting of the welders are adequately covered by their

respective handbooks. In addition, other factors were discovered in the

pursuit of the subject programs. For the welding of the hypodermic tube to the

L -16-
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I hairspring wire, best results are obtained with the M600 machine, with a high

ram speed, giving maximum impact upon the workpiece. It was found that

sticking between the carbide anvil and the workpiece sometimes occurred

when new anvils were installed. A smear of lubricating oil on the anvils

eliminated the problem. As an alternative, it is possible to program the servo

- table to retract before advancing, without incurring additional processing time.

This will break the sticking anvils loose before repositioning. Best results were

- obtained with a ground (machine) finish of approximately 32 microinches RMS

on the carbide anvil work surfaces, with the grinding direction perpendicular

to the workpiece axis.

-17-
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2.7 Computer and Software

The Hewlett Packard 9825 Computer was selected from among many candidate

computers for several reasons.

(a) It is sensor-oriented. The Hewlett Packard Company makes many scientific

instruments, all of which are easily interfaced with the 9825 in a manner similar

to the present requirements.

(b) It is readily programmable by anyone familiar with BASIC language.

(c) It is capable of being operated in a time-sharing mode. At the time these

decisions were made, this seemed important. At the present time, it is con-

sidered more cost-effective to have separate computers for each welding station,

since the cost of a single day's downtime exceeds the cost of one computer.

(d) The size of the memory and the ease with which either continuous data, or

randomly selected data concerning production may be obtained, is similar to a

large computer. The memory size may be very readily increased with the

addition of tape or disc modules. Thus, production control, quality control and

troubleshooting procedures are greatly facilitated.

(e) The Hewlett Packard Company is large and reputable and is likely to support

their products, and design changes should be evolutionary; old and new equipment

will be compatible.

(f) The Bulova Systems & Instruments Corporation has had much favorable

experience with the Hewlett Packard Company and confidence in their products,

therefore, is high.

-18
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3.0 AUTOMATIC POISING MACHINE

The assembly of the Balance Wheel and Pivot, including the Staff Impulse and
'9

Guard Pin, requires that it be balanced with respect to the mass central

coincidence with the geometric center. If the out-of-poise condition exceeds an

established value, eccentric projectile motion can cause an inertia torque to

appear on the Balance Wheel, whose magnitude may be great enough to affect

the Timer's performance.

The value for the maximum permissible out-of-balance condition was experimentally

determined to be . 001 inch (center of mass of the balance) multiplied by 0. 1 grams

(balance mass). In conventional balance units this would be expressed as

250 microgram cemtimeters.

At present, the assembly is checked by a saripling of production. A unit is tested

for balance by permitting oscillation to take place while it is supported on a

knife-edged poising tool. The minimum time which it takes to displace a given

angle is the acceptance criterion. This method is very slow and its accuracy is

affected by air movement, specks of dirt and operator judgement.

On the basis of an open set-up,whereby a YAG laser was used to remove material to

balance M577 Balance Wheels under the control of a Schenck balancing machine, a

feasibility study was made, and a balancing machine was ordered from this

company.

Figure3 shows the Automatic Poising Machine. The laser power control panel is atthe

right. In the center,at the top, is the laser firing control panel. Below it is the trigger

control panel. This determines the width, frequency and location of the laser

beam pattern, electronically. For example, the laser beam is adjusted not to

remove material at the spokes, or to cut air between tabs. At the upper left

are the two work stations and a display panel. The panel has a LED readout

I -19-
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BULOVA SYSTEMS S INSTRUMENTS CORPORATION!
for workpiece velocity in rev. /min. It also has LED readouts for imbalance

magnitude and angle for each workstation. Signal lights indicate work in process,

acceptable unit, (green) and failed unit (red). Figure 8 is a view of one work-

station. The Wheel is shown resting in the loading groove, between the workpiece

support bearings. In the vicinity of the spoke is the proximity transducer. When

the station is initiated, a sliding cover closes one station and opens the other.

The workpiece support bearings move closer together to support the pivots,

while the loading groove guides separate to provide additional clearance. A

sponge rubber wheel, driven by a synchronous motor, causes the workpiece to

rotate at 4, 000 rev. /min. The laser beam is automatically pulsed to remove

a tab or tabs to bring the workpiece into balance. The machine cover prevents

the emission of harmful laser radiation from the work station in use, while the

operator loads the other one. An interlock prevents the inadvertant opening of

a fixture during the process.

In tests on wheels which were selected because they were out of tolerance,

350 units per hour were laser-balanced to specification. In operation, the

machine is programmed to remove one tab. When this is done, the "heavy"

spot is usually displaced to another location. In such a case, a second tab

would be removed, usually sufficing to achieve balance tolerance. If the

wheel is within tolerance to begin with, there is no laser action.

-. -21-
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4.0 CONCLUSIONS

4. 1 Automatic Regulation Machine

The Automatic Regulation Machine has been proven in concept by a manual proto-

type and in preliminary trials by a design which is, except for loading and

unloading, fully automatic.

The experience gained through the limited acceptance run has led to the following

observations.

4.1.1 Production Rate

Loading and unloading operations are manual, and depend upon operator dexterity.

A conservative estimate would be 2 seconds for loading, allowing the operator

to align and insert the workpiece, and close the fixture door; and I second for

unloading. A skilled operator would perform faster, an unskilled one slower.

The machine requires about 1 1/4 seconds to determine the beat rate and

amplitude. There is a 2-second interval programmed for this function, to

accommodate slight delays which may occur at the start or at the end of this

cycle.

The table advance requires approximately 1/2 second to move from the "home"

position to a weld position. An increment from one weld to the next requires

less time.

The ultrasonic weld time is about I second in duration. The ML300 welder

is slightly faster than the M600, since it is more compact, the sonotrode has

a much shorter motion in the ML300.

1 7 -22-* .
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A summary of these operations is as follows.

S (a) Load 2 seconds

(b) Read Beat Rate 2 seconds

(c) Advance Table 1/2 second

(d) Weld I second

(e) Unload 1 second

A sequence for 1, 2 or 3 welds is shown below.

No. of Welds 1 2 3 Seconds, Ref.

(a) (a) (a) 2

(Operations (b) (b) (b) 2

are shown in (c) (c) (c) 1/2

parentheses) (d) (d) (d) 1

(b) (b) (b) 2

(c) (c) 1/2

(d) (d) I

(b) (b) 2

(c) 1/2

(d) I

(b) 2

(e) (e) (e) 1

Total Seconds 8.5 12 15.5

.

-23-
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The average time per unit can be estimated by the following expression:

t = 3600
8.5 + 3. 5N

where t = number of seconds per unit

and N = average number of welds.

The most optimistic estimate of production rate would be 2 welds per timer

cycle. This implies a first weld which brings the beat rate within a few tenths

of a beat below tolerance, and a final "fine tuning" weld. This would yield

232 units per hour and 1858 units per 8 hr. day. (For the purpose of this

discussion, no factor for downtime, or for operator relief has been used. I

The limited experience to date has indicated 2. 5 to 3 average welds per regula-

tion cycle, yielding 208 units per hour and 1669 per day, and 189 per hour and

1 515 per day, respectively.

It is felt that a significant part of the cycle is in loading. A relatively simple

stack loader can be envisioned which would accept units in a magazine slide.

The operator would be able to load units at any time, including during the cycle.

The loading and unloading would then be accomplished mechanically, at the

fixture, rather than manually. The time would not exceed I second for loading

and unloading. A similar expression,

t = 3600

6.5 + 3. 5N

would yield the following production rate estimates. For an average of two welds,

266 units per hour, 2133 units per 8-hour day. For an average of 3 welds,

211 units per hour, 1694 units per 8-hour day.

The production rate is influenced by the computer algorithm, as discussed

earlier in this report and in the instruction manual. Experience has shown that

-24-
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an overly conservative algorithm results in too many welds, while a liberal

Salgorithm produces "overshoots", whereby a beat rate is produced which is over

the high limit. The most efficient balance between the two must be a trial-and-

error process.

It can be concluded that the machine is capable of a production rate of 189

regulated timers per hour, as the most conservative figure, based upon an average

of 3 welds per cycle; and approaching 232 regulated timers per hour at an average

of two welds per cycle. With the addition of a mechanical loader, these estimates

increase to 211 per hour for 3 welds and 266 for a 2 weld average.

4.1.2 Anvils

The anvil material most often used for ultrasonic welding is RDS high-speed tool

steel. This is the material used in the current production anvils for producing

the weld at the pivot joint. This anvil is"V"-shaped. The anvils used for auto-

matic regulation, are flat. Flat anvil material which has given excellent results,

is General Electric tungsten carbide, grade 883. The useful life is much greater

than that of M-2 steel, and is feasible for the flat shape because fabrication is not

difficult. Other grades have been sought and may prove superior to grade 883.

Material characteristics which may enhance the useful life of an anvil are fineness

of the grain, toughness and resistance to erosion. Materials such as chromium

carbides, stellite and nitralloy steel are also candidate materials for this

application.

Mention has been made thai the regulation machine anvils are flat. It is an

advantage to have flat anvils rather than shaped anvils, since lineup is important

in only one plane, the plane perpendicular to the hairspring. This plane contains

the leading edges of upper and lower anvils. (The upper anvil is often referred to

as a "sonotrode". ) These leading edges were beveled 450 in order to guide a

hypodermic tube, which may have been bent, into the area between upper and

-25-
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lower anvils. It was discovered, after some investigation that this angle was an

indirect cause of beat rate "overshoot. The explanation follows Assume that a

new timer was in the process of regulation. The first weld was . 050 inches in

length, and had the same shape as the anvil, i.e., a flat terminating in a 45'

bevel. The second weld required a beat rate adjustment of .10 beats/second;

the table therefore was displaced . 0036 inches. When the second weld was made,

the 450 angles on anvil and work caused a force to be exerted which displaced the

timer. The second weld position, then, became the same as the first. The

machine still calculated a .0036 inch additional movement. It incremen#ed and

welded over again until the two 45 ° angles passed each other. Then, the next

weld caused a large beat rate change, over tolerance. This effect was corrected

by grinding the anvil leading edges to a 90 ° angle. There was still a need for the

bevel guide, and it was provided by a collar made of synthetic rubber, fitted over

the lower anvil. A small increment of table motion now, will not result in axial

forces between anvil and timer.

Provision has been made for rapid anvil replacement in both M600 and ML-300

welders. This process does not consume more than 5 or 10 minutes for either

model, and two anvil replacements per shift would probably suffice. It has been

found that a programmed replacement is preferred upon discoverj of a worn

unit or improperly regulated timers.

4.1.3 Integration into Production

It is recommended that the Automatic Regulation Machine be set up to produce

timers on a continuous daily schedule. The initial daily quantity may be small

when compared to the standard timer quantity. The machine operation, however,

should be continuous, and the timers should be accumulated in a special lot for

acceptance testing. By continuous operation, it would be possible to optimize

computer algorithms, establish anvil replacement schedules, and determine best

tack welding location. After a sufficiently thorough "break-in" period, the pro-

duction of all M577 timers would be converted to automatically regulated timers.
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4.2 Automatic Poising Machine

4.2.1 Production Rate

The automatic poising machine was tested for production rate by processing

Balance Wheel Assemblies which had been preselected out-of-poise units. The

machine operated at a rate in excess of 350 units per hour. In a typical unbiased

production sample, it is estimated that only 15% would require tab removal. The

remaining 85% would therefore not require the laser cycle, which consumes about

2 seconds. The combined rate would be over 420 units/hr. at this assumed ratio.

It should be noted that this rate is greatly facilitated by the double work station

since the manual loading and unloading does not take place during the machine

cycle.
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5.0 TEST RESULTS

A field test was conducted at the Yuma Proving Grounds in September 1 977 on a

lot of 120 fuzes, lot #BL-100.

These fuzes contained timers which were configured as shown on 9236711, Timer

Assembly. The regulation was performed on the Manual Regulation Fixture,

Tool No. 661-60001, in conjunction with a Sonobond M600 ultrasonic welder. The

Balance Wheels were poised in the standard production process, not in the auto-

matic poising machine, which was not available at that time.

The results are shown in Appendix II. The performance was equivalent to

standard M577 Fuzes; if this had been a lot acceptance test, the lot would have

been accepted.

A second lot of 120 fuzes, lot BL-200, was tested at the Yuma Proving Grounds

in November 1 978.

These fuzes contained timers which were regulated on the automatic regulation

machine, and tool no. 676-80001, and balance wheels which were poised in the

automatic poising machine, R01/Tl 2.

The results are shown in Appendix i. The performance was equivalent to standard

M577 fuzes. Note that the 175mm gun test is not a requirement for the M577

acceptance tests. Note also, the 75 second flight in the 155mm zone 8 gun

has a high (round #29, 75.4199 sec.) and a low (round *14, 74. 5012 sec.) time.

With all 15 rounds calculated, the X : 74. 9793 and the sigma is . 1878 seconds,

and the Lot Percent Defective value is within specification, which is fairly

consistent with the standard production results.
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5.1 Acceptance Test Performance

j The acceptance test procedure of the Automatic Regulation Machine required that

a specified quantity of Timers be regulated. For convenience, the computer was

instructed to print out data in groups of 25 units.

A printout which is programmable as a computer output, wherein the operator

has the option of:

a. execution of the printout during regulation

b. storing the data on tape

c.-''neither of the above

Appendix III contains 10 groups of data in 10 columns as shown.

Column 1. Complete, or Reject

Column 2. Date, month and day

Column 3. Time of day

Column 4. Unit number

Column 5. Initial frequency

Column 6. Final frequency

Column 7. Amplitude

Column 8. Number of passes

Column 9. Average regulation constant

Column 10. Run number

Note: (a) Item 4 requires a manually dialed input; used only when it is

necessary to identify a particular timer. This is useful when

troubleshooting timer or machine problems.

(b) Item 8; a zero means I weld; 01 means 2 welds, etc.

The ten groups of 25 fuzes shown in these printouts is typical of the first machine

tryout..
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A discussion of these results follows.

Appendix III is a synopsis of the values from Appendix II. The first column shows

the reliability, or fraction of acceptable units. These vary from 92% for group 2

to 44%0 for group 4, with a 77% overall reliability for 250 timers. Reasons for

regulation fallout are low amplitude, beat rate overshoot, non-starting and

beat rate too high from the previous operation. Values found for these categories

are shown in the tabulation. The number of welds is one greater than the number

of passes printed out. A "pass" is defined as the incremental movement between

welds. The last two columns show the number of welds and the average weld

per timer.

It should be noted that the 9th column in the Appendix III computer tapes, entitled

"Kcom" is an average of A X/A R, that is, the ratio of hairspring foreshortening

due to the weld, to the change in beat rate. Each weld is made with a linear

algorithm of the formA X = KAR as discussed elsewhere in this report, where the

value of K is determined by the hairspring properties and geometry. A value of

. 036 has been used in the algorithm under discussion.

Significance of the acceptance data:

Reliability. The only machine-caused timer fallout is beat rate overshoot.

The reason overshoot can occur is that there is a dispersion of beat rates obtained

by the incremental welding process. The K value is chosen to yield the maximum

number of acceptable timers with the minimum number of welds. It has been

discussed previously, that other algorithms can be used, which are superior;

such as, for reference, A X = KAR - CAR e for reducing beat rate dispersions,

and another algorithm for initially detecting the beat rate rather than performing

an initial weld. Neither of these developments was available at the acceptance

test. If the beat rate overshoot fallout only is considered, and the low amplitude,

non-start and high initial beat rate units not attributed to machine malfunction, the

acceptance test samples would have a reliability of 192/231 or 83%.

T-
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Average Number of Welds. The acceptance test used the algorithm which

welded an "initial position" before reading the beat rate. In effect, this weld

was a second 'tack" weld. It was felt, at the time, that an accurate point

of reference was desirable. Subsequent experiments tended to favor another

algorithm. In this algorithm, the beat rate is read initially, and the table is

incremented from a memorized "task" location. The substitution of this new

algorithm is expected to decrease the total number of welds per unit by one weld.

However, the more conservative table movement, may increase the average by a

fraction. The discussion in section 4. 1.1 regarding an optimurn number of welds,

a small fraction greater than 2 welds per unit, would seem to be an attainable

goal during subsequent programs or testing.

Initial Frequency. It is necessary to select a location for the

"tack" weld which would always result in slow beat rate, no matter what the part's

dimensional variations are, within tolerance. This can be done by trial and error

for a particular lot. However, a knowledge of the relationship of the principal

variables will facilitate control of the regulation process. If it is assumed that

the Ni-Span-C hairspring wire is manufactured to a nominal diameter of . 00850-9 2

inches, the balance wheel inertia is 58. 833 x 10 - 9 b/in sec. , then the beat rate

will be a function of the effective length of the hairspring and its diameter.

1

R = 1.31278 x 106 d 2L 2 where d is the diameter, L is the length

and R is the rate. If a lot of hairspring wire with a different diameter is used,

the effective welding point will change; . 0001 inch in diameter change will cause

a 1/16 inch change in weld location. These parameters should be monitored to

avoid permitting the weld location to approach too close to the outer end, or to

the support.

If it becomes necessary to alter the "tack" welding point, the new dimension

should be entered into the algorithm.
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1.0 INTRODUCTION

1. 1 The Automatic Regulation Machine is an electromechanical system designed

to adjust the beat rate of the M577 Mechanical Time Fuze Timer to specified limits.

1.2 The basic principle which makes this process possible is contained in Timer

Modification ECP NOR A 882030 and as rrdified by ECP's A9A3062 through AgA3070,

covering an ARRADCOM in-house ECP for Automatic Regulation as defined by 9236711.

This enables the machine to shorten the active length of the Hairs pring. Figure 1 shows the

essential features. As the Timer runs while theHairspring is attached at point "X", a

AL is calculated. When rewelded at "Y ", a faster beat rate results.

1. 3 The Machine nests the work piece Timer in a fixture. The fixture auto-

matically starts the Timer, and is equipped with sensors which pick up beat rate

and amplitude data. A computer, with appropriate programming, processes these

data, and calculates the necessary length change. A servo table, upon which the

fixture is mounted, is caused to move to the new location, and a new weld is

made. Indicator lights inform the operator of acceptance or rejection of the

unit in process. Data arealso displayed on printouts and may be recorded for

later study or sampling. All necessary power supplies, meters and housings

are mounted in two consoles, shown in Figure 2.

1.4 The program contains algorithms for various functions. The algorithm

for regulation will be described. With reference to Figure 1, point "X" is the

location of the 'tack" weld, made upon the subassembly. This weld locates the

Balance Assembly at the proper "deadbeat" and "endshake"l dimension. After

the Timer is assembled and loaded into the machine, the table is moved to a

predetermined location, just slightly beyond the '"ack" weld, where weld "Y"

is made. Based upon the new beat rate obtained, the algorithm calculates a

new length increment, and makes another weld. This process is repeated until

the rate is within tolerance. Alternatively, instead of a predetermined first
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weld location, another algorithm may be used. The beat rate may be measured

first; this rate is associated with the "tack" weld. The location of this weld,

although made previously in another machine, is part of the algorithm. The weld

at "Y" is now the calculated one. This algorithm has the advantage of one less

weld, but the disadvantage is that the "tack" weld must be held to a closer location.

The calculating algorithm may also take different forms. The simplest one is of

the form As = KAR where As is the table movement, AR is the required change in

beat rate, and K is a constant which depends upon the hairspring wire diameter.

In order to make the algorithm more conservative, one having the form a s =

KAR - C ARE could be used. C and E are suitable constants. The second term

of the equation reduces the table movement to compensate for greater dispersions

when large table increments are encountered. The algorithm may be readily

changed to implement improvements which may be made during production, or to

accommodate different wire diameters.

1.5 In addition to the indicator lights, there is a 2-inch tape which records

detailed data on each welding cycle, giving date, time, serial number, table

position, beat rate etc. A sample tape is shown in Figure 3. A large printout

is also made, which summarizes the cycle data and which also indicates

acceptance or rejection. A sample is shown in Figure 4.

1. 6 Description of Equipment

The Automatic Welding Regulation Equipment consists of two enclosed operating

platforms mounted on mainframes enclosing support electronic equipment.

These components are the welding mainframe and the computer mainframe.

The welding mainframe contains the following pieces of equipment:

1. Bulova Mark VI Beat Rate and Amplitude Chassis.

2. Bulova Photocell Amplifier, Shock Resistant.
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3. Bulova optical reflective light source pick up.

4. Bulova logic interface panel.

5. Bulova power distribution panels.

6. Anorad Model 233 Serial I single axis position platform.

7. Sonobond welder and support electronics, Model M600 with LED RF
output meter.

8. Model Hewlett Packard 5300B measurement system including
H.P. 5370A high resolution counter and 5312A HP1B interface.

9. Model 1230 Weston digital voltmeter.

10. Model 5909A Hewlett Packard digital clock.

11. Model SC 501 Tektronix oscilloscope.

12. Bulova positive pressure ventilation system.

13. Bulova fuze air cylinder holding fixtures with clamp interlock switches.

14. Bulova protective safety shield with cycle start switch.

1.6.1 The Computer mainframe consists of the following-

1. Model 9825 Hewlett Packard computer calculator.

2. Mode19871A Hewlett Packard printer with 98032A interface.

3. Model 1508B Honeywell visicorder.

4. Bulova computer mainframe power distribution panel.

5. Model 233 Serial I electronic logic driver.

6. Model 9878A Hewlett Packard I/0 expander.

7. Bulova positive pressure ventilation system.

8. 2 each Hewlett Packard Model 98032A 16 bit interface.

9. 2 each Hewlett Packard Model 98033A BCD interface.

10. 1 each Hewlett Packard Model 98034A HPIB interface.
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Figure 3 Hewlett, Packard 9825 Thermal Printer Data

The sample of 2-inch wide tape printout illustrates data output.

Data from the computer are presented in three places; the L. E. D. panel on the

computer terminal, the 9871A Printer, which is a wide-sheet hard copy printer

and a 2-inch wide thermal printer on the terminal body.

The inset shows a printout as it is made by the computer. The explanation of

each line of data is follows.

1. Date-time code 717091943.00
Month of July 7

Date ..*"................. .... 0 17
Hour of Day, (0-24) ................. • • ........ 09

Minutes, (0-60) ......... 0..........0.....00...... 19

Seconds, ((0-60) ......... ...... ......... 0 43

2. Initial Table location .... ...... ....*.*****e*e*** 6800.00
(actual location is . 6800 inch from "home" position)
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3. VW'orkpiece serial number ..... ....... . ... 75.00

4. Cycle counter ... ..... 0 0.00

S, Beat Rate ........ ................ ... . ...... 79.34
(resulting from weld at location of 2.

6. New Table location ............................. 7025.07

7. Cycle Counter ................ . ....... ... 1.00
8. Beat Rate .... ......................... *..... 80. 15

(resulting from weld at location of 6.)

9. Rate of change of Hairspring length with respect to
rate, between last two welds ... ................... . l 27.79

10. New Table location 7136.79

I. Cycle counter .................................. 2.00

12. Beat Rate
(resulting from weld at location of 10.) ........... 80.84

13. Rate of change of Hairspring length with respect to
rate, between last two welds Ml 16.19

014. Date-Time Code 717091957.00

*Note: 14 seconds have elapsed from start to finish

.A
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J 2.0 AUTOMATIC REGULATION MACHINE

2. I Principle

The process of beat rate adjustment depends upon changing the natural frequency

of the spring-balance system of the Timer. This is accomplished by changing

the active length of the Hairspring, i. e. , the spring constant.

In the system being described, the Hairspring is initially welded to the Hypodermic

Tube a& point "X" on Figure 1, at which location the beat rate is chosen to be slow.

This location is selected by trial, so that all units will resonate at a frequency low

enough to be consistent with the regulation process.

When the Timer is assembled and in the process of regulationthe computer

algorithm activates the system to perform a weld at point "Y", foreshortening

the active length of the Hairspring by a length of "LAL "a as shown on Figure 1.

The process takes place while the timer is running.

2.2 Background

The reason for the selection of Hairspring length as the most practical parameter

to control for beat rate regulation, is as follows. The assumption, with negli-

gible error, is that the Balance Hairspring system is a free-running, undamped,

torsional pendulum, vibrating in simple harmonic motion. The natural frequency

may be expressed as:

where K a Hairspring restoring torque constant

I a Balance Wheel moment of inertia

J natural frequency

! ..
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The Hairspring restoring torque can be expressed as a function of wire diameter

and length:

K = wd 4G

where d = wire diameter

= active Hairspring length

G = modulus of rigidity = 9 x 166 b/in2

Combining these equations,
1 1

f = 149.6 d2 2 1 2

The total differential of the frequency as a function of wire diameter, length and

Balance Wheel moment of inertia is,

The effect on frequency of finite variations of 4, L and I are,

L j = 9.331 &dl- 13. 5& - 393x 106,&I

The following variation of each parameter will cause a change of .10 beat/sec.:

= 5.4 x 10 "6 inches

A = .0037 inches
1-10 2

A I = 1.27x10 lb. in. sec. , or, in terms of

thickness, 9 x 10- 6 inches.

It is evident that the Hairspring active length is the only parameter presenting

the possibility of control.

These calculated values are in good agreement with observed values.

It should be carefully noted that, for a constant beat rate and Balance Wheel

inertia, a . 0001 inch,.change in the wire diameter changes the active Hairspring
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length about 1/16 inch. A change of . 0001 inch in the Balance Wheel thickness,
with a constant wire diameter and length changes the beat rate more than . 5

beats/sec. Therefore, it is necessary, for the achievement of a smooth flow of

Timers through the regulation process, to exercise tight control over these

dimensions.

To illustrate the foregoing with calculated values, let the beat rate be 80. 74
0 -9 2

beats/sec., the Balance Wheel moment of inertia = 54. 833 x 10 lb. in. sec.
Then the Hairspring length as a function of its diameter, to keep the rate

6 4constant, is expressed as 2 = 264. 3665 x 10 d , where I is the active
spring length and d is the diameter. Some representative values follow:

WIRE DIA., WIRE LENGTH, LENGTH CHANGE,
inches inches inches

.0081 1.138 .055

.0082 1.195 .057

.0083 1.255 .059

.0084 1.316 .062 (Present

.0085 1.380 .064 Bulova

.0086 1.446 .066 Range

.0087 1.515 .068

.0088 1.585 .071

.0089 1.659 .073

.0090 1.735 .076

..
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The exact frequency deviation may be determined from the visicorder by

knowing the following:

1. the paper speed in inches per second

2. the determination of the error in cylces per inch

The error is then:

Fe cycles X inches

inch sec

II
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It is not necessary to record a full cycle of error. We determine the angle of

the tips of the pulses and use the full scale deflection of the visicorder. The

full cycle of error may be determined from the following expression:

Cycles/inch - Full scale deflection in inches
Tangent of the angle of pulses

Therefore
Theforeq eFull Scale (inches) inches

ttngent of angle sec

2.3 Hairspring Tack Welder

Figure 6 shows the "tack" welder. This is the initial fastening between the

Balance and Hairspring Assembly and the Plate No. 1 Assembly, and it

determines the endshake, deadbeat position and initial beat rate.

In operation, the Fixture locates Plate No. I axially against a bushing.

The angular position is determined by a locating pin, and provides welding

orientation at the same attitude as the Regulation Machine.

The Balance Wheel is located by the engagement of its detent notch against

a locating pin. A shim determines the endshake and a spring-loaded

finger provides clamping.

Note that the ML-300 Sonobond Welder is shown in the photograph. Optionally

an ML-600 model may also be used to perform the operation.

2.4 Fixture, Servo & Sensors

2.4. 1 Figure 2 shows the Regulation. The method used for nesting the

Timer into the fixture may be understood by referring to Figure 7,
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"Interface Between M577 Timer and Automatic Regulation Machine". The Plate

No. I flat nests on the Fixture jaws, as shown in the cross section, which

provides a unique angular orientation. The bottom of the jaw acts as a stop to

locate the center line. When actuated by the Air Cylinder, the Scroll Guide

moves against the Timer Assembly. At contact, the Scroll is centered by the

Scroll Guide, enabling the Spring Loaded bearing to engage. Upon further

-motion, the Timer's Hairspring Tube enters the Guide Bushing, until the

Optical Pickup enters the appropriate opening in Plate No. 1. The Spin Detent

Retractor then deflects the Spin Detent, releasing the Balance Wheel,

starting the Timer.

The Cover has been designed to prevent injury to fingers and also, to protect

the fixture. There is a solenoid spring lock which permits the Cover to be

opened only when energized. There is a sensor which enables the computer

to determine whether the Cover is closed. The regulation cycle may be

initiated by a panel switch. Alternatively, the Sensor may be used to initiate

the cycle.

The Fixture has been designed for a minimum of maintenance, and no adjust-

ments.

2. 4. 2 The Servomechanism which accomplishes the Fixture movement is a

system comprising a machine slide with a one-inch movement, a lead screw to

move the slide, a servo motor to power the screw, a master scale and scanner

system for position control and an electronic control panel which interfaces

between the servo and the computer. The servo system is capable of a resolution

of . 0001 inch, which is adequate for the purpose. A feature of the servo motor

is that it has a "home" position from which the settings are measured. Each

time the fixture cycles, this position is used to ensure repeatability of table

settings.
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2. 4. 3 Two types of proximity sensors are used on the fixture.

A magnetically operated Hall effect switch is used to monitor the open or clamped

condition of the fixture, and a similar one is used to monitor the open or closed

condition of the Cover. These devices operate without contact and have been

performance-tested by the manufacturer to more than 12 billion operations. The

dimensional operating range is in excess of 1/16 inch. The output is in digital

form enabling convenient interface with the computer.

A proximity sensor based upon the Eddy current principle is used in the fixture

to detect the presence or absence of a workpiece. This device also operates at

a distance and range in the order of 1/16 inch, and is designed to detect the

presence of metals.
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2.5 Ultrasonic Welder and Sonotrodes

The method used for fastening hairspring wire to hypodermic tubing in the auto-

rnatic regulation process was similar to the pre-existing method,with some

changes. The changes were necessitated by different requirements and by options

in the welder type.

The tacking and regulation welders perform welding which is not required to

pass through a bushing, as was required of both welds in the previous system.

The tubing diameter is greater than the previous design. Therefore, the anvil

shape may be modified to a more efficient shape. A V-shaped anvil and sono-

trode, with a greater angle, was chosen for this application, and yielded good

results. The V tends to centralize the wire inside the tube: The opening of the

V is wider than the previous design, permitting a greater lateral dimensional

tolerance in the insertion of the workpiece.

Either the M600 or the ML-300 Sonobond Welder may be used on tacking or

regulation operations. The ML-300 permits a multiple-toolhead sonotrode

design to be used, which facilitates set-up because of the ease with which a

fresh sonotrode may be set. Both units use identical power supplies.

The V anvils are made of M-2 steel. The regulation machine anvils are flat

and are made of tungsten carbide. The carbide anvils are inserts, press-fitted

into aluminum holders. The M-600 welder uses individual anvils which are

threaded in such a manner as to effect proper angular orientation when the

anvil is torqued into position.

The operational procedures and other matters relating to the set up operation,

maintenance and troubleshooting of the welders are adequately covered by their

respective handbooks. In addition, other factors were discovered in the

pursuit of the subject programs. For the welding of the hypodermic tube to
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hairspring wire, best reults are obtained with a high ram speed, giving maximum

impact upon the workpiece. It was found that sticking between carbide anvil and

workpiece sometimes occurred when new anvils were installed. A smear of

lubricating oil on the anvils eliminated the problem. As an alternative, it is

possible to program the servo table to retract before advancing, without incurring

additional processing time. This will break the sticking anvils loose before

repositioning. The best finish on the working surfaces of the carbide anvils is a

ground finish of approximately 32 microinches RMS with the grinding direction

perpendicular to the workpiece axis.

2.6 Computer and Software

The Hewlett Packard 9825 Computer was selected from among many candidate

computers for several reasons.

(a) It is sensor-oriented. The Hewlett Packard Company makes many scientific

instruments, all of which are easily interfaced with the 9825 in a manner similar

to the present requirements.

(b) It is readily programmable by anyone familiar with BASIC language.

(c) It is capable of being operated in a time sharing mode. At the time these

decisions were made, this seemed important. At the present time, it is con-

sidered more cost-effective to have separate computers for each welding station,

since the cost of a single day's downtime exceeds the cost of one computer.

(d) The size of the memory and the ease with which either continuous data, or

randomly selected data concerning production may be obtained, is similar to a

large computer. The memory size may be very readily increased with the

addition of tape or disc modules. Thus, production control, quality control and

troubleshooting procedures are greatly facilitated.

(e) The Hewlett Packard Company is large and reputable and is likely to be solvent

for the forseeable future.
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(f) The Bulova Systems & Instruments Corporation has had much favorable

experience with the Hewlett Packard Company and confidence in their products,

therefore, is high.

IIi
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2.7 Theory of Operation of the Mark VI

Beat Rate Amplitude Instrumentation

The Mark VI Beat Rate Amplitude instrumentation has the specific function of

converting an optical signal derived from the balance wheel of the M577 fuze

to information yielding the absolute beat-rate and balance wheel amplitude in

digital form. This information is used to provide the basic data for automatic

frequency correction and acceptance of the fuze under the regulation process.

The balance wheel has 60 black spaces and 60 white spaces located around the

rim of the wheel mass. One black and white space pair represents 6 degrees

of arc of the balance wheel rim. An illumination source and a phototransistor

enables one black or white stripe to be optically resolved at any particular

time. The output of the transistor through a fiber optic transmission system

varies the impedance of a load source in such a manner as to produce an

electrical signal suitable for further processing. A remote low-noise preamplifier

serves to improve the signal-to-noise ratio, and as a high-pass filter for the

input signal. The output of the preamplifier is fed to an additional amplifier

that also has a high-pass filter and serves to amplify the signal further for

oscillographic presentation, amplitude presentation and further processing.

The signal is then passed through a 1000 cycle high-pass LC filter to reject all

components of frequency usually common to vibration associated with fuze

firing and test environments. This processed signal is now fed to a multi-stage

limiter to allow the information to be independent of the magnitude (voltage

amplitude) and solely dependent on the frequency-modulated portion of the signal.

A special LR frequency-sensitive detector is used to extract the beat rate

nfdormation from the sinusoidal frequency-modulated stripe signal. The

modulating signal recovered is the S0-cycle beat rate component from the basic

1000 to 7000-cycle carrier signal.
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I A broad-band 80-cycle filter is used to enhance the signal to improve the noise

ratio of the derived modulation product. This signal is then amplified and

limited in several successive stages. The signal is then shaped to a rectanglar

wave for the frequency meter input and the visicorder beat rate error presentation

circuit.

The beat rate output signal is initially divided by two by an internal toggle flip-

flop and then divided by an additional 30 times divider. The resultant low

frequency (80.74 divided by 60 = 1.346) is about 1.35 cycles per second. The

signal now is fed to an automatic recipromatic counter (Hewlett Packard

5300B/5307A/5312A). The counter measures two periods of the low frequency

output signal and presents the resultant readout in a frequency format. The

counter is used in the RPM position to override a 5-cycle digital filter cutout

when the counter is used in the frequency position. Since a reading is taken

over two .743 second intervals (1/1. 35), the total measurement time for a

final reading is 1.49 seconds which embraces the integration of 120 cycles of

actual clock frequency. It has been determined that a measurement of clock

frequency must include in the order of 100 cycles to produce an acceptable

average value. The frequency measured by the HP 5300B/5307A/5312A is

initiated by control lines from the HP 9825A computer system in accordance

with program requirements through the 5312A ASC II interface.

The analog signal from the optics is taken from the amplifier in the Mark VI

and is fed to an integrator board. The board is labeled "Tachometer Board"

and serves as a converter that presents a direct current output proportional to

the number of stripes per beat. Stripes per beat is a direct indication of the

amplitude of the balance wheel. A digital voltmeter with a BSC digital output is

used to present a visual indication of amplitude and to serve the input requirement

of the computer program. Also,a separate direct current output drives a

galvanometer for the amplitude presentation on the IS08B visicorder.

I

o.I
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A special frequency comparator is used to provide means for measuring the

beat rate of a fuze from the viscorder trace output. This output provides

a means for determining the beat rate trend through-out the entire interval the

clock is in operation. If the frequency is exactly nominal, a series of equal-

height pulses will be generated. If an error occurs, the series of pulses will

vary in height at a rate proportional to the deviation from the nominal beat rate.

The direction of the slope of the peaks of the pulses is an indication of whether

the beat rate is lower or higher than the nominal beat rate. This method of

measurement will show beat rate trends under several conditions of noise,

providing the ramp function is visible in any degree through the noise signal.

The comparator used to provide the frequency output consists of a saw-tooth

wave generator of good linearity. The repetition rate of the saw-tooth wave

is controlled by a standard crystal-controlled synthesized source. The saw-tooth

source is fed to a proportional "and" gate together with a fuze frequency finite

width pulse generator. If the frequency of the standard saw-tooth is exactly

the same as the beat rate pulse, the resultant output pulses will always be of

the same height. This is because the pulse will occur at the same height,

coincident with the standard saw-tooth. If the frequencies differ, points of

coincidence will occur at succesive,changing magnitudes of the standard saw-

tooth resulting in a pulse train whose peaks will represent a ramp function

indicative of the difference of the frequencies of the two signal sources.

Mathematical differentation of this smoothed pulse signal will yield a direct

current whose voltage is directly proportional to frequency deviation. This

method is used on the Bulova Mark III devices for direct-reading of frequency

with a meter or analog-to-digital converter. The advantage of this method of

measurement is that at the nominal frequency, the error becomes non-existent.
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3.0 MACHINE - TIMER INTERFACE

In order to accomplish the goal of automatic regulation in an efficient manner, it is

necessary that the prescribed sequence of machine operations takes place in an

orderly manner.

This, in turn, requires that there be appropriate mechanical interaction between

the M577 Timer and the Machine, consistent with methods for location, clamping,

beat rate and amplitude detection, and regulation.

Figure 6 is a graphical representation of the machine - timer interface. The

flat on Plate No. I provides angular orientation; the operator loads the Timer into

the fixture jaws with the proper alignment. The lower part of the jaw provides a

stop to hold the Timer centerline height. The operator now starts the cycle.

The Scroll guide moves toward the Timer, tending to center the Scroll, and bring

its shaft journal into alicninent with the spring-loaded bearing. As the Timer

progresses in its movement, its tube enters the guide bushing, whose face acts

as the stop against which the Timer is finally clamped. The optical pickup and

the spin detent retractor enter their respective openings in Plate No. I. The

retractor swings radially to lift the detent and release the Balance Wheel,

starting the Timer.
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I Orientation

No
Guide Bushing

Spin Detent
Retractor 7

Optical Pickup A col Guid ."Spring Loaded Bearing

INTERFACE BETWEEN M577 TIMER AND AUTOMATIC REGULATION MACHINE

FIGURE 7
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4.0 SOFTWARE DESCRIPTION

At the present time the Hewlett Packard model 9825A Computer Calculator

has been programmed to output to its own printer and an auxiliary Model

9871A printer. The software is arranged to allow full data documentation and

storage for 2, 000 fuzes per cassette. Simple programming changes can be

made to allow minimum documentation and storage. The fastest production

capability can be obtained by rendering the printers inoperative and allowing

the COMPLETE, and REJECT lamps to serve as the only criteria for the

regulation operation.

When power is first applied, the 9825A computer has the ability to load the

working program automatically. A yellow lamp will light near the programming

cassette to indicate loading is taking place. When the loading is finished a

"0-RUN I" - DATA message will appear on the computers LED display. White

only 0 and 1 are displayed as enter options the following modes of operation

are available if keyed in to satisfy the initial enter statement. After the number

is keyed in the "CONTINUE" button is pushed.

0. This is the run mode allowing automatic regulation of fuzes from number

one to 200,with automatic storage after a file number is selected and the two-

hundredth unit is regulated.

1. This entry asks for a file number then loads the desired file for subsequent

printout. This mode allows a starting number and finishing number for any

continuous group readout or individual fuze readout. The data recorded

and retrived consist of a "COMPLETE" or "REJECT" status, date and time of

regulation, fuze identification number, initial frequency after a first-reference weld,

final frequency after regulation, balance wheel amplitude, balance wheel

constant, and run number.
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2. This entry presets a starting and finishing run number. The storage

routine occurs at the finishing run number.

3. This entry allows a "sort" routing. This routine allows for the printout of

only "COMPLETE" fuzes or, if desired, only "REJECT" fuzes. In the other data

parameters a"HI" limit entry and Low limit entry is established to sort a

specific fuze within particular parameters. Sorting is accomplished, using all

parameters (COMPLETE, REJECT, TIME, FUZE NUMBER, INITIAL FREQUENCY
FINAL FREQUENCY, AMPLITUDE, SPRING CONSTANT AND RUN NUMBER) Mean,

standard deviation and number of units are computed for initial frequency, final

frequency amplitude and spring constant.

711: This entered number allows an updated program to be stored on the tape in

case the main program is changed.

712: This number loads the special function keys on the computer. These keys

allow manual operation of some of the actuators of the machine cycle and

manual program functions.

Special Functions

1. Reset

2. Clamp Unit

3. Unclamp Unit

4. Weld

5. Home (Anorad Table)

6. Lamp Test

7. Anorad Test Routine

8. Store data

9. Visicorder On

10. Visicorder Off

11. Run 2 (without losing data)

12. M(22) displays current spring constant
Shift 1. Open Hood Lock
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713: Stores data on a marked tape.

714: Marks a clean tape and deposits one file (ZOO Units) in a selected file;

erases all other files.

577: This number generates a list of the program and writes the date and time

when the list has been generated.

233 "ANORAD". This entry enables a table-positioning routine. The table may

be positioned to 0 to .9999 (or up to the high limit position) inches. A number

greater than 1 loops the program back to "RUN DATA" select position.

999: "MON". This entry may be used when the fuze identifier is 0000. A fuze

beat-rate amplitude, and time will be displayed on the LED calculator display.

This routine will loop back to "RUN DATA" select position when the fuze identifier

is moved to any number other than zero.

I



i "- APPENDIX I

NULOVA SYSTEMS & INSTRUMENT CORPORATION SHEET 31 OF 77

5.0 INSTALLATION INSTRUCTIONS

1. Remove all packing material from Welder frame and Computer frame.

Remove side panels and remove all wood members used for support

during shipment.

Z. Place the welder frame on the left of the computer frame. Separate the

two frames by approximately two feet.

3. Unpack the HP 9871A printer and install this unit on the top of the com-

puter frame to the right.

4. Unpack Hewlett Packard 9825A computer and install this unit on the top of the

computer frame to the left.

5. Unwrap the two power cords coming from the power distribution panel

of the computer frame. Connect each tagged plug to its respective power

receptacle on the H.P. 9825A and H.P. 9871A.

6. Connect the "address 6" 98032 plug interface from the 9825A computer

and 9871A printer. Use slot one of the computer.

7. Connect the 9878/10 expander plug interface to the slot 2 of the 9825A

computer.

8. Connect the air line input to an 80 psi air source. (Welder Console)

9. Connect the cable with the HP 9834 plug interface that is connected to the

welder console to slot 7 of the 9878A 1/0.

10. Connect the Elco connectors numbers 3,4 and 5 to the logic interface panel

on the welder console.

11. Connect the "remote" connector from the rear of the 1508B visicorder

to "remote visicorder" Jack on the logic interface panel on the welder

console. Use the cable marked "remote visicorder cable."
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12. Connect the three galvanometer cables connected to the rear of the Mark VI

beat rate amplitude chassis in the welder console to the galvanometer inputs

of 1508B visicorder in the computer console. The plugs should be plugged

into the 1, 3. and 5 galvanometer positions.

13. Connect the Anorad Motor Cable on the welder Console to the Anorad

electronic control unit on the computer console.

14. With the circuit breakers in the "OFF" condition, connect the AC

power input through its associated cable to a power source of 117 Volts,

60 hertz at 20 amperes.

15. Verify that the correct time is being displayed on the H. P. digital clock

Model 59309A. To reset time, refer to Hewlett Packard Digital Clock

model 59309A technical manual H. P. P/N 59309-90004.

16. Using a carpenter's level, set the levelers on both consoles to optimum

heights and tighten in position.

I I
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6.0 OPERATION INSTRUCTIONS

1. Put the circuit breaker on Welder mainframe to the ON position (Both, the

white and red lights should light).

2. Insert a "marked" program and data casette cartridge into the 9825A

computer tape transport mechanism. Push the POWER switch to the ON

position. The 9825A computer should load automatically and the message

"0-RUN, 1-DATA" should be displayed on the LED readout of the computer.

After a short delay, the Anorad electronics should turn on automatically. The

POWER switch will light at this time.

3. Insert "0", then press "CONTINUE". Set some final numbers on the fuze

number switches.

4. Insert a fuze into the table fixture.

5. Close the safety cover and the regulation operation will start automatically.

6. After the automatic cycle, a COMPLETE lamp will light and the fuze

may be removed after the safety cover is opened. A REJECT lamp lights if

the fuze is unable to meet the acceptance criteria and the rejected fuze

separated from the accepted fuzes.

7. In the normal mode of operation, fuze data storage will occur after the

200th fuze. A "PUT FILE#" message will appear. Select a file number starting

with zero (press zero, then continue on the computer) and after the data

have been stored,"0-RUN, 1-DATA" will appear again for a new lot of 200 fuzes.

fuzes. Press "0" again, then continue to start the program again.
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8. Create a new program and data casette cartridge, using a blank cartridge,

as follows:

a. Turn the Regulation Machirne off by pressing the POWER OFF switch

on the Power Distribution Panel.

b. Verify that an original program and data casette is inserted in the

tape transport mechanism correctly.

c. After at least 20 seconds, re-apply power to the Regulation Machine

by pressing the POWER ON switch. The tape should load the program

mnemory automnaticallv.

d. The message "0-RUN, I-DATA" should be displayed on the LED

readout of the computer.

e. Write in the number "7 12" to load the special function keys of the

computer and press the "CONTINUE" switch. After the loading completes

itself, the message "0-RUN, 1-DATA" will again appear.

f. Remove the original program tape and insert a new unmarked

blank casette into the tape transport mechanism.

g. Write in the number "710" and press the CONTINUE switch. Completion

of the storage operation will be indicated by the reappearance of the

"0-RUN, 1 DATA" display message.

h. The new tape now has the original program and is ready to receive

data after a 200-unit operation. Each tape is capable of storing data from

2000 fuzes in 10 separate files from File No. 0 (zero) to File No. 9.
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7.0 ACCEPTANCE TEST PROCEDURES

To facilitate proper acceptability for the Automatic Welding Regulation machine

this acceptance test procedure has been written, outlining suitable criteria

for contractually required performance.

1. Connect the regulation machine to a source of 117V 1 1076, 20 ampere,

single-phase power.

2. Observe that power is available in the OFF position by verifying on the

welder frame that:

2. 1 The 110 volt primary source red light is on.

2. 2 The 5909A Hewlett-Packard Digital Clock is displaying the correct time.

3. Place the circuit breaker on the welder frame to the "ON" position.

4. Verify that the White "OFF" light is on.

5. Press the "ON" button.

5.1 Verify a yellow light appears on the "ON" switch and the white light

goes out on the "OFF" button.

5.2 After a few seconds verify that the 9825 Hewlett-Packard computer

calculator reads "0-RUN 1-DATA" on its LED display readout after the

program tape loads.

5.3 After a delay of from 10 to 60 seconds, the power light on the Anorad driver

chassis on the computer frame should light.
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6. Insert the number 712 and press the CONTINUE switch.

7. After a few seconds press the "LAMPS" switch. Both "Complete" and

"REJECT" lamps should light. Press "RESET" and the lamps should go out. This

test indicates that the special functions have been loaded.

8. Press "STOP" and then special function key "RUN

9. Press "CONTrNUE". The "0-RUN I-DATA" message should appear.

10. Insert the number "2" and press "CONTINUE".

11. Enter "I" for the "STARTING RUN".

12. Enter "5" for the "FINISH RUN STORED".

13. Press "CONTINUE". The computer will now enable testing of five units

and then store the data.

14. Press zero for "RUN", then press "CONTINUE".

15. Obtain five unregulated fuzes.

16. Open safety hood.

17. Insert unit one in fixture, insert unit or lot number on digital switches.

18. Close safety hood and automatic regulation should begin.
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19. When "COMPLETE" or "REJECT" light appears, open hood and run next unit until

all five have been regulated.

20. After the fifth unit has been run, a "PUT FILE #" message should appear

21. Press "7" and then press "CONTINUE".

22. The yellow tape operation light should light and program stored message

should appear together with a repetitive "beep."

23. The computer should recycle and be ready for the next lot of five units.

24. To check a particular file and print the data, do the following:

24. 1 Push the "STOP" button

24. 2 Push the "RUN 2" special function key

24. 3 Push the "CONTINUE" button; the "0-RUN 1 DATA" message should appear

24.4 Enter "1" on the keyboard

24.5 Pr, ss "CONTINUE"

24. 6 A "GET FILE #" message should appear

24. 7 Pick the file number by inserting "7".

24. 8 Push "CONTINUE" and the message, "START RUN", should appear after load-

ing file 7.

24.9 Insert '1111 into the keyboard, press "CONTINUE"

24. 10 A "FINISH RUN" message should appear

24. 11 Insert "5" into the keyboard, press "CONTINUE"

24. 12 The 9871A printer should print the contents of File 7 from run I to run 5
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8.0 CALIBRATION PROCEDURE

Calibration procedures should be accomplished on the following three items:

Mark VI Beat Rate amplitude system

Sonobond Sonoweld Ultrasonic Spot Welder Model M600

Hewlett Packard - Model 9825A Computer Calculator

SUGGESTED LIST OF CALIBRATION EQUIPMENT

Hewlett Packard 5245M Electronic Counter

Hewlett Packard 3320A Frequency Synthesizer

Commercial Quality Cassette tape recorder - playback

Bulova Standard 577 clock and Running Fixture

120 degree Clock Signal tape
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8.1 AMPLITUDE CALIBRATION FOR MARK VI

WARNING
THIS MACHINE USES HAZARDOUS ELECTRICAL VOLTAGES AND
MECHANICAL FORCES. MAINTENANCE OF THIS MACHINE SHOULD
BE ADEQUATELY SUPERVISED BY PERSONNEL KNOWLEDGEABLE
IN ELECTRICAL AND PNEUMATIC SAFETY DISCIPLINES

1. Disconnect cable on Connector JlA located on rear of Mark VI.

2. Connect cable from "LINE OUT' jack of tape recorder to JIA (recorder

used was "AMPEXMICRO 24" cassette).

3. Put level (volume) control to minimum and tone control to maximum treble

on tape recorder.

4. TEKTRONIX Oscilloscope on front of console should be set as follows:

POWER switch pulled out, MS button pushed IN, xl0 and xl00 buttons both out,

l00MV button out, IV button in and the INT. EXT. switch to EXT. The scope

should now display noise.

5. Set recorder to play positionand slowly increase level. A wave pattern

will appear and as level is increased. Bottom of wave pattern will saturate (clip

Increase level until top of entire wave pattern just saturates, and no further.

6. On Board 300 located on chassis below the Mark VI, adjust the 100K

resistor for a reading of 120 on the digital voltmeter on front of console.

(Note: The 100K resistor is the potentiometer furthest from the rear panel)

7. Disconnect tape recorder from JIA and reconnect original cable.

NOTE: A tape is generated by driving a hair spring in a closed loop set-up

using a vibrator fixture and Mark III frequency meter with power

amplifier. The main spring is driven to exactly / 120" by use

of precision reference lines, a stroboscope and a magnifier. The

resultant electrical signal derived from the associated pick-up optics

and amplifier is recorded on a tape for future calibration useage.
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Performance verification of the HP 9825 calculator system is outlined

in the "Hewlett-Packard 9825A Calculator System Test Booklet" (Part

number 09825-90031). The System Test Cartridge (Part number 0985-90035

contains the necessary programs to implement performance tests on the

calculator and Peripheral equipment associated with the calculator

programming and monitoring system.

Operation and calibration pro;cedures for the Sonobond Sonoweld Ultrasonic

Spot Welder Model 600 are outlined in the Sonobond Manual #76-2A.
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9.0 MAINTENANCE PROCEDURES, TROUBLE SHOOTING PROCEDURES,
LOCATION OF PROBES

9.1 DAILY

The Photo-optic pick-up and illumination source should be cleaned with freon
and inspected.

The welder anvils should be inspected for wear and cracks. The alignment
of anvils should be checked.

The air pressure indicators should be checked for correct pressure.

Recorder paper should be determined to be adequate and properly loaded in
the 9875 calculator, the 9871A Printer and the 1508B Visicorder.

The Anorad table should yield a read out of 0000 at the home position.
The green light should light and not blink on and off greater than a
rate of two cycles per second.

9.2 WEEKLY

Check the Visicorder ldmp by observing the recorded trace contrast.

Inspect all air cleaners for obstructions.

A general external cleaning of computer keyboard, printer, and welding
operating area should be done.

The fixture and high resolution table positioner should be oiled and greased.

All cable connectors should be checked to ensure good mechanical and
electrical connection.

9.3 MONTHLY

Clean or replaced all air filters on both consoles, computer, visicorder,
and table positioner electronics.

A check of the time accuracy of the digital clock should be made.

9.4 SIX MONTHS

The nine-bolt internal digital clock battery should be changed.
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10.0 LIST OF COMPONENT MANUALS AND SOFTWARE

Hewlett-Packard 9825A Calculator Computer System

1. Hewlett-Packard 9825A Calculator System Test Booklet P/N 09825-90031

2. Hewlett-Packard 9825A Calculator Quick Reference Guide P/N 09825-90011

3. Hewlett-Packard 9825A Calculator Operating and Programming

P/N 0982 5-90000

4. Hewlett-Packard 9825A Calculator Advanced Programming P/N09825-90021

5. Hewlett-Packard 9825A Calculator General 1/0 Programming

P/N 09825-90024

6. Hewlett-Packard 9825A Calculator String Variable Programming

P/N 09825-90020

7. Hewlett-Packard 9825A Calculator Extended I/0 Programming P/N0925-90025

8. Hewlett-Packard 9825A Calculator 98032A Option 71 Interface Printer

Opeating Note P/N 09825-90045

9. Hewlett-Packard 987 IA Calculator Printer Operating & Service Manual

P/N 09871-90030

10. Hewlett-Packard 9878A I/0 Expander Installation and Service Manual

P/N 9878-90000

11. Hewlett Packard Digital Clock Model 59309A P/N S9309-90004

12. Hewlett Packard 98034A HP-IB Interface Installation and Service Manual

P/N 98034-90000

13. Hewlett Packard 98033A BCD Interface Installation and Service Manual

P/N 98033-90000

14. Hewlett Packard 98032A 16 met Interface Installation and Service Manual

P/N 98032-90000

15. Hewlett Packard General Utility Routines P/N 09825-10001 Rev. E

16. Hewlett Packard Software P/N 9282-0563

17. Hewlett Packard Data Cartridge (Blank) P/N 9162-0061
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18. Hewlett Packard 9825A System Test Cartridge P/N 09825-90035 9825A and

peripherals

19. Hewlett Packard 9825A General Utility Routine Cartridge P/N 09825-10004

20. Hewlett Packard 5300 Measurement Systems Binder Stock Number

05300-90030

21. Hewlett Packard Operating and Service Manual 5300B & Battery Pack 5310

P/N 05300-90028

22. Hewlett Packard Operating & Service Manual High Resolution Counter 5307A

P/N 05307-90004

23. Hewlett Packard Operating & Service Manual, ASCII Interface 5312A

P/N 05312-90004

24. Tektronics SC501 Oscilliscope P/N 070-1700-00

25. Tektronics Power Module TM501 P/N 070-1304-00

26. Datel Systems Inc. DMII00 Bulletin MIKEN 10608

27. Anorad Corp. Model 133 Single Axis positioning system

C3169 Wire Wrap Interface/Limit Board

C1988 6 digit display & sign schematic

C1665-1 Analog section absolute axis 013B2

D1545-1 Counter Section Absolute Axis 013BZ

D1656-1 1656-1 Subtractor section absolute axis 013B2

C2128 5X encoder logic absolute axis 013B2

C2452-00 Motor Driver Card Schematic

A3173 Simulated Computer Test Box Fixture

28. Sonoweld Ultrasonic Spot Welder for Model M600 Manual 76-2A

29. Bulova Systems Instruments Mark VI Service Manual & instructions 675-01

30. Bulova Systems Instruments System Schematics P675

31. Honeywell Model 1508B Visicorder Oscillograph Technical Manual

P/N 16775842-OO1C
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11.0 PROGRAM FLOW CHART

11.1 Automatic Welding Machine

Following is a Program Flow Chart for the Automatic Welding

Machine.
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V-0 ROUT I Esl-

REDbTCE

OPEN ATCh

OPOPE CLAdAP

PART MONITOR

UNCLAM'P REARIF

If bit (4,5)-0D5
SZ CLAMPLD

RP703L3 READ Time~
5PLIT;TIME IN

W.O.OF5EC~ PARTTIM~E
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i Ird b(5)- 5 Ls dp" "

'f bit(4, 5 ) - d p  500
YES PART NOTCLAMFED AT500

wtrc
WAIT 10 Wtc-
HOME TABEE

5TART RECORDER
wtcl S I

"T -NOTI REAZDY

YESI

NO

Wtb sI O

WELD

, ~ ~ ~ s ,p WELD DoW,,W1

if bit(55,)" O

Ireset c °580

I
red 5,A WArT lo
R)A0 A,"PLIUoD E.
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re5e+. o)5O33 (4)

t-c c 4.0 1
rI re.4 DCN)
r-ead un-it rii.mbei-

iFD(N)
NO

if80.74-Y (.0
5NO ifS rs oaccept"

itf 830.74 -Y > .5;(50.74-Y) m(22)- .002-., L t

NO ~YES -ctCo

if 80.74 -Y 4 .5; if 80.74 - Y> .1
(EO.74-Y)*MC9)-A.4+.O2.--w L YE5 S [ o -

if O.74-Y<.I;(B0.T4-Y)..ooI'Lj

'5

G 4 1--1G G - (N); 4 G O) YES

tnOie to posltlit of lbe~l
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dsp "TABLE NOT READY"
A+ I -- )A

~A > 50YE

if it(O)H)'m 0

V4 wtb 5 -1 WAIT 500;wt6 15.0
VJELD)

NO

~t"c.C.sP readI 80Ir
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f Y -IA (O ) > 0 fM (C)1OOO0-M ()> 0 , / 0 0 - ( ) y M , -

N(NO fONSjAT ejc

if < 80.G4

NO _ _ _ _

if B(N) 480
YES qtolreject"

I wrt(.; Wt65,4; wait 1003 w+b 5,wtc. 2;wat 10wtcr. 1 0
return, Itiriefeed, UtN.JLAAP,, home table

wtc-. 5,0 VISIG0RDER OFF
I-ed -705U pi,-*.U read. time- print
G~ 5 "5PLI'T

if W20~) -MCI) 4 M VZ

NO

W 4. ;w t Ca-Z Wrt to -4 cls b ATk"
Write. eadir~gs Complete. ai~ clatiL

ID15PLA."f OPTION

(ACI1
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i-ej ect

wrt (i wtb 5.4; wait 100 wtb 5.O wLc2.1walt 1O; wtc. 2.0

CARRIAGE RETURN UNCLAM:P
LINE FEED HOME TAELE

wtc., EO

VISICORDER
OFF

r-ed 703, U

read p~int eind
of run tirme

Wri-e headlnc;S Write- REJECT 4 DATA

,-dbs --- 5
read svi.cAes

if bit (G)5) -I dsp REJECT
NO

DI5PLAY REJECT
IN NON PRINT MODE

N > - P sb soTORE "t

.t Ira
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NO
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GTO PRINT'

PR I N1

enit "GET FILE #* A
5elect fie* 0T09

trk

Iomd datL+a. from 5elec+.ec Pile

egnt"ir-ish V-Un" F

fo r N~EO

If_______- I________________________________

0-"it AOPEEadD
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I FORN-1 TQZOO

i f OCN) - N

if U(N) >I NO
YE.S

Wri pte erd clata

NEXT N

L15T oF%'5vvPL0EV
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E.NTER -TIME NIGH LIMiT
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FOR N-I TO 200

LINE NtO224p

NO0

iIf U(N) F- Esto ZVO

E b 6b c-i

C.C'
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ent LOW AMPLITUDEA' E

For N -I TO 200

if Boo) F-, cto -z5!
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erit "HIGH K CON", F

lent "LOW K CON, E

for N -I 'TO 200

if KMN ),F YES

Flf K(N)e-E YES

gS3 5 cr Ibe

)N Mt (5oZt

LINE 272

ent "IGH RUN&,) F

en~t "Low Runr# 0 E.

for N I +-c> 'OO

FLf N F YES

Lf N(-CF -IE.S

6 b Scie

rnest t4

9jtQ "Sort"
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re~; tko;LdK1; zb~ore*'PROGRAM 5TORE.
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"STORe.

VI 51 CGORDE-R
OFF UNCLAMP RWN
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rA r k #2280005 K

RECOD RECORD
PROGRAM 59IA.L.

FUNCTIONS

ret

LOAD0
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SLECT FILE 0-0b(
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It soI Ist

red 705U; wv- ~ READ ANZ wRTE.
-TIME ON 5E.~lWNQN,

list OF LIST OF PROGRA.,'.

cto eranorad'

ercl bMC)-w; c op "TBL Nor READ

VA () +M () M1(e if Mc1Q-0; 9Lo honeo
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1 ~ ~ qto Mon~y

wtC. , 2. E

r-ecl5 . wait 10

red 5 b

Cmd 7,1U

red 70 1)

I. red lO 05 u

dsp UBV

wtc 4, 31
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Allqio mon'
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I CHANGE TWE DISTANt4. VAL.U-
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CHANGES 'TIME~ OUTrPUT
time FROM 5TRAIGHT NUV.E~kc.
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MAY 15 US.0'O JrG CuM
WELD FREE FROM ANVILS
IF -rHEY STIC~K

V wtQ 'L~z; weitt 10; wtc 2,O

II (Z)b(-w-H; wait 50 3 A+ I-A; if A> 100; 9toO YES

if bit (O 0u~ ylljmpI

wtc t2.; wait tO~wtc_2sO

rd b (7.)-H; wait 03-A+ I--o-A if A > 100to OZ4
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12.0 PROGRAM LISTING

I. 12. 1 Automatic Welding Machine

Following is a Program Listing for the Automatic Welding Machine.
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1: O.,4;20*P;0.Viwtc 2,321wtb 290;wtC 5,32;wtb 5.0;.64-M1IS),5.41211
2: fad 2,.03.'11221 g0.4(23 ent "O-RU-%,-DATA*,V
3: if Vim0:gto 19

5: If V-21gto Is

6: if V=3:.gto 19I

6: If V=710;rew;trk O~qsb "store*
9: If Vs711;rew;trk O;ldk 1:qcb "store"
10: if Vall2;rew;trk 0;ldk 1;gto 2
II1: if Va7l3;gsb "storel"
12: if Vn714:qsb "storel"
13: if Vu577;gto "list*
14: if V=995;gto *enter"
5S: if Va233;gto "anorad"

16: if vw999:qto "mon"
17: gto 2
18: ent. $Startinq Run*,l;:4-l*N,ent NE-inal Run# Stored",P;gto 2
19: f -It 1,17x,"ovate",5x1 "Tiwme*Bx,"UnitI".5x,"IflitiIa F",z
20: fmt 2.5x~okinal F"9 Sx,"Amplitude",Sx,"EPUsses",5x,"Kcom",3x,"Ruflf"
21: fn~t 3,3x,"AtEJECT",2x~z
22: fmt, 4,3x ,"CO04PLETE" ,z
23: fmt 5.5x,2fz2.0,5x,fz2.O,0:".fz2.0,":",fz2.0 ,5x~fz4.O,8x,f6.3.z
24: fmt 6,7x,f6.3,7x~fz3.O,10x, fz2.O,SK. fz7.5,Sx~fz4.0
25: if V1:qto Oprint"

* 26:- If Vw3;gto wsort%
27: If NuO;gto 30
28: if 0IN1;wtb 5,8:,gto 30
29: if OtlmO;wtb 5916
30: if A*sID;qsb "storel'"
31: v~b(5)oS
32: if Y=4;If bit(0,S)s0zdsp "SO 0PEN,START"N+lJn -1
33% wtb 5,0:.If bit(1,S)mlidsP 0S4 OPEtN,PhRT 'ONITOR";jmnO -2

* 34: if bit(2,S)sldsp *SI OPEN,UNCLA1P REAR";Jmp -3
35: If Dit(3,S)sl~dsp "52 OPEtK,UNCLPA1P CEA~TER";Jwp -4
36: If bit(4,S)wOtgto 2;dsp "S3 CLA4?E0"
37: if bit(6,S)w1;dsv 'kIOOD OPEN;Jmp -6j 38: vtb 5,21wait 1001wtb 5.0;red 703.,jrt " Oprt U~gsb "Boult"
39: t4261.Mil1I
40: zdb(5).S
41: if bit(4,S)mOigto 43

£ 42: dap "*L*PART N~,T CLAMPED)"";v*iait 500idsp *I"wait 500;gto 40
43t vtc 2,lgvait l0;wtc 2,Ogdsp *Home tablelswtc 5,1

,. 44: rdb(2).IIjdsp *TABLE NOT READY"
45t If bit(ODB)m0:Jmp -1
461 O.M(11 tqsb *bed*
47& wtc 2,21wait 1Ojwtc 2,Ogdsp 'Initial position*J 44s uib(2)*lisdsp OTABLE NOT READY*
49: If bIt(0,H)=Oujmp -1
50: *ttadY":4+1.N
*27812

01
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51: wtb 5,liwait SOD iwtb 5,0
52: rdb(5)*Siozp "weld down"
53: if bit(5,S)80;jMP -1
54: wtc 3,32;osp "reset unit counter*

57: dsp "wtb 5,210":dsp "launch"
58: red 7O3,UtiwJ;dsp "read time date"

,59: wtc 4,32:dsp "reset 4w
60: red 4,Cvdsp *read unit V"
61: red 4,D(lII~dsp "sequence 4";prt D(NI1;if D(NI=O~qto "mon"
62: 0- K 1i4) -O.3
63: gsb "read"
64: if 80.76-Y<O;gto "accept"
65: if 80.76-Y>.5;(80.76-Y)*t4[221J.L~gto 70
66: if vWu1;if 80.76-Y<-.5;if 80.76-Y>.1;(BO.76-Y)'&%4!22J.L~qto 70
67: if 80.76-Y<=.5;if $07->l(J.6Y*(2*6L1 ~t 70
69: if Wallif 80.76-Y<-.2;(80.76-Y)*M1221-L;gto 70
69: if 80.76-Y<in.2;(80.76-Y)*M122)'.6.PL,-l.W
73: G+1.G;G.*GfNJ;if G>9;gto "accept"
71: L4M~lI.:4Jl;gsb "bcd"
72: 0.A;wtc 2,2lwait 10;wtc 2,0
73: rdb(2).PH;dso OTABLE NOT READY"2wait 50;A+1.A~if A>50;qto 75
74: if bit(O,I)u0:jmip -1
75: wtb 5.1:wait 500 ;wtb 5,0;dsp "weld"
76: rdb(5).S~dsp "weld down"
77: if bit(5,S)nO;Jmp -1
78: gab "read"
79: if Y<80.68;gto 64
SO: if Y>8O.861gto "reject"
81: if BLNI<80;gto Oreject"
82: qto "accept"
83: *read":
84: wtc 3,32;dsp "command datel"
6 5: red 3,A;wait 2000
6 6: red 3,BIN);if BINJ(80O;gto "reject"
87: c.md 70*?SAO
88: cmd 7,"?UI",01"
89: red 701,Y;prnd(Y,-2).Yiprt G,YvY.&Y[N);if GnOIY..MJl0;Y.PZINJ
90: if Y(75vqto 'reject"
91: If Y>80.681if Y<S0.861gto gaccept*
92: ret

94: Kill-1000m4121 *%131
95 int(.O1M13).M[41

* 96: KI3I-lOO,%1443.45I
972 int(.11415S).*M161
98: HN(51OM46I.*4I7I
992 M12loX
100t shf(Xp-4)*X
*13902
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I131t ior(XM(41 ).X
102: Shf(X,-4)-X
103: ior(X,t416)).X

*104: snf(x,-4)-wX
*105: ior(X.MI71)*X

106: vtb 2,X,-prt M(11IVMl1J.ml9IIMI1J/10000-4181.M(1)
I 't time%':11U(NI.U

109: lO0frc(U/100).'1I1;int(Uf100).U;Jmp (1+11)-6
110: ret
Ill: "reject":0*OlNhvwrt 6;wtb 5,4;wait 100;wtb 5,0;wtc 2,1;wait I0;wtc 2,0
112: wtc 5,0;red 703,U;prt U;0.W
113: wtb 5,32;wrt 6.1;wrt 6.2;wrt 6.3;gsb "data"
114: rdb(5).wS
115: if bit(6,S)-O;dsp "REJECT':jmp -1
.116: wtb 0;gto 19
117: 'accept":1*O (NI ;0.W
118: if Y-M1OI0>0;if M(91/10000-MIBI>0,('4191/10000-'U31 )/(Y-.Mf11J).1<(hi
119: if Y<BO.68;gto "reject"
120: If Y)80.96;gto "reject'
121: if BItNJ(80;qto "reject'
122: wrt 6;wtb 5,4;wait 100;wtb 5,Ojwtc 2.11,wait 10,wtc 2,0
123: wtc 5,01red 703,U;prt U;gsb 'split'
124: if A(20J-M!111c4121)vjmp -1
125: wtb 5,32;wrt 6.livrt 6.2;wrt 6.4;gsb "data"
126: rdb(5)*S
127: if bit(6,S)uO;dsp OCOIAPLETE*; Jmip -1

* 128: wtb 0;dsp "if KJtNl.01;.027*KfNJw;gto 136
129: M(271+1.MI27h1prt .4127);if 1i1271u1;K(N1.M(26J
130: If M(27J32:R(N)oM128)

* 131: If *41271u33K(N).M[29J10*M127J
132: r41261.M[281+M(291.M(231 :A423J/3.M122),If ,4J22)>.03;.027*MJ22)
133: if &412910O;.027.t41221
134: prt ':141231'.M[231*10000
135: prt '"[22)",M[221*10000
136: 9to 19
137: "printw:mnt 'GET Fi1e *?OvA
138: trk 1
139: id! ,4* B' D' Ui.(1.I KII1.I 0*
140: wrt 6;wrt 6.1twrt 6.2
141: ent "Start RunV,E
142: ent *Finish RunO',F
143: for M-E to F
144: If 01141s1,vrt 6.41gsb *data:
145: it O(N~sO;vrt 6.3igsb dt

141next N
147: trk 0;0.Azgto 2
148: 'Odatastgub stimeN
149: vrt 6.5,T151,'/'.T(41, 131.T2),'T111,DINIZIN)
150: vrt 6.6#Y(N)#B(N3.GINI#K(N3.N
*9306
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152: gto 168
153: Ostore":wtc 5.O;wtb 5,4 :wait l0Oiwtb 5,O;rew
154: trk 0
155: urk 2#8000,X

156: rcf 0;rck 1
157: retI
158: storeluent PUT File *?,A;rew
159: trk 1
160: If Va714imrk 10,14000,X
161: rcf AMI')IBI'*) D*) ,UI') ,Z(') ,YI'J,KI'1 DG(',TII ,Oj')
162: O*J;0.14;0.A
163: dsp "DATA and PROGRAM STORED;beeo;wait 500;jmp (3+1..3)-5I164: ret
165: "list":red 703,U;wrt 6.U
166: list #6
167: g tui 1
168: "mol":
169: fxd 3
170: wtc 3,32
171: red 3,A;wait 10
172: red 3,8
173: and 7,"?5A"
174: cmd 7,"?Ul0,I
175: red 701,Y
176: red 703,U
177: dsp UB,Y
178: wtc 4.32
179: red 4,C
180: red 4,D~if D>0:fxd 2;gto 2
181: gto "mon"
182: *anorado:
183: Kdb(2)*H;dsp "TABLE NOT REINDY"
184: if bit(O,fl)n-0;Jip -1
185: ent .4111if Mill >liqto 2
186: 141)-M(8j1.MI1I ;sb Obcd"

* 17: A111+t4181.MI1Ijif Mj1)-Oggto ehome*
188: if M111>Osgto astart'
189:. "home":
190t wtc 2.lrwait l0;wtc 2.0
191: gto *anorad"
192: "start:t
193: vtc 2,2;walt l01wtc 2,0
194: qto Oanorad"
195: esplit:l
196t U.M11211M1121/100.M1131,fr(11131)O100.Mt[141
197: Int(M1131)/100.MISsfr(141151)'100.t41161114116160.M117I
196t int(M(1151)/100.M(18Jvfrc(M(18~1*O0.M[19I
199: H11l91'3600M21,'1114.411l7)14[201.t41201
200: rot
*15909
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201: JiggI e"SHEET 76 OF 77-

I202: -t1J-.02oM1)jgSb Obed
203: wtc 2.2twait l0iwte 2,0
204: rdb(2)on;dsp OTABLE MOT READY"Iwait 50;A+1*A;if A)l100:qgto 205I205: If bit(0,H)-OuJmp -1
206: £4111*,02oviljvgsb Obcd"
207: wtc 2.2;wait 10iwtc 2,0I
208: rdbC2).H~wait 5OiA41.A~if A>100;gto 210
209: if bit(0.H)sOvJmp -1
210: ret
211: "sort":wrt 6
212: ent "column",A
213: if AvO~gto 224
214: if Mwlvgto 226
215: if Aa21gto 228
216: If Aa3:gto 233
217: if A-4;gto 2!9
218: if As5;gto 246
219: if A-6;gto 254
220: if A-7:gto 262
221: if Au8;gto 270
222% if As9;gto 278
223: if A>=10;gto 2
224: for N'l to 200;if 1 ONI.Oif U[N)>1:vrt 6.3;gsb "data"

-~225: next N~gto asort"
226: for Nul to 200t11 OZN)a1:vrt 6.4:gsb "data"
227: next N~gto "sort*
228: ent "Time High Limit*,F~ent OTirne Low Liwiit"3.E
229: for NMl to 200:11 U(41>nF~gto 232
230: if U[NI(E~gto 232
231: gsb 0acribe"
232: next t4:gto "sort"
233: ent *High Unit *",F~ent *Low Unit *'.,E
234: for Mal. to 200:11 D(NJ>Flgto 237

* 235: if DrINI<E;gto 237
236: gsb "scribe"
237: next N~gto Osort'
238: ent *Hi1gh Initial F"'Fgent 'Low Initial F',C
239: for Mal to 20011 Z(NJ>Flgto 243
240: if ZtNI<E~qto 243
241: gab 'scribe'
242: Z(NI*t4I321;sb 'sigma'
243: next N
244: gab *en
245: gto *sort'
246: ent 'High final F'.Fuent 01,ow Final ?"PE
2471 for Mal. to 20011f Y[N))Fvgt* 251
248: If Y(NICC;gto 251y 249: gab ascribeO
2501 YLNJo.13211gub *sigma*
*7869

I.
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252: gab "mean"
25:gto 'sort"

254: ent *High Amplitude"#Flent *Low Amplitude".E
255: for Nal to 200: if B(NJ)Fvgto 259
256: if BINJ(Eigto 259
257; gab "scribe"
258: bNiI.1132)jgsb *sigma"J 259: next N
260: gab "mean"
261: gto "*sort*
262: ent "High # Passes".F~ent "Low # Passes*,E
263: for Nal to 200;if %-SN)>F~gto 267
264: if 30IN)(E~gto 267
265: gsb "scribe"

*266: GIN).*MI32);gsb "sigma"
267: next N
268: gsb "mean"
269: gto "sort"
270: ent "High Kcoli".F~ent "Low Kcom",E
271: for Nal to 200;if XINJ>F~gto 275
272: if KLNI<E;gto 275
273: gsb "scribe"
274: K1NI..'1321:gsb "sigma"
275: next N
276: gsb *mean"
277: gto "sort"
278: tnt "High Run #",F~ent *Low Run *".C
279: for Nal to 200;if S>F~gto 282
280: if N<E;gto 282
261: gab "scribe"
2a2: next W~qto "sort"
283: "scribe":if OINI.1:wrt 6.4igsb "data*
284-. if O(NI=O;wrt 6.3;gsb "data'
28S: ret
2d6: "enter":ent "Value".M1321
287: if 141321u0;gto "alpha"
288: gab "sigma*
289: qto "enter"
290: walphao:gsb *mean*
291: gto 2
292: Osiqma":M(30).1.M130) :M1321+M1311.M[311
293: *43J'2-*M133)11M1321^2+M[341.K1341
294: ret
295: "mean": ((MI341-N[331/14130))f/t4I301-1)) *S*K
296s wrt 6:fxd 51wrt 6, *MEAN" #14311/141301
297: wrt 600SIG.IAO#I
298: vrt 6."Oof UNITS".KISOI)
299: 0.n(301.N1311.N1321.14(331.N1[341,fzd 2

- 300: get
301s end
.6784
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I BULOVA SYSTEMS INWSTRUMENTS CORPORATION

A APPEN DIX 11

I M577 MTSQ Fuze, Automatic Regulation Configuration Field Tests,

II Yumna Proving Ground.

-Lot BLI0O Firina Test Results

Timers regulated on Manual Feasibility Test Fixture #661 -60001

* Balance Wheel Poising = standard production type

-. Dates of test, 19 and 20 September 1977

Synopsis of 8 Groups

Cal. /Zone Tube -Temp. *F Settingq Function XSiama

lO5mm/7 M1 03 70 3 sec. 14/15 2.929 .076

8Binch/l M2A1 70 15 15/15 14.991 .041

155mm/B M1 85 70 50 14/15 49.988 .091

155mmn/B M185 70 75 14/15 74.962 .128

105mm!?7 M103 70 so 14/15 50.008 .077

8 inch/i MZAI -35 25 14/15 24.881 .064

105mm!? MI103 145 50 15/15 50.076 .087

17Smrn/3 -70 120 14/15 120.323 .166
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RULOVA SYSTEM & VE3TRUMNTS CORPORATIOft

I APPENDIX II

Lot EL-ZOO Firing Test Results

J Timers regulated on Automatic Regulation Machine

Balance Wheel poised on Automatic Poising Machine

Date of Test, 18 November 1978

Synopsis of 8 Groups

Cal. /Zone Tube Temp. 0F Setting Function XSigma

15S5mm/8 M18S 70 50 15/15 50.016 .080

155mm/B M185 70 75 15/15 74.979 .188

105mm!? MI 03 70 50 15/15 50.016 .072

lO5mm/7 MI103 145 50 15/15 50.064 .114

lO~mm/7 MI 03 70 3 14/15 3.019 .043

8Binch/1 M2AI 70 15 15/15 14.936 .087

8 inch/lI MZAI -35 25 15/15 24.928 .086

175mm/3 -70 120 10/15 120.284 .209

T.



I'

I *ULOVA $1STEIMUS £ MTIUMENTS COfPORATION

T
!

1

APPENDIX III

ACCEPTANCE TEST RESULTS

1.

Ii
Ii

[,

,.. ,
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ACCEPTANCE TEST DATA
AUTOMATIC REGULATION

IIVi Loestu#5*1 Initial F Final P 481litsde Roses ee
6031311 *6/26 as161 fool 19.140 @6.160 111 02 a 0.S270 *oo

.. e, OL7 bsnc mso
Sate Time uits h11ial v final P ampIltue $posses Boo oeu

COPe*9 ospao 61111484 uDel 7.919 30.700 141009 a2 0.03511 0002
.01 0.71

Dat* TIMe 1001M hillel p final r Amplitude fope*$e Borgun

CO M a4134 041781 fol 1391.00P s. ?t Mu110 *age 0g.41 does

COP~ft 6626 6.1. 001 1.6 09 110.11t

D ate Time @sit# sas11.1 F Final p Amplitude epsoes e"o boa#
to0pLgv3 641136 66:1.131 0001 81108 - 0.0 00r.7 124 09 2 03213 "0OE

le* wine WaMt spatial r Final r Amplitude ftacees scow befit
=iNt 06/36 031121s 60es f.900 0090 011B 02 *.Bases Goes

Dole flee un1t6 Initial 0' Fleas P &&platue @opues BLOW men$i
SUm~aeC 06/26 0S6466a 0001 00.2 60.900 126 02 0.00000 0011

Saitia time r31 31. ~ a Amplitude loses*e Same post
* OP~t 0/2 0b"16 60 "0.360-3 60alt0 104 * 61 0.01)610 f012

Sate flow unit$ Iitial Filial F Amplitude Oposssa loop son$i

6603139 06/36 $Islas 001 1600 -.DT o -*j* 136,, 6a 9.61411S 6014

Saenit 311 Initial UP Fliol P Amplstuic oppses Reet Pon#
eulI*9 06126 89214M 6001 19.3 40.330 Us 02 0.62466 soo1

Sate flst 5.1: spatial P Filial P Amplitude Opeases Boor own#
66031.39 06/36 46821811 6001 66.216 41006 11 a 02 .62160 601t

Sale flin unit@ Initial P1 Flial P Amplitude oppes soo No"@
AsOPef 06/3:6 s 06.220 0001 10.060 00.910 M2 62 0Bel6l01

1.DSte Tim vst$ Iitil r Final r Amplitude pae Em66
COMM? 06/26 088226119 0001 00.600 6926 @01 02 660 006026

Sate fine gls Iitil P Filial v Amplitude oucenes e" "no
sweet39 06/36 of234 lsls "l $D# .006 00.13 6606 12 6.04616 se21

Sate fue 510 haslal F Fleas p Amplitude $posse es s Done
66031*9 04/24 80124835 0661 70.110 Ile.Ile 321 so 6.062X1 a 24

Sate TIM limits Initial r Final F Amplitude $poses so"e son#
6036319 06/36 0.211114 0001 110.50 $0.666 124 02 0.62416 6032

Date Wle splte Initial P PleaS F Ampltude #vosse eago Be"
COMETE 06/3 06 0001 011.370 63.$6 123 0 0.8040 "IT6

Dot* flme units Initial P panel r Amps I o oppes Ss" Sea
601*93.TI 46/26 8#:1311 0001 1.2060 so.#&$ its 0 0.03402 so21me a nt sailr Ne r1ples ppss a* mmowI 63 o2,5 fo o$0 $.s l J .16 t

"to ~ ~ ~ ~ ~ TI fAoE ISit iniSia fUL1' tiePR d aTICAILI ees
outer 06/26 68431l "O J16.68 69.194 441 as I.""$ "t

Set fin ___niil_____F&slt" "90 os O
- ....T 46/a: 00334 goe 98**_.16 -410 &s0 .61 2
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ACCEPTANCE TEST DATAj AUTOMATIC REGULATION

note vim 6101 asitte1 r panel a" £0110 ~ .. emse
U 6063 06/36 49900853 ma1 19.966 so.0) 41,3s.022

lime solve 3817toe) r MAe)I r £09111Ito #oses so" "hte

Ueuhian 06/36 09762.26 0ee'1 @$.2se 10.1las6.02616ac

000116M8 00/24 669241 0001 410.306 Md it- a .... Ga

colviwm~~~~ 063 ,$e "t 1J,1 9012 2M 03 4.11235? 0001
7Snoe view 1siil lasil 7 Fine) r Aeop0110. #ses. Ieen owl

iChIWM 06/316 69186813 610011 611.1176 6.2 A22saf, 02 0.6211 0007

note fime Smlt Initial F Final I £9 16.0.t~ @pose@ Sonewn

600069 46/20 00.04862 "a .61o.u 66.!1 a2 a~ 62 16.02791 foot

note TIMe unit$ Setles r wines r LAp) 16.0. *poe. so" 01w#
in.Sau 411/26 606.27SI 661 29.70 00.90 3216,,q 62 6.0274 "t06

ate vim asset Initial0 F ile r aspsi6.0. opec.. laee.n
*fvu 601. 0/26 11981541 0"01 $8.6** 0,41.11S 12?6l 62 0.039 6600

"toe vim vast# Initial P Final r Lmlitue lesees som sent

*mnata 06/26 09.069.16 0601 V.0541 911.1111 It?3 02 0.0246 se1s

fir l1m 611t Initial FP final F OAP419WO0 $**sees vamo gual
COMPLETE1 00/26 69.14 60090.1174 ".so$ Ills 62 6.0649 0614

ease lim vastl 1.111.) 1 lime) F loss1.0 I o" fesse now Snn
C00LiM 06/36 69.011 6001 1110H 66.910 122 as 0.02176 "I12

"toe via @sait loal e F ile F £09111.0e ipeses Ron poo
eau"LI no/ne 0:.p3 061 79.61 .60 11711t 2 02 @.tells 6012

go"e voit# lassi6 3311. Fle r "Psib.0e #**goes SeM 31000
600911 00/20 so076 606) 9.976 "0.$Go 122 6) 8.90611 6017

Sale lim "its4 smi I) in F &)1 Splits" $***"ae Bom s
K813T 00/26 9693 6001 661 066.60 126 as 6.091 6011

sot lIt" 11a120 sitiel r lime)1 r allO $pes Bse set
3009.9 0/26 899114m168646 "1 1164 80.91 a2n 02 6.03)2 s6lo

Sale fiow Wits iiil r Fimel F Aepbul.t Opoeme shemm
ma11Lm 00/26 0966791 6003 60.00 00.06 i21 62 6.04 Me17

Sate vim soft# seible) P limel V Asp)saf mo0o.... SmS
* ruJ3 04/26 066.1 6001 1124 1.106$s 321 6.0m" 6016t

note Tim sales Initial P fime) F "mPitts" ------e 11041 so"
6001161 06/34, 0.6646 06) of.&"6 0.11114 126 02 6.0324 "019

nole vim 0111 8oSle r i Fi r aw its"e spasms dam a"
OWNS /26 6961 061 111.4161 0.$6 324 a4 0.8831 "020

Sle vim 6110010 lous&& F 10ime) P &wpits"e .emse eae Sem
600sm9 00/2 0soone40 001 96.676 06.6@ 334 62 0.0230 621

Sate Is" "I"1 Initial 1 lme) F &Wpif.e" Opooess See 01401

an SaIe "@ies on& .111 lime) F lSa as.06 0.09 was

*~ ~ ~ ~ ~ ~ ~~~~~T I0519 S02 061.0 ml 9.7 6.6 246 .226 62
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AUTOMATIC REGULATION

Sat tme Unts niia F Final r esv V"a . feasm.. Nunn mu06/36 11:733,00 §004 N1oes 4116 0.11$01 e93, 0* .040)5 Best
CO ET 41/26 142.1.2 goso 111.641 so. ss 121 52 0.03414 102

oat: Time fnits fatties F, flas F amplitude $*soea dome son$
No/ 12.32,11 fet 0.310 00.10s0 li f .114$a
Date Time uni~t# initial F Final f Amplitude *nasata *am VittS 06/26 323.06 0004 111.2701 0.620 111 412 V01733 00

ampagi v~ iv. unit# saitial F 0 144 0, Amplitude #**@&*a m sn4/26 12333634 0004 111.171 10.120 lit 52 V43964 4106'
No~~m Ste time units saitial F riseal "P I Amltooe dsas am ps04/24 1233404 6004 70.340 90.000 122 02 0031#90
Date Time unit# Initial r Final F Amplitude #ossaes ea" Run5ftP99 06/24 13.34.24 0004 10.59 .00 1)4 02 V4301 seas7
Date Times units lefit UP Final r Amplitude @pases goes PontOSF~: 6/4 12.34.37 0004 V01.110 80.420 120 03 0.0440 0000
Nouitg ste fioe un0 Inita F800 Final r Amplitude #oes*@. loop P isS06/24 2134.06 0004 M0360 00.100 l20 01 0.04048 000
Dot* fime unit# lenit F Final f Amplitude #pass*& door Pun$COMMLt 4/24 1235,00S 6404 $0.380 00.780 123 2 so0s mi
Date Time Unitl Initial r Final T &aplitude Seaaaeg done son$C"U~n 04/24 12835.20 0004 10.1)0 0.010 11? 03 8660 012
D ate time uit# Initial F isal F, Ampitude #pamass bes scw aus66ata 0/26 12831821 0004 V9.350 4108 i1? 02 0.03201 floil
Date time baito alftis r rival f Amplitude 04mm.. lo ung~F R 00/24 123400s 00044 110.1190 60.1601 113l 0.63620 014
Sate time units lfit F, Final F, aplitude Opammem momse aunt* 3* 01 0/24 330649 0004 14.110 0 .900 132 2 0.00020 0011
d ata tine unit$ lfit F Final F &"pI stfs $poses oaC

042 1344 04 00.130 44.690 002 02 6.00000 S016
mate time units lefit F Fintl 1' *splits@* $paamea Be"s 11001. , t5 04/24 13137.04 0004 29.430 110.1000 1264 0 .64103 011l
Ste time Rai"S initial F Final F aptitude Oama emusPLt 042 12334 0004 10.976 00.140 124 02 6.63666 "1S
Date time Dait# lfiit F Final F Ampi two #Wesson so" Rome06/20 123)VI1 11404 11.5110 010.00o lit 411 0.61000 0010
Oat. ?ime units initial F Final F Aplte *saa e.us* OP~t 424 1.3.1 04 79.030 60.668 i10 411 0.0316 0020lSate ti:003 ont" lefit r final r Amplitude *paamea 01efs ausS033? 6/24 13.03 00044 4.9 014009.M1 its 0 .000 0021

dd., 10ime1 leftIiust F rival F &"pI Ito"e Oaso 11"o, am"CPLl 0424 30841 04 69.41241 114.10111 1l2 6s 0.4132103 0022
UUoo 04/24 13.39109 6004 so. 4" 00.010 123 02 0.4010 "a31atoe t' tiesUnts lefit F robal F hapitude *meaaaa oft. aunt
~06m 04/24 1230 0004 111.101 89.70 us1 02 @.#also 0024Iate rime Utt leftist Fr rival F rltg pmm mCt9&F 4/34 2119308 0064 so.00 0004 &"lt" 03tf two14 Ike"

!flIs PAG IS BEST qtALT Fl&CTICAIA

5. U
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ACCEPTANCE TEST DATAShe4of1.3 AUTOMATIC REGULATION

so". *Av fait$ Initial Fla p 60lio Iewe so..i

001K 0/2 13.42624 061% V11.1130 WOOD9 all 03 0.00000 1002

st. Wi4e Vets ait$e JA * F inel F j A A #otde Spasmse Imo mse
WAVY "M 04S2 636420 001 02 0 0.90 M2 411 0.00000 boa)

WJ3Ct 1.443.10 s 9t3 M090 411111104160

Sets 11743. smite Initial r Final r Amlitude #poue*$ seam sun#
BuFt 04/26 as411 0001 7.4IN 110.100PS 1116 411 0.0009 0009

bete, fime 41nit Initial r Final Fr Amplitu. inses woo, 1she

04~at /26 12,41.3 000s 70.010 00.0)0 10 111 0.0307 00

"~to Tie sUt$ Initial r Final FP bo Altuads apogees Beer Ran#
46WT 0/26 13.4142 001410 .030 11 02 0.00000 001,7

OMPLATJ 4/24, 13.d4.1 G00s 60.4)0 01.$)0 121 01 0.06600 00))
G et@ Tim, VMit initial r Flnal r Ampl Itade $Dome*# 0 a &Ono

wor.3t4 04/26 13.44.11 0001 79.310 90.0)0 312 01 0.02297 0013

10.te tie ni, ntial F, Final r Am1pl tud. Ipme a ... . aose

0601fI 020 124 44 00 99.030 MW00 127 as 0.02000 0019

Gets tie olit$ saitiol F Fin0l F &"pI Itude lomese. low. muse
sum&t 86/24 1.40.10 0601 19.1,96 01060 120 021 0.0)060 00i0

bete tie oft, o initial F Final F siolitude Oameee No". pan#
~Fs U 016/34 13.47,17 0001, 7999 0.320 110 01 0.0300 fol

Gets i. sie nte Final F lioplitede @mees woo, st
WN16690? 06/36 12.47.32 0001ita "79.940t 00.930 all el 0.00026 so1l

Gets Tim@ posto Initial F Final r &Solitode 0... 5..us
414~/ 0/26 12.47.11 0009 50.1700100 1 22o W1 0.0000 001

S se. tiov vmito Isitial F Final F0 Amplitude Omseeem amps sn
00/20 13%40.02 1001 79.60 10.660 124 01 0.000 "020

got& tier gait$ Initial F Final F &split*"e Opem$~ Sea" 11wn
06.160? 001/24, 12100.21 40s 70.0)0 00.070 Ho2 02 0.00006 0011

"~to fie. Vste Initial FP Final F Amplitude O1mam Ssf st
.fhtO&0f 04/24 12307M4 se01 70.000 00.090 i2s all 0.0042 07

Gets fie s1mit Initial F Final F plitude Omemmem Bom guse
e4F&ts 0/24 12S01139 0401 19390 00.936 109 02 0.02244 006)

Gets tie Unite Initial r final t Amlitude Ieee. seen ows
BI? 00/26 12.691 "as1 60.440 00.160 117 0I 0.00006 ease4

se Lto fir. Mite smitial F ases FO Amplitude @meee amp s"
Co m 0/36 1 39 0015 611.6111 0.10 1s? 02 0.85000 0025

*1.Tm "" lsil P 114 P ed mm t"Se
I.1M 4/1 31919 se $.n $.2 o 01 6024 fi

vilS S f
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AUTOMATIC REGULATION

waeaie Uit# Initial r Final F Amplitude #posses a cow 11"I
6/6 144 000 76.960 90.910 111 411 0.62092 Does

set* five matte Initial F Final F Amplitude $page* stop Puri#
411oLtIhk 06/26 1364S119 606 79.360 110.800 11 7 02 6.03300 6002

onto, lt UtS t itial F Final F Amplitude #p.....i scow sent:::LCT 6/36 3145142 6006 79.530 .90 o .; lit; 11a.. ;.033: 000
Dote vim uniS Initial r Final F Amplitude #posses seem sun$

0NFptZg 06/26 13646,10 0006 M3.92 90.900 102 0) 0.032 0009

Sate time units Initial F finial F Ampl Ituode #op.... scom 1unI
000L 6/26 1334681 0006 00.20 90.800 12 63 6.00000 *Cos

Date time unit# Initial F final F Amplitude $posses sees same
=FL3? 06/26 13147.07 400 19103 0070 11 0) 0.600)0 0001

Sate Time "Mit Initial F Final r Amplitude BODaOe 3ao unt
01111,17 0/26 13.47307 0006 70.610 00.710 113 03 0.0436 6000

Sate time UnIto Initial 6, Final F Asplitude #Pass.s scow None
amlFLgTg 06/20 13.47.0 0006 60.0)0 60.010 113 0t S.400 0o0l

Date Time unit@ Initial F Final F Amplitude #*asses Room Ron$
* FLITE 00/24, 13.4714S 0006 00.100 00.830 i1s 02 0.02111 010

D ate Time Unito Initial F Final F Amplitude @posses scow fun@
0ONFLST9 06/20 13143:17 0000 79.130 $0.950 110 01 0.0297 011l

Sate tive Unit$ Initial r Final r Amplitude #poses 3com Dun@
CSPi~t 06/26 13840.35 6006 70.090 61.610 l22 02 0.6000 0al2

Sate time Unit# Initial F Final F Amplitude space&@ scom Vun#
nizelF 06/26 13$4653S 0006 60.090 00.940 102 02 0.02940 0013

Sate time Unit$ Initial F Final F Amplitude $p..... comp 1un@
=01,1f3t0 06/26 13:4911 0000 70.330 00.700 gas 02 0.03533 0014

Sate time units Initial F finial F Amplitude Spasms@ 3com 11 'S
GIOLT9 06/20 13.49:29l 0006 79.040 0.000 110 01a 11.410000 001e

Sate time Unit@ Initial F Final F Amiplitude 11paames BODO Run$
11iFl ~ 06/26 13149.49 6006 70.900 411.140 .10 011 01.0390C 0010

Sate fime uniti Initial F Final F Amplitude #pases 3com aon@
CUt 6/26 13156:07 0006 72.1900 44.160 S0l 410 41.0107 Sa17

Sate tme unit@ Initial F Final p Amplitude #sma"@e Bcom sent
11~LWtI 06/20 1M50076 0000 79.340 $0.210 SSG to $.$GOO0 017

Sate tISO of. Unto Initial F finial F Amplitude 11eaaaea so". u
CONLBFZ 06/26 13150.33 6006 79.710 60.4130 115 0H 03100 or019

Dote trime UnitS Initial F final F Amplitude opamees Bico Suine
ONFLwf 6/26 I3e0:0 000l 009.16 410.910 111 01 0.02560 sa20

Date time Unitj Initial F Final FP Ampl Itude fpaamem 3co Ron@
0111101071 6/26 13.0o12 0006 6.000 60.790 111 01 9.02$71 11,412

Ste: timeW UnMit Initial F Final FP Amplitude #paoes 11evm Run$
3. PLE /26 13.51.16 0000G 74.0 60.700 109 f2 0.9066 022

got a i e 001M Initial F Fall F mp it uode #posses co m ROD#
UiSF&1t 66/26 1 3,1 RO 1.11.36 000 050 O.I0 11 413 6.01069 se23

Sate trime gait$ Initial F Final F Amplitude #Vea so". SunS
ff 0/20 13:161.49 0000 79.70 00.600 11 *1 0.60195 0023

"ato i&" UnitS Weseil F Final F Amplituda #pame Ra 8401
ONPLM 06/26 1225649 $OG 0.0906 10.906 0034 0.40 042

MIOjwt 6/26 &1.15211 0001 016 so S O *.10099 :625
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ACCEPT %NCE TEST DATA
AUTOMATIC REGULATION

.. * W.. IAL. initial 0 a auial f issplitee lva* Sea.
OMuF&a 6/20 131346 6007 $0.170 60.850 t06 61 V062'41 001

S4at. line unite Initial r Final f Amplitude #page*$ Nea aow

Detg time Unite Initial F FInal F Amplitude *1pasas SGo* a unt~M&3 66/20 338S4823 6007 79.40 90.700 112 61 6.02310 60043

Data Tim. units Initial r Final f Amplitude $passes sco. punt
WNFL819 06/20 3.14, 0007 79.900 00.790 111 101 0.03180 000

Dowe fira Unit# Initial F Final f Amplitude @pass*@s S1copa.
owNpLIl3 6/20 13ts1*12 6007 76910 00.670 111 G 0 .0346 *Gas

Date Ire me unite Initial F Final F Amplitude Opasse* stop en
U60IPLIZ 6/30 13s,s*3 6007 60.410 00.770 all 02 0.02140 0007

Date fist Unite Initial F Final F Amplitude ov.... Scses ~
06012Zft 06/20 115140 0007 $0.10 00.70 001 0.030 07

Gets five unite Initial F Final r Amplitude 60Pa.... gos auint
C00PUII 6/26 131517 0007 00.000 00.040 120 011 0.03300 6009

Gets line Unite Initial F Final r Amplitude $*@an gcoms one
bONFLIIE 46/26 13810:11 0007 70.000 00.60 120 411 0.03000 0101

Date Time Unite Initial F Final F Amplitude opasees Scon own#
MOFI 0/20 13*10*4 0007 711.970 110.710 026 411 0.00000 00l1

Date line Units Initial F1 Final F Amplitude opasa Scon 11M#
Jk9LilZ 6/26 1385131 0007 60.030 80.8%0 113 02 0.90704 0012

Date time units Initial F Final F Amplitude #passes Neon Men@
COF&8LT 6/26 12:10:49 0007 $0.000 0.700 127 62 6.63024 60ll

Dat. fie* unite Initial F Fimal F amplitude itpassas sees aunt
wa1ufZ 410/20 1 151:0 6007 70.000 30.960 119 62 0.0324 0014

Date lime unite Initial F Final F deplited* 10pamara a0mp Runt
10HRU 6/20 13:17:1 0007 79.910 60.020 12t 03a 4.0396 6011

Data Tima Unite Initial F Final F Amplitude $passes samrn Sun
MLMl8 6/2 13:12 Goo?00 79.330 $0.700 123 $3 6.6316 41M

beta 1imW unite Iaitial F Final F Amplitude $oo@*@a so" Dun#
aNFLglO 6/20 13g$1*0 0007 701.330 99.730 113 111 6.64202 0017

Dat* Tima unite Irnitial F Final F Ampliteda #Oseo Ems. mono
00110111 441/26 13:1023, 0071 79.100 $9.690 122 62 6.60400 0196

Dat* fine unitS initial f final F Amplitude Opeamrs saw aNMI
DOjOC 0/26 13:10 :40 0007 79.106 66.970 120 62 9.00000 G019

*Date live unite Initial f final F &m1lito"e 11ep~a ees me uRn@
wwPIwl 6/20 MUM0:1 6007 116.0110 60.070 121 41a 6.0090 6020

-Dot* lisa Uniti lefit F Final F &arlI to"e 1pasmen Items Done
M OPFII 6/20 13:19*10 s007 9.066 6679 1149 l 4 6.04423 0621

Data lime Dmte@ imtini F Final F Ampiftude 11paesa some 0one
MNF&3? "0/2# 112,14, 0007 79.1110 111.1141 1 01 6.6423 f022

Date fist uitSo Initial FO Final F amplitude #pso Seam aone
GWi.3I 60/26 14.60:641 0071 6.200 66.900 132 6 .063 6623

Data Tim gmit# initial F Final F Amplitude Opases Bow them

cmpmF~ 44/241 14 Iola$ 0997 191114 411.9110 133 411 63200 6634

Sete vima S"it# Iiial F Final F Avolitede $pasesm Ilse lkwho
1111I1,411 6/3 14,60*42 0007 10.216 60.06 117 411 6.63941 6621
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ACCEPTANCE TEST DATA
AUTOMATIC REGULATION

D a t a 9 1 . n t ei t a t F F iA; l F A m p l i t u d e o C a m e .s , s n

Date 91.. Un.:te snitial Filial V smltd piels gon lneC FLS 06/27 09,16183 0009 111.600 010.610 110 01 8.03407 0003
Oat tme *nto Initial IF Final rF w Amltude 4v*paaa lae gCOMM 6/2?; 069f.1,3 0,090 00.160 0010 tit0 0000 004

D ao t a ft i m u n i t s l ol l F i a l F A M P i u d e, e o p a c s a t o o 'su nUlJ3Ct 612 09149 001 40o 6.000 0.600 0U 00 *.00OOO @005

Data* 91.* un t t Initial F Final V op i tuafe $passes game man@was"1Y 06,/27 0913149 0009 79.000 0000 125 00 0.6)041 0006
Dot* Vis. unit$ znaial F Filial r Amplitude *paaaaa loom son$U3MLIT 06/27 09.53304 0009 10.100 90.760 t)1 02 6.60600 0007
Date Time unit$ lInttial F Final FP A Looda $posses seem BuntCVA~M 06/2 11941,3119 0001 $0.140 00.910 126 02 0.010 4007

Ia a 'm w gnit I m al V F inal FP A m i tusa p aaes some men #C0FLMY 06/27; 09.40 90009t$ d.490 80.760 L21 02 0.03401 0009
Sate ?1.e snite switial V Final V Amplitude 0passes Race auntCOMPLIY 06/2? 09451.6 0009 70.190 00.60 132 03 0.037 00o0

*D t a ? Lee unite Inti ail v final V s mpit adae pass ag 11g oia g on eOMLIS 06/21 4194$14 0009 T0.020 410.130 121 01 0.607 40110
oat* time unit: laitiallF Finel F Amlitade fteaaaa goes sentC011VLIT1 06/27 019.1101 0009 7.90 0.660 US 0 0.637 0012
Date Via@ sUni Initial F, Vin88i F Oliltaida Ivaaoa seen SaneCOMFIT11 66/27 0991s22 0009 79.2 414.980, 126 03 0.029361 0013

soot* ?is@ o ite Intal V, Final F Amplitude Icas a 90 m auntcog~ 06/27 0019S13 0009 79.600 $0.910 121IM 02 0036 s014
Data, vise Unito Initial V Final V amituda Oaaea se CntCMMe 06/27 09.11.11 0009 61.130 0.10 122 00 0.00000 felt
Sate via unite Initial V Final 1' Amlitude Opaaaee goes laighnag"~t 66/27 9.16.01 s009 0.000 60.960 120 2 0o .00300 0016
oate via@ Unit# Initial 1, Finial V Jimpltease opaaaaa goe CansC04PLITS 66/27 6454,.24 000t 60.300 90.900 136 11a 6.0210 41011
Date vise Unite 1612181 V Final VP &ap i to"e 0paaea 0sme ganeCOMMI? 96/27 0041,6134 foot 70.30 60.010 Las It 0.03392 0017
Deta Us*a nte to ~ l F al V 0,61r awl tuft $passes em sane* CFKILi 06,17 104.111 0009 19.10 101.110, 130, 012 0.63174 se19

"eta five . Unite settle%.1, 10in8l V awl tada ftaaaa Eame ClaCOMMLR 66/27 69:,7027 0009 M0101 001.790 121 01 6.2210 0020

Date v1se snite :binlilal V Filial VP ANI I to"e fooaes as" sent* Connote 06/27 09sM17 0009 Wool3 411."11 M2 411 01.02936 11121
Date tme Unit lefit 1, Miet V' awl tade ovessmaa semt CanCONIFLITS 06/2 419457:1 006s 10.11414 11196 US1a 6.0230 0022
Uto vto Unito Initial V Final F awli6 tade ftseeei Saa Ca

- C00L!S 06/27 09.16, "to 110.1130 00.000 1 1 1710 0.0)063 0023
Smta vise Unit@ 241041, v 101a1l 1'* Awpl9tao" losagom Wam antoeogVLU 06/27 09.15812 0009 79.9111 00.111111 13 tit 0390 1140
got@ te " Unto lefit v fIeoI V aw Ito" 0possi Ca"0 Sae

aa~ sonUF 06/27 00. S "t09 19.810 4141.790 1t7i0 0.0131113 sell

TIfIs aAI PRACTICABLE

*AA I 4
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ACCEPTANCE TEST DATA
AUTOMATIC REGULATION

Sa. TS nto Initial F final F haeil tuds, isses; WSesun
11V 0 /27 10e,0910 00, I 70.260 90).Iq0 11f) 02 0.00001 on 1),

mu~ at 1im '3i Initial V final 7 tlklI toot loaswe$ Sce Runs
@ttT 00/217 L1009.02 000l lo .con 0.000 014 no 0.00000 0332

*ae Vill Units Initial F final F Atolitude @*@goes Keep mun'
comcirc 06/27 10:310:31 0010 74.370 90.410 its 02 0.0)240 0003

Date TIM* Unit$ Initial F Final F Am~litude ooses aeem tune
Azj9er 1/27 10:10:2s 0013 0.000 0.000 014 Do 0.00000 11004

"ato 1ime Un its Initial r final F homeitude, @*Sas 9eem Quite
C04PICTE 06/27 10:10:10 0010 74.900 00.090 I1o 02 0.03241 000

Lotea I t II units Initial F Final F Itsolituds, #Cass*& Seem Omni

C0.OSFLE 00/27 10:131 0010 74.700 0030 111 02 0.642S7 0362

Data t Un it I Initial f Final F AoigmI oe, $')ases loom0 RlUn
CO1i#LiTZ 06/27 10i.137 0010 10.360 00.970 124 12 0.03021 0 01

Daa ie niO initial r Final F Augslitude o*asea ost un
C~~FLCTI~ @02 01.7 01 9 0 400 120 02 .01 so14

COMM? 0:/27 10:.14:1S9 000lto 90 0 90.90 120 o; 0.00000 t01o

Date Ti*. Units Initial F Final r Amlitude Seameea awaon nn
CO4PLILTE 06./27 10:12:10 0010 79.400 40.470 126 02 0.02339 01

S~ate list Units Initial It Final F Amolitudo @oss*$m 116m00,n
, OFSS 0/27 .1 0:14:49 00310 71.910o 0.940 119 02 0.00030 01

Sat@ TIMe Un it$ initial F Final F 469l1104e lessees Nees @-,nI
* CbaLetl 00/7 t0:19.12 00l0 70.200 s0.940 119 01 L.)20 010

Sae tm nto Initial F, 0,1naloF AmlsoI tooe tsels soo" moie
C0Pee~tl 06/27 10:13134 "0010 71.763 00.910 120 02 0.03740 0019

ate imni@ initial F final F 49011%040 #aseas saw. Ino
C@4FPLITI 0:0/27 10. 11:91 0o010 70.400 00.900 Lit 02 0.03401 0020

Sate Time Ui0 Ital fFinal IF Anal I tde 1688869 go" Qunt#
* COMM~t 06/27 10,13,17 0010lt ~7990 00.790 L10 92 0.93S7 901

SU'T ate 10 tio Un1 Dito initial F Final r awlitede loesesm em Runs
F 0F~l 0oil0142 31 70.190 00.970 121 at *..saaa 0022,

Sata Tie Ot Initial F final f Ao1I tode 40aflam NCO lenS
COMMF~t 06/2 7 m0t 1,0 00k1 .0 85S1 0.710 122 02 01.033191 0023

Date timet units Initial F, Final F fiflitud lesees come Ron#
C006iL99 06/27 10141.9 0010 7.9100 0.050 Lit 02 0.0337o 0024

Date time gait# Initial F Finalx Fp AmIt Iudet lesee go" went
CgMI.3T1 06/27 10.17gb1 0010 79.420 00.910 13 03 0.03740 002

ges lf at nta ia I 4i o 980 o oi

1.19t 0/7 M M 01 640 010 tla .4t 2
*:t is uis Iiil1 ia t he ut #*es g"sn

-,16i sale.- 1796 .0.760 11 1ba..* 0.36 Ibbit

it# nital F Finl r wee I o" $tssen Rom ovi

C011.11, aVa loen-.-**-- 011 11.113 . 17 L1ta 0032 sl
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ACCEPTANCE TEST DATA

AUTOMATIC REGULATION

DatE? ate Time NiW Initial r finalF I amplitude Wsp.. Be"e oval:1 Sate tAWe suite Initial r final F Lslitude Wsem Room msema3m 00/21 10.2, D0lt 79.010 110.60 12s 03 0.00000 0002

Sate Time Unite Iftitial F final IF Amplitude Seas.. Room man#00061a 9/27 16126,06 0011 79.910 60.00 122 02 0.01245 0003
Date Time units Initial r Final r Am&li tuo@ Opsses seemonn

C04PLBTC 00/27 10.26,57 00s750 SOO 1 26015 on$

Date 'Fime unit, Initial f Final F Amplitude Spa.... soe Gonefi.v 06/27 10.20.14 0011 79.620 01.060 Las 01 0.9000 sees
Date tine Unite Initial F Final F amplitude Spausem Seem son$COMM~t 06/2? 10320,20 0011 90.110 90.660 It? 0t 0.03346 00406

Date wise unite Initial 9 filial r Amelitaoeo lvage** Boom, luans
C04PLI? 06/37 10829109 0811 419.360 40.050 121 02 $.close 0006

Gat* line unite Initial F Final r Asolitude Isemes Recim son$lJ 00/27 100,01 0011 11..160 61.040 111 03 6.600000 000M

Sate vime unite Initial r rinal F Amplitude leses tee puntCOSPife 00/27 10130120 0011 79.140 0.010 123 02 0.0020 0010

o s t e time 5 Uniai Init a l F final F Amplitude Opo emeg N I &e Run gCOWFITI 6/27 10a1o0 00 70.760 00.030 1123 at .0034 0011

Date vise unite Intitial FP Final F Amlitd ps emlnC L6g 6/7 10831102 0011 00.1130 $0.610 11 a64 0.03034 6012
Date tme Unt t Initial r Final F Awl tude spot**$ soon PontOMIT: 00/27 10801145 0011 169.060 61.000 122 62 0.60000 901

S a4te Tim e nit g In itia l F i ar A al t d wsa m m e a"e Non ee.fLat 0/27 10.32.0? 0011 00.20 60.6204 "Ia 112 02a :.Osseo 0014
Sate tm 0 unie Initial F Final F Amplitude loss**e* seem nmcallFLeft 00/27 10:32.24 0011 10.340 60.80' 116 03 0.03404 40115
Sate fime gnit$ Initial FO Final F Amplitude ipamaca saem nnC04FLfl 00/27 1683284 G011 0.640 00.660 11 003 0.0300 0010
Sate time I olts miftiel F Final F Aspiteue opsm.. geem noneCOOP1LIYS 00/27 10832 A5 6a11 10.7160 100.1141 W1 03 0.030700 0017

S t e i mke n t g omg i t i l . F F i n a l F A P I t u de& p a s e . s e e" s n tCOMMt 00/2 7 1032.114 0011 76.000 08.830 1243 02 0.03376 01016

Sate Time Unit$ smitial F Final F Awlitede Spamees Reem Punt* UJ3Ctw 06/2? 15233135 G011 70.550 111.01101 122 01 0.60000 0010
Sate tise vmite Imitial F Final F Aplit*&e qesel nee" sentmaw? 0R/2M 163.4 c011 19.1110 60.020 &10 01 6.02010 Solt
Sate -Tiles 98W Initial F Final F Ampliude paswee seem sentZSt 00/21 10.34.02 6011 441.138 01.0124 11S $1 0.00006 Se21
Sate time gmit$ Iitiaol F FiRal F Amp& Itade tsame so" sentCeeFLTS 6/21 10834810 0011 60.100 0000 110 02 0.04040 "a22

Sate time Sunite Initial F final F Amplitude *peseo so" lungRUICt $6/27 111154237 s0l1 061.150 001.050 tie at *.owe0 00133
Sate time Untu Initial F Finael F, @lvde Oeames so" soCOMM~t 86/27 16134.56 S011 1046 00.0310 120 3 *.0also 044

__sate, fie Saike Inii 7 Final FP ImplItede "Solse Rm in*O~f 6/27 1005471 s011 I*00s 4.670 1U0 "a00s0 02

:.. T!r m, :"



APPENDIX III
Sheet 10 of 10

ACCEPTANCE TEST DATA
AUTOMATIC REGULATION

Data Time Untito iuitial4 F Final r emmited #s...... le. gone
COMMl~ 06/1 7 10.1 112 001 2 10.600 413.1so 12i 02 6.03167 0001

Aot. fir. git IN Initial r Final F Awl Iitoo* $Des*@ 01e ou'S
i ct 06/2? t 10m2,02 001 76.300 00.040 121 02 0.00300 0002

010t list Units Initial F final F Asslitede $*asses Sae sent
9ftm 06117 Weigle2 *112 70.040 00.000 L20 02 0.03414 *Go)

Soto time Uait$ Suital r fialt f 41111todo, $vaseea seem sent
COMM.51 $6/27 W38239 0012 71.220 80.100 Lit 02 0.0349? 696ge

Date time Units Initial F Fints] F emnitted* 4864806 Sae otif
COMM.21 06/21 10146149 0012 16.760 00.790 119 02 0.03062 000s

Date Time Units initial F final F havlitude Smiasses ICOm sent
COMM.Sf 86/37 19m63g17 0012 70.100 00.970 122 03 0.036 000

soot; time Units Initial F Final r Amilitud. ftmaes Roos Rant
"1 9:1 06/2? 10843:60 0012 0.000 0.000 02) 00 0.00000 6031

Wot Ties units leitisl F Final F liNlitUde #@asses 11com NM
C04PLfLM 00/2? 90144131 0012 10.610 10.4110 120 03 0.06099 s00t

Date Tie* Unit@ Initial F Final, F Asinlitude @base.$ aeon gune
C04FL97S 00/2? 10t4434 0012 76.960 40.170 119 02 0.03644 0009

Date Tie@ Unite Initial F Final F amplitude 0smees Room Run$
COMMLS 00/2? 10849,03 0012 20.230 00.030 120 02 0.0320 0010

Date fine Unit$ Initial f final F laslitud lesseea Seem sent
COMM.21 00/27 10:411:21 0012 77.4150 90.90 I1e 02 0.033 0011

Date ime Unite initial F Final F Ocoilitude #omaame Ieem Run$
COMM~t 00/27 1809m0 0012 10.290 00.900 lit 02 0.03719 0312

Date fime Unit$ initial F Finial F Amwl tvde fomssea acom tells
C0611.11K 06/27 149,9? 0012 76.090 82.770 122 02 0.03122 0013

Sate Vise oaf to Initial F Fina4 ol Aiteam $imee. Sem sent
litim 00/27 10:60:1 0012 15.360 81.170 117 02 0.00000 0014

Datem 1i7e unite Initial F Final F Awl i toe Smaases Soe Sane
StJICI 06/27 M4:604 0012 70.630 $1.100 119 02 0.00000 0019

Sae Flne UiS Initial F Final F Amlitode Soams$ twom IanS
MtJSZ 00/2? 10:60:96 00123 10.150 90.990 121 02 0.00000 0010

Date Vime units Initial F Final F beelituae SeamsS. seen Sam@
C@6LBIZ 00/27 10:7M1 0012 00.0)0 80.860 W1 02 0.0)201 001?

Data im Unt intaF Final F ainlieude @**a*@e ownm San#
mOiter 00/27 10:67.372 001o 2 9lit .220 1.030 16 02 0.00000 We1

Dat, Tlm* Unit$ Initial F Final F AwI tiode vmamesi Seam Want
:0111,147 06/2?7 10478111 0013 ?$.%S0 00.060 110 $a 0.03200 001

Data list unite initial FP Final' F Lsoliemle fmammes Seem San$
COOFLS. 06/27 10,00:30 0012 70.140 0900 W3 03 0.036 0020

Date tim , unitS Initial F Final F &=nlite" $@amama Rogim None
C041PLMY 00/27 10:69261 0012 70.770 00.770 122 02 11.624,16 0021

Sate live unite Initial F Final F Awl Ito#e 4mmacee 11"a PanS
@00lptt 00/22 M0:OM3 0012 e0.100 90.0.0 121 01 0.02191 0922

Sate ftme unit$ Initial F Final F &"mItada 9sa6008 Is" evnS
CS4FI~Tt 00/22 MUMeS 0012 19.130 $0.10 ill 02 0.061 b023

Sat* te 4nitM lenit F Final F 4=mliowde 1moaa ee Sn
C@OMMt 06/27 M0UM:2 Iot2 20.270 00.790 Ile 92 0.011110 0024

"ate lime Wnit lefit F Final F Amue.f Osoaca geem Sen$
@call31 00/22 I0:91:92 s0ll 20.22 00.200 120 0)1 0.034611 002s
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RULOVA SYSTEMS & ISTRUMENTS CORPORATION

APPENDIX IV

Accept/Reject Summary

Automatic Regulation

Rea son for Rejection

Shoot Low Beat Rate Non- Beat Rate No. of Avg. No.
Reliability No. Ampl. Overshoot Start High at Start Welds of Welds

19/25 1 2 2 1 1 68 2.7

23/25 2 - 2 - - 81 3.2

21/25 3 2 4 - - 76 3.0

11/25 4 1 10 - 1 64 2.6

20/25 5 - 3 1 1 68 2.7

22/25 6 1 2 - - 69 3.0

21/25 7 1 2 - 1 74 3.0

19/25 8 2 2 2 - 73 2.9

17/25 9 - 8 - - 72 2.9

19/25 10 1 4 1 - 76 3.0

Total 192/250 10 39 5 4 721/250 2.9

,,.
!4

' , 's



I .ULOVA SYSTENS NOWTRUMENTS CORPORATION

APPENDIX V

HUMAN FACTORS ENGINEERING



Sheet 1 of 1

OULOVA SySTEMS A 087TUMEENrr ORP ATION

APPENDIX V

Human Factors Engineering

The Automatic Regulation Machine and the Automatic Poising Machine have been

designed in accordance with the applicable criteria of MIL-H-46855A '"Human

Engineering Requirements for Military Systems, Equipment and Facilities".

The machines will be operated inside modern heated and air-conditioned buildings.

The housings have been designed to shield and protect the mechanisms against

dirt, moisture and accidental physical damage. The housings also were designed

to protect the operator and others from harm. Provision has been made for
panel interlock switches to prevent the accidental emission of radiation, in

accordance with OSHA requirements.

The Machines are intended to be operated in a manufacturing environment with

appropriate illumination, ambient temperatures and noise ordinarily encountered

in such locations. The work areas are situated at a height which permits opera-

tion while seated, with kneeroom and kickspace provided. Workspaces, for

in-process material, are provided. There are a minimum of controls and

indicators for the operator to be concerned with, and no unusual force or direction

of movement is required. Controls are labeled, indicator lights are red and

green, for "go" and "no go" conditions. Controls are so placed that accidental

operation is precluded.

.~* ... -s...
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