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ABSTRACT

Sippican Report, R-798, "Interim Report - Feasibility Study AXBT/
EA" (see Appendix), detailed the results of a study Sippican conducted for the
Office of Naval Research which proved the feasibility of incorporating a model
T-7 XBT and a self-calibrating interface circuit into the AN/SSQ-36 Sonobuoy.
This modification would improve the accuracies of the buoy (iO, 55°C, +5%
of depth) to those of the XBT System (+0, 2°C, +2% of depth) and would also
increase the AXBT depth capability from 305 meters to 760 meters, :

This report investigates the production circuit configuration alterna-
tives, the applicable tooling costs and the expected final production cost for
a T-7 XBT subassembly which could be incorporated into an AXBT, A custom
integrated circuit on a printed wiring board is chosen as the final circuit con-
figuration. A computer analysis of the circuit is conducted to determine which
bridge resistor can be integrated and what tolerances are required. Final unit
production cost of the AXBT/EA are shown to be $32, 88 in quantities of

20, 000,
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SUMMARY OF FINDINGS AND RECOMMENDATIONS:

a.

c'

e,

Sippican's 760m T-7 XBT can be incorporated into the AN-SSQ-36 buoy
with resultant increased depth and temperature accuracies and increased
depth capability. This modification of the AN/SSQ-36 has the additional
benefit of permitting the use of an updated buoy for higher altitude/
coider temperaturelaunch,

The electrical interface of the T-7 XBT to the AN/SSQ-36 can be most
economically accomplished using the inventive self-calibrating circuit
described herein, This circuit ensures accuracy of the system while
minimizing the required number of expensive, high-quality componehts.
The self-calibrating AXBT circuit can be most economically produced as
a custom integrated circuit on a printed wiring board. A functional bread-
board of this circuit has been built and satisfactorily tested.

Computer analysis of the self-calibrating AXBT circuit revealed that
three-sigma root-surn-squaré& errors of less than 0. 15 degrees Celsius
were achievable using low cost components,

A preliminary drawing set of the AXBT/EA packaging design has been
generated and production costs established.

T-7 Probe reliability demonstration and product acceptance test plans
have been formulated, It is probable that a reliability of . 98 is

achievable,

iv
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SUMMARY OF FINDINGS AND RECOMMENDATIONS: (Continued)

g.

Production quantity tooling costs, with the exception of the tooling cost

for the custom integrated circuit which will be borne by Sippican, are
estimated at $79, 853, 13,

Total AXBT/EA costs in production quantities of 20, 000 units are estimated
at $32. 88 per probe,

It is recommended that 1, 000 AN/SSQ-36 PIP AXBT'sS be manufactured

for performance and reliability demonstration,
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. . Final Report
Feasibility Study
h 1] AXBT/EA
1.0 INTRODUCTION
1.1 General
Since 1963, Siprgan has developed and produced expen-
k dable Bathythermographs (XBT's), recording, launching and
measuring systems for use by the U, S, Navy and oceanographic
:: i communities for economical and accurate temperature versus
depth measurements, The Surface Ship Expendable Bathyther-
. mograph (SXBT) and its shipboard launching equipment has been
{ used worldwide, Over 2, 000, 000 SXBT's and over 1, 000 ship-
board recording and measuring systems have been manufac-
! tured and sold, SXBT's are supplied in six different models
‘. é with depth capabilities ranging to 6, 000 feet. Currently the
‘ Model T-7 XﬁT is the unit in largest demand and usage.
The engineering expertise acquired in the development
q of the XBT and its associated measuring circuits has made it
possible for Sippican to pursue the development of other re-
lated military and oceanographic equipment. Recently under
contract to Johns Hopkins University's Applied Physics Lab,

Sippican designed a state-of-the-art high resolution, high

1-1
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accuracy (0, 001°C resolution, +0, 01 s accuracy) towed ther-
mistor chain which has been used successfully in the Caribbean,
Also, under contract to NAVSEASYSCOM, Sippican has designed
the Submarine Launched XBT (SSXBT) and a newer more sophis-
ticated recorder for use with the SSXBT.,

Sippican is presently under contract to the U. S, Navy to
delivery approximately 17, 000 SSXBT's for submarine use. The
temperature probe portion of the SSXBT is the Sippican Model
T-7, and its accuracy is the same as the SXBT, The T-7 as
used in the SSXBT is by its nature very similar to a T-7 used
in an improved AXBT. That is, both devices require the re-

lease of a T-7 from a surface-floating buoy.

AXBT/EA

In August 1975, at the request of ONR, the Sippican
Corporation submitted a proposal to investigate the feasibility
of improving the accuracies and depth capability of the AN/
SSQ-36 AXBT Sonobuoy (+, 55°C, +5% of depth, 305m) to the
accuracies and depth capability of the Sippican Expendable
Bathythermograph System using T-7 probes (+, 248, +2% of
depth, 760m), Sippican report R-798, included in the Appen-

dix, is an interim report which proved the feasibility of in-

1-2
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corporating the T-7 and a self-calibrating interface circuit

into the AN/SSQ-36. The results of that report are briefly
summarized in the next few paragraphs. This report then in-
vestigates further, the production circuit configuration alterna-
tives, the applicable tooling costs, the expected final production
costs and the mechanical packaging design of the AXBT/EA.

1,21 Summary of Interim Report R-798

The electrical design of the measuring circuit
used in the AXBT/Electronics Assembly is a modifica-
tion of the basic circuitry used in the highly accurate
thermistor chain, designed for Johns Hopkins, with
the addition of a unique self-calibration function,

Replacement of the present AXBT temperature
probe with a T-7 temperature probe in the AXBT pro-
vides the capability of achieving the accuracy and
depth requirements specified. However, realization
of that capability required critical study of the interface
between the T-7 probe and the AXBT, The RF trans-
mitter in existing AXBT's is inexpensive and "state-
of-the-art', requiring no further development to achieve

the accuracy goals,

1-3
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In order to electrically interface the T-7 probe
to the RF transmitter, a bridge circuit and voltage
controlled oscillator must be used to supply the RF

transmitter with a modulation frequency proportional

to temperature, The interface could have been achieved
in two ways,

One method involved the use of a bridge circuit
of high quality, instrumentation operational amplifiers,
many precision resistors (+, 01%, +5 PPM), a stable,
absolute value of reference voltage of high accuracy,
and a high accuracy, voltage-controlled oscillator
(+. 2%). All of these components must be accurate over
a wide temperature range (-40 to +50°C) and for long
periods (years), This is an expensive option because
of the high quality components used in the circuit,

The other, unique, method involves the use of a
bridge circuit of general quality operational amplifiers,
standard resistors (+1%, +100 PPM), a noncritical
reference voltage source, and a voltage-controlled os-
cillator with good linearity but not high accuracy, Less
expensive components can be used in this method be-

cause it relies on a Sippican-designed self-calibrating
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feature, Immediately prior to measuring, the circuit

-y would self-calibrate using three (3) high-quality refer-
; ence components to provide the requisite precise fre-

g ' quency outputs at the high and low ends of the tempera-

ture measurement range, This self-calibration would

;. , remove the errors incurred by using low-accuracy com-
ponents over a wide range of ambient temperatures,
k In this manner, it then becomes sufficient for the com-
ponents to have good short term stability (¥2 minutes).
Due to the large quantities of SXBT's used and
§ the fact that they are expendable, ' unit cost is a major
é factor to be considered in the choice of design direction,
) The unique self-calibrating concept was chosen due to
'é' i its inherent cost advantage (three (3] high quality com=- 1
; ponents versus several dozen high quality components :
i ' .

required for the first method described).

4 : In order to mechanically interface the T-7 probe

to the AXBT, a conceptual packaging design was re-

quired, The design chosen uses as much of the AXBT

package, as presently configured, as possible and
places the T-7 probe, electrical interface circuitry,

and housing (AXBT/EA) in the space presently occupied

1-5
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by the temperature probe, Environmental testing was
conducted to confirm the ability of the T-7 probe to
withstand all storage and operating environments en-
countered by the AXBT,

AXBT/EA Mass Production Considerations

In October 1976, the contract was expanded to
include investigation of the most economical way to i
mass produce the AXBT/EA, The major area of in-
terest was the design of the electronics., Hybrid cir-
cuits and Large Scale Integration in conjunction with ;
discrete components were investigated (with the main
emphasis being placed on Large Scale Integration) to
determine cost in production. A computer program was
written to determine component accuracies required,

Mechanical parts were designed to obtain accu-
rate estimates of tooling and piece part costs, The
T-T7 probe was packaged in a water-resistant housing, . 4
This provides improved protection against icing upon
water entry after aircraft launch at very low temperatures,
This will permit use in an updated buoy for higher al-
titude aircraft (lower temperature) should that become ]

a requirement,

1-6
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2,0 DESIGN REQUIREMENTS

2.1

2,2

Power Requirements

The AXBT/EA requires a bipolar battery capable of
supplying approximately 30 ma. of current, The bipolar source
is needed because of the seawater ground required to current
sink the bridge circuit, This circuit concept is basic to the XBT
design,

The breadboard suitable for integration requires a
+13V, -7V supply with a tolerance of +15% for the duration of
the self-calibration and measurement cycle, i. e. approximately
150 seconds, However, power requirements are flexible and
other combinations are possible,

Mode Sequencing

Proposed mode sequencing is as follows, As with the
power requirements, this is not fixed but may change as required
for an effective sonobuoy interface,

2.2,1 Battery activation starts a timing sequence in the
AXBT/EA which initiates self-calibration after a con-
trolled delay to allow circuit "warm-up",

2, 2,2 Self-calibration begins melting a fused anchor wire
holding the T-7, which releases scon after self-
calibration,

2-1
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2,2,3 A switch closes upon sensing probe release which be-
gins modulation of the carrier, signaling the start of
probe descent,

2,3 Electrical Interface

Four leads are provided for electrical interface, They

will be terminated as follows:
+ Battery Voltage
- Battery Voltage
Seawater Ground (Common)
Audio Signal

2,4 Mechanical Interface

The goal of the mechanical interface design was to pro-
vide a low-cost AXBT/EA with a minimal impact on the re-
maining parts of an SSQ-36 or 41, In the production design,
the electromechanical interface can be finalized after appro-

priate discussion with the sonobuoy manufacturers,

‘.
o e st g
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3.0 INVESTIGATION OF HYBRID CIRCUITS
3.1 Technique

Thin film hybrids consist of a ceramic substrate upon which
a circuit pattern and resistors are deposited either by vacuum evaporation
or sputtering. Silicon devices and capacitors are then bonded to the sub-
strate and interconnects made with fine wire as required. This is a rela-
tively high labor process which requires the purchase and mounting of
individual components (except resistors). Its main advantage as a process
is in size, where individual components can all be mounted in one sealed
package, not in individual packages.

3.2 Results

Discussions were conducted with two thin-film hybrid manu-
facturers. Both manufacturers indicated that thin-film hybrids were too
expensive for this product.

One manufacturer, Mini-Systems Incorporated, indicated
that the approximate cost of a custom hybrid for the entire circuit would
approach or exceed the cost of the same circuit composed of discrete com-
ponents mounted on a printed wiring board. This cost was estimated at in
excess of $100. 00.

The second manufacturer, Hycomp, Inc., was asked to quote

on manufacturing a custom thin-film resistor network. This network would
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3 43 be packaged in a 14-pin DIP (Dual In-line Package) for mounting on a
f? s printed wiring board and would replace several discrete resistors.
; The cost for this network in production quantity (20K units) was
g’ estimated at $8.25. No further consideration was given to this
7; marufacturing technique.
| i

|
)
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4.0 INVESTIGATION OF A CUSTOM INTEGRATED CIRCUIT ON A PRINTED
WIRING BOARD

4.1 Technique

This approach centered around a custom integrated circuit
which would include as much of the circuitry as possible. This
circuit would be mounted in a DIP package for assembly into a printed
wiring board. Integrated Injection Logic (12L) was chosen as the
process due to its low power drain and its unique ability to include
both digital and analog circuitry on the same chip, eliminating the
need for two custom integrating circuits, one digital and one analog
for the AXBT/EA.

4.2 Approach

To obtain an accurate projected cost of an AXBT/EA and an
accurate count of what circuitry could be included in the custom
integrated circuit, a subcontract was awarded to Siltronics, Ltd.,

a custom integrated circuit designer and manufacturer.

In order to maximize the intégrable components and mini-
mize the total cost of the AXBT/EA, Siltronics adapted the Sippican
circuitry to maintain its functions but modified the circuit elements
required to accomplish these functions. Siltronics built a functional
breadboard of the new circuit and supplied it to Sippican for

evaluation.

4-1
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4.3 Limitations

The 1%L technology places the following limitations on
resistor and capacitor values which may be integrated, leakage cur-
rents of switches, and resistor tolerances:

o Resistor tolerances are limited to 20% on absolute
values; however, resistor pairs can "track" to within 1%. All
resistors which require closer tolerances cannot be integrated and
must be priced as discrete resistors mounted on the printed wiring
board.

o Resistors are limited to a maximum value of 30k ohms
to conserve chip area.

o Capacitors are limited to a maximum of 20pf.

o Switching circuitry requiring low leakage currents
cannot be integrated.

4.4 Results

A functional breadboard supplied by Siltronics was received
and tested at Sippican. All testing of the board was satisfactory.

The circuitry described in R-798 had been designed around
standard commercial components. The Siltronics functional breadboard
provided for the incorporation of several circuit functions with
simplified circuitry.

The 12L design resulted in a factor of 2 improvement in
linearity attributable to the use of a V.C.0. design optimized for

this application.
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Components identified as not integrable in the custom

circuit are as follows:

15 Capacitors

15 Resistors

2 CMOS Quad Switches

1 Crystal
These components would remain external to the custom circuit and
would be mounted on a printed circuit board.

This decrease from %140 components in the original bread-
board to 34 components greatly decreases the cost of both materials
and labor to produce an AXBT/EA.

The good performance (see Section 5) and low cost make the
custom integrated circuit the only feasible alternative for the

AXBT/EA. All costing information in Section 8 is based on this

approach.
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5.0 COMPUTER ANALYSIS
5.1 Approach

After initial discussions with hybrid manufacturers and
Siltronics, it became apparent that the only economically feasible
approach to the circuit configuration was a custom integrated circuit
on a printed wiring board. All work in the computer analysis of the
circuit was based on determining which bridge resistors could be
integrated and what tolerances were required for the resistors that
could not be integrated.

5.2 Technique

The technique used in the computer analysis was similar to
that described in Section 6.3 of R-798. 1In this case, however,
resistors were not analyzed individually. Most bridge resistors act-
as sets in which only the ratio of their values affeqts accuracy.
Resistors numbers are referenced to Sippican Report R-781.

All eight resistor sets were analyzed to ensure that each
was independent of the other sets. Each set was then varied while
all others were held fixed. Results of all sets were R.S.S.'d to
determine the overall bridge circuit errors.

Calibration resistor errors were then calculated as in

Section 6.2 of R-798 for several available resistor set tolerances

and the results R.S.S.'d with the bridge errors.
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Linearizing resistor (Rl) errors were then calculated for
the several available resistor tolerances. Quartz crystal, supply
voltage, and T-7 probe error is the same as that described in Section
6.7 of R-798.

V.C.0. linearity error is approximately one-half that des-
cribed in Section 6.4 of R-798 due to the improvement made in the
V.C.0. circuitry.

5.3 Results (Reference Sippican Drawing D213827)

All bridge resistors were found to be perfect sets; that

is, only their ratio was important, except the resistor pair R2-Rll.
This pair, while partially canceling errors, is not a pure ratio
pair. The bridge tolerance analysis program was run once to deter-
mine the effect of all resistors being integrated k20% tolerance on
absolute value, 1% tracking). The resulting mid-scale error was
3.5°C. The program was then modified to allow R2 and Rll to be
external to the integrated circuit.

Figures 5.1 through 5.8 depict the results of several per-
tinent combinations of R2-Rll and calibration resistor tolerance E
combined with the bridge resistor R3 through R10 and R12 through R16
at 20% tolerance, 1% tracking.

The goal of this portion of the analysis was to determine
the most cost effective tolerance combination which would result in
an error of .12°C or less. This will result in a total R.S.S. error

of approximately .15°C at the 3¢ point.
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Figure 5.1 shows the best combination. R2 and R1l1l are 1%
and the calibration resistors are .1%, 30 PPM.

Figures 5.2 through 5.8 show other combinations that either
do not meet the desired accuracy or that require resistors of greater
precision (more costly) than those of the Figure 5.1 combination.

Figures 5-9 through 5-12 show the effect of varying the
linearizing resistor tolerance. The goal was a midrscale deviation
of .05°C or less (to result in the .15°C total error). Figure 5-11
shows the best trade off. A 1% linearizing resistor results in a
mid-scale error of .038°C.

5.4 Sum of the Errors

The total sum of errors at the 39~ point considered in

this program is summarized below.

SoUHcE OF TRRGH Error in Degrees Celsius (R.S. S.)

-2. 22 16. 67 35. 55

Quartz Crystal + . 0045 + .0068 + .009

Bridge and Calibration + .068 + .098 + .094
Linearizing Resistor -- +.038 --
V.C.O. -- +.012 i

Supply Voltage Variation + .006 + .009 +.014

T-7 XBT Probe *.320 +.100 t.120

R.S.S. Total @ 30 *.138 + .146 +.153
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R-817 . The Sippican Corporation

6.0 PACKAGING DESIGN

6.1 Purpose

In order to establish an accurate cost for the AXBT/EA in

production, a detailed design drawing set was generated. This draw-

ing package was used to obtain mechanical part costs and tooling

costs.

It should be pointed out that the AXBT/EA packaging concept

used for the purpose of this study results in a separate self-
contained unit. However, alternative approaches should also be con-
sidered when designing the AN/SSQ-36 PIP in conjunction with sono-
buoy manufacturers. For example, it may be desirable to house the
electronics within the buoy on a printed circuit card and have ‘the
T-7 temperature probe and sea-keeping spool in a separate housing.

6.2 Description

The packaging concept chosen to price consists of a
housing, T-7 probe, probe cap, end plate, sea-keeping spool, switch
and vent mechanism and release mechanism (See Figure 6.1).

The housing is a two-piece molded plastic cylinder.
Features for mounting to the SSQ-36 buoy are molded into the parts.

The probe cap is a plastic molding with a vent hole for
pressure equalization which keeps the probe in the housing prior to
probe release.

The gnd plate is a plastic molding which seals the elec-
tronics chamber in which is a printed wiring board with all

electronics.
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R-817 The Sippican Corporation

The sea-keeping spool is a plastic molding which holds the

T-7 probe firmly at the afterbody and contains approximately 200 feet

of magnet wire. Testing was conducted in sea state 3, which con-
firmed the need for this spool to prevent damage to the magnet wire
| due to the action of wind and waves on the buoy.

The release mechanism consists of two body clamps, a clamp

spring and a fusible link. The body clamps are spring-loaded to the

open (outboard) position but held against the housing prior to probe

i,i release by the clamp spring. The clamp spring is similarly spring-
j loaded to the open position but held closed by the fusible link.
When the link breaks, the clamp spring and body clamps move to the
open position. This releases the probe cap and T-7 probe.
§ The switch and vent mechanism consists 6f a molded plastic

actuator rod, two "O"-rings, spring, contact spring and contact. The

actuator rod is spring-loaded against one fin of the T-7 probe. When
the probe exits the housing, the actuator rod moves downward until

the contact spring and contact make a connection, starting carrier

modulation. The actuator rod is also a piston seal which closes a

vent hole in the housing prior to release. As the rod moves it opens

] i the vent allowing the housing area to flood. This lessens the require-

ment for added ballast to keep the buoy upright. The two "O"-rings

seal the electronics chamber and housing area.
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6.3 Summary of Launch Sequence
(a) Fused anchor wire parts.

| (b) Clamp spring opens.
& 4
32 i (c) Body clamps open.
| (d) Probe cap and T-7 probe exit housing.
4 @ (e) "Actuator rod:
(1) Closes switch to start modulation.
E§ (2) Opens vent to flood housing.
-
P )
-

B
4
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.0 AXBT/EA RELIABILITY & ACCURACY

The incorporation of the AXBT/EA subassembly into the AN/SSQ-36
will require high reliability and accuracy both from the AXBT/EA electronics
and from the T-7 probe, Based on Sippican's experience obtained in the de-
sign and packaging of satellite electronics, we can expect to achieve reliabili-
ties of ., 999 on the electronics portion of the AXBT/EA. These high reliabili-
ties are achievable because of the small number of active elements involved,
Life cycle testing under power will be conducted using an appropriate number
of units to demonstrate this reliability, In addition, all production units will
undergo burn-in in order to screen out infant mortalities,

The reliability and accuracy of the T-7 probe portion of the AXBT/EA
must be both demonstrated and controlled throughout production. Fortunately,
The T-7 probe subassembly is a testable item, Testing, therefore, will be
the basis for establishing and controlling reliability and accuracy.

We should address accuracy first, since this parameter can be tested
easily at the part level, The accuracy of a T-7 probe is primarily dependent
upon one part, the thermistor,

Each thermistor is independently calibrated during its manufacture,
Upon receipt at Sippican, the thermistors are sample tested for their temper-
ature characteristic to an AQL of 1%, All XBT's, after assembly of the

thermistor, are tested at a 100% level for temperature characteristic and

7-1
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[ defective thermistor removal, We do not anticipate changing this testing
({‘ method at the present time,
The five year life requirement will require an investigative testing

i program, This test program will require the temperature testing of 300 ?
{’ thermistors spanning 5 years, using 5 thermistors from each month, Sippi-
f. can has serialized thermistors with appropriate data covering five years,
L If this investigative test program determines that the five year life require-
' ment cannot be met with the normal distribution of thermistors, we can es-
| tablish additional testing upon receipt that would select thermistors capable

of meeting life requirements from the total population, Selection testing
f‘ is typical of electronic parts throughout the industry., . :
}4 Reliability of the T-7 probe is dependent upon its major failure mode
b which is wire leakage. Although we have several methods for testing to de- ]
E termine leakage.- the most efficient testing method ié destructive, We do
; use a vigorous wire screening test program for wire destined for submarine 1 |
¢ XBT's (SSXBT's). The wire screening was found to be necessary because of 1
'

the stringent voltage and pressure stresses imposed by the unique SSXBT ap-

plication, We also have had, for the past two years, the wire coating process |
under tight control, With the invoking of tight process controls, we have
brought about significant improvement of wire quality with respect to leakage

problems,

Another consideration is the small amount of wire on the AXBT T-17

7-2
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relative to our standard product T-7. The AXBT T-7 contains only 110 +1

grams of wire which is 46% of the total wire of an entire standard T-7 XBT

which includes both probe and shipboard wire spools, Wire leakage is thus

less likely to occur, Our testing indicates that reliability for the standard
T-7 is on the order of . 95 under probe launch conditions similar to those
which will be experiericed by the AXBT/EA. The shorter length of wire as-
sociated with the AXBT/EA indicate that our failure rate for this device
should be less than half that associated with the standard T-7; therefore, a
reliability of . 98 is achievable,

In light of the above, we recommend the following test program, This
test program is made up of three phases of which the second phase may be
deemed unnecessary upon completion of the first phase,

Phase 1. Reliability Demonstration Testing

Establish the current reliability of the T-7 probe sub-
assembly, The results of this test will enable the development of a sampling
test to be used for verifying the retention of reliability during production.

We recommend the building and destruct testing of a 300
item sample, By testing to three times the reliability, we can ensure the
presence of sufficient data for analysis purposes,

If the results of this testing demonstrates a reliability of
. 98 or greater, we can eliminate phase 2 and proceed directly to phase 3.

Phase 2, Reliability Demonstration Testing

This testing phase is dependent upon the results of phase

7-3
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l. With a reliability less than required existing using standard manufacturing
methods we will have to alter these methods, Another test sample of 300
items would again be built and destructively tested. This second test sample
would use wire that had been subject to our wire screening process to a degree
sufficient to achieve the required reliability.

Phase 3, Reliability Acceptance Testing

Once the reliability has been established by demonstration

it becomes necessary to retain the demonstrated level, We recommend the
use of sequential sampling for acceptance testing. Sequential sampling re-
quires testing of fewer items than multiple or single sampling, This pro-
cedure is typically applied to one-shot devices where the sample size and
not the duration of the test is the factor in selecting a particu;ar sampling
plan,

In order to develop a sequential sampling plan the following factors
must be defined:

(1)  Specified reliability for the T-7 probe subassembly,

(2) Minimum acceptable reliability, A value that must be less

than (1) above,

(3) Consumer's risk stated as a probability of accepting a bad lot,

(4)  Producer's risk stated as a probability of rejecting a good lot,

(5) Lot size,

The sampling levels can be staged by using a higher level (i, e. 8%)

for five accept decisions and a lower level (i e, 5%) thereafter,
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8.0 PRODUCTION QUANTITY PRICING
8.1 Unit Costs

Utilizing the design drawings for the AXBT/EA described
in Section 6.0 and a list of electrical components generated from
the results of Section 4.0, Sippican's Purchasing Department was
supplied with the necessary information to obtain production quan-
tity prices. The cost of manufacturing and testing was determined
by the manager of manufacturing after a review of the AXBT/EA design
package and discussions with engineering and quality assurance
personnel. The resulting detailed costs are delineated in Table 8-1.

8.2 Tooling Costs

In order to minimize the recurring cost of the piece parts
of the AXBT/EA, maximum use of injection molding is utilized. With
the exception of a few formed metal parts, the remainder of the
mechanical parts are molded plastic. This provides low-cost,
repeatable parts suitable for high volume production. The tooling
cost for the custom integrated circuit will be borne by Sippican
since it has applications outside of the AXBT/EA.

The cost breakdown for the nonrecurring tooling is shown

in Table 8-2.

8-1
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B TABLE 8-1. Production Quantity Unit Costs

Bl | | Quantity 20,000 10,000 1,000
- | DIRECT MATERIAL
Q{ | MR Pata $ 1.76 $ 1.86 $ 4.97
?i Discrete Electrical Parts 5.15 5.55 3,5§
4 ' custom I.cC. 3.80 4.00 5.00
1 : Crystal _ 1.56 1.61 2.50
;ag | -7 Probe Parts 3.06 3.06 3.06
? Printed Wiring Board .60 .70 .90 1
1] : Shipping Container .30 .30 .40 ]
5 i $16.23 $17.08 $25.42 |
)
Y 'DIRECT LABOR $ 2.37 $ 2.37 $ 3.91 '
i ! : ‘Overhead @ 1808 4.27 4.27 7.04 |
1 | e Aok P ok ,
jl% '; ?Labor Thru Overhead $ 6.64 $ 6.64 $10.95
2 ‘Direct Material 16.23 17.08 25.42
B f | L A28 $23.72 $36.37 {]
'G & A @ 25% 5.72 5.93 9.09 ]
| AR i V4T oo B
: $28.59 $29.65 $45.46
Fee @ 15% 4.29 4.45 6.82 §
AR AT it il 1
$32.88 $34.10 $52.28 | ]
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TABLE 8-2. Production Quantity Tooling Cost

Tools for Molded Plastic Parts
Tool for Shipping Container
Tool for Custom L C.

~

Tool Set Up Charge for Formed Parts

G&A @ 25%

Fee @ 15%

COST

$53, 100. 00

1, 800. 00

Sippican Owned

650. 00

$55, 550. 00

13, 887. 50

$69, 437. 50

10, 415. 63

$ 79, 853. 13

8-3
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9.0 CONCLUSIONS

As a result of the program to investigate the most economical
ways to produce AXBT Electronic Assemblies in production quantities
while maintaining accuracy, Sippican explored several approaches,
The investigation of various approaches resulted in a cost-effective
technique of simplifying the electronics and packaging the AXBT/EA
to withstand the environments imposed upon an AN/SSQ-36 PIP.

The mechanical packaging design takes advantage of Sippican's
several years of experience in the development of SXBT's and
especially the Submarine Launched XBT, which most closely represents
the packaging and environmental constraints of an AXBT.

After pursuing the methods of integrating the electronics into
the lowest cost package without degrading the accuracy of the feasi-
bility breadboard, an approach was chosen and a breadboard was
fabricated. The resulting electronics package that was found most
cost effective without degradation in accuracy was a Custom
Integrated Circuit with a small quantity of discrete components
which could not be made integrable on the custom I.C. This decision

was made after a thorough investigation of the microelectronics

field including Custom Hybrid Circuits, MSI (Medium Scale Integration)

and various techniques for LSI (Large Scale Integration) on thick

and thin films.

e R
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10.0 RECOMMENDATIONS

After two years of continuing work with ONR, NADC, NAAFI and
manufacturers of sonobuoys on an improved version of an AN/SSQ-36
with increased capabilities of depth, accuracy, and gradient reso- .
lution, Sippican recommends that a batch of 1,000 AN/SSQ-36 PIP
AXBT's be manufactured for performance and reliabiiity demonstra-
tion. This batch of 1,000 AXBT's could be divided into two lots
of 500 units, wherein two sonobuoy manufacturers would subcontract
to Sippican for delivery of 500 AXBT/Electronics Assemblies each.

The AXBT/EA will be designed and manufactured in accordance
with the features delineated in this report except as modified for
integration iﬁto the sonobuoy. The components used in the unit
will be manufactured from production tooled parts. In order to
achieve success in the program, close coordinat;on and liaison must
be established and maintained between Sippican and the sonobuoy

manufacturers.

10-1
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ABSTRACT

The Sippican Corporation conducted a study
for the Office of Naval Research to investigate the feasibility
of incorporating a model T-7 XBT and a self-calibrating
interface circuit into the AN/SSQ-36 Sonobuoy. This would

;

improve the accuracies of the buoy to those of the XBT System
(£0. 2°C, +2% of depth) and increase the depth capability to
760 meters.

Feasibility was proven both electrically and

mechanically. Further investigation of the costs associated

with this improvement is required.
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1.0 INTRODUCTION

In August 1975, at the request of ONR, The Sippican Corporation
submitted a proposal to investigate the feasibility of improving the accur-
acies and depth capability of the AN/SSQ-36 AXBT Sonobuoy (+ . 55°C, 5%
of depth, 305 m) to the accuracies and depth capability of the Sippican
Expendable Bathythermograph System using T-7 probes ( . 2°C, 2% of
‘ depth, 760 m).

| ’ Replacement of the present AXBT temperature probe with a T-7
temperafure probe in the AXBT provides the capability of achieving the
E ¢ accuracy and depth capability goals. The critical area to be studied was '1,
the interface between the T~7 probe and the AXBT.

The RF transmitter in existing AXBT's is inexpensive and ''state-
of-the-art. "' No further development in this area was required to achieve
the accuracy gt.:aJ.s.

' In order to electrically interface the T-7 probe to the RF trans- 1
mitter, a bridge circuit and voltage-controlled oscillator are required to
supply a frequency proportional to temperature. The interface could have
been achieved in two ways.

One method involves a bridge circuit of high quality, instrumenta-

tion operational amplifiers, many precision resistors (+ .01%, + 5 PPM),
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and a stable, absolute value of reference voltage of high absolute accuracy,
and a high accuracy, voltage-controlled oscillator (x . 2%). All of these
components would be required to be accurate over a wide temperature range
(~40 to +50°C) and for long periods (years).

The other, unique, method involves a bridge circuit of general quality
operational amplifiers, standard resistors (+ 1%, + 100 PPM), and a non-
critical reference voltage source; and a voltage controlled oscillator with
good linearity but not high accuracy. Immediately prior to measuring, the
circuit would self-calibrate using three (3) high-quality reference compo-
nents to provide the precise frequency outputs at the high and low ends of the
temperature measurement range. This self-calibration ‘'would remove the
errors incurred by using these low-accuracy components over a wide range
of ambient temperatures. The only remaining constraint is that all compo-
nents should have good short-term stability ( 2 minutes).

Due to the high quantities of AXBT's used and the fact that they are
expendable, unit cost is a major factor to be considered in the choice of
design direction. The unique self-calibrating concept was chosen due to its
inherent cost advantage (three (3) high-quality components versus several
dozen high-quality components required for the first method described).

In order to mechanically interface the T-7 probe to the AXBT, a

conceptual packaging design was required. The approach chosen was to
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utilize as much of the AXBT package, as presently configured, as possible
and place the T-7 probe, electrical interface circuitry, and housing (AXBT/
EA) in the space presently occupied by temperature probe.

Environmental testing was required to confirm the ability of the T-7
probe to withstand all storage »nd operating environments encountered by

the AXBT.
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2.0 OBJECTIVES

The objectives of this study were to investigate the feasibility of

achieving the improved accuracies desired for AXBT's by the utilization
of Sippican's T-7 probe and self-calibrating interface circuitry.

Electrical feasibility would be proven by the reduction to practice,
analysis, and operational testing of the self-calibrating circuit to the point

where the desired accuracies were practical to achieve.

Mechanical feasibility would be proven by confirming that the T-7

is capable of withstanding the environmental conditions to which it could

o : be subjected.

2-1




R-798 : The Sippican Corporation

3.0 PACKAGING CONCEPT
3.1 Summary

Conceptual Packaging Design of an AXBT/EA for inclusion
into an AN/SSQ-36( ) was undertaken based on the following constraints:

o Ambient temperature change of the electronics should
be very slow to minimize errors due to the temperature coefficient of indi-
vidual components.

o The T-T7 probe should be firmly held within the con-
tainer to prevent damage from shock or vibration.

o A Sea-Keeping Spool may be needed to prevent dam-
age to the magnet wire from wave action.

o The T-7 probe should be kept "dry" until released
to minimize icing when deployed in cold, low salinity water.

o The release mechanism action should be initiated by
means of a fused anchor wire to be compatible with present AXBT release
techniques.

o The overall package dimensions should be constrained

to permit use in present and proposed AXBT configurations.

Two (2) probe release designs, based on the above constraints,

were generated. One had an advantage of a short overall length, the other
a smaller outside diameter. Further inputs from future specifications will

be required to determine the best approach.

3-1
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3.2 Designs

Both conceptual designs for the AXBT/EA are similar
except for the release mechanism.

The electronics are fully encapsulated in epoxy to slow the
change in electronics ambient temperature (see Section 6. 5),

The T-17 probe is firmly held at the after body by the sea-
keeping spool, which supports the T-7 afterbody in the same manner as the
proven SSXBT design, and nose by the probe cap within an aluminum tube,
to prevent damage from shock or vibration (see Sections 7.2 and 7. 3). The
sea-keeping spool is included to prevent failures of the magnet wire near.the
buoy by the action of wind or waves on the buoy. The sea-keeping spool is
equivalent to the canister spool in an XBT. It will dereel wixje to prevent
rwotion of the buoy relative to the water from stretching and breaking the
wire. A further test is required to determine whether this spool is neces-
sary. If it is not, an afterbody support will replace it in the AXBT/EA
cesign. Aluminum was chosen for the housing for light weight and high
strength. If greater weight is required for buoy stability, the housing
could be fabricated from steel.

The housing is watertight except for a small vent hole in the
probe cap. This minimizes problems due to icing by keeping the T-7 probe

¢ry prior to release (see Section 7. 4). The vent hole allows pressure equal-
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ization between the inside of the housing and ambient pressure. This pre-
vents probe release failures due to ambient pressure holding the probe cap
in. if the housing is evacuated at altitude and cannot equalize inside-to-
ouatside pressure rapidly during the descent to the ocean surface.

Both release mechanism actions are initiated by a fused
anchor wire to be compatible with the present AXBT release technique.

The first release mechanism (see Fig. 3-1) (which is longer
but smaller in outside diameter than other) consists of a fused anchor wire,
retainer spring, two retainers, and release spring. The retainers lock
the probe cap to the housing by protruding into slots. They are spring- |
loaded to the retracted (release) position by the release spring. Holding
them in the slots is the retaining spring (a "V'"-shaped piece of spring
steel).

When the fused anchor wire is broken (see Fig. 3-2), the
retaining spring is released and returns to its original "V' shape. This
releases the retainers which are then retracted by the release spring,
releasing the probe cap. The T-7 probe is then free to exit the housing
and begin its descent.

The sgcond release mechanism (see Fig. 3-3) consists of
‘our (4) retaining pins, four (4) Bellville washer springs, a retaining ring,

a release spring, a backing ring, and fused anchor wire. The retaining

e
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springs are held in the locked position, protruding into a groove in the probe
cap, by the retaining ring. The retaining ring is spring-loaded to the release
position by the release spring and backing ring but held in the locked posi-
tion by the fused anchor wire.

When the fuse anchor wire is broken (see Fig. 3-4), the

retaining ring is forced to the release position by the release spring. This

(i S8 ot o i) Bt e A
ARG

frees the retaining pins which are then retracted by the Belleville washers,

o e
e

releasing the probe cap. The T-7 probe is then free to exit the housing and
begin its descent.

. .Figure 3-5 shows the position of the AXBT/EA in an AXBT.
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4.0 ELECTRICAL DESIGN
4.1 General

Early in pre-electrical design reviews for the feasibility
study, it was determined by Sippican that a new approach was required to
electrically interface a T-7 probe to an AN/SSQ-36 Sonobuoy if improved
performance and accuracy were to be realized.

In March of 1975 Sippican had established a unique concept
for a temperature-to-frequency converter which would self calibrate using
phase-locked loop techniques that would limit accuracy-determining elements
to two or three passive components. Because of the extreme operating
temperature range and long shelf-life requirement for an improved 36 Sono-
buoy, it was decided that we should attempt to reduce this self-calibrating
concept to practice in the feasibility study. Since the goal of this study was
to determine feasibility, breadboard component costs were not given pri-
mary considere;tion and consérvative design constraints were used to insure
satisfactory performance. However, the self-calibrating design concept
was aimed toward production hardware. Preliminary circuit design and
breadboard fabrication were completed in February 1976 utilizing the self-
calibrating at buoy water entry technique. Two breadboards of the circuit

were made for test evaluation; one with precision Vishay S102 resistors
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(. 01%) which was subsequently supplied to NADC for temperature testing
August 19, 1976, and the other with standard RN55D resistors (1%) in the
DC bridge portion of the circuit.

4.2 Circuit Design

Concept

The basic concept of this system uses phase-locked loop
techniques, where the D. C. measuring bridge and a voltage-controlled
oscillator (VCO) are calibrated at two points, representing offset and gain
of the system to a quartz crystal controlled oscillator and two internal
calibration resistors.

Thermistor Bridge and Voltage Controlled Oscillator (Fig. 4-1)

The Sippican Bridge Il D. C. Thermistor Measuring Bridge is
utilized in the normal manner where its output is zero VDC at the low tem-
perature end of its range and typically 10 VDC at the high temperature end
of its range. It is supplied with a nominal reference voltage (EReg) of 3.2
VDC from a reference source and amplifier A-2. The first order errors
in the bricge circuit for the relationship of thermistor probe resistance/
bridge output voltage are mainly operation amplifier DC characteristics,
aging, component tolerance, reference voltage, and their related temper-
ature coefficients. At the low temperature end of its range, the reference

voltage term is cancelled out and removed as a first order source of error.

4-2
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The output voltage of the bridge is inverted and scaled in
operational amplifier A-1 to establish the voltage-to-frequency gain factor
of the system for the given nominal value of ERes supplied to the bridge.
Provision is made in amplifiers A-1 and A-2 for c¢ontrolling their output
voltage which in effect varies the offset voltage in A-1 and ERef supplied to
the bridge in A-2, It should be pointed out that by varying ERes, the effec-
tive gain of the system is varied, If a resistance equal to the thermistor
probe at the low temperature end of the bridge range is terminated at the
bridge input, the VCO nominal frequency can be adjusted by the offset volt-
age control of A-1. If a resistance equal to the thermistor probe at the
high temperature end of the bfidge is terminated at the bridge input, the
VCO nominal frequency can be adjusted by the ERes voltage control of A-2.
Therefore, by adjusting these two control voltages, a means of calibrating
the VCO frequency for a specified bridge input resistance has been estab-
lished which includes the bridge circuit errors and VCO gain sensitivity

errors.

«g—————— Calibration Resistor (High Temp)
~¢———— Calibration Resistor {Low Temp.)

VCO Output
Bridge VDC Output
|
| Sippican
Bridge I1 Al } VCO
| Meas, Ckt.
'
l Control
| Voltage
Sippican
B
E Ref.
| Source
]
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