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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




R-817

1.2, 2

The Sippican Corporation

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.




Biniis i o i

0
e

WIS

i
!

i

. -

R-817 The Sippican Corporation

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
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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




Y -~

R-798 The Sippican Corporation

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
]

Figure 4~1 Thermistor Bridge & VCO
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Phase-Locked Loop (Fig. 4-2)

The VCO, in addition to providing the system output, drives
the X input of a frequency comparator circuit using a four-quadrant analog
multiplier. The Y input of the frequency comparator is connected to a pro-
grammable divider which is driven from a quartz crystal oscillator. This
permits comparison of the X input from the VCO to one of two frequencies
originating from the crystal oscillator. The output of the frequency com-
parator is integrated, amplified, and buffered and represents an analog
control voltage which is proportional to the frequency-phase relationship
of the X-Y voltages at the input. By selectively feeding this control voltage
back to the control inputs of A-1 or A-2, a phase-locked loop is established
consisting of the bridge input resistance, bridge circuit, ERef> amplifiers
A-1, A-2, and the VCO. As stated previously, if the input of the bridge is
terminated with a calibration resistor equal to the low temperature end of
its range, the input to A-1 will be zero VDC % an error voltage resulting
from bridge components. If we likewise drive the Y input of the frequency
comparator at a frequency equal to the desired VCO output frequency and
connect the comparator output control voltage to the A-1 control input,
then the resulting phase-locked loop will cause the control voltage applied
to A-1 to shift in a way that will lock the VCO at the same frequency applied

to the Y input of the comparator. If we likewise drive the Y input of the

4-4
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VCO at the same frequency applied to the Y input of the comparator.

comparator at a frequency equal to the desired VCO output frequency at the
high temperature end of the bridge range, terminate the input with a high
temperature calibration resistor, and connect the comparator output control
voltage to the A-2 control input, then the resulting phase-locked loop will

cause the control voltage summed at A-2 to shift in a way that will lock the

The

gain and time constant of the phase-locked loop is designed so that the cap-

bration points.

o «—— Calibration Resistor (High Temp.)
E ) «——— Calibration Resistor (Low Temp.)

y

Sippican
XBT

Brioae V.0.C.

Outeut

SiepicaN Bridae

E k ture frequency range is always greater than the maximum accumulative

error of the VCO nominal frequency at the low and high temperature cali-

V.C.0. Outeur

[T Mess.Greuir

E.Rer, -74

NS

Hi Tewme
CaL.SiaNAL

E Per
Sousce

Low Teme.
CAL.SiGNAL

4-5

A

]
|
]
Sons

—»

V.C.O.

Y leu'r_—g'

INPU

 §

 Frequiency
ComPARATOR
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PROGRAM
DiviDER

CrvstaL
OsciLLATor




BT, T T S e

A e gt

3
!

R-798 The Sippican Corporation |

Sample and Hold with Switching (Fig. 4-3)

We have shown how it is possible to calibrate the bridge input

resistance to the VCO output frequency in a two-step operation typical of
offset and gain calibration procedures. In order to hold the calibration at
each point while the other point is calibrated, it is necessary to use some
form of analog memory for the control voltage from the frequency compar-
ator. Additionally, switching is required to switch the control voltage to
either A-1 or A-2. These functions are best performed in two individual
sample and hold circuits, one for the A-1 input and the other for the A-2
input. The sample and hold circuits are designed for extremely low leak-
age current (10 pA) so that low capacity memory capacitors can be utilized !
with memory retention upwards of one-half hour. Additionally, special
consideration must be given to the sample mode time constant in order to
preserve the capture frequency range of the phase-locked loop.

'It is desirablé when possible to choose the low and high tem-
perature calibration frequencies so that the crystal oscillator frequency can -

be a common multiple. This permits the use of a single crystal oscillator. A

programmable divider follows the crystal oscillator to select the correct
calibration frequency. By using appropriate logic for switching the bridge

input, control voltage sample and hold circuits, and the programmable

e ——————— 5t

divider, a sequence of low and high temperature calibration,one or more
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E times, followed by bridge input termination to the thermistor probe is

established.

«¢—————— Calibration Resistor (High Temp.)

e L ) o e~y

<«————Calibration Resistor (Low Temp.)

g Vo . e o
& SR
i e

VCO Output

Bmo&s.VDC !

T,
—

L : ‘

L H o S1PPiIcAN BRIDGE Freauency !
i" ' ‘ M | 11 Meas.Greurr 'I ’3( INPUT= Cov=:.RATOR 3
= E.Rer Comparator
b Low Temp. Output
£ . CAL.SIGNAL %ontrol
) J r Y INpUT ; oltage
2 Low TemrCaL. \
4 SAMPLE ¢ Howd )
| 6 . Hi. Teme.Caw. ]

] e 54n\ums.4uo|.u¢ o :

- Sippican !
. Hi Tewe 3
& o CaL.SiaNAL i ;
g OGRAM :
. £ Rer. DivibER :
1 Souree.
| Mol 3

J

" CrySTAL
OsciLLATOR
L= LowTempCa .
o—P 5&{’25‘:"““ H: HIGHT:MPd-L ;
M: Measure, |

Figure 4-3 Temperature to Frequency Measuring System
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The calibration sequence for the AXBT Breadboard is shown

in Fig. 4-4. It consists of the following:

RSk AR e Rl S B i G

B 1 e
T T T e R A T T PP

P

1. Switch to run.
2. Sample and hold low temperature calibration.
f 3. Sample and hold high temperature calibration. s
:;" 4. Repeat of 2 and 3.
5 S. Switch bridge input to the XBT thermistor probe.
:'? R
= NOTE: IN AN ACTUAL SONOBUOY A COMMAND
g SIGNAL TO RELEASE XBT PROBE WOULD
3 ; : BE GIVEN AT THIS TIME.
1 ; TOGGLE SWITCH :
i RESET RUN | : :
1 > * §
3 : Low Temp Fligh TempLowTem| gh’l’bmp Measure T-7
) { Cal. Cal. XBT Probe

4&' . l‘-——— 1 Second ———OIQ— 2 2 Minutes ——-.l

Figure 4-4 Calibration Sequence

The acquisition time of the sample-hold circuits is limited

1
i

principally by the charging time constant of the memory capacitors. This
is typically 100 milliseconds. The switching of the bridge input between
calibration resistors and the XBT thermistor probe is accomplished with

low Rpyg (on) € 3Q field-effect transistors.

4
b
F

1
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The system logic, which consists of COS/MOS integrated
circuits, can be made somewhat flexible. In the breadboard, for example,
a toggle switch initiates a start signal for the mode sequencing as shown in
Fig. 4-4. The calibrating signal is included in the output signal to the RF
transmitter which we feel is desirable. This provides for a calibration
reference further downstream for the system user, which may be used
either as a correction factor or automatic system calibration.

A supply voltage of +15 VDC was chosen for the breadboard
as a matter of convenience. The total load is & 900 milliwatts. The design
is capable of being made to operate with other power supply combinations

as long as they are bipolar with reference to seawater ground. Regulation

is not critical with £15% being acceptable.

cuvmersi. liaund diaiot
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i 5.0 BREADBOARD TEST ,

; L Summary |
: Results of breadboard performance testing indicate the 4
% ollowing capabilities:
;

Electronics Ambient Temperature

K o Deviation including VCO ‘nonlinearity less than

1+0. 073 degrees celcius over an ambient temper-

i ature range of +50°C to -40°C. i
?,J Linearity
o Uncorrected (S-Curve), -0.451°C, +0. 455°C |
. ‘ i
E o Corrected to the expression:
1. 39234 x 109 /

| Frequency =< RTH + 5607 - 5. 82209 <135> + 1350
b =+0. 056°C
o 1
E Drift
k| 3
‘ o Accuracy change 2 minutes after self-calibrating

L
1 sequence less than +0. 002°C.

Supply Voltage Variation

o - Deviation for a supply voltage of 15 £+ 2 VDC equals

10. 014°C. )
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Response
o 2 millisecond, 63% response to a step change in

AXBT input current.

System Test

o No discernible difference between recorder trace
made from XBT trace simulator on a Sippican MK2A
shipboard recorder and recorder trace made in P3C
mockup test.

As indicated in the test results, the self-calibrating temper-
ature measuring system offers an approach which, interfaced with the
Sippican T-7 XBT probe, is capable of meeting the requirements of an
improved AN/ SSQ-.36 Sonobuoy. The design goal for an AXBT with the
accuracy of the present Sippican shipboard system of +0. 2°C is easily sur-
passed. With power supply variations of +13% affecting accuracy by +0. 014°C,
power source requirements can be very flexible as to regulation.

The system test, though somewhat subjective, indicated the
ability to duplicate very precisely the same temperature profile through the
RF link as was obtained with the direct wire link.

5.2 General

To verify design goals, Sippican performed tests at its Marion

Massachusetts facility on the AXBT/Electrical Assembly. Laboratory type

equipment was used throughout the test program. For the system test a
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special XBT temperature profile simulator (XBTS) was used. This device
consists of a motor-driven cam and lever connected to a potentiometer
which enables us to generate a repeatable time varying electrical signal
equivalent to an XBT being deployed in the ocean.

5.3 Test Results

Electronics Ambient Temperature

o The AXBT breadboard, using 1% RN55D resistors in
the bridge circuit, was sealed in a temperature cham-
ber and connected to an external resistor decade box,
frequency counter, and power supply. With a thermo-
couple monitoring the inside chamber temperature,
the breadboard was allowed to stabilize at 50, 25, -1,
-20, and -40 degrees celsius while input and output
data were recorded. To obtain data for system linearity,
increments of 2 degrees celsius were used for the AXBT
input temperatures.
At each resistance setting of the decade box (AXBT
input temperature), the calibration sequence was
initiated and the output frequency recorded at the end

of a two-minute period. The resulting input tempera-

ture, output frequency, and indicated temperature is
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shown in Tables 5-1 through 5-5 for each of the five E
ambient test temperatures. To allow for the thermistor
"S" curve, indicated temperatures are corrected to the

expression:

1. 39234 x 109 :
Frequency = R?rnaf Gl 82209 635) + 1350

Linearity

Using data recorded in the accuracy vs. electronics ambient
temperature test, indicated temperatures were calculated for the uncorrected
(S-curve) nonlinearity. Maximum deviations occurred at 6°C and 28°C. The
deviation was -0. 451°C and +0. 455°C, respectively.

Usingthe same data base corrected by the expression:

5
Frequency =(1‘ e .k 82209 (135) + 1350 the

maximum deviation occurred at 16°C and was +0. 056°C.

Drift

The AXBT breadboard was connected to a resistor decade
box and the frequency output connected to a frequency counter. The resistor
decade box was adjusted to the equivalents of -1, 6, 18, 28 and 35°C. At
each temperature the calibration cycle was initiated (T,). The output fre-
quency was recorded for T.. The worst case accuracy change was measured ﬂ

for T, - T9 minutes and found to be +0. 002 degrees celcius.
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Flectronics Ambient Temperature (50° C) Test

Temperature (At° C)

AXBT Input Indicated . Indicated
Temp. Temp. Deviation Frequency
‘'c e °C Hz
-2, 22 -2, 237 -. 017 1349. 4
0 -0. 003 -.003 1420. 8
2 2. 008 . 008 1487. 6
4 4. 020 . 020 1556. 6
6 6. 028 . 028 1627. 5
8 8. 036 . 036 1700.0
10 10. 045 . 045 1774.0
12 12, 045 . 045 1848. 7
14 14, 048 . 048 1924, 2
16 16. 050 . 050 2000. 0
18 18. 050 . 050 2075. 8
20 20, 048 . 048 2151. 4
22 22, 045 . 045 2226. 4
24 24. 042 . 042 2300. 8
26 26. 036 . 036 2374. 1
28 28. 031 . 031 2446. 1
30 30. 022 . 022 2516.5
32 32.017 .017 2584.9
34 34. 008 . 008 2651. 4
35. 55 35. 553 . 003 2700. 1
4+0.1 =T

SRR SR———

s bt i
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TABLF 5-2 Flectronics Ambient Temperature (25° C) Test
AXBT Input Indicated Indicated
Temp. Temp. Deviation Frequency
'c °C °C Hz
-2, 22 -2. 22 0.0 1350.0
0 0. 008 . 008 1421, 2
2 2.017 . 017 1487.9
4 4. 025 . 025 1556. 8
6 6.034 .034 1627. 7
8 8. 042 . 042 1700. 2
10 10. 050 . 050 1774. 2
12 12. 050 . 050 1848.9
14 14. 053 . 053 1924, 4
16 16. 056 . 056 2000. 2
18 18. 053 . 053 2075. 9
20 20. 050 . 050 2151.5
22 22, 050 . 050 2226. 6
24 24, 048 . 048 2300. 9
26 26. 042 . 042 2374. 3
28 28. 039 . 039 2446. 4
30 30. 036 . 036 2516, 9
32 32.028 . 028 2585. 3
34 34. 020 . 020 2651. 8
35. 55 35. 561 .011 2700. 4
oo oty e e e
& + TEAWR TR ) (RS EE| A TR SR
3 e 1 + — R RS R —
g tt SETTE SUTEG D SRR TR Ph
3 TEATER TR ) N B30 T TIRRES: . A
BB e e T
I il T 3 ! i i i 1
-3 S et Do as Doans Raanl e e 1 b
E -+ e T 1
= HH ERETY SRSEE SRS RN F AR ; 520 oG v
He e N SamnN pAmEY swmmy pEOD
-0.1 K -
-10 0 10 20 30 40
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TABLE 5-3 Flectronics Ambient Temperature (-1°C) Test

AXBT Input Indicated Indicated
Temp. Temp. Deviation Frequency
°C i °C Hz
-2, 22 -2. 228 -.008 1349. 7
0 0.003. .003 1421.0
2 2,011 .011 1487. 7
4 4. 020 . 020 1556. 6
6 6.028 . 028 1627.5
8 8.036 . 036 1700.0
10 10. 045 . 045 1774.0
12 12, 048 . 048 1848. 8
14 14. 053 . 053 ' 1924. 4
16 16. 056 . 056 2000. 2
18 18. 053 . 053 2075. 9
20 20. 050 . 050 2151.5
22 22. 050 . 050 2226. 6
24 24. 050 . 050 2301.1
26 26. 046 . 046 2374.5
28 28. 045 . 045 2446. 6
30 30. 039 .039 2517. 1
32 32.039 . 039 2585. 7
34 34.034 . 034 2652, 3
35. 55 35. 578 . 028 2701, 0
.1
-
"
]
E o
3
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TABLE 5-4 Flectronics Ambient Temperature ¢20°C) Test

AXBT Input Indicated Indicated
Temp. Temp. Deviation Frequency
°C °C (e Hz
-2, 22 -2. 234 -.014 1349.5
0 -0.003 -.003 1420. 8
2 2. 006 . 006 1487.5
4 4,014 .014 1556. 4
6 6. 022 . 022 1627. 3
8 8.031 .031 1699. 8
10 10. 036 . 036 1773. 17
12 12. 039 .039 1848.5
14 14, 045 . 045 1924.1
16 16. 050 . 050 2000.0
18 18. 050 . 050 2075. 8
20 20. 050 . 053 2151. 6
22 22.053 . 053 2226. 7
24 24, 053 . 053 2301. 2
26 26. 053 . 053 2374. 7
28 28. 048 . 048 2446. 7
30 30. 045 . 045 2517. 3
32 32. 045 . 045 2585. 9
34 34. 042 . 042 2652. 6
35. 55 35. 586 . 036 2701.3
=101 e sors e T
@) PSR, I (A R DR ISR ] SR BT
L - W TR SR | (FEERR R B D IR
3 v S VTS R B R
[ - - " e L
‘5 o R R A
= Y : : KRR T T T
{ 5 b - SUBRUIPH R U (S S ) (P
& = el st et Tt
g ] e TR )85 0 ) R0 B U2 :.i
-0.1 = Lif | . WYV (W UOTIR G0 ) VRS S S

P TAR NN e

L gl vl pldhe a4 2 i S bl S Al S

i
o

§
q

{

=10 0 10 20 30 40 ‘
AXBT Input Tempcratsure /°C
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: TABLE 5-5 [Electronics Ambient Temperature (-40° C) Test 4
' AXBT Input Indicated ' Indicated
Temp. Temp. Deviation Frequency
OC 'C .C Hz
-2, 22 -2. 240 -.020 1349. 3
0 -0. 008 -.008 1420. 6
2 2.0 0.0 1487.3
4 4.011 .011 1556. 3 4
3
6 6. 020 . 020 1627, 2
8 8. 031 . 031 1699. 8
10 10. 036 . 036 1773. 7
12 12, 039 . 039 1848. 5
14 14, 045 . 045 1924.1
16 16. 050 . 050 2000.0
18 18. 050 . 050 2075. 8
20 20. 053 . 053 2151. 6
22 22.053 .053 2226. 7
24 24. 053 . 053 2301, 2
{ 26 26. 053 . 053 2374. 17
y
28 28. 050 . 050 2446. 8
30 30. 048 . 048 25117, 4
32 32, 045 . 045 2585. 9
34 34, 045 . 045 2652. 7
35. 55 35. 589 . 039 2701. 4
A+o'l JUSTNE ISUSUSUSTN [DUNRENE IRERSRERE O e [ttt I IR an s St
g FHEE *._;.'“I*' S ) 5 G S 9 N W ) RO " 12
- = e r ST ..
£ o Soann SRy pORe e remer fon s
8
© PR IRe e G . . .
e e - d - et
& Ry I ; g 3
; £ e T P B
| & T E eaRE ANk NRERABEE ok Chayy fann)
1 DRl Rl Eam ‘TT"' tard et
10 20 30 40

AXBT Input Temperature /°C
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",: : Supply Voltage Variation
* | The input of the AXBT breadboard was connected to a resistor : ’ i
lecade box and the frequency output connected to a frequency counter. With
the breadboard supply voltage adjusted to +15 VDC and -15 VDC the calibra-
tion cycle was initiated. The output frequency was recorded for input tem-
b K verature equivalents of 0, 17, and 35°C.

The breadboard supply voltage was then adjusted to +17 VDC )
t and -17 VDC and the frequency recorded for the same input conditions. The
)

breadboard supply voltage was then adjusted to +13 VDC and -13 VDC and the

ik o it
il

output frequency recorded for the same input conditions. , ;
§ Table 5-6 indicates the resulting output frequency and temper-

zture equivalent for the three supply voltage conditions.

SUPPLY #15 VDC ]

=z Input Temp. °C | Output Frequency, Hz| Deviation °C| Output Temp. °C i
0 (16329%) 1421. 1 0. 006 ;
b | 17 ( 71619Q) 2038. 1 17. 053 \
. 35 ( 3263Q) 2683. 6 35.014
ii SUPPLY 17 VDC
; 0 1420. 9 -0.006 0.0
17 2037. 9 -0. 005 17. 048
35 2683. 4 -0. 006 35. 008 f
SUPPLY +13 VDC
0 1421. 3 +0. 005 0.011
i 2038. 4 +0. 009 17. 062
35 2684. 1 +0. 014 35. 028

TABLE 5-6
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% Response j
|
’ The response of the breadboard was checked by substituting |
f a pulse generator for the thermistor at the input of the breadboard and con-
t verting the breadboard VCO output to DC using a frequency-to-voltage
13
L converter (see Figure 5-5).
e : 4
£l Breadboard Frequency/Voltage Converter 3
Frequency Teledyne Philbrick 4704 :
Output (1 TC =0. 02 milliseconds)
FULSE | = =
GENERATOR AXBT BREADBOAR /
‘»'." 4
! Thermistor : ;
) Input ;
i ;
.
k| ]
¢
’ O - i

-
°
-
”

Dual Trace
Oscilloscope

Figure 5-5 Response Test Set-Up
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The pulse generator was adjusted to prc;vide a current change
equal to the end of scale temperatures of -2. 22°C and 35. 55°C. The output
of the frequency converter was connected to an oscilloscope. A dual trace
was displayed showing the input step from the pulse generator and the DC
output of the frequency to voltage converter (Figure 5-6).

One time constant was determined to be two milliseconds

maximum for an equivalent temperature step of -2. 22°C to 35. 55°C.

B A
TR
AT
3L

Response

Figure 5-6
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System Test

A complete system test was conducted for the purpose of
comparing an XBT temperature profile simulator (XBTS) using a standard
Sippican MK2A shipboard recorder and the AXBT breadboard through an
RF loop to a strip chart recorder (MK2A servo system).

Using the test setup shown in Figure 5-7, a decade resistor
box was connected to the MK2A recorder. The strip chart recorder was
calibrated at -1°C and 35°C in accordance with the thermistor R-T table.
The recorder was then connected to the XBTS and a temperature profile

was made (Figure 5-8).

TEMPERATURE TRACE DIRECTLY
FROM RECORDER
(NO RF LINK)

1

MK2A SHIPBOARD ‘
RECORDER
DECADE RESISTOR

P—‘ = = = =======|for CALIBRATION

XBT TEMPERATURE PROFILE i
SIMULATOR (XBTS) :

Sippican MK2-A SHIPBOARD RECORDER TEST SET-UP ! 4

Figure 5-7 9
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Us;ing the test set-up shown in Figure 5-9, a decade
resistor box was connected to the AXBT breadboard. The strip chart
recorder at the end of the RF loop was calibrated at -1°C and 35° C
in accordance with the thermistor R-T table. The AXBT breadboard
was connected to the XBTS and a temperature profile was made
(Figure 5-10). Comparison was then made between Figures 5-8 and

5-10 for identical temperature profiles.

‘e o l-
o’r\\ ’/T‘\
COMMERCIAL GFE MODULATOR
VHF RCVR & XMITTER
FEarphone Audio ‘
Output from RCVR
FREQ. to VOLTAGE
CONVERTER

Feasibility Study

Hardware
Ve e

MK2A SHIPBOARD \ AXBT BREADBOARD |
RECORDER (SERVO . (TSC) .
SYSTEM ONLY) T T T T

DECADE RESISTOR| __

for CALIBRATION
SR THAL S RS XBT TEMPERATURE
A L FUENED PROFILE SIMULATOR
(AUTOMATICALLY) kgl

SIPPICAN AXBT, P-3C MOCKUP TEST SET-UP
Figure 5-9
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6.0 ERROR ANALYSIS
6.1 General

The AXBT/EA as breadboarded was outlined into specific
error sources contributing to the overall accuracy of the design. Only
those errors which have significance in determining realistic performance
of the assembly have been considered in this report.

No consideration is made for the final use of the demodulated
receiver signal as an error source.

As there is no frequency offset as a result of going through
transmitter modulation to receiver demodulation via the RF link, it is not
considered as a source of error.

The greatest single error source is the T-7 XBT probe which
Sippican specifies at +0. 1°C. This has been added to the errors of the
electronics in Table 6-2 (page 6-18).

Primary Calibrating References

Quartz Crystal
Two Calibration Resistors

DC Bridge Circuit

Resistor Tolerance

T-7 Probe Common-mode Resistance
Common-mode Voltage

Linearity and Offset

Sum of Bridge Errors

6-1
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Voltage Controlled Oscillator (VCO)

Linearity

Ambient Temperature Change

Thermistor "S" Curve Nonlinearity

Total Sum of Errors

6. 2 Primary Calibrating Reference Errors

Quartz Crystal

The crystal frequéncy used in the breadboard is 10. 80 KHz
which was a readily available stock fréquency. This changes the frequency-
to-temperature relationship slightly from that specified for the AN/SSQ-36
sonobuoy. For the AXBT breadboard:

= 1429, 348689 + 35. 7426529t
For the relationship:
f = 1440 + 36t
the crystal frequency would be 10. 88 KHz.

Deviations for the Statek crystal used in the breadboard are
shown in Figure 6-1 along with the Statek specification.

Based on the Statek specification of . 024% deviation (-40 to
+50°C), the error at the -2.22°calibration point converted to a temperature

error is




3
1 ' R-798 The Sippican Corporation
4 :
{1 ’ (1350 Hz)(. 024%)(. 028°C /Hz) = . 009°C which can be written
%
] » as + . 0045°C and at the 35.55° calibration point is
| (2700 Hz)(. 024%)(. 028°C/Hz) = . 018°C which can be written
E ’ as = . 009°C.
i +.02
£ Pl L I G —— ! : 4j“"ld_.___._,._;_
] T' I T 1L 1 i ¥ 1 t | ] 5 O | [ T_—I_‘
; ] | ; ' T i T Tl T 1J‘ : : T | 15g l j
i T — e ‘ = : T !
- STATEK SPECIFICATION -[7 | NN NN
/ +.01 e : -
! ¥ Sy r m i
= is 1 T =] 3l oy
j ] ! a ;-“\ T
] Eoan R !
W ; 5
E 0 |V Eol i ! b |
E . 1 A 1 T == '
i =] 0 1 — 55 i : ' - 9 e
’ > [ BREADBOARD ACTUAL T’ NN S
= Cthbi ot o e TN
g SmARn INE | EEERnnaEs
' e EEEnaEEE 1 P EESNH
AR 15 T 5 0 L TR £ G 2 ! TTIN HERN
é -01 |l N SRR ' EmEREEREE SR
NN RN R nE N H
~I—r . W E t : o 30 I“\ I
‘ ] ' T i - - A
] ! | E ] 1l
i EHE i BB m
: _.02 1 i 5 | I | T |
' -40 -20 0 20 40 60
DEGREES C.
STATEK SX-1H CRYSTAL TEMPERATURE COEFFICIENT
Fp = 10.8 kHz
' Figure 6-1 ;
v i
|
1
|3
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Calibration Resistors

The calibration resistors used in this analysis were +0. 01%
€ 25°C, 5 PPM/°C.

The value of the 35. 55°C calibration resistor is 3193Q.

The value of the -2, 22°C calibration resistor is 18308Q.

The error contributed is calculated to be as follows for the
two sources (tolerance and temperature coefficient):

The contribution of the temperature coefficient is

-40°C to 25°C t 65°C(5 PPM) =.0325%

25°C to 50°C t 25°C(5 PPM) =.0125%

These errors can then be R. S. S. 'd with the tolerance to get

N -1x10-9H2 +(3.25 x 1042 = .034%

Vaxi0h2+esx100H2 = . o16%

At the 35. 55°C calibration point the effect on the 3193 resistor converted

to a temperature deviation is

3193(3.4 x 10-4) +3193(1.6 x 10~%)  7.86 x 10°3 °C/Q
= 0.013°C

This can be written as +0. 0065°C (high temperature calibration error).

6-4
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Similarly, at the -2. 22°C calibration point, the effect on the

1330892 resistor converted to a temperature deviation is
18308 (3.4 x 10~4) + 18308 (1.6 x 10-4)  1.03 x 10-3 °C/Q
= 0.009°C

this can be written as +0. 0045°GG(low temperature calibration error).

6.3 DC Rridge Circuit

Resistor Tolerance

4 The Sippican Bridge II consists of four operational amplifiers
and fifteen (15) resistors in multiple closed loop configurations, Its com-
' plexity is dictated by the necessity of working with very low thermistor
current (100ua) to prevent thermistor self-heating errors, a pair of small
conductor (#39) magnet wires at approximately 12 per foot totaling = 3000
ohms as a transmission line between the thermistor and bridge circuit, and
t'vo sea electrogles using seawater, with their various electro-chemical
potentials, to close the bridge loop.

The tolerance requirements of the bridge resistors are deter-
mined primarily by two bridge input variables and the accuracy requirements
of the bridge output voltage. The input variables are common mode resistance

(XBT transmission line) and common mode voltage (sea electrodes).
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T-7 Common Mode Resistance

The T-7 XBT probe proposed for use in an AXBT sonobuoy
wotuld contain approximately 2806 feet (110 grams) of wire on the probe
spool and 638 feet (25 grams) on the sea-keeping spool or a total of 3444
feet (135 grams) of transmission line. The wire on the XBT is wound to a
wéi'ght tolerance of +5 grams, which could result in a transmission line of
3316 feet to 3571 feet. Additionally, the wire used in XBT manufacturing
has an ohms-per-foot tolerance of 0. 9Q + 10%. When these tolerances are
added worst case, we find the bridge circuit must retain its specified accur-
acy with a common mode resistance that could be a minimum of 26862 and
a maximum of 35359Q.

Common Mode Voltagg

Tests were conducted at sea in May 1576 to determine a
nominal value of common mode voltage that would exist between the T-7
XBT sea electrode and an AN/SSQ-36 Sonobuoy outer casing. Using a
Sippican MK2A Recorder modified to measure common mode voltage, five
(5) T-7 XBT's were deployed with an AN/SSQ-36 Sonobuoy outer casing
serving as the bridge circuit sea electrode. The average common mode
voltage was determined to be 0. 448 VDC with a variance of approximately

+0. 05 VDC. Water salinity was 3. 01%.
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Linearity and Offset

To properly analyze the effects of bridge resistor tolerance
on linearity and offset, we must consider the bridge as part of the entire
self-calibrating system. In essence, when self-calibrating we are adjusting
the zero and span of the bridge. Therefore, when self-calibrating with a
given set of values for common mode resistance and common mode voltage,
the calibration accuracy is determineﬂd by changes in these two variables
after the self-calibrating cycle. As the tolerance of the bridge resistor
network increases, a greater error develops between the calibration and
measurement cycle. At the calibration temperature points these errors
appear as offsets. Between the calibration temperatures the error appears
as both offsét and bridge nonlinearity.

Sum of Bridge Errors

To determine the relationship between bridge resistor toler-
ance and calibration accuracy, a program was written for a Wang Calculator.
Each of the fifteen (15) bridge resistors could be individually varied from
its nominal resistance value and the error contribution at the bridge output
determined. For the purpose of the program it was assumed that the
bridge operational amplifiers had perfect DC characteristics. With the
common mode variables specified previously in the program, each resistor

value was changed 1% from its nominal value in a direction that would keep

6-7
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all the indicated output errors of the same sign. This was done at thermistor
resistances equal to the low, center, and high temperature inputs of the
bridge. The results of the deviation for each of the fifteen (15) resistors

was summed R. S. S. (root-sum-square) and is given in Table 6-1.

Thermistor Input Temp. -2.22°C| - 16°C 35. 55°C

Offset Deviation +0. 028°C | £0. 040°C | +0. 052°C

Linearity Deviation - +0. 041°C -

Total R. S. S. Bridge +0. 028°C | +0. 057°C | +0. 052°C

Deviation

SUM OF BRIDGE ERRORS

TABLE 6-1

6.4 Voltage Controlled Oscillator (VCO)

Linearity

The VCO used in the AXBT breadboard is an Exar Type
XR-2206 Monolithic Function Generator. To empirically determine the
linearity of the VCO, four pieces were subjected to test at 25°C and 0°C.
All four pieces showed a peak at the approximate center of the 1360 to

2720 Hz range (Figures 6-2 through 6-5). This peak was averaged and

used to express the typical linearity deviation of the device.
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S/N 1 1.7 Hz
S/N 2 2.1Hz
S/N 3 0.8 Hz
1K
S/N 4 2.5Hz ——5— = L8Hz
1.1 Hz

1.8 Hz (0. 028) = 0. 050°C
which can be written as + . 025°C

6.5 Ambient Temperature Change

After the calibration cycle is initiated and probe measure-
ment starts, it is important to maintain the self-calibrating circuit at a
stable ambient temperature for the two-minute period during which the XBT
makes its temperature/depth profile. Testing was performed to determi.ne
the magnitude of the circuit temperature change to be expected when an
AXBT enters the water.

A 2" diameter by 2" long block of epoxy (Bacon Industries
FFA9/BA11)in an aluminum tube (similar to the one shown in the conceptual
design) was instrumented with three thermocouples. One thermocouple
was placed against the aluminum tube. The second thermocouple was placed
at the center of the epoxy. The third was placed midway between the other
two. .

The biock was then cold soaked at -40°C until the thermo-

couples were at a uniform -40°C. The block was then immersed in 29°C

6-13
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water and the three thermocouples monitored (see Fig. 6-6). No change
was observed for over three minutes in either thermocouple within the
potting material.

Since the duration of a T-7 descent is 122 seconds, it was
concluded that there would not be an electronics ambient temperature change
from the time of self-calibration to the end of the T-7 descent. This source
of error is then negligable and may be ignored.

6.6 Thermistor "'S" Curve Nonlinearity

In most measurement applications the highly nonlinear
resistance/temperature relationship of the thermistor requires various
techniques to linearize the temperature output signal over a specified range.
Users typically achieve an approximate output linearization with tempera-
ture through the use of an appropriately selected series resistor and con-
stant voltage source. It has been shown that the normalized circuit output
transfer function follows an "S'" curve about a straight line. This curve is
shown for the Sippican XBT and bridge circuit in Figure 6-7.

When applying the presently specified frequency-to-temper-
ature relationship for an AN/SSQ-36 Sonobuoy (f = 1440 + 36t), it becomes
apparent that the ''S'" curve is a designed-in source of error of approximately
+0. 45°C at the peaks of the ""S'". When summed with the rest of the system
error, a total deviation of approximately +0. 55°C is possible at 6°C and

28°C. At all other points the error will be considerably less.
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For more precise applications where a greater temperature

accuracy is required, it is desirable to express the frequency-to-temper-

ature relationship using a computer-generated, least-squares, polynomial

i regression (curve fit). The basic data for the regression is the thermistor's
temperature-resistance characteristic and the formula f = 1440 + 36t.

Where f is the modulating frequency in hertz from the sonobuoy and t is in

o e

degrees celsius:

f=A+Ft+Ct2 +Dt3 + Et4

e .'_,QA

A = 1.431379 x 103

I B = 3.285312 x 10! ;

a T :

&) C = 3.2046 x 10 |
p |

D = -6.4615 x 10~3 i

B . E = 4.0959 x 106

E |

L s I The maximum curve fit error is 0. 015°C and occurs at 35. 55°C.

: b

—
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6.7 Total Sum of Errors

The total sum of errors considered in this report is

summarized in Table 6-2.

k- 4 Source of Error Error in Degrees Celsius (R.S.S.)
. v -2.22 16 35.55
a, Quartz crystal +0.0045 +0,0068 [ +0,009
; Calibration Resistors +0.0045 10.0055 10.0065
Bridge Resistors +0.028 +0.057 1+0.052
V.C.O. 10.025
Supply Voltage Variation| +0.006 +0.009 10.014
T-7 XBT Probe +0.100 10.100 +0.100
] R.S.S. Total +0.104 +0.119 10.114
i .‘
i : TOTAL SUM OF ERRORS
: TABLE 6-2
l_ ) A
o :
{ ]
) v,:i
| ”
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7.0 MECHANICAL TEST
7.1 Summary

Environmental testing of the T-7 probe for the purpose of
this study was confined to shock testing (water impact), vibration testing
(MIL-T-5422F), and temperature testing (low temperature water entry-
icing). These were considered the primary possible failure causes. Other
environmental testing (storage temperature, humidity, and temperature/
altitude) were not considered as historical data from the Submarine-
Launched XBT (SSXBT) development te.sting confirmed the ability of the
T-7 probe to survive these environments.

The results of the testing showed that the T-7 probe can
survive all the environments considered in this study.

7.2 Shock Test

Summary

Shock testing was performed to determine what levels of
shock the T-7 XBT can withstand. Hydroballistic testing (firing a projectile
through an air-water interface) was chosen as the primary test because of
its similarity to the product end use. Due to the problems associated with
instrumenting a free projectile, mechanical impact testing (striking a probe
with a dead-blow hammer) was conducted with instrumented probes to obtain

data on absolute shock levels.

S—
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The mechanical impact testing imparted shock pulses of
222500 g's at pulse widthé of =0.6 msec. Twelve (12) T-7 probes, each
subjected to two (2) impacts (one at each end), showed no visible signs of
damage and worked properly when functionally tested.

Twelve (12) T-7 probes, installed in housings, were fired
into the Sippican Test Tank at speeds between 156 and 190 fps during hydro-
ballistic testing. These probes were all fired into water nose end first.

All probes were inspected for damage and functionally tested. No damage
was evident and all functioned properly.

. One probe was fired into the test tank afterbody end first at
144 fps. This probe, when inspected, had damage to the wire coil and when
functionally.tested failed to dereel. This indicated that the shock levels
associated with the hydroballistic testing were greater than 2500 g's (the
level of the me_cha.nical impact testing described in the probe damage test).

It was concluded that the T -7 probe could withstand the shock
levels associated with an AXBT entering the ocean at 80 fps or an AXBT
(PIP) entering the ocean at 125 fps, without damage.

Mechanical Impact Testing

Coupling and Resonance Search Test

Mechanical impact testing was performed on Sippican Model

T-7 probes to determine to what extent an impact to the probe housing would

it

it
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be transmitted to the T-7 probe and to determine if any resonances occurred
in the T-7 probe due to the impact.

A T-T7 probe without a probe spool was modified to mount a
PCB Model 302A02 accelerometer on the forward body. This was then
mounted in the probe housing and the accelerometer connected to a storage
oscilloscope (see Fig. 7-1). The housing was then struck by a dead-blow
hammer at the nose end and the acceration recorded. Repeated blows indi-
cated that the acceleration was repeatable. The recorded accelerations
(see Fig. 7-2) show a pulse . 6 msec. wide, with the top of the pulse '"clipped
off'" at £1700.g's. The accelerometer manufacturer said that this "pulse-
clipping'' was caused by the internal electronics of the accelerometer and
that the actué.l peak acceleration could be extrapolated by comparison with
a shock pulse of lower amplitude in which clipping was not observed (see
Fig. 7-3). The extrapolation of Figure 7-2 using Figure 7-3 showed a peak
acceleration of approximatel.y 2500 g's.

The acceleromater was then mounted directly to the housing
and a T-7 without wire on the probe spool installed (see Fig. 7-4). The
shock pulse of Figure 7. 3 was reproduced (see Figs. 7-5 and 7-6), indica-
ting that the shock pulse applied to the housing was transmitted directly to

the T-7 probe.

.
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500 g/cm

0.1msec/cm ——

HALF SINE 2500g
PULSE WIDTH 0.6msec

Figure 7-2

200 g/ecm

0.2msec/cm -
HALF SINE 1,000g

PULSE WIDTH 0.2msec
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Figure 7-5
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Figure 7-6
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The T-7 probe without wire was then replaced with a com-
plete T-7 probe from inventory (see Fig. 7-7). Full dead-blow hammer

impacts (corresponding to Fig. 7-2) were applied and shock pulses recorded

ks

(see Figs. 7-8, 7-9, 7-10 and 7-11). All of these pulses showed a decaying
sinusoidal acceleration at & 7. 5 KHz superimposed on the shock pulse.

This sinusoidal acceleration was attributed to a resonance of the probe

gl -

spool at the mounting flange.

PO

piac oL it e e
v v

Probe Damage Test

E The complete T-7 probe. from the resonance search test and

-_ twelve (12) additional T-7 probes from inventory which were subjected to A

& mechanical impacts were tested for damage.

- The T-7 probe from the resonance search test had been sub-
k) : jected to approximately twenty (20) full impacts. The remaining twelve (12)
;‘i T-7 probes were each subjected to one (1) full impact at the nose end and

one (1) full impact at the afterbody end while in the housing. All probes
were then inspected for visible damage and the wire dereeled in the Sippican
E‘; Dereeling Tank (see Fig. 7-12). There was no visible damage and all probes

dereeled properly with no wire hang-ups.

7-8




W W —

R-798

l
! A
A ol
/ e \HJ
/] 2
< - lFV
Y it
: a ¥
“ st
f : 7
/1
|
1

DIRECTION OF IMPACT ’

SIPPICAN MODEL T-7
TEMPERATURE PROBE

(Complete)

The Sippican Corporation

WIRE ON PROBE SPOOL

ACCELEROMETER

ACCELEROMETER OUTPUT
TO OSCILI.OSCOPE

Figure 7-7
7-9




R-798

0.2 msec/cm i

IMPACT PULSE CLIPPED AT 1,600g
DECAYING SINUSOIDAL ACCELERATION
OF T-7 WIRE SPOOL

Figure 7-8

500g/cm

\.PROJECTED},
___ SINUSOIDALE .o

0.2 msec/cm -

DECAYING SINUSOIDAL ACCELERATION
OF T-7 WIRE SPOOL SUPERIM-
POSED ON IMPACT PULSE

Figure 7-9
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TION OF T-7 WIRE SPOOL

Figure 7-11
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Hydroballistic Testing

Test Set-Up

An air gun was fabricated to fire the probe housing with a
T-7 probe installed into the 30-foot deep Sippican Test Tank. The air gun
{see Fig. 7-13) consisted of an air tank, rupture disc assembly, barrel,
and photocell timing trap. An air line pressuri-zed the air tank. Pressure
increased until the rupture disc ruptured, releasing high pressure air to
the barrel. A breakable link holding the probe housing in the barrel was

severed and the probe housing accelerated down the barrel. After exiting

the barrel, the probe housing passed through two photocell beams spaced
one foot apart, and entered the water. The two photoceils were connected
through a time-interval gate to a Hewlett Packard 5300A counter. The first

photocell started and the second photocell stopped the counter, displaying the

time the probe housing took to travel the one-foot distance and, therefore,

the water entry speed. Entrance speed was varied by the use of rupture i
discs with different values of rupture pressure.

Failure Mode Seaich Test 3

Twelve (12) T-7 probes were assembled without applying
binder to the wire coil as is done in normal manufacture. The purpose of

the binder is to prevent the wire coil from shifting, loosening wire coils,

which could tangle and impede dereeling of the fine magnet wire (see
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<— AIR TANK
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Figure 7-13 Air Gun
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Fig. 7-14). These twelve (12) probes were then fired into the Sippican Test
Tank using the air gun. Three (3) entered the water at 238 fps, three (3) at
144 fps, and six (6) at 135 fps.

All probes were then carefully disassembled and visually
examined for wire coil shift. They were then dereeled underwater at 20
fps (the approximate descent speed of a T-7 probe). All probes had visible
evidence of wire coil shift. None of the probes dereeled properly. All
stopped dereeling well before the wire was exhausted. During an actual
T-7 probe deployment at sea, a stoppage of dereeling would cause the wire
to break and, therefore, cause a probe failure.

T-T7 Probe Water Entry Test

Twelve (12) T-7 probes were then assembled using a full
application of binder to the wire coil. Each probe was then installed in a
housing and fired into the Test Tank to determine the entry velocity at
which the failure mode described above became evident.

Three (3) probes entered the water at 156 fps, three (3) at
165 fps, three (3) at 178 fps, and three (3) at 190 fps. Each probe was
then carefully disassembled and inspected. No wire coil shift was evident.
Each probe was then dereeled underwater at twenty (20) fps. No failures

occurred and all probes would have worked properly at sea.
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Relation Between Mechanical Impact and Water Entry Tests

One (1) T-7 probe with full binder applied was fired into the
Test Tank afterbody end first in an attempt to cause the probe to fail,

The probe housing entered the water at 144 fps. The probe
was then disassembled. Wire coil shift was evident and the probe did not
dereel properly.

Since this did not happen to the probes in the Probe Damage
Test, in which an impact to the afterbody end was applied to each probe,
it can be concluded that the hydroballistic testing subjected the T-7 probes
to greater accelerations than the Mechanical Impact Testing.

.3 Vibration Test

Summary

Initially, Sippican did not intend to conduct any vibrafion
tests as part of the feasibility study but to incorporate in this report pre-
vious test data on TSC XBT's. Vibration was not included in the work state-
ment of the contract. However, upon reviewing previous vibration test
reports on Sippican XBT products, it was determined that the frequency
spectra in prior tests was directed toward shipboard vibration requirements.
The only exception to this was the testing performed on the Sippican Model
T-9 HXBT (Helicopter Expendable Bathythermograph). Since the design of

the HXBT was of a different configuration (different probe spool) than pres-
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ently manufactured XBT's and the vibration criteria was from 1968 tests, it
was decided to test 24 Sippican Model T-7's to the more severe vibration
tests of MIL-T-5422F, Procedure II, Curve III, from 15 - 2000 Hz.

Of the 24 probes tested, three failed when functionally tested.
One of the failures was a manufacturing defect; the other two were a result
of the vibration test. Both vibration failure modes are easily correctable
in the design of the AXBT/EA.

Test Procedure and Visual Inspection

Since a design for packaging the T-7 temperature probe and
its associated electronics has not been finalized, a vibration test fixture to
test individual or multiple T-7's was considered to be too expensive and
time consuming to achieve a reasonable sample size.

Therefore, Sippican elected to test standard T-7 tempera-
ture/depth probes to MIL-T-5422F, Procedure II, Curve IIIA in their stan-
dard shipping containers. Two cases (24 probes) of T-7 XBT's were drawn
rom Sippican inventory and shipped to Associated Testing Labs, Inc., along
with a vibration fixture designed to attach the cases for the vibration tests.
A copy of Associated Testing Labs report is included in Append_ix L

Upon return to Sippican the two cases of probes were opened
and any external damage noted. The probe was then removed from the can-
ister, any damage noted, and then dereeled in the Sippican Dereeling Tank,

vhile connected to a MK2A-1 Recorder.

7-18
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R-798 : The Sippican Corporation

All testing and failure mode analysis was performed under
the cognizance of Sippican's Manager of Reliability and Quality Assurance,
Mr. Robert P. Demeo.

Upon opening the two cases of T-7's the following observa-
tions were noted: ;

1. The webbing inside the shipping containers, designed

to keep the probes separated, was completely destroyed, thus allowing the

E
3

canisters to bang against each other.

2. The plastic bags housing the individual T-7's were
torn or abraded through at the canister spool and launch pin.

3. All of the launch pins were loose. This was caused
by the repeated banging of adjacent canisters, forcing the Tinnerman clips
to gradually displace, once the webbing on the shipping container let go.
Further examination showed that the launch pins had created indentations
in adjacent canisters.

4. Seven of the twenty-four T-7 launch pins had the Tin-
nerman clips completely forced off and were found laying at the bottom of
the plastic bags.

5. One launch pin that had lost its clip was half way out

of the canister, thus losing retention and support of the T-7 temperature

probe.
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6. The plastic bags contained broken-up pieces of the

- shipping container and black chips of plastic.

Function Examination-Procedure

Upon completion of the external inspection of the twenty-

four T-T7's, the units were individually removed from the shipping containers.

Each T-7 was inspected and tested in the following manner:

The T-T7's were removed from the plastic bag and
visually inspected.

2. The nose cap was removed and inspected. The T-7
canister was placed in the launcher of the dereeling tank.

3. The T-7 temperature probe was removed from the
canister and positioned underwater in the probe retaining fixture in the
dereeling tank.

fl. The breech on the launcher of the dereeling tank
was closed and the recorder was cycled into the measure mode.

5. With the recorder in the measure mode, the trace
was monitored for approximately ten to fifteen seconds prior to dereeling
in order to witness any T-7 malfunctions caused directly by the vibration
test.

6. After analyzing the T-7 in the measure mode, the

canister and temperature probes were dereeled at the rated ship speed

7-20
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and probe terminal velocity simultaneously, and a trace was recorded for
each probe.

1. Each trace was analyzed during and after dereeling
for any abnormalities.

8. When the dereeling tests were completed, the units
were completely disassembled and visually insbected for damage.

Functional Examination- Results

Of the twenty-four T-T's that underwent MIL-T-5422F in
their standard shipping containers, twenty-one produced perfect traces in
the dereeling tank. The three T-7's that did not produce perfect traces .
failed in three different modes. Each failure mode is discussed below in
detail.

1. When the T-7 was monitored in the measure mode
prior to dereeling, there was no evidence of any defects. However, when
the canister spool and probe spool dereeling sequence began, the canister
spool did not dereel. The canister dereeling pinch rollers were shut off
and the probe spool dereeled perfectly to its normal depth. Upon dis-
assembly of the T-7 canister and spool, it was determined that the canister
spool had a "half hitch" in the wire, thus preventing the spool from dereel-
ing. This failure was classified as a manufacturing error created at the

final assembly of the T-7 and was not a result of the test.
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2. The second T -7 which failed was observed to be
erratic in the measure mode prior to dereeling; however, upon dereeling,
the probe and canister dereeled to their full capacity. The recorded trace
exhibited large discrete wire leaks throughout the trace. Unfortunately,
this probe was the same one that had the launch pin dislodged, making the
failure analysis somewhat more difficult; i.e. ,' was the wire leakage
inherent in the T-7 or was it caused by the vibration test itself. Upon
complete disassembly of the T-7 probe and canister, the damage to the
component parts was so severe that a single cause or causes could not be
isolated to determine if the test caused the wire to leak or the wire was
bad prior to the test. Because of the nature of the leakage (several discrete
leaks throughout the dereeling), it is surmised that the leakage was attri-
buted to the physical damage to the T-7 as a result of the vibration test.

3. The third failure was directly attributed to the vibra-
tion test. The T-7 temperature probe exhibited a failure upon immersion of
the nose into the water in the dereeling tank. The pen went immediately
offscale, indicating a leak in the ther:istor coating. This was verified
by a continuity check, indicating all connections were intact and proper.
The probe and canister spools were dereeled to observe whetﬁer any loose
wire or other defects could be observed. There were none. After comple-

tion of the dereeling, the probe was disassembled and the thermistor ana-
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lyzed under a microscope. This examination immediately revealed the cause
of the leak in the thermistor to be a fragment (or chip) of green paint (used
by Sippican to distinguish a T-7 nose from those used in our other probes)
impaled in the thermistor coating on the lead. This failure was probably
caused during the vibration test at the higher frequencies, where a loose
chip of the paint was shaken off and driven into the coating, thus creating

the leak.

In conclusion, the vibration tests were considered to be suc-
cessful in that the tests were perforrne}d on standard T-7 XBT's in their
standard shipping containers which were designed to meet the vibration
requirements of MIL-E-16400 for shipboard use, not the higher frequency
and more severe a:irborne vibration requirements of MIL-T-5422F. The
two vibration-related failures (2 and 3) are easily correctable for AXBT
use. The probe release mechanism will be designed to survive the require-
ments of airborne vibration and paint will not be applied to the T-7 nose.

Further testing will be required when a final configuration

for the T-7 in a sonobuoy AXBT package is designed.

7-23
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7.4 Probe Temperature Test

E
&

S

Summary

.
e g

Initially, Sippican did not intend to conduct any temperature
tests on the T-7 probe. At the request of NADC, temperature testing was

conducted to determine the results of a cold soak at -53°C and then immer-

MM Aok Bustle e e o e
- e e

sion into -2. 2°C water (1. 5% salinity). The T-7 probe failed due to severe 1

-

icing of the wire coil preventing dereeling. It was decided to test an AN/

T R

k SSQ-36 under similar conditions. It also failed due to failure of the sea-

water battery to turn on and failure of the probe to release.

. 3 - After discussions between Sippican and NADC, it was decided

!g to conduct further testing at -40°C and -20°C (the standard sonobuoy spec) i
on T-7 probes and on six (6) government-furnished AN/SSQ-36's manufac-

P tured by Magnavox (three at each temperature).

-r At -40°C and .-20°C the T-7 probe was not adversely affected.

the six (6) AN/SSQ-36's failed.

i Test Results

i ;

E, : The temperature test results are summarized in Table 7-1.
F L d

i All tests were run by cold soaking the probes at -40°C or

~20°C in air followed by immersion in -2.2°C, 1. §% salinity water. In the

case of the AN/SSQ-36 probes, a probe release was attempted.
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TABLE 7-1
PROBE TEMPERATURE TESTS
(MECHANICAL)
-2.2°C (1. 5% SALINITY) TEMPERATURE BATH
TEST SAMPLES
Complete | Forebody Forebody Sez
>robe Soak T-7 Complete T-7 T-4 T-17 T-7 Water
Temp. Probe Spool T-17 Modified Modified | AN/SSQ-36 | Modified [Batteries
(1) Only’ Std. (2) (3) (4) (2) €3)
-53°C D, E - - - - |B,C,DE - A
Remarks F,G
(See Table i
of Codes) :
-40°C C.F,GH | F,GJ F,G,I IBeDE| FG A |
F,G L
-40°C G J
T-7 moving
slowly
-20°C G J B,C D E A
‘T-7 moving F,G (2 out of 3
slowly L(2 outof 3) testad)
TABLE OF CODES
= Code REMARKS
A NO SEAWATER BATTERY TURN ON.
B THERMISTOR ICED OVER 1/16 IN. AFTER 15 SECONDS.
C THERMISTOR SKINNED OVER IMMEDIATELY.
D WIRE COIL ICED OVER PREVENTING PROPER DEREELING.
E SINK RATE AFFECTED BY CODE '"D".
F FOREBODY ICED OVER 1/16 IN. AFTER 15 SECONDS.
G FOREBODY SKINNED OVER IMMEDIATELY. :
H FOREBODY HOLE CLOSED.
I INSIDE DIAMETER OF FOREBODY REDUCED TO 3/16 IN. OR LESS,
J NO PERFORMANCES PROBLEMS.
K TO BE DETERMINED.
L PROBE FAILED TO RELEASE,
. (1) COLD SOAK FOR MINIMUM OF 3 HOURS.
(2) T-7 THERMALLY DECOUPLED BY INSERT.
(3) T-7 THERMALLY DECOUPLED 4 LAYERS OF KRYLON ACRYLIC SPRAY.

COMPLETE TEMPERATURE PROBE.
TO CONFIRM MANUFACTURER'S DATA (NO TURN ON BELOW -20°C).
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Two tests were run on T-7 probes soaked at -40°C. In the
first test the T-7 probes were placed in the water bath and not moved.
Severe icing resulted. In the second test at -40°C (and the test at -20°C)

a procedure more realistically simulating the actual use of a T-7 probe in
the AXBT/EA was used. Since the T-7 probe will be kept dry until deploy-
ment, the test probes were raised and lowered in the water bath simulating
the T-7 descending through the water. The raising and lowering was at
approximately 2 fps which is well below the T-7 drop rate (#20 fps) and is,
therefore, very conservative. Under fhese conditions the forebody iced
over slightly but probe functioning would not have been impaired.

Three (3) GFE AN/SSQ-36's were soaked at -40°C and then
tested. They failed to release the probe and the seawater battery failed to
turn on.

Three (3) GFE AN/SSQ-36's were soaked at -20°C and then
tested. Two (2) failed to release the probe. The third released the probe
but icing of‘ the wire coil was so severe that dereeling of the signal wire
was impeded, which would affect descent rate and depth accuracy. The
seawater battery turn-on was marginal (two (2) failed to turn on). Conver-
sations with other sonobuoy manufacturers confirmed that -20°C cold soak
and then immersion into -2. 2°C water is the practical lower temperature

limit for the seawater batteries.

T Pt LR
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8.0 CONCLUSIONS AND RECOMMENDATIONS

The feasibility study for incorporating a Model T-7 Temperature
Probe into an AXBT has resulted in breadboard circuitry which demon-
strates that the 0. 2°C accuracy of the shipboard T-7 may also be achieved
in an improved AN/SSQ-36 Sonobuoy. Additionally, testing proved the
ability of the T-7 probé to withstand the environmental conditions encountered
by an AXBT. This increases depth measurement capability from the present
300 meters to the T-7 depth of 760 meters. The inherent ability of the self-
calibrating electronics to operate over extreme temperature ranges and
have a long shelf life with a minimum number of precision components is
unique. The use of state-of-the-art technology insures us of long design
life without the hidden dangers of early obsolescence.

It is now recommended that the program investigate in greater depth
the most economical ways to produce the AXBT/EA to meet the cost goals
and accuracy requirements for production quantity units. This will include
investigation into the design of the electronics utilizing microelectronics
technology inclusive of thin films, custom integrated circuits, custom
hybrid circuits, Medium Scale Integration (MSI), Large Scale Integration
(LSI) in conjunction with discrete components where economics dictate the

cost/performance trade offs. The mechanical packaging of the electronics

and temperature probe will also be initiated with primary emphasis on
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shock, vibration and temperature. Predesign requirements must be estab-

lished for such items as power supply (batteries), electromechanical inter-

face and mode sequencing. I

As a result of the detailed investigations, cost/performance trade
ofs will be made. . Detailed production cost forecasts including the non-
recurring elements of production design and tooling plus the recurring cir- |

cuit, probe, and packaging cost will be reported. k

8-2




s AT P

g

AIEASRAN VT -

R-798

APPENDIX 1

The Sippican Corporation




P I o A

Test Report No. T-4300-11 No. of Pages 4

A ——

e

Report of Test on
: | 8SXBT INSTRUMENTS |
k SINE VIBRATION TESTING k
for
' THE SIPPICAN CORPORATION
-
& 3
| Associated Testing Laboratories, Inc.
E i
s !

Date __September 13, 1976

Prepared Checked Approved
By C. R, Muise E. R. Mencow E. E. Kulcsar

Signed | ©. /7. Jg&_ﬂ%&m & e
Date | 27, /7, 7/56 19- -




e

Wi i i
b ek N e P2 5 AT

1.0 Purpose of Test:

Administrative Data

To subject the ®SXBT Instruments to sine vibration testing
in accordance with the referenced specifications and test
procedure of this report.

2.0 Manufacturer:

The Sippican Corporation
P. O. Box 139
Marion, Massachusetts 02738

3.0 Manufacturer’s Type or Model No.: 8SXBT Instruments

4.0 Drawing, Specification or Exhibit:  \; 1 5422F and verbal instruc-

5.0 Quantity of Items Tested:

tions from The Sippican Corp.

Two (2) Lots (12 units per lot)

6.0 Security Classification of ltems:

7.0 Date Test Completed:

Unclassified

September 8, 1976

8.0 Test Conducted By: Associated Testing Laboratories, Inc.

9.0 Disposition of Specimens:

Returned to The Sippican Corporation.

10.0 Abstract:

There was no physical damage to the @SXBT Instruments as
a result of the Vibration Test. The units were returned
to The Sippican Corporation for further evaluation.

Report No

T-4300-11

Poge__1__

Associated Testing Laboratories, Inc.

Clifton, New Jersey 07012
Burlington, Massachusetts 01803
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Report No._ T-4300-11

Associated Testing Laboratories, Inc.

Wayne, New Jersey 07470




-} SINUSOIDAL VIBRATION TEST

!v
E | TEST PROCEDURE
‘

The test specimens were subjected to a sinusoidal vibra-
tion test in accordance with the referenced specifica-
tion, as follows.

The components were securely attached to a test fix-
ture which was attached to the table of the vibrator.
Each package was then subjected to sinusoidal vibra-
tion over the frequency range of 15 to 2000 Hz. The
test was conducted in two parts which are described below:

Part I
* The components were vibrated in each of the three major
1 mutuglly perpendicular axes through the applicable fre-
quency range at the amplitudes indicated in Table I.
. ! The frequency range of 15 Hz to 2000 Hz to 15 Hz was
\ traversed in a time of 20 minutes. The time duration E
i was two complete sweeps (15-2000-15) in each axis. The
units were non-operational during this test.

) Table I

Frequency (Hz) Level

15 - 20 0.1 inch d.a.
20 - 30 2.0g's

30 - 52 0.036 inch d.a. :
52 - 2000 S5g's

* Part II
F 3 The components were vibrated in each of the three mutu-
ally perpendicular axes. The frequency range of 15 Hz
to 2000 Hz to 15 Hz was traversed in a time of 20
minutes. The components were subjected to four hours of
cycling at the levels in Table II.

Report No.___T-4300-11 Page— 3

Associated Testing Laboratories, Inc.
Wayne, New Jersey 07470
_ Burlington, Massachusetts 01803
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SINUSOIDAL VIBRATION TEST

TEST PROCEDURE (continued)

Part II (continued)

Table II

Frequency (Hz) Level

15 - 28 0.18 lnch doa.
28 - 2000 7g8's

At the completion of the four hours, one additional
sweep in accordance with the requirements of Part 1
was performed. The units were non-operational during
Part II of vibrationm. :

TEST RESULTS

The components exhibited no signs of physical damage.
The units were returned to The Sippican Corporation for
further evaluation.

Report No.__T-4300-11 Page—*

4

Associated Testing Laboratories, Inc.

Wayne, New Jersey 07470
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