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TRANS! ZER COMMITTEE OBJECTIVES

OBJECTIVES: This committee will inform the Telemetry Group (TG) of
significant progress in the field of telemetry transducers; maintain any
:cet ary liaison betwee the TG and the | :ione ireau of Standards and
eir transducers progré or any other related telemetry transducer efforts;
coc dinate TG activities with other professional technical groups; collect
and pass on information on techniques of measurement, evalu¢ ion, reliability,

calibration, reporting and manufacturing; and recommend uniform practic ;

for calibration, testing and evaluation of telemetry transducers.
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EIGI { TRANSDUCER WORKSHOP
OF I G REMARKS

( arles E. Th as of Wright Patterson Air Force Base:

My n. 2 is Charles Thomas and 1 work = = Air Force Flight rnamic¢
Laboratory out ¢ the Base. At the present time I am running a Branch of
the Laboratory's Vehicle Dynamics Division--the Dynamics Technology
Applications Branch. My Branch is deeply involved in instrumentation tech-
nology, transducers, cal' -ations, data acquisition, reduction and analysis.
I i pleased that I was asked to open our workshop here in Dayton.

To welcome you to Dayton and to k :koff the Transducer Workshop, we are
fortunate to have with us the Commander of the Flight Dynamics Laboratory,
Colonel Brien D. Ward. Colonel Ward came to us last year from the Office
of the Secretary of Defense in the Pentagon. Prior to that time he was a
Deputy Program Director for the A-10 airplane here at the Aeronautical
Systems Division of the Air Force Systems Command. He was a fighter pilot
with the 56th Air Commando Wing, stationed in Thailand. He is a graduate
of West Point, and holds Master's Degrees in Mathematics and Aeronautical
Engineering as well as the Doctorate in Control Syétems Engineering from
UCLA. As we say in the Laboratory, "let's not kid the Chief."

Gentlemen, Colonel Ward.

Colone Brien D. Ward, Commander, Air Force Flight Dynamics Laboratory,
Wright Patterson Air Force Base:

Colonel Ward welcomed the participants and stated that Wright Patterson
Air Force Base has many kinds of laboratories and kinds of activities that
use transducers of all sorts--for instance, almost 1,000 people work on
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NOTES ON THE SESSIONS

The traditional format of the Transducer Work: )»p was observed. 1ch
paper presentation was limited to 10 minutes and all papers in a session were
~Tven se Ty,

Authors then sat as a panel to spark the discussions and - answer ques-
tions and receive comments on their work. Participatic in the discussions
was extensive and roductive.

The discussion summary reproduced here at the end of each session was
taken from shorthand notes and tape recordings in an effort to capture the
interactive spirit of the Workshop. Transcription and editir were ne by
Dayle Fitzgerald, Technical Secretary, and Pierre Fuselier, Gener: Chairman,

both of Lawrence Livermore Laboratory.
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SESSION 1

TRANSDUCERS — THEIR CONSTRUCTION AND APPLICATION

Henry Freynik, Chairman
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The gage provided a linear output wit stress. 1e impulse response obtaine
indicate a rise time on the order of 10 to 20 us (see Figu 5). Tt
frequency spectrum ¢ this im| 1se response function has its 3 db point at
approximately 16.5 kHz (Figure 6). The reciprocity techniq , incorporate
into the gage utilizing a ceramic crystal driver, functioned well and, us,
provides the capability for in-place calibration. Additic 11 testing is
current]y underway at the AFWL.

CONCLUSIONS

The polyvinylidene fluoride polymer shows considerable | :e for use
as the active sensing element in a variety of ground motion and stress measur-
ing transducers. Work is continuing at the AFWL to develop, partict arly, a
soil stress gage which is not sensitive to bending or shear stresses. A
number of design concepts which appear capable of satisfying all objectives
are being explored.



—= =100 us

Figure 5. Impulse Response-Polymer Gage #1.
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TRANSDUCER TECHNOLOGY FOR DEEP BOREHOLE
GEOTHERMAL ENVIRONMENTS*

by

Bert R. Dennis
Billy E. Todd

Los Alamos Scientific Laboratory

University of Cal’ forr 1
Los Alamc . New Mexico 87544

(For presentation at the 8th Transducer Workshop in Dayton, Ohio
on April 21-24, ~775.)

*This work was done under the auspices of the U States 1ergy
Research and Development Administration.
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new probe was d¢ Llgned to log {1 perati 2 in the fluid-filled

hole nd measure the bottomhole temperature. This new pr« re ©
a mu longer residence time at the bottom of the hole ! :ause the
frag e thermistor probe, protected in a metal cage, did not come
intc ntimate contact with the bottomhole rock (Fig. 5). Prior to
eacl emperature run, the borehole was circulated for at least 1 hour
witlh lean water to remove all mud and drill cuttings that could
settle to the bottom and insulate the instrument from the rock
surface. During the sonde insertion, the thermistor probe was
swit_.ied into one leg of a four-arm bridge circuit and the output
plot :d on a strip-chart recorder as a function of depth. The
resistance span of the bridge was calculated to minimize non-
line. ' characteristics of the thermistor. This resulted in the
temp . 'ature interval (AT) being restricted to ranges of 50°C. A
maximm error of 4% at the high end of the interval was realized
usin: this technique. However, the concern at this time was to
detect anomalies rather than to measure absolute temperature. As
the sonde approached the drilled depth it was stopped at several
points and allowed to come to thermal equilibrium before touching
bottom. This technique greatly reduced the temperature perturba-
tion when the massive probe finally reached the bottomhole rock
surface. During this phase of the log, the thermistor was switched
back to the digital ohms converter for maximum accuracy and
reso Ition.

The results of the borehole temperature logging are shown in

Fig. 6. The effects of the agquifers are clearly shown on the












results from the fact th:¢ this part of the hole was the least
d: :urbed thermally by circulation of the drilling fluid. The
method used to determine the extrapolated bottomhole temp -ature
(1 otted in top right-hand corner of Fig. 6) is described in Ref. 2.
Several temperature logs were recorded in the volcanics as well as
in the Precambrian rock. Note the chanc in thermal gradient
{slope) when the probe entered the granitic rock at 732 m (2404 ft).
One more thermal study is of interest. Following this first
drilling phase in GT-2 a series of hydraulic-fracturing experiments
took place. Various openhole packers from : reral manufacit 'S
were employed to seal off designated areas in the open hole for
pressurization in predetermined zones. All of the packers failed
in one manner or another during the fracturing attempts. The use
of packers in the open hole was finally discarded and plans were
made to cement a section of pipe in the borehole which would accept
a hook-wall (casing) packer and thus isolate the desired zone.
Previous experience with costly cementing jobs in the upper sections
of the borehole3 prompted a careful examination of the thermal
properties of the selected zone between the 1920-m (6300-ft) and
1981-m 5500-ft) levels where the section of pipe was to be
cemented. The temperature probe was lowered to 1951 m (6400 ft)
and the temperature recorded during a 5-hour circulation period
with a flow of water of 9 bbl/min or 1438 liters/min (380 gpm).
During this cooling period, the temperature was reduced from 126.9°C
to 92.7°C (Fig. 7), for a AT of 34.2°C. At this time the flow

was terminated and thermal recovery was measured for an additional
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package was lowered inside the drill string via a special a
instrumentation cable. The instrumentation sonde was equip
with a mule shoe (Fig. 8) which mated with a receptacle att
to the upper straddle packer and oriented the sonde. The 4
package (Fig. 9) housed high-temperature instruments includ
strain-gauge pressure transducer, 0 to 517.1 bars (7500 psi
compensated over the temperature range of 50 to 200°C. A t
geophone assembly (Fig. 10) was provided to determine fract
orientation, with the two horizontal instruments providing
information and the vertical component providing vertical 1.
of fracture events. The geophones were designed with a nat
frequency of 8 Hz and a coil resistance of 730 ohms. The i
sensitivity was 0.72 vV/in./s with 70% damping. A solenoid-
water-sample bottle would collect a fluid sample in the fra
zone, and a ball-release solenoid would allow inflation of :
impression packer. The impression packer was employed as a
up system to confirm fracture orientation.

Previous experience with instrumentatic cable in geoth«
boreholes5 led to the development of a logging cable fabric:
specifically for this application. The cable contained 1 1
pair (22 conductors) of No. 20 AWG copper : sulated with 10
of high-temperature Tefzel 260°C (500°F) ar wrapped with a
aluminum shield including a drain wire. Each pair was bloc}
with a silicone compound to maintain cable integrity in the
temperature, high-pressure environment. The entire conductc

assembly was jacketed with a 30-mil Tefzel belt and a nylon
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The inner armor was constructed of 36/0.051 special galvani
plow steel and the outer armor of 36/0.058 wire of the same
Both armors were blocked with a silicone compound (Kalax) t
pressurized fluid from extruding into the wire armor and le
at the surface above a Regan pack off. The cable weight wa
kg (1015 1bs)per 1000 £t (304.8 m), with a breaking strength
14,968 kg (33,000 1lbs). The cable diameter averaged 820 mi.

Conductor dc resistance was 10 ohms/1000 ft and capacitance

9

35 x 10 ° £4/1000 ft conductor to mate. 1Insulation resista:

greater than 1000 megohms/1000 ft. The cable was lowered ai:
in the borehole employing the off-shore cable hoist shown i
The first series of pressurization experiments was desic
create relatively small fractures at low pumping rates. The
surization system (Fig. 12) employed air-pressurized accumul
tanks holding approximately 38 liters (10 gal) of water at ¢
1 of 344.74 (5000 1 .). An ¢ =ctropneumatic control
controlled the fluid flow rates from 4 to 76 liters/min (1 t
gpm) . During the pressurization test all surface equipment,
the exception of a data-acquisition trailer powered from a n
power line, was shut down to insure a quiet test location.
reduced surface noise would enhance the reception of downhol
acoustic and surface seismic signals generated during the fr
i1 :iation and extension events.
Flow rate during pressurization was measured with a low-
8 to 76 liters/min (2 to 20 gpm) turbine flowmeter, and tot

was obtained by counting total turbine rotations. Surface p
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was xd with a strain-gauge bridge-type i 2ssure transducer,

344, 5 (0 to 5000 3i). A tsitiv sl ¢ 1ge, 0 ¢

1.03 (0 to 15 psia), was lowered in the annit as around the
dril to measure water leve . This measurement became most
impc when | obl] s were encountered in seating the packers in
the ble. Rapid rise in annulus water leve during pressuri-
zati ts was a positive indication that the pressurized fluid
was g around the packers.

ing fracture-initiation and fracture-extension experi-

ment flow system was shut in and pressure monitored for
éeve urs to establish fluid leak-off rates. The system was
ther d and return fluid measured in a weighing tank instru-
ment h load cells to determine the amount of water recovered
fror ollapsed fracture.

s from the surface and downhole transducers (as well as

fror face seismic array) were conditioned and fm multiplexed
for ing on magnetic tape in an instrumentation trailer

(Fi An online playback system (Fig. 14) was used to dis-
pla: nent information during the fracture experiments as a
gui ‘arrying out experimental plans. The data~acquisition
equ employed floating, differential, and guarded techniques
to : e rejection of common-mode signals and improve signal-
to- ratios. This conditioning technique was necessary to
ins insmission of low-level transducer output signals over
lon 5.
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EXPERIMENTAL RESULTS

Fracture experiments were carried on in the six zones wi
variety of packers from several oil tool companies. All pac
failed to satisfactorily seal the open hole during the press
tion tests, as confirmed by the rapi rise in annulus water
Pressures ranging from 34.45 to 110.32 bars (500 to 1600 psi
hydrostatic were measured prior to leakage around the packer
Following this frustrating series of experiments it was deci
drill the hole to a depth of 2042 m (6700 ft). A number of
nostic logs were run in the new section of the hole, includi
temperature log extrapolating to a bottomhole temperature of
Hydrology tests were also made in the new section of hole to
mine permeability. At this point, due to the failure of pac
to hold in the open hole, it became necessary to cement a 1i
place to conduct meaningful fracture experiments. Zone 7 wa
chosen, between 1981 and 2042 m (6498 and 6701 ft). A high-—
truck-mounted pump was employed to pressurize this zone with
sures up to 172.37 bars (2500 psi) and flow-injection rates «
to 682 liters/min (180 gpm).

Data from the initial pressurization test in Zone 7 are
in Fig. 15, upper left-hand corner. A total of 398 liters (
gal) of water was injected into the openhole section in 1 mi:
The surface pressure increased to 172.37 bars (2500 psi) and
leveled off, at which time the system was shut in and the fli
allowed to permeate the rock around the open crack. The syst

was then vented and fluid recovered. A comparison of the su
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pressure and the pressure recorded from the downhole gauge
in Fig. 16. The downhole pressure transducer recorded a hy
pressure of 185.1 bars (2850 psi) prior to the pressurizati
experiment. This is in good agreement (0.5%) with a calcul
value of 1860 bars (2864 psi) using an overall average wate
ature of 50°C.

Following the fracture initiation, several pressurizati
were conducted at low flow rates to reopen the small fractu
bars, 2350 psi,and 151.7 bars, 2200 psi), Fig. 15. A serie
hydrological flow tests was conducted to study permeation e
in the fractured system (bottom plots, Fig. 15). The small
was extended by pumping water into the initial fracture at
pressure of 237 bars (2500 psi) and maximum flow rate of 60
min (160 gpm). A total of 266,625 liters (67,160 gal) of w
pumped into the fracture. The fracture was then propped op:
a sand-gel mix.

To complete the fracture experiments in the existing bo:
a designated Zone 8 was chosen in the liner in the int :val
to 1944.6 m (6370 to 6380 ft). The casing was perforated, i
zone pressurized to a maximum pressure of 134.4 bars (1950
and the system shut in. Several experiments were performed

determine the possibility of communication between the fraci

in ! 1es 7 and 8. Preliminary analyses of the data indicate
two separate cracks existed, offset from each other and sepe

by unfractured rock.
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The fracture experiments were terminated and operat
to deepen the borehole to 2750 m (9000 ft) in order to
a bottomhole temperature approaching 200°C. Additional

fracturing experiments are planned at this depth.

CONCLUSION

Detailed analyses of all pertinent data recorded du
hydraulic fracture experiments is presently in progressg
be the subject of separate reports. In general, the ir
systems, including downhole instruments, performed well
selected. Future experiments at the new depth of 2750
will impose additional temperature requirements approac
limitations of downhole components. Problems were encc
during the long-term bottomhole temperature measurement
taining cable integrity as the borehole approached 204:
i . T 1 h p: 11 17
over an extended period of time allowed moisture to eve
seep into the cable-head assembly at an interconnectinc
and resulted in a breakdown of insulation resistance tc
A standard seven-conductor, high-temperature (Tefzel-ir
armored well-logging cable was used for the temperature
cable-head assembly and torpedo .__g. 17)were construct
temperature" components commonly used by most well-logc
companies where severe environments are normally encour
for very short times (approximately 1 hour). The torpe

designed to accommodate a "quick" disconnect of cable !
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field. The cable head was designed to terminate the wire 1lis
a "fishing-bell" housing where the cable would break in the 1
seen event that an instrumentation package should hang up sor
in the borehole. This design allowed the user to retrieve tl
cable from the borehole and "fish" out the disengaged sonde.
o-rings and insulation boots were employed to maintain a mois
proof assembly and additional protection was provided by pacl
the head and torpedo housing with a high-temperature silicone
grease.

The cable head is expected to become a major concern dur:
the subsequent series of experiments in GT-2 at the 2750 m (¢
ft) depth, due to the high-temperature environment. Design ¢
cable-head assembly that will eliminate exposure to moisture
the signal leads and retain the fishing-bell housing is in p1
at Los Alamos.

The primary objectives of the experiments in GT-2 are to
vestivate magnitude and direction of the minimum compressive
stress (SB) and its variations with depth,6 to study methods
measuring and possibly controlling direction of crack propag:
and to determine stability of pressurized fractures. These ¢
ives will require the development of downhole instrumentatior
capable of characterizing hydraulic fracture systems. T¢I de
ment of the downhole instrumentation must emphasize r¢ iabili
of measuring devices to function properly in high-temperature¢
environments as the temperatures of subsequent geotl rmal boi
approach 250°C and exceed the specifications of presently ave

components.
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VARIABLE RELUCTANCE DISPLACEMENT TRANSDUCER
TEMPERATURE COMPENSATED TO 650°F

T. C. Piper

Aerojet Nuclear Co.
Idaho Falls, ID

Abgtract

A variable reluctance transducer (VRT) for operation to 650° F i1 a
pressurized water environment and associated signal conditioning
electronics are describad. Effects such as VRT core hysteresis-] ss
and core permeability-change are discussed with raspect to tempei ture
compensation. The transducer and electronics were designed as a _ystem
to yield minimum change in the VRT null and sensitivity with rap:
thermal transient. Steady-state null and sen: ‘ivity changes of .5%
and 1.8% of full scale, respectively, wers obtained over tha 70° to
650° F temperature range. With the VRT core locked at null a 65( F to
70° F thermal transient amounts to a z 3% of full scale variatior The
output signal variation lasts for about two seconds. The VRT uti .zes
a single 1/16-inch diameter, three conductor, sheathed cable. C¢ mic
cement, ceramic insulated wire, and ceramic flame spraying tachni |as
allow it to have large nuclear radiation tolerance as well as the oted
high temperature capability.
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BASIC SCHEMATIC OF ELECTRONICS
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EQUIVALENT CIRCUIT OF "1/2" VRT

ANC-S-5020

- Figure A-1
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APPENDIX B
MATHEMATICAL FORMULATION OF VRT MPERATURE COMPENSATION

Referring to Figure 3 of * 2 text and being informed that at 3 kHz the total
t jucer imaginary impet nce component is only about 3 ohms whi® the room
temperature real impedance component is 30 ohms, analysis of current flow

nrough the shunt and transducer can be done fairly accurately using only re-
sistances.

Let i. be the constant current from T.,, V be the voltage across T,,ip be the

current through the transducer, R,(1+aAT) be the resistance of thl transducer
coils, and Ry the constant resistive shunt placed across T,. o is, of course,
the temperature coefficient of resistance for the wire useb in the transducer.

..aen
_RIR_(1+aAT) (B-1)
11 Ry+R (1+aAT)
or 1CR]R (1+aAT) (B-2)
V=1Ry, = :
c 1 R]+R0(1+aAT)
Thus ;
Lo v ] 1Ry (B-3)

;
2 RO(]+aAT) R]+RO(1+aAT)

The sensitivity, S, of the system will be
S = Ki, (1+8aT) (B-4)

where B is the temperature coefficient of the coil inductance caused by chang-
ing core hysteresis loss. Let K equal unity. Then,

TcRy (+aaT) (B-5)
S =
R]+RO(]+aAT)
This can be rearranged to give
S - 1+8AT
i R
S 7 (1+aaT) (B-6)

1
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R
If ﬁ%{]+aAT) is a fair amount less than unity in value, the denominator may be
brought to the numerator using the approximation T%;ﬁ]-y for y<<. Assuming this

approximation holds for the Ro,Rl,a, and AT involved,

R
S . (1+8AT) (1- ﬁ {1+aAT}) (B-7)

i
c

Dropping terms quadratic in AT,

S Ro Ro
c 1

Clearly, adjusting the R /R1 ratio permits this approximate expression to be
made independent of aT. °

By Appendix A, B = 0.00012/°F. a, for platinum wire, is 0.002/°F. R = 30 ohms.

And, the value of R1 found experimentally to give minimal change in S°with T
was 500 ohms.

Checking: 30/500x0.002 = 0.00012. s, since this is also the value of B8,
the AT coefficient is zero with the value of R; found to ¢ ve minimal temper-
ature sensitivity. Furthermore, 30/500(1+0.002x575) = 0.129 so y is <<1, and
the approximations made in obtaining Equation (B-8) are valid.

Because of the large temperature coefficient of platinum wire Ry, varies fro
presence of the 500 ohm shunt across this changes the phase of the current
through the transducer to vary by only 0.3 degree for the 5759F temperature
change. Use of coil wire with a smaller temperature coefficient would ave
required a smaller value of Ry and this would then lead to larger changes
in the phase of the current t%rough tl  transducer for the given tempera-
ture variation. Constancy of the phase of the current passing through the
transducer is, of course, necessary so that the demodulator reference

phase need not be adjusted as temperature changes.
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F CTORIAL SCHEMATIC OF VRT COIL AND CORE
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Using Eq(C-3) for aL, the VRT sensitivity is
6 - A0L) _ Zuene (u ~DNAUghu (ot ) X2(3=1)2)

X7 (it (haea) 12-R2 (5, -1)2)2 (€-5)
Usit  h-g >> 9, and &/u, or g cing at Eq(C-4) ows th ti yroxima
value for S is:
210 N2A -6
5 = Sl )

Performing 5S/5u, on the expression of Equation(C-5) gives an involved
expression which reduces, upon using u, >> 1, h-g >> ¢,, and h-¢2 >> 2/y, to:

3S N_LW_H sNeAz o _2sk C-7
U, B Hp =% Hp (“—25 ( )

This may be rewritten

85 . 2 By c-
S (“'2) [Ur] ( 8)

Since a typical value for u, is 150, a typical value for Ay,/w,. is 0.3 for
the 575CF temperature change involved, and 2¢/(h-2) = 1.1

_ 3 ;
& | =145 = 002 = 2% (C-9)

typ

Thus, changes in yu, do not significantly affect the VRT sensitivity. But,
as shown in Appendix A, variations in VRT core hysteresis loss do cause
significant values of AS/S.
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perpendicular to the longitudinal axis and gaged to measure six components of
force and moment. This type of balance is called a two-plane balance. The
arrangement of the beams and two cylinders is shown in the section view and
cut-away in Fig. 4. The load path is from the rotor hub to the outer
) 1 L R 1

outer and inner cylinder, and then to the supporting shaft. In the section
view, the non-metric parts are crosshatched; note the hourglass shape of the
beams. The outer surfaces of the beams were machined on a mill that used a
fly cutter with the same radius as the bore of the outer cylinder. The
beams act as symmetrical columns with sufficiently small center sections to
measure tension and compression stresses yet preserve maximum stiffness in
bending in the thrust direction. A force in the plus X direction puts Beam 2
in ten: and Be:. 4 in ¢ _ression. B¢ v 1 and 3 are _ 1t in bending but
the compliance ratio between the tension and bending mode of these beams is
such that only 5 percent of the load is carried by the beams in bending.
Beams 2 and 4 are gaged to measure the X component of force. The total X
force is obtained by summing the output from the X strain gage bridges at the
two measuring stations and the difference in output times the distance between
stations is a measure of the moment about the Y axis. Similarly, Beams 1 and 3
are used to measure the Y force and moment about the X axis.

The two remaining force components are thrust and torque about the
longitudinal axis. Both are shared equally by all eight measuring beams.
A thrust force displaces the central part of the outer shell causing all eight
measuring beams to bend; however, a temperature difference between inner and
outer shells will also cause bending of the measuring beams due to thermal
expansion. The temperature induced bending at the two stations is equal but

of opposite sense and can be cancelled by installing thrust measuring strain
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on an IBM 360/67 computer and a second order, least square curve fit was
obtained for the primary sensitivity coefficients and for the interaction
terms.

As mentioned earlier, the primary design requirement was for a high
natural frequency and good fatigue characteristics. The design was compromised
in that the measuring beams were stiffer with lower operating stresses than
would be used on a normal six-component wind tunnel balance. The trade-
was low output with consequent loss in signal-to-noise ratio.

The most serious performance deficiency v : hysteresis : about 0.3 percent
of full scale. Source of the hysteresis was probably the braze joints: either
a joint with less than 100 percent penetration or pos: »ly just the inelastic
property of the braze material. The hysteresis was a prot 2m because of the
poor signal-to-noise ratio. A less serious deficiency, because it was
repeatable, was the non-linear output. Figure 4 shows that the projections
of the outer shell, which are the supports for the measuring beams, are

-unsymmetrical relative to the centerline of the beams., A force in the X
direction, for example, puts Beam 4 in compression and also in bending due
to deflection of the eccentric end support. The low compressive stress in
these beams and the hour-glass shape — which concentrated the bending stress
at the center under the gages — exaggerate this second order effect, The
non-linear part of the output averaged about 1.75 percent for this balance.

In conclusion, the design for the rotor hub balance was good and the
balance served its purpose; however, it did not have the accuracy of a
standard six-component wind tunnel balance. The calculated natural frequency
of the balance-rotor system was 377 Hz; therefore, depending on damping ratio,
the dynamic data should be good up to the twelfth multiple of the rotational

frequency. The balance performed reliably for about 40 hours of operation in
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rugh wind tunnel test and sur' ved two major model fa: ires. In the last
failure the rotor blades went into uncontrolled oscillation caused by a broken
push-rod and the shaft hammered heavily against the stops causing extensive

image to the model. The only damage to e balance was the loss of electrical

sig : 1 le component.
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to provide a means for reader comparison. The strain-gauge output
(Figure 3a) shows a peak compressive strain of -3190 pe (relative to
the pre-zero-time level) occurs at 40 milliseconds.

The signal output from channel 1 PR B is in form quite similar to
the output of 1 SG. A false peak output of 32 bars was caused by coupling
the pipe strain onto the active element of the pressure transducer. This
transducer did not have an isolation gap and was screwed directly into the
pipe. The change in residual signal output of .6 bars beyond 500 milli-
seconds is less than the .8 bars indicated by 1 PR E-4, as discussed below.
After the transducer has been affected by high levels of strain, it is
difficult to say which data are good and which are not.

Some minor strain effects are indicated by 1 PR E-4., The peak output
due to strain was about .6 bars, and the output returned to the base line.
The residual output not due to strain, which started at 475 milliseconds,
was .8 bars. The strain effects are noticeable between 0 and 250 milli-
seconds. The strain effects are minor, however, considering the pipe
strain present. Installation 1 PR E-4 is screwe into an adapter which
has a 1.12-in. deep annular gap to provide strain isolation. The adapter
is screwed directly into the pipe as shown in Figure 1E-4.

Data from installation 1 PR C indicates no effects due to pipe
strain. The transducer also does not indicate the slight pressure increase
that the other transducers indicate. There is no reason to believe this
channel did not function (or did function, for that matter).

The Golden Gate Bolt design of 1 PR B is clearly in: »sropriate ' :ire-
ever significant pipe strain can be expected. The strain isolation technique
used on the 1 PR E-4 type of transducer worked, but should be further developed.
The XCQM-type transducer and adapter system used as 1 PR C appeared to be
quite insensitive to strain.

The second nuclear experiment again shows a definite correlation
between pipe-strain-induced signals and transducer-strain isolation. The
st: n- » output trac : shown p F: 4, A :ak compressive
strain of about -445 pe (relative to the pre-zero-time level) occurs at
57 milliseconds and is followed by another compressive strain of about

-438 pe at 231 milliseconds.
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transducer/mounting designs: (1) hole diameter, (2) radial clearance,
(3) vertical distance of transducer thread from stressed wall, and
(4) internal transducer design.

Other questions to be answered are the following: (1) what are
the strain levels that occur around holes of various si: . known
«~) what is the amount of hole deformation under experimental conditions
(during routine pull testit of the pipe, the 1)%-12 UNF class 2 threaded
holes yield enough to require retapping; the 9/16-UNF-18 class 3 threaded
holes do not require rework), and (3) what is the amount of deformation
of the adapter at the inner and outer pipe wall when under actual experi-
mental conditions,

It is planned to install the transducer/adapter combinations
shown in Figures 1B, 1C, 1D-2, 1C-2, 1E-4, 1F-1, 1F-2, 1G-1 and 1G-2
in standard 9 5/8-in., .545-in. wall AP1 P110 drill casing. These
installations will be carefully arranged so that each transducer is
oriented with its most strain-sensitive axis parallel with the longi-

tudinal pipe axis.

SUMMARY

In our experier :  :h 1 d. ¢ scal lal - te: .ng,
as well as with actual underground nuclear testing, it has been shown
that the best mounting strain decoupling ic achieved using the "floating"
principal shown in Figures 1C, 1D-1 and 1D-2. The non-threaded trans-
ducer is firmly clamped in place in an axis vertical to the planes of
any stresses which could be transmitted to its case. Radial clearance
must be provided, along with almost total flexibility and sealing in
the plane of the major stresses.

It was found that threaded transducers require a deep annular
groove (depth gr * than two times the mounting thickness as shown
in Figure 1E-4). 1 each of the designs mentioned above, the decoupling
adapter is complex, and it is difficult to effect a vacuum seal at the

1%-in. thread.
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ie des’ 1 shown in Fijy ‘e 1G-1 was provided to overcome the vacuum

seal problem, to u; -ade the pressure capacity, and to reduce the installa-
tion cost. The smaller port design should prove to be adequate to decouple
the transducer from mounting strain. Should the design shown in Figure 1G-1
be inadequate, the der =™ in Figure 1G-2 was devised to provide additional

3 ling by movii the transducer thread | ter from the pipe wall. This

:ngthening must be done with caution, however, to keep from introducing
mechanical shock sensitivity and fluid dynamic ¢ ‘ects from high flow, fast
rise time pressure pulses. If the 1G-2 configuration proves inadequate,
use will be made of a comb: ition of the 9/16-in. 1G-1 type pipe port with
a non-threaded transducer (such as the configuration shown in Figure 1C
and 1D).

Data will be gathered through proper instrumentation of the full scale
test specimen, which will help in designing effective small scale tests and
ultimately in designing transducer installations for underground nuclear
experiments.

The configurations discussed here can be applied to any situation
in which a pressure measurement is required under conditions where mounting

strains may produce erroneous data.

“Reference to a company or product
name does not imply approval or
recommendation of the product by
the University of California or the U.S.
Energy Research & Development
Administration to the exclusion of
others that may be suitable.”
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ABSTRACT

A miniture pressure gage has been developed for use in aerodynamic and hydro-
dynamic research investigations. The gage is completely waterproofed, has a flush
diaphragm, and is easily mounted. Its small size allows the gage to be placed at the
actual measurement site, where full advantage may be made of its high natural
frequency.

The gage is manufactured from beryllium copper alloy and consists of a main
body or housing and a rear cover plate which is cemented in place. A diaphragm
type strain gage is cemented to the gage’s diaphragm area. A ‘“‘junction box” area is
created to allow the gage wires to be joined to the leads which connect the gage to
external instruments. If needed the sensitivity of the gage can be easily increased by
a type of lapping technique to reduce the thickness of the gage diaphragm (i.c., a gage
which produces full output for an input pressure of 200 psi can be made to produce
full output for a 25 psi input).

INTRODUCTION

This paper discusses the development of a miniature flush diaphragm pressure gage used in a
variety of experimental hydrodynamic and aerodynamic tests at the Naval Ship Research and
Development Center (NSRDC).

BACKGROUND

The development of a flush mounting pressure gage evolved from the need to measure bow
and keel line pressures of ship models slamming in simulated heavy seas. Originally a number of
commercial miniature pressure gages were purchased. They were very small and flat and seemed
ideal for the application. However, they were not waterproof. A method of waterproofing and
mounting was worked out (see Figure 1a) and used with fair success for a number of years.
This method consisted of cementit the pressure gage to a small brass coupon the width of the
gage, Machine or wood screw holes were located on each end of the gage. To flush mount the
gage the wood hull of a ship model was carefully cut out to fit the pressure gage. The connect-

ing lead wires were sealed where they penetrated the hull.

NEED FOR IMPROVED PRESSURE GAGE

Over several years of use, some of the failures of the original type of gage were traced to

cathodic corrosion of the small interconnecting lead wires. The corrosion was due to gradual
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TERMS USED IN FIGURES 6 AND 7

1. Let (a) y' = a x + b be the straight line which minimizes the mean square error

between any strz*-"it line and the experimental data points (X , ¥, ).
(byn=1,..., Nand

(c) N be the total number of data points
!

2. The standard deviation Sy, is defined as:

| N
2 -
w2

n=1 n=1 n=1 n=1

z|—
N
<

is a measure of the quality of the fit of the experimental points to a straight line. If all the

experimental points fit a straight line vy = = 1.

4, Zero offset — is the electrical unbalance at zero pressure. The zero offset is ex-

pressed in percent of full-scale pressure.

5. Zero shift — is the shift between the initial zero pressure reading (before the calibra-
tion begins) and the zero pressure reading when the calibration has been completed. Zero

shift is expressed in percent of full-scale pressure.
6. Maximum Deviation is determined from

Delta Y = max
maxXy <n<N

yn—ynl

The maximum deviation is expressed in percent of full-scale pressure.
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Another area oftentimes neglected is one of calibration. Starting off
on our own we could incorporate in a piezoelectric device a down-hole
calibration scheme using the reciprocity approach. It is possit 2 to use
another polymer bonded to the first as a driver. You can drive the sensor
polymer and establish an in-¢ tu kir of calibration. I think the idea and
the principles must be addressed before you can throw a job out to the
manufacturers.

Willard Smith, NASA, . :s: We at Ames do use commerci. wind tunnel
balances for most of our applications. Sometimes we do specialized tests that
require a development program to bu' 1 a balance. In this particular case I
wanted to experiment with my hour-glass beam.

Thomas Piper, Aerojet Nuclear: In the case of the variable reluctance
transducer (VRT) it is true there are quite a few vendors. You might have
noticed in the slides that the VRT is an integral part of the transducer,
and in some cases the turbine, etc., are all built in. It is very difficult
to get a vendor to work with you and do the whole thing in this sort of effort.
Furthermore, the VRT manufacturers had not worked out the compensation scheme
that we used and which was very important to the operation of the unit.

Mills Dean, II1I, Naval Ship R & D Center: One reason for our in-house
work is, of course, we are there. That means a >t to the test engineer.
Speaking of boo-boos, about 10 years ago our hydrodynamicists decided to go
to industry and get the one ur versal, ideal ressure gage that would make |
all their measurements. The contract was awarded to a west coast company to
build this ideal pressure gage. To my surprise, I was invited to go along
and witness the water tunnel acceptance tests, so we arrived in California,
and sure enough, there was a nice little sting with a silhouette where the
pressure gage was mounted, and they said, "Is t :re ything further before
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we close up the tunnel and fill it with water?" 1 said, "Let's just check
strain direction and make su' everything is workina. Just press on the
diaphragm there." They said, "But you won't get any output." Dean: "But

isn't it a pressure gage?" Them: "Yes." Dean: "Well, where's the diaphragm?"
They said, "Oh, that's inside the annular hole." Apparently the contract had
been worked up such that it did not require a flush diaphragm pressure gage.

ke had just bought a pressure gage that we could not use. That's another

reason why we do in-house work.

John Carrico, Bendix Research Labs: Mr. Bunker, we are thinking of
investigating polymer diaphragms. What sort of diameter-to-thickness ratios
can you make these polymers?

Bﬁnker: It is possible to cut the polymer in just about any diameter
you like. We have been working with 2-mil1 to 10-mil material. It is all
available. If you 1ike a larger diameter, work with it as big as you 1ike.
The Navy is considering the possibility of using a polymer on the external
surface of a submarine sonar device. It hasn't developed to that large a
state yet, bu. at least it is one consideration that the Bureau is working on.

Carrico: I'm thinking of one application as a deflection diaphragm.

What material is it again?

Bunker: Polyvinylidene fluoride. It Tooks Tike thin mylar sheets, 1-mil
to 20-mils thick.

Carrico: How is it mounted?

Bunker: Epoxy bond in some cases, depending on the application. If you
don't want to influence the strain sensitivity, you can use different adhesives,
such as rubber cement, epoxy, etc. It does have strain sensitivity.

Carrico: You used it in the piezoelectric mode and looked at the piezo-

electric phenomenon. Have you ever considered vibrating it and looking at
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to 450°F without any appreciable change in properties. We developed the
material for the purpose of fire detection. We found out that it was an ex-
tremely fine piezoelectric device. It was very sensitive to the opening and
closing of doors, so we had to hermetically seal the device. Anyone interested
in the report can send me his name and I will send him a copy.

Wilner: On the frequency response of your small sensors you said that.
these sensors had been tested in a helium shock tube or shock tube equivalent.
Isn't that going to be wildly different than the frequency response in a water
environment where the water loads the diaphragm?

Dean: About a factor of three different. The hydrodynamicists feel that
in slamming studies it is really an air block on the hull, not so much water.
Wilner: Of course with a 1ot of white water you're getting more into

measurements on white water, which is a complete mix.

Dean: You're looking at foam.

Wilner: Those are complex problems.

Dean: Yes, it does alter the characteristics, but I don't know anyone
who has built a calibrator. Paul Lederer, do you know of anyone who has tried
to calibrate the gage in the mix? (lLederer: No.)

Freynik: I have a auestion for Bert Dennis on the actual temperature
measurement. I had an opportunity to read your paper, and you push a thermister
against the bottom of the hole. You had rather long time constants of hours,
and I was wondering how the heat was conducted into the thermister. Were you
Tosing heat down the thermister Teads? How did you get the thermister up to
the temperature of tHe rock? Did you depend on conduction from the rock at
the tip? Or did you have a convection process going on from the sides of the

hole that heat up several feet of the length of the probe?
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Bert Dennis, Los Alamos Scientific Laboratory: We designed the probe
initially to put the thermister in as intimati contact with the rock surface
as possible. We did use a Tittle foil that pressed on the core stub. This
core stub stuck up 10 cm off therbottom of the hole. The hole bottom is the
least thermally ¢ sturbed area during the drilling phase. Before the tempera-
ture measurement was made we circulated water in the hole for one hour to get
rid of drilling chips and sediments on the bottom. We found that sometimes
it would take 30 hours after starting the measurement btefore we could extrapo-
late a good temperature off the rock.

E.wa]ter: I have a question on strain sensicivity of pressure transducers.
Thereiis a strain sensitivity test for accelerometers, and there is always a
question of what it really means or how it equa’ : totl 1 ~ v -7, but at
least there is a comparison there that manufacturers can specify to. We have
no such thing for strain gage transducers, although there are indications that
some designs are much more sensitive than others. I would be interested in
comments on this subject.

Lederer: The base strain sensitivity test in ISA standards refers to -
piezoelectric accelerometers, not strain gage accelerometers. We have not ‘
done anything on strain sensitivity in regard to strain gage based pressure
or acceleration transducers. It never really occurred to any of us or to the
people we are dealing with that there was really a problem. Steve Rogero,
any comment? (Rogero: No.)

| Peter Stein, Arizona State University: 1[I think that the work done by
the group Mr. Hatch represents is perhaps more significant than it might appear.
If strains in the pipe are apparently ref]ecfed in changes in diaphragm strain,
the calibration of the transducer should also change. Have you done any work

on that? It wouldn't really much matter if it were a piezoelectric
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transducer or a resistance strain gage transducer. Both wot 1 be str 'n
sensitive but by different amounts. We ran across similar problems for vibra-
tion senéitivity of pressure transducers sometime ago.

We have always bur 2d a tri ;ducer next to the one doing the measurir |,
but only part way through the pipe wall, simply as a record to find out whether
or not we were recording something extraneous to the problem. In your case
1imited channel capacity will not let you do that. I think the strain relief
annulus is a simple, ingenious type of solution that really ought to be sold
as an accessory to all pressure transducers for measdfements in enmv -onments
where large strains are present.

Hatch: The adapter incorporating the annular groove is rather e: ensive.
In our case anything put down-hole is a one-shot deal, so the expense is of
some importance. As Pete Stein mentioned, the solution of putting strain gages
on the pipe next to every transducer is something we can't do evervtime because
of wire-cost and channel-cost consideration. I think in any test design one
has‘to evaluate the total situation to be sure you are not picking up some
undesired signals. In our case we have to be careful that we »Hn't get any
resonance frequencies due to the annular groove or any extraneous problems
due to a shock con 1g off the edge of that groove.

This is both a static and a dynamic pressure measurement we are attempt-
ing to do here. Therefore, we do shock tube testin of the transducer in-
stallation. I favor the floating design somewhat over the annular groo\

The « it of the adapter with a deep annt ar groove is around $50-§. . The
cost of the floating adapter is about $50-$70 ¢ so0 because it is in two
pieces. The cheaper version of the floating adi ter, the last one shown, cost

about $5 in production.






Fuselier: Three questions I'11 ask all at once. Are the transducers
still being manufactured in-house or by a commercial supplier? The other
two: Haquo you calibrate transducers basically and also for temperature
effects?(

Piper: We are still manufacturing transducers in-house. It has been a
very short period of time since we started. Usually we start looking for
vendors as soon as we see that there is a fairly sizeable quantity require-
ment. Commercial vendors are not likely to become involved in small require-
ments. I guess the question centers on whether we could implement a commercial
vendor's VRT into this fairly distinct type of instrument. Making the leads
integral is fairly difficult to do. The vendor would have to do the whole
job and for a 1imited quantity that's not 1ikely.

The actual calibration of drag disks is done in-place where they are used
in experiments. We usually know the flow path in the steady state and we
make velocity-versus-output recordings and also drift-down measurements in
the flow to see that operation is normal and to get zero offset in output
versus flow. Temperature sensitivity is tested before delivery to the cus-
tomer, The unit is mounted in the top of an autoclave, subjected to the
2200 psi pressure, brought up to 650°F and the output observed. If anything
abnormal is seen, the unit would be rebuilt or the trouble found and
corrected.

I didn't get a chance to state the results we achieved with this unit.
We had the sensitivity remain constant from room temperature to 650°F with-
in 1.8% of full-scale or 0.003%/°F. Zero null remained fixed within + 0.5%
of full scale in the same temperature range. The unit withstood plunging
it from 650°F into 70°F water with a + 3% of full-scale output occurring

during this extreme shock.
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Stein to Hatch: Have you tried to calibrate the transducer as it is
being squeezed in the test fixture?

Hatch: MNo, we haven't done that. The only thing I can say is that I
assume the transducer has been compromised. You can never tell because some
transducers in some orientations in the pipe produce no response from the
squeezing. That doesn't mean that the diaphragm hasn't been affected in some
way such that it does not respond to pressure as it normally would.

Bunker: I have a question about the application of your transducer in
that environment. The question is associated with the content of the thing
you're trying to measure. Is it possible that you have a loading of the
diaphragm with other than a gas? That is, the density of the material could
run from dust particles to fiberized iron or whatever. What does that pres-
sure represent when you read it?

Hatch: First of all, the pressures are side-waTl pressures. We can't
get into looking at total or stagnation pressures. In all cases, as far as
we know, they are all gas pressures. John, would you like to make any com-
ments on that?

Kalinowski: We usua]]i are talking about natural gases such as carbon
monoxide and carbon dioxide. The iron fibers normally stay high enough up
in ar jion wt ~e those fibers are cooled down and we don't have a deposition
problem on the diaphragm. We do use shields to help protect from debris of
any sort impinging on the diaphragm. As Mel mentioned, we are in a side wall
and recessed 0.02 inch so we don't get any reflection into the diaphragm. So
you can say we are working from a low density to a not too high density of
material.

We use other types of instrumentation--ion gages and others--to tell us

what the gas is and whether it is in an ionized or a plasma state. We use
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thermocouples to tell us the temperature. We use photocells to te’ us the
lTuminosity to compare that with temperature. So we have a good idea what

the gas Tooks 1ike and what it is, but we usually stay up in a region where we
don't have to worry about direct device debris.

Phil Coleman, Systems, Science and Software: Have you observed any
zero-shift in po]ymers?

Bunker: No. Basically, if you dc coupled and if you looked at long
time constants, you should be able to see that sort of effect. In the applica-
tions we have made we didn't observe measurable changes in dc output. Con-
sidering that the time constants are in the period of 40-60 secs, we did
fairly well.

Coleman: What was the level, 10% or 1%?

Bunker: It is difficult for me to put a number on that, but I would say
within a few percent.

Darrel Harting, Boeing Aerospace, to Dennis: Have you made enough
measurements to conclude what the 1ifetime of power stations might be?

Dennis: As I mentioned when I showed the slide of the LASL concept,
theoretically cooling of the rock near the injection well would set up thermal
stresses and crack the rock perpetually. The cracks woul extend into the
formation of deeper and hotter rock. If this is the case, then a thermal well
will last 100 years. If thermal stress cracking does not take place, life of
the well will probably be 20 years. 01 feature I might point out is that
if the well had a 20-year 1ife, it would be relatively simple to move to the
other side of the power plant and sink another well and continue operation with
the same surface facility. Then, by the time - : second we | had cooled down
to where it was inefficient, you could go back to the original well which

would have heated up again during the 20-year rest period.
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Smith: That is a good question and an astute observation. The way the
Sstrain gage bridges are hooked up we have to have pairs of gages on opposite
sides of the balance. Fortunately, there is axial symmetry in the balance
so we don't need to consider gradients across the balance. There very well
may be a temperature gradient where the inner cylinder and outer cylinder
could be at different temperatures. That should not affect X or Y output
nor should it affect shaft torque output. It would directly affect the thrust
output. We gaged both measuring stations, then we added the two outputs in
parallel. The thermal gradient effect on one bridge at one measuring station
would be equal and opposite to the thermal gradient effect on the other measur-
ing station. Therefore the signal would cancel.

Howard Grant, Pratt and Whitney Aircraft: What was the purpose of the
soil stress measurementfyou were making?

Bunker: In the testing work that we are doing we are trying to simulate
nuclear environments with high explosives to test missile systems. It is
necessary to know the stress-strain relationships that occur under dynamic
conditions. We also measure ground motion accelerations and velocities.

The session concluded with the reading of selected boo-boos and an

anecdote from the magazine "Sound and Vibration" editorial.
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FUEL-AIR -EXPLOSIVE BLAST MEASUREMENT
Larry H. Josephson

Naval 1" ipons it
China Lake, CA

Abstract

During the development of Fuel-Air Explosive (FAE) weapons, it is
necessary to measure their blast output in order to evaluate their
effectivensss and to determine the influence of design changes. A
brief description of the FAE blast environment is given and the re-
quiremants this places on the measuring system in order to obtain
adec te °~ "a for weapon °~ velopment. The system that has evolved at
the Naval Weapons Center for measuring FAE blast is described. Tha
topics covered include transducer selection, trant icer m« ts t
signal conditioning. Some of the problems that have bean enco wred
over the years are discussed as well as the solutions that have been
implemented.

A new blast arena has been installed on ona of the aircraft ranges in
order to measure the blast performance of E weapons under realistic
operational conditions. The incorporation of design features based
on previous experience are discussed.
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The wires should always be positioned av r from the blast source, that
is, the blast wave should reach the transducer first. All movement of the
wires should be prevented if possible.

After the transducers are installed in their mounts the the al shielding
should be applied. Black plastic electricians tape is used for most applica-
tions at NWC. For within cloud measurements on the larger devices an ac -
tional layer of tape is used along with a spray coating of reflective p: it.
Silicone g3 and RTV rubber | 1 1 used by others with good success.
However, experience at NWC indicates that an opaque layer is required to
eliminate any radiative effects below the shielding layer.

Just prior to the actual test shot the functioning of each channel is
verified by tapping lightly on each transducer. Never use a hard object
such as a screwdriver to do this. Even though the transducer is tapped
lightly, extremely high local stresses are developed at the point of contact
and a cracked crystal can result. Tapping with the index finger or some
other soft object works fine.

Summary
In summary, the following statements can be made:

1. Select a transducer based on the parameter of most interest.

2. Make sure the signal processing system is compatible with the trans-
ducer.

3. Calibrate the complete system.

4. Use solid mounts.

5. Make sure all connections are clean and tight.

6. Use adequate thermal shielding.
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TRANSDUCER APPLICATIONS IN AIRBORNE INS1_.___ENTAT....
Tom Rodgers & Jerry Wright

nament Development and Test Center
Eglin AFB, FL

The development of modern airborne weapon systems requires constant
attention to numerous factors having an effect upon flight safety and
ordinance delivery accuracy. The evolution of higher speed aircraft,
with increased ordinance carrying capability and mors diverse ordinanc
shapes, has created the requirement for more precise analytical and
empirical description of the store separation phenomena. Inflight
measurements must be made to realistically account for hardware dynami:
and aerodynamic loading effects on stores which « not be simulated.

Several systems have been designed and fabricated by the Airborne Inst:
mentation Branch, Engineering Division, ADIC, to obtain the pertinent
physical parameters that affact stores upon their separation from an
aircraft.

'hese systems have required the unique application of standard types of
transducers and the manufactura of some unique transducers to obtain st
standard measurements. Various modes of signal conditioning and recor
have besen utilized: low level signal amplification, large signal buffe
time division multiplexing, frequency multiplexing, airborns magnetic
cording and telemetry. The complexity of the transducer applications i
compounded by the rigors of collecting data in the airborne anvironment
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I. INTRODUCTION

Flight test pressure data are required to meet Re-entry Vehicle (R/V) mission obje

The prime purpose of flight test pressure data are to:

°] 1 ( d ne and/or ve:  the pre«
forebody and base dr=c components of to g (steady state forebody and bas:
pressure data requircu,

® Verify flow field predictions for trajectory regimes of maximum heating or ma:
axial/lateral loading (s ady state forebody pressure data required)

® Determine the altitude of onset of boundary layer transition (steady state base p
data required)

® Determine the boundary layer noise level 1 the frustum for verification of stru
analysis (acoustic/fluctuating pressure data required)

The purpose of this paper is to present a ""state-of-the-art' assessment of flight tes
instrumentation techniques currently in use by GE-RESD. This assessment is prov
the 8th Transducer Workshop so that other experimenters within the scientific comn
take advantage of the recent flight and groun test pressure measur nent techniques
evolved at GE-RESD within the past few years. It should be noted that the scope of -
encompasses the pressure measurement systém from the pressure port to the press

transducer. This paper will deal in four b ‘¢ ‘eas:

Pressure port diameter/erosion effects
Pressure tubing diameter/length effects

Pre-flight calibration of pressure transducers

W N -

Acoustic (fluctuating pressure) measurement techniques
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II. RESULTS/DISCUSSION

The following section will consgist of ground and flight test data that illustrate current flight

test prob” 1 areas, and recommended solutions/pressure measurement techniques.

A. PF73SURE PORT DLAM“"_T"'R/EROSION EFFECTS

Pressure port diameter for wind tunnel applications has a negligible effect on steady state
forebody data; however, port diameter has a significant effect on flight test pressure data
particularly  turbulent flow. Figure 1 shows ground test wind tunnel data on a slender cc :
that illustrates thét the measured steady state pressure level is invariant with port diameter
ranging from 0. 030 to 0.240 inch. It is known, however, that R/V flight vehicles with ablative
heat shields will experience pressure port erosion in turbulent flow and that port erosion can

" cause erroneous pressures to be recorded (Ref. 1). In addition, ground test data on simulated
pressure pdrt erosion geometries has demonstrated that port erosion effects can lower the
measured steady state pressure levels by 25 percent with the lowest pressures corresponding

with the largest erosion area (Fig. 2).

Rocket exhaust ablation tests at the Malta facility on full scale frustum heat shields (Fig. 3)

have indicated that pressure ports that do not erode produce a constant pressure during the

run while ports that do erode will produce a lower pressure (Figs. 4 and 5). In addition, pressure
port erosion has been found to be a function of port diameter and heat shield material. It has

also been found that phenolic and epoxy heat shield materials appear to be more prone to

pressure port erosion effects than carbon and graphite materials. In general, Malta ground

test data have indicated that large diameter pressure ports (0. 060 to 0.120 inch) are more

prone to experience erosion effects than small diameter ports (0. 025 to 0. 060 inch).

Recent R/V flight test data on a slightly blunted slender sphere cone R/V configuration have
tended to support these ground test results. Figure ¢ presents flight test pressure data from
the aft end of the frustum for an R/V with 0. 060 inch diameter pressure ports. The early
part of the flight (h < hl) represents laminar flow and the flight pressure data can be seen to
be in good agreement with the predictions. However, the latter part of the flight is represen-

tative of turbulent flow (h~ hy to hg); the measured pressure data start to diverge and are
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"7 "SUFT ENT SYS™— " CONTROL
THROUGH PERIODIC CURRELATION

W. P, Callis
} an: 1 Er 3 o
I F Physical 5 ~dards Laboratory
Newark Ar8, OH

Abstract

The periodic correlation of large liquid ar gas flow calibration systems
using a set of precision flow rate t: sducers is discussed. Ths ad-
vantages of employing this method of system control over the traditional
method of using several transfer standards to verify system accuracy is

brought out. Future correlation of systems using computer controlled
"intelligent" transducers 1s also discussed.
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(3) Tt includes all parts of the measurement system including the
human operator and the system environment. Changes in ambient temperature
surrounding the equipment and effects due to drafts, etc, effect the
variance of a given set of readings.

(4) Analysis of system performance can be controlled by a small,
central group using statistical techniques which are standardized. 1In
this case all data is returned to AGMC where it is processed for statistical
deviation from known parameters by a single computer program.

(5) Test results can be easily disseminated using time-sharing computer
techniques communicating to a central location. Remote computer terminals
at each base location can be used to transmit the cor: .ation results almost
immediately.

(6) Labor, material costs, and shipment damage is reduced. One set of
four flowmeters is used for the correlation and shipped from base to base
instead of shipping 'O separate standards.

(7) Compilation of the history of a particular measurement system is
simplified. The history of the measurements of each calibrator can be stored
in a single computer memory and can be compared to other calibrators or to
its own past history at will. The reliability and mean time between failures
of these systems c¢i be p: jected very accurately.

(8) Procedures can be designed to reflect the true precision of routine

[ 1 IS «d on a particular system. ...1s methc of system cor—
relal m 1s almost identical 1 +the way the calibrators are used during
routits . wme! ¢ ‘bra’ " is. The Jore the real system accuracy, precision,

repeatability, and resolution are reflected °~ the correlation.
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laboratory wl ‘h woul receive the ¢ .a and analyze it automatically.
This concept would com tely elin shipping « ph; al hardware

of 1y kind thereby eliminatiy e 1 Jss ¢ expensive equipment.
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SESSION II
DISCUSSION SUMMARY

Session Chairman: Garland Rollins
Papers: Josephson; Rodagers and Wright; Cassanto; Paulson and Nuhfer;

Federman, Walston and Ramboz; Callis

DISCUSSION:

John Carrico, Bendix Research Labs: The gas flow meter on which you
are trying to develop standards--how did you get the dynamic range? You
indicated that you go from 1 to 1,000 cu. ft/min. Laminar flow doesn't
cover that range, does it? |

William Callis, Newark Air Force Station: Yes, it does. Théfe were
four transducers covering the range. The transducers are 8-1n..diameter by
4-ft Tong. This was a special design by us--not a commercial {tem. They
were especially made for this purpose.

Peter Stein, Arizona State University: The 1iterature includes some
evidence that the surface to which an accelerometer is mounted affects the
frequency response. Wilcoxon Research and Fuselier both did some work in
that area. An acceleromet - mouni | on difi -entr terials such as steel,
tungsten, etc., will have different impedance matches. Do you reverse the
order in which the reference and test accelerometers are mounted, or how do
you take that into account?

Charles Federman, NBS: We use the standard piggy back mountir~ without
reversing order. Both accelerometers observe the same pulse.

Stein: How can they see the same pulse with different mechanical
impedance loading conditions?

Federman: I think the difference is so small it is negligible.
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Allan Diercks, Endevco: Perhaps I can help here. The model 2270
accelerometer is built upside-down. The reference surface to which the test
accelerometer is mounted is the top surface, not the bottom surface. The
two reference surfaces of the accelerometers are in close, intimate contact,
and the presumption is that they do move toge ier. There is no bending trans-
mit. 1, or it is insignificant. I want to ask NBS what shock amplitudes and
pulse widths can you attain?

Federman: Ve have a range of 50 g to 5,000 g amplitude and 40 ms to
1/2 ms width,

Diercks: Is NBS planning to offer shock calibration as a service?

Federman: Ue are right now and have been since November.

Bruce Wilner, Becton Dickinson Labs: Does the FAE program have any end-
to-end calibration that establishes transducer integrity?

Larry Sires, Naval Weapons Center: The method of calibration at the two
sites is different. At the air drop facility we use a PCB model 101A04 ac-
celeration compensated pressure transducer with built-in electronics and ade-
quate frequency response. The transducer has a 100-sec time constant. We
use a dynamic pressure calibrator with a 20-ms rise time feeding a pulse
through a large capacitance bank to increase the time constant of the elec-
tronics. The only thing different between that and Tive data is that we do
not have 1,000 feet of line that we do in the field. We found negligible
difference in calibration Tevels with and without the long Tines. Over a
4-month period of time and a great number of gages, the average deviation
.was about 2%.

At the static test facility we use a Susquehana model ST4 which does not
have built-in electronics, and calibration is another problem solved in a
different manner. There we use a calibrator built in-house with a 2-1/2 ms
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‘Rodgers: We tried that and it doesn't work too well. At the time we
did our instrumentation we couldn't get two cameras to run synchronously at
the high framing rates required by our work. We could get better results
with a single camera.

Jonathan Alexander, Eglin Air Force Base,to Sires: In your procedure
you mentioned screening transducers using a shock tube. What procedures do
you use to determine linearity and sensitivity?

Sires: The shock tube produces a 14-20 psi pulse, and we Took at ring-
ing on the transducer as a first screening process. We then go through full
system calibration using a slow rise time pulse. We do have one problem I
want to warn you ‘Hut, d tl - mo ture ¢ sitivity of t lu !
with epoxy. We solved the problem by leaving them on their power supplies
for a week or so 'to bake out the moisture.

Alexander: Do you plot from points for check of linearity and sensitivity
or do any kind of lab calibration?

Sires: We do a six-point dynamic calibration taking the data through a
digital system and fitting to a least-squares lines.

Alexander: Something else I missed--what is the system frequency
response?

Sires: Gages have 100 kHz frequency response. We are recording them
wide band, 20 kHz at 60 in./< :. The recording system ac ; as a low-pass
filter. On the low end, gages are capable of a 100-sec time constant.

John Ramboz, NBS: I would like to elaborate on Stein's question with
respect to mechanical impedance. It is important to understand what's going
on. The apparent shift in sensitivity when you're mounting an accelerometer
on different materials having different mechanical impedances is due to

resonance frequency shift. If you operate sufficiently below that resonance
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frequency, it is essentially insignificant what you mount it on. Now the

reference transducer, the piggy-back 2270, has a resonance of about 55 kHz.

The test accelerometer resonance is between 60-80 k Hz. We are looking at
1ta | ' 5 Hz and 10 kHz, so far down on the response curve as to t
nmaterial.

Second order mass loading effect does occur for some models on the
piggy backs. We believe it is due to case bending or top surface bending.

A very = -~ge loading mass change from O to 100 grams affects the response by
only a few percent at 10 kHz.

There are a lot of applications measuring significantly higher frequen-
cies, and there are accelerometers with resonances of say 30 kHz. If you
try ) me at 10 kHz, that is about 1,. the resonance .. equency, and you
are well up on the resonance skirt. There will be a very definite change in
sensitivity of the accelerometer when mounted on different materials; for
example, steel, tungsten, aluminum, beryllium, ceramics. We typically stay
away from the resonance skirt. |

One other comment--the maximum calibration levels we use are 5,000 g at
1/2 ms. We can mechanically generate higher amplitudes, but getting enough
samples across the pulse in order to do frequency analysis is our problem.
There are electronics available, but our funds are limited.

Patrick Walter, Sandia Laboratories: We use piezoelectric accelerometers
rated at 100,000 g which of necessity are calibrated only in the dynamic mode.
What has been the problem at NBS that you haven't been given the backing you
need?

Ramboz: Thank you Pat. I think the basic problem is a funds-1imited
¢ eration. The Bureau of Standards tends to go with the tide and work on

the bigger programs, such as air and water pollution, that are of national
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SESSION III

TRANSDUCER SIGNAL CONI TIONING

Paul Lederer, Chai an
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Gain Range
Bias
Shock

Volume

Gain Range
Bias
Shock

Volume

3LE I. CHARGE AMPLIFIERS

—ad

2-20 mV/pC(10:1)
0 or 2.5 volts (fixed)
100g

2.1 cubic inches

New

0.3-30 mV/pC(100:1)
0 to 5 volts (adjustable)
20,000g

Less'than 1 cubic inch

TABLE II. DC AMPLTFIER/POWER SUPPLY

014 (Type 1 ~1d (Type 2) New
83-500 (6:1) 330 (fixed) 10-330 (33:1)

0 0 0-4 (adjustable)
100g 2500g 2500g

4.5 cuble inches 0.7 cublic inches Less than 1 cubic inch

TABLE III. COMMON SPECIFICATIONS

Supply Voltage
Supply Current
Effect of Polarity Reversal

Operating Temperature Range
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28 4 V dc
50 mA or less
None

=40°F to 200°F









ABLE IV.

. - Parameter
Supply Voltage
Supply Current
Polarity Reversal

Output Signal Range

de  Output Bias
Output Impedance
Noise
Frequency Response
Unfiltered
Filtered
-3 dB
+3 dB
Gain Range
Linearity
Distortion
Gain Stability
Voltage
Capacity
Temperature
Time
Bias Stability
Temperature
Ty
Warm-up Time
Size

Operating Tempera-
ture Range

Shock Survival

CHARACTERIST. ; (

“---ifict mg
28 14 V

50 mA max.

No Effect

0-5 V dc

0-5 V dec

500 ohms, max.

10 mV PP max. RTO

+5%, 3 Hz to 20 kHz

+5%, 3 Hz to 4 kHz
0.40-0.8 Hz

8 kHz, max.

0.3-30 mV/pC
+0.2% FS

1.5% max.

+0,25% max.,

+1% max.
+0.2% max.

+25 mV max.
+10 mV max.
45 Bec. max.

1l cu. in. max.

-i to “)0°F
10,000g, 0.5 ms
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- Mode]

i AMPL.

PCB

28 14
16

OK
0-5.4
0-5.4
400
10

0.6

Oo 3"30
0.1
0.75

0.1
1.7
0.8
0.17

16

45
0.5

OK

Yes

T3

Endevco

Model 2648M50Q

28 14
16

OK

0~ 5.1
0.2-5.1

15

0.6

12
0.3-30
0.02
0.6

0.1
0.5
0.9
0.42

25

45
0.9

Yas















A SY"TEM FOR MEAS RING STATIC STRAINS TO 1500°F

Darrell R. Harting
Boeing Aerospace Company
Se¢ tle, Washington

ANEeTNAAET
i

A high temperature strain r asuring system is described. The
system consists of a self-temperature compensated capacitive strain
gage and a new type of signal conditioner for use with it. The
system is capable of up to * 5 volts full-scale output at any strain

from t 2500 pe to * 20,000 ye.

The strain gage contains a compensating link, which establishes
the gage length and provides nominal self-temperature compensation
at constant temperature, and a coaxial capacitive half-bridge sensor.
A flexural system provides for alignment of the gage parts, attach-
ent to the test specimen, and minimization of bending errors. Min-
jature thermocouples provide data for use in compensating for thermal
errors, including those iused by transient conditions.

The gages, which are pre-calibrated, have the same range, sen-
sitivity, and linearity in tension and compression. The strain sen-
sitivity of the gage changes less than 4% between 70 and 1500°F.

The signal conditioner contains an unusual type of carrier
amplifier (3.39 kHz) with a charge-follower input. A AC calibration
signal source, calibrated capacitive balance, and calibrated variable
gain controls are inclt ad.

I sponse of the system to strain and temperature, and to ad-
verse conditions such as bending, torsion, misalignment, shock and
vibration are discussed. j
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The half-bridge configuration nominally cancels nearly all of
the deleterious effects of temperature and temperature ¢ ange in
addition to compensating for edge effects where the capacitive
elements overlap. Changes in resistance and capacitance with res-
pect to ground in the gage and lead wire systems, for example,
occur in a balanced fashion.

Use of an air dielectric (or other material whose dielectr
constant is relatively invariant with temperature) is an important
feature of the gage. The use of an air dielectric resu ts in an
extremely small change in senS1t1v1ty with temperature (about 4%
between room temperature and 1500°F). Gages which utilize materials
having high dielectric constants to increase the gage capacitance,
on the other hand, suffer changes as large as 70%% over this range
due to changes in the mechanical and electrical properties of the
dielectric material.

Figure 2 shows the aage configuration in more 2tail. The
alignment frame is used to maintain the proper relationships between
parts of the gage until it is installed. The alignment filaments
are severed and the frame is removed after the gage is welded in
place.

Electrical connections to the gage are made via the termina
strip. In addition to connections for t » capacitive elements,
provisions are included to bring out 3 thermocouple wires. A
differential thermocouple measures the difference in temperature
between the compensating rod and a platinum button welded to the
specimen surface; its signal is used to compensate for the differ-
ences in temperature between the rod and the specimen. These diff-
erences nearly always exist, and are caused by differences in thermal
mass under transient temperature conditions and by drafts or uneven
heating or coolina under steady-state conditions. Multiplyina the
dif1 )| oA iture by the temperature coefficient of the rod
yields a direct correction to the indicated strain. A total-tempera-
ture thermocouple in the button measures the specimen temperature
for use in other corrections.

Although Platinel Il thermocouples are sed in the gage,
chromel-alumel external lead wires are satistactory, and are usual y
used to reduce cost.

Another feature of the gage partly illustrated by F gur 2 is
its ability to measure strain at the surface of the spec men, rather
than at_the elevation of the capacitive sensor when bend ng is
present®. Note that the attachment ribbons are not welded over the
0.15 inch length near the gage st ports, allow ng them to act as
torsional flexures. Acting in conjunction with the flexures which
maintain sensor concentricity, these flexures hold the compensating
rod parallel to the specimen surface and minimize the meé ~ificati a
of bending strains.

Even though the gage is aligned during manufacture, it is
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The gage survived the-above environments, plus a 1.0 G
sine-wave sweep with no damage.

CONCLUSION

The evaluation data presented here show that the high tempera-
ture strain measuring system is useful for measuring long-term
static strains at temperatures to 1500°F during laboratory and field
tests. Additionally, the errors precduced by extraneous conditions
such as the presence-of bending, shear, small misalignments, shock,
vibration, and thermal transients are either nominal or can be
compensated for.
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subsequently deviates the VCO frequency output in proportion to the amplitude
input. In Channel C, the output of a piezoresistive accelerometer is
signal conditioned and subsequently deviates the VCO output frequency in
proportion to the accelerometer input. The VCO outputs are added and
subsequently fed into a voltage amplifier chain. The butput of the last
voltage amplifier is fed into a hemi-torroid coill which is loosely couple
to the track ribbon wire coil. The signal enters a differential receiver
where extraneous noise signals are canceled but required signals are
transmitted. The output of the receiver is inputed into three discriminators,
where the information 1s removed from the carrier, and recorded in a
permanent paper or tar recorder. The location of the transmitter coil in
the carriage is seen from Figure 4. The location of the bonded ribbon
cable along the track is on a dielectric support as seen in the track cross
section shown in Figwn 7. Two ribboi of wires can be seen in the :ack
cross section. The track length is about 110 feet. The design of the
transmitter and receiver coils presented probler of very low Hupli

factor available due to lack of space and losses. Ralsing the receive

and transmit coupling coils about an inch from the track bottom lowe: |1
required magnetic field intensity for efficient transmission, and con-
sequently the number of windings of each coil required. e cack in

F: _ re 5 is shown to have three different cross sections. The - L in

of the receive coil had to be obtained experimentally, since only cross

sectiuns B and C had formulas given in the literature. The equivalent of
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AN INSTT"""ENTATION SYSTEM . ! MAKI] MEASUREMENTS IN
A HIGH EXPLOSIVE ENVIRONMENT

J. J. Morrison

Law 1ce Livermore ~ boratory
Livarmore, CA

Abs ict

Engineering measurements of acceleration, strain and velocity were needed
in a feasibi. ty study for M --~hard structure munition--a conventional
two-state weapon. Its first stage is a shaped charge that blows a pilot
hole in the concrete and aids the penatration of the smcond stage main
chargea.

Static test firings of a shapad charge attached to a fully instrumented
main charge case have baen conducted at our high explosive test facility.

The fast-burning shape charge provides an electrically noisy environment.

The instrumentation system was designed with the philosophy that the
gene ted el¢ .ric field was grounded due to : ier: :ion in the earth's
magnetic fiesld. With the generated noise field grounded, the instru-
mentation system must be electrically isolated from ground to minimizas
common mode voltage and input-to-output voltage stress imposed on the
amplifier.

Isolation transformers with a primary-to-secondary capacity of 0.0005 pf
are used for ac power,

The total instrumentation system is enclosed in a shield driven by the
noise source. The driven shisld effectively reduces the system capacity
to ground.

411 control lines are coupled through optical isolators.

Three channels of acceleration, thirty-six strain gages and threme velocity
transducers were conditioned, amplified and recorded on magnetic tape.

Voltage measurements made from the driven shield to ground while high
explosive was burning indicated 40 volts peak to peak.
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The noise level was 40 dd t low the full-scale calibration of 250 ft/sec.

The data recorded on i 2 oscilloscopes agreed both in amplitude
and frequency. Acceleration, strain and velocity were recorded. The
data did show more noise because of the oscilloscope's wider bandwidth.
The oscilloscope preamps were used with a differential input to prevent
degrading the input of the tape recorder on those channels,

The EMP signal recorded on the driven shields and had an amplitude
of 40 to 80 volts peak-to-peak and a bandwidth of 40 kHz to 2 MHz.
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en the forward warkead de utes, it imparts a large shock to the aft

warhead. This shock is of a magnitude high enough to sometimes initiate a

premature v—order detonation of the aft warhead. This premature detonation

in past :sting of the HSM s rendered the aft warhead inoperative. It was
: I the p uw low-order :01 ions that the Laboratory became involved.
The personnel familiar with high explosives were asked to recommend an explosive

that would not be as shock-sensitive as that being used.

The impacting of the aft warhead case on the concrete also produced a

1ock
to the aft case. It was decided to investigate these two stress inputs by
i1 :rumenting the aft warhead case.
THE FIRST TWO AFT WARHEAD STATIC TESTS
Two tests (known as STAT tests) were planned at the Explosives Test

Site operated by the Laboratory. The tests consisted of instrumenting the aft
warhead caée, detonating the forward warhead, and measuring the strain, acceleration,
etc., on the aft case.

Two aft warhead cases were instrumented both inside and outside, with 12
strain gages, 4 accelerometers, a velocity transducer, and 2 Manganin gages. Both
warhead cases contained explosive. Figure 2 shows the location of the transducers
for STAT 1 and STAT 2. ’

Instrumenting the aft warhead case had never been attempted; therefore,
nothing was known about the environment in which the transducers would have.to
survive. Expected magunitudes for strain gages and accelerations were not adequately
known, because the output from the forward warhead was unknown. We, therefore, had
the challenge to measure something that had never been measured.

STAT 1 (This test was the failure as no data was recorded. Details omitted
in this condensed version.)

STAT 2 Figure 3 shows the warhead at the Explosives Test Site prior to the
test. The warhead is about 8 ft from the ground.

We used less oscilloscopes than £..T 1, only 30, but added two l4~channel

Ampex CP-100 tape recorders. The reduction in oscilloscopes was in part because
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some arrival times were deduced from STAT 1, and also because we wanted a rer
frequency response recorder. Using the frequency-modulation . _..) record elec-
tronics, we were able to obtain a freq 1cy respon: to 20 kHz with the Ampex

recorders.

't STAT 2 we did ground the aft warhead case to the instrumentation racks
(STAT 1 was not grounded). Because of the grounding this test was partially suc-

cessful, and some data were recorded.

Figures & and 5 show four of the st (n gage records from the oscilloscope
and three of the same gage recorded by the Ampex tape recorder. The locations of
the transducers are shown in Fig. 2. The oscilloscopes were delayed 160usec from
the detonation of the forward warhead. It can clearly be seen that the records do
not cont .n much data, if it can be « .led data. The tape recorder shows re of
the noise because the tape is not delayed. Two large disturbances can be seen on
the tape recorder: the first disturbance is probably the detonation and burning of
the forward warhead, and the second disturbance (occurring at 150 usec) is probably
the high-voltage (5 kV) flashlamps turning on. This noise deprived us of at least

100 user of data.

I1f one looks carefully at Figs. 4 and 5, the similarity of the data from
the two types of recorders can be seen. The data should be identical, however,
because the input to the oscilloscope and tape recorder comes from the same

amplifier.

Figure 6 shows records from two of the : L¢ :mete: recorc 1 by the
oscilloscope; the traces are delayed 170 usec. The large disturbance occurs at
the same time as the one on the strain gage records. The record for Accelerometer
42 does not lock like a valid reading; the cable or the accelerometer is breaking
up periodically. Accelerometer 43, after the noise, locks a little more as

predicted; whether the vecord gives valid acceleraticn data is questionable.

Frowm this test two things v re Jearned: we could record some data if e
instrumentation problem was approached covrect 7, and the explosive used in the

aft warbiead was indeed shock-seusitive.
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Recorded by Ar  :x tape recorder

T3
1U,000 ue/cm Strain data sim ir
50 usec/cm to scope data

Recorded by oscilloscopes

5G-3

10,000 we/cm
50 psec/cm
150 usec delay

Strain data

SG-4
10,000 pe/cm Possible turning on of

50 usec/cm high voltage flash lamps

SG-4 .
]0,000 u€/cm Baseline
50 /Jsec/cm

150 usec delay

Baseline

Possible detonation and
burning of forward warhead

Fig., 4. STAT 2 strain gage records for aft warhead case,
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The following are the two most probable reasons the data were noisy: (1) the
aft wa :ad case was at an elect: :al potential different from that of the recording

equipment, and (2) numerous sources for ground loops existed within firing

bunker.

The forward warhead creates a large ionization c¢loud that surrounds the :
warhead. This effect can produce a large difference in potential. The oscil-
loscopes in the firing bunker are not isolated from the circuit that detonates the

explosive and provides the high voltage for the flash lamps.

The greater part of the data to be recorded is in the millivolts-to-a-few-
volts range. Ground loops and differences in potential between the warhead case
and firing bunker can easily affect these voltages. The signal conditioners,
amplifiers, and :celerometer power supplies for the transducers were designed
for the instrumentation used, hut they were not isolated from the firing bunker.

This exposure would make them susceptible to ground loops in the firing bunker.

The way to record data under the conditious we have seen ar described above
would be to isolate somehow the recording system from the firii bunker and all
le possible sources of noise. With the completion of these two tests, a period
of t. : elapsed before the next series of t« :s were scheduled to begin. During
this time we evaluated the transducers and developed a way to isclate the recordir

system.

While the selection and evaluation of the transducers is impertant, it will

be omitred in this condensed version, and only the recording system described.

RECORDING SYSTIEM

figure 7 is a bleck diagram of the recording syste used for .1 the STAT
tests. The two recording systems received ac power through high-quality isolation
transformers. They were manufactu 1 by CEA (Mcodel CPA 35 with a coupling

capacitance of 0.0005 pF).
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A PARTICLE VELOCITY GAUGE
FOR GROUND MOTION STUDIES

By
Philip L. Coleman

Systems, Science and Software
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ACCeleration 1s about Z0 G's,



Figure 10.

Observed Ground Motion in the

Tunnel Wall for the HYBLA FAIR
event., Peak velocity is about
70 m/s. Horizontal scale 1is

5 ms/div. T¢ = 5.5 ms.
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capture the initial shock motion levels and the subsequent lower levels which
make up a lot of the veloc ty and eve ore of the displacer 1t sigi |.

It is certainly valuable to be able to cor ine electronics with trans-
ducers as much as possible. One limitation we found in the 53 voocity
approach: if something goes wrong with the accelerometer, there is no « n-
pletely unique way of seeing the break in the \ ocity data. So we record
acceleration also to see if something has got wror with the transducer.

Robert Bunker, Kirtland Air Force Base: We are working toward the goal
of putting conditioners down-hole with the transducers. 1 think the future
potential is very good, especially with small, integrated circuits and low-
cost devices. It would appear, especially from the S3 approach, a velocity
system transmitting Tower signal frequencies has advantages for long-Tine
transmission. You would not have the high frequencies that you do with
acceleration.

One of our goals is to put integral electronics with our packages because
of noise generated on the cables. We have to get the signal-to-noise ratio
up. The only way to do that is to put electronics down-hole with the gage.

Bruce Wilner, Becton-Dickinson Laboratories: 1 am fascinated by this
Tooking down the dragon's throat. Does anyone | /e views on how to better
hold together such things as cables? For i1 ‘%ance, should we use hard 11
cables? It would help if we had transducers in the configuration of paint,
i.e., virtually zero thit ness and zero mass. Just what suggestions can you
make for holding things together in wild environments 1ike i1 :se?

Coleman: MWith transducers you think of making the conductors very thin
and very low mass. We have quartz stress gages with a range of several kilo-
bars. Question: how to get the signal out of the quartz disk? We use a

printed circuit conductor, very thin and flat, oriented perpendicular to the
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principal motion. It is very difficult for that to pass through any in-

su” ting ter I :ween it and tI case. If you have solid, : |1 d neter
wire with a square or circular cross section, it is much easier for that (in
very ¢ rere envirc nents) to pass through things we normally think of as hard.

WiTne How about the | rermore team?

James Morrison, Lawrence Livermore Lab (L3): lle have done some work at

‘gh acceleration levels. The current approach uses 10-mil Formvar-insulated
twisted pair wire. In one case we tried Microdot cable for a 15,000 g, 15 ms
half-sine pulse and the center conductor extruded out.

We are trying to develop a fuse tester for the hard structure munitions
(HSM) program. Copper ball accelerometers tell us the acceleration level is
340,000 g. A zero mass conductor is truly what we need.

Pierre Fuselier (L3): We were 1lking about preconditioning accelerometers
with repeated shocks. We did some work on that a few years ago. Richard
Larder mounted a 10-ft Hopkinson bar to protrude into an environmental chamber.
The accelerometer was then shocked several times at levels and temperatures
well above those expected in working conditions. We found that the acceler-
ometers did hold that preconditioning for a period of a few days and then
gradually recovered. There is an excellent paper on zero shift in piezoelec-
tric crystals by a man named Ralph Plumlee, formerly of Sandia, Albguerque.

I have two questions for Darrell Harting. How did you compensate for
transient temperature effects, and tell us more about Rene 41 wire?

Darrell Harting, Boeing Aerospace Company: Transient temperature compen-
sation is accomplished through differential thermocouples connected between
the compensating rod of the gage and the specimen surface. We measure the
difference in temperature between the rod and specimen surface and multiply

by the coefficient of expansion of the material being tested. Then you have
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coat 1g =2ars off because it is subject to extreme heat and ab :it
The sessit was cc :Tv :d wi-  Patr :k W * of Sar 1 Laboratories,
Albuquerque, mi ing a plea .Jr us both proper and consister te s in

the Titerature.



:SSION IV

MANUFACTURI S PANEL DISCUSSION

Peter Stein, { airman

(No papers given in this : ision)
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Panel Mer s d (continued)

[aN V. LIVUI, REP,

PO Box 505
( nden, NJ 08101

bl 100

C+tatham Thnect+vimante

uciie U.e QUUUT 1L, marketir v’.anager

2230 Statham Boulevard
Oxnard, CA 93030

£05-487-8511

Sundstrard Nata fanteal  Too

Robert u. uvnuerurinn, vuivs «dnager
Dynamic Instruments

Overlake Industrial Park

Redmond, WA 98052

206-885-3711

Validyne Engineering

Max J. Kopp, Director of Marketing
19414 Londelius Street

Northridge, CA 91324

213-886-8488

Rosemount Engineering
John K. Myers
PO Box 35129
Minneapolis, MN

55435
612-941-5560

Kistler-Morse

Walter P. Kistler, President
13227 Northrup Way

Bellevue, WA 98005

206-641-4200

Attendees were requested to prepare written questions of

for discussion.

chairman.

These questions were submitted in advance to

Radiation-resistant displacement
transducers

Thin film strain gage transducers

Dynamic piezoelectric instrumentation
for pressure, load, and acceleration
measurements

Transducer kit with rej; aceable

diaphragms

Standardization of transducer
specifications

Silicon semiconductor ¢
transducers

rain gage

1e session

After the various presentations, the program was guided by audience

questions, to which each panel member could respond.

1e manufacturers









Gene Goodrich, Statham Instruments: Pressure transducers used on space
probes are required to make very accurate measurements 3 years in the future.
How do you assure that the transducer can do that 3 years from now? The
typical approach is to eliminate concern over reliability of electrical com-
ponents, and methods have been devised to take care of that. It does increase
the cost by a significant factor. The Jet Propulsion Laboratory probe in-
dicated it was worthwhile. The transducers functioned reliably many times
over a several-year period.

Another area where durability is of key importance is in industrial pro-
cess control, where 10 years is a short period of time. .ais time is in con-
tinuous useage. How does the manufacturer approach that? One way is to do
the best design job possible. Another is to select proper materials and work
these materials at low stress levels compared to their yield strength.

Robert Mikels, Detroit Diesel Allison: One of our principal concerns
is how to test for Tong-term effects for an application where we need 3,000
hours of reliable performance with a calibration degradation of not more than
1/2% in a mild temperature environment of 30°-170°F.

Kicks: The answer is that you have to perform accelerated 1ife-cycle
tests. There are ways of describing the problem and there are environment
specifications which you can call out to specify what needs to be done.

Specifications tend to be written in terms of performance. They shou’
include conditions of use so that the manufacturer can design, package an
test the transducer inte ligently.

1 an Colton, Kaman Sciences: I agree with that.

Zias: Tests « 1 cost »re tl 1 the transducer.

Richard Hasbrouck, L3: We specify a minimum time to failure of 30,000
hours for the pressure transducers our group uses. Even so, we still use
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Kistler: Connectors are a very important question for mar ‘acl -ers
as well as users. Cost is significant, 1d our experient with connectors
in general is not very good.

Robert Bun! ~, Kirtland Air Force Base: Don't use connectors. Connect
wire to wire.

| Iton Hat¢ , EG & G: We use the wire-to-wire connection techt jue.

Robert Underbrink, Sundstrand Data Control: Wl 1 customer asks for
data sheets, we always : 1d out price lists.
Zias: ricing can be a proble because of ¢ anging costs to the anu-

facturer. In tl t case it is best to quote prices on request.
The session closed v th a si niation and ¢« ent by Stein and some boo-

boos quoted from the 7th Transducer Workshop.



SESSION V

INFORMATION — UTILIZATION AND SOURCE

John Hilten, Chairman
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INFOF“*"1ON AND INFORMATION CONVERSION: SOME NEW THOUGHTS ON THE
SUBJECT FOR MEASUREMENT ENGINEERING PURPOSES

Petar K. Stein
Professor of Engineering

Arizona State University
Tempe, AZ

Abstract

This paper separates the snergy conversion discussion always seen in
measurement and transducer discussions from the REAL THING, which is
information processing.

The purpose of a measuring system is to convey information about physical
or chemical processes or states. It has long been evident that for
purposes of design, evaluation, analysis, synthesis, understanding and
teaching of the sngineering of measuring systems, the division of the
world of information into ANALOG and DIGITAL is insufficiant.

This is a progress report in a series of papers on the developmaent of
viable new concepts associated with the processing of information through

a measuring system., The results so far have been useful design, eval ‘ion,
and teaching criteria proven in the field by industry acceptance and by
several generations of successful graduates. It is hoped that the progress
report presented here will stimulate further application of these concepts
to as yat untapped areas in the measurement field.
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CONCLUSION
It is the author's personal conviction that the study of infor1 :i«

processing and conversion in measuring systems has agged behind the
study of energy processing and conversion, with which so many instrument

tion text books are filled. S tt business of measurement is obtain-
ing the maximum amount of info ton with the minimum expenditure of
energy, it is hoped that this contribution will stimulate additiona

along tl o , Much 1 ai1 tot done! 1. : the ory 1

do it!
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DATA BA:

a. wurnal Literature

b. Manufacturer's Product Literature
C. | r~poration Literature

d. Monographs

e. Standards

f. Patent Literature

Confel d | ;ing Infq E

RETR _ /AL SYSTEM: AUTOMATED
a. Controlled Subject Descriptor Vocal lary - ISA Standard S37.1
. Controlled Type of Document Descrij or Vocabulary
Cc. Access Points Into Data Base:
Subject -- Faceted Descriptor
Author
Title
Manufacturer
Type of Document
SEARCH AND DISSEMINATION SERVICE

a, Conduct Literature Searches for Ber ix Personnel

b. Quarterly Dissemination of Document Mccession List

Fi wre 2 - Bendix Transducer ] Zormation Center,
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BOOKS:

The bibliogra) y lists 23 books dealing with all types of transducers

and their ap] ications,

JOURNALS:

A total of 79 journeé s are identified as pertinent to transducers; 44
professional journals and 35 trade. Journals particularly relevant are

starred and should be regularly scanned; approximately 60 journals.

INDEXING AND ABSTRACTING SERVICES:
These services index over 64% of the bibliography's journals, and are

access points into government, report, and patent literature.

SDI AND SEARCH SERVICES:
A SDI service is a current awareness function., Citations of articles
relevant to a user's "profile" are periodically sent to the requestor,
On-line computer-assisted search of scientific literature is now avail-

able, and will be used at the Bendix TIC.

SOCIETIES AND MEETINGS:
Societies interested in transducers are listed with addresses, phone
numbers, and their publications. Two journals that 1ist conferences,

meetings, and proceedings availability are included.

BUYERS' GUIDES:

Five buyers' guides covering transducer manufacturers are listed.

Figure 3 = Transducer Information Resources-
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Figure 9 Flowchart of Steps in Searching an Index.
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ire it Techniq  (P)
w ot Sc tific instruments (P)
“imental Mechanics (T)
teee Transaction Sonics and Ultrasonics (P)
Instruments and Experimental Techniques (P)
Journal of Acoustical Soc .y of America (P)
doyrnal of Lnplied Phyeins (P)
irnal of ysics E: __jent ¢ Instruments (P)
soviet Physics: Acoustics (P)
In -ument Society of America, Transactions (P)
Strain (T)
Instruments and Control Systems (T)
Vacuum (T)
Electronics Letters (P)
Soviet Journal of lNondestructive Testing (P)
IEEE Transactions: Industrial Electronics and Control Instrumentation (P)
American Society of Mechanical Engineers, Quarterly Transactions (P)
Annlijed Physics Letters (P)
I I Transactions: Electron Devices (P)
Uitrasonics (T)
Electronics and Communications in Japan (P)
IEEE Transactions: Instrumentation and Measurement (P)
IEEE Proceedings (P)
Acoustica (P)
Control and Instrumentation (T)
Radin Inninearing and Electronic Physics (P)
I shnology (T)
Journal ot tnvironmental Sciences (P)
Journal of Strain Analysis (P)
Pomicery Aulomatyka Kontrola (P)
Electronics (T)
IEEE Transactions: Bio-Medical Engineering (P)
Instrumentation (T)
Engineering (T)
Hedical and Biological Engineering (T)
Solid-State Electronics (P)
Automation and Remote Control (P)
Electromechanical Design (T)
IEEE Proceedings (P)
Measurement and Control (T)
Microtecnic (P)
Process Instrumen .jon (T)
Soviet Journal of instrumentation and Control (P)
Journal of Dynamic Systems, Measurement and Control (P)
Journal of Engineering for Industry (P)
Journal of Physics C: Solid State Physics (P)
Automation (T)
Aviation Week and Space Technology (T)
Control Engineering (T)
Design News (T)
EDN (T)
Electronic Instrumentation (T)
Research/Development (T)
Industrial Research (T)
Instrument and Apparatus HNews (T)
Measurement and Automation Mews (T)
Measurements and Data
Process Engineering (T)
Electronic Design (T)

Figure 12 ~ Key Professional (P) and Trade (T) Journals
Listed According to a Priority Rate,

405



10,

11.

12,

13,

14.

Control and Instrumentation

Control Engineering

Design News

N

Electronic Design

Experi 'ntal Mechi ics

Instru :ntation Technology

Instruments and Apparatus News

Instruments and Control Systems

Mea: rement ai * Au‘ ~ion Nei

Measure 'nts and Data

Process _.gineering

Strain

Ultrasonics

Figure 13 ~ Key Trade Journals.
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A REVIEW " TRANSDUCER RELATED ST. DARDS
" "e W, Rockwe

Navy Matrology Enegi sring Center
, CA

Abs ¢t

The benefi: derived from sta: °~ rdization include 8s production,
uniformity, interchangeab: Lty, quality control, reduction of sizes and
shapes requirc , mtc. Two types of standards exist: military and

voluntary. The latter includes such organizations as ANSI, ISA, ASTM,
| ASME.

The affact of standards is to make world trade feasible. Product certif’
cation procedures are being proposed for imports/exports.

The need for additional standards is evident in areas such as flow metaers,
servo transducers, temperature sensors, and shock testing of accelerometers
among others.

"Standardization Documents Relating to Transducers" was compiled at the
Seventh Transducer Workshop and appendad for tha Bighth Transducer Workshop.
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1N

S1.8-1969

S1.10-1966
(R1971)

S1.12-1967
(R1972)

S2.2-1959
(R1971)

52.10-197

52.11-1969
(R1973)

"Preferred eference Quantities for

Acoustical Leve 3"

"Calibration of Microphones, Meth

For The"

"Laboratory Standard Microphones,
Specific :ic 3 o>r"

"Calibration of Shock and Vibrat:
Pickups, Methods for the"

"Analysis 1d Presentation of She
and Vibration Data, Methods for"

"Calibrations and Tests »>r Elect
Transducers Used for Measuring St
and Vibration, Selection of"

l

ical
2k





















M. J. Kroll of Harper Hospital, Detroit: Yes. (Kroll showed slides
with analysis of the techniques used and discussed methods used in organi-
zing data).

Harting to Stein of Arizona State University: ' 1 i¢ 't have time to
talk about patterns. Can you do that now?

Stein: Apparently the mind of western man breaks patterns down in terms
of time and space. We normally think of patterns in time and call them
"processes” and patterns for an instant in time we call “events." Patterns
in space are local or regional. A photograph would be a regional event. It
does carry information, does not fit the normal definition in information
theory as carrying information, yet it does convey something‘to you in pat-
terns of grey or various colors. We refer to that as a regional event.

The local process is where signature analysis is classified according
to this scheme, for example: from a submariné, or something in the ocean,
you record the set of the pressure waves over a period of time. You then
frequency analyze those, and the pattern obtained from one point in space
over a period of time carries information to you. The motion icture is an
example of a regional process. In tape recording you're taking things happen-
ing over a period of time--that would be a local ss--putting © .« tape,
and looking at one instant in time.

We are talking about four different kinds of patterns and eleven wave
shape property combinations, making fifteen different things to study. Then
all tI ;e binat’ 1 wmutations ar at your 1 for i ng I
al lyi )re easily and effectively.

Howard Grant, Pratt and Whitney Aircraft: A question for Kroll and

Rockwell together: Do you have standards in your libraries?
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SESSION VI

| MENTA" )N OF WORKSHOP GOALS
AND
\ALLJUL_.. COMMITTEE All.

Patrick We ter, Chairman
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SESSION VI: IMPLEMENTATION OF WORKSHOP GOALS AND
TRANSDUCER COMMITTEE AIMS

Patrick Walter, Chairman, Transducer Committee
Sandia Laboratories

Panel: Transducer Committee Members

As noted above, this session was different from the others in that no
formal paper presentations were made. Several members of the transducer
committee reported on various phases of committee activities and in each
case asked for feedback from attendees, both at the moment and in the future.
As in the other sessions, discussion came at the end.

Several changes were made in this session from the program as printed.
For that reason a revised agenda is provided here.

1000 Paul Lederer, National Bureau of Standards (NBS),

IRIG 106, "Transducer Standards."
1010 William Anderson, Naval Air Test Center (NATC),
IRIG 118, "Transducer Based System Calibration."
1025 "Proposed Standard Terminology for Telemetry
Transducer Amplifiers"
Patrick Walter and Fredrick Schelby, Sanc 1 Laboratories
. William Anderson, NATC
1040 William Anderson, NATC
“Directory of Transducer Users, July 1973."
1050 Paul Lederer, NBS
“Interagency ..,ansducer Project Activities.".
1120 Charles Thomas, Wright-Patterson Air Force Base
"Future Task Definition for NBS."

1200 End of Workshop.



Patrick Walter informed the group on size and composition of the trans-
ducer committee, how it fits into the Telemetry Group and subsequently the
Range Commanders Council. He discussed the mechanics for the output of the
committee, using IRIG 106 1d 118 s¢ :io1 as exam; ., and e lain W
these documen® can be obtained and used by people in the trai lucer community.

The first speaker was Paul Lederer who spoke on that portion of ¢ :ument
RCC 106 listing a collection of standards related to transducers. He commented
that after hearing Dale Rockwell's presentation in session 5, the committee
would be able to make several relevant additions to that section. He also
pointed out that NBS has several technical notes which describe methods and
procedures (not standards) that are potentially useful to users of transducers.

William Anderson of NATC talked about that portion of document RCC 118
titled "Transducer-Based System Calibration." There are many standards and
procedures for calibrating the individual elements in a data acquisition
channel. There is a real need for methods and standard procedure by which
the entire signal channel of such a system can be checked from end to end.

The ideal is to apply the measurand to the transducer and through the entire
system. When this is not possible, substitution and simulation techniques
are suggested and outlined.

Next was a three-part presentation. Patrick Walter stated that the field
of transducer calibration standards was in good shape and so was the status
of telemetry recording standards; however, there was a need for standards
for the 1ink between those two elements, i.e., telemetry transducer amplifiers.
The subcommittee on amplifier proposed standard terminology was formed to
remedy that.

Joe Haden of Holloman Air Force Base is the chairman. In developing
his committee two ad hoc groups were formed: one headed by Fred Schelby for
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forward acceleration is 10,000 g, and if you have 5% cross-axis sensitivity,
then half y« - sired s” »1al will be noit . We need standar« for determin-
ing the cross-axis sensitivity of accelerometers specifying both amplitude
and frequency at which the test is to be made.

Harry Clarke of NATC: I am concerned with angular measurements in ro-
tation, especially acceleration. There is a deficiency of low range angular
accelerometers on the market, and calibration methods could be improved. I
would like to see some technique other than gyros developed for angular
acceleration.

Thomas: We have needs in a similar area. Angular vibration is becoming
increasingly important since we are making measurements for optical systems,
of which there is a large proliferation. We are looking into buying several
samples of other than conventional angular accelerometers for evaluation.

James Leaney of Kentron-Hawaii: We are just establishing cé ibration
and evaluation capabilities and facilities. I favor the in-situ approach,
not the cloistered cell of metrology.

Stein: There are inputs that only : 1 n p1 ride. Variot sections of
NBS come under review of an evaluation panel once a year. Paul Lederer's
group is in the electrical technology division, of which transducers are just
a small part. People's knowledgeability in transducers was nonexistent on
the panel until a very few years ago. Transducers are probably the 2ast
understood element in the whole measurements chain. Any enlightenment you
can give people who don't know anything about transd :ers would be of help to

1 t . The more irn.urmation you can provide in groups such as this, the
better your needs will be represented.

Lederer: If you have any kind of problem in calibration or application
of transducers, or if you see a need for calibration techniques to meet
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requirements for measurements, if you can foresee anything 1ike that, it
would be seful if you would call me at NBS. | in then come up with the
kind of task oul ine that will be most effective in the futw
At this juncture Charles Thomas polled the attendees to establ”™ 1 ‘i-
r sugge: ns generated by the session. In the final
program presentation, "Future Task Definition for NBS," he had Tisted four
projects either being or to be considered as tasks for the NBS transducer
group. Thomas enumerated nine additional potential projects which had been
suggested in the course of the session.
PRIORITY
BY VOTES ITEMS
st 2nd  3rd

8 3 1 A. We need more variety of choice in low range angular
accelerometers.

7 4 3 B. Standard method for testing cross-axis sensitivity
of accelerometers at high frequencies and amplitudes.

5 10 7 C. Damping of resonant transducers (mechanical filters).

4 5 16 D. Portable on-site semiautomatic calibration systems.

0 5 2 E. Evaluate transducer performance 1imits imposed by

integral electronics.

2 1 1 F. Better dissemination of information on flow measure-
ment and system design.

1 1 1 G. Instrumentation of artillery projectiles.

ITEMS NOT POLLED
H. Develop protection schemes for pressure transducers in thermal transient
environments.
I. Recommended method for calibration and evaluation of velocity transducers.
J. Use of logarithmic amplifiers versus automatic gain changing amplifiers.

K. Effects of 1ine pressure on performance of low differential range
pressure transducers.
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APPI DIX A

REPORT ON ACTIVITIES OF THE INTERAGENCY
TRANSDUCER PRO. TS GROUP QF NBS









NBS INTERAGENCY TRANSI CER ROJECT

DIRECTIONS OF PROJECT EFFORT

MEASUREMENT METHOD FOR:
DYNAMIC CHARACTERISTICS

ENVIRONMENTAL EFFECTS

RELTABILITY AND DURABILITY

NEW PRINCIPLES AND IMPROVED MAT [ALS - FEASIBILITY

VOLUNTARY PERFORMANCE AND EVALUATION STANDARDS

EVALUATION OF NEW TRANSDUCERS

OQUTPUTS
13 NBS ._CHNICAL NOTES

7 PAPERS
53 PI FORMANCE TEST REPORTS

1 PATENT

4 STANDARDS

1 1 ’OMMENDED PRACTICE
8 TALKS

TRANSDUL X WORKSHOPS

PARTICIPATION IN 8 STANDARDS COMMITTEES

NBS-DEVELOPED TECHNIQUES IN USE AT 12 LABORATORIES































































Na 1T Bureau of S 1dards

NBS Ir :ragency Transdi ‘' Project

~ Notes for

Summary Report

For Executive Committee, TG/RCC

Report Number 174

February 5, 1975

This is a progress report. The work is incomplete and is continuing. Results and
conclusions are not necessarily those that will be included in a final report.
Performance test data were obtained from one or two samples of several transducer

types, and do not necessarily represent the characteristics of all transducers of
a given type.

Funding: NAVAIR SYSCOM Purchase Request N00019-75-IP-59001
White Sands Missile Range (Supplemental Funding)
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b. Measurement of the response of selected transducers with the transducer
jtself measuring full-scale pressure

c. Measurement of the response of selected transducers with the transducer
itself measuring vacuum pressure

d. Measurement of the energy transmission loss through a glass window.

e. Determination of the effect of aperture size on the energy measurement

f. Measurement of the effect of line-voltage changes on electronic flash

iergy
g. Measurement of the effect of battery-voltage changes on flashbulb energy

h. Measurement of the output of selected semiconductor strain-gage pressure
transducers when exposed to thermal transients and with no transducer
(electrical) excitation

PUBLICATIONS 1974-75
Lederer, P.S.; Development of a Dynamic Pressure Calibration Technique - A Pro ‘esc
Report, NBSIR 73-290 (October 15, 1973).

Vezzetti, C.F., Lederer, P.S., and Hilten, J.S.; Development of a Dynamic Pressure
Calibration Technique - A Progress Report,NBSIR 74-503(R) (June 15, 1974).

Hilten, J.S.,and Lederer, P.S.; Space Shuttle Pogo Pressure Measuring System -
A Progress Report, NBSIR 74-562 (July 15, 1974).

Hilten, J.S., and Lederer, P.S.; Space Shuttle Pogo Pressure ‘:asuring System -
A Progress Report, NBSIR 74-604 (December 20, 1974).

Lederer, P.S., and Hilten,J.S.; Space Shuttle Pogo Pressure Measuring System -
A Progress Report, NBSIR 75-560 (to be published).

Lederer, P.S., and Hilten, J.S., NBS InterAgency Transducer Project - A Progress
Report, NBSIR 75-654 (to be published).
NBS TECHNICAL NOTES

Vezzetti, C.F., and Lederer, P | An Experimental Technique for the Evaluat

of Thermal Transient Effects on Piezoelect: : Accelerometers, NBS TN 855 (January
1975).

Kraft, R.y Note on a V' 1tory Phenomenon Arising in Trans 1 * Calibra  on,
NBS TN 856 (I » -~y 1t 1,

OTHER
Lederer, P.S.4 Transducers in the Real World, Joint Measurement Conference,

NBS, Gaithersburg, MD (Nover er 1974).
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APPENDIX B

BITS AND PIECES


















10.

12.

13.

In designing transducers for use at 650°F to ~~7)0°F, suc 183 depends
on the materials selacted being compatible with one another in various
ways. The Boo-boo related below is an illustration of one type of

Use of Aremco Product Co. #505 (Briar Cliff Manor, New York), ceramic
cement in a small volume snclosure can lead to disastrous results
because the 505 generates at least 1500 psi pressure when its tempera-
ture is raised above abor 700°F, Thin diaphragms, bellows or other
struc ~al components not intended to be exposed to such pressuras

are thus caused to fail. Careful pre-baking of the 505 to its end-
use temperature bafore sealing its enclosure does not eliminate the
generation of gas. Aremco 505, though, is a product quite useful to
temperatures well above 700°F if not sealed in a gas tight enclosura.

Saureisen #8 c( 1ic cement (Pittsburgh, Pa.) serves similar uses as
Aremco #505, but does not generate high pressuras after pre-baking.

using pn y t * S 2
(especially a transient one), it must pe rememoerea that the sensing
element will change its output both in magnitude and in time if a
proper ablative coating is not used on the sensing surface. Over-
sight of this fact will lead to erroneous pressure readings.

A wet-wet AP transducer was specified as a sensor in an airborne
engine diagnostic system. The unit was specified for 28 VDC exci-
tation, 1500 ohm bridge resistance, and zero balance trimmed to

O mv 1% F.S. Due to input circuit restrictions it was later found
necessary to change from the grounded 28 VDC supply to an alternate
20 VDC isolated supply and operate at reduced sensitivity. When the
system went into operation it was found to be in error at the zero
end by nearly 5% in somm cases.

The problem was a balance shift due to variations in bridge heating
at the lesser excitation voltage. Solution was to have the manu-
facturer trim the bridge balance at 20 VDC rather than at 28 VDC,

In an attempt to provide one kilovolt isolation between a pressure
transducer and a water medium, I introduced a 3 mil Lexan film
batween the face [ the transducer and the water. The film was made
to conform to the transducer face (Endevco 8503), but was not bonded
to it, Film thickness was selacted to give about 1% decrease in
sensitivity.

Bahavior was fine at room temperature, but the shift of zero with
temperature was enormous. The Lexan had been clamped at its edges,
constrainad to the thermal expansion of the matal case. Its middle
was fres to follow its own large thermal expansion, and buckled with
increasing temperature,
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Respected Sir, when I got to the building, I fx 4 that the hurricane
had knocked some bricks off the top. So I rigged up a beam with a
pulley at the top of the building and hoisted up a couple of barrels
full of bricka. When I had fixed the b ~".ding, there was a lot of

I cks left over.

I hoisted the barrel back up again and secured the line at the bottom,

and then went up and filled the barrel with extra bricks. Then I want
to the bottom and cast off tha line.

Unfortunately, the barrel of bricks was heavier t I wvas d before
I knew what was happening the barrel started down, jerking me off the
ground. I decided to hang on and half-way up I t the barrel coming
down and received a severe blow on the shoulder,

I then continued to the top, banging my head against the beam and getting
ny finger jammed in the pulley. When the barrel hit the 0o 1, it
bursted its bottom, allowing all the bricl to spill out.

I was now heaviar than the barrel and started down again at a high speed.
Half-way down I met the barrel coming up and received several injuries
to my shins, When I hit the ground I landed on the bricks, gaetting
several painful cuts from the sharp e" »:s.

At this point I must have lost my presence of mind, becauses I let go of
the lina. The barrel then came down giving anoth: heavy blow on the
head and putting me in the hospital.

I respectively request sick leave.
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