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SECTION 1
INTRODUCTION

A large facility capable of simulating the combined thermal and
blast effects of tactical nuclear and other explosions is being evaluated
by the Defense Nuclear Agency. The Large Blast/Thermal Simulator
Facility (LB/TS) is a shock tunnel facility consisting of large, high-
pressure drivers; fast-acting diaphragms or valves; a long, large,
noncircular cross-section driven tube; an active rarefaction wave elimi-
nator; and a number of thermal radiation simulators (TRS). High-
enthalpy, high-pressure impulsive flows, with significant transients of a
few microseconds rise time, important measurement phenomena occurring
over microseconds, and an overall operating period of only a few
seconds are generated. Operating parameters in the facility such as
driver pressure, driver length, driver/driven area ratio and driver
temperature are varied over a wide range to simulate important features
of tactical nuclear blast waves, thermal radiation, and target response.
Variable yield explosions and target response at various distances from
the point of explosion can be simulated. A qualitative wave diagram of
the flow field variations with time through the LB/TS is shown below in

Figure 1.
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Figure 1. Qualitative wave diagram of facility flow field.
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The instrumentation systems supporting the operation of this

[ 4
]

I facility must be capable of providing measurements which: S ‘1
° characterize all important parameters of the flow and TRS SN,

such as static pressure, dynamic pressure, velocity, static o

"o

and total temperature, radiant energy, total heat flux, and

enthalpy
i ° characterize important aspects of target response such as ; L
pressure distribution; temperature distribution; heat flux; -“

component loading, strain, and deflection; component and
whole body acceleration, vibration, and motion

°® are resolved in time with response sufficient to characterize
p all essential changes within the period of important flow
I variations =
. O
° are operable under harsh thermal and blast conditions in a . ]
non-laboratory environment with reliable, traceable calibration T
and reference standards ) P
It is vital that innovative approaches to data acquisition be evaluated in ]

l developing a facility plan to incorporate all of the rapid advances which

are occurring in both optical and physical sensors and data acquisi-

tion/processing systems. The LB/TS, though unique, can adapt a .
number of these current developments to produce a high-enthalpy "_1‘_';.:__”_-.'
I impulse facility instrumentation system which is superior to any pre- “ "
sently available. The instrumentation and facility control concept plan 1
which is developed must also be sufficiently versatile for research, .

development, and routine proof testing of a wide variety of military

| targets. w- ]

The first task of the project involved the survey of possible ; ,:j~'."»'_

physical sensors, optical sensors, and data acquisition and control

systems and assessment of current availability of equipment and com- o

i ponents which meet the LB/TS measurement requirements. The candi-
date requirements are listed in Table 1 and involve:
® pressure, temperature, displacement, and other measurements

needed for control and status monitoring of the facility and
its operating subsystems

! ° pressure, temperature, heat flux, “~nd other measurements of ,4!'.‘.
the blast wave, flow field, and TRS L
° pressure, temperature, heat flux, strain, displacement, and . .
acceleration of the target itself L
i Actual measurement requirements for the system must be finalized after '-

ongoing facility configuration studies are completed.
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Table 1. Candidate LB/TS measurements required for target data acquisition
and facility control

1. Measurements for Facility Control and Status/Performance
Monitoring

1.1 Pressure

Charge Pressure in each Driver Tube

Pressure in Nitrogen Drivers associated with TRS
TRS Liquid Oxygen Supply Pressures
Atmospheric Reference Pressure

Miscellaneous Pressures in other Subsystems

1.2 Temperature

Gas Temperature in Driver Tubes

TRS Liquid Oxygen Supply

TRS Pilots

Gas Temperature in the TRS Vent System
Miscellaneous Temperature in other Subsystems

1.3 Displacement Measurements

e TRS Vent Positions (sliding door)
™ Rarefaction Wave Eliminator (RWE) Vane Positions
° TRS Valve Positions; LOX, AL, N, Solenoid and Control

Valve Positions
1.4 Air Compressor System Control

® Valve Positions
° Pressure Control
] Compressor Status Monitors

o

Measurement of Blast Wave and Flow Parameters

2.1 Pressure Instrumentation

e Wall Pressures for Signature and Arrival Time
Determination

e Strain Gage and Piezioelectric Pressure Transducers for
Diffraction Period

® Strain Gage Pressure Transducers for Drag Phase

e Differential Pressure Probes

e Stagnation Pressure Probe

2.2 Flow Velocity Instrumentation
e Laser Doppler Velocimeter (During Drag Phase)
2.3 Density, Inferred Density, Enthalpy, Other

e Stagnation Heat Flux
e Shadowgraph

e R S PG R L T W F G LIS Y S Sy . PPy —tndh o A m e .
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Table 1. Candidate LB/TS measurements required for target data acquisition
and facility control. (Concluded)

2.4 Temperature (to be used during thermal pulse also)
e Aspirating Thermocouples for Stagnation and/or Static
Temperature
° Film Thermocouples

3. Measurement of the Input Thermal Pulse (associated with the TRS)

. Flux Meters (Calorimeter, Coaxial Gages, etc.) ]
° Optical Pyrometer, Two Color, Reference Measurement for : -4
each TRS . 4
e
4. Measurement of Target Response o !
41 Pressure Distribution on Target o
4.2 Structural Strain and Displacement Measurements
4.2 1 Strain Gages
4.2 2 Displacement Gages

° Mechanical - Potentiometer e
e Electrical - Eddy Current RSN

4.2.3 Optical Displacement

. i
e Pulsed X-Ray “ ' J
e Floroscopic X-Ray 9
° Moire .
e OPTRON Displacement Foliower ;
) 4.2.4 Accelerometers e
" 4.3 Skin Temperature, Surface Heat Flux V*_?.i
e Thermocouples, Backside - o
e Surface Heat Flux; Surface Temperature or Others
° Optical Pyrometers; Multiple Points or Surface
Distribution :
4.4 Rigid Body Motion (Primary Drag Phase) ]
e High-Speed Photography ""i"%-‘f"?
° Inertial Acceleration Measurements -
a2 X-Ray
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Each of the measurement requirements involving physical sensors
are addressed in Section 3. A specific list of the ten primary
optical/non-intrusive measurements which are discussed in Section 4 is
given in Table 2. The parameters to be measured, anticipated level

of each parameter, and time response required are noted.

Additional systems which permit data acquisition, facility control,
facility monitoring, data reduction, data display, and data archival, and
which facilitate overall LB/TS operation are listed in Table 3. The data

acquisition subsystem (ltem 1, Table 3) is discussed in Section 5 of this
report and the facility control subsystem is discussed in Section 6. In
completing this survey, the number of channels and minimum sample

rate for each channel for the four measurement categories were estab-

lished as shown in Table 4. The number of channels and sample rates
shown do not represent requirements for the LB/TS but rather define a
baseline system against which comparative evaluations are made. These
form the basis for evaluating digital, analog, and hybrid analog-digital

data acquisition and control systems.

In completing the sensor and data acquisition system survey, a
nominal time line for the operation of the LB/TS was developed as
shown in Figure 2. The measurements and control events required to
pressurize the drivers would be followed by a short sequence to ignite
the five (nominal) TRS. Burn time of the TRS will be variable over a
period from about one to five seconds to produce the radiant heat flux
and fluence of the blast being simulated. After termination of the TRS
burn, a variable delay period of one to three seconds (nominal) would
precede rupture of the diaphragms to initiate blast flow. The delay
period would simulate variable distance from ground zero. About
one-haif second after rup‘ure of the diaphragms, the blast wave will
impinge on the target with a short diffraction period (approximately
10 msec in duration, dependent on target size) in which the blast wave
passes over the target followed by a longer drag phase of up to 2
seconds in duration. Data acquisition periods are shown in the lower

portion of Figure 2.
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Table 3. LB/TS data, control, and monitor system.

1. Data Acquisition System

b

° High-Speed Analog Tape

. High-Speed Digital Recorders 5

. Signal Conditioning AR

2. Data Reduction Data Display, and Data Archival System _‘.7'::.'-‘

. Data Reduction Minicomputer o _.i.;f; R

® Plotters P

) Disc Storage .* -
b ] Printers o

° Graphics Terminals S .

. Digital Photo Image Analyzer Sl o
I 3. Facility Control Minicomputer System p ‘i-j
{ ° Status Monitoring lt',:'.:“'.."':" -
4 ° Interlocks PR
t ) Sequencing IR
! . Open-Loop Control T

° Closed-Loop Control e .

4. Experimental and Safety Observation Equipment

° Video Cameras
° Acoustic Monitors/Recorders
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Table 4. Data acquisition system survey constraints.
(Values selected as basis for system evaluation only)

MINIMUM
NUMBER OF CHANNELS SAMPLE
RATE,
MEASUREMENT CATEGORY MAXIMUM MEDIUM | MINIMUM KHz
1.0 FACILITY MEASUREMENTS
DRIVER PRESSURES 10 10 10 1
TRS NITROGEN PRESSURES 5 5 2
TRS LOx SUPPLY PRESSURES s 5 2
ATMOSPHERIC REFERENCE 1 1 1
DRIVER GAS TEMPERATURE (TC) 21 14 10
GAS SUPPLY TEMPERATURE (TC) 5 5 s
PILOT TEMPERATURE (TC) s 5 s
VENT GAS TEMPERATURE (TC) s 5 8
VENT POSITION s 5 5 .
RWE POSITION 3 3 3 .
VALVE POSITIONS 18 18 10 :
MISCELLANEOUS 20 12 12 .
SUBTOTAL 100 885 70
2.0 FLOW ENVIRONMENT MEASUREMENTS g 7.
WALL PRESSURES 20 15 10 50 TTT T
DIFFRACTION PHASE PRESSURE (FAST RESP.) s s 3 250
DRAG PHASE PRESSURES (MODERATE RESP.) 5 3 3 20
DIFFERENTIAL PRESSURE PROBES ] 5 3 250
STAGNATION PRESSURE PROBES 2 2 2 250 - o
STAGNATION HEAT FLUX (TC) 3 3 3 20 R
FLOW TEMPERATURE (TC) 5 3 3 20 S ‘ =
SUBTOTAL 48 37 27 s ST, -
3.0 THERMAL INPUT MEASUREMENTS
HEAT FLUX GAGES (TC) s ] ] 1
THERMOCOUPLES 10 10 10 1 -
RADIANT HEAT FLUX GAGES 10 10 8 20 :
OTHER (OPTICAL PYROMETER) [ 5 5 1 p
SUBTOTAL 30 30 28
4.0 TARGET RESPONSE MEASUREMENTS
PRESSURE DISTRIBUTION 30 15 10 50
STRUCTURAL STRAIN 30 15 10 s0
DISPLACEMENT GACzS 10 5 5 50
THERMOCOUPLES. BACKSIDE 20 10 10 1
THERMOCOUPLES. SURFACE 20 15 8 20
ACCELEROMETERS 10 5 5 50
OTHER (OPTICAL PYROMETERS) 15 10 10 1
SUBTOTAL 135 75 s8
SYSTEM TOTALS 310 227 183
SYSTEM TOTALS BY SAMPLE RATE:
sTe LE SYSTEM
SAMPLE RATE MAXIMUM MEDIUM | MINIMUM
1000/sec 156 125 110
20.000/sec 43 34 25
50,000 100 56 40
250,000 12 12 8
TOTALS 310 227 183

*50.000 IS MINIMUM ACCEPTABLE; 250.000 1S DESIRABLE. IT IS ALSO DESIRABLE FOR ALL
HIGH SPEED CHANNELS (20-250 KH2) TO BE OF SAME SAMPLE RATE.
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The final task of the project involved the selection of a con-
figuration for the sensor, data acquisition, and control (SDAC) system
which best meets the unique requirements of the LB/TS. This compre-

hensive system, including functional block diagrams, is discussed in
Section 7.

10
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SECTION 2
CHARACTERIZATION OF LB/TS FLOW AND THERMAL ENVIRONMENT

2.1 DESCRIPTION AND PERFORMANCE RANGE

OF THE LB/TS FACILITY.

The LB/TS facility is a shock tube configuration consisting of a
series of from seven or more drivers whose gas is expanded into a
driven tube. The test region is near the end of the driven tube. At
the writing of this report the overall geometry of the LB/TS had not
been completely specified. For purposes of this study however, a
nominal configuration will be identified whose characteristics will
ultimately define nominal aerodynamic and thermal environmental

parameters.

The LB/TS consists of a driver section as described in the pre-
ceding paragraph, a diaphragm or fast-acting valve section which
separates the driver gas from the driven tube gas. Upon initiation of
the valves or rupture of the diaphragm, the high-pressure driver gas
expands through an opening into conical diffusers and into the driven
tube. Haif-angle of the diffusers is approximately 16 degrees,
Reference 2.1. The m»rimary shock wave moves down the driven tube
followed by a high-pressure region of expanding and interacting driver
gases. For the purposes of this study it will be assumed that the
driven tube is nominally 300 meters or 1,000 feet in length with a
cross-sectional area of nominally 165m?. At the end of the driven tube
is an active rarefraction wave eliminator (RWE) to tailor the reflected
wave so that an accurate simulation of the blast wave structure may be

maintained in the test region.

in order to simulate the thermal environment of a high-yield blast,
a thermal radiation source (TRS) is located just upstream of the test
region. The thermal radiation source consists of five or more flames
normal to the driven tube axis. These flames use LOX and aluminum

powder to create a high-temperature, radiant, optically dense medium.

Nominal performance design conditions have been identified for the
LB/TS characterizing both the aerodynamic and the thermal radiation

environment. Driver pressures and driven/driver tube geometries must

1
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be structured so that shock overpressures are maintained at a maximum

of nominally 240 kPa or 35 psi. To achieve this condition approximately

- a 150-bar driver pressure is required with the driven tube operating at
atmospheric conditions. A typical pressure trace is shown in
Figure 3 which represents calculations made by U.S. Army Ballistic

Research Laboratory, Aberdeen Proving Ground, Maryland, for a typi-

cal U.S. LB/TS. This pressure history includes a RWE to tailor reflec-
tions from the tube end and maintain the pressure decay behind the

- shock as a function of time. The form of this calculated pressure

versus time curve i= representative of the conditions expected in the -
LB/TS at the desired operating conditions. In addition, driver gas ." ’
temperature may be increased to provide better matching of desired ' '

wave structures. - p -

The TRS as described earlier is designed to produce a source flux
of nominally 100 calories per centimeter squared per second with a
fluence ranging from 100 to 500 calories per centimeter squared. The
color temperature of the LOX flame is estimated to be nominally
3000 degrees Kelvin. Data from a recent TRS test is shown in
Figure 4 which is a working model of the full TRS system. As can be
seen, the flux is nonstationary in time. Gas from the TRS during the
burn is drawn off at the top of the test section to eliminate the burnt
gas residues from the test region so that the aerodynamic blast wave is
not contaminated. The TRS, in a normal sequence of events, will be
ignited before the aerodynamic blast front has reached the test region
within the driven tube as shown in the bar chart in Figure 2.

2.2 DEFINITION OF AERODYNAMIC AND THERMAL DATA RANGES.

In order to define the aerodynamic range of the LB/TS, some T
sample calculations were made using a Sverdrup shock tube code. A
brief writeup of the shock tube code is given in the following para-
graphs. The area distribution utilized in the sample calculation is - ;
shown in Figure 5 where it was assumed that no rarefraction wave T

ehiminator was present (driven tube very long). All lengths referred to

in the foilowing figures are normalized by the driven tube length with

areas normalized by the test section area of 165 meters squared.
Sample calculations were based on an instantaneous diaphragm break -

with equal driver and driven tube gas temperatures.

12
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XSTA - 176.3 1 RWEL
ORVL - 98:70 A PORV
150P - 38.27 XPA-S4AX
PPO - 3.719 SEC NPWX

I0IN = 2,344 KPA-S
PRESSURE-TIME HISTORY
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ﬁ SHOCK TUBE W/CONICAL DRIVER P-so = 219.6 kPa
L-ret = 233.3 m X~sta = 1473 m t-a -234.0m

r Ldrv = 8.250 m P~drv = 188.0 atm PPD = 0.483 3
3 V=dre = 55.77 m™8 P-amb = 101.3 kPa [-s0 = 33.54 kPe—e
r Ldvw = 214.0m T-amb = 293.1 X I-dyn = 12.28 kPa-e
o L-rwe = 0.00 m /T = 1.00 J-max = 202
g PRESSURE~TIME HISTORY
i i

»
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H

Ti'

[
. -
i “
£
: s
- ]
L 3
a-,i
™ - ase an vy - .
.:- Time, 3
: (B) HIGH-OVERPRESSURE CASE
1

Figure 3. Sample pressure-time history calculation
for the LB/TS.
13
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The numerical solution algorithm utilized in the present shock tube
code is based on flux splitting the governing one-dimensional equations
written in partial differential form. The application of this technique,
which will be described in the following paragraphs, is an outgrowth of
the MacCormack explicit/implicit approach described in References 2.2
and 2.3.

Over the past 15 years considerable progress has been made in the
development of implicit and explicit solution algorithms to accurately
define hyperbolic flow fields where large perturbations of the flow are
present. Early transient studies utilized the explicit algorithm to track
transient flows. The MacCormack explicit algorithm is a two-step
predictor/corrector technique. The flowfield solution is updated after
each predictor and corrector step utilizing grid sweeps in alternate
directions. The result of this approach is that second-order accuracy
1s achieved while using only first-order spatial differencing and first-
order Taylor series expansions in time. This explicit method, as in all
explicit methods, contains a stability restriction which restricts the size
of the allowable time step as constrained by the Courant-Fredrichs-Lewy
(CFL) criteria. This allowable maximum step is governed by the grid

density, local flow velocity, and local speed of sound.

The MacCormack implicit technique is a two-step extension of the
1969 predictor/corrector explicit technique. Utilizing the implicit
technique, CFL's greater than one can be routinely exercised over part
or all of the grid. The implicit technique utilizes as its basis the
explicit solution of the governing equations based on the explicit
algorithm of MacCormack. The second stage of the implicit technique
removes the CFL stability criteria by numerically transforming the
governing equations into an equivalent implicit form which, in general,
requires a bidiagonal solution scheme. This new implicit technique has

found wide application in a variety of aerodynamic fiows.

In spite of the algorithm speed and simplicity of the implicit
technique, errors exist when tracking shocks which occur in shock tube

transients. For moving shocks which are not centered in a grid cell,

16
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"solution noise” can result in the vicinity of the shock due to the flux
imbalances across the shock. When the grid is properly aligned, the
solution oscillations on either side of the shock can be essentially

eliminated.

In order to accurately track flows where moving shocks are pre-
sent, a shock fitting technique with an adaptive grid algorithm can be
implemented. The present solution algorithm does not, however, apply
the adaptive grid approach. A split characteristics formulation is
utilized in order to accurately and realistically account for the passage
of flux information into and out of the shock, depending upon the sign
of the eigenvalues in the vicinity of the shock front. This new tech-
nique is an extension of the MacCormack implicit/explicit concepts as
presented and draws on the split characteristics concepts as given in
Reference 2.4. No explicit dissipation is required in the formulation.
The six steps given below briefly describe the application of the
numerical solution algorithm as utilized in the shock tube code.

1. The system of governing equations written in weak conserva-

tion law form, is converted to a characteristics form by
diagonalizing the flux vector.

2. The governing equations in characteristics form are separated
corresponding to the sign of the eigenvalues or characteristic
directions.

3. Both the flux vector and source terms are split utilizing the

eigenvectors.

4. The delta formulation of the solution variables is developed
from the split governing equations.

5. A two-step Runga Kutta calculation procedure is implemented
to calculate the new time level solutions where the predictor
and corrector steps are applied in a manner similar to the
1969 MacCormack algorithm.

6. Compatible split characteristic boundary conditions are applied
at inflow and outflow boundaries where the right-hand side of
the constraint equations corresponds to linear combinations of
the solution variables in delta form. The sign of the eigen-
values at the inflow or cu*flow boundary determines the
equations that are to be replaced in the constraint system.

The advantage of this new technique over other previous tech-

nigues is that it can resolve transient shocks accurately without an

adaptive grid algorithm. In addition, it is computationally efficient
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compared to split flux schemes (for example) since, in its present form,

it does not require a tridiagonal solution algorithm.

The summary calculations as given in Figures 6 through 12
describe the flow variable behavior as a function of time after dia-
phragm rupture at one station within the driven tube--at a point
seventy percent of the driven tube length from the diaphragm.
Figure 6 gives the static pressure distribution history normalized by
the driven tube pressure P}. As can be seer the pressure rises
rapidly as the shock passes the plotted X location. Once the shock
passes the station of interest, the pressure field decays gradually and
then very rapidly due to the interaction of the expanded driver gas.

The driver to driven tube pressure ratio used for these calculations is
200.

The stagnation pressure normalized by the drivén tube pressure is
shown in Figure 7 and indicates a level of approximately 17 is reached
in the early time evolution of the ‘low for the driver tube/driven tube
pressure ratio of 200 as stated earlier. For a driver to driven tube
pressure ratio of 200, the stagnation pressure ratio approaches values

as high as 40 late in the wave evolution process.

Total and static temperature ratios normalized by the driven tube
temperature are shown in Figures 8 and 9. These two figures show
nominally the same rise times as shown in the pressure traces given in
Figures 6 and 7. Static and total temperatures peak at 1.5 and 1.8 for
this driver to driven tube pressure ratio of 200, respectively. The
decay of the total temperature and static temperature following the peak
rise is similar to the pressure decay as presented in Figures 6 and 7.
Flow velocity, as normalized by the driven tube speed of sound, given
in Figure 10 shows a level of approximately 1.2 immediately behind the

shock and rising to a level of 1.7 at a later time.

The thermal environment of the LB/TS consists, as described in
the preceding paragraphs, of two parts. The first part occurring in
the time sequence is the thermal radiation source environment which is
nominally on for 1 to 5 seconds early in the test. This is followed by a

nominal two-secnnd duration of time in the test where neither the

18
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aerodynamic or thermal radiation source fields are on. Following this
delay time the blast wave and associated aerodynamic response takes
place.

Sample calculations were made using the aerodynamic caiculations
as indicated in Figures 6 through 10 to define the heating levels in the
test region due to aerodynamic sources only. Heat transfer calculations
were based on flat plate heating and on stagnation point heating on a
sphere where length scales for heating calculations were assumed to be
equal to 0.3 meter. |In addition, the calculations assume that the wall
temperature of both the plate and the sphere were maintained at the
initial driven tube temperature T1.

Graphical results are presented in Figures 11 and 12 for the flat
plate and stagnation heating environment as a function of time for the
two selected stations within the driven tube. As can be seen, for a
driver to driven tube pressure ratio of 200, flat plate heating levels
approach 8 cal per cm squared per second immediately behind the
shock. Heating levels approach 3 cal per cm squared per second
behind the shock for the stagnation point heat transfer. Rise times
associated with the aerodynamic heat flux are on the same order as the
passage of the shock front. For temperature rises or decreases caused
by aerodynamic heating as described in Figures 11 and 12, test article
thermal rise times will be dependent upon the configuration and can
result in transient surface and through thickness temperatures which

scale on the order of milliseconds to tenths of seconds.

The thermal radiation source environment as described earlier
provides a color temperature of nominally 3000 degrees Kelvin and is a
radiation source as it influences the test article. At this color tem-
perature, radiation heating due to the TRS can reach as high as
100 cal per cm squared per second for a duration of from 1 to 5 seconds
as indicated in Figure 4. This high heating level coupled with tempera-
ture variations in the thermal mass and geometry of the test article can
result in surface and through thickness temperature variations of a few
degrees Kelvin to surface temperature increases on the order of 1000

Kelvin with rise times in the millisecond range.
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As a result of the high aerodynamic transient loading on the test
article due to the passage of the blast front, significant displacement,
velocity, and accelerations of the test article can take place. Measure-
ment requirements on the test article can be as variable as the defini-
tion of the vibration environment of a stiff member to the definition of
the displacement of the entire test article as a solid body. This pro-
vides for a wide spectrum of acceleration and displacement ranges for
the test article dependent upon the type of measurement desired. For
a high stiffness member where the vibration environment is desired,
displacements on the order of ten thousandths toc tenths of an inch and
acceleration loads of thousands of g's are possible. For high mass/
large configurations, such as armored vehicles, displacements can range
from hundredths of an inch to feet with commensurate low accelerations
on the order of 1g.

Table 5 provides a summary of the LB/TS test data characteriza-
tion as described in preceding paragraphs. Data found in this table is
a merging of results obtained from the sample calculation and from BRL
design information for the LB/TS. It is to be emphasized that the
I magnitude and rise time ranges as given for each one of the data types

are by no means the minimum or maximum ranges anticipated but are
intended to represent the nominal extent of the ranges to be expected
during typical LB/TS operation. In using this table it is also
l emphasized that the aerodynamic environment occurs at a different time
during the test evolution than the thermal or TRS environment as
shown graphically in Figure 2. Thus, in a temperature measurement
system that must measure both the thermal and aerodynamic temperature
) environment, one must consider the temperature range given for both
- aerodynamic data and the thermal data both separately and collectively.
In addition it is to be noted that the heat flux estimates provided in
this table, for aerodynamic heating, are based on turbulent flow on a

flat plate and for stagnation heating =~ a sphere nominally one foot in

" diameter. The displacement, velocity, and acceleration values given in
the table are characteristic of the test article as influenced by
aerodynamic loads. Since strains and stresses are a function of the

-', precise geometry of the test article no attempt was made to estimate or

bracket the range of this data type.
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SECTION 3
SURVEY OF PHYSICAL/INTRUSIVE SENSORS

A survey of sensors which are normally categorized as intrusive
(physically having some point of contact on the measurement surface) is
presented in this section. Our survey includes selected specifications
as provided by manufacturers’ catalogs (Appendix A) and a bibli-
ography (Appendix B) of recent instrumentation developments which are

either directly applicable or related to the LB/TS type environment.

3.1 PRESSURE MEASUREMENTS.

Numerous pressure sensors will be required to take facility meas-
urements, monitor the blast wave and flow environment, and measure
target response (Table 1). Facility measurements will include driver
pressure, TRS nitrogen pressure, TRS LOX supply pressure, atmos-
pheric reference pressure, and others. Blast wave and flow measure-
ment pressures will include driven tube wall pressure distribution,
diffraction, drag phase pressures using flow field probes, and target
response during the drag phase. Both piezoelectric and strain gage

transducers are frequently used in blast simulation experiments.

The piezoelectric effect is an effect whereby strains in certain
types of crystals of insulating materials lead to a separation of charge
(i.e., positive on one face, negative on another). The effect may be
inverted; in that application, a charge will cause a strain. Over a
range of strains due to forces, the charge is proportional to the strain
which 1s the basis for pressure transducers based on the piezoelectric
effect. Since charge tends to be neutralized by the surroundings,
transducers based on this effect are primarily usefui in dynamic or

transient systems such as characterized by the LB/TS environment.

Where slightly slower response can be tolerated, strain gage or

capacitive and inductive transducers may be specified. The resistance
(strain) of a wire is dependent on its length and cross-sectional area,
so that when a wire is stretched, its resistance changes due to increase

in length and decrease in area. However, there is an additional effect
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on the resistivity of the material itseif. The resistivity, as opposed to
the resistance, is a function of strain also, so that the change of
resistance per unit elongation is often different from what one would

expect on the basis of elongation alone.

The wire may be attached firmly to a surface undergoing change in
length, such as a diaphragm being deflected by pressure, in which case
it is referred to as a bonded strain-gage. In other designs, the dia-
phragm displacement may be transmitted by a mechanical linkage so as
to stretch wires which are attached only at the ends, in which case the
device is referred to as an unbonded strain-gage. Rise time and
frequency response are slower for these designs. In any case, the

change in resistance must be measured and related to the pressure.

In capacitive and inductive transducers, the change of the dis-
tance between a fixed electrode and a movable electrode (such as a
diaphragm) may be used to produce a measurable change in capacitance.
in addition, by changing the distance between a coil and an iron dia-
phragm, the inductance of the coil may be changed. Either of these

effects may be sensed electrically, and related to pressure.

3.1.1 Nature of Required Pressure Measurements.

Table 4 identifies a minimum requirement for 15 facility pressure
measurements, 21 blast wave and flow measurements, and 10 target
response pressure sensors. Table 6 details general specifications for
pressure requirements. The table identifies an extremely wide range of
pressure sensor requirements. Rise time and frequency response for
facility control sensors are less severe than other pressure measure-
ments but the maximum pressure level required is much higher. Strain
gage transducers will be suitable for facility control while piezoelectric
or fast-response silicon diaphragm gages must be employed for the
remainder. Several static and total pressure sensors suitable for use in
the LB/TS are given in Appendix A for mounting in the tunnel wall,

reference bodies in the test section, or special probes.
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Table 6. Pressure sensor requirements and specifications.

Facility Monitor Blast Wave and Target
Requirements and Control Flow Measurements Response
Driver Pressure, Wall Static Pressure,
10,000-24,000 kPa 200-350 kPa
TRS N, 7000- Diffraction Static, 100-350 kPa
Range 14,000 kPa 200-350 kPa
LOX, 10 to 700 kPa Drag Static,
Atm. reference, 200-350 kPa
100 kPa Differential probes,
40-60 kPa

Stagnation probes,
200-1000 kPa

wall Pressure, 50 kHz
Diffraction, 250 kHz
Frequency 1 kHz Drag, 20 kHz 50 kHz
Differential,

250 kHz
Stagnation, 250 kHz

Blast wave and/or shock tunnel flow calibration is dependent on
accurate measurement of static and total pressure and their difference.
Absolute measurement of both static and total pressure involves poten-
tial errors since the absolute level of each may be considerably
different. Numerous designs for differential probes have been pro-
duced by shock tube and blast simulator engineers. Figure 13 repro-
duces one such probe (Reference 3.1) used at the BRL. It is a modi-
fication of an original BRL design to utilize standard Kulite pressure
sensing elements (the XCW-190 series), which were suitable for adaption
to make a differential pressure gage. The outer configuration is that
of a long cylindrical rod oriented parallel to the expected direction of
air flow. A single pressure-sensing diaphragm is placed within the rod
about one rod diameter from the nose. Stagnation overpressure is
developed on one side of the diaphragm from the inpui port in the nose
of the rod. The static overpressure is developed on the rear of the
diaphragm by a connection of the internal volume at the rear of the

diaphragm to static pressure inlet ports that are two rod diameters to
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the rear of the nose. These ports are 12 cylindrical holes drilled

perpendicular to the axis of the rod and spaced uniformly around its
circumference. A metal screen with holes is placed immediately in front
of the diaphragm to protect it from direct impact by particles in the air
stream. The diaphragm is of silicon and contains an active Wheatstone
bridge. It is coated on both sides with an RTV compound to minimize

heat conduction effects during the test period.

"Hu |”

78.2 mm 285.4 mmbaE—— 182.6 mor ] 28.8 M e
|
i TE“. mm DIAMETER f/ £ 12.7 mm DIAMETER |
f e ————

DIFFERENTIAL PRESSURE TRANSDUCER

INLET FOR STAGNATION PRESSURE
\ INLET FOR STATIC OVERPRESSURE

\ TIIIIY

SCREEN DIAPHRAGM

CLOSEUP OF TRANSDUCER NOSE

Figure 13. Configuration of the differential pressure gage
for blast wave measurements.
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Differential pressure gages with peak ranges of 6.9 kPa (1 psi),
13.8 kPa (2 psi), and 34.5 kPa (5 psi) have been tested to a limited
extent in a shock tube at BRL. The gages were exposed to step
shocks generated in the 0.56-meter diameter shock tube, and the sig-
nals were recorded using an 80-kHz magnetic tape recording system and

a frequency response of about 20-kHz (flat) was measured.

Conventional stagnation probes consisting of single, open-ended
tubes with protective filters are used for total pressure measurements
when high-frequency response is not required. Surface-mounted
sensors such as Kulite gages can measure local total or static pressures
and discriminate flow oscillations at frequencies up to 200 kHz (flat

response) in the LB/TS pressure range.

Direct use of pressure sensors and development of pressure probes
and other devices using pressure sensors in environments such as
produced by the LB/TS facility are extremely difficult if productivity
and reliability are of prime importance. The use of screens and baffles
to prevent particle impact will always degrade sensor frequency perfor-
mance. The simple expedient of placing a plastic insulative coating
over a diaphragm will serve to increase sensor life and delay tempera-
ture effects at the cost of lower frequency response. Corrections to
the data for gage or probe acceleration during the blast, temperature
rise in the sensing element due to high heat transfer from the TRS and
flow, errors induced by inadequate mounting, and degraded response
time in a given test situation requires continuous close attention in the
application of seemingly attractive commercial sensors. Techniques for
minimizing these effects or making corrections to data have been devel-
oped at BRL and other impulse facilities to permit reliable use of the
commercial pressure sensors.

3.1.2 Sources of Pressure Sensors.
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There are numerous manufacturers of high-quality pressure trans-
ducers in the U.S. The industry is quite competitive and innovative
and specialized development for measurement of transient pressures in

.
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requirements of the government and industry.

Celesco Transducer Products, Inc.

7800 Deering Avenue
Canoga Park, CA 91304

Kistler Instrumentation Corp.
75 John Glen Drive
Amherst, NY 14120

Entran Devices, Inc.
10 Washington Avenue
Fairfield, NJ 07006

Endevco
Rancho Viejo Road
San Juan Capistrano, CA 92675

PCB Piezotronics, Inc.
3425 walden Avenue
Depew, NY 14043

Sensotec
1200 Chesapeake Avenue
Columbus, OH 43212

Kulite Semiconductor Products
1039 Hoyt Avenue
Ridgefield, NJ 07657

Setra Systems, Inc.
45 Nagog Park
Acton, MA 01720

BBN Instruments
50 Moulton Street
Cambridge, MA 02138

Kaman Instrumentation Corporation

1500 Garden of the Gods Road
Colorado Springs, CO 80933

Transamerica Delava (CEC)
360 Sierra Madre Villa
Pasadena, CA 91109

MKS Instruments, Inc.

34 Third Avenue
Burlington, MA 01803
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extreme environments has been accomplished by numerous firms to meet
The following companies
routinely manufacture pressure sensors which would be candidates for

the LB/TS facility.

T et aTa

LS S




- - . - . L.
P T AP T L
L A e ta fa el Tl

PR T TN

| RSO oL ARt At

Although the above list by no means identifies all pressure trans-
ducer manufacturers* it does represent the majority of those who com-
pete for development contracts when advanced test facilities are con-
structed by the government. Since specific performance criteria are
not established, it is beyond the scope of the present study to recom-
mend one particular manufacturer for each specific measurement in the
LB/TS facility. Any one of the above cited manufacturers could pro-
duce systems capable of measuring pressures during both the diffrac-
tion and drag phase of operation. However, a few specifications and
operating characteristic descriptions have been extracted from technical
catalogues and are included in Appendix A to demonstrate available
sensors and unique designs related to the LB/TS environment. The

appendix is divided into separate sections for pressure, heat flux, etc.

A brief open-literature search was conducted to evaluate the
extent of development work being accomplished for pressure measure-
ment systems which would have direct applicability to the LB/TS facil-
ity. The bibliography contains descriptive abstract listings of 14 such
papers by personnel at agencies and facilities such as Aberdeen Proving
Grounds, Sandia Laboratories, Air Force Weapons Laboratory, Defense
Nuclear Agency, Los Alamos Scientific Laboratories, NASA, and foreign
sources. Most of these reports deal with evaluation of specific pressure
sensors in field blast conditions. Their recommendations are normally
unique to their specific testing situation but can serve as general

guides for selection of future sensor procurements.
3.2 TEMPERATURE AND HEAT FLUX MEASUREMENTS.

3.2.1 Temperature.

Direct thermocouple measurements will be the most common tempera-
ture sensor utilized in the LB/TS. A comparison chart (Table 7) of
various temperature sensors (RTD, thermistor, thermocouples, semi-

conductors) prepared by Hy-Cal Engineering follows on the next page.

*The 1983-84 {SA Directory lists 98 companies under the heading -
Pressure Transducers, Electronic
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Table 7. Comparison chart of various temperature sensors.
(Prepared by HY-CAL Engineering)

PLATINUM RTO | PLATINUM RTD | MICKEL ATD BALCO ATD SEMI-
EVALUATION 100U wire OULTRA-7T™ 1000 wirs 20001 wire THERMISTOR THEAMO- CONQUCTOR
CRITERIA weund and 10004 wound weund COUPLE DEVICES
thia lilm thin film
) 1
Cost - OEM Quantity HIGH Lo*w MEDIUM MEDIUM Lg'w L&W L&w
e | e | B | e | e | e |
~—400°F to —320°F to —350°F to —100"F to I —450°F to —57°F to
Temperature Range +1200°F +1000°F +500°F +400°F —100°F to +4200°F +257°F
* * +500°F * %
- M
Interchangeability zxc:xgm ixt::u:m FAIR FAIR Pogt}ano G(fo FAIR
" 3 A
Long Term Stability cg:u .tfo FAIR FAIR POOR Po&lklo GO&I‘)Rlo
Accuracy uﬁu u!:u MEDIUM tow MEDIUM MEDIUM MEDIUM
" EXCELLENT EXCELLENT 600D FAIR FAIR to POOR to 60O
Repeatability * % * * 6000 FAIR *
Sensitivity (output) MEDIUM nfu ufu vnz: :!cu v:x :jcu Low n!:u
MEDIUM MEDIUM to MEDIUM MEDIUM MEDIUM MEDIUM to MEDIUM to
Response FAST to FAST FAST FAST
* w * *
Uinearity ca:o s(‘::o FAIR FAIR POOR FAIR c&qo
VERY LOW MEDIUM MEDIUM MEDIUM IGH A VERY LOW
Self Heating tAy L0 Hé M T LW
* W
Point (end) Sensitive FAIR GO*(')D POOR POOR cg‘t'm sxt‘::}::m ctfu
Lead Effect MEDIUM L&W Lgrw Lg(w v::: ;ow HIGH LO*W
. MEDIUM SMALL LARGE LARGE SMALL to SMALL to SMALL
Physical Size/Packaging 1o SMALL 1o LARGE MEDIUM LARGE MEDIUM.
* * * »*
% % Best Rating
% Good Rating
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Figure 14 represents output versus temperature in °F for various
thermocouple materials. Choice of thermocouple material is based on
considerations other than temperature level. Direct temperature
measurements will be required for measurement of driver gas, LOX
supply, pilot, and vent gas temperatures. For blast wave and flow
monitoring, the temperature of the flow can be measured with shielded
and vented thermocouple probes. Both backface and frontface tempera-
tures on the target can be obtained with simple thermocouples, RTD's,
or thermistors. Table 4 identifies 24 facility temperature measurements,
6 blast wave and flow measurements, 10 thermal input temperatures,
and 18 target response thermocouples for a total of 58 temperature
sensors as a minimum requirement. Table 8 summarizes the various

temperature sensor requirements.

Platinum-rhodium/platinum thermocouples provide the best combina-
tion of resistance to corrosion and high-temperature capability.
Although temperature to 3000°F (1321°K) can be measured with such
thermocouples, the surfaces should be coated to minimize surface cataly-
tic effects. Tungsten-tungsten rhenium thermocouples provide a cap-
ability to measure temperatures up to 5S000°F (3032°K), but this material
has a poorer oxidation resistance. The development of thermocouples
and probes, specifically RTD and thin-film devices, by commercial firms
is extensive. The selection of a specific thermocouple sensor from
literally hundreds on the market is beyond the scope of the present

study.

The following comments are related to one device (a total tempera-
ture probe, Figure 15) designed to overcome many of the problems
associated with flow temperature measurement with thermocouple devices
{Reference 3.3). Since at high velocities the free stream static tem-
perature cannot readily be measured, one resorts to measuring the total
gas temperature. This requires a probe with a stagnation chamber
wherein the gas can be brought adiabaucally to a low velocity. [f the
process is perfectly adiabatic, the recovery temperature, Tr' equals the

total temperature, To' from which T” can be calculated

2
T =T, - Vz_
‘p
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Table 8. Temperature sensor requirements and specifications.

Facility Monitor Blast Wave and Target
Requirements and Control Flow Measurements Response
Driver Gas, 600°K | Shielded Probe, Backside, 400°K
Range LOX Supply, Cry- | 600°K Frontside, 800°K
genic
Vent Gas, 2000°K
Platinum RTD High-Temperature Platinum RTD i
Types and TC'S and -
High-Temperature High-Temperature o
TC'S TC's T e "
Response 0.001 on surface ]
0.1 sec .001 sec 0.01 on backside . Y
. -
R
Cm
," —
SRy
Cd
2.
= 4
o
A
4
.‘]
_ &
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In practice, however, the gas cannot be brought to rest adiabati-
cally. Frictional heating and dissipation by conduction in the boundary
layer make it impossible to recover all the kinetic energy of the flowing
gas. Moreover, as already noted, if the gas flows too slowly over the
probe, conduction and radiation losses become excessive. Therefore, in
any viscous fluid some recovery error must be tolerated and a compro-
mise between this recovery error and the radiation-conduction error
must be made. The important consideration is that the error remains
essentially constant throughout all flow conditions. Many of the earlier
high-velocity temperature probes were merely bare thermocouples posi-
tioned in the flow.

Due to the difficulties of measuring the recovery factor, r, and

the unknown influence of parameters such as surface roughness, junc-

tion formation, etc., it is not likely that values of r for an uncalibrated
probe can be more reliable than £10%. This uncertainty in the recovery
factor becomes of little consequence, however, if the velocity over the
thermocouple junction is reduced to a low value. The simplest device
for this purpose is a straight tube with vent holes. Specific probe
designs are necessary for particular flow environments to minimize the
cumulative errors attributable to radiation, velocity, and conduction.
Varner performed an analysis of corrections necessary to such probes
and concluded that the error analysis must include the developing
thermal layer within the tube (Reference 3.4). Before such devices
are designed for the LB/TS environment, an in-depth error analysis

should be performed to evaluate probe effectiveness.

Target thermal response will be made, in part, by front and
backside bare thermocouple sensors. Measurements using wall thermo-
couples require that the junction size be small to increase response.
Also, any material near the junction must be similar to the wall in order
to minimize the effect of local differences in thermal properties
(Reference 3.3).

There are many manufacturers of thermocouple devices in the

United States.* Three of the best known firms are:

*The 1983-84 ISA Directory lists 146 manufacturers under the
heading - Temperature Sensors, Thermocouples, and Accessories
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" Hy-Cal Engineering
I 9650 Telstar Avenue
El Monte, CA 91731

. Nanmac Corporation
- 9-11 Mayhem Street
" Framingham Centre, MA 01701

Omega Engineering
Box 4047
Stamford, CT 06907
Any of these manufacturers could design specific thermocouple
l sensor packages to meet LB/TS criteria. The bibliography
' (Appendix B) contains 15 abstracts for development of thermocouple
sensors in environments such as the LB/TS. Transient errors, oxida-
tion effects, calibration, and development of analytic codes to infer heat

I transfer rate and correct for thermocouple errors are included.

3.2.2 Heat Flux.

Intrusive devices for surface heat flux (calorimeters) can be used ‘

I for a variety of purposes in the LB/TS facility. By innovative design, “‘ -
gas temperatures, flow enthalpy, and velocity can be inferred from . '

calorimeter devices. These would be useful for both facility measure-

ments, blast wave and flow measurements, and target measurements.

l Thermal input from radiation source can be directly measured by calorim-
eters sensitive to radiant energy. Target radiant and convective
energy can also be directly measured with on-board devices. Direct
measurement heat flux sensors have been widely developed for unique

test facilities.

A coax thermocouple heat flux sensor (Figure 16) has advantages
over other devices including operational durability, time response,
calibration stability, miniature size, and the ability to contour the gage

i exactly to the surface of the instrumented component. Co-axial surface
thermocouples can be employed for measurements over a heat-transfer-
rate range of 1 to 135 cal/cm? sec. (3-500 Btu/ft® sec.). Preamplifi-
cation units can extend the heat-transfer-rate level to 0.3 cal/cm?® sec.
The cylindrical thermocouple assemblies are small, typically 0.16 to

0.32 ¢cm O.D. and approximately 0.36 to 1.0 cm long.
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%
#50-40 HEAT PROOF COATING \/
(ELECTRICAL INSULATION) /

CONSTANTAN JACKET

N |

#32 AWG RUBBER-COATED —»-
STRANDED COPPER WIRES °

(#36 WIRE USED FOR \
do = 0.063-in. ONLY)

Figure 16. Chromel - Constantan coaxial surface thermocouple.
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Experimental calibration of co-axial surface thermocouples is per-
formed in the laboratory by a transient heat flux calibration technique.
A known and constant heat flux from an air-acetylene flame or radiant
light source is applied to the sensing surface of the co-axial thermo-
couplie for a time period not exceeding the effective test time, and a
timewise output data record is obtained. This experimental procedure
permits the evaluation of a co-axial thermocouple calibration factor
which has been found to agree with the theoretical heat flux sensitivity
within 5 percent when the gage is properly constructed. This experi-
mental procedure is repeated at different heat flux levels. Since the
co-axial thermocouple assembly is comprised of thermoelectric grade
materials, the unit maintains the inherent excellent calibration stability

characteristics of bi-metal thermocouples.

Vent temperature and flow temperature can be inferred from meas-
urement of radiation and convective energy. The device
(Reference 3.2) shown in Figure 17 was developed for rocket motor and
jet engine exhaust temperature measurement. By keeping the device on
a wall component, the intrusive characteristic can be minimized. Similar
techniques can measure the thermal output of the TRS by placing an

array of sensors at various distances from the radiation source.

Flow enthalpy and flow velocity can be inferred from calorimeter
gage measurements on blunt cylinders with the aid of Fay-Riddell
analytic solutions (Reference 3.10). Difficulties in obtaining precise
flow enthalpy and velocity result from three unknowns: gas composi-
tion, flow field pressure distribution, and empirical assumptions con-
tained in the analytic models. For the flow environment of the LB/TS,

these are not large unknowns.

Target response to radiation and convective heating during the
thermal simulator pulse and diffraction period can be measured by
fast-response Gardon gages, RT gages, co-ax gages, or Schmidt-Boelter
gages. Requirements for durability and calibration traceability suggest
use of co-ax or Schmidt-B. :ter gages in lieu of Gardon or R-T gages
for the LB/TS application based on experience in similar impulse test

facilities.
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Table 9. Heat flux sensor requirements.

- Blast Wave and
N Requirements | TRS Output Flow Measurements Target Response
i Range 5-100 cal/cm? sec | 2-10 cal/cm? sec 0-10 cal/cm? sec
Type Co-ax Co-ax or Gardon Thin skin TC
Co-ax
Schmidt-Boelter
Pressure 0.1 sec 0.001 sec 0.01 sec
'_ INCIOENT TOTAL-MEAT FLUX
) {CONVECTIVE AND RADIATIVE)
;.
} WALL
: TotAL . E. RAGIATIVE- TOTAL: : ,o
| s y HEATING .', HEATING HEATING K .
. AR CALORIMETER 1 [ '3 CALORIMETER CALORIMETER 2 [T 2% .
y ik .3" ’;E‘;T“GL\ ‘,: '-:':" 5 ) - A
3 DY NG INSULATOR AT ) - HEAT -, ] 3
' 2% 3 compucron| (| I RN
; %) JcbAs R
. < £ - B A
. Lo k
. e
. .= ]
.
MEAT-FLUX )
EQUATIONS: q = NMTg - Tyl + ap
Q2 = NTg - Twa + qp :
WHERE 41.92 @ HEAT-FLUX MEASUREMENTS j
FROM TOTAL.HEAT CALORIMETERS : )
am = RADIATIVE MEAS FLUX ;-
TwiTwa ® WALL-SURFACE TEMPERATURES o
Tq = GAS TEMPERATURE
THEN: Tq = Q1 ~ aaiTwy = @2 - aR)Ta
@y - ap) - Q3 - oW
Figure 17. Concept developed by Rockwaell International for

gas temperature measurement. (Reference 3.2)
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Table 9 summarizes heat flux sensor requirements for the LB/TS.
Sensor durability is the primary problem in field situations and, in the
case of the LB/TS environment, will almost certainly dictate sensor
selection even at the expense of response and range requirements. The
primary operational problems involve gage attachment in the blast
environment, electrical lead attachment and survival, and in-place
calibration. Gages which minimize in-place calibration requirements--
which have highly stable output or sensitivity easily traceable to

laboratory calibrations--are to be favored.

An excellent review of methods for obtaining point measurements of
heat transfer rate on test articles in high-performance facilities has
been written by Trimmer, et al. (Reference 3.11). Thin-skin thermo-
couple measurements, R-T gages, Gardon gages, and co-ax thermo-
couple gages are all reviewed with their individual advantages and
disadvantages discussed. In addition, non-discrete techniques such as
temperature-sensitive coatings are reviewed. Where slow response
below values cited in Table 9 can be tolerated (0.5-1.0 sec), a
Schmidt-Boelter gage (Reference 3.9) will have strong advantages over

co-ax, R-T, or Gardon sensors.

At present, two government-supported labs are developing gages
for combustion chamber, aerodynamic, and aircraft propulsion system

applications (References 3.4 through 3.8):

Calspan Advanced Technology
Buffalo, NY, and Arnold AFS, TN
14225 and 37389

United Technology Corporation
Power Sector

Commercial Products Division
East Hartford, CT

Commercial sensors are developed and sold by:

Thermogage, Inc. PR
330 Allegany Street o -.i

Frostburg. MD 21532 T '_'fA "

Medtherm Corporation
Post Office Box 412
Huntsville, AL 35804
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Hy-Cal Engineering
9650 Telstar Avenue
El Monte, CA 91731

These firms and laboratories are fully capable of developing spe-

cific sensor packages for the LB/TS environment.

The bibliography (Appendix B) contains abstracts of nine recent

development efforts in the heat flux measurement area.

3.3 STRUCTURAL STRAIN, DISPLACEMENT, AND ACCELERATION

SENSORS.

On-board intrusive devices to measure structural strain, displace-
ment, and acceleration will include strain gage balances, accelerometers,
and linear potentiometers. In addition, shear displacement and seis-
mometer devices have also been developed as noted in abstracts in-
cluded in the bibliography. Sophisticated acceleration-compensated
strain-gage balances have been developed for impulse facilities which,
when installed in the target, can measure up to six components of force
on specific test objects. Balances can be fabricated with semiconductor
strain-gage accelerometers to provide compensation for target mass-
induced inertial loads in order to separate impulsively applied forces
from inertial response of the target. A typical strain-gage balance
designed for fast-response and high aerodynamic loads is shown in
Figure 18. Numerous government facilities design and build their own
aerodynamic balances. One commercial U.S. firm specializes in such
equipment and provides both off-the-shelf and individually designed
systems:

Able Corporation (Formerly TASK)

1061 N. Shepard Street

Anaheim, CA 92806

On-board single, dual, and tri-axial accelerometers can be obtained
from many U.S. manufacturing sources.* Levels of acceleration will be
from a few to thousands of g's loading depending on target component,
target mass, and LB/TS test condition. The best known manufacturers

in terms of development are:

*The 1983-84 ISA Directory lists 37 manufacturers under the heading,
Accelerometers.
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Kulite Semiconductor Products, Inc.
1039 Hoyt Avenue
Ridgefield, NJ 07657

Kistler Instrument Corporation
75 John Glen Drive
Amherst, NY 14120

Entran Devices, Inc.
10 Washington Avenue
Fairfield, NJ 07006

PCB Piezotronics, Inc.
3425 Walden Avenue
Depew, NY 14043

Endevco

Rancho Viejo Road

San Juan Capistrano, CA 22675

Linear motion of the target and target components can be measured
with on-board potentiometers. These sensors are manufactured by a
very large number of U.S. firms and are relatively inexpensive and
easy to use. Use of such sensors in the LB/TS will be occasionally
complicated under blast loadings due to changing frequency response
resulting from attaching the sensor to low-mass target components and
maintaining the integrity of the attachment once high acceleration target
motion is initiated by the blast. These effects can be alleviated by
attachment of low-mass rotary potentiometers to the target component
using stiff but lightweight wires.

Table 10 summarizes on-board displacement, strain, and accelera-
tion sensor specifications and requirements for monitoring target

mechanical response.

3.4 INERTIAL REFERENCE UNIT.

One technique for measuring angular and linear displacement is by
use of an Inertial Reference Unit. Thnis 1s a device developed originally
for aircraft and rockets for purposes of navigation and guidance but
more recently applied to land vehicles. The Inertial Reference Unit is

the heart of modern Inertial Navigation Systems.

The unit consists of three angular rate sensors and three linear
accelerometers, with supporting electronic circuitry. In early units,
the angular rate sensors were mechanical gyros and measured angular
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Table 10. Strain, displacement, and acceleration sensor requirements.

Target Response Facility Measurements

5 - 1500 g's acceleration; 0-25 cm valve position
Range Strains and forces dependent | movement
on target; 0.03 to 25 cm
displacement

Accelerometers
Force Balances Potentiometers
Types Strain Gages
Potentiometers (linear and
rotary)

Response as low as 0.0001 sec. 0.1 sec.
desired
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acceleration using a rotating mass and gimbals. Modern units are called
"strapdown" units, indicating that the mechanical gimbals have been
eliminated and replaced by an electronic technique, some units even
using a laser beam technique. All units are small, modular and easily
mounted in the target vehicle (see Appendix A for selected manufac-

turer brochure information).

Several companies can supply Inertial Reference Units, and units
built by Northrup Precision Products Division, Litton Guidance and
Control Division, Humphrey, Inc., and Honeywell Military Avionics
Division were investigated. No conclusions were reached as to which
company produces the most appropriate and cost-effective unit for this
application, requiring considerably more detailed study to do so. The
Litton unit is currently priced at about $35,000; prices of other units
are estimated to be comparable.

The Northrop Tactical Inertial Reference Unit, no model number
presently assigned, appears to have the most desirable specifications
for this application. Northrop Document Number PPD-E-80-10509 pro-
vides a detailed description of this unit and its specifications (see
Appendix A). This unit is in volume production and is believed to be

the lowest cost unit on the market.
Principal specifications are as follows:

Acceleration range: =40g (3-direction)

Angular rate range: 500 degrees/sec. (3-axis)

Position Accuracy: See Note 1.

Size: 16.13 cm dia. x 7.44 cm (6.35 in. dia. x 2.92 in.)

Weight: 1.6 Kg

Power Consumption: Approximately 50 Watts @ various DC
voltages

Note 1: Position accuracy is dependent upon the rate at which the
unit is moved, accuracy improving as rate of movement increases.
At the rates anticipated in this application, position accuracy is
estimated to be :0.5% or better, equating to about one centimeter
for whole-body motions of one mete-

Company and model number information for commercial inertial
reference units are:

51




- .

¢ VY Y OF NN Ve

Honeywell, Inc.

Military Avionics Division
13350 U.S. Highway 19
Clearwater, FL 33546
813-531-4611

Model H-478F

Humphrey, Inc.

9212 Balboa Avenue
San Diego, CA 92123
619-565-6631

Model CF32-0201-1

Litton Guidance & Control Systems
5500 Conoga Avenue

Woodland Hills, CA 91365
818-715-3530

Model LLN-83

Northrup Corporation

Precision Products Division

100 Morse Street

Norwood, MA 02062
617-762-5300

Tactical Inertial Reference Unit

3.5 MICROWAVE TRACKING SYSTEM.

Position of the target vehicle can also be tracked and determined
by use of two or three Microwave Tracking Systems.
of Chatsworth,
Tracker.

Datron Systems,
CA, builds a Model 8000 X-band Microwave
A two-unit system would cost approximately $500,000, a

Inc.,
three-unit system approximately $650,000. The best accuracy would be
achieved with a three-unit tracking system and use of the outputs of
The three units could be

operated at different frequencies to prevent unit-to-unit interference in

the two units at the largest azimuth angles.
the close environment of the LB/TS. An X-band beacon (transponder),
costing approximately $500, would have to be installed in the target

vehicle.

Preliminary discussions with Datron did not indicate a~y means of
significantly reducing the system cost for the LB/TS environment.
Hence, accuracy, time response, and other details of the application of

the system were not pursued.
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3.6 SUMMARY OF PHYSICAL/INTRUSIVE SENSORS AND

BUDGET COST ESTIMATE.

An inventory of sensors for use in the LB/TS will range from.
relatively inexpensive thermocouples (850 per sensor) to expensive
pressure transducers and heat flux devices costing as much as $1,000
per sensor. Although not a significant portion of the facility capital
cost, sensor inventory cost will not be small. Table 11 summarizes the
preceding intrusive sensor review and adds an approximate budget
estimate for the minimum number of channels identified in Table 4 along
with a reasonable number of spare sensors for each channel. Brief
descriptions of the application, minimum number of channels, total
number of each type that may be required, basic specifications, sensor
availability, and a budget cost estimate are included in the table.

A range of 64 high-performance pressure sensors based both on
the piezoelectric and strain gage concepts will provide a sufficient
inventory to accomplish facility control, blast wave, and target response
measurements as shown in the first cclumn of the table. Pressure
range will vary widely and will include flush-mounted as well as remote
installation of sensors. Total budget cost for pressure sensors will be
on the order of $38,000 which includes manufacture of a few stagnation

and differential pressure probes.

A family of discrete temperature sensors will be required to make a
wide variety of measurements in the LB/TS facility. It is estimated
that an inventory of thermocouple and similar devices costing $14,000

will be required covering the temperature range up to 2000°K.

No specific type of heat flux sensor (coax, Gardon, etc.) is
identified in Table 11 since these sensors will be selected to meet
specific LB/TS measurements. However, an approximate number of
sensors by heat flux range is listed. A total of 31 sensors at a cost of
approximately $33,000, with allowance ror mounting several on reference
plates or probes, should be adequate to obtain the necessary

measurements.
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Accelerometers and strain gages are also included in the fourth :
column of Table 11, with a total sensor cost of $19,000. On-board AN
potentiometers to measure small deflections are not expensive sensors; a
variety of devices covering very small to large deflections should be in

the facility inventory at an approximate total cost of $4,000.

An inertial reference measurement system, including three pre-
packaged units would cost about $100,000.

The total cost of the physical sensor inventory could range up to
$200,000 to $300,000, depending un the specific options taken.
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Tablz2 11, Intrusive sensor summary.
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SECTION 4
SURVEY OF OPTICAL/NON-INTRUSIVE SEMSORS
4.1 GENERAL.
Elaven separate ophical/ron-intrusive sensor I E N
sefortnd far evaluation for sa in the TRITS. Thego syt o0 o0 0 70
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SR ENTOI TR
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VR, oxray, high-cpead camess, Noire, and optcal 1atte, e j
systoms isted in Table 2. '
S
'Y Flow  and TRS measurcements zuch as flow velocity, iy j
denatty, and TRS source temperature--These rogquicnts .
can be omoet with optical pyrometers, a CVF spectians | an
LDV, and a shadowgraph. Ry
The charactoristios of each sensor--fisld of view, time oL ]
parameter resolution--were selected to be consistent with oot
bmitatizns of ea-h device (see Table 2} considering the LB/TS oy
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porod of TRS burn
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4.2 INFRARED SYSTEMS.

Several infrared instruments were evaluated as a means of meas-
uring spatial and temporal temperature distribution of the test article as
well as radiant output of the TRS.

During facility checkout, the TRS can be characterized using a
Circular Variable Filter (CVF) radiometer, and a thermovision system
(IR imaging camera). These instruments will yield the spectral signa-

ture and temperature profile, respectively.

During testing periods of the LB/TS facility, the TRS performance
will be monitored using optical pyrometers while the surface temperature
of the target will be measured using optical pyrometers and a thermovi-
sion system. The CVF radiometer is not required for routine testing in
the LB/TS because of its slow response and represents a reference

device used only on special occasions

4.2.1 Thermovision System.

For determining the temperature profile of the TRS during facility
checkout and for monitoring surface temperature variations of the target
during testing, an IR imaging camera system will be used. A Thermo-
vision® 680 manufactured by AGA of Sweden is the candidate system for
this task [see Figure 19 (a) and (b)]. The system has a temperature
measuring range from 240 to 1150°K which can be extended to 2300°K
by installing a grey or neutral density filter into the optics system.
The temperature range of this instrument can be further increased to
5000°K with additional filtering, but calibration tends to become
difficult. Figure 20 shows an AGA 680 camera with a remote display
unit. This remote display unit will be replaced by a 16-bit micro-
computer incorporating an 8-channel A/D converter which would yield
not only visual output but also any temperature profiles requested.
Again referring to Figure 19, the receiving optics view the target--
scanning is accomplished by a vertical and horizontal prism--passed
through a chopper, detector optics, selectable filters and apertures,
and focused upon the photovoltaic detector cell. This unit and method

of data collection is typical of those used in medical and research

facilities.
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Figure 19. Thermnvision camera and scanning optics configuration.
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Figure 20. Thermovision system.
A. Thermovision Camera

B. Remote Display Unit
C. Interconnecting Cable
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Thermovision® 680 specifications

Field of View 8° to 45°
Range of Focus 0.3m to «
Scan Rate 30 frames/sec
Picture
Resolution 210 raster lines/frame
Aperture seven selectable
IR Filters eight selectable
Measurement
Range 240 to 2300°K depending on aperture/filter
combination. Ranges will have approximately 20%
overlap.
Minimum
detectable
temperature A 0.5° at 300°K
Detector Indium antimonide ('nSb) photovoltaic cells. Liquid

nitrogen cooled to 67°K.

System Cost

Thermovision® 680 $ 35,000
Required Filters and Apetures 15,000
Data Acquisition and Reduction System 30,000
Software Development 10,000
System Installation and checkout : 15,000

Total $105,000

This system has a maximum scan rate of 30 scans/sec. which is too slow
to sense changes occurring during the diffraction period but is sufficient
for the drag period. Also, some mating of imaging system to the data
acquisition system with corresponding software development is needed if
more than a visual display is required. The AGA 680 as shown in
Figure 19 will only scan at 16 frames/sec. since the remote display unit
cannot be updated at a faster rate. Therefore, an A/D converter in
conjunction with a data acquisition system must be utilized to achieve

a scan rate of 30 frames/sec.

'''''''




All IR imagining camera systems are one-color systems, i.e., they
view one selected narrow bandpass filter at a time; therefore, they will
be affected if the emissivity of the target surface or the TRS flame
changes during the measurement period. Development of a two-color [R
imaging'camera system is presently in progress. Prototype systems are

expected to be operational in 1985.

4.2.2 Optical Pyrometers.

Optical pryometers were evaluated to monitor the surface tempera- :
ture of the target in several selected points (areas) and to monitor TRS vl -
performance. Both single- and two-color pyrometers were evaluated A
and the possibility of using fiber optic cables to view inaccessible '
surfaces in conjunction with these pyrometers was also investigated.
Figure 21 shows a line drawing of both a single- and two-color

pyrometer.

Target Surface Measurements

The purpose of these measurements is to record the temperature of
the target surface during the diffraction and drag phases. Sur-
vey of available systems reveals that there is no instrumentation
available with a response time rapid enough to record data during
the diffraction period.

Single-color pyrometers have a sufficiently low measurement range
but will be severely affected by emissivity changes at the target
surface.

Dual-color radiometers are relatively insensitive to emissivity
changes but have a lower temperature limit which is above the
normal temperature range of the target surface.

Therefore, the system proposed to make target surface measure-
ments is a modified Series 8100 instrument manufactured by
Williamson of Concord, MA. This series will be designated the
4200 series and is a two-color optical pyrometer with a temperature
range significantly lower than other two-color pyrometers. This
unit will be available in mid-1982 The unit will also be interfaced
to the high-speed data acquisition system in order to obtain data
at a rate significantly above that of the commercial unit which uses
a slow reai-time display.

Fiber optic transmission cables can be used for viewing surfaces at
elevated temperatures, but at the anticipated surface temperature
ranges, transmission losses will probably attenuate the signal

sufficiently to render the system unusable, i.e., the system will
not function below 450°K.
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System Specifications

Temperature ranges 320° to 700°K, 500 to 1100°K

Spectral lines 0.71 and 1.0 £0.02

Accuracy 1% of full scale

Repeatability 0.5% of full scale

Detéctor silicon pyroelectric

Response time 0.5 sec (this can be modified to 10 msec)
Field of view must be modified to suit application

System Cost (on a per-unit basis)

Series 4200 83,500 S
Response time modification 250 o
FOV modification 250 -
Installation and checkout 1,000 Coee
{ I3

Total $5,000 I

Note that as the temperature range of interest is from ambient to o
1000°K, two of these units will have to simultaneously monitor the
same area. Therefore, to monitor five discrete areas of the
target, the instrumentation costs would be $50,000.

TRS Performance Monitoring Measurements

A two-color optical radiometer will be used to monitor the temper-
ature of each TRS during operation so that output for a particular
test will be known as well as provide a test to test comparison of
the TRS temperature. The two-color radiometer is filtered tn view
two specific wavelengths 0.71 #0.02 and 1.05 :0.02 micrometers and
then computes the ratio of radiant energies at those two wave-

lengths. This ratio is a function of temperature only, so that the
temperature is easily calculated once this ratio has been

measured. A Modline Series R Model #R-35C10-4 two-color e
pyrometer manufactured by Incon, Inc., of Skokie, Illinois, could T
be used to perform this task. Figure 22 shows a block diagram

and line drawing of a typical unit. This Modline series of

instruments is the most extensively used in the manufacturing

industry for making non-contact temperature measurements.

Instrument Specifications -”'--

Spectral Response Two adjacent bands with narrow
band centered at 1.05 micrometers

Single Reduction Range Above 800°C will tolerate a 95% .}l _--‘_:'1-'_::
signal loss before activating an " e
invalid data alarm

Ambient Temperature Range: 30 to 130°F
Calibration Accuracy: % of Full Scale

:L Repeatability: 0.3% of Full Scale
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Figure 21. Single- and two-color pyromaeter.
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Response Time: 0.01 seconds

Standard View at 10 Meters 4"

Analog Output 0 to 100 MV D.C.
Temperature Range 1800 to 3700°K
System Cost (Per Unit Basis)
Series R $ 3,900
High-Response Option 100
FOV Modification* 500
Installation and checkout 1,000

¢ ,,500
System Cost for 5 Units $27,500

it should be noted that for a two-color system to work with
respect to viewing a plume, the piume must be ontically thick.

4.2.3 Circular Variable Filter Radiometer

A CVF radiometer will be used during facility checkout to deter-
mine the spectral signature of the TRS by spectrally scanning of one of
the plumes for several seconds. A CVF is a radiometer which uses a
4" -diameter rotating filter wheel which allows the unit to scan the IR
spectrum from 0.7 to 7.8 micrometers. The unit has a narrow field of
view of 1.0° but can be modified to operate with a 20° FOV. The

device can also function as a total radiometer/spectrometer.

A complete scan can be accomplished in one second. A Barnes
Engineering Company Model 12-550 Mark || Research Radiometer will be
used to accomplish this task. Figure 23 is a line drawing of the
components of a CVF radiometer. On the following page are listed the
Mark Il specifications.

*The t.eld of view could be modified to give a rectangular FOV covering
a greater portion of the plume in order to account for gradients within
the TRS plume. A 3-by-2-meter area is selected.

65




EETRIE P SR RE TS S8 2 Th et i fon 40 s Sntolh i i oSE M AU N AW 0 Sob Nl ok e A A v AL et s AR et oA - Bs B 0 Skt ey, ——r

Field of View 1°, with 20° FOV optional
Scan Time 1 second (this requires a single-stage buffer)
Spectral
Response 0.7 to 8.0 micrometers can be expanded to
0.4 to 14.5 micrometers
Detector Indium antimonide (InSb} liquid nitrogen
cooled to 67°K )
Chopper High-speed - 11,000 Hz with 250 Hz
¢ bandwidth
Output Dua! Direction IEEE 488
- Automatic gain controls will be incorporated for remote operation.
System Costs:
Model 12-550 - Mark (I $28,500
. Single-stage buffer 3,000
[ 20° FOV option \ 8,500
ﬁ Detector/preamp/cooling kit 8,400
i CVF module includes filters 10,800
E Calibration of filter moduie 2,800
- CVF housing and encoder 5,200
< Motor Drive Unit 5,400
[ Dual Direction |EEE 488 output bus 9,600
Automatic gain controls 2,400
Installation and checkout 15,000
Total $99, 600

The output of this system can be fed to the facility data system or

can be handled on an Apple 2E microcomputer with minimum software

required.

This instrument should be used to characterize the TRS initially
but is not expected to be needed during s:ztual running periods. The
one-second scan time is sufficient if the TRS is run for a period of

approximately five seconds.

4.3 X-RAY SYSTEMS.

X-raying as a method of determining the deformation and motion of

rigid structures within the outer skin of the target vehicle was eval-

uated. Two types of x-ray systems were studied. One is a pulsed or
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Figure 23. Circular variable filter radiometer components.

flash x-ray system in which individual radiographs are exposed

sequentially by means of a rapid film changer. The other system is a
videographic system wher + the response of a fluorescent screen to a
continuous x-ray sourc s photographed using a high-speed video

camera and video tape system.

g 4.3.1 Pulsed X-Ray System.
A flash x-ray system can be utilized to determine the motion of M_J
Dis- ]

placement of internal parts can be measured with a resolution of 0.05

rigid structures within the outer skin of the target vehicle.

inches. R R
The flash x-ray system consists or x-ray tube head with associated
pulsar (capacitor bank), power supply, and controllers -~long with a K

compatible film changer. Radiographs can be acquired at the rate of 6

to 8 per second depending on the type of film changer emplioyed. ._ftf".
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A flash x-ray installation is shown in Figure 4.6 with the x-ray
source at the top of the test chamber and the film changer installed in
a chamber below the target. This arrangement is necessary to minimize
object-to-film distance (OTFD) since resolution is inversely proportional
to OTFD. A Hewlet Packard 1.0 or 2.3 MeV flash x-ray system will be
employed depending on the amount of penetration needed. |[f the test
article can be configured so that penetration ¢f major structural

members is not required then a less powerful system such as a 450 KeV

system could be utilized. Listed below is a summary of penetration
capabilities of these systems for steel. j
{
Film-to-Source Distance .45 MeV 1 MeV 2.3 MeV 3
(FTSD) ' ]
N
5 feet 1.0" 2.0" 3.7" ]
10 feet 5" 1.25" 2.7" R _j

These are the industry standards for x-ray units and hav: com- ’
mercial controls and operating systems. The difference between the two ;
systems lies in the size of the power supply and pulsar (the capacitor T ]

bank). Figure 24(a) shows the required installation and it should be L

noted that freon (gaseous) and high-purity air supplies are needed = oo

to act as dielectrics in the pulsar assembly. ] AR

Pp—p—
D

There are three film changers available which can handle 12"x10"

to 14"x17" sheets of film. The one needed in this application is the

Franklin film changer which accommodates 12"-wide roll film. The

proper film/screen combination can also be accommodated by the j'.",-iiﬂ-ﬁjjt‘

Frankiin without modification. The Franklin film changer is a standard

- piece of equipment in the medical field and can change film at the rate ,':'..w':'..-]
r. of six frames per second, a rate which is marginal for LB/TS use. .
E Costs _
HP 0.45 MeV System $130, 000 §
HP 1 MeV System 200,000
Franklin Film Changer 75,000
Installation 30,000
Checkout 10,000

Total System Cost (1.0 MeV) 315,000
(1.0 MeV) $245,000
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It should be noted that x-ray systems of the energy level required for
the LB/TS pose a severe hazard to personnel without proper safe-

guards. The radiation output per pulse is 2 rads where the allowable
limit per personnel is 2 millirads/hr. Any photographic film used in the

LB/TS facility will also have to be shielded or fogging will occur.

The addition of small lead targets inside the target vehicle will not
decrease the penetration powe: required, but will greatly enhance the
contrast of the radiographs obtained when the device is used to pre-
cisely track motion of internal elements of the target structure over
limited distances.

4.3.2 Fluorescopic Real-Time X-Ray.

A real-time continuous output radiography system can also be
utilized to detect structural movement within the target vehicle. This
system would emit a continuous source of x-rays which would penetrate
the area of interest and illuminate a fluorescent screen which has a
rapid decay time. This screen is imaged on a mirror and photographed
using a high-speed video system. This system would consist of a
Varian Linatron Model 3000 continuous x-ray source and an lIndustrial
Research Technology (IRT) |RIS-100 Real-Time Digital Radiography
System. Again, if the test article can be configured so that the pene-

tration requirements can be relaxed, then a Linatron Model 1000 source
can be used. Figure 24(b) shows a block diagram of the system in the
test facility and Figure 24(c) shows the components within the IRT

IRIS system.

Linatron 3000 System Specifications

, Beam Energy 5.5 MeV
) X-Ray Output (Rads/min.
@ 1 meter) 1000
_:t Source Focal Spot 2mm
i Penetration (for steel) 1 inch
. Power Requirements 3 phase, 208 voits
Ej-" Cooling Water Flow 4 gals/min. @ 50 PSIG @ 50°F
-
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IRT IR'S System Specifications

Framing Rate* 120 frames/sec.

Video Output 512x512 pixels (1024x1024
’ available)

Resolution .03"

The {RT IRIS system has complete data acquisition and data reduc-
tion capability, and the system is delivered as a unit.

Linatron 1000 Cost:

Linatron Model 1000 $320,000 e
Spare Parts Package 15,000 R
Water Circulation System With Chiller 18,000
Installation and Checkout 35,000
IRT IRIS System Cost: . ﬁ
[RIS-100 system $210,000
Installation of Camera Box 15,000 e
Installation of Control Console 10,000 e
System Checkout 5,000 -
Integrated System Checkout 10,000
Total System Cost $638,000
-
If the Model 3000 Linatron is required, system cost would increase by :"‘;".._ S
$122,000. R
Figure 24(a) shows the camera box mounted below the target since i : :
the object-to-fiim distance (OTFD) should be minimized to maximize ',
system resolution. Contrast can be enhanced by using lead sheeting or
lead elements attached to the internal structures of interest. This will
also add flexibility to setting the intensity level of the fluorescent
screen, which is proportional to the flux “ensity bombarding the ' m

screen.

*This is the maximum rate for the IRT system.
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It must be noted that any x-ray system of this size is to be
considered a significant health hazard to personnel when it is in opera-
tion since it emits six orders of magnitude more radiation than the
allowable limit. Precautions must also be taken to shield any photo-
graph film near this Linatron unit or fogging equivalent to several

f-stops exposure will result.

4.4 LASER DOPPLER VELOCIMETRY, LDV.

A time history of flow velocity can be determined using a com-
mercially available nonintrusive two-component backscatter laser doppler
velocimeter system. Single-point measurements will be made approxi-
mately three feet from the test cell vertical centerline and the vertical

height will be determined by the location of test cell windows.

The proposed system will be purchased from Thermo Systems, Inc.
(TS1), of St. Paul, Minnesota. A 2-watt Lexel laser will be used in
conjunction with a TSI-designed optical system, signal processors, and
a microcomputer for data acquisition and display. The system is cap-
able of a maximum velocity measurement of 2300 m/sec. and maximum
data rate of 8000 samples per second for a single channel and 5000

samples per second in the 2-channel coincidence mode.

The system 9100-8 uses a 2W Argon-lon laser operating at
514.5 nm and 488.0 nm and a dichroic color separator to accomplish the
color separation in the transmitting optics. The system transmitting
optics are designed so that many of the functions nceded for the trans-
mitting section are built into a complete single unit. This high-density
packaging enables one to mount the laser and transmitting optic in an

area of approximately 2" x 6'.

The transmitting optics will generate a measuring volume with the

following characteristics:

Distance from transmitting lens 1,524 mm
Diameter of probe volume 265 um
Fringe spacing 23.2 um
# of fringes in probe volume 1
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Half angle between beams 0.634 degrees
Length of probe volume 24 mm

Signal-to-noise ratio 14

The receiving optics included with this system are a compact
dichroic color splitter and photomultiplier system. A field stop system

is included to minimize the effects caused by reflections.

The processor supplied with the system (Model #1980A) has a
2-nanosecond resolution (equivalent to a 500-MHZ clock). The digital

_.» output from the processor will be interfaced to the TS! Model 6250
Two-Channel Data Analysis System. The Model 6250 Data Analysis
System is a complete two-channel package for on-line data analysis
using an Apple Il computer. Data can be taken in blocks of un to
4096 points each and analyzed or stored on disk. Velocity statistics
calculated for each channel include mean velocity, standard deviation,
and turbulence intensity as well as plots of the amplitude probability
distribution. The coincidence mode of operation provides cross-

correlation and Reynolds stress values.

Data is displayed directly in engineering units since all optical
parameters for both channels are entered prior to taking data. Select-
able scaling allows the user to expand the scales on the amplitude

probability distributions and obtain optimum resolution.

Given below is a cost breakdown for the TS| 9100-8 LV System.

Model # Item Description Cost
(1) 9196-2 Base and Argon-lon Laser for 2W $ 21,745
(1) 9109 Mirror Set 1,945
(1) 9112 Dichroic 3-Beam Two-Color

Transmitting Optics 3,640
(1) 9108 Beam collimator 435

(1) 9180-12 Frequency Shifter 7,630
(1) 9114-22 Beam Spacer 1,460
(1) 9189 3.75x Beam Expander 3,620
(1) 9144 Color Separator-Scatte-o< Light 3,455
(1) 9178-1 Rotating Mount for Beam Splitter 1,185
(1) 9179 Rotating Mount 500
(2) 9160 Photomultiplier System 4,985
(2) 1980A Counter (11,340 each) 22,680
(1) 9143 Field Stop System 1,815
(1) 9169-1500 Lens 1,530
(1) 9158 Color Filter 375

75

PSS DA N S A SPGBt PR G G Y 2P .S G SPRO Sy W S TR S P D A




PSSR T S

RO ARt gt I AAAC S o NIE YU A G e S A S SNt i i i A AT S A e it A B s S St Saen
Model # {tem Description Cost

(1) 9159 Color Filter 375

(1) 10096 Alignment Eyepiece 260

(1) 10097 Optics Case and Accessories Kit 245

(1) 10092 Microscope Objective 285

(1) 6250 Two-Channel Data Analysis System

(includes Apple || Computer
with 48K RAM, Monitor, Disk

Drive, Software, and Printer) 9,300
System Installation And Checkout 25,000
System Total $112,500

Shown in Figure 25(a) is a block diagram of the proposed LV system.

As stated earlier, the maximum velocity measurement capability of
this system is 2300 m/sec.; therefore, this system will easily measure
the specified range of 6 to 600 m/sec. encountered in the LB/TS.
Depending on the number of particles present, and effective sample time
or intervals between velocity measurement points of 10 msec. to 0.1
sec. can be achieved with this system (100 to 1000 particles per

velocity sample).

The LDV system makes a point measurement, in particular, the
measurement area of the specified system is a 265-um-diameter by
24-mm-long area shown in Figure 25(b). Shown in Figure 25(c) is a
graph of the PMT signal output versus time as a particle passes
through the probe volume. The velocity of the particle is determined
by measuring the period between adjacent peaks and dividing this into
the known fringe spacing of the probe volume. It is necessary to keep
the probe volume as small as possible in order to prevent multiple
occurrences of particles in the volume which would distort the signal
and thereby prevent an accurate measurement of the period. Because
of the small measuring volume of the LV, it will be necessary to reposi-
tion the LV system in order to cover the full 3-m x 3-m space ahead of
the target which may be of interest in the LB/TS. Due to the short
duration of the test it is not feasible to traverse the system during this

time frame.

1t has been assumed that the naturally occurring particles in the
flow (dust and aerosols) will be of sufficient size and number density to
provide adequate seeding. The data rate which can ultimately be

achieved is influenced by the density of naturally occurring seeding
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Figure 25(a). Block Diagram of LV system.
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material. |f this is not the case, an atomizing injector of an aerosol or
powder seed in one driver and the driven tube will enhance accuracy
and time response. The quantity of artifically induced particles
required is not sufficient to visibly obscure the target. A plot of
sample size versus precision in velocity measurement for the LV system
is given in Figure 25(d). For low turbulence level freestream flow
(Tt ~ 2 percent), a measurement of the mean flow velocity to one-
percent accuracy can be achieved with as few as 20 particles (less than
5 msec per measurement in the LB/TS). However, if the flow velocity
is highly unsteady, then 1000 particles (~100 msec) will be required to
achieve the one percent accuracy measurement of mean velocity. [n any
event, the velocity histogram, including every particle velocity mea-
surement at 8000 per second is available for more sophisticated analysis
following the test. Assuming that all particles are small and uniform in
size, rather large velocity transients (in time) can be tracked for time
rate of change above the relaxation time for the specific particle size
and flow density.

4.5 HIGH-SPEED PHOTOGRAPHY.

It is required to monitor component displacements that the tarc t
may undergo and also monitor the overall effect of the blast and blow-
ing on the target. In order to fully document the effect of the blast

on the article it will be necessary to monitor as much of the test article

as possible, thereby requiring multiple views. Of primary interest will
be a time history of the blast o both a localized and overall area.

The proposed high-speed photography system will consist of eight
high-speed rotating-prism cameras operating at 4000 fps (Hycam) and mos s

eight high-speed intermittent pin-registered cameras operating at o h
500 fps (Locam). An extensive inventory of spares, multiple lenses, 4
etc., is also considered essential for the versatile photography system
envisionad. Also available, but not aosolutely necessary, is a high- ﬂ' :
speed video system which will provide an immediate playback of the :
test. The disadvantage of the video system is the cost which will be

discussed later.
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Figure 25(d). Tolerance on mean velocity versus sample size
for 20 confidence level.
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The high-speed cameras will consist of two Series 41 Hycam 1|
cameras, two Series 51 Locam Il cameras, both manufactured by Redlake
Corporation, and the high-speed video system, which will consist of the
SP2000 Motion Analysis System manufactured by Spin Physics.

Specificaticn of each system is as follows:
Series 41 - Hycam |l Camera

Film Capacity: 16 mm x 400 feet acetate base film or
16 mm x 450 feet 4 mil. polyester base film

Speed Range: 20 to 11,000 frames per second (full frame)
40 to 22,000 frames per second (half frame)
80 to 44,000 frames per second (quarter frame)

Speed Control: Electronic Servo Control, provides regulation
over entire speed range to *1%
Speed Selector: Thumbwheel speed selectro switch in
10 FR/sec. increments
Acceleration: 1.5 seconds to 5000 FR/sec., utilizes 75" of
film to reach speed
Event
Synchronizer: Thumbwheel selector, 4 to 336 feet in
4-foot increments. Accuracy *5%
Power
Requirements: 115VAC 60 Hz
Lens: 10 mm FL /1.8 15'FOV @ 15" working
distance
Lens Mount: "C" ASA Standard
Footage
Indicator: Manual Level Type

Series 51 - Locam |l Camera (Intermittent Pin-Registered)

Film Capacity: 16 mm - Accepts 100', 200', and 400" daylight
load spools
Speed Range: Continuously variable from 2 to 500 FR/sec
Speed
Requirements: 115 VAL, 60 Hz
Start/Stop: Connector prz. ‘dad for remote operation
Shutter: Variable from 0° to 160°
Footage
Indicator: Positive displacement type indicating film
remaining
Lens: 150 mm FL f/4.0 1" FOV @ 15" working
distance
81
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High-Speed Video System

Recording: 60-2000 full pictures/second with capability of
12,000 pictures/second in split frame mode

Recording
Time: 8 minutes @ 200 frames per second
45 seconds @ 12,000 frames per second

Direct Live Viewing

Instant-Replay Slow
Motion

Freeze-Frame Display
Standard Video Format

Pre-event and
Post-event trigger

: controls.
h Lens: 12.5-75mm marco zoom lens. /1.8
:'._ Starrdard C-M -
i print lens.

The only interface requirements of the described systems will be

that of a start pulse from LB/TS sequencing control.

Shown in Figure 26 is a layout of the camera systems' relation to
the test article for a basic position measurement system. The Hycam
systems will be located 45° off test cell centerline and will each have a
horizontal field of view of approximately 15 at a working distance of
15'. Having a camera on each side of the test cell will allow viewing

the front surface and both ends of the test article simultaneously.

The Locam system’'s position will be located so as to view a 1 ft?
area at a working distance of 15'. The camera placement on the test ' ‘
cell will be determined by the specific area of interest on the test
article. The pin-registered optics of the Locam are better suited for
close-up viewing of specific points of interest. A large number of
viewing ports should be provided in the LB/TS to facilitate camera
setup for each specific test with multiple camera viewing angles and

fields of view possible on each test.

The single camera high-speed video system could be positioned
in-line and upstream of the test article, i.e., on the top of the test cell

looking down toward the model providing an overall view of the test.
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This system will provide real-time viewing and instant-replay in slow

motion. The primary advantage of this system is the instant-replay
capability.

A itemized cost breakdown is given as follows:

Hycam Systems

Model Description Qty Price Ea Total g
41-0064 Camera-Full Frame 8 s 7,875 $ 63,000 T j
Multiple Lens Sets 10 431 4,310 ’ .,,. {
41-0192 Timing System 6 510 3,060 -
41-0115 Case 8 225 1,800 EROUN
41-2119  1/5 Shutter 5 32 320 ST
41-2120 1/10 Shutter 5 32 320 -‘}
8-High Speed Hycam Systems $ 72,810 SRS |

(up to 5 in use at any
given time)

Intermittent Pin-Registered Systems - Locam

51-0003 Locam Camera 8 $ 6,850 $ 54,800
9001-0026 Lens 150 mm F.L. 8 690 5,520
51-0197 Timing System 6 385 2,310
50-0152 Shutter Pulse Unit 6 190 1,140
50-0599 Reflex Optics S 550 2,750 RO
50-0743 Boresight 1'ool 2 475 950 ;‘f{‘_-i:‘_.-}' .‘_':-_-j
51-0196 Case 8 200 1,600 ]
=}
8 Pin-Registered Systems $ 69,070 o
(up to 5 in use at any R
given time)
Lighting
121-031 Cine Queen Flood 100 250 $ 25,000
(1,000 watts ea.)
: 84
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High-Speed Video System
SP2000 Motion Analysis Sys. 1 110,000 110,000

including control board, video monitor, tape recorder,
power supplies, and all electronics. Also includes one
high-speed camera complete with attached video finder,
£/1.8, and 12.5-75 mm, macro zoom lens. Also includes one 2
25-foot cable (camera to console) three blank recording
cassettes, one test cassette, a service manual, an operation
and maintenance manual, a tape head cleaning kit, and two
ATA approved reusable shipping cases.

System Cost: B

Hycam System $ 72,810

Locam System 69,070

High-Speed Video System 110,000

Photography and Video System TR
installation, Checkout 25,000 T e
Lighting System 25,000 xi

Total High-Speed Photography and o
Video System Cost: $301,880 RS

Note that the cost cited above includes a high-intensity lighting system. R

Lighting requirements were determined based on the short test time, ‘ “ ']
possible clouding in the flow, and high proposed framing rates which jih:., '_ijijijti:
are representative of the LB/TS. ' .
4.6 LB/TS MOTION ANALYSIS SYSTEM. s

The high-speed photographic and video camera equipment dis- S ~:‘
cussed in the previous section used to record the target impulse T '»':.';{f'

response will generate large quantities of information requiring some
form of data reduction. Film anzlysis is commonly accomplished
manually, by examining the film frame by frame. Manual analysis of
film is an expensive, time-consuming process which could be made more
efficient with the use of computer automated techniques. Data reduc-
tion for the high-speed cameras can pe facilitated with the use of
commercially available digital analysis systems. The degree of auto-
mation available for analyzing displacement, velocity, and acceleration
range from almost totally manual operation to computer controlled
digitizing and frame counting. In order to be cost effective, the type
of system chosen will ultimately depend on the quantity of film

generated and the turnaround time required for the completed analysis.
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Separate systems are available for the analysis of high-speed video
tape recordings and high-speed photographic film. This choice will be
dictated by the primary recording medium chosen. Some advantages. for
using photographic film over video include higher image resolution and
frame rétes, and more fully automated data analysis systems are avail-
able on the commercial market for film. The disadvantages may be

system cost and time (due to film processing) as discussed below.

The two best options available today for photographic film analysis
are the Model 78-1 and Model 80 Automatic Film Reading Digital Analysis
Systems from Instrumentation Marketing Corporation. Both systems
have an automated tracking capability requiring the use of cooperative
targets such as light emitting diodes or high-contrast quadrant targets.
The targets are recognized with a pre-programmed aigorithm based on
contrast requirements. The X and Y coordinates are automatically
digitized and stored in the system computer, a Nova 4/X 16-bit micro-
processor. Degraded imagery and non-cooperative targets may be read
manually in the semi-automatic mode. |In this case, the operator
manually positions a cursor or crosshairs at the point of interest and

then digitizes the coordinate information.

The cost breakdowns of the automatic film reading systems are as

follows:
Model 78-1 Automatic film reading system

System includes Nac film motion analyzer, scanning
camera, control console, scan converter, Nova 4/X
computer, video display terminal, 12.5 Mbyte fixed
disc, and 1.26 Mbyte floppy disc drive

System base price $285,000

16mm projection head #161 8,000

35mm projection head  #351 12,000

70mm projection head %701 38,000

9-track mag tape drive 27,000

Total system price m
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Model 80 Automatic film reading system

System includes 16, 35, and 70mm film transports,
solid-state analyzing table, digitizing camera, scan
converter, Nova 4/X computer, keyboard, 12" and
9" displays, disk drive, mag tape, and line printer

Total system price $950, 000
Additional features of the system software for the Model 78-1
include:

1. Automatically locates specified targets and determines X and Y
coordinates of each target center

2. Automatically locates cooperative fiducials in each frame

3. Automatically reads either BCD LED data, 7-segment alpha-
numeric LED data, or frame edge timing pulses

4, Allows for manual input of data by placement of crosshairs on

the target

In addition to the above features, the Model 80 software offers a
more advanced operating system, FORTRAN and FORTRAN V compilers,
and a package with FORTRAN diagnostic software.

Video analysis systems are available from two sources, Spin
Physics and Instrumentation Marketing Corporation. Neither of these
systems currently offers fully automated motion analysis. The Spin
Physics model SP2000 Motion Analysis System has been described pre-
viously in terms of its high-speed video framing and recording cap-
abilities (Section 4.5). Note that the image digitizing capability is
included in the basic system price of $110,000. The SP2000 offers
semi-automated two-axis position measurement capable of handling
approximately 2000 frames/sec. Measurement of displacements is accom-
plished manually by positioning integral crosshairs over the target and
obtaining a numerical readout of the X and Y coordinates. This infor-
mation is digitized and stored, frame by frame, for later use in cal-
culations. Calculations of displacement, velocity, and acceleration may
then be performed on commercially available microcomputers such as an
HP-85, an HP-2628A, or a PDP-11, for example. This computer is not
included in the basic price of the system. Software is currently under
development to recognize and track cooperative targets based on a
contrast resolving algorithm. One potential drawback of this system is

that the cameras must be located within 100 feet of the recording unit.
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Additional options required to give the system its full analysis

capability for measuring three-axis motion, assuming availability of the

software in the near future, are:

SP2020 (2) additional high-speed cameras - one

provides second view, one spare $40,000
1001986 RS-232 or IEEE 4888 interface 5,000
1001540 Strobe interface assembly 2,250
1001760 Pre/post-event trigger PC board 2,600
(2) Schneider zoom lens 1,800
(2) Nikkor /2.8 lens 750
{2) Nikkor f/4 lens 1,550
Minicomputer 5,000
Total options price m

The total cost for the SP2000-based video analysis system is then
$168,950.

The Videometrics/200 Video Analysis System from Instrumentation
Marketing Corporation has the same basic features as the SP2000.
Semi-automated image analysis is accomplished as before, by manually
positioning a cursor over the desired target location and then digitizing
the coordinates. The frame rate is limited to 200 frames/sec in split
frame mode. The price breakdown for the Videometric/200 analysis
system is:

PDS-200 Basic system consisting of control

console, scan converter, power supply,
and scanning camera $ 94,050

Nova 4/S computer, terminal, 12.5 Mbyte
disc system, RDOS operating system, and
FORTRAN [V software 24,600
Total analysis system price $118,650

This package does not include the recording system.

Brochures describing these systems are included in Appendix A.
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4.7 SHADOWGRAPH SYSTEM.

A qualitative analysis of the shock formation about the test article

-, can be determined by the use of a shadowgraph system. Data acquisi-

:: tion will be initiated just prior to the diffraction period and extend into
the drag phase. Due to the cost of optical windows, mirrors, and the

- high-intensity lighting system, a small 24"-diameter shadowgraph was

selected for evaluation. This system is marginal for LB/TS application,
giving only limited views of the flow field around specific portions of a
target.

The system will consist of a nanosecond light source, a high-speed
camera, and 24" schilieren optics. The light source and camera will be
operated at a 10,000-Hz rep rate which will provide 100 frames of data
during the 10-millisecond diffraction period. Due to the speed of the
shock (on the order of 400 m/sec.) during this period and a 10-kHz
rep rate on the shadowgraph system, there will be an approximate
shock displacement of 4 cm/frame. Given below is a price breakdown of
the system:

Light Source: PRA Model £501C $11,280
1-20 nsec pulse width,
spectral output from 180 nm-
800 nm
4 watts peak power @ 5-kHz rep rate,
106 m watts @ 50-kHz rep rate
Camera: Redlake - Hycam %41-0064 with $ 9,105
accessories, speed range 20-
11000 frames/second
Beam splitter and TV 5,000
Optics: 24" schlieren quality, single pass 74,000
24" windows with mounts $35,000
parabolic mirrors $34,000
- mirrors $5,000
. - Control panel and cables 15,000
System Design, Manufacturing, and Instatiation 45,000
Total System Cost $160, 000
:; Provision should be made for vertically and axially traversing this

system for coverage around various targets using combinations of
multiple ports on both sides of the test station. It should be pointed

out that the use of a pulsed laser is not practical because of the limited
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amount of data that would be required due to low rep rates of existing
lasers. For example, a laser pulse of 750 usec would provide 8 frames
of data during each laser pulse (one pulse per second) and a Q-switched
laser pulse of 20 n seconds would provide 1 frame of data during the

10-millisecond diffraction period (one laser pulse per second, maximum).

4.8 MOIRE PHOTOGRAPHY.

= In the large blast thermal simulator facility, displacement of

" various sections of the test vehicle must be monitored during and after
passage of the shock to determine the extent of deformation and
t damage. A non-contact technique for measuring relatively small

out-of-plane displacements (5 mm) is Moire photography. This optical
imaging technique can measure displacement independent of object
contours. Moire fringes are formed by overlaying two sets of grids--
one grid is projected on the object, the image of the object is viewed
through the second grid. Changes in object grid spacing generate the

larger Moire fringes. The sensitivity of the technique is given by

Az = P/(tan 6+ tan B)

where P is the period of the grid projected on the object, § is the

projecting angle of the fringes, and B is the viewing angle.

The proposed Moire system would be set up in the LB/TS facility
to observe a section of the vehicle, such as hood, fender, door panel,
cab roof, or windshield. An area 3.25 ft x 2 ft can be viewed for
analysis. Source and viewing optics would be located outside the

facility with grid protection through optical ports. Transient meas-

urements can be made using a standard CCTV system, a Spin Physics _‘“y
2000 system, or a high-speed camera. Images of the undeformed sur- ]
face would be compared to those of the deformed surface to highlight )
the deformation. ]

The only commercially available Moire system found in this study is ‘; !
manufactured by Fujinon, Inc., of Scarsdale, NY. A picture of this —-‘

system is shown in Figure 27. The lower of the two lens projects a -;f‘i:':‘

grid onto the surface and the upper lens focuses the gridded surface

onto a second grid which is viewed by the camera. The camera image

contains Moire fringes of the surface contour. Any changes in contour
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are indicated by changes in the Moire fringe pattern. System sensi-
tivity is 2.5 mm (black to black). An example of the fringe pattern
produced by a car fender is shown in Figure 28. The standard optics
package for this system permits displacement of surfaces to be measured
at disténces of up to 1.8 m from the device. Simple adjustment of this

optic package will permit viewing at 5 m from the device. Whole body,

inplane, motior of the target cannot be easily distinguished from defor-
mation of the target--both result in fringe movement at 2 to 5 mm per

fringe. Deformation relative to any fixed point on the target can be

determined, however. In addition, for cases in which large-scale rigid
body motions develop, the target will move out of focus after a travel

of one-half to one meter.

Cost of the Fujinon system is $19,500. This includes a closed-
circuit television camera and monitor along with a photographic camera

which can be switched to view the object under study.

Large as well as small object deformation can be observed with the
Moire system. Gross motion of the test object, however, is restricted

and its practical utility in the LB/TS is questioned.

4.9 OPTRON DISPLACEMENT FOLLOWER.

Target response can be measured with a non-intrusive optical
device such as an optron follower. Real-time motion and vibration are
also displayed in linear or angular directions.

Optron displacement followers track the motion of a discontinuity in
the image formed by light reflected from or emitted by a moving object.
The spectral response extends from ultraviolet to near infrared. The
discontinuity may be an actual edge of the object or a half-dark/half-
light target attached to or painted on the object.

The image of the edge or target is focused on the photocathode of
an image dissector tube in the optica' ~ead. Electrons are emitted from
each point of the photocathode in proportion to the intensity of the
light image. The resulting electron image is refocused on a plate
containing a small aperture. Electrons passing through the aperture
constitute a signal current proportional to the intensity at the

corresponding point on the original optical image. This small current is
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Figure 28. Moire’ fringes on a car fender.

amplified first in a low-noise electron multiplier within the image

dissector tube, and further by solid-state amplifiers in the control unit.

Working distances from the measurement device to the target can
vary up to 3 m for a measurement range of 1 to 10 centimeters. Work-
ing distances are restricted to about one meter for measurement ranges

less than one centimeter.

A brochure describing the optron system is included in
Appendix A. Cost of the system, including mounts, calibrators, light
sources, fiber optic target illuminator, two-channel digital storage

oscilloscope, and other equipment is approximately $30,000.

4.10 SUMMARY OF OPTICAL/NONINTRUSIVE SENSORS AND

BUDGET COSTS.

The optical sensors surveyed in this section range in cost from a
few thousand dollars per unit to $750,000 each. Hence some judgment
is required to define a complement of optical sensors which meets

critical measurement requirements at an acceptable cost.
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Of all the systems evaluated, the x-ray systems (pulsed or
fluoroscopic) are both the most expensive and provide significant
operational problems for the LB/TS relative to the potential gain in
defining target deformation/motion. The high-speed video and photog-
raphy éystems discussed should provide adequate measurement of whole
body motion. As such, these x-ray systems, though capable of provid-
ing meaningful measurements within the target or in dust-obscured
flows, can be deleted from the initial LB/TS system and only be
employed when a specific test requirement is identified which can sup-
port the x-ray acquisition cost.

in the IR sensor area, both optical pyrometers and thermo. -ion
systems are important for the LB/TS. Both types are, or will soon be,
available as two-color devices with lower temperature limits sufficient
for target surface measurements. The two-color feature is essential for
reliable measurement of the TRS source or target surface temperature
with changing emissivity.

The following table summarizes the nonintrusive sensors used for
system planning and provides budgetary costs for each. Note that a
number of candidate systems discussed in the previous sections of this
report are not included in this list due their questionable benefit in the
LB/TS environment.

Nonlntrusive System Number Cost Estimate
Thermovision (Section 4.2.1) 1 $105,000
Optica! Pyrometers, Target 10 50,000

Surface, Two-Color
(Section 4.2.2)

Optical Pyrometers, TRS Monitor, 5 27,500
Two-Color (Section 4.2.2)

CVF Radiometer (Section 4.2.3) 1 99,600
Laser Doppler Velocimeter, 1 112,500

Two-axis (Section 4.4)

High-Speed Photography System 16 182,000
(Section 4.53)

High-Speed Video System 3 160, 000
{Section 4.5)
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Automatic Video Reading System 1 20,000
(Section 4.6)

Optron Displacement Follower 1 30,000

Total cost for this representative complement of nonintrusive

sensors is approximately $787,000.
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SECTION 5
SURVEY OF DATA ACQUISITION SYSTEMS

The traditional method of measuring rapidly changing transient
phenomena is with analog recorders. However, with the advent of
solid-state technology and high-resolution analog-to-digital converters
capable of performing millions of conversions each second, most test
facilities are turning to digital data systems as the primary method of
acquiring transient data with analog recording relegated to a secondary
or backup role. While digital recording provides an improvement in
measurement accuracy as well as improvements in data analysis, it is
not a panacea. Depending upon number of channels, bandwidth, and
test duration, there may be significant disadvantages with a digital
system. These are considered in more detail in the subsections below.

A complete digital system, an analog recording system, and a
hybrid combination of digital and analog equipment are considered here
as candidate data acquisition systems for the specialized LB/TS
application. The critical technical requirements for the data acquisition

system are extracted from Table 4 and include the following:

No. of Channels: 113 minimum
Bandwidth: 1 KHz to 250 KHz

Test Duration: 10 seconds maximum

While accuracy has not been addressed, the assumption here is that
measurement amplitude accuracy -- excluding sensor and probe -- of
+0.25 percent is required. Additionally, linear phase and a channel-

to-channel phase match of :2° are required.

5.1 DIGITAL DATA ACQUISITION SYSTEM.

Typical elements of a digital data system include signal condi-
tioners, amplifiers, anti-alias filters, sample-and-hold circuits, and an
analog-to-digital converter (ADC). Of these, the technical performance
characteristics of the filter and ADC are critical. Failure to properly
select these components for a transient system will introduce a dynamic

distortion error which is indistinguishable from data.
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Individual channel sampiing rates are presented in Table 5.1. The
minimum sampling rates shown are theoretical values based on the
Nyquist Sampling Theorem which assumes that the signal is ideally
bandlimited and that the sampling occurs in zero time. For this ideal
case, sampling at twice the highest frequency is adequate to ensure
that no aliasing occurs. The maximum sampling rates are established
empirically based on the assumption that the signal must be sampled at
twelve times the filter cutoff frequency to adequately reconstruct a

complex waveform.

Table 12. Individual channel sampling rates required.

Min. Ch. Max. Ch.
BW Required No. Ch. Sampl. Rate Sampi. Rate
| 1,000 Hz 40 2,000 S/Sec 12,000 S/Sec
20,000 Hz 25 40,000 S/Sec 240,000 S/Sec
50,000 Hz 40 100,000 S/Sec 1,200,000 S/Sec
250,000 Hz 8 500,000 S/Sec 6,000,000 S/Sec
l Establishing sampling rates is further complicated since the anti-

aliasing filters are not perfect low-pass filters. That is, depending
upon the incoming spectra, energy may be present at frequencies
greater than the filter cutoff frequency. Accordingly, it is desirable to
use anti-alias filters which exhibit fast rolloff characteristics. Because
of the complexities associated with determining sampling rates, it is
reasonable to use anti-alias filters with 36 db/octave rolloff in con-
junction with sampling rates of five times the filter cutoff frequency.
The combination provides assurance that all aliases, regardless of
) incoming spectra, will be attenuated by at least 83.5 db. This is less
than the resolution of a 13-bit ADC.

Table 13 summarizes the sampling and data volume requirements for

each of the four required bandwidths. Here, the ADC sampling rates

. are chosen to be five times the banowidth and the data volumes are

computed based on a 10-second test. The significant points to note
from the data presented in Table 13 are the aggregate sampling rates

and data volumes.
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Table 13. Sampling and data volume requirements.

Sampling Rate Data Volume
BW Required No. Ch. Ch. Aggregate Ch. Aggregate
1,000 Hz 40 5K 200K 50K M
20,000 Hz 25 100K 2.5M ™ 25M
50,000 Hz 40 250K 10M 2.5M 100M
250,000 Hz 8 1.25M 10M 12.5M 100M
Notes:
1. Sampling rates expressed in samples/seconds
2. Data volume expressed in words and is based on 10-second test

Considering that 1T MHz ADCs are state-of-the-art in 1984, the
aggregate sampling rates suggest that 23 ADCs will be required to

implement a completely digital system. These would produce 23 separate
1-million words/second (2 MBytes/sec) data streams for processing and
storage. Considering that the |/O bandwidth for modern 16-bit mini-
computers is approximately 4 MBytes/second, this suggests that multiple
processors would be required. The block diagram for such a digital

system is shown in Figure 29,

Assuming that a two-tier processing arrangement is used to
implement a digital system, where the lower tier is dedicated to
processing and local storage of the incoming data streams and the top
tier represents a supervisory processor responsible for coordinating all
data storage after test completion, then the data volumes presented in
Table 13 indicate the storage capacity required at both levels. For a
single 10-second test, the aggregate data volume is computed to be 227

MWords (454 MBytes). While this storage volume is realizable, it does

indicate the extensive storage requirements at the lower tier (e.g., 25
MBytes required to provide storage for a single 250-KHz channel).
Assuming that this data can be transferred from the lower tier storage
media to the supervisor at the completion of a test at a 500-K ‘ H
bits/second rate, approximately seven minutes would be required for T oo

transmission of each of the 23 storage volumes.
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5.2 ANALOG TAPE SYSTEM.

A conventional analog data system consists of two subsystems --
record and playback. The record subsystem provides the functions of
signal conditioning and recording of raw data onto analog tape. The
playback subsystem enables reproduction of selected portions of test
data and provides off-line digitizing and data analysis. An analog tape
system equipped with FM recording capabilities is well suited for
applications involving a large quantity of high-speed data. However,
amplitude accuracy in an analog system is poor relative to a digital
system, data analysis is time consuming, and real-time data are
unavailable for controls and display. Figure 30 illustrates in block
diagram form an analog tape system configured to meet the requirements
of Table 4.

5.2.1 Record Subsystem.

The record portion of the analog tape system provides signal
conditioning on a per-channel basis, an FM multiplexing scheme to
concentrate the raw test data onto one 28-track FM tape recorder,
direct and FM record amplifiers, and a computer-controlled, 28-track FM

tape recorder to store the analog data.

To accommodate the large quantity of data channels, data are
multiplexed onto the first 17 tracks of the tape recorder using a mixed
data FM technique. Each multiplexer takes 4 to 10 channels of data
(depending on signal bandwidth) and modulates each channel to a
separate frequency band. The resulting 12 composite data signals are
then recorded on tape using direct record amplifiers. The high band-
width signals are routed to 8 dedicated tracks through FM record

amplifiers.

5.2.2 Playback Subsystem.

The playback portion of the analog tape sys.em provides selection
and reproduction of data from the tape recorder as well as off-line

digitization and data analysis. The major elements are reproduce
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amplifiers, a computer controlled playback selector, demultiplexer and
discriminator, and an ADC system similar to the digital data system
described in Section 5.1 (i.e., anti-alias filters, sample and hold
circuits, and an analog-to-digital converter). The playback subsystem
also includes a computer system to perform data analysis and provide
set-up and control of the signal conditioners, analog tape recorder, and

playback selector.

The reproduce scheme takes the 18 tracks of FM multiplexed data
from the tape through direct reproduce amplifier. These signals are
then demultiplexed from 18 tracks into 108 channels (on a 2 tracks at a
time basis) and discriminated from FM back to analog. These signals
are then routed to the ADC for digitizing. The eight tracks which
were not multiplexed are simply played back through FM reproduce
amplifiers into the ADC system.

The ADC system for the analog tape system includes basically the
same elements as the digital data system described in Section 5.1 and
hence is subject to the same critical performance characteristics.
Sampling rates and anti-alias filter distortion are still important
considerations. However, the impact on system design is decreased by
the off-line nature and the ability to use the tape recorder speed to

reduce individual channel bandwidth.

The host computer consists of a high-speed data processor,
memory, disk storage, magnetic tape storage, line printer, graphics and
system terminals, and an 1/0 controller. All data analysis, display,

and control software resides in this machine.

5.3 HYBRID DATA SYSTEM.

Several problems exist with either the fully digital data system or
the analog tape systems discussed above. The major problem with the
digital system is the high digital data rates and the corresponding large
volume of data. Although the analog recording system overcomes these
problems, this system provides no capability for real-time data analysis.
An attractive alternative is a hybrid combination of the two system
types. Figure 31 presents a configuration which will accommodate the
data volume as well as provide a limited amount of digitized data for
near real-time display and analysis.
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For the configuration shown, the digital channels are limited to the
40 low-frequency (1000 Hz BW) channels. With this arrangement, the
1 MHz ADC provides adequate sampling rates for both real-time data
acquisition and off-line digital analysis capabilities. [The 65 moderate-
bandwidth channels (20 and 50 KHz) are multiplexed and recorded on
10 tape tracks.] The eight high-bandwidth channels (250 KHz) are

each individually recorded on single tracks using FM techniques.

5.4 SUMMARY.

For this application, a totally digital system is inappropriate. This
is a direct consequence of.the number of channels, bandwidth require-
ments, and test duration. Although a digital data system concept can
be established which will satisfy the requirements, there are significant
technical risks associated with the high-speed digitizing of multiple
signals as well as transmitting and storing multiple high-speed data
streams. The analog recurding system offers some advantages in that
proven high bandwidth, multiplexed recording systems are available.
However, to provide digital off-line analysis, there is still a need for
high-speed digitizing of selected portions of tape. This digital
requirement is significantly less complex since only selected segments of
the total test duration are digitized and the digitizing rates can be
reduced through reductions in tape playback speed.

Since a need exists for digital equipment within an analog record-
ing system, an arrangement such as the hybrid configuration described
in Section 5.3 which permits the digital equipment to be used in real-
time for limited data acquisition is recommended. This hardware
arrangement is comparable in price to the analog system yet offers the

advantage of limited real-time digital data analysis.
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SECTION 6
FACILITY CONTROL AND STATUS MONITORING SYSTEM

6.1 CONTROL SYSTEM REQUIREMENTS.

The Facility Control and Status Monitoring System (FCSMS) for the

LB/TS serves basically a sequence control and subsystem monitoring

function with built in logic to evaluate and confirm status of the system
prior to the next sequential step in a run preparation process. Upper
and lower tolerance limits in engineering units would be placed on each
measurement channel, with the (imits automatically changed at selected .;,.

points in the pre-run sequence. Multiple sensors, logic for identifi-

MM S
L d
]
,
.

cation and exclusion of faulty sensors, and hold for operator inter-
vention or abort logic would be built into the system software to

provide a safe, reliable system.

Examples of sequential control and monitoring functions of the

system are given below:

1. Monitor and control pressurization of drivers and heating of
driver gas {nominal 24-hour process) by opening and closing
valves in the compressor system and switching compressors on - ‘ﬁ& .
and off and turning strip heaters on and off to achieve the .
required temperature and pressure as measured by various
facility pressure and temperature sensors. Independent
protection of the system from malfunction, including control

' system failure, would be a mechanical set of relief valves and S

multiple thermostats on the strip heaters. Out of tolerance I
events would result in annunciation to the system operator, a R,
hold awaiting operator input, and/or system shutdown, depend- S
ing on programmed logic -

2. Initiate TRS firing and maintain firing until pre-established e ]
criteria are met. In this case, the following specific func- CTTe
tions would take place in orderly sequence: s 3

e Open TRS vents in the top of the driven tube (confirmed
by position sensors and limit switches)

e Light five TRS pilots (confirmed by sensors in each pilot

flame) .
° Initiate oxidizer flow (contirmed by valve position read- m
ings and selected pressure readings)
. ° Initiate aluminum flow (confirmed by valve position
: readings)
- ™ Initiate air curtain flow (confirmed by valve position

, readings and selected pressure readings)
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e Measure TRS output on reference sensors {optical
pyrometers and reference calorimeters)

e Shut down TRS system when pre-established criteria are
met

e Close TRS vents

Return TRS to safe status with critical systems purged
Criteria for shutdown could be either a preset elapsed time or
a pre-established integrated heat flux (fluence) level.
Tolerance level on either fluence or number of TRS units
which light could be established by the operator prior to the
run dependent on the criticality of the heating portion of the
LB/TS cycle. These would lead to a hold for operator review
or abort actions, depending on the time at which the fault
condition is detected in the sequence. Logic and redundant
sensors would be provided to permit real-time screening for
inoperative sensors without initiating abort actions. At any
rate, the target can be spared excessive heat load or damage

from the blast wave input on a test in which heat input is
critical, if sufficient TRS units do not function properly.

3. Control RWE position based on an algorithm defining the RWE
position reiationship to wail pressures near the end of the
drive tube. Redundant systems with logic for detection of
faulty sensors would be included. Detection of an out of
tolerance or fault condition would result in the controller
attempting to return the RWE to full open position.

The total number of sensors to be monitored are the 70 facility
measurements (ltem 1.0, Table 4), three of the wall pressures
(item 2.0, Table 4), and the five optical pyrometers and 10 radiant
gages (ltem 3.0, Table 4), for a total of about ninety channels. Real-
time conversion to engineering units, checking against preset limits for
each channel in engineering units, and accumulation of fault information
are required. Other real-time computations involve integration over
time of sensor readings of the 10 radiant gages to calculate fluence and U
computation of the RWE position based on the three wall pressure )

readings.

6.2 CONTROL SYSTEM DESCRIPTION.

Figure 32 provides a block diagram of the conceptual design of a
digital FCSMS. The system includes signal conditioning on a per-
channel basis to convert sensor input signals to :10V levels, a

dedicated input/output controller providing analog-to-digital conversion
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of all input signals and appropriate output drivers for solenoids,
actuators, and control valves as needed to effect facility control, and a
contro! processor system to handle all sequence and control logic as well
as generate alarms and event printouts, a event logger to provide
Iistmgs-of status, control, and alarm conditions, a color CRT to provide
operator indications of alarms and facility status, and a link to the data

system to allow coordination of the total facility operation.

6.2.1 Signal Conditioning.

Modular signal conditioning is provided on a per-channel basis
configured as needed to meet the requirement of the sensor. The
signal conditioning system is configured to normalize all outputs to *10V
levels for further processing. Included in the signal conditioning
system are amplifiers, bridge completion units, charge amplifiers, T/C
amplifiers, and other types as needed. In addition, individual buffer
amplifiers are provided far any signals shared with the data system to

minimize interference problems.

6.2.2 Input/Output Controller.

The input/output controller provides the analog-to-digital con-
version of all input signals from the signal conditioning section and
subsequent interfacing to the control processor. Also included are ait
output driver required for solenoid, actuators, and control valve con-
trol Hardware is available from wvarious vendors including Computer

Products, Analogic, Analog Devices, Hewlett-Packard, and Burr-Brown.

6.2.3 Control Processor System.

The control processor provides all sequence and logic control
processing, generates all operator displays, alarms and event printout
interfaces to the data system, and provides all operator interfacing.
This system will consist of a high-speed data pressure and appropriate
peripherals to accomplish FCSMS functions. Included is a !ink to the
data system processor to coordinate activities between the two

processors.

A color CRT is planned to provide operator interfacing including
alarm and status display.
108
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6.3 ESTIMATED HARDWARE AND SOFTWARE COST.

Order-of-magnitude cost estimates for hardware for the FCSMS are
given below.

° Signal Conditioning $150,000
'Y Input/Output Controller 60,000
° Control Processor System 48,000

Total Hardware $258, 000

Special application software to accomplish all required control and
status monitoring operations and systems integration is estimated to cost
$100,000.
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SECTION 7
SYSTEM CONCEPT PLAN

Figure 33 illustrates a simplified block diagram of an integrated
data acquisition and control system reflecting the considerations
discussed in Sections 5 and 6. As shown, the operator's principal
interface to the system is at the controf processor. With this arrange-
ment, the control processor serves to provide all sequencing including
initiating the data acquisition cycle. Upon receipt of a start command
from the control processor, the data system processor will initiate a
continuous digital data acquisition cycle as well as start continuous
analog recording. Because of the short test duration, it is anticipated
that minimum processor-to-processor data transfers will occur during

testing.

It is intended that the control processor be restricted to facility
control and sequencing. As such, only a limited number of peripherals
are required. However, with the arrangement shown in Figure 33, the
control processor does have access to shared peripherals such as digital

magnetic tape, line printer, etc.

7.1 DATA ACQUISITION SYSTEM.

After evaluating various data acquisition approaches (Section 5) a
specific data acquisition system concept (Figure 34) was selected for the
LB/TS. This hybrid configuration includes a digital data acquisition
subsystem for the low-bandwidth measurements, an analog
recording system for the high-bandwidth measurements, and a host
computer system to control various instrumentation and perform data

analysis.

7.1.1 Digital Data Acquisition Subsystem.

The digital data acquisition subsystem serves a dual role. Besides
providing real-time data acquisition for the low-bandwidth char- els, the
system provides off-line digitai data analysis capability for the signals
recorded by the analog tape system. Hence, the system must have the
flexibility to accommodate a variety of different signal levels and

bandwidths. This capability is provided by variable-gain amplifiers and
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anti-alias filters, sample and hold circuits, analog multiplexer, and an
analog-to-digital converter. An analog switching scheme is used to

select between real-time acquisition mode and playback.

7.1.1.1 Signal Conditioning.

To accommodate different sensors, a 40-channel signal conditioning
system will be provided that includes various mode cards which are
used to tailor the conditioner for temperature, pressure, or other
analog signals. These units will include an excitation power supply for
each channel, interchangeable plug-in bridge completion circuits, offset
suppression, and resistance and voltage calibration. For voltage
calibration, a computer-controlled signal conditioner input switching
circuit is used to disconnect the sensor input and to insert a precise dc
voltage source. This voltage insertion technique provides for complete
multi-point static calibration (excluding sensor) traceable to NBS as well
as provides a convenient computer-controlled method for determining

that each channel is operable immediately prior to testing.

7.1.1.2 Analog Switching.

The configuration shown in Figure 34 shares the digital system
between the 40 real-time measurements and the off-line digitizing. To
accommodate this, the signal outputs of the 40 signal conditioners and
the 29 playback channels are terminated at the Mode Switch patch
panel. Additionally, the inputs to the 40 amplifiers are also terminated
here. Inputs to the digital system (amplifier inputs) are thus esta-
blished for each channel through a 3-wire patch (signal high, signal
low, shield).

7.1.1.3 Amplifier and Anti-Alias Filter.

Variable-gain amplifiers with integral 6-pole low-pass filters will be
supplied. Seven amplifier fixed-gain selections and seven filter cutoff
frequencies will be front panel switch selectable. Digital code represen-

tations of both the amplifier gain and the filter cutoff switches are

input to the computer system for verification.

PSS




7.1.1.4 Sample and Hold Circuits.

An individual sample and hold amplifier will be provided for each
channel. This will enable precise time correlation to be established
during -playback for multiple analog input signals. A common clock will
be used to coordinate capturing data from all channels at a given time

and hold the signals until the digitization process is complete.

7.1.1.5 Multiplexer and Analog-to-Digital Converter.

A 40-channel analog multiplexer/ADC system is required. As
shown in Table 13, the minimum aggregate sampling rate for the 40
low-bandwidth (1 KHz) channels is 200K samples/second. However,
since the ADC is also used in an offline mode to digitize the high-
bandwidth channels, a higher sampling rate than the minimum required
for the real-time measurements (200K samples/second) is recommended.
Since sampling rates for the playback channels can be reduced by
reproducing the signals at a tape speed less than the record speed, the
aggregate sampling rates presented in Table 13 are inappropriate.
Assuming that a tape speed of 60 or 120 ips will be used for recording
the high-bandwidth signals, then a reduced playback speed effectively
reduces the bandwidth and thus the required sampling rate. Accord-
ingly, a 1-MHz ADC is recommended for this application.

The ADC requires a high-speed versatile interface capable of
transmitting a 2 MByte/second data stream to processor memory. To
accommodate the dual real-time data acquisition and offline digitizing
functions, the ADC scan list and sampling rate must be programmable.
Additionally, since not all tape channels can be reduced simultaneously,
the system must have the capability of using a signal from tape such
that the digitizing process always beings at the same time. This is

essential for correlation.

7.1.2 Analog Rerord System.

To accommodate the high-bandwidth measurements, an anaiog
record system is recommended. This system features signal condition-

ing, an FM multiplexing scheme, direct and FM record amplifiers, and
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two 14-track FM tape recorders. Also provided are playback capabil-
- ities including FM and direct reproduce amplifiers, a computer-
controlled playback selector, and two demultiplexer/discriminators. As
the signals are reproduced, they are routed through the digital data
system described in Section 7.1.1 for data analysis.

— T

7.1.2.1 Signal Conditioning.

.
[

1.

A 73-channel signal conditioning system will be provided with the

same features discussed in Section 7.1.1.1. In addition, these signal

nan s
.

conditioners will include integral amplifiers and six-pole low-pass filters
to adequately prepare the input signal for analog recording. The l‘:ﬁ'.--__'jn;;jj
- amplifiers will have fixed gain and the filters will have a fixed cutoff - B

frequency based on the type of transducer required. RN

7.1.2.2 FM Multiplexer/Demultiplexer. T

FM multiplexers are used to concentrate the raw test data onto one

tape recorder. Each multiplexer takes 4 to 10 channels of analog data

(depending on signal bandwidth) and modulates each channel to a _- ﬁ__
separate frequency band. These signals are then combined into one FM . "
signal. o

The demultiplexers take the FM signals and filters out each of the

frequency bands, separates them, and returns the signals to their i ﬁ %
analog data form. N \

7.1.2.3 Tape Recorder System.

The tape recorder system consists of FM and direct record : ':‘?—'
amplifiers, two 14-track FM tape recorders, and the reproduce ampli- o
fiers. The record amplifiers are required to convert the analog signal
to a power level compatible with the tape recorder and to condition the
signal to produce a more accurate recording/reproducing process. )
Direct record amplifiers place an AC bias on the analog signal to make .“_j‘?'.fj?
the recording characteristic more linear. FM record amplifiers improve t:‘,' RN
accuracy by frequency modulating the data signal. FM recording :

provides approximately twice as good linearity as direct recording.
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However, in this system since FM techniques were used for the =
multiplexing scheme, direct record amplifiers should be used for the

multiplexed channels.

Two 14-track laboratory-quality wide band (Group 1) FM tape

recorders are provided to store high-bandwidth data during a test. b e n
Features include computer control, 9 bidirectional tape speeds, and a g ';’_,.
3-digit footage counter. L .:

The reproduce amplifiers return the tape recorded signals to the .
same form they were in prior to the record amplifiers. That is, direct - - L
reproduce amplifiers remove the AC bias while FM reproduce amplifiers '-'.‘ﬁ T

demodulate the signal. Both the record and reproduce amplifiers are

supplied as integral parts of the FM tape recorder.

7.1.3 Data System Processor.

A computer system is. provided to set-up and initiate digital data
acquisition and analog recording. As a secondary function, the .'"'::j'.:
processor aiso will perform post-test data analysis. Prior to a test or '.';'_'.':.;‘j'.'
analog tape playback, the data system processor will be responsible for "
verifying amplifier and filter settings, and establishing sampling rates. B
During a 10-second test, the processor will provide limited re -time

data analysis and display, with minimal communication with the control

processor. At the conclusion of a test, the data system processor is

available for data analysis and data reduction.

The data system processor will be a 16-bit minicomputer equipped 4-'.._~".‘- O
with 2 MBytes of memory for real-time storage of digitized data. The
processor will be configured with various peripherals. A 132-MByte ‘
fixed disc drive and controller will be used primarily for storing the
operating system and applications software. A 9-track magnetic tape
unit will provide fixed disc back-up and archival storage of real-time
digitized data and post-test results. An intelligent serial communi- . _',- .
cations controller is included to allow up to 8 peripherals to
communicate with the processor. Two console terminals are attached to
the processor through serial ports--an 80-column system display

terminal and a graphics terminal. A 200-CPS dot matrix printer also
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attaches to the serial port for status logging or other similar low data

volume functions. Parallel ports to the microprocessor-based video

image processor and laser velocimeter are included to accommodate

special post-test data processing, and a parallel port to a high-speed RO
printer (600 lines per second) is provided to accommodate data printout ;'-::'.i";‘;:'.\..!
after test completion. ;L
7.1.4 Application Software. .
Numerous application software programs are required to implement - ,.’

the various system functions discussed above. Because of the system's
complexity, application software should be designed using structured
programming techniques. This will result in a system which is modular,
maintainable, and can be both modified and expanded. All custom
application software will be written in FORTRAN 77 unless timing
constraints for critical modules require otherwise. Documentation will
include a user's manual, high-level flow charts, program abstracts, and
annotated source listings.

The application software has been arranged into several major
categories. Although the details cannot be established until the design
is completed, the various programs required are functionally detailed
below.

7.1.4.71 System Calibration.

The purpose of this program is to periodically evaluate the total
performance of the data acquisition system by applying precise inputs _
to the system automatically from the voltage source and measuring its 3
performance. The analog system, excluding sensor power supplies, will
be tested as one complete unit on a per-channel basis to determine each :
analog channel's measurement uncertainty. The components tested Y
include signal conditioners, amplifiers, filters, multiplexer, and
analog-to-digital converter. Analog signals from a precision voitage
source are to be input to each channel and the digital response

recorded on each amplifier gain setting.

Automatic calibrations can be accomplished at convenient intervals

before test runs and reduced functional checks immediately prior to

17 o
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testing as a final system check. Critical measurement channels with
calibration results different from previous checked and verified
calibrations would be flagged to the facility operations staff for

run/abort decisions.

Depending on the volume of calibration and number of sensors, an
automatic calibration data transfer option from a remote calibration lab
is possible. In this mode, lab data would be stored in the host system
by sensor serial number for automatic retrieval whenever that sensor is
used in the facility. In either case, the data acquisition setup below

would be based on a stored sensor data file.

7.1.4.2 Data Acquisition Setup.

This program enables the operator to input the system measure-
ment requirements for a specific test. These include channel assign-

ments, bandwidth, expected peak measurement values, sensitivity, and

sensor excitation. Based on this, the system automatically establishes a »‘f‘ _“,‘f::j.-n
configuration report including computed amplifier gain settings and e
sampling rate. This system test information is printed enabling the '

operator to set amplifier gain, filter position, and sensor excitation.

7.1.4.3 Real-Time Run,

This program enables the operator to initiate real-time data
acquisition. Once the system has been set up and all pretest checks
completed, the operator initiates the real-time program from the control
processor's terminal. Upon receipt of a start signal, the data system

processor initiates data acquisition placing data onto disk. Upon either

a timeout or a terminate data acquisition signal from the control

processor, the data system processor halts data collection. : .

7.1.4.4 Data Monitor. e

This program enables the operator to analyze test results after a W
run. Once selected, the operator is presented with a menu of available T
options which include graphic displays, graphic plots, and tabulated }'.';’.'_»'."4..‘;
data. If the graphic display option is chosen, the data are transformed R

into engineering units and displayed on the graphics terminal. The
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graphics programs enable the operator to view data from selected
channels or a pre-established list of channels. Provisions are made to

view either the entire run data or to zoom in on a segment. Although

axis scales are normally automatically established, they can be manually
chosen from the terminal or preprogrammed for consistency. Once the
operator is satisfied with the presentation, he can command a hard copy
plot of the viewed data. Additionally, data can be tabulated either on
a single- or multiple-channel basis. Because of the vast amount of
data, provisions will be made to control printout start/stop times as well

as increment time.

7.2 FACILITY CONTROL AND STATUS MONITORING

SYSTEM (FCSMS).

As shown in Figure 33, the FCSMS is a computer-based data
acquisition and control system which provides the LB/TS with a
sequence control, real-time event control, and subsystem monitoring
function. it is able to evaluate and confirm the status of the system
prior to the next sequential step in a run preparation process. Upper
and lower parameters limits would be placed on each measurement chan-
nel with acceptable limits changed automatically at selected points in the
pre-run sequence. Mulitiple sensors, logic for identification and exclu-
sion of faulty sensors, and hold for operator intervention or abort logic
would be built into the software to provide a safe, reliable system.
Included is a link to the data system processor to coordinate activities

between the two.

7.2.1 Signal Conditioning.

As with the data system, the FCSMS signal conditioning is
provided to convert sensor input signals from pressure transducers, : -
thermocouples, etc., to levels compatible with the ADC. For compati- :
bility purposes, it is recommended that the signal conditioners used
with the control system be identical to those used with the data system.
Primary inputs to the system are the 70 facility measurements tabulated
in Table 4 which are used for either facility control or status moni-

toring. Additionally, three flow environment and 15 thermal measure-

ments are redundantly measured,

4
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7.2.2 Input/Output Controller,

The input/output controller provides the analog-to-digital conver-
sion of all input signals from the signal conditioning section and
subsequent interfacing to the control processor. The multiplexer is
selected for a nominal 100-KHz rate, based on sampling of channels for
facility control purposes of 1000 S/S.

The output drivers required for solenoids, actuators, relays, and
control valves as needed to effect facility control and timing coordi-

- nation are also included in the input/output controller.
Functions to be controlled include:

° Run preparation events such as driver pump-up, status check
of systems, etc.

° Run initiation events such as TRS light-off, high intensity
camera light switch-on, camera starts, take data starts, etc.

° Run control events such as TRS monitoring and shut-off
based on measured fluence, diaphragm rupture or valve
opening, camera shutter control based on radiant intensity,
RWE position control, etc.

The input/output controller consists of several relay output cards,

analog output cards, digital input and output cards, and possibly a
pulse train output channel to accomplish the real-time control outlined

above.

7.2.3 FCSMS Computer System (Control Processor).

The FCSMS uses a high-speed minicomputer with 1 MByte of dedi-

- cated memory to accomplish the facility control. Because of the shared
* peripheral concept, the FCSMS processor is equipped with minimum
o peripherals. These inciude a small fixed disk, event recorder, and
. operator terminal. Processor performance data are identical with the

data system processor performance.

7.2.4 System Operating Console.

.
(I L
L

vr v

All equipment required by the facility operations team, including
system operating terminals for both the data acquisition system and the

FCSMS, color display terminals, graphics terminals, basic annunciators,
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and visual system outputs, and video monitors will be included in the
system operating console. A photograph of a system similar to that
planned for the LB/TS is given in Figure 35. The console will be
arrange_d to permit close coordination of test setup activities and post
test data analysis activities without interference between separate
functions. A five-camera video system--with monitors, remote camera
control, and video recorders--is included for operator overview of the

entire test complex.

7.2.5 Application Software.

Special application software programs are required to implement the
various control system functions discussed above. As discussed in
7.1.4, application software should be designed using structured pro-
gramming techniques to produce modular, maintainable, and modi-

fiable/expandable software with full documentation.

Application software for the FCSMS falls into four major categories.
Although the details cannot be established until the design is comple-

ted, a functional description of the various programs is detailed below.

7.2.5.1 System Calibration.

The purpose of this program is to periodically evaluate the total
performance of the facility measurements acquisition system by applying
precise inputs to the system automatically from the voltage source and
measuring its oerformance. The analog system, excluding sensor power
supplies, is tested as one complete unit on a per-channel basis to
determine each analog channel’'s measurement uncertainty. The compo-
nents tested include signal conditioners, amplifiers, filters, multiplexer,
and analog-to-digital converter. Analog signals from a precision voltage
source are to be input to eack channel and to the digital response

recorded.

7.2.5.2 FCSMS Monitoring.

This program is used to monitor and control pressurization of the

drivers and heating of the driver gas and monitor the system status at
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Figure 35. Representative system operating console.

all times. Out-of-tolerance events would result in annunciation to the
system operator, generate a hold awaiting operator input, and/or

system shutdown depending on the severity.

l 7.2.5.3 LB/TS Run.

This program is used to start the immediate prerun sequence and
control events during the run itself. Real-time data conversion, check-

ing against preset limits, accumulation of fault information, integration

W

of sensor data, computation of control algorithms, control of events -
based on elapsed time and other similar functions are accomplished by
this software routine.

B 7.2.5.4 LB/TS Post-Op. '

A thorough functional check of the LB/TS system would be accom-
- plished with this software routine and the system returned to a safe,
secure status. A quick summary of status would be supplied to the
B system operator to permit plans for the next run to be made and to __

direct sensor repair efforts.
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7.3 SYSTEM ACQUISITION PLAN.

The primary sensors, data acquisition, and control systems

selected for the LB/TS concept study are based on either:

. existing technology which is commercially available in mid-
1984, or =".'
. modifications to current technology which are only a few )

months from commercial release and for which firm specifica-
tions and initial marketing dates are available
Technology which is clearly developmental and for which no firm
performance levels or certain, high probability of success can be ascer- 9*
tained were avoided for primary systems. Such developmental sensors o
or system approaches were only included in the conceptual system
where they provide a complement to another more proven approach. As
an example, Inertial Reference Units are included even though their
utility for measurement of whole body motion in the LB/TS remains to
be proven. The most probable means for measuring whole body motion
is the high-speed camera system as discussed in Section 4. In addi- " _
tion, several systems evaluated were discarded from the final conceptual u ’
systems due to a high cost/benefit ratio for the LB/TS environment as

discussed in Section 4.

While proven, the LB/TS Sensor Data Acquisition and Control

system (SDAC) is not available from a single manufacturer and must be:

° procured as individual hardware components from a number of
manufacturers and integrated as a system by the Government RO
or a third party. Such an acquisition plan necessitates a L
thorough, detailed system design (hardware and software) to
ensure that all hardware interface constraints and operating
| software limitations are addressed in sufficient detail to e 3
produce a functional system meeting the performance
specifications. In this mode, the third party can only assume
responsibility for integration of equipment as designed, not
for the performance of the equipment in the system or for the
design itself.

i . procured as a single system from a system integrator who L W
. accomplishes the detailed system design and selects specific LT
hardware options to meet requirements. In this case, the -:’_-,'_'_ SR
system performance specification governs and the system DRI
integrator is responsible for selected hardware, interfacing .
hardware, and developing software to meet the performance -
requirements. Resolution of problems involving hardware,
) hardware interface, software or other system interaction
problems are the responsibility of the integrator.

123

PRI S NP ST INIATI PP SR P P WL SR S i W P PP

Se e S T e e e
Lt . e YR




v ey —-r
AR MAR At et e e e s oo T T T —— T ————————T T T——— - ~

For complicated systems, such as the LB/TS SDAC with 1) special-
ized subsystems and hardware components from many manufacturers,
2) severe data transmission timing budgets, 3) the need for unigue
interface hardware, and 4) extensive special application and system
operating software, Sverdrup recommends the second approach listed

above.

This system acquisition process (design/build or turnkey) is
illustrated for the LB/TS in Figure 36. Following the contract award, a
period of about 15 months will be required to complete the design based
on a well defined functional specification for the system, procure hard-
ware and subsystems, integrate hardware in consoles, racks, etc.,
develop all software routines, functionally check all hardware and
software, and install the system on-site. At the end of this period, a
system which is ready and proven operational in all specified modes will

be available.

The acquisition cost for the LB/TS SDAC is detailed in Table 14.
Cost estimates for system hardware, software, sensors, special calibra-
tion equipment, installation and design/management are given. Data
acquisition and FCSMS hardware costs shown in the table include inter-
face haruware, racks, junction boxes, and other similar system inte-
gration costs associated with assembling the vendor-supplied equipment

into a functional system.

Recall that the sensor costs discussed in Sections 3 and 4 include
allowance for manufacture of numbers of specialized probes into which
some sensors must be installed and for alignment and basic checkout of
the non-intrusive systems. These special added costs for the sensors

are included under Item IV in Table 14.

Total acquisition and installation cost for the system will be about
$2,700,000, based on the complement of sensors listed. It is evident
that compromises in the system--numbers of channels, numbers of

sensors, etc.--can be made to reduce the cost estimate by 10 to 30

percent.
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Table 14. LB/TS sensor, data acquisition, and facility control system cost BRRIRIATS
I. Hybrid Data Acquisition System j::Z;
Quantity = Cost Estimate Tat :
1) Digital - Signal Conditioning/ 14 3 60,000 : b
Amplifiers, Filters .
2) Digital - Sample/Hold 44 10,000 ]
3) Digital - ADC with Driver 1 30,000 R
4) Digital - Selector 1 25,000 o]
5) Analog - Signal Conditioners 64 £5,000 o |
6) Analog - Mux/Demux 10 99, 500 B
7) Analog - Tape Recorder 2 100, 000 ]
with Playback Combine -
8) Processor with Memory 1 40,000
9) Fixed Disk, Mag Tape 1 28,000
10) Terminals 2 6,000
11) 200 CPS and 600 LPM rrinters 2 17,500
12) Communications 1 12,000
g 13) Interface Cards 2 10,000
- 14) Operating System Software, Compiler 1 8,000
- 15) Voltage Standard 1 2,000
16) Misc Hardware 1 30,000
I. Subtotal $ 563,000
-
;‘.,j 1. FCSMS
- 1) Signal Conditioning/Amplifiers/Filters 85 s 85,000
- 2) Host Processor with Peripherals 1 40,000
i 3) Communications 1 10,000
| 4) Operating System Software, Compiler ] 8,000
1 5) Voltage Standard 1 2,000
1 6) 1/O System 1 60,000
{ 7) Video Monitor/Record System 5 25,000
P'- 8) Misc Hardware 1 40,000
1. Subtotal $ 270,000
11l. Application Software Allowance $ 250,000
1V. Sensors and Measurement Systems (see Sections 3 and 4)
1) Pressure Transducers (incl. 4 64 s 38,000
reference probes)
2) Temperature Sensors 140 14,000
3) Heat Flux Gages (incl. 5 reference 31 33,000
probes
4) Strain Gages 50 5,000
5) Accelerometers 18 14,000
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Table 14. LB/TS sensor, data acquisition, and facility
control system cost. (Concluded)

Quantity Cost Estimate

6) Linear Potentiometers 40 4,000
7) Inertial Reference Unit 2 70,000
8) IR Pyrometers, Target Surface 10 50,000
(two-color)
9) IR Pyrometers, TRS (two-color) 5 28,000
10) Thermovision System (two-color) 1 105,000
11) CVF Radiometer ] 100, 000
12) Laser Velocimeter 1 113,000
13) High-Speed Photography System 16 182,000
14) High-Speed Video System 3 150, 000
15) Automatic Video Reading System 1 20,000
16) Optron Displacement Follower 1 30,000
17) Sensor Procurement and Integration LS 150,000
IV. Subtotal $1, 106,000
V. Special Calibration EqUipment
1) Pressure Calibrator (portable) $ 12,000
2) Temperature Calibrator (portable) 10,000
3) Heat Flux Calibrator (portable) 15,000
VI. Installation
1) For Data Acquisition System $ 19,000
(excluding sensors or cable)
2} For FCSMS (excluding sensors 16,000
or cables)
3) Sensors and Cabling 50,000
VIl. Preliminary and Final Design, $ 350,000
System Integration, and Management
SDAC SYSTEM TOTAL $2,661,000
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SECTION 8
CONCLUSIONS

1. Parameter levels in the LB/TS flow (including the TRS) are not
excessive compared to typical shock tube operating conditions. An
incident shock Mach number of two or less with static overpressure
of 240 kPa (340 kPa asbsolute) behind the shock, static temperature
ratio of less than two times ambient, and flow velocity of about the

speed of sound will occur. While rise times are of a few micro-

seconds, important flow transients develop over seconds in the
very farge LB/TS.

1~

Physical sensors for measurement of pressure, temperature, and
heat flux in the ranges and with the response required by the l:';
LB/TS in both the diffraction and drag phases are available from .:;“':
many manufacturers. Mounting of these sensors within each :
soecific target without compromising response--while protecting the
sensor from damage and permitting in-place calibration--will
present recurrent operation constraints for their use in the

LB/TS.

3. Physical sensors for measurement of strain, acceleration, and
displacement in the LB/TS environment are more specialized, more

difficult to utilize in practice, and can be obtained from fewer

commercial sources. Inertial rate gyro-based systems appear to be
a possible method for measuring whole body motions if dust or . :
other problems (condensation) obscure the target and prevent the -."_7."- :f."-*j
use of optical (photographic) techniques for measuring whole body

motion. _——

4. Reliable optical sensors exist for making selected flow and target
response measurements over rather restricted parameter ranges
and for limited environmental conditions. The most wversatile )
system for many qualitative and quantitative measurements in the ;_. L
LB/TS is a complement of high-speed cameras and two special Lo

high-speed video cameras. Systems for automatic determination of

.';-.‘.'. . P TR R Y . v'.'>”-’4A>
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target position (and motion) from either film or video tape are

available. |Infrared sensors are also essential for monitoring the

TRS source temperature and measuring target surface temperature

dist;ributions.

-—— -

O

5. X-ray systems were evaluated to provide motion data for elements
within the target or the whole target in the event of significant
flow obscuration. Due to significant operating problems and high
cost, the x-ray should only be used in the event of large flow

obscuration beyond the levels presently anticipated.

6. Initial cost of a suitable inventory of physical sensors could - "'.I?'.;
approach $200,000 to $300,000 (see Section 3.6). '

7. Cost of the optical systems ranges from $30,000 to $75,000 each ) _
with the total for all surveyed approaching $3,000,000. Cost for a

complement of optical sensors including only those fourd to be r“)-r
practical in this study--IR pyrometers, thermovision, CVF radiom-
eter, laser velocimeter, high-speed photography system, high-

. speed video system, automatic video reading system, and an Lo
ﬁ Optron displacement follower--is $790,000 (see Section 4.10). ,. ‘

8. Both analog and digital data acquisition systems are commercially
available which meet the very high speed data processing require-
ments of the 113 data channels of the LB/TS [1000-250,000 Hz
bandwidth], including signal conditioning, data acquisition, host " »ﬂ- -l

computer, etc. However, the aggregate sampling rates and com-

mensurate storage volume for a 10-second run using a digital
sampling theorem of 5 samples per cycle introduce an unwarranted

element of risk into the pure digital system. For this reason, a S

hybrid analog/digital system is selected for the LB/TS data acquisi- U

tion function. R
9. A digital based facility control and status monitoring system, S

capable of monitoring facility preparation for a run and providing ‘

limited real-time control during a run, is practical at a total - ot

hardware and software cost of approximately $400,000.
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10. A comprehensive sensor, data acquisition, and control (SDAC)

1.

system for the LB/TS is configured in Section 7 to accommodate
the large number of system channels, the high sampling rates, and
the real-time facility control. The system utilizes the hybrid
analog/digital data acquisition concept and the digital FCSMS
concept. Software to accomplish system calibration, data acquisi-
tion system setup, data acquisition during the run, data reduction

and display, facility control, and facility status monitoring are
defined.

A system acquisition plan for the LB/TS SDAC is shown to require
15 months and a budget of approximately s2,700,000, excluding
inflation from mid-1984 and contingency.
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APPENDIX A

INTRUSIVE SENSOR SPECIFICATIONS APPLICABLE
TO THE LB/TS FACILITY
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kuaite BULLETIN KM-1000C

Kulite Miniature
Metal Diaphragm
Fressure Transducers

P

16
he— 520 ; 78
——
= PRESSURE NOM . 823
SENSITIVE 215
AREA NOM ol 187 pae
) 040 DIA.(TYP) o
’/— 2 PLACES
5)
) 4 CONDUCTOR 1 30 AWG.
Y, SHIELDED CABLE
323 24" LONG
25038 N\, \
Ola, N }
!
f i Y
€8 o
WELD
.56 DIA.
MS-28778-3
O-RING 301 1.D. X 064C.S. .
L 3824 UNF-3A K‘

®NQOTE 20.000 AND 30.000 PSI RANGES
REQUIRE SPECIAL SEALING
CONFIGURATION
PLEASE CONSULT FACTORY.
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The XTM-190/XTME-190 miniature pressure trans-.
ducers utilize a metal giaohragm as a force collec.
tor with a Piezoresistive Sensor as 1ts sensing ele-
ment. With the 10-32 UNF threaded pody, hex-
agonal head and Q' nng seal, the XTM-190/
XTME-190is easy to mount and simple to aopty. The
small size and flush giaphragm permit girect instal-
lation of the transducer in the wali of pressure con-
tainers, tubes, pipes, etc., eliminating the need tor
costly, space consuming hardware.

Designedto beveryrugged. the XTM-190/XTME-190
feature an internal temperature compensation
moduie. In acadition, a sturdy, four conductor
shieiced cable, with strain renef, 1S provided for
alectrical connection.

The standard XTM-190/XTME-190 transducers are
designated as gage units. Pressure ranges of 250
psig and belQw are supplied with a ventng tupe.

PRESSURE
TRANSDUCERS

XTM-190/XTME-190 SERIES

Metal Diaphragm-Ruggedized

m Excellent Stability

High Natural Frequencies

g8 10-32 UNF Thread

m Robust Construction

@ Inorganically Bonded Sensor

Differential versions of allranges are available. The
reference pressure source should be dry, non-
corrosive gas. Absolute and seaied versions of the
XTM-190/XTME-190 have a reference pressure
seaied in the transducer.

The alt electron beam welded construction, and the
wetted parts being of 17-4 PH stainless steel, make
the XTM-190/XTME-190 sensing sides suitable for
immaersion tn media which are compatidle with the
matenals of construction. The Q' ring supplied as
standard 1s a Buna N. Other maternials can be sup-
pliec on request.

The XTME-190 is a high temperature version with
maximum operating temperature of + S00°F
(260 °C).

Kulite pressure transducers are caiibrated in-
dividuaily Dy Qualified technicians using equip-
ment traceable to Nationai 8Bureau ot Stangaras.
Pertinent data are inclugea with units.
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XTM-190/XTME-190 Specifications

Qutput Input Output Natural

Modet Pressure Sensiivity | Impeagance Impedance Acceleration Sensitivity Frequency
Number (Rated) {Maximumi (Nom. ) (Ohms) {Ohms) (Perpengicular) (Transverse) ' (Approx.}
XTM-190-10 10 ps1 30ps + 30mv 650 min. 650 max. 0.003% FS/g 0.0006° FS/g 30 KHz
XTM-190-25 25 psi S0csi | 75mv 650 min. 650 max. 0.002°% FS/g 0.0004% FS/g 80 KHZ
XTM-190-50 50 psi 100 0s1 © 15 mv 650 min. 750 max. | 0.001% FS/g  0.0002% FS/g + 60 KHz
XTM-190-100 100 pst 2000si 1 75mv 650 min. 750 max. | 0.0007% FS/g  0.0CC14% FS,g = 80 KHz
XTM-190-250 | 250 psi S00pst « 75 mv 650 min. 750max. | 0.0005% FS/g 0.0001°% FS.g 125 KHz
XTM-120-500 | 500 psi 1000 0st « 75mv 650 min. 750 max. | 0.0003% FS/g 0.00C06% FS./g 160 KHz
XTM-190-1000 1000 ps) 2000 pst 1 75mv 650 mun. 750 max. | 0.0002% FS/g  0.00004°% FS/g . 225 KMz
XTM-190-2000 2000 ps1 3000 psi | 75 mv 650 mimn. 750 max. | 0.60015% FS/g  0.00003% FS.3_. 3C0 KMz
XTM-190-5000 | 5000 osi 6000 0s1 | 75mv 650 min. 750 max. : 0.0001°% FS/g 0.00002° FS.g . 1CO0KHz

Sensing Principle

Inorganically bonded piezoresistive active naif bridge

Pressure Med:a

Liguids and gases compatible with 17-4-PH stainiess
steei and ‘O ring selected for the application
(Buna-N "Q" ring is supohied with stanaard units).

Excitation ... .. ... . . . 10 VDC (15 vOC Max)

Zero Balance . ... ...... e . =3% FS (=5% FS for 10pss units)
Combineg Non-Linearty ang Hysteresis .. ......... ..... =1°, FS max.

Repeataoility L S oo =0.25%

Compensatea Temperature Range .

80 Fto 180 F (25 Cto 80°C)
Any 100 F range within the operating range on request.

Operating Temperature Range

. QFtd50 F(~-20Cto120 )
Temoperatures to 350 F (175 C) avanable on spec:al orcer.

Change of Sensitivity with Temoperature ~2%/100 F

Change ¢f No-Loaa Qutout with Temcerature =29, FS/ 100 F {=5% FStor 100si uniis)
Resciution . Intinite

Electrical connections Per ISA-S37.3

XTME-190 High Temperature Version

Comoensated Temperature Range
Ocerating Temperature Range

Change of Sensitivity with Temperature
Change ot No-Load Outout with Temperature

80°F to 450°F (27°C to 232°C)

~65°F to +500°F (-55°C to +260°C)

Within 7% Over Compensated Temperature Range
Within 10% Over Comopensated Temperature Range

XTM-190/XTME-190 Series Qutline

PRESSURE SENSITIVE
AREA

o 28 se l 745 l‘— 37§ ——
062 S/S TEF TUBE 1 \ONG ‘ i -
NO 2EF TUBE ON aBSOLUTE
OR SEALED UMITS ! ‘ P gt
\ — " “
! pa L=
- | -
T 4—e
. : i1 ey
- gz
\10-32070-“ l
/ / \ao.lmc, 176 10 & 040C S b
/ P\\—. COND S AwG CESLON CABLE i

24 LONG

1
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The HEM-375 transducer has been deveioped by
Kulite tor duty at temperatures of up to S00°F.

An all metai, etectron beam welded assembly, the
HEM-375 features ametai diaphragm as a force col-
lector with a Kuiite Piezoresistive Sensor as its
sensing element, inorganicaily bonded. This ad-
vanced construction resuits in a highty stable,
reliapie and rugged transaucer.

The smail size of the force collector allows the
HEM-375 to be used for high frequency
measurements. Shock pressure measurements
can aiso be made successtuily due to the high
natyral frequency and flat response of the
transgucer. High output and low impegance in-
herant tn plezoresistive sansors make the HEM-375

HIGH PRESSURE
TRANSDUCER

HEM-375 SERIES

m High Teraperature

m Excellent Stability

m High Natural Frequencies

B %-~24 UNF Thread

m Robust Construction

a Inorganically Bonded Sensor

ideal for use in hostile environments.

The Wheatstone bridge sensing principte is com-
patible with most strain gage signal congitioning
equipment, avoiding the need tor charge
‘amplitiers, coaxial cabtes and impedance
matching devices.

Materials of construction are 17-4 PH stainless
steel and the silicone rubber O-ring. The all welaeqd
construction allows the transaucer to be immersed
in liguids compatibie with the materials of
construction.

Sealed and absolute units feature secondary
containment.
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. ku _:te BULLETIN KU.1000B

Kuiite Subminiature IS
Siiicon Diaphragm
Pressure Transducers

(Probe Series)

v

7
P‘;EESSURE SENSITIVE
187 AREA
_—‘ l‘_ /'STEADY STATE PORT 125 _’1 "_60
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[
-0
-8

\- tRansouCER [ _J
1.5 =10

09300 PRESSURE REF TUBE
r 02800 » 6" LONG
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COMPENSATION =
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INTRODUCTION

This product bulletin describes Kulite's unique line of Integrated Sensor Pressure Probes.

These solid state devices incorporate a ditfused four arm wheatstone bridge on the surface of a silicon
diaphragm. This approach originated by Kulite to meet the demands of the Aerospace industry has been
under constant deveiopment ana evolution over the last fifteen years. Kulite pioneered the development ot
miniature dynamic pressure probes and today offers a line of miniature and ultraminiature devices with
static and dynamic performance comparaole to the very best transaucers of any size currentiy commerciaiiy
avatlable,

+ Y s F ¥ & =

These transducers have found wide acceptance in aerospace. for wind tunnel, flight test and acoustic
measurements. They have established the industry standargd of excellence for dynamic Dressure measure-
ment. The small size of these devices nas made them uniquety suited to alarge variety of test and production
applications 1n ingustry, research ang deveiopment and medicine.

Of particutar note is the high natural frequency, low hysterasis and superior thermal and environmental per-
formance. These teatures are the resuit of the integrated silicon sensor and silicon force callector. Silicon
was onginally adopted because of its large piezoresistive coefticient and cornpatibility w'th transistor
fabrication techniques. Silicon has been found to possess excellent transducer charactaristics.

its combination of a high elastic modulus and low density along with the ability to be fabricated in very small
sizes by photolithograpny ailows for a sensor with a very high resonant frequency. The singie crystal nature
of silicon means virtually no creep or hysteresis. Piezoresistive Integrated Sensor technology IS todav's
emergent transducer technolagy. Kulite continues to deveiop this piezoresistive technology anag weicomes
the chalienge to meet the new requirements of the future.

R T.T THEmsT v vt v T.7

The probes described in this bulietin are of a modular nature and allow the measurement system designera
maximum of ‘lexibility in the mechanical design of his system. A variety of special probes are shown on
pages 12 and 13. Kulite weicomes the opportunity to tailor a sensor to your specific requirements.

All Kulite probes are hermetically sealed to vacuum or ambient pressure when offered in sealed gage or ab-
solute versions. Referance tubes are supptied with gage and ditferential versions.

integrated Sensorprobes are conventionally supplied with an external compensation moduie which provides
zero balance, and temperatura compensation. These modules contain only temperature insensitive tnim-
ming resi<tors ana do not need to be at the same temperatura as the transdgucer.

All transaucers .030" and larger are provided standard with an *M" screen. This is a protective mesh which
provides mechanical protection tor the pressure sensitive surface. in applications such as wing tunnels
whefe maximum protection trom particles impact i1s required, a "B’ type screen should be specified. This
screen has a penpnheral array of aperatures which provide increased particie protection while having a
minimai effect on frequency response.

The 093° and!arger probes are available in longer versions with internal compensation modules and shieid-
&d cables. Contact the tactory for turther information.

Kuliterecagmzes thatthe needs cf the test community are unigue. We have available a product support team
of engineers excernenced n this fieid ready to work with you 10 provide the proper instrument tor a given
application. Kuiite stanas ready to ofter in depth technicai assistance and rapid turnaround times when
required.
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ULTRAMINIATURE IS® PRESSURE TRANSDUCERS

CQ-030 SERIES
XCQ-050 SERIES

B 1/32”" Diameter

3 For Dynamic Use Only

B Smallest Pressure Sensor Available
B Available Gage (G), Differential (D)

030
—-i a'.’Zr_ 1 l’ ~O SCattn Frtisom retenecy e
i 210 1A 1" LD
1 mregaree
B e N~ — v
et woma 1 ﬁ e
* \ ]
3 | bt "1 3003 0ta %
oy e [ Hamtii0 COPRG apssuet INambLED COMER
o U0, WADs 14-1ONG ‘% seesie (EAGS i4 ARG =
:;:‘.‘2—, TEMON 4 114D =—————
SMUAAILD Wt ¢ (ONG 434 awG 1N C0e
WA AIED witt 5 (ONG
Bridge Type Fully active four arm Wheatstone Brndqge aiftused 1nto suicon Alaphragm

Rateqa Pressure ipsi)

100
(higher pressure ranges on request)

Qver Pressure (psi)

3 Times rated pressure with nO cNange 1n calibration

Temperature Range

Full Scaie Qutout (nom) 40mv

SV OCor AC
Excitation 7.5V max)
Input Imoedance imin} 000
QOutout imoeaance (nom) 7500
Camained
Nonunesnty and 1.0% BFSL
Hysteresis
Repeatadihty 0.5% FS
Natural Frequency 1500 kM2
2ero Baiance ‘ 10% FS
Camopensated 80°F to 180°F (25°C to 80°C)

Any 100°F range within the operating range on request

Qoerating
Temoerature Range

0°F o 2%0°F (- 20°Cto 120°C)
Temperatures 10 35Q°F (175 °Ci optional

Mazimym
Change of Sensitimty
wWitn Temperature

8%/100 °F —constant voitage excitation
4%/100°F —cONnstant current excitation

Manimum
Crange ot No-Load
Qutgut with Temperature

2 5% FS/100°F

Aesolution

Intimite
Acceteration Sensitivity
*% FS.q
Perpendiculas 001
Transverse 0002
Waergnt (Excluding Module 140 T
and Leaas) 1 Gram (nom) L 1
. . - - - . '-1
. - N - R LYl
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ULTRAMINIATURE 1S® PRESSURE

XCQ-062 SERIES

B 1/16” Diameter

Available All Standard
Pressure Ranges

\deai For Wind Tunnel
Applications .

Excellent Static And Dynamic
Performance

B Rugged )

Available Gage (G), Sealed Gage (SG),
Differential (D), Absolute (A)

U

TRANSDUCER

8 SCREEN STANDARD

ESSURE REFERENCE TU!E
6 Q0 al” LON

MAX
M SCREEN OPTIONAL PR
h I

—_

TEMPERATURE

COMPENSATION

MODULE
101A. 2 1" LONG

, 378 - 4 LEADS
TEFLON
REssuRe INSULATED
I #3160 Aw
AREA 028 DIA 24" LONG
4 LEADS
8316 AWG TEFLON
INSULATED WIRE 6 LONG
8ridge Type Fully active tour arm wheatstone 8nage dittused 1ntQ silicon giaohragm
Rated Pressure (03)) 23 S0 100 250
Over Pressure (p$1) 3 Times rated Oressyre with no change (n calibration
Fuil Scate Output (nom) 8smv 7Smv
X 5V DCor AC
Excitation (7.5V max)
Inout Imgedance iminy S000
Qu!out Impegance (nom) 7500
Comoinea
Nonuneanty and 0.5% BFSL
Hysteresis
Repeatadility 0.1%% FS
Naturai Frequency 500kMz 600KMHZ 1000k M2 1600n M2
Zero Baiance 3% FS
Camoensated 80°F 1o 180°F 125°C 10 80°C)
Temperature Range Any 200°F ranQe within the 0peraling range on request
Qperating —85°F 10 2%0*F (- 55°C to 120°C)
Temperature Range Temperatures to 350°F (175°C) optional
Mamimum
Change of Sensitivty 47 4/100°F —constant voitaqe excitanion
with Temgeraiure 2.5%/100°F —when excited 33 :n note |
Masimum
Chanqe ot No-Load 2% FS/100°F
Quiput With Temperature
Resolution Intinte
Accererahion Sensitivity
l/. ‘SV R N
Parpendicular 0002 00018 0001 00005 R NEEN
Transverse 00004 00003 00002 00001 o
weignt (Exciuding Moduie ! 141
ang Leaas 2 Gramnom)

MAte T Nran 3T 8 13V CONSIANT <OITIQR SOUIC WiiR I nA) OAMY 1A 301108 ® IR 1Re 118RITuCer
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HIGH SENSITIVITY ULTRAMINIATURE IS® PRESSURE TRANSDUCERS

XCS-062 SERIES HIGH |
XCW-062 SERIES LOW |

B High Sensitivity

MPEDANCE
MPEDANCE

B Superior Signal To Noise Ratio
B8 Static And Dynamic Capabnlity

B Wide Dynamic Range

B Available Gage (G), Sealed Gage (SG),

Ditferential (D), Absciute (A)

Q

T’["

8 SCREEN STANDARD
M SCREEN OPTIONAL

|

PIESSUIE IEFEI!NC! TUBE
z 1" LONG ;

TEMPERATURE
E‘OMFENSAHON

L
) DIA‘AJI " LONG

- 375" - 4LEADS
EFLON
;ﬂ'ﬁss’?ﬁ'\'f: l:l;gl. g&o
OlA A
AREA 028 24 LONG
LEA
nae AWG TEFLON
INSULATED WIRE & LONG
XCS-082 XCW-0682
Bridge Type Fully active four arm Wr 8nage aift nto cilaonragm
Rated Pressure 1031} [ 15 ' s 15
Cver Pressure (ps1) 3 Times rated pressurs with no change in calibration
Fuil Scaie Qutout (nom) 25mv 225mv I 125mv 225mv
13v OC or AC
Excitation 207 max)
Input imoecance imin) 12000 8000
Output iImpecance (nam) 25000 7%00
Comub:nea
Nonuneanty and 0.5% BFSL
Hysteresis
Repeatadility 0.1% FS
Natural Frequency 150%MHz 250xM2 l 150kMz 250k Mz
Zero Balance 3N FS
Comoensated 80°F to 180°F (25°C to 80°Ch
Temceraiure Range Any 200°F range wilhin ING COEraLING range on request
Qoerating -85°F to 250°F (- 55°Cto 120°C}
Temoerature Range Temperatures to 350°F (175°Ci optional
Maximum
Chanqe of Sensitivity 2 2%N00°F
With Temoerature
Mazimym
Change of No-Load 2 2% FSI100°F
Quiput witn Temoeralure
Resolution inhinite
Acceteration Sensiivily
*s FSiq
Perpenaicular 005 002 005 002
Transverse 0005 0002 000% 0002
Weignt (Excluding Modute !
ana Leads) 142 2 Gram (nom)

MIQREY DrES8uIe 181Qe8 8VEII8DI0 LOON reguest

ePMcmm o cammar rae e
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MINIATURE IS® PRESSURE TRANSDUCERS

XCQ-080 SERIES
B 2mm Diameter

B Static And Dynamic Capability
8 High Natural Frequency

B 15 Year History Ot

Successful Applications In
Wind Tunnel And Flight

Test Programs

B Excellent Linearity
B Available Gage (G), Sealed Gage (SG),
Ditterential (D), Absolute (A)

M SCREEN STANDARD
PRESSURE REFERENCE TUBE

028 001" LONGX

TEMPERATURE
COOMPE’;SAIION
_— — MODUL
X I DlA. % 1" LONG
25 LEADS
PRESSURE ?EFLON
isrzina;g INSULATED
836 aWG
24" IONG

4 LEADS
3 36 AWG TEFLON
INSULATED WIRE 6 LONG

Bnage Type

Fully active four arm Wheatstone Brnidge diftusead into silicon giaonragm

Rated Pressure 1031)

25 S0 100 250 $0Q

Qver Pressure (p31}

3 Times rated pressure with no change n calidration

Fuil Scale Outout (nom) 65mv 7Smv 100mv 100mv 100mv
SV OC or AC

Excration (7.5V max)

Inout imoegance tmim 6000

Qutput impecance inom) 7500

Comoined

Nonnneanty and 0.5% BFSL

Mysteresis

Repeatabiiity 0.1% FS

Natural Frequency 200kMz 290kH2z J60kHz $70kMz 81ChM2z

Zero Balance I% FS

Comopensatea
Temperature Range

80°F 10 180°F 125°C 1o 80°C)
Any 200 °F range within the operating range on reques!

Coerating
Temperature Range

-85°F 10 250*F { - 55°C to 120°C)
Temperatures 10 350 °F (175°C) ootional

Maznimum
Change of Sensitivity
witn femperature

1.5%/100°F when excited as in note |

Masnimuym
Chanqe of No-Load
Qutput vaith Temperature

5% FS/N00°F

Resolution

Intimte
Acceteration Sensitivily
* FSig
Percendicular 0002 0001$ 00009 00005 00004
Transverse 00004 00003 000018 00001 0000C3

Waerght (Excluding Module
ang Leaas)

143 2Gram (nom)

L Y Y R N LI PRy




STANDARD VERSION MINIATURE IS®* PRESSURE TRANSDUCER

XCQ-093 SERIES

B 3/32" Diameter
B Industry Standard
H Superb Stability
B Program Qualitied In U.S.A.
And Europe
B Size And Shape ideal
For Incorporation In User
Designed Probes
B Available Gage (G), Sealed Gage (SG),
Dittferential (D), Absolute (A)

- 093 M SCREEN STANDARD
l PRESSURE REFERENCE TUBE
228 « " LONG
TEMPERATURE
- — COMPENSATION
- e~ MODULE
S I DIA. 5 1" LONG
| |- s -
PRESSURE S LEADS
SENSITIVE TEFLON
AREA 038 DiA. INSULATED
836 AWG
24°LONG
4 LEADS
236 AWG TEFLON
INSULATED WIRE 6 ' LONG
B8nage Tyoe Fuily active four arm Wheatstone 8ridge giftused into suicon diapnragm
Rateq Pressure (psi) 25 S0 100 250 500
Qver Pressure (ps1) 3 Times rated pressure with no change in calidration
Full Scale Outout (nom) 85mv 75mv 100mv 100mv 100mv
SV OC or AC
Excitation 7.5V max)
Input Imoedance (min) 6000
Cutout impegance inom) 7300
Compined
Nonunearity and 0.5% BFSL
Hysisresi3
Repeataoihty 0.1% FS
Natural Frequency 200kMz 290kHz J60kHZ STORHZ 810kHz
Zero Balance I FS
Comoensated 80°F to 180°F25°C 10 80°C)
Temperature Range Any 200°F range wilhin ihe operating range on reqguest
Operanng -65°F to 2%0°F (- S5°C 10 120°C)
Temperature Range Temperatures to 350°F (175°Ci ootional
Maxsimym
Chanqge of Sensitivity 1.5%/100 °F when excited as in note |
with Temperature
Manmum
Cranqe of No-Load $% FSI100°F

Outout with Temperature

Resoution Intinite

Accereration Sensitivity
)

“ FS,

Peroendicular 0002 00015 00009 00003 00004
Transverse 00004 00003 000018 00001 J

Weignt i€ xciuding Moduile RSN
and Leads) 144 4 Gram inom) AN

NOT® ! Anen LIing 4 15V cORSIaAr vO/IEQ SOUICE WA 1500 ONMY 11 101/@S mitA 1A 11 ANIAUCE! -

Pmeia .
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HIGH SENSITIVITY MINIATURE IS® PRESSURE TRANSDUCERS

XCS-093 SERIES HIGH IMPEDANCE
XCW-093 LOW IMPEDANCE :

B 3/32" Diameter 2. .

B High Sensitivity :

B High Signal To Noise Ratio

B Static And Dynamic Capability

B Wide Dynamic Range

B Available Gage (G), Sealed Gage (5G),
Ditterential (D), Absolute (A)

M SCREEN STANDARD
: PRESSURE REFERENCE TUBE
323 2 I LONG

N

TEMPERATURE
COMPENSATION

OULE S
! DIA. 2 1" LONG oSt

|- s -
Ling . |
PRESSURE S LEADS
SENSITIVE TEFLON o
AREA 038 O1a INSULATED Jan
836 AWG -
24°LONG . .
4 LEADS - .
%36 AWG TEFLON ) S
INSULATED WIRE 6 LONG o

XCS-093 XCW.093 RN

Bricge Type Fuily active tour arm Wheatstane 8niage ditfused 1nta silicon giaphragm

Ratea Pressure (0sH L) 15 23 sg* ‘ 5 15

Over Pressure ips1} 3 Times ratea oressure with no change in caiibration

Futl Scaie Outout inom) 225mv 228mv 300mv 300my [ 150mv 200mv

18V OC or AC

Excitation (20V max)

inout Imoegance mnt 12000 8oon
Qutout tmpegance inom) 25000 7501

Compinea
Nonnneanty ang 0.5% BFSL
Hysteresis

Regeatatinty 0.1% FS

Naturai Frequency 100kHz 150kHz 200%M2 275nMz 100k H2 150kHz

Z2ero Barance 3% FS

Comoensated 80°F to 180°F 125°C 10 83°C)
Temperature Range Any 200 “F range wittun the operating range on reqguest

QCoerating -65°F 10 280°F (- 55°C to 120°C)
Temperature Range Temoeratures 10 350 °F (175 °C) cotionat

Maxumum
Change ot Sensitinty 22%/100°F
win femperature

Manumum
Crange ot No-Load + 2% FS/100°F
Qutoyt viiin Temperature

Resotyt on Int:rite

Acceieration Sensitivity
*e FSig
Perpenaicular 003 002 0016 001 008 002
Transverse 0003 0002 00016 0001 0005 0002

weignt (€xciuding Modute
and Leacs) 145 4 Geam inomy

8 CMgRer 0resSur® r8NGeS 8v81A0010 VOON 10QUeS] ) ”
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HIGH TEMPERATURE MINIATURE IS® PRESSURE TRANSDUCER

XCE-093 SERIES
B 3/32” Diameter

B New Product 1980’s Technology

B Wide Temperature Capability
-~ 65°F To 525°F

B Available Gage (G), Sealed Gage (SG),

Difterential (D), Absolute (A)

l

—=d 093 M SCREEN STANDARD

PRESSURE REFERENCE TUBRE
229 « M LONG

TEMPERATURE

)
N

COMPENSATION
MQDULE
| DIA 21" LONG

a7s

I )
PRESSURE 5 LEADS
SENSITIVE TEFLON
AREA 038 DA, INSULATED
%36 AWG
24" LONG
4 LEADS
236 AWG TEFLON
INSULATED WIRE & LONG
Broge Tyoe Fully active tour arm Wheatstone 8riage diffused 1nto s1Hicon araohragm
Ratea Pressure (s} 25 L 100 280

Qver Pressure (psy)

3 Times rated pressure with no change in cahbratuon

Fuil Scaie Outpuyt (nom) Somv

Change ot Sensitnity
with tempers yre

100mv 100mvV 100myv
13V OC or AC
Excitation 120V max}
Inout iImpedance imim) 10000
Output Impecance (nomj 7500
Combined
Nonuneanty and 0.5% BFSL
Hysteresis
Repeatadiiity 0.25%
Natural Fveoucncy’ 200kHz 290k I60kH2 S10xmMz
Zero Batance $% FS
Caomopensated 80°F 10 450°F (25°C 10 215°C)
Temperature Range
Qoerating ~65°F 10 525 F (- 55°C10273°C)
Temoerature Range
Mavimum

Within 10% over compensaled range

Masimum
Change of Na-(oaa
Output with Temoperature

Within 20% over compensaled range

Resolution

intinite

Accereration Sensitivity
*e kS q

Perpenaicutar 0002 00013 09 0000
transverse 00004 00003 %'5 12
Wegnt 1€ rCtuding Moduie
and Leadn “ 146

4 Gram inom

TSAGIIEr 07 1GAQEr 9AGINY see-00:0 0N reGuES!




P T TS W W v W« v T

b

&~

SHORT LENGTH IS® PRESSURE TRANSDUCERS

CQ-140 SERIES
XCQ-152 SERIES

.140” And .152" Diameter

B High Natural Frequency

& Available 5 PSI to 500 PSI

8 Short Body )

Available Gage (G), Sealed Gage (SG),
Difterential (D), Absoiute (A)

CQ-140 XCQ-152
ncrivo
ON mas
\l"”—' 179 PeRSIee MrteENCE Tuse
0108 + ' LIOMG
@ ~adhd 2T 62 00 —= TEMPERATLEE COMSEMAATION
= “QOUE | Jia s) 10k
> == ==
ek e S LS e 1A
3 LEADS TEMON
SCREENED VERSION WURLID 8 )0 anG 247 1OMG L 5 16408 1UADS e
24Pt ;‘:‘CO:I.!: !,!‘m,w NS AILD wat o LONG
| o
o | T o]
T 7 b
193 128 “o
‘ 1
L::: 5:::: Of  Orma OHmENsIOND 43 P28 CO 140!
8ndge Type Fuily active four arm Wheatstone Bridge diffused into siiCon dlaonragm
Rateg Pressure (ps1) s 10 i) 50 100 2% 500
Qver Pressure (D) 3 Times rated pressure with no change in caibration
Fuil Scale Qutout (nom) 100mv
10V DC or AC
Excitation 115V max)
input imoeaance (miny soon
Qutput iImpegance (nom) 3500
Comoinea
Nonuneanty and 0.5% BFSL
Hysteresis
Repeataoiiity - 0.1%
Natural Frequency 70kHZ 70kHz 100kHZ 130kH2 160kHz 240kH2 IS0kHZ
Zero Batance 3% FS
Comoensated 80°F to 180°F 125°C 10 80*C)
Temperature Range Any 200°F range within the 0p @ range on request
Ooeraning -85°F to 250°F ( - 20°C to 150°C)
Temperature Range Temoeratures 10 350°F (175°C) optionai
Maxnmum
Chanqge of Sensiinity = 2%1100°F
Witn Temperature
Mazimum
Change ot No-Load =1% FSI00°F
Output Wiin Temperature
Resolytion Infrrite
Acc‘asalcunon Sensitivty
",
Perpendicular 002 001 0008 0004 0002 0C012 00009
Transverse 0004 0002 000" 00008 000C ¢ 000024 000018
Waignt (Excluding Moduie
ana Leaads 4GraminomCO.140 147 8Graminom XCQ-152
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HIGH TEMPERATURE IS® PRESSURE TRANSDUCER

XCE-152 SERIES
B Wide Temperature Capability \‘\
- 65°F To 525°F )
R High Natural Frequency
B Extra Low g Sensitivity ,
B Advanced Dielectric Technology N
B Available Gage (G), Sealed Gage (SG), )
Ditferential (D), Absolute (A)
l--— 300 —-1
TEMPERATURE COMPENSATION
T MQDULE | DIA. 21" LONG
152 ‘ I
L Z: EADS 4 LEADS
M SCREEN TELFLON 36 AWG TEFLON
STANDARD INSULATED INSULATED WIRE 4" LONG
PRESSURE 236 AWG
SENSITIVE G
AREA 073 DIA. 247LON
8nioge Typs Fully active toyr arm Wheatstone Bnage aittused into siicon Giapnragm
Rated Pressure (ps1) 3 S0 100 250 500
Cver Pressure (psi} 3 Times rated pressure with no change in cahibrauion
Fuit Scale Qutput (nom) S0mv 100mv 100mv 100mv 7¢mv
18v OC or AC
Excitation 20V ma'n 1({;0?;: moale‘c
Inout imoedance iMn) 20000
Qutput Impecance inom) 10000
Comoinea
Nonnnearity and 0.5% BFSL
Hysteresis
Repeatadility 0.2*4 FS
Natural Frequency 100k HZ 100kH2 130kHz 240kH2 350kHZ
Zsro Balance 5% FS
Compansated 80°F 10 450°F {25°C to 235°C)
Temperature Range*®
Qoerating -685°F 10 525°F (- 38°Ct0 273°C)
Temperature Range
Maumum
Change of Sensitivity © Within 5% over compensated range
Wiln Temoperature
Magimym
Change ot No-Load 2% FS/100°F
Qutout wWith Temperature
Resolution intinne
:cc!slﬂllwﬂ Sensitivity
Perpenaicutar 000s 00028 0002 00014 00008 -
Transverse 0001 €708 00004 00002 00018 .
Wergnt (Excluding Modul
andLeaas) e 1 48 6 Gram inomy

‘Compensated tempersture tanqe 10 525°F avsieoie
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TYPICAL PROBE CONFIGURATIONS

Integrated Sensor Pressure Transducers are ideally
suited for adaptation into custom packages.

The probes illustrated represent a sampling of hundreds
of probes designed together by Kulite and our customers
to mest a specitic application. They are representative of
our ¢apability to provide custom instrumentation suited
to the needs of the user.

ORDERING INFORMATION

Probes should be ordered by type, and reference must be
made to the relevant electrical performance specifica-
tions, for exampie:

XB-4-062 Mechanical Configuration
XCW-082-5 Performance Specification

_ 2
e -
e —— F-——
] ———— ]
| —— = "4@5_‘
Y
v

— e - oy e -,

mu 'l
2y,

X8-082

o -

ca LCH W §
r Nax

e T
—n— E§§

Specitications see: XCQ, XCXCWO82

X800
(SR
= =
S
00
{ i
i W
\nessun
REFERENCE
use
50
LI
scxmv—j o

Specificstions see: XCQ. XCSIXCW033

XD8082
SrEaov $tare e
R S L
- =,
1
_ —t- =
4’*\"0‘ =OOME
Soecifications see: XCO. XCSXCW.082
Yac-2%0
e ——————] R
= G pu 3 ]‘:’
4
< e 0% 1
030 QO PeeSsuee \ 1 }
"(S;uli kjli

REFEAENCE TUBE
COMPENSATION mODULE

350 O1Aa ¢ 5 LONG
‘ 50—

Scecihcations see. CO- 140

XQ-083

PRESSURE REFERENCE TUBE

———r -t

E—ﬁ
b COMPENSATION
MOOULE
w
i S
e 93 Ola.
SCREEN-

Soecitications see: XCO, XCSXCW033
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XS080 : XC-5:093 - -
PRESSURE REFERENCE TUBE [—-—! Mo Ko .
COMPENSATION MODULE jz 1 I
?:, ‘01 w0 )
q : r 1 ' C
.- ——— e 30 - —— - '
repy Rt —
I’ epspetnce Tust
COMPNSATION wOOKE
0 v
— [~ 093 DIa Soecihications see: XCQ. XCS/XCWLI3
XC-4-093 — HECEISEO DlamrtaCm -_— ) -
AND SCUEEN ————
; ) — —
A [ .
20 X T ‘/’//?\3 ;
- 0‘0-—~',-—-i- R [ :rz ! ' ooy aza by
. scaeen’ f ; = — N
i -t - : i
. Soecitications see: XCQ-080 l.:l . . 300 ——-- - =
o - -
‘ Xs-093 PRESSURE REFERENCE TUBE SErERENCE rat |
ECOAF!!N&A"ON MODULE COMMNSANION wODAL
Soecitications see: XCQ, XCS/XCW093
X08-3093 ”
=  —ovi0m r‘1 Qmmaion
@ moo\ [ -_ ~
—_ — ‘ — St
, |y ‘ . E se3sng
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foi 150 T
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Specihications see: XCQ, XCSXCW-093

YC-093

175

e

1y — 093 D1A
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Soecihications see: XCQ, XCS/XCW092

< 028 REPERENCE TUBE
(]

COMPENSANION MOOULE

XC-10093
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Specitications sge: XCO. XCSIXCW 093
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Soecihications see: CQ-140

o ——
Soeciications see: XCQ, XCSXCW.093 XC-70-130
b XC-77093 o ;
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APPLICATION DATA

MOUNTING

Integrated Sensor pressure sensing probes are suitable
tor mounting in a variety ot installations. The transducer
should be soft mounted if it is to be removed at a later
date. These transducers have a minimal case sensitivity
ang hard mounting with epoxy is acceptable. Some
typical instatiations are shown below:

END MOUNT
SICONE RUBABER (eq: RTV
0OW CORNING 145}
= -—

096°3%

FLUSH MOUNT

7

SILICONE RUBBER{eq: RTV
.~ DOW CORNING Ji45)
]

== bt P

SIDE MOUNT

MUCTUATING PRESSUN OSWICE
/ 7 STRAQVY STATE PRRISURE ORWCR

wematuee /
N\ R,

The external compensation module cantains only tem-
perature insensitive resistors andneed not be in the
same temperzture environment as the transducer and
may be mounted at any convenient iocation.

These probes are particularly suitable for rake fabricatior,
Two techniques which have been very successfully
employed are shown below:

£ —
OYNAMIC PROSE
s
.: COmmcron ;..
-b_  — .!-f__).
el . H = i ——
_%_-E—J Eee— St

Zﬁ’! ADY STATE
O

™ttt (EADNG €OGE FamG

/nu nary

“»oee

S COMPENSATION mOOULE
Loaxe mare

PARTICLE IMPACT AND THERMAL
TRANSIENT PROTECTION

The Kulite Integrated Pressure Probes have found a wide
apptication in wind tunnel, engine and flight test work. in
certain applications such as total pressure measure-
ment in supersonic wind tunnels, it 1S desirable to pro-
vide means tor protecting the diaphragm.

Two basic methods used for protection are:
1. Coating the ciaphragm with a protective layer such
as Silicone Rubber, RTV, Silastic, etc.
2. Shielding the diaphragm with a pertorated screen.

Typically, both a protective layer and screen are utilized.
Many versions of the Kulite Pressure Probes with protec:
tive devices arecommoniy empioyed. They have satisfac-
torily performed under the most severe conditions and
have resisted particle impingement in supersonic wind
tunnei work, The data available indicates that the most
eftective method for general purpose protection 1s the
use ot both a protective coating ana a pertorated screen.
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R COATING

- The naterial used by Kulite to coat the diaphragm is
o RTV-511, manufactured by General Electric. It has a low
modulus of etasticity and is easy to apply. Generally a
nominal thickness of .003” is used.

Tests indicate that the protective layer does not
significantly change the static or dynamic character-
istics of the transducer. A slight deterioration in the ac-
celeration sensitivity of the transducer is to be expected.
However, since the inherent acceleration sensitivity of
the uncoated units is extremely low, the coated units still
have an acceleration sensitivity superior to other com-
merciaily available miniature pressure transducers.

All Kulite Transducers can be supplied with RTV coating
at no extra charge.

SCREENS
Two types of screens are available from Kulite.

n “M" TYPE SCREEN
o This screen consists of a .005” thick fine metailic mesh.
The hole sizes are .006° diameter.

“B” TYPE SCREEN

This screen consists of a .005” thick plate with .006°
: diameter holes positioneg on a circle. The diameterof the
. circle is greater than the active diameter of the dia-
‘ phragm. This arrangement eliminates any possibility of a
B particle penetrating through the holes and hmmg the

unclamped portion of the diaphragm.

These screens are mountedin a screen holder whichisin-

stalled on the transducer housing in front of the dia-

phragm. The minimum distance between the diaphragm

and tha screen is .005". Other distances may be used in

‘ accordance with appiication requirements. Distances of

. 006~ and .013” between the giaphragm ang screen are
used in the stancard Kulite probes.

v Most Kulite integrated Sensor Pressure Probes are sup-
: plied standara with an “‘M™ screen. “B" screens may be
ordered as an option.

’__—_——g\

N ,
Test resuits indicate that the screen assembly does not
cause a deterioration in the static performance of the
transgucer. Furthermore, it coes not have any effectonthe

dynamic response from 20 Hz to 20 kHz as shown in the
curves of Figures 1 and 2.

Figure 1 is obtained dy subjecting a CQL-080-25 trans-
ducer fitted with 3 screen assembly. 1o 3 constant sound
pressure fietd of 140 dB acoustic over a frequency ranqe of
20 Hz 10 20 kH2. The souna pressure tietd and the resuitant
dynamic response curve indicated that the transducer's
response s flat.

Thecurves shownin Fiqure 2 were obtained using an air jet
which proguced a white noise spectrum. The transducer
both with and without a screen assembly was subjected to
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the air jet at angles of 0° and 30°. The transducer output
was subjected t0 a narrow band analysis which estab-
lished that up to 30° angle of attack there were no notice-
able effects.

The screen assembly can be supplied either permanently
mounted on the transducer or separately for apglicat:ons
where it is desirable to have a removable screen.

Screen assemblies for standard Kulite pressure sensors
and probes may be obtained at a smail additional charge,
For additional details, contact Kulite Semiconductor -
Applications Ergineering - telephone (201) 945-2000.

FIGUREI

Note All i L -e

FIGURE 2
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64 Series

HEAT FLUX TRANSDUCERS

for the DIRECT MEASUREMENT
OF HEAT TRANSFER RATES

* LINEAR QUTPUT
* QUTPUT DIRECTLY PROPORTIONAL TO HEAT TRANSFER RATE
* ACCURATE, RUGGED, RELIABLE

* COMVENIENT MOUNTING

* UNCOOQOLED VIODELS, WATER COOLED MODELS, GAS PURGED MODELS

* RADICMETER AND LIMITED VIEW ACCESSORIES
" MEASURE TOTAL HEAT FLUX
* MEASURE RADIANT HEAT FLUX

* REMOTE IEASUREMENT OFI?AJRFACE TEMPERATURE
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64 Series

DESCRIPTION

MEDTHERNM 64 Series Heut Flux Transyucers of ter dependable
dwect measurement of heul transfer rates in 3 vanety of aoplica-
tons due 10 carefyl design, rugged yuality construction and
versatile mounting conhguration. Each transducer will proviae 3
self-generated 10 mihvolt output at the design heat flux level.
Continuous readings trom zera to 150% 'des-qn heat ux are
made with infinite resotution. The transducer output is directly
ProporLonat 10 the net heat transfer rate Jbsorbed by the sen-
sor. E.cn transducer s provided with 3 certified cahbration
tracasbie through temperature standards 10 the Nauonal Bureau
ot Swunuards. These trunsducers have been proven in thousands
of anplcanons \n aerospace Jpplications, heat transfer research,
and baorer yesign.

FEATURES

LINEAR QUTPUT

QUTPUT PROPORTIONAL TO HEAT TRANSFER RATE
ACCURATE, RUGGED, RELIABLE

CONVENIENT AMQUNTING

UNCOOLED WATER COOLED GAS PURGED MODELS
RADIOMETER AND LIMITED VIEW ACCESSORIES
MEASURE TOTAL HEAT FLUX

VEASURE RADIANT HEAT FLUX

* REMOTE MEASUREMENT OF SURFACE TEMPERATURE

.

CONSTRUCTION FEATURES

ACCURACY., RUGGEDNESS AND RELIABILITY are prowid-
#d Ly the thoroughiy proven Gardon and Schmiat Boelter sen-
sors.

LONG TRANSDUCER LIFE AND SIGNAL STABILITY ure
enhanced Ly the massive bod of pure copper, goid plated to
protect Jgainst COfrosiION, CONLIMINALION, Ind ¥xcess rochant
heat Jbsorptiun By tne heat sink.

PROTECTION AGAINST ROUGH HANDLING in mounting is
orovided by J staintess steel flunage when specihied.

SIGNAL INTEGRITY s prutected by the use of weided con-
nections, stranged lead wire with birailed cupper shielding and
tefton snsuldtion firmly secured in the transducer body 'vith
strain reltet 10 ensure resistance to rough handling and stray
ugrals.

ACCESSORIES

REQVABLE SAPPRIRE WINDOW ATTACHMENTS ure avail-

3bie "o hinut the basic transducer (o megsurement of radistion
neat iy only

VIEW RESTRICTOR ATTACHMWENTS ure avadable to it
the ungle ot view tor the busic transducer to 609, 309, 15 °, or
70 toe nirrow view ungle medsuremente

DIRECT READING HEAT FLUX “1ETER “logel =.200 s
vakatie for direct mptar coauuul o any Neat Cltyx umits from
uny Linear neat Hux tramsgucer nput. A 0-1 volt recarder oyt-
putHs uiso prowided. Ask tar Butletin 700

80DY TEVWPERATURE THER''OCQUPLE me syrsment s
Drovised LUy un DGRl cNpPer constantan X} S G solnd cone
ducrnar thermncoupie, TIG ~elded junction, vith Niberglass an-
swlation and metallic avertraid

[P R SPUE T WOV B S Tt Sl T WD S w2

.y
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HEAT FLUX TRANSDUCERS

OPERATING PRINCIPLES

The 64 Series transducers are of two basic sensor types, the
Gardon type (5 10 400C BTU/tt2.sec) and the Schmudt-Boelter
thermapile type (0.2 10 5 8TU/1125ec). In both type sensors
reat Hux 1$ absorbied st the sensor surface and s transferred to
an (nteqgral heat sink which remuains at J temperature below that
of the sensor surface. The difference 1n temperature between
two points giong the path of the heat flow from the sensor 10
the sink 15 proportional 10 the heat bemng transterred, and, there-
fore proportional (0 the heat flux being absorbed. At two such
paints, MEDTHERM transducers have thermocouple junctions
winch torm o difterential thermoelectric circuil providing a seif-
Jenerated emt bLetween the w0 Output feads directly propor-
tional 10 the neat transier rate. No reference junction 1s needed.

Gardon Gauges absorb heat i a thin metallic circular foil and
tronster the heat radially (paraliel to the absorbing surface) to
the heat sink artached at the periphery of the foil, the difference
In temperature s taken between the center and edge of the foil.

Schridt-Boeiter gauges absurb the heat at one surface and trans-
fer the heat in 3 directi. n normal 1o the absorLing surtace, the
difference n temperuture 1s 1aken between the syrtace and a
piane benesth ne surface.

OPTIONAL FEATURES inciude tour mounting configurations,
water cooling provisions, gas purge Provisions, or thermocounies
for bady femperature measurement. Watee cooling should de
specitied «f the uncooied transducer s expeclead 10 raach Jpove
4000F.

The gas purqing provision shoukd be ingluded 0N raciation *- 1Ns
ducers 1o be used in 4 souty environment The MEDTHER®!
purge 15 desianed tu puss nand NASA pertormance rests aatn
fuel-rich oxy-acetylene flumes directed toward the window ut
cluse range.

STANDARD CONFIGURATIONS

The Lusic transduce: may Le selected with wither ot toayr mognr-
ing cunfigurations und with o cathout Poviions o1 water
covhing of trunsaucer body It May Liso Le provided with Jas-
BOUS PULAING 1O hee the (adigtion-ransmMITting Wingow clean,
Lut when the pur@ing Orovist 1S INcluded. the vndow 1§ 1n-

Storted LN IS DOT 1Y CCRSS0r Y

RADIOMETER WITH GAS PURGING PROVISIONS




The four available mounting configurations are illustrated below. There is the smooth body with flange, the threaded body with flange, the
smooth body wathout flangs, and the threaded body without flange. All mounting Hanges are 1.75* dia. with .150** dia. mounting holes equal-
ly spaced on a 1.38" dis. bolt circle. Water cooling tubes (when specified) are . 1/8" dia. stainiess steel and gas purge tubes are 1/8" dia. stain -
less stael. All tubes are 2" long. The threaded transducer bodies are 1-12 UNF-2A threads.

=1

wreneh
tlat

SMOQTH BOOY WITH FLANGETHREADED BODY WITH FLANGEJSMOOTH 800Y, NO FLANGE

THREADED BODY, NO FLANGJ

VERSION MODEL NO. VERSION MODEL NO. VERSION MODEL NO. VERSION MODEL NO.
BASIC, BASIC, BASIC, 8ASIC,

NO COOLING 64-xx-16 NO COOLING 64-xx-17 NO COOLING 64-xx-14 NO COOLING 64-xx-15
WATER WATER WATER WATER

COOLED 64-xx-20 COOLED 64-xx-21 COOLED 64-xx-18 COOLED 64-xx-19
RADIATION, RADIATION, RADIATION , RADIATION,

PURGED PURGED PURGED PURGED

COOLED 64P-xx-24 COOLED 64TP-xx-25 COOLED 64P-xx-22 COOLED 64TP.xx-23
SAPPHIRE WINDOW ATTACHMENT may be added for elimi- SPECIFICATIONS

nat:on of convective heat transfer, thus making the transducer a
radiometer or radiation heat flux transducer. Three view angles
are available: 909, 1209, and 150°. \Windows are removable
and replaceabie by user. When the window 1S used the sensitivity
of the basic transducer I1s reduced to a nominal fraction of the
onginal as follows: 900, 43%. 1209, 64%. 1500, 79%. Thick-
ness of the attachment varies with view angle and sensor type

from 1/16” to 3/8".

BOOY STYLE 0"

~
| SMOOTH 1.0 NO  SW-1.YY
gy THREADED 84 NO SW-2.vY
® 2 ] SMOOTH 1.0 YES SwW-1C-yY
.L THREADED 84 YES SW-2C-YY

CALIB? MODEL

VIEW RESTRICTOR ATTACHMENTS for Limiting the area
view Or seen by the sensor are sometimes destred for making
radhation Of remote temperature Mmeasurenments.

“I‘
i
|
B
|
|
AT ]
B - —
Hgearsromes a &
VIEW NOMINAL % BASIC *AODEL
ANGLE - SENSITIVITY NO.
79 3.9 3°, VR7
15 23 1.7 VR-15
2 16 6.6 VR-30
12 250 VR eoJ

P T G S R S T T S0 S
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RANGES AVAILABLE: 4000, 3000, 2000. 1000, 500. 200,
100, 50. 20, 10, 5, 2, 1, 0.2 BTU/ft2-sec. design heat ftux
level.

OUTPUT SIGNAL: 10 milwolts = 1.5 muilvolits at fuil range.

MAXIMUM ALLOWABLE OPERATING BODY TEMPERA.
TURE: 40Q0F,

OVERRANGE CAPABILITY: 150" tor 5.2000 BTU. ft2-sec
ranges, S00% for 0.2-2 BTU/1t2 sec ranges.

MAXIMUM NON-LINEARITY

REPEATABILITY  +1/2%

ACZURACY: ! 3% for most ranges

CALIBRATION: Cerufied calibration provided with each trans-
ducer.

SENSOR ABSORPTANCE. 927, nomnal, from 0.6 to 15.0
microns.

SPECTRUM TRANSMITTED BY SAPPHIRE WINDOW (When
used): 85% nominal trom 0.15 1o 5.0 microns.

LEAD WIRE 24 AWG stranded copper, two conductor, tetlon
insulation over each, metalhic overtiruwd, tetlon overail, 26~
lona, stripped ends.

RESPONSE TIME (63.2".)
500 to 4000 BTU/trsec

50 to 200 BTU/M Zsec
St 20 8TU M sec
0.2 10 2 BTUMsec

SENSOR TYPE
510 4900 B TU/NiTsec Guardan Guauye
0.2 104 BTU H1dser Schmudt owtte

NOMINAL IMPEQAMCE
Less than 10 (hms on Guedon Gauges

(e 7

-2

of fuil range

less than SO msec
088 than 100 rmsec
200 insee,

fess (than
tess than 1500 msec

Less than 100 onms aa Scnmaitt Boetler Gauaes
Amount at hedt which (un be absarbied by tensducer 0 L0
Ad1UL L TuerteCtly ansyiated theren iy b fnstadbalony fetien g
ceeding tne 400YF himitatinn

Vodeis withnut o ater cooting provisions 1 0207

Vodels with water conhinn Dravision bt ohogt o ter A

puskiges 47 OTUY

CAARIMUM LS BEASSUCR Tar g st v hiedg RITYIN]
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ORDERING INFORMATION:

TRANSDUCERS

DESCRIPTION I MODEL NO. ] PRICE

Se800s00000000000000000¢+0ASIC TRANSOUCER, NOWATER COOLING PROVISIONS?®*ccccsscoscssssessosees

LI
Vol
v e

. SMOOTH BODY. NO FLANGE 84.xx-14 $225.00 -
THREADED BODY. NO FLANGE 64.xx-15 $245.00 )
SMOOTH BOOY. WITH FLANGE 64-xx-18 $235.00

THREADED BOOY. WITH FLANGE 64-xx-17 5250.00

8000000000000 00000s0s00e BASIC TRANSDUCER WITH WATER COOLING PROVISIONS®®%*0vcscscocccssssccsse

SMOOTH BODY, NO FLANGE 64-xx-18 $310.00 .
.. . "q
THREADED BODY. NO FLANGE 64-xx-19 $330.00 ey
SMOOTH BODY. WITH FLANGE 64.x-20 £315.00 R
THREADED BODY,  WITH FLANGE 64.xx-21 $340.00 .
seeesasccess 2*RADIATION TRANSDUCER WITH GAS PURGE AND WATER COOLING PROVISIONS®®2cscesssse . I "]
SMOOTH BODY, NO FLANGE B64P.xx-22 $385.00
THREADED BODY. NO FLANGE 64TP.xx-23 $410.00.
SMOOTH BODY, WITH FLANGE 84P-xx-24 $400.00
THREADED BOOY. WITH FLANGE 84TP-xx-25 $430.00 )
]
1. Specity mods! number. T th
2. Insert desired design heat flux level in place of xx in the modet number, in BTU/ft2sec. tot :
3. Add $100.00 to basic price for 0.2 BTU/ft2sec range. B
4. For body temperature thermocoupie on any of the above transducers, add “T” 10 model number and $S20.,00 to price. J
<
‘

ACCESSORIES

DESCRIPTION MODEL NO. PRICE
SAPPHIRE WINDOW ATTACHMENT w/o CALIB. SW-1.YY or SW-2.YY $50.00
SAPPHIRE WINDOW ATTACHMENT w/CALIB. SW-1C-YVY or SW-2C.YY $95.00
VIEW RESTRICTOR ATTACHMENTS VR-7.VR-5, VR-30, VR-60 $70.00
VIEW RESTRICTOR ATTACHMENTS, WATER COOLED VRW.7 VRW-15.VRW-30,VRW-60 $120.00
DIGITAL HEAT FLUX METER H~-201 $695.00
RECALIBRATION OF TRANSOUCER ALL 64 SERIES $70.00

TO SUBSTITUTE WINDOWS INSTEAD OF SAPPHIRE AT ADDITIONAL COST

QUARTZ ADOD $5.00
CALCIUM FLUQRIDE ADD 535.00
KRS-5 ADD $85.00
KQDAK IRTRAN 2 ADD $40.00
BARIUM FLUORIDE ADD $45.00

OTHER WINDOW AND FILTER MATERIALS CAN ALSO BE SUPPLIED ON REQUEST.

In addition to the size ranges offered «n the 64 Series Heat Flux meter), as well as flat and rectangular transducers of 3 variety of
Teansducers (1 1nch Dasic ciameter; MEDTHERM offers the 8 sansor types. We soecialize 1n the rapid design and manutacture
Series (1/8 \nch basic diameter), the 16 Series 1/4 inch basic dia- of custom hest flux transgucers for your particular applications.
meter}, the 24 Sertes (3/8 nch basic cameter), the 32 Series Write or call the factory for recommendations and price quota-

{1/2 \nch basic iameter), and the 48 Serres (3/4 inch basic dia- tions for your requirements.

. Bulletin 118

MEDTHERM -

CORPORATION 157
POST QFFICE 3CX 112 . HUNTSVILLE, ALABAMA 35804 , TELEPHONE (2C5) 337-2000
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Piezo-Instrumentation
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Conternoorarv engmeenng would be unthinl
able without the measurement and analysu
- of vibration. .-<ix7my v e

P-uoelecmc ms(rumenteuon is based on tho Quartz accelerome(en consist essemlally of
piezoelectric effect discovered by the Curie .| three elements: the transducer body, quartz
brothers in 1880: the surfaces of certain ..., 3 sensing element, and seismic mass. The --:..
crystals become charged eiectrically when sensing element is preioaded between the The KISTLER transducer product line offers
the crystal is loaded mechanically. Quartzis | transducer body and the seismic mass by a the right accelerometer for practically every
an excelient piezoeiectric material. The follow- : preloading element. Because of the constant | measuring problem. In addition to the stand
ing properties make it pamculerfv nded for _ [ seismic mass, the force acting on the measur- [ ard types there are several transducers for
ueo in acceleromaeters. 2 b ing slement is proportional to ftlhe a'cceleretx'Oﬂ| special applications. ... - .5 -
* Qutstanding stability | ip accordance with Newton's firstlaw: - .- |F'g accelerations from 0.0003 g to 100000
o High mechanical strength -t | F = ma. The quartz measuring element gives ° © Frequencies from = O Hz (qzasnstatuc) to
® High rigidity . 72 e sweties [ an electrical charge proportional to the foren 40 kHz (+10%)  ~ddar PR
o Wide temperaturs ranges =30y = 'D"d hence to the acceleration in turn. . . '} o Operating temperature ranges from — 150
@ Minimal temperature coefficient of . Oepending on the design principle of the  : {F +'gagoC -
[ transducer, the individual 'quartz 3!3;73 a;e | o Ambient pressures up to 200 bar
stressed in compression {longitudinai an
transverso effect) orin shearg(shear effect) © Measuring acceterations in 3 axes
3 ' i , These are no problem for KISTLER acceler-

ometers Let us solve yours. tco

e
T

sensitivity --;.v_;tmg-wgu.r
t e No hysteresu_ Pt ‘)’-“i:
KISTLER has been makmg tnnsducers incor-
porating quartz sensing eiements for more
than 25 years, and has achieved a leading ;
position woridwide by virtue of its own inten- .
Sive research and deveiopment in piezo- -
instrumentation. KISTLER measuring instru-
’ ments are synonymous with accurate and -
dopor:o_able musunng ?g_;',oy; S, r.-.

.-I

ot

FJ‘Throuc_:h 1udncvous anpl»catuon ‘of the dufferem
" piezoelectric effects and the latest technology,
KISTLER is able to offer a wide selection of

5 { acceleromaters, It is sure to include the right
i mstrumem for vour measunng problem

Measunng systemsv

To provide the optimum answer to every i
acceleration measunng probiem, there are
two measuring systems (i.e. two transducer
categories) avalable: .. L

— Piezoelectric accelerometers e

— Piezotron® accelerometers -

The two systems differ in the way the electn-

cal charge from the accelerometer is con-

} verted into a proportional voitage. . _; .~
® With the conventional o/ fectric

- | ing system. the charge i1s converted into a

voitage in a charge amphher followmg tho

Piszotron accelerometer
wath Duit+n wnoedance
converter (sunpnhea)

ER AR

Spec:al oropemee T

transducer. RS ! L Electrical transducer outpuf’ W|"l high ~ Spec:al properties: .

* & With the Piezotron system, a mmnature il insulation resistance requires suitable (highly o Low impedance transducer omnut
impedarice converter 18 fitted in the trans- i} insulating and low-noise) connecting cables. |, ® No special (highly insulating and low-noise;
ducer. For power supply and signal process- ©® Measunng range or scale in g/V easily .| connecting cables are necessary ST e
ing, a Piezotron coupler i1s needed between :} selectable with the transducer range. - | @ Fixed measuring range sl
the transducer and the display or evaluation |  Quasistatic measurements possible. - - 1 e Operating temperature range -501to 120°(
instrument as the case may be. The different e Operating temperature range of prezo- - | ® Low cost per channel . EL ¥
features of the two svstems are described 1 etectric measurnng elements can be fully .| @ Simple and inexpensive signal conditioner
on the ngm .. . Lo . -

-2 i 'ullllle
i
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The measurmg chain C e - T

|

' . Accelerometer and Transducer con- .., Charge ampiifier . Connecting cable .. Display and evaluation units (e g oscilo-
F J3ccessories ... . necting cable © for pezoeiecticor 59 scopes. analog aisplays. transient recoraers,

coupier for Piezotron frequency anaiyzers. magnetc tape,
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diezoelectric
juartz

iccelerometers

MENYONS W DAFENINESES | ) Ire M

pe
rmerly. Type
ropernes

schnicai data-

8002 _
808A

o Excellent, versatie '

performance -
o Augged  ~ k5.
construction -
o Wide operating
tcmp.n(ura rango

Baeshalic.] L et

I
p
‘.

A
o~
£
{

Atn——
T,
-
gr—t!

4

g

® Very high
sensitivity
o Low threshold

® Wide ovneratng
r_temmcutura range

1 @ Small size

& Wide musunng
range e

- ,op
0

® Rugged and light
titanium housing
@ integral mounting

'Tstud el

PRSI

:} @ Simitar to 8042
1 except higher sensi-
' tivity, smaller accel-
.1 eration range, and

no integral mounnng

th

I
= R
i,

:’
&

.!.,l,al a
X
N
: O
\7_loj||_|.j.,, d

3
1
.

'
'
.

809K

® Rugged design
* Low base strain
rsensmv-ry

® Low mass loading
sensitivity
¢ Ground-isofated

i

[ .
; 8076K
i

ceteration range
reshoid

sceleration st

nsitivity

sonant frequency

ounted)

:quency range
%) nom

ansverse sensitivity
)eranng temperature
\gQ

‘mperature coefficient
sensitivity

wilation resistance
room temop
Joacitance
‘aight

‘ta sheet
pical agohcations

]

[ -

=10000 = 1000
003 0003
=20000 =2000

10t
120

- 195 to
260

:' -ooz

.‘."- > 10 B
- 90 S
20 B

8.8002

® General vibration
measurements in
medium amplitude
and frequency range
® 8002K laboratory
vibration caioration
standard

'8.8002K

88007
® Measuring accel-

't erations in iower

frequency and ampli-
tude range, e.g. on
large structures

'l @ High amplitude

6650000 to 100000
-60000 to 110000

shock measure-
ments. metal /mpact-

ing, explosive forming

harge amplifiers

Jr operating
iezoelectric

ccelerometers

e

‘signation

operues

e a A e la o

. .

Miniature charge
ampifier

.

® Measuring

range permanently
adusted

® Shock- and vibra-
tion-oroof cesign

® Power supoly
+20t0 ~32Vde
ogumut voltage

|

5041

Charge amolifier
with argital

[

, adjustment ..

' o Digital setting of

the measuring range
¢ Simpte snap-in
mounting allows
integration in the
front panet

® Power supply

=15 v de =5%

o Qutout vottage

= IO v

~ 20000 to 30000
i10.1 .

'-Jsoooo:o 100000 '
-03 : :

;1 0.5 to 6000

| . .-

R S

- 195 10 200

8.8044

® Same as
Type 8042

-0.02

- ik - L.

-20to ~ 65

8.8076K

* | e Laboratory

wibration canbration
stangard

5004 -
b .

‘ Charge ampnh.r

SH et .u‘x.:—....

.

) ® Oual mode -

< pilezoelectric or
Piezotron' operation

e 12 calibrated :

measurng ranges

e 3 seiectable

ume constants - ;.

e Plug-in low-pass

and notch fiters .

® Zero and -

overtoad momtormg

® Remote reset

‘T capabiity - wTeC

e Two-cotor LED ..
hows P:ezotron
Jperation

. gt

‘T type nput

T e Differential opera-

5026°

Charge amotfier
with ditferental -y«

tion rejects 120 Vpp
common mode

® Input, outout and
case groungs all
isolated e
o Dual mode: Y
piezoelectric or 7"
Piezotron® oueranon
o Near dc to .z
350 kHz response
¢ Built-in cahbrator
0:al Cal featurey -
o Plyg-in fiter :
capaomty 7 -

Je llovacoower

e, k"
!
.
. -
— -

15053A - .o .

B
Charge ampufier
on Eurocard . »

;@ \Aodular Ce5|gn
ie5 measuring
ranges N
® Fully remote

. pcontroilabie

® Frequency range
qQuasistatic up to
10 kM2 (= 3a8)
1@ Power suocty
=18 Vae 3%

® Qutout vo'tage
=10V

1
!
| . == .t
1
I
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Piezotron*®
accelerometers

Dumenuons W parentnezes | } e mm

POy rwoR TTTyeT vveoer,

Laa 4

Type 8602A500 86044500 'ssosmoo ' '8608A50
8602A5000 ! 18604A5000 , .8606A500 8608A100
Farmerly. Type X !f ’815A2 815A1 ’SISAS 815A7  816A6
Properues ! Inexocnswn .} @ Wide musurmg w (@ Sameas .= ',’o High sensitivity
constructon with -~ '[construction with ‘jrange - - 8604 series - o Hermeucaily seaied
QH:!QM. versaule eH’i_;::em. versatle ’o gugged h"meo"; ; 8’?06/\100 has ,
performance Zs. 'Tperformance cally sealed, weld igh sensitivity '
. l:‘:ld hermeucally - ,le Not hermencanv {corcstrucuon = x f® BSC:GASOO nas )
se I P . o Nonmagnetic '-L :wide frequency i :
_io Top connector . . responsn Lo _-—
“echnical data 'as00 " “asoco ‘fatoo ~ “asoo  Taso A100
Acceleration range = 500 = 5000 ‘e 100 =500 :[=80 = 100
Threshoid O {e]] Q.1 - ,10:002 0.01 0.005 Q.01
Acceteration hrmit = 1000 = .J= 500 = 750 = 300 =5
Sensitivity ' 10 2% 1= A90=2% 10=2% [100=2% 50=2%
Resonant frequency ’ i : - ! .
imounted) L RO 25 -
Frequency range {= 5%) : gc}otoo . g.oOOZOto ‘f 0.5t 6000
Transverse sensitivity N =5 - R B 55 R
Qgeraung temperature 2 S Naae l R .
ranqe . 1= 55 to 120 it —=551t0120 -55to0 120
“emgperature coefficient oc 06 o O' e T | IR .
ot sensitvity %/ -O. j-008 ~0.06 it - —00R -Q086
Suooiv current mA 4 (constant) ' 4 (constant) 4 [constant) | 4 {constant) 4 (constant}
Sugoiv voitage " 20 t0 30 2010 30 : 20 t0 30 B 0 to 30 0 to 30
Jutout imgeaance n < 100 ‘1< 100 : <100 R <100 < 100
Cutout tas v 11 an . 1 11 1"
Ground isolation no OIS "no : no no
Negnt g A - AT S F I 14 o 14 60
Data sneet 88602 .- : 8.8602 . 8.8604 -} 88608 8.86C8
Tvoical apolicauons r.n Routine v-’!::;ation Te fh'ock m:asuxra- ® General vibration ;Gngnseeu . Ohﬂotanng ma-
easurements on ments on structures  ° J nes chinery monitoring
structures and and obects in gme::vu;::;m:fm. lo 8606A500 " @ Venicle susoen-
objects in laboratory |, laboratory and non- 'menxs :suitable for sion development
and nonhostle. .} hostle, industriai vehicle impact
industnal == | environments [measurements
environments | - R i T

Couplers for
operating
Piezotron®
accelerometers

Tvoe

Oesignation

3ropertes

Coupler. external-
powered (24 to 32
voC. unregulated)

e Small size oermus

direct attachment to
disotav {oscilloscope)
with BNC connector
® AC-couping ehmi-

nates transducer bias
voitage from measur-
ing signai

‘| Coupler, battery-
powered (three x 3 V)

j o .
® Analog meter mone
tors transducer thas
voltage. indicates in-
tegrity of transducer
circuit ang condition
of internal barteries
® AC -coupiing ehim-
.4 Nates transducer bias
voltage from measur-

, wlg s.ugnal' s SR

SR

el

r ke

1 bl!pau filters

powered .

L] Analoq meter mon-
tors transducer bias

voitage and indicates
jintegrity of transducer
.cnrcuu
o AC.couphng elimi-
;nates transducer bias

EXISEA

‘| Cougler. ine-

Loupler .. =:..' .
I
!

,powered. ike 5118
'but with:

’o Internaity adiustable
18an 10 5 to 5)

,® OC-couphing mode
{ with adjustable zero
levet. suitable for trans-
ducers with long time
constant

.

voltage from measured | ¢ Analog meter moni-

UGN . Vs
® internal plug- m Iow~

owl e

tors transgucer thas
voitage, incicates
ntegnty of transducer

Jercut ana zero rever

when (xan in OC moce

’5124'
!

P
esccan

AN 13 Lol

Coupier. 12.channet,
"line- powereq

® 19.n racx ~mounted

c Plug-in titers

'@ Constant current

. Supply

® Butter stage to

‘ prevent tter ‘0ading - - -
| ® Meter tor une test P S
® Bias cecouning ’ .
removes oc Dias level
*Formery 531A -~

MRS IV
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iezotron
ccelerometers :
TENSONS M DAFENINESES | ) G YR : ; -
i g 2
= 4
o 8610AS0 8616AS00 8618A500 8620
8610A100 86816A1000 8618A2000
rmerty. Type 81647 ot N B 818 g1gr 818 81841
‘operties @ High sensitivity e Very high T » Extremelv small ‘T @ EMicient, versatle , ® Mimature, welded
e Hermetically sealed | sensitivity and hght {0 Sg) .1 pertormance ) construction
e Ground-solated © Hermeticaily sealed . ® Very high reso- ¢ Ground-isolated @ Ground-isotation
S .+ ‘te Ground-isolated nant frequency ® Side connector . @ Side connector
S X .| ® integrai cable i . ¢ Adhesive mounting
{ hrical data ¥ As00 ASQ0 A2000
!_eieranon range 1| = 500 = 500 = 2000 = 500
resnoid 0.01 . 0.01 Q.1 0.01
:celeration hmit | = 2000 = 2000 = 1000 = 5000 = 2000
Disitwity , 4 25 it 10=2%- 1= 2% 10
‘ .onant froquoncy ¥ e . '| [ . v_- z _. AJ o
ounted) : 125 15 - . 50
equency range (= 5%) . ‘1 10 25000 12 tcSOOO 0.8 105000 110 10000
Asverse sensitvity i ' <5 sS ’ s5
'eraung temperature L 1 - Il S
ge °C ~55 to 120 1} — 65 to 100 -5510 120 -551t0 120 -551t0 120
Toerature coefficient . ) ' .
sensitivity %/°C -0.08 ‘t=0.0¢ -0.06 -0.07 -006
10l Current mA 4 (constant} 4 (constant) 4 (constant) 4 {constant) i 4 (constant)
1plv voitage v 0 to 30 20 to 30 12t030 20t0 30 0 to 30 ' 20 to 30
out impedance n < 100 <10 < 100 < 100 < 100
tout tras v " 11" 25 11 n 1"
nund 1solation yes yes with mounting adaptor yes ’ yes
ght [} 82 ) {70 05 20
.a sheet 8.8610 8.8612 88618 8.8618 ‘ 8. 8620
ncal appiications ® Vibration measure- @ Low and medium . @ Vibration invest- ® General vibraton . @ Modal analvsis
ments on process ! frequency vibrations ' gations on very | measurements " of structures

equipment
® Machine tool wear

on heavy structures,

| suspensions, buiid-

. light structures
;o Measurements

® Ground-sotated
; design ehrmnates

¢ Vibration measure-
, ments on iight

mgs, and machines l at very high ground foop structures
, frequencxu N problems
- 1 -
hat -,
ccelerometer 8676K/5118° sensitivity, and low mass loading : . .
alibra‘l'on . Qffers a low cost. low impedance sensitivity. Beryllium mounting e .
L B Piezotron aiternative for fieid cali- base, lapped optically flat, provides 2o
stem - T bration of accelerometers. Features optimum coupling between calibra-
et rugged design, low base strain tion standard and test transducer. SR
- 3
’\ Technical data: ‘| 8676X/9116
v c . LEPSRPTY A TR Lo .ot
! ".  Accelerauon range it =F T & + 250 c
TEST uNIT ! Thresnold o 9 ™ oo
1 Acceleration imit ‘ g 1 = 1000
28706 —__ Ampiitude inearity % - L 0OS
Reference voitage sensitivity .
@ {100 Mz, 24°C, = 109} mVig 10=0.1
Resanant frequency (nom ), mtd. kM2 40 .
Frequency resoconse, = 1% (= 2%) kHz 34 - -
Transverse sensitivity @ 100 Hz % .s2 -
Qperating temperature range °c ~18t0 €6
Temperature sensitivity shuft 04
Mass ioading error '@ 2 kHz |
{from 5 to 10Qg})
Output votiage. FS =

Supoly voitage
We:ght of nansducer

162
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: Piezotron® b B g
accelerometers f z
o

1
)

N .I )

@;

T
‘i"_.

Jimenuons «» Qareniheses | ) are mm

L
I R - | S o
Tye ‘864245  ..7 . 'lgeazaso 8676K
8642A|0 4.7 186e2a100 ¢ ;
Farmerlv. Type : : e . TR '819K
Properties ® Same as . 13 @ Miniature, weided ’o Small size <7 i Rugged design
8620 except .| construction ® Rugged. lignt ' ® Low base
top connector . ;1 @ Top connector 'mamum housing strain sensitivity
R | ® Stud mounung ¢ Integrat mounting 1 Low mass loading
- A T : stud = e D, . ® Ground-isolated
Tecnnical data: 'F ' AS A10 ' aso ' A100 ‘
Acceteration range g . i}= 500 s f= 5000 =z 10 000 = 50000 -50000 |= 250
| H JRATES . [ ce=e df - o 10100000 F .- :
Thresnhold g . jear - 0 2 : .0 20 0.0t -
Acceleration limit g i 200Q i 50000 -50000 [=50Q -
| SR { 19100000 0 110000
Sensitivity mV/g 10 o1 . 0.05 10=2% N
Resonant frequency ) ” 11 I e - i i
{mounted) kM2 50 - ) ; 65 C - O . = 70 . a0 :
Frequency range (= 5%) Hz 1 to 10000 110 12000 . O 25 to 8000 1} 0.2510 8000 0.5 to 5000
ik B SR A S B i
Transverse sensitivity % 5 T Iss - S 55 o <5 s2
QOperating temperature .o IR S R ; . R : . .
range °C -5510 120 i}—551t0 120 -85t 120 ; - 55 to 120 -20t0 65
Temoerature coefficient - , ) ’ - i B
of sensitivity “%/°C | ~008 1-0.08 ~0.08 - =0 05 -0.02
Supply Current mA 4 (constant) . 4 (constant) 4 (constant) . 4 {constant) 4 (constant)
Suopiv voitage v 20 to 30 . 4201030 20 10 30 J - 20t 30 20 t0 30
Outout impedance a < 100 . <100 e < 100 < 100 <1
Outout pias v " 'b” . 1 . n i 1
Ground solation yes no ) no . . no ’yes
Weignt 9 35 13s v 75 i 78 65
Data sheet 8.8624 ;88626 N 8.8642 8.8642 '8.8676
Tvpical appucations ¢ Same as e Sameas - - - o High amphtude ‘o Same as ® Field calibration
8620 8620 ‘shock measurements. 8642AS of accelerometers
R P . metal impacting,
! T e - ' closed bomos, and :
- . , p i ' explosive forming N S
- | . s
8002K/5020° . .'_. . reference standard. 8076K/5020° compensated charge

Provides constant

Accelerometer -
calibration - - -
systems S

A systern featuring
unique stability, linear-
ity. and repeatability
of quartz crystal -
accelerometer and .
charge ampifier. Used .. .-
primarily as laboratory

10 mV/g sensitivity

from 10 to 10.000 Hz
. (=1%) over a wide

amplitude range.

*Formerly 808K1/561T

Kistler's most accurate
and repeatable labora-
tory vibration stand-
ard for back-to-back
calibration of acceler-
- .- ometers. Incorporates
5020 trequency

, range. ..

ampiifier. Provides
constant 10 mV/g
sensitivity from 10 to
10,000 Hz (=1%)
over a wnde amphtude

‘Formerty 809!(/5611’

- , BoO2K/ 8076K/

Technical data: - . 5020 5020

tv LT LT R AERIN VNS PR v aprens = en” ’ Lo ecwme

: Acce!eram range g S 250 1= 250
Threshold [ gms 002 ool
Acceieration lirmit o g I =1000 i = 1.000
Amplitude hneanty - % 05 05
Reference voitage sensitivity R |

@ (100 Hz. 24°C, = 10g) mVig 10=001 100=02

Resonant frequency (nom.), mtd. kHz , 40 40
Frequency response. = 1% kM2 1010 10.000 0
Transverse sensitivity @ 100 Hz % 1s10 [ <20
Qperating temperature ranqe oc ‘t=11t085 } ~'8t066
Temperature sensitivity snift %/°C i 004 -
Mass loaaing error @ 2 kHz -

-. (lrom 5 t0 100g) R N e 105
Outout voitage, FS R v =25 | tT=28%
Supoty voitage - -7 'Y T~ vaC 4 118 N".. é!S .

ergnt of transducer - - 20 : ) -
165" e L L
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| QUSRI
Mountmg accessones
Dimenuons m oarenineses | | sre mwn For tvoes
Mounting stud 1-10 (25) ;.10 (25) 28 (7.1) 10-32UNF 10-32 UNF 8002 8604A, 8606A
S - Y0 (25 |10 (25 28 (7.1) 10-32UNF  [10-32UNF 8044
113 (34) {24 (83) 43(11) 10-32UNF M6 %gk 8044. 8604
12 (33! .29 (7.5 4812 3) '%-28 UNF M8 8005, 8608A
12 (33) ' .29 (7.5) .48 (12 %-28 UNF  !%¢-24 UNF 8005
- = - 150 {12 ) - |4-28UNF  BOOS. 86084
I; R oo EPUREEINE) IRT HY - ’ L. .
Adhesive 56 (142} | 62 (15.7) .19 (48) - 10.32 UNF_8604A. 86C6A. 8618
mounting base | -75(19) " .83 21.) .31 (79) ~ . ly-28UuNnF  B60BA
] ; - Sl - ' iy
H _:‘,' L. . ' P
‘ SOF i S :
35 (6.47, p 8616A
57 (145) | .55 (13.9) 10-32 UNF  B042. 8044

1.0 (25.4)

10-32 UNF 800%. 8604 A, 8606A

8440 : .25 (6.5)

1.18 (29 2) Y- 28 UNF 8608A
If ,_;’_ i .. '
' | SR I S
25 (6.5) 28 (72) 06 (1.5 .18 (3.5) M3 8616A
.28 (7.2) .06

{1.5) ;.14 (3.5) 4-40 UNF  8616A

BNC neg
1701

10-32 neg.

10-32 neg.

% 10-32 neg.

A

BNC neg. - . BNCoes
1725 “1729 1743

~onnecting cables

+ Transducer connecting cables,
jeries 1514 & 1516, are all-
urpose cables for use with low
npedance PIEZOTRON trans-
‘ucers.
* Series 1631 & 1635 are low-
oise. Teflon cables for use with c.
igh impeaance quartz trans- R A
ucers

Availabie in standard and
pecial lengths,

-

Senes 1514 & 1631

IO 32 pos.

4 m—— —

BNC pos.

Series 1516 & 1635

10 32 pos

e

*uiti-use cables Series 1601 &
603 are uitra-low-noise trans-
lucer extension cables.
* Series 151113 3 general pur-
Ose output cacle tor use with
Jupiers and amonfiers.

- Avanaple in standard and
pecial lengths. L

aete e

Series 1511 & 1601 . -

Seres 1603

O o T
B AT l-, \“.‘ﬂ"mrh' -

Sl BNC neg.




Typo 8121A3

& e

The high-temperature accelerometer Tvp. e
8121A3 is particularly suited for operating at

ngh température

.
) l’ ) Range temperatures up to 600°C and ambient pres-
accelerorpete e LN Ove?load sures up to 200 bar. In particular this trans-
Sansitivity ducer incorporates these Iates: xecnnology A

” Linearity ;
Transverse Sensitivity
Resonant frequency

festures:

@ Minimal thermal sensmvity shih
° @ Very smail temperature transient error " -

- {mounted) .Y .. .= . eGroundusolated design with integral metallic
~"'Operating tempenturo ey T T triaxial cable
. range .- °C . —-100t0600 ® Inconet housing, welded pressure-sealed
Ambient pressure bar =200 i lications: - - Lo
nght : g . 200 .2 - @ Combustion enqines and turbines e
® Acceleration measuremems n extreme

enwronmem:

Only one seismic mass is needed with this -~
" unique, 3-companent force measuring element.
Three miniature charge amplifiers are con-
" tained in the transducer housing. The three .:-
" channeis can be tested remotely for proper
. operation by using an internal test circuit. -7
This is parucularty useful when the acceler~
ometer 1 mounted in 3 sxured Iocanon.

Typical applications: - i

» Geophysical investigations . -~: 7.
© Measuring and morutoring earth tremors
7 in the vicimity of nuclear powvr stauons
. dams, etc.

® Measunng vnbranon on buuldmgs.
_ bridges, etc. N

3- component
seismometer

Measuring range |
{each aus) . .=,
Overioad (each ax:s_)

Crosstalk {each axu)
Qutput voitage
Power supply

Type 8131 is 3 highly sensitive piezoelectric
| 3-component seismometer tor measunng
acce!eranon in three ormogonal dnrectlons

; ol

et

an Fries
"7‘\.,.7"‘

i e s‘. . [
_._/_ /»'«-:IH !ﬂ_; fr v//au.'rl .l 'l X1
TR T ! u L

{1es re ;/f -~
q‘ o ‘/ -L‘

fpcacl > 2N idh o AN
“ “"f"‘_i’-"' v e '- n‘

ﬁs

voManuucturmq lﬂd snles facilities in Amberst. NY: Hamdon CT
s eeme- Wintarthur Switzeriand. Hartley Whitney. Hants, Great Britain;
- 1§§lungon, West Germany. _ .

alme distributinon in Arasntine Al ctratia Acetria Batal .=
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A precision, J-axs inertial reference system
that provides continuous measurements on
the dy perfor ot al any ve-
hicle, including position and rate outputs for
pitch, roll, and yaw, as well as three axes of
linear acceleration. The system comes com-
plete with calibration data and is compatibie
for use with nearly ail telemetering and re-
cording equipmaent. The Moadel CF32 Test Unit
requires 28 VOC power input and uses 4.5
amps in operation. All power reguiation and
signal conditioming is provided within the
package.

SPECIFICATIONS

Power Input 25-28.5 VOC (Ref. MIL-STD-704A
Equip. Cat. "A")
4.5 Amp Running, 5.0 Starting
Power to Cage Directional
Gyro Pickott .. ... .. 28 VDC, 2.0 Amp
Pulse 04 Amp Hoid
VERTICAL REFERENCE (pitch and roil)
Piteh . ..... ... .... +85 Degrees
Roll ... . .. ... . ... 360 Degrees
Electr-cal Outputs from
Size 11 Synchro . 3-Wire Output 1.6 V

Accuracy

Yaw Drift

Yaw caging system locks gyro pick ott in

zero position.

Spin axis of yaw gyro erects to horizontal for

continuous operation, non-tumbling.
PITCH, ROLL AND YAW RATE OUTPUTS

0.1 Degree
Less than 0.3 DegreesMin.

Rate Range = 40 Degrees/Second (Min.)
Detectablerate . ... . ... ... . 0.01°/Sec.
Qutput . +50vDC
Accuracy 05% at Null 1.0% at Full Rate
Damping 0.7 Nominai

Natural Frequency More than 23 M2z

VERTICAL. FORE-AFT AND LATERAL
ACCELERATION QUTPUTS

Acceleration Range +5G
Qutput =50v0C
Accuracy Null 0.1% of Full Range

to 02% at Full Scale
Maore than 130 Hz
041007

Natural Frequency
Damping (Electrical)
ENVIRONMENTAL CCHNDITIONS

NOTE: Rate ang acceleration outputs for

nom:nal 100 X loaa

Temperature ~30°F to +165°F

Vibration 2 G from 20 to 33 Hz; 0.036 D.A.
trom 33 to 52 Hz:

Accuracy ... ... 0.1t Degree Referance to 5 G from 52 to 500 Mz
True Verucal (Ref. MIL-STD-8108 Curve 514.1M)

AZIMUTH REFERENCE (yaw) Shock 50 G. 11 =1 Mulisecond
Yaw .. ... 360 Qegrees Case Seal Pressure Tight, Altituge
Electrical Outouts from 0 to 30,000 Ft.
Size 11 Synchro 3-Wire OQutput 18 V Weight 35 Lbs.

Y
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ot
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We're
confident...

SPECIFICATIONS
H-473F
Size: +.1x45x123
Volume: 232 cu. in.
Weight: 7.7 ibs.
Power: 35 watts {operating) 28vde
Body Rate Capability: + 220%sec all axis
Acceleration Range: + 25 gs all axis

Honeywell GG1111 Gyroscopes (10)

G-insensiuve Bias Stabiity 2.7 Deg/Hr (6 Montns)
G-Sensitive Drift 2.3 Deg/Hr/G (6 Manths)
Scaie Factor Stability 300 PPM (6 Months)

Sundstrand Q-Flex Accelerometers (10)

Bias Stability 300 ug (6 Months)
Scale Factor Stability 300 PPM (6 Months)
Scale Factor Linearity 300 PPM to 25¢

H-478F Scaling — All Axis

Scaling can be tailored t3 your specific application,

Signal Max. Pulse Rate Diaital Analoa
Acceleration 12800 PPS 0.0625 Ft/Sec/Puise 8MV/Ft/Sec/Sec
Anyie 12800 PPS ‘62 Arc-Sec/Pulse 30MV/Deg/Sec

Performance Variables

Alternate sensars with improved stabiity or dynamic input range can
be substituted directiy without device change.

For more detaiicd informarion, contact...
YOUR NEAREST HONEYWELL REPRESENTATIVE

see H '478 F ..o write directly t0:
Maies the Honeywell

! . differenca AVIONICS DIVISION

Marketing Department
13350 U.S. HIGHWAY 19
ST. PETERSBURG, FLORIDA 33733

Phone 813,531-4611
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Land vehicle sirapdown inertial crieniation and

EOo

133 : wad
Siticning syswem
Muln-function cutput capability

- Full attituce

— 3.-aimens.onal angular rate

- J-aimensionat position

Azimutn setf-angn to 1.0 mii: verticahity to

0.5 miis

Azimutn drift rate 0.7 mil. hr bounaged to 3 muls
maxmum

Harizo" 3l anc verucat pesition to 0 257, of ais.
tance traveled {.ith or ‘a1thout adonieter 3iging)
Piren. roll, azimuth angutar rate data Q.CO1 0
100 uegrees per second for qun staps.zatian
Mon ammaole, secure, self - containea

Hign renaocinty full seif-rest \8ITE)

Ruggea corstruction for narsh land venicte
enyironment

Small size, ‘¢ pawer, raod nstallation

F eic oroven n rracx ang wvneet venmicies
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SPECIFICATION

Pasition and Navigation {Odometer damoing,
as a *5 of distance travelled}

e Northing Q.25%

e Easting 0.25%

e Alltyde 0.29% (20M max }

Gun painting Accuracy

e Initial 3zimutn Jlignment, 1ot O mu

e Elevation tia) 0.8 mn
® Anmyth dritt rate i1} Q.7 mn nr
{Bounued Azimytn error) {30 mu max}

Anqguiar Rate Measurement, for qun
stathhzation
e \Viximym getlection and

elevdrian aun siew rate 1007 jec
& Accuracy 0001 sec

LITICN e

GUICANCE S CONTROL SYSTFMS
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FEATURES

o Inertial reference unit from Litton LR 80 family
of strapdown technoiogy (AAH, 'Sgt Yor<'™’
DIVADS equipment)

e Oesignea for varigus Army land vehicles (M-109,
self-propelled howitzer, Jeep)

o Multi-function capability — pointing, positioning,
rate stabilization

o Operates worldwide in £759 latitude

o Meets full U.S. Army specifications

o Reliability/Maintainability
e MTBF > 2000 hours
o MTTR < 30 minutes
® Suilt-in test — 95% detected, 95%; isolate to

SRU

o Automatc seif-calibration
® No on-board test equipment required

o RS 422 digital seriai output, available MIL-STD-
1853, RS232C, ARINC-575, or customized
as reqguired

REACTION TIME

e Realignment
interval between alignments < 3 hours
Time to realign to full
accuracy < 3.5 minutes

o Initial Alignment
Warmup time -54C
Alignment time

e Stored Heading Mode
Total time from -30C < 5 minutes
Azimuth accuracy (10) 2.0 mils
Elevation accuracy (10) 2.0 mils

< 7 minutes
< 10 minutes

L an e o s B oand aaaa gndh bl e d o g A guat andl gl

Inertial Referencea/ Navigation Subsystem

Free Inertial Navigation (No odometer input)

e Time interval between stops 10 = 5 minutes
meet full positional accuracy

Power Requirements

e 24 VDC, (14v to 40 vdc) 82 watts nominal
450 watts imitial warm-up
e MIL-STD: 1275 compatibie

Cooling
e Ambient ar
Physical Characteristics

Unut Size Neight

L w H
IRU 145" x85" x84 28 lbs
ocu 102" x65"x28 9 ths
Q/ACU 70" x60"x25" 4 1bs
EDU 83"x54"x3C" 3lbs
oTU 6.6 x54"x 3.8 3lbs

Environmental
Temperature -50F to +125F
Humidity 100%
Immersion 3 feet depth for 2 hours
Shock M203 (Suwer 8 cnarge}
Vibration MIL-STD-810
Methoa 514 2

emMi MIL-STD 161

For additiona! information call {213) 715-3530 or write .

GUIDANCE & CONTROL SYSTEMS

Litton 33C0 Canoga Avenue. wooaiand Hils, Cantornia 31365
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intreduciion —

High-speed photography has been a primary means of
acquinng gata aurnng the recorging of spectal events for well
over two decades. The art of high speed photography has
progressea to the point where framing rates are regularly used
in excess of ten thousang frames-per-secong while stil main-
taiming remarkable ctantv and image integnty over the entire
film tormat. There have aiso been major advances in digital
electro-optical imaging systems in recent times. However. the
application of these digital imaging systems to high-speed
matian 1s still far infernar to that of photograpnic means. A
conservative estimate of the capaboilities of high-speed
photograpny Is that one mithon picture elements (pixels) can
be recoraea per one 3Smm him frame. At one thousand trames-

Agppiications —

The Madel 78-1 lends itself to fully automatic film reading
jobs. with no human intervention. where specific types of infor-
mation are recorded on film such as dot matrices or aipha-
numerics plus cooperative shapes which might include a dot.
Cross or quadradic target.

These are often found in high-speed instrumentation
films used in range tracking applications. car crash studies,

T7he sitandard Modei 73-1

The Mode! 78-1 consists of NAC rear projection case and
projection head. digiizing tablet. PDS electromic control con-
sole with scan converter. computer. teletype, magnetic 1ape
recorder ang software.

et e

bR PR . R O

per-second. one billion pixels per second can be reccrceg It
has been estimated that digitai techniques will not be capabtle
of attaining these recording rates any eariier than 1990

Many scientific and technical expenments rely heavily on
film recording because of the permanence. high information
content, and flexibility in terms of speed of the tim meadium as
weill as its availability, storage capabilities, and ease of han-
dling of large quantities of data as it relates to pixel content.
Since there are few analytical tools available for automatic
data reduction. manual analysis s often the only procegure
used. Manual analysis of film i1s a ime-consuming ang exoen-
sive process. ang accurate data retneval s difficuit resurting
in large guantties of unreguced data.

biomechanics research. the medical field. plus a host of other
categones. With non-cooperative targets the Moge! 78-1 is
very tast with the utilization of a digitizing tablet. X-Y target
points may be quickly digitized manually while other informa-
tion such as dot matrices may be reag automaticaily.

The digitizing screen also allows strip charts. graohs.
ilustrations, etc. to be digitized direct from the screen.

Vanations might inciude video display terminal and disc.
Your own computer and peripheral equipment may be used
by incorporating our smart intertace.




A computer-controtled system designed specihicaity for
the anaiysis of p:ctonat data would be the :deal toai for gata
extraction ana reauction Such a system shouid possess high
film movement accuracy optics capable of high spatial resolu-
ton. ana the flexibility to accept ditferent film sizes ana for-
mats The system must te capable of accurately and reliably
extracting ang enhancing cigital gdata with high repeatability
over a wige dynamic range at sufficient speed to be cost
effective. Above aii SinCB the system woulQ not necessarily
aiways be useq ‘or the same function it must be flexible
enougn to hanale muitipte Cata recoraing formats on a
customizea tasis AQaitional ana most important the man/
macnine interface must be proper in orger to apply human

The clacirenic control console —

INCCroCrates the cSNtrci urd sCan conver'er and camauter
w1t a specally ces.gneg ”CS ngn-speed intertace noara
and pcwer SuCp!y crawer

INstruction when targets become guestionabie to comouters

The svstem descnbed is designatea the WAC PDS idodel
78-1 automatic him reading digital analysis sysiem.

Extensive hours of research. develogment and :esting
and working directly with users of this equipment nave iead 0
the general conciusion that this system in automatic moce s
approximately ten times faster ana seven times more accurate
than existing manuai systems.

The diaitizina camern —
mounted !¢ cack of oroiechion case ccnsists of an Tace
gissector '.pe gefeclicn yoke e!ectronics moduie arc 2ci.cs
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General Specifications —

Projection case (Model MC-78.1) —

Viewing screen: 14” x 14" (355mm x JS5mm) coaieo acryC. sy aore lor use n
f00ms with Mogerale 0ackgrouna gnting

Cursor With cata entry (foating)

Tabiet resoiution: The apsoiule accuracy of the sysiem s =0 U0J3° Reoeatabiity.
$taoy.iy ana resotion are 001°

Outputs: IS 232-C JEEE 488. 18M 029, 3-narv 8CD

image position coNtrols: XNODS tor 0CS.1.ONING Mage on sCreen .ertiCaiy and
ha: 2onaiv

Size: 25 4°W 317D, 457H (640 x 815 x 1130mm)

Wergnt: 225 bs approx (102 kq)

Control panel (Projection case) —

Power- CN-CFF switch tor power suop:v

Fim Forwarg ang -everse

“Ayto-steg  switch: Change-aver swich 1am C.ng moge ‘0 Au'G-§ie0 (Mu! Oie
trame acvance) moge

Cine soeed control diai: C.ne sceeg ‘s CONTNUOUS:y vanaoie t-cm stop-moton
10 luil speec

“Ayto-srep  frarme selection dial: Aytomanc {'m aovance at ary numoer ot
frames pre-seiectea from 1 0 'Q trarres

Ught intensity controt grad: vanapie from O'm g Fu-

Orsplay. Frame count. X ana Y

Frame count: Can oe manuany or cemputer orese’

Oigitizar mode control:
Externai— Aligws X-Y entry from ex:erna sou'ce
Pont— Aligws X-Y @~iry 170 SusNOUI'IN 0N Cu“S0”
Rate 1 — Continuous X-Y et~ sieam wn @ pUSHOY"aN
'S CONt:NUOUSY NE'G QOWN
Rate 2— C3ntnuous X-Y en' ey seeam W @ DUSNDL 3N

'S momentary cec-essec Ca'd $:30% +hen
DUSNDULION 'S CeD 25360 SECSra t me
Rate min-max — Soeeq ot X-Y ata conts 1or Aa'e t anc Ra'e 2

Projection head (16mm) (Maodel PH-161) —

Fim capacity: '6mm = 300 ft ASA $TT S=223 222 22 *09 22 "0 genoralec
1wO eages or cne eager 2934° pienor 3000 = In

Film agvance: Two moges '0rwarg ano reve'se
(1) MOIOnZea vanan e sceeg ma! 9n 0 2'u'e ", 0e 32,3NCe "I a0g Tumaley
11332 '0s Comoiere 1.cxer--e@ oreiect SN a7 3 D e sceecs
(2) \toronzeaq tree serection Of trame numoer ce'.een 1-°J rames wn
8 5:73110N Oy OIN

Frame counrer: € ectrcar outout

Hurmnavon: J00W Haiogen .amp 3 owe*-ccoec

Size: 20W 13D, 1067 (510 ¥ 330 x 27Amm)

Wegnr: 35 '08 approx (16 kgt

Projection aperture: 0 5827« 0 3227 ("3 3 =3 2mm Acenuecsvers e
«awing ol 1im eage

Rewing: r:gh speeq rewing moce prov-aec

Magmhcation: Nominaily 20X (.nc'uces v ew ng 'y w.amnat ! m

Projection head (35mm) (Model PH.351) —

Film capacity: 35mm x 400 It ASA STO Pr22 1 22 36 22 93 cerorales two
egges 187" pich

Fim agvance: Two mages tarwara ang ‘everse
{1) Motanzeq varatia soeec mo: on 0.Clure 1\ S acvance “Cm 3cc ix.maiey
1032 tos Comprete hicker-1ree Cro@Ci SN AT 3 ¢ ne SC228S
{2) ‘lotor zeq rae s@:ec:.on Ot t-ame numse’ caiween ' rames mith
‘eq sirat:on oy pin

Frame counter: £-ec'>cal outout

ityrminanion: 300W Haogen arrg © ower-css ed

Size: S0 3W 1370 'S4 320 x 330 = 230mm

Weignt- 45 Ds aoprox 120 kg)

Projection sperture: 1248° <0 3057 13! Tmm x 2=y Acer'ure covers re
«eangatr meage

RAewing rGn-SNEEq rew:nC TOce C'Cy 83

Magrincaton Nomnaiy 90X

Projection head (70mm) (Model PH-701) —
Film capacity: 70mm x 1000 ft avavatie «n Type | o it pertorat.on (pertaratea
2 edges)
Film advance: Two moges. lorward and reverse
{1) Motonzea vanapie speea motion piclure type aavance from 1.5 fos
(2) Motonzeg tree setection ot frame numper oetween 1-10 trames winh 0.n
registration

Frame counter: £'ectrical output

Hurmingtion: J00W Haiogen -amo  blower-cooied
Size: 22 8°W 14 2°D 21 25" (580 x 360 x 540mm)
Wegnt: '0t lbs approx (45 kQ)

Projection aperture: 2 283" x 2 2677 (S8 x 57 6mm) Agerture Covers the ; ewng
of tum eage

Rewind: ~gh-speed rewing mode orovideg
Magmihcation: Nominaity 3 4X

Digitizing camera —

Optics: Nikkor tocal iength gepenags on him size

Lens mount: Ruggea:zea bayonet mount tor Nikon F stangard “ens

Photo tude: Image aissector 2 25 inch aiameter with 1 mi aserture stanoarg

Spectral response: $-20 Stanaarg. S-1 S-11 ana S-25 avauadie

Photocathoce sensitrve area: 15 incn a:ameter

Image aissecor outout umiormity: = 15% quer etlectve area ol 1 nch g ameter
Image Q:$3ector Qulput uNUOIMIty v§ X-Y £3Qrainales Can Ce emMoinCcai y
determined and He supplied as intormaton tor computer Correction
tecnniques

Image re solution: 1000 x 1000 point matnx tor 1 x 1.nch ettective canoge
sensit.v@ area with a 1 mui aoeriure

X-Y axis orthogonaiity: Less than = /2

Oimens.ons: 13%s°L. 5HW. 6%a°H

Wergnt: 16 108, approx (7 26 kg).

Electronic control console —

CONTROL UNIT
Deflection resoiution: 12.tit 31Qiai 10 anaiog conversicn (G 025% = /2 bit)
stanaa:a (4906 x 4096 slepping increments)
Oefiacrion nnganty: =0 5% gver aifective carhoae area s:andara
Gray scale resolution: 3.bit anaiog 10 digitar (256 -evers)
Raster scanming rate: | 'ame - Sec
Digzing rate: (ccmouter or Manuaily contro:ied)
Sequential — 1000 000 conts sec
Rangom—30.000 paints sec
Inteqrat.ng rate — 4 rates stanaara
Ooeratng mages: Facus. manuat or computer moge
video ampliher: Linear or :0ganthmic

Video thrashalg selector: Computer Moge —8-Dit diqital 1o anaicq conver'er
Manual Moge — 3 °5 -10 VOC Video Seector —White or Biacx

image g:ss8Ctor protection: & Drolec: on C:rewt S orovicea 'Q “urn gt 're n 30
voitage aulomatiCaiy wnen an excess.ve pnolacatnoge current s cetecied

SCAN CONVERTER

Gray scaies. 7 s-aaes of gray

Dot wnting speec’ 500 nanoseconas

Zoom: Magnih¢anan of seiec:ed areas

Reaa viaeo: Stancara composde viaea per EIA Specicat.ans RS-380 or
RS-343

Video outout: Cositive or negaltive

Oisoiay T monitar 9-ncn 31aacnat muilioie remote 4:sprav wih 1arge screen
T/ monitors are cossio.e (529 10 1029 res)

Opwaunq modes: Focus, Manuai ccmpuler supet mposed ina qQr2on g
mogns

DIGITAL PROCESSOR

™~ Mini-conputer Nova 34X (standarg). 12-Dit 0.gal 10 aN30Q Jerect ¢n ‘asyy! CN

at ¢ 5% vneanty

intertace boarg: POS high-speeq board

Video gray scale: 8 bit anaiong 10 Q:qal

Dvgrrmnq rates: JO 10 100 KHZ normar  nc:y@ing .near or -oganthm ¢ vigen
Amprrcat.on 4ng Nargwdre Nresnoging

Standard Model 78-1 system —

Power requiraments: 1'5v AC 0% 50 60 2 'WOC Wi
Qperaung temperature »0'F *380 F '9°C 10 27770

350C° C 1 ANS SLCHCI 'O CR AR wir Oul ~C C@
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Introduction—
The Photo-Sonics Modet 80 Kim reading system 1s a total facil-

ly capapie of regucing and digiizing information from film and

converting that gata into a aigital format, suitable for input to a
iarge computer center tor turther processing.

A vanety of film reading equipment s presently being
used 1o pertorm the basic data conversion from cinetheodol-
iles. telescopes and fixea cameras. Some nave been fitted
with automauc aecoding devices. but the decision of the spe-

cific target 1s stil left to the operator With muitiple targets in the

film /magery. ang with manuaily controlled wire cursors. the
Qutoutting of data o magnenc tape or Card reacer. makes him
reaging a very 'egious Process.

\=piicztions —
The Moget 80 lends tseif to automatc film reading jobs where
specific types of information are recorded on him, such as got

matnces. alpha-numercs and vernier dials plus cooperative
shapes which might include a dot. cross or quadratic target.

Llodel 30

juasysiems

nclude —

1) tim reager console with cigiizer
taoie, controt panei cursor. float-
ing keyoaoard and Qisptay. oot

switcn. x. y. frame LED display. ilm
transcor. kght source ang oolhics.

2) PCS Digiizing camera ana relay
optics

3) e ectronic control console with
contrcl urit. scan converter and
Nova 3 12 ciqutal pracessor

4) Magret:ic tape recorder

$) CRT remote aisptay termmal

6) Cisc.

7) Software

~lodel 30

vyariafie ! —

neiuges the agaiion of 2 TTY termr-
na. usiration aiso srows nprotective
3ust ccver removeq f'om *'m ' ans-
port ~overmenrt, on sice ot ‘M reaaer
conscie grovidiNg GuiCK ang easy
access

B and s e aC AN
A A

H

With recent developments n recording coded nforma.
tlon with pictonal gata. informaton avaitable from him has
ncreased cansiderabiy oves the past ten years In aodaition
the wide varnety of formats and vanatons in coges. dlus he
general increase of work ioad with existing work force. rec-
essitated a new iook into the optical data conversicn f:e!d
Photo-Sonics ungertook this 1ask (o altempt o automate re
process of aata reduction from film Il was determireg ("at
specific types ot information such as cogea intormat.on LED
or alpha-numerc. cooperanve 1arge!s. ang cisinct 1argets of
reasonapte contrast could be dgetec!ea ang auiomatcauy
reaa. Degraaea imagery and non-cognerative t1arqers ¢20 e

These are often found in mgh-speed instrumentatian him
used In range tracking apphcauons. car ¢rasn stuaies. Dio-
mechanics research. the meaical held plus a host of other
categories.




1ECmm {lm
ranssort —

A special 140mm him transport can pe
proviged &men shides iNto cositon
easily Dy the ogerator Fum aqvance is
dore manuaily tv !he operator

This transcort hoids approximately

read manually while the coded data can automatically ana
simultaneously be digiizeg.

In this semiautomatic mode. the wire cursor system has
been repiaced by a soiid state digihaing table The free-
mowving Cursor can be moved about with one hand and data
entered with the index finger.

The comonation of this new digitizer tabte with an auto-
matic system has the aistinct advantage that no matter wnat
the quality 1s of the film to be read. both the sermiautomatc or
the fully automatc mode will provide data reduction personnel
with a fast and most efficient tool.

Digitizericnle —

control panel. cursor. floating keyboard
ana display. ang projectea 26" x26”
image area are ¢learly shown.

25 ‘eet of tim

a,

- R
SrY0I22038n L IS -

-

Controls for cnanging magniicaton ang
intensity are convenent'y iocated at
operator levei on ire projection nousing
Lacal film trarscort C20-0lS tor .0ading
the him are 1oca:ea ~ear 'ne fum move-
ment. An eas,-!0-re&c .M threaging
diagram orovices (nsiruclions tor ine
many ways fim can ce wouna

o~ PR AR
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System operation—

With the comouter Ge-activated. SOme Conrols are availadie 1or set-up. checkout
ahq for previewing a roil of kim Frim motion 18 manually controlied with the speed
ana girection DeNg vaned by COMEsSDONAING xNoDS ana switcnes iacated on

the cperator s control panel Some of Inese Cantrois associatec with him toading
318 0I3CEA ON 3N auxikary PaNel Near (e him transporn

UnGer comouler COMTo. when Ceaing with non-cooperative targets. the
0Deralor Mmeasures gesired Qata caINISs Dy Manuaily DOSINONING the nananeid
CLISOr ang CEOressINgG (N réCord DULLON ON the Cursor Of 3 'oot switlch The
CursSor wnich 1$ not Consiraineéd Ov any guide dars and whose only attachment
to tre aig:tizer 1301@ 18 a 1ght. liexiDie. etectncal conductor. enagies (he gperator
to fregiv Suge it N anv qirec’GN ana at any speeg up 10 300 Incnes per secona
In most cases (ne LED matrx houc:ais ana Qther reference targets are auto-
Mancailv ang simuitarecusv '@aa By ‘@aaing haucial marks the accuracy ot
Ing measurement 1S Not altected Dy him transport Naccuracies ang him
SOrocx @t Note (0ierances

System specifications —

When aeanng wiln coogerative targets. ail coorainale ooints are auiomar.
Cally entereq 10 the computer winoul 0perator interterence This oceranon aligws
tne reaqing ot any numcer ot targels reterence points of hducials ana LED
maltncies tuny automatcaly Agaitionally the sysiem ¢3n reada Qitterent size
matnx DIOCkS wnicn May De located al any place within a Given lim trare Oy
My CaNA UD INe CCIrespoNCING 301tware Drogram In Inis moge a corton
ot 'ne eragra™ 1s yseq 1or checkiNg abNOrMal ConuLioNS and getectir3 errors
Shouid an 3orormaniy Or errar De Oetected (e system wil Cai tor oceraler s
wntervennon Tne rature of the apnNormMaity 1§ Aisplaveq On a MoMmior arc (~e
operalor 'men can gec:ce wnerner to resume aulomatic feaang of 1o use ‘re
CursSOr Al communicatons are wa tne VOT Programming tuncrans are srovicea
wilh the Sy $7em 10 enaoie e operalor 10 Mtianze a3nd conirol di sysiem
ocerahons t-om e kevcoarg

Reader console —

OPTICAL SYSTEM

Magmihcaoons: 10X 23X 42X

For tiim size: 70mm 35mm 16mm

Lght Source. Tungsten-naiogen Ivpe

Cooung: Forceg aw

Screen: 25726

Aperture masks: 2 eacn tor 16 35 arg 70mm nim tormats

FILM TYPE

Any gertorateq noe trom 16~ to F0mm Fum imicxkness from 0 0025™ to

0CCs8”

FILM TRANSPORT

Moges: 1a forwarg and reversegl o C re s Sewing » Single trame
o My,:0te 'rare. 110 10 ¢ \iLt.C:e 1rare wiin pause O 2 10 5 secoras

Film sgeeds. '6 & 33mm Q1o Jitos 70mm Qo 10 tos

Film movements: 5 uris SuOC e wifn System Canh@uration as per customer s
octon !-ese can ge turnisred 1o any cerrgrated temm 33Mm ang 70mm
hwm win §°INQara eatenced Or Soec:ar acertures 140mm not incruced in
S1arcaro cerrgquration

Fiim registranon: Mecnamcal C 0015 Not aacucaoe 1o 140mm

ol Ivm e m

Qo028 for Trrmonim

Frame counter -39 339 .0 re3cer consore
V-ANGLE MEASURING

Means. 3:°1371 egGe ara Cursor

Range: (€0° .rimiea

Accuracy Setermang
DIMENSIONS

Woth 67

Deptn 35" Zoor ¢ eararce

Hegnt 357 ~5rane@ 457 winoul Mirfor SLOROMN
Wegnt “2CC s Manmum
DIGITIZER TABLE

diginng area 37+ %"

Ettecive area 5« 167

Resownon .
Repearaomty =2 201"
Accuracy =0 2027

Trac:ng soeeq .l0° secorg

Cursor ~'ee.-mQvrQ wmite 003Gue 41N Darguax-tree CrQssnan U CO7° ne wiath
4~ raesier 58 C”

Foot swi'ch .5€G 4% 3N alernite Ja11 erter.rqg Cevice

Electronic digitizing camera —

Prorg ruoe ~ e C$SeC'ST . L S araar wun G CO1T iceture stanaarg

Soec:rat resoonse 320

Sensinve area ' 107 T amever

EMective area " U1 1 L0

Quiput umformity ='Q%;, c.er e
Steoping resowtion L LSS5 TS ST e erect L@ Jreg JLC00ST ey
~3
Lers Grouo Cemicrircaters [PLer 100X 2ER
Zar m e thmm 18mm Tteem
Oiginaing rate * ) L0 ca:nts secera =1emym

Prorecron - .mmale " 97 LONMAGE 'urn -2’ Gl @3CeSSive Culent On onC'

il ia

Scan converter and display —

Storage ume: 25 minutes minimum

Gray scales: 7 shades

Zoom: H& ragmincanon

Monitor video: $'anaara comeos! oer EtA specs RS-380 or AS-343
1Eurceear: Stangarg CCiRE2S SU a.aianie on request!

Video outout: Pasitve or negative (525 :nes)

Dispiays: 9" aragonal monitor

Digital processor—
Mini-comoputer- Nova senes 16 DIl general purpose camouler willh
4o 10 32K Of ward memary
Qoeranng system: Data Generat ROOS (with disk) or SOS iwithaut aisk)
intertace Doaras: | Fum reager imedace
2 Diginzer rapie menace
3 E-ecrror ¢ camera mgn sgeeq ntertace
These Coaras are 157 « 157204r0s ang housed m (he Man framg of
he comouter
Mag tape: 7510 s 9-chanrer 800 BP!
Oata tormat: Qaa oantv 1BM-compatitie
Ooeranng moges: Data crarret ang .nterruot handing
Mass storage: 3 meqa obyie hvead MOviNG NEaa aisk

Terminals—

High speeq teletvpe terminal. 00 8PS

Video aispiay terrminal; Uo to 9600 B8PS
Floating keydoard: 1200 BRPS wun LED aisplay

Calibration tools —

A) One eacn Mytar canoration target tor 16 35 ang 70mm im
movement

8} Two Mviar overtay templates for dala Block troubiesrootrg an
aig “i1zet 'aoie
Ore rempiate wih customer s data Dtock pattern
One olank (agaional patterns opLionai)

Software features —

Targers: Quagrant
Cucwar —dark or ignt
Cross —aark o 1 3nt
Special haucial Mark (Crow teen
LEDs: vanaore corthauranon
Ccerarer senneg format
Panty creck
Frst ang or secora cittererce cneck
Jiter search sontware
Orat. Cinetnecgoite aznmutn ang erevaton 1o = U0Y®
Edge rracing
Graprcs pioting for Quick Cata venticanon

General—

Qoeranng temoerature range 0" 10 'CO°F :computer >vsier pa ¢

Maumum perrmissiole termoerature vananon <3°fF

Syslem rotar shtooing wesgnr 2500 DS MANNUM (wilNOU! S01ALIAN 11 1NS*3r

ars)

Power requirernents: 115y AC z10% FOHZ =8% ! CNISE v Irn4n
22V AC =10% S9Re =37 T or e tegues

Power consumonion SCLI w1115 =~ 3amom

Power Capies " Lu0U €13 Wi 8 3C 1 Or COmBanent

Plugs ang outiets 'J S Lirayator b AC
E.ocean s1an@arg ' Li0V AC
Front paneis ='1paarg 137 wate r3Cx rourted Al rAwes L0, BT a-n 5 Jes
30L0C 812 BACh MAYOr SLLS51em
150130 1r3nsIormer _acergent ,00N L .87 S Cower C2ri 1 an
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HIGH-SPEED EVENTS
"’Uang pcn‘“ ted video

sysrem ccptures evehfs
hoppen

Z :
oy froméOfozaI)uprcfues -

onoMng step—by “ste,
_¥-1-replay. And, there lsg
an!e—prcfure cdvcnce T

| manual ¢hoice of spec:ﬂc
-+] frames for shady,. TheJOG ;
'} MODE piayback ‘and smgle- -
pic?ure review fechires aiso ™
wark iri reversa. Use the _,,5;39
aufo—ploybock to, be's sure
vou have ccpfured the,
'ight information:; use rh
JOG-MOOE D'OYbOCk fO r-y
cnorvze a phenomenon on
thespot. You can even
change a parometer, reun
‘the test. and compare \’*-
results within seconds.
F_!EﬂE-FRAME DISPLAY :
&1 -4Use of g digital buffer i,
memory permrfs nrckedess
full intensity pictures to be’ ™
displayed indefinitely, wrrh =
the tape recorder mcchve
This allows you to peﬂorm c .
detailed study of an rmcge
with no ‘nofse bars and no !
Q—r"\’qw e RN |
INTEGRAL Posmou Rmcu
~:Measurerhent of axact 5
positional change s fcsr
l-and simple Using the™ "4
integral cross-hairs with R
‘pumerical teadout of X ond
R~ coordlnctes Enabled cf
the push of a switch. fhese
Lross-hairs may be quickly |
posrhoned over the subjec?
of interest, and the frame- ~
by-frame chcnge n posrtron
occz.rrctety meacsured.
Veloc:ry acceleration,
growth rate, and g ‘host of
-siruiQr propemes may be,
| calculcted using this hondy
feature instecd of more %
exgensive specicl-purpcse -
fim anclysls equrpmenr

h
EXTENDED RECORDING ﬂMES
Ultro-hrqh density ¢ dcno _"b
: recordrnq provrdes recordlno
1 times of ‘atmost 8 mrnuros of ¥
- 200 frames per second and.
- 45 seconds ot 2000 frcmg;
Jer second. Ang,. due | to the -.
"1 unique recordrnq formcr of
_the SP2000 svsfem ‘the - ;_;,
recording time at_12.000

9 --;.

. M
§ ARl R AR
- DIREC‘I’ uve VIEWING
~ There is No guessing yat
preper expcsure fron'unc.
tocus. or ighting. There crre
no complicated calcuiations.
Just watch the fve resuifs on
the monitor or camera video
viewfinder as you adjust the
centrols. Everything can be -_;
set for pedect resuts, ﬁrsf, i
fime. every fime. "n,n.{'
INSTANT-REPLAY sr.ow i

L

.

)_-,Qr

Lagnaras

-.,.\

Pumcunér'r comrc!s c"ow

93 oz | f
—«-a@-

3

(J
Ts'§,

VL

-
v,

Bt

? ommv- lonon -3l W
Qho crcﬂvo‘!moge crroo ol e
the SP2000 MoﬂoqAnolyss ot X

"‘Q’.fm fs ‘sg\r'rfoundea"vum F?““ .
rder. proviging o wealt Hfulure |
W"easlly éicsed for 1use;

2|{OUAL CAMERAS :
ﬁ?igpe _SP2000 console wilt Jas

ort ﬁ?/o cameras cnd

for irformation which’ | Cag
3 orded on the fcpe wrm
' the moge. Included $a_
wide varety of porcmefers ot N
,reqcrdlnq the image’; J’&g&
coptured on tape—c¢ i - 4 dg.
‘electionic Xog ook’
'} tecorded slmultc:neou
'Mtn‘eccﬁ frome Therg cre ®
‘also messcges ndlccmn
rhe source ‘of the c rren
lmoqe. ‘the sictus of me L

'.un

_recorder ‘and cerfain error.y ;
‘signals ¢ such L Os O “NO-TAPE
signal whep tryrn
‘before loading o ccssene
The SP2000  system’hio} only
helps prevent mrstckes ﬂ ,;f{g
even tells you what's wronq

" Snalysis Gpprdaeh ¥Rk

;SP2000 system Is fully 758

1530 taKes only atew "

ifher ccmerc p
!ndl duol!?"or rrom

K multaneo

ariefy of formcfs"You"'t':’a'n

Jeven record stereo pairs for.
‘g afique. hrg"ﬁ:'spe"'m

“STANDARD VIDEO FORMAT".—'
Tbe vided outpt| oj,the :

componble wlm stcndcrd

-IV-g'\onltors cnd con. be"' 3
;trcnsferrea‘a‘recﬂy By Q i ﬁ

single coble 10 stondcrd
Bercmox VHS ‘matic7on

’other vrdeo recorders. You

Sanstudy yc:u?’prcrbler-n"’@(2

-and find g solution, copy

the Imoges from. the SP2000
sysfem o_gto Q’ stcndcrd e 1Y
cassefte, and mail it1o g %
éolleoque?or review on o
standard” vrdeo Cassette %
fecorder. Hard <opy” AR Y

designed for Use with ided

‘output may be Used 10 POk

]: generate pictorial coples =

“AUXILIARY DATA RECORDING

2 2 Additiondf data’ My ‘Be

minutes to leam how’ro ase
~].the controls’ on'the, SP2000
systern which are groupe
| and colorcoded by S
tunctiori. A high- relrcbrhfy
_membrcne touch panel_ -
Qives protectron ageinst
dust and llqulds.
EASY-LOAD CASSETTE
£ The special SP! recorCrng
tape comes in eosy load .. ?
cassettes, ond changing 87
almosf as fast and simgle as’
for an auaio cassette, deck
.t This cllows you to run c w

moﬂon

“recorded ¢oq rhg tc @, Of ok
fhe SP2000 system
s!muli'&rieo‘usty \th the %’E’!
Jmage thrgugh he u§e bt o,

t” ;drqnol rnput porn
20 i

When used with oprron

| Intertace m_gdules ?Ee‘“*\-c

“oltput &t vchous =

ks Instruments'such as res;" &

o~ "r‘;‘

.trqnsducers of rcnge clocks

aTan

may be stored In.gigital’ X

format Tobe lecgoft tha s

video scréen upon s.o@“:g
rc bcck ) —x'i*g.-*«
ITaeah

lcr ) numt:er of resrs
g (. JF
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THE CAMERA ™o
. Lsrg 0 scid-sic’e viceo™
senscr cevercpec at Kodax ™
Resecrch L2Ts. ‘Te scmerc
of tre SPXUC nystem s’ =k
UNCLe asuCl “ecsiaing tool.
The secret cf s nereditie
koG rTre s e chility to
rerster 32 ires of NI
phctegreohic ccrta n pcrc.‘_a
ct rcres cTerocshing 0Pt .
CiIXE S Der secsrd Jnike e
mcre corvert Irgl viceo-
oG T tuses ‘he senscr
ct e JFUZIC ovtem o
€= T.'5 "0 .S ‘rus enarg
fCrener r@ grostrg Tt
rcoem AR Y saot
comagesty on AT

CXOIO |

cLertaz oS -p. "r”

SIGNAL PQOCESSING
Te zztagrc. ced v "‘e

cCCre'zsac .erfeg 'c cn

WemogL Stes L grat thus

AT V’*',«—
creviaing a well- xnewn crc
uncerstocd receraing
technigue for ccta st orcge
These ccta cre ‘ed In tum to
the reccrcer with 3 sgecial
fiming reck o keep ail ‘*e
sugrals ‘Lily synchronized.
THE RECOHDER

bc'ed vr* wnecr ,ldec'
reccraing technicues”
Pctented Sgin Fhysics

micicgaD recararg heSss

are usec ‘o scheve very
RNIGN CC°C DCCairg Zersty
Ctvery ~gn ~cla rerster

rctes Nt Schievet @ ath

curentictctrg reca -
cesgrs Thus cicws Craety
reccre.rg of cmest 'O -
pixes ger cec g ot cere.
ot ccersty cver S x 00 ot
periGuare ncn Me "‘,;.
reccicar e g
MeIRCrims

“logeing it tecches high’

1 awice varety cf i oyeack ™
’.‘.»‘;f‘-'.“‘i{u G& ]
}slow mot ien ployeack and 2

‘sys'em Pocikeged n

smcxl packcge and
"} designed fcr Cossette

orerating speeds in, i
rrm rT*cI nme, prcwces ong
tecciding Yimes, crd ctfers

mocges iInciuding < nhnucus

e L..é;:;\}z{x??

R e
-+'Sgin Fhysics, Inc | W,,,'..‘ 2
menLicstLes an .“,,,f.‘j_“g,
cutsicrc.ng reccIiaing 1Cpe
icinty deveccec with T
Kcooe Forme This tage
exn.t.ts ¢ ugral-to-rcise
rehc unmatcted nthe
Incus'sy orc ?"rc»'Ceso
cerect matan o the
nign-Censty race s ~g
equreccy te P

CCrven ent Cttorns

mcy TO 'orel

' B PIoyEEINE | pcrcff"l

svs em Virfuc

_ "v'me'("‘v‘:‘*c eha

- Tw T W oW

2 4
“VIDEG PROCESSING - iy

“EMsigncls’en fere. cré“"‘.,*_
“Gemodticted and then &
 ‘digitized for st07CGe. 1%":3_@
> digital bu.f‘fe: memory, o_cx\eﬂ,
rame ot & time."This
%}eaxmcgesf‘s_]hen Tedins
“NTSC formct to @ sfcndgr_c;__:
-telgvision mcm;or ~nfiesze.
_frc pigyoce one foine.
'T‘be Sicfedond o3 T
:;_e.pehhvery NV fed ¥t the_;,
- roniter gcrrﬂhe'buffer.so
mpf this Jmege mcy"be
Qzen on e screen;

*"*6809 mlc'cpfocesso?s .
cre 5 Used 10 Frovide *ﬁ
.Q wIde rorce of simele, £
“yot soph st "*ed ccrfrc‘ E’
thwcte hds t:eeq :
:devebped o qilo
opergtion ‘of fRe™
wlfhouf extansive tiaining
ond Includes scfegucrds
wmch terder the SP20CO. ‘:'
Y 'mrm.re o'“
opercrcr e'r\.r ulcg cs.:c
foutines cre, ;:. L.Ced fcr“;
HELEISsh ccf teg '-rc. 2y Crecs
Cfsysfﬂ"] "e'“'rvcrce e |
Cvmmung "rmwc e ".“;'x’f
Leveicemelliae ‘?M‘*
ex,.ec £370 xparc e
cppnccuu') C\.pcbu“es"’?
Jhe SP”“OC system foryacr
toecme T e
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TECHNICAL SUPPORT .. ooy
~~Spih Physics® IR, frdintains | “maifuncions. Most”

q direct field force of ;. xxss’| electrorics problerms con be. |7
technical representatives, "1 ‘solred dt the boaid level. a & | of sophisticated "2k
thoroughly trained in the - _§ ‘procédure”easily perfommed = Fphofographic setings. v

Cetais of the'SP2000 syste. - | by isers f they so dleste. Al ~ | FELD SERVICE/SERVICE °-
Appication backupis ‘781 pnted-circlt boards contdi
provded through ineers ~ I numbéred fest points for ‘-

who are Ednvenant with you! | foublesnosting and are -3 Savice ond Emér : ~ :

‘equirerments have the | ‘ecaly accessivle’ rdugh the | Tepair senice, the Feid” AL SOTPRINE A7 . ; -
secil knowledge' 10°cY 7 | hinged cond raick which ,#2%{ Senice Dej ' SIS, S
wse the system 1 sohe - Z2F T 'Gliows one_to work on_the
your problems; Our 7% * =54 | boards from e front of the
Ceveicoment engineenng .
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A complete system to

accurately digitize coordinate information in successive

fields of a video signal

The Videometrics/200 Video Analysis System s
a complete stang alone system which allows an
operator to accuratety digitize coordinate
information i1n successive fields of a video signai.

The VM-200 includes a video disc with chroma
processor and monitor which provides viewing and
analyzing video in real time or under operator
controlled field step ra‘es.

Additional functions aliow for selection of two
cahbrateg overidy patterns (gnd and dot matrix)
ana dispiay of cursor coordinates and,or field
count within the video display. The VM-200 also
incorporates a video decoder for the display and./or
storage of iming information that has been
previously encoded within the vertical intervai of

another aavarced vigeo oroduct from

190

the incoming video signal. The decoded message
such as ing time or field 1.d. may aiso te inserted
INto the video dispiay.

An RS-232C port provides for the transmission
of the digitized coordinate information together
with field count and/or decoded data to an external
computer tor further processing. All functions of
the VM-200 including disc are controlled by singte
user frnienaly control panel. All operator promots
ang other reference data are inserted into the video
monitor providing a singte tocal point tor the
operator

enC/uSive JiStHhurors

p—
i \‘ INSTPUMENTATIQN
* L MARKETING CCRP

220 South AMarposa dtreet Burpana CA 31508
OMAre 211 443 AR Ta.ae &7.177C

o« L. e ~

LT T e e s L~.AL'L‘-ML~L-L‘L-A;L._L>_:J




A SRS L e e LA SEAL AL ST,

.
’
.
N
.
N

OPERATION

-y oh Sl bl s aa it L Ad S Al Sed e iabt ot it TSR SO
AAVCRE S Al s s At Sep S Nt Ml A A S Loas Sa i Rl & Al it LA

The VM-200 recewes a standard RS170 or NTSC video signat
from virtually any source inciuding cameras. SCan converters,
VCR’s or other recording system. The video 1s applied to the disk
and recorded while being presented on the momior dispiay.
When the recording 13 haited. the preceeding ten (10) seconds’
has been 3tored and s available for anaiysis. Playback rate i
controlied Dy a “step rate” shder Or a single step push dutton. A
Forward/Reverse switch controis the step direction. Two cursors
are used 10 measure paints Of interest within the disolayed held.
One i3 used 10 38t a Zer0 reférence and the other estadblishes the
X. Y coordinate referred 1O the reference.

Position of each cursor 1$ controlled dy a j0y stick, for course
adjustment. and four singie step switches for fine positioning.
AiS0 inserted into the Aispiayed viGeo. under Operator command.
are:
1. Field count

2 X Y coorcinate vaiues 107 each cursor
3 Data cecoced from vertical interval

4. GrapMmc overtays, 1.e. grid. Got matrix

*20 second storage optional

INSERTED VIDEO DATA DISPLAY

All data inserted into the Video display 1s on & 320 X 240 pixel
matnx. AIphanumenc characters are generatec on a 5 X 7 dot
matnx with a dot equal to one pixed. All aiphanumenc :nfarmation
18 displayed in the lower left corner of the video frame The
Ccursors and grapmc overiays have a ine breadth of one pixet

VIOEQ INSERT!ON MODE

The generated video may be mMixed with the existing video any
one of three ways depending upAn the oesition of 3 panel
selector switch:

CONSTANT LEVEL WHITE

In this method. a fixed level 1S Overiaid on the existing v:geo. The
addea video ampiitude 3. theretore, constant and unattected by
onginal video. The technique 13 satistactory when the 0nginai
video 18 Ot generaily constant level. such as a fat heid backgrouna

BLACK

The generated video 1S again Overiaid on the existing video. but «in
this case 1n the cpposite poianty The level is nOt agjustacie as in
the write.

RELATIVE WHITE

This 1s the most commonty used method of aading the generated
video it provides a pleasing d1SPay over a wide range of onginal
video hght leveis A levei sat Dv an intensity Cantrol 1s aggeq to
the existing level of the origiNal video and the "added’ generated
video 1 theretare constant This helps prevent wasn out at the
nigh light levels and assures 3 NON-glanng AIsPIay at tne 'ow
levels An adamonai teature of this moce s that it goesnt obscure
the existing video. Features will Show (Nrougn tne overiayed
video

CONTROLS AND INDICATORS
POWER GRAPHICS CONTROL (cont )

SPECIFICATIONS

Video Input: 525.601 AW EIA RS1700r NTSC 1t voit ceax 'o
peak Dlack negative interiaceq 2.1

75-OHM impedance

Dise Bandwiath: 4 2MHz +3ab

Field Step Rate: Singte to 50 lieigs cer secona

Cursor Position:

Resolution: 320 pixels honzontat (640 optionall.

240 pixels (equat Lo raster) vertcally
Inserted Characters:

Faormat: 5 X 7 dot matrix ) Dixels Detween
characters NONZONtally. 1 pixel iSCan nnej between crarac:er
tines
Graphic Overtay Format:

Grnid: Crossnatch pattern with 'ines apoearng
every 20 Dixeis DOIN NONISNary arg Jerhicailv

Dot: Dot matrix with gots acceanng every (0 cixers
nanzontaily ang verticaily
Intertace: RS232C (1EEE 283 GP'B ootionan
CPYU: 280A
Memory: 16K bDytes dynamic RAM

4K tyvies EPRCM
Power Requirements: 11SAC 3=z

ScecCcal.3ns SLDBCH I3 IhANGe witngy! M stce
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SEND Momentary Push Button Cursor B,
DI1SK CCNTROL ON. QFF
Recora Overtay ON CFF
Play Overiay Grig Dots
FWOD 8KwWOD CURSOR CONTROL
Step Rate Remote Locai
Singte Step A/B
Reset Pasition
GRAPHMICS CCNTROL OISPLAY
Cursar A soce
Open Ciose Dot intensity
Cursor 8 Coorainate
Cgen Ciose-Cot Cisolay
Curser A | Felg 1D
ON. OFF Decoder
anotrer agvanced viCeo orecuc! *am
\.l B, O G S R PP PR P




Laand e e 4 g B e Y M i e - i — LA A Sl e e Sl S ae e o -y L el el Al Ak S Bk 2 e 4 Trrvw

e SENES LY.

’ RTCN Sl D et
' e <O

= S 3 RTER Bl ey
o ,’. F 2 Y ke 3, .,~r'.':'~,
. w5 3,

cont S

A

Vi,
‘I;_m
g e M
RS,

| displacement

115
.i :

€A i=-time ot
= R b e T

NG Vibration

o~ i
“. o

0
gl
‘.-.

e

AT FA AL

N f g T
iy e

o Measure remote or inaccessivle
objects

o Biaxial displacements - linearor _
angular L

o Differential displacements O
- extensometry

o Non Contacting R
C ]
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Model 5600 Biaxial Displacement Follower

The Mogel $600 Braxiai Follower permits simuitaneous
measurement of arget motion in two orthogonal axes. Target
orientation and tracxing mode s front panel selectaole. ailowing
any of the tour corners of a rectanguiar target to de tracked.
Single axis operation in either ax:s 1S also possibie

In the biaxial mode of operation. an electronic network
switches the tracking axis betweenvertcal ang horizantal ata 30
Kiz rate. Hold amplitiers in the servo 100p rememper the
previous larget position. ang furmish the crive for the cellection '
amplifiers. Separate horizontal and vertical aata amoplifiers arive
separate meters and provide individuat signal outputs.

The Model 5600 tracks erther rectangular or circular targets
whose dimensions can pe as small as 10% of the tull scale
measurement range. {f the target 1eaves the field of view. an
automatic search of the entire field takes place When a proper
target enters the field of view, the mage s captured and tracked,
and output signais are restored.

Model 5100 Single Axis Displacement Follower

The Modei 5100 Singte Axis Follower features simple

' operation tor measurement aopic.lions as diverse as tend. °g

of large structures to runout. vibration. ultrasonic motion. and

bailistic motion. Angular measurements can be made by
autocollimator targetng techmques.

The cotical head can be rotated to align the measunng anis
with the target movement, while the target phase or orientation
18 front panel selectable.

The 5100 1s complete with Optron's hght servo circuitry which

monitors target (lumination changes and automancally ad|usts
l the electron muitiplier gain to compensate tor changes in image

ntensity. This feature 13 especially usetul 1n outadoor aophca-

tions wnere amoient \gnting cannot te easily controiled.

The 5100 also contains cifferentiator circuitry 10 provide
anaiog veloCity and acceleration outpuls in agdition to
dispiacement gata.

Conventional 'nstrumentation such as analog or digital
oscilioscopes. transient recorders. or waveform digitizers can

l be used to recard ne qutputs from the Model 5100.

—gama. QIMACLUIR! FROLTS SECIIBATON
oo an cee
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IModel 5100X Differential Displacement
Follower/Extensometer

i The Model 5100X s essentiaily two single axis displacement
- followers compined in one canvement instrument This system U

permits simuttaneous disolacement measurement of two :

targets. providing d:fferential as well as indiviqua target

displacement outputs.

The 5100X. having extremety high trequency response (LD to

-
3 200KHz), 1s especially suited to measurement of materais -
oman subjected to nigh strain rate testing. e1ither at amoient or migh or ‘!; ‘
' ?_ low temperatures Iti1s empioveg in many aopllcaluonsmvol\mg ~ o s ~,1
- the rapid movement tetween two Ob|eC!s or argets LT
L]

The 5100X can be supphed wilth two 1ncividual cotical ~eads
(35 shown). cermitting virtudlly unhmitea separation cetween
ltargets. or. ire 3100X sput image extensometer ~eag wnich
permils dilferentigi measurements with 3 single optical
assembiy

1
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Frequently. in the study ot high
speed motion. the variable ot

GAIN
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N’ MUX 1 AMP

interest may not be displacement | s
but velocity or acceleration The oErLECTION| |
Modei S300 incorporates two AMD ] 1 — !
mgh pertormance d:tferentiators ———— Tl YELOCTY |_®

. vy o ShvERT 2
mTt convert the displacement Y XTI LA i ST aveour
outbuls ta velocity ang accelera- pre— et | |
tion HEAD PREAMS "—1 —e . [uTc?_—— |

The outputs of ail three para- " (‘\ L.,— ~OM sgavo —SW— —
W — — -
meters (displacement. velocity. 7, e i bsdalil L b B S \97 et —0
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simullaneous recording or oscillo-
scope display
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**nael S100-X measunng sirain of tensiie specimen.
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Lenses and Full Scale
Measurement Range

Key Features and
Specifications

5600

Full Scate
Measurement Ranges

020 to infinity. depending
on lens

Resolution

To 00001". depending ontens

Measurement Modes

Siaxial (x-y)
Single Axis (x of y)

Buiit-in Difterentiation

Provides velocity/Acceleration
Qutputs

Frequency Response

Biaxiai OC-10KHz
Single Axis DC-50KHz

5100

Full Scale
Measurement Ranges

020" to infimity. cepenaing
on lens

Resolution

To 00001 depencing oniens

Measurement Modes

Smgle Ax1S (x Or y)

Light Servo Function

Automatically compensates
for target HiumMNauon vanations

Built-in Differentiation

Provices Veioc:ty- Acceteration
Cutouts

|

| 140
Frequency Response i OC - s0xkz. Stancarg 4 4
| Cr=z Cguonal i /
'~ 120 /
1) /
w ;
X !
0 ‘
- 2 g /
3100-X =
w
[ 2 /
! Fuil Scare 2127t nhinty ecerzing ) 5 £ ;
Measurement Ranges ar ens - 90 S S
a 5
- . . | a
Resoiution > ICCCYT zepenzing 2n.ens o p E v
Z 60 / V4
Measurement Modes Cierental - Siege Axis [ é / / -
| :Recuires cual ccrcal neags @) / - o
of spul--Mage 2xterscmeter | 3 / / -
I
|
]

~eag)

Light Servo Function

Automancaily ccmeensates
‘or target Huminaticn varations

Frequency Response

OC - 3CKHg
2CCKH2

Stargarg

Cgticral

e N

!
!
t
|
|
i

|
|
|
|
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The tracking area of the (mage dissector chotecathode, over
which the electron image 1s detlected, s 150" x 15073 75x375
mm) square. Thus. the full scale measurement range or frelc ct
view can be fixed by the choice of 3 lens ang extension tuce that
wiii torm a 150" square image of the cesired range Lens charts
proviced with each instrument permuts lens selection without
caiculation

Difterent apphications require cifferert working distances
between the lens and the obiect. as weii as cifferent fuil scaie
measurement ranges The standard lens setangextensicn tutes
supptied crovige full scale measurement ranges ‘rom 0.1 o
infinity with ccnvenient working gistances {or many agoiications
Cotron will nelp you deterimine the lens and contiguration oest
fof your 3DPhCaLoN. ana will design ana bu:ld Iens assemoi:es to
meet specihic requirements.

MEASUREMENT RANGE {INCHES)
0 1 2 J 4 H
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Non-Contacting Displacement Followers

REMOTE MOTION MEASUREMENT

¢ NO mechamical loading or change 'n specimen dynamics

o Measure movement of sott or fragile specimens

e Measure inaccessible objects from a distance

* Measure from outside ot hostile envirgnments—not ¢old.
vacuum. radicactive, high voltage. corrosive exptosive

e Follow very small movements from far away

METHOD OF OPERATION PROVIDES

VERSATILITY

¢ Simultaneous. muitiple axis measurements

e Differential measurements

Static or dynamic measurements—dc 1o 200Kz

Fixed viewing port aliows continuous observation

Spectral response comparabie to human eye

Real ime tracking of displacement. velocity and

acceleration

No need for elaborate laser. strobe. or coliimated hghung

® High reso ution angular measurements readuy
imptemented by autocollimator methods .

e Can -eplace high speed photography by ehminating him
processing and cata reduction

CURRENT APPLICATIONS OF OPTRON

DISPLACEMENT FOLLOWERS INCLUDE:

s Valve displacement in internal compbustion engines

* High speed motions 1n impact character printers

* Benaing and twisting of ship hulls. bridges and other
structures

* Oynamic resonance ang tracking of magnetic neads over

hard and soft aisc drives

Motions (n weapon firing mecharmisms

Relay contact bounce

High speed camera shutter motion

Turbine blade motion through excitation and operation

Solid rocket prapeliant burn rates

Displacement. vibration. and run-out 1n tools. machinery,

ang consumer goods

Biaxial movement of laser disc optics

Strain and tatigue 1n material testing

Pressure burst testing

Power transmission hine motion

High strain rate testing

e & & & & o

Theory of Cperation

ELECTAON
MAGE
AULT 3 _ER

APERTURE

WAGE
MOTION -~

TARGEY

§OTION LENS SvstEM
ureyr
CuURRENT
*0 S1GNaL

-~ PEgarss

LEATICAL
OEFLECT.OM

A

HORIZONTAL

OEFLECTION
CITCAL waGE

ON M=OTO CATHOOE

Optron displacement followers track the motion of a
discontinuity 1n tne 1mage tormed dy hignt reflected tfrom or
emitted Dy a moving object The spectrairesoonse extends trom
ultravioiet to near infrared The discontinuily may be an actual
edge of the object or a hall gark. hall ight 1arget altached 1o or
painted on the abject

The image of the ecge or target 1s focused on the prato-
cathcde Of an 1Mage <issector tuoe 1n the cotical nead (hq 1)
Electrons are emitted trom eacn point of the pRotocatnode n
proportion t0 the intensity of the hignt image The resuiling
etectron image s retocusey on a plate contaiming a smail
aperture Electrons passing trrough the Jperture constitule a
$1gNal curret DrODOrHONal to the intensity at the corresconcing
point on the onginal cpticat image This small current s
amphhieg Hirstin 3 l0w NQiIse etectron Multipfier withun thermage
gissector tube. and lurther by soird state amonthicrs in the contro!
umt

196

The amphified signal s usea by Ootron s patentaad servo 1000
to keep tne electron image of tha target ciscontinuity centereg
on the aissector acerture. As the ootical /mage Mov2s. tre sarvo
controt changes the current in getlecling couis so that the
eleciron image s returnad 1o (s onginal casiion Tre cetlecticn
current required to recenter the image 's 4 measure of target
crsolacement

The dissector apertyre 1s a3 smali. centraily located hoie. Thus
the ogticat nead may be rotatead so nat the grrechion of
ceflection 1s paratiel 1o the target motion. or 1wo orthogonal
deflecticn cois may e used to mcove the electran image in
whnatever direction 1s needed. This anc otherservo locp ‘eatures
impiement the dilterent functions proviced by the various
Cptron mogels.

.ooﬁ

RELATIVE SENSITIVITY

P
L I ' !
300 +ca %90 600 I} €30 a0
WAVELENGTM (Nm)

Typical spectrai response of S20 photocathode used instandard
Optron oplical heads extends Irom uitraviclet to near intrared
Standard photograpnic lilters may be used !0 eliminate
bacxground illumination or enhance targel contrast,
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Accessories

Accessortes for use with Optron noncontacting displacement

followers pertorm three impaortant functions:

1. Support and onent the optical head relative to the object
to be measured.

2. lluminate the object 10 be measured.
3. Calibrate tne measurement range and output signais.

Model 738 Heavy Duty Tripod provides ngid support for any
Optron optical head. Especiaily suntable for precise displace-
ment measurements or extensometry where pertectly steady
support 1S necessary 2-section. 1.75” diameter braced legs have
swiveied 100t Dlates with nonsiip treads. Leg adjustments plus
gear driven elevator column with 18" travel provide neight range
of 33" to 73". Furrmished with gear driven pan ang tit tavdte for
optical head. Weignt 26 Ib. Optional rubber tired dotly available.

{:,\
w-maém

Modeil 736A Tripod with 2-axis micrometer table surmounted on
pan. tut ~eag orovices 3 57 travel n X and Y directions.

Modei 737 Tripod. same as Mocel 736 except equioped with
crossarm ang Jual pan/hit neags tor sige dy side mountng of
two Qptron ootical neaas. 2-axis micrometer tadies optional

Modet 738 Triaxial Positianer. Three screw ariven cross shces
provige accurate X. Y. ana Z posiioning tor any Cotron optical
head. Vertical travel (Y axis) 1 73" (44 mm). X and Z axes 5.5
(137 mm)_tn some appiications it may be convement to mount
the test object on the moge! 738 while the oplical head s
stationary.

D

Model 560 Target llluminator. Consists ot a smail, retiector
photo-{tood lamp that can be aimed and pasitioned by means of
an integral agjustable support, and a regulated OC power
supply.

Model 860 Fiber Optic Target llluminator. Complete with voitage
regulatea OC power supply. the 860 s designea for luminating
hard to reach areas. It proviaes a ¢ool, even tield of illumination,

Model 255 Calibrators are micrecmetar criven precision slides
used tor precise calibration of Optren measunng instruments.
One and two axis mode!s availabte (855-2shown). Totaltravei 17
each axis. High contrast targets are aesigned tor front illumina-
uon, using standargd Hluminator supphied with neaa. Qptional
selt-luminous targets are avallable.

Storage Case. Providea with each svsiem 1o nouse tne optical
head. lenses, etc. Mangy !tor 'ransporting system trom one
location to another or simply for protecting the optical
components when not in use,

amamp
QDE’ 5 &GBN COI’D. * 30 Hazel Terrace » Wooconage. CT $6525 » 1203) 389.5384 ¢ Telex 963535
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APPENDIX B
BIBLIOGRAPHY

B-1. PRESSURE. .
952146 AD-A121 600/1 me e

Blast Wave Loading of a Two-Dimensional Circular Cylinder (Final
Report).

Coulter, George A.

Army Armament Research and Development Command, Aberdeen )
Proving Ground, MD, Ballistic Research Lab :

Corp. Source Codes: 054817004; 393471
Sponsor: Shared Bibliographic Input

Report No.: ARBRL-MR-03207; SBI1-AD-F300 118
Nov 82 82p
Languages: English o -
NTIS Prices: PC AO0O5/MF AO01 Journal Announcement: GRA!18307 ; -
Country of Publication: United States
Contract No.: 1L162618AH80 K .
A two-dimensional non-responding cylinder was exposed to decay- :_i_t:f‘_.'
ing shock waves induced in the BRL 57.5 cm shock tube. Ll
Pressure-time records are shown for transducer locations spaced at .
15-degree intervals around the cylinder for input side-on R
overpressure levels of 42.3, 75.9, and 112.2 kPa. Pertinent
loading results are listed in tabular form. AN
: Descriptions: *Blast waves; *Blast loads; *Cylindrical bodies;
[- Two dimensional; Shock tubes; Test methods; Pressure measure- S
- ment; Transducers; Loads (Forces); Diffraction; Stagnation; Firing SRR
~ tests (Ordnance); Shock waves; Drag N
) Identifiers: Blast effects; Mode! cylinder; Overpressure; "‘*"‘
[ - NTISDODXA S
: Section Headings: 190 (Ordnance--Explosions, Ballistics, and et
Armor); T79E Ordnance--Detonations, Explosion Effects, and . :.-*_'-:
Ballistics) AR
'RE‘\SHBOCJASNP:GE . : .~:
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880547 AD-A106 141/5

S T e

Reconstruction of a Blast Field from Pressure History Observations
(Technical Report)

Celmins, Aivars

Army Armament Research and Development Command, Aberdeen
Proving Ground, MD, Ballistic Research Lab

Corp. Source Codes: 054817004; 393471

Report No.: ARBRL-TR-02367

September 81 91p

Languages: English

NTIS Prices: PC AO5/MF A0l Journal Announcement: GRAI8205
Country of Publication: United States

Contract No.: 1L161102AH43

This report describes a method for the calculation of parts of

spherical blast field from pressure history observations at stations
piaced at various distances from the blast center. The method
consists of a determination of the pressure field by model fitting
and of a subsequent numerical integration of the flow governing
equations. The results provided a complete flow description

(pressure, density, and particle velocity) as well as estimates of
the accuracy of the results within the region of observations. A
check of some basic assumptions (spherical symmetry and negligible
viscosity) is provided by an independent calculation of the particle
velocity. Application examples are shown for a theoretically com-
puted strong blast field and for data from a high energy blast
experiment. (Author)

Descriptors: *Blast; *Pressure distribution; Overpressure; Experi-
mental data; Numerical integration; Range {Distance); Nuclear

explosion simulation; Spheres; Density; Particles; Ideal gas law;
Flow fields; High energy; Pressure measurement; Variables; Mathe-

matical models; Estimates; Accuracy

ldentifiers: *Blast fields; Spherical blast; Mode! fitting; MISERS
BLUFF-2 shot; Pressure histories; NTISDODXA

Section Headings: 190 (Ordnance--Explosions, Ballistics, and
Armor); 180 (Nuclear Science and Technology--Nuclear

Explosions); 79E (Ordnance--Detonations, Explosion Effects, and
Ballistics); 77D (Nuclear Science and Technology--Nuclear

Explosions and Devices)
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883899 AD-A107 319/6

Shock Tube Tests of Muzzle Blast Transducers (Final Report)
Gion, Edmund J.; Coulter, George A.

Army Armament Research and Development Command, Aberdeen
Proving Ground, MD, Ballistic Research Lab

Corp. Source Codes: 054817004; 393471

Sponsor: Shared Bibliographic Input Experiment

Report No.: ARBRL-MR-03141; AD-E430 701

September 81 62p

Supersedes ARBRL-IMR-691

Languages: English

NTIS Prices: PC A04/MF AO1 Journal Announcement: GRAI18206
Country of Publication: United States

Contract No.: TL161102AH43

A fairly extensive comparison testing of blast transducers is
presented. A number of blast transducers were exposed to a
series of shock waves from the BRL 58 c¢cm shock tube. Both the
angle of shock incidence and the incident pressure levels were
varied during the tests. The purpose of the study was to check
the transducer’'s response and accuracy when misaligned to the
flow direction. The complete sets of pressure-time records for
representative transducer types are presented. The results show
that, in general, none of the tested blast transducers measures
the static or side-on pressures accurately independent of orien-
tation. As a consequence, continual attention must be given to
optimal transducer orientation and other considerations relevant to
the blast transducer used.

Descriptors: *Pressure transducers; *Gun muzzles; *Pressure
gages; *Blast waves; *Pressure measurement; Overpressure; Shock
waves; Misalignment; Flow; Shock tubes; Gun barreis

Identifiers: Blast transducers; NTISDODXA

Section Headings: 19D (Ordnance--Explosions, Ballistics, and
Armor); 19F (Ordnance--Guns); 79€ (Ordnance--Detonations,
Explosion Effects, and Ballistics); 79G (Ordnance--Guns)
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785051 AD-A086 087/4

Airblast Pressure Transducer for Measurements in Nuclear Blast
Simulators (Final Report)

Qui'ntana, J. V.

Air Force Weapons Lab., Kirtland AFB, NM "2
Corp. Source Codes: 000905000; 013150 AR
Sponsor: Shared Bibliographic Input Experiment -j'-'_'»:':‘ - 1
Report No.: AFWL-TR-79-59; AD-E200 497
April 80 33p g
Languages: English o
NTIS Prices: PC A03/MF AO1 Journal Announcement: GRAI18021 R
Country of Publication: United States S
Contract No.: 1088: 21
An extremely rugged resistance-based blast pressure transducer is -:::
developed over a number of years for use in the blast and shock
environment of high explosive-driven nuclear blast simulators. A o
novel silicon display with integral (diffused) strain sensitive s
regions is used as the transduction element for measurements of
peaks to 69 MPa and requiring microsecond rise time response. . e
Evolution of the transducer geometry, internal configuration, and R
special thermal barriers enable sensing applications in e: ‘remely
violent shock environments to 50 kgs with intense flash and burn SR
thermal environments. A variety of transducer mounting hardware T
configurations enables side-on sensing of incident overpressure
and head-on sensing of reflected and stagnation pressures in a i
variety of simulator field test configurations. R
Descriptors: *Pressure; *Transducers; *Pressure transducers; ::._T:'-
*Nuclear explosion simulation; Nuclear explosions; Simulation; R
Pressure measurement; Silicon; Shock resistance; Blast; Disks: )
Overpressure . ‘—— ]1
Identifiers: |ICBM (Intercontinental Ballistic Missiles); Rise time; r>-—vf¥:‘—a
Blast simulators; NTISDODXA .
S
Section Headings: 18C (Nuclear Science and Technology--Nuclear RN
Explosions); 77D (Nuclear Science and Technology--Nuclear Explo- el
sions and Devices) .; ]
L
-—-'—~——'——'-.. s -_.*
BEACRE R
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806238 AD-A090 123/1

Development of Airblast and Soil Strength Instrumentation (Final
Report, 1 May 78--1 January 80)

Coleman, P. L.; Groethe, M. A.
Systems, Science and Software, La Jolla, CA

Corp. Source Codes: 026555000; 388507

Sponsor: Defense Nuclear Agency, Washington, DC

Report No.: SSS-R-80-4367; DNA-5225F

1 February 80 123p

Languages: English

NTIS Prices: PC A06/MF A0l Journal Announcement: GRAI8103
Country of Publication: United States

Contract No.: DNAQO01-78-C-0244; H11CAXS,; X352

The development and testing of airblast and soil strength gages
are presented. The airblast sensors include an accelerometer
instrumented drag sphere to measure dynamic pressure and bar
gage probes to measure static, stagnation and reflected pressures
at levels to 10 to the 8th power Pa (1 kilobar). The soil strength
gauge is a shock hardened dynamic cone penetrator. An analysis
of a slug type heat flux sensor is given. (Author)

Descriptors: *Gages; Pressure gages; Accelerometers; Tempera-
ture measuring instruments; Heat flux; Blast waves; Soil tests;
Strength (Mechanics); Earth penetrating devices; Conical bodies;
Stagnation pressure; Static pressure; Supersonic flow; Dynamic
pressure; Pressure measurement; Drag; Spheres; Soil dynamics;
Cratering; Nuclear explosion testing; Nuclear explosion simulation;

High explosives; Shock tubes

Identifiers: Airblast; Dynamic cone penetrators; Bar gages; Soil
strength gages WU81; NTISDODXA; NTISDODSD

Section Headings: 8M (Earth Sciences and Oceanography--Soil
Mechanics); 14B (Methods and Equipment--Laboratories, Test
Facilities, and Test Equipment); 79E (Ordnance--Detonations,
Explosion Effects, and Ballistics); 50D (Civil Engineering--Soil and
Rock Mechanics)
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Fiber-Optic Coupled Pressure Transducer
Tallman, C. R.; Wingate, F. P.; Ballard, E. O.
Los Alamos Science Lab, NM

I1ISA Trans, v 19, n 2, 1980, p 49-53 CODEN: ISATAZ
ISSN: 0019-0578

A fiber-optic coupled pressure transducer has been developed for
measurement of pressure transients produced by fast electrical
discharge in laser cavities. The design is described in detail, and
the performance of the transducer in shock tube and direct
electrical discharge environments is discussed. 2 references.

Descriptors: *PRESSURE TRANSDUCERS *Design; FIBER OPTICS-
Applications; LASERS, GAS-Resonators; ELECTRIC DISCHARGES-
Pressure Measurement; SHOCK TUBES-Pressure Measurement

Classification Codes: 944; 741; 744; 701; 651
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725559 N79-27462/7

A Study of Response Time of Pitot Pressure Probes Designed for
Rapid Response and Protection of Transducer

Moore, J. A.

National Aeronautics and Space Administration. Langley Research
Center, Hampton, VA

Report No.: NASA-TM-80091
May 79 32p
Languages: English

NTIS Prices: PC AO3/MF A0l Journal Announcement: GRAIT7922;
STAR1718

An eight-orifice probe, designed to protect the transducer without
the Use of a baffle, was compared to a standard orifice-baffle

probe in the small shock tube and in the expansion tube under
normal run conditions. In both facilities, the response time of

eight-orifice probe was considerable better than the standard

probe design.

Descriptors: *Circuit protection; *Pitot tubes; *Pressure
measurements; *Shock tubes; *Transducers; Baffles; Dynamic
response; Orifice flow

Identifiers: NTISNASA

Section Headings: 14B  (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment); 1A (Aeronautics--
Aerodynamics); 51F (Aeronautics and Aerodynamics--Test Facilities
and Equipment)
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539225 A80062678, B80031789

Determination of the Transient Characteristics of Pulse-Pressure
Transducers

Plotnikov, . V.; Dunaieva, V. A.; Efimov, V. A.; Evdokimov,
O. B.; Medvedev, V. M.

lzmer, Tekh. (USSR) Vol. 22, No. 4 394-6 April 1979
Coden: IiZTEAW

Trans in: Meas. Tech. (USA) WVol. 22, No. 4 April 1979
Coden: MSTCAL

Treatment: New Developments

Document Type: Journal Paper

Languages: English

{5 References)

Describes a pulse-pressure generator system used in testing and
calibrating pressure transducers. The measured pressures are in
the range 10/SUP 4/ to 10/SUP 8/PA with durations of 10/SUP -6/
tc 10/SUP 1/S. The system is based upon a shock tube with
piezoelectric shock-wave velocity transducer and contact-indicator

for shock-wave arrival time. The operating principle is based
upon the quasistatic method for measuring stepped pressure

Descriptors: Pressure measurement; Pressure transducers; Shock

tubes

ldentifiers: Transient Characteristics; Pressure Transducers;
Shock Tube; Piezoelectric; Quasistatic Method; Stepped Pressure;
Shock Wave

Class Codes: AQ735; AO67CM; B7320V; B7230
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742960 AD-D006 394/1
Differential Pressure Gauge (Patent Application)
Ethridge, Noel H.

Department of the Army, Washington, DC

Corp. Source Codes: 000137000
Report No.: PAT-APPL-6-020 890
Filed 15 March 79 13p

This Government-owned invention available for U.S. licensing and; . - ’3: .
possibly, for foreign licensing. Copy of application available
NTIS.

Languages: English Document Type: Patent
NTIS Prices: PC AQ02/MF AO1 Journal Announcement: GRAI8004
Country of Publication: United States

A gage for measuring differential pressure in an explosive blast
wave, wind tunnel, or shock tube, utilizes a tubular housing
having a conical axially aligned inlet port, a cylindrical cavity e
which is divided into fore and aft sections by a transversely P e
disposed pressure responsive diaphragm. A plurality of syme- -
trically disposed off-set stagnation inlet tubes and a plurality of
circumferentially positioned flow compensated side-on overpressure
input slots are used to communicate with each of the respective
fore and aft sections of the cavity. Variation in stagnation and
side-on overpressures cause diaphragm movement which is detected
by a friction-free sensing member. (Author) I - N

Descriptors: *Patent applications; *Pressure gages: *Dynamic

pressure; *Blast waves; Shock tubes; Overpressure; Diaphragms
(Mechanics); Stagnation pressure; Air flow; Wind tunnels
ldentifiers: Differential pressure; NTISGPA
b Section Headings: 19D (Ordnance--Explosions, Ballistics, and
Armor); 20D (Physics--Fluid Mechanics); 14B (Methods and
Equipment--Laboratories, Test Facilities, and Test Equipment);
79E (Ordnance--Detonations, Explosion Effects, and Ballistics); -
90G (Government Inventions for Licensing--Instruments); N
901 (Government Inventions for Licensing--Ordnance) e
:
!
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: 651616 AD-A054 372/8 RIS

) T W
Proposed Design for a Differential Pressure Gage to Measure )
Dynamic Pressure in Blast Waves (Final Report)
Ethridge, Noel H. e L

I Army Armament Research and Development Command, Aberdeen “g.
Proving Ground Md, Ballistics Research Lab e e

. R

Corp. Source Codes: 393471 S
Report No.: ARBRL-MR-02814; AD-E430 012 IR
March 78 27 S

I ar ip . ‘

NTIS Prices: PC AQ03/MF A0l Journal Announcement: GRAI7817
Contract No.: JI1TAAXS; X352

The current technique for determining dynamic pressure in blast

. waves is subject to large errors below incident shock over- T

] pressures of 69 xPa (10 psi). It is shown that if a single F -
pressure-sensing element can be used to measure the differential I
pressure between stagnation and side-on overpressures, then
dynamic pressure can be determined with much less error. A
design for a differential pressure gage is presented. A particular
diaphragm size and material are proposed, and several diaphragm )

I deflection-sensing techniques are indicated. The frequency ﬂ
response of the gage seems adequate for measurements of blast . -
waves from large HE charges. (Author) L

Descriptors: *Pressure gages; *Blast waves; Dynamic pressure; . .:l:‘l l

Diaphragms (Mechanics); Pressure measurement; Comparison; e o

Stagnation pressure; Overpressure; Frequency response; Drag; )
l Air flow; Shock tubes; Instrumentation; Time

Identifiers: NTISDODXA

Section Headings: 148 (Methods and Equipment--Laboratories, j'.'j .‘

Test Facilities, and Test Equipment); 19D (Ordnance--Explosions, 1
Ballistics, and Armor); 79E (Ordnance--Detonations, Explosion ST

r

' Effects, and Ballistics) . _j
]
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365308 N73-33221/5

On the Calibration of Pressure Transducers for Use in
Shock-Tunnels

Goc;dchild, R. O.; Bernstein, L.
Queen Mary College, London (England)

Report No.: ARC-CP-1240; ARC-33832
1973 46p
Misc-Supersedes ARC-33832

NTIS Prices: PC A03/MF A01 Journal Announcement: GRAI7402;
STAR1124

The calibration of high sensitivity, fast response pressure trans-
ducers is discussed, particular attention being given to those
factors which can lead to significant calibration errors. It is
shown that static and dynamic calibrations of piezoelectric trans-
ducers are consistent, contrary to the experience of some earlier
investigators, so that where static calibration is possible, that is
sufficient. In cases where static calibration is not possible, the
semi-dynamic technique using a quick-acting valve is both more
convenient and potentially more accurate than the shock tube
technique, especially when digital recording can be employed.
(Author)

Descriptors: *Electrostatics; *Piezoelectric transducers; *Pressure
sensors; *Shock tubes; Calibrating; Pressure measurements
Identifiers: NTISNASA

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment)
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167778 EI171X167778

Fast miniature pitot pressure transducer

Mclintosh MK

Australian National University, Canberra

J. Phys E, Sci Instrum, v 4 number 1, Jan 1971, p 145-6

A small (2mm diam) fast (time constant equal 1. 5Us), shielded
pitot pressure transducer is described, and examples are given of

its use in a high enthalpy shock tunnel.

Descriptors: *Pressure measuring instruments; Transducer; Flow
of LUIDS-nozzle; Shock tubes; Shock waves-measurement

Classification Codes: 422; 631; 651; 704; 944
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144698 EI71X044698
Primary calibration of pressure transducers to 10,000 Hz
Favour J. D.; Stewart, R.
Boeing Co., Seattle, Washington

Proc 15th Int ISA Aerosp Instrum Symp, May 5-7 1969, Las Vegas,
Nev, p. 39-96

A shock tube is used to provide excitation to the transducer in
the form of a definable pressure step function. The transducer
output, time domain, data, is analyzed by digital computer using
the %" Colley - Tukey ‘% Fast Fourier Transform to provide the
frequency domain calibration data. Calibration traceability is
accomplished by measurement of basic standards of time, distance,
force and temperature, and the mathematics of shock tube
behavior. A trial calibration has been performed with excellent
results. 9 References.

Descriptors: *Transducers - *Calibration; Pressure measuring
instruments; Shock tubes

Classification Codes: 631; 704; 752; 944
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110806 A70019230
An Evaluation of Glass as a Passive Shock Pressure Gage Material
Eggert, G. L.

Issued by: Sandia Labs., Albuquerque, New Mexico, USA; April

1969
14 pp.

;".- Availability: CFSTI, Springfield, VA 22151, USA

N Report No.: SC-TM-69-88

8 Document Type: Report 5 '-.:‘:

;. Languages: English e o
USGRDR No.: PB-184349
Eight compositions of glasses were evaluated for application as the _‘—:
sensors in the construction of passive shock pressure gages. e
Although all of the glasses displayed irreversible densification .

under static loading, none densified sufficiently under shock
loading to be considered for a passive pressure measurement
sensor.

Descriptors: Glass; Pressure measurement; Shock tubes
Class Codes: 1A0350; 140120
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567166 AD-804 917/3

Miniature Instrumentation for Use in Shock-Driven Facilities (Final
Report, July 65-September 66)

Weiéblatt, H.; Clemente, A. R.; Wood, A. D.; Pallone, A. J.
Avco Corporation; Wilmington, Mass., Avco Space Systems Division

Corp. Source Codes: 400877

Report No.: AVSSD-280-66-RR; AFAPL-TR-66-129

30 December 66 110p

Distribution limitation now removed.

NTIS Prices: PC A0O6/MF AD1 Journal Announcement: GRAI7711
Contract No.: AF 33(615)-3037

The development of miniature probes for the measurement of
stagnation and static pressure, stagnation temperature, and high
heat-transfer rate in shock-driven facilities is described. A basic
piezoelectric sensing unit is used in conjunction with different
probes to measure the stagnation of static pressure over a
pressure range of 0.02 to 100 psia. For temperature measurements
a fast response thermocouple, which can be used to 3,500 K at
pressures above 400 psia, is described. Heat-transfer rate is
obtained by means of a modified calorimeter heat-transfer gage.
Basic concepts are presented, together with details of fabrication,
calibration, the associated electronic circuitry, and test results
obtained in shock-driven facilities. (Author)

Descriptors: *Shock tubes; Instrumentation; Pressure; Tempera-
ture; Detectors; Piezoelectric gages; Thermocouples; Strain gages;
Heat transfer

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment)
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B-2. TEMPERATURE.
1002713 DES3006300
Transient-Temperature-Measurement Errors

Keltner, N. R.; Bainbridge, B. L.; Beck, J. V.

Sandia National Labs., Albuquerque, New Mexico

7 Corp. Source Codes: 068123000; 9511100
- Sponsor: Michigan State University, East Lansing; Department of

. Energy, Washington, DC . o
_ Report No.: SAND-83-0161C; CONF-830702-4 o
1983 19p )

21, ASME/AIChE National Heat Transfer Conference, Seattle, WA,
USA, 24 July 1983

Languages: English Docvment Type: Conference proceeding

NTIS Prices: PC A02/MF A0l Journal Announcement: GRAI8323;
NSA0800

Country of Publication: United States
Contract No.: AC04-76DP00789

The estimation of transient-temperature-measurement errors s

often required to help urderstand thermal experiments and improve
the accuracy of estimated thermal parameters. Thermal-response
models used in conjunction with experimental techniques are very
effective. A hybrid of finite differences and the Unsteady Surface
Element method is developed and used for modeling temperature
measurements made with intrinsic thermocouples and resistance

temperature detectors. In the latter case, experimental data

obtained with the Loop Current Step Response method is used to
[ - estimate model parameters. (ERA citation 08:037063)

Finite difference method; Thermocouples; Mathematical models ':. ——
Identifiers: ERDA/440300; NTISDE R

Section Headings: 148 (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment); 94GE (!ndustrial and

i Descriptors: *Temperature measurement; Transients; Errors;
1 : - - '—!
{ Mechanical Engineering--General) S
[

214

¥ VPR VI DRI DV DA SR URS AT DR



3 ann s sea s MM AR SAe e Ba~aan den e Sae iote Shoe B e Jhun Jdic d Ty LED O 20 g A a2 AR e e — Raes SO S R i Jet SRSt il e i, S At i al

0989608 DE83009877

Development of a Fuel~-Rod Simulator and Small-Diameter
Thermocouples for High-Temperature, High-Heat-Flux Tests in the
Gas-Cooled Fast Reactor Core Flow Test Loop

McCulloch, R. W.; MacPherson, R. E.

Oak Ridge National Lab., TN

Corp. Source Codes: 021310000; 4832000 L .':-'jfj
Sponsor: Department of Energy, Washington, DC ERE .-;_-‘
Report No.: ORNL-5864 ',.;_‘4
March 83 121p '

Portions are illegible in microfiche products. Original copy
available until stock is exhausted.

Languages: English SRy

NTI!S Prices: PC A06/MF A0l Journal Announcement: GRA!'8318; ,,:E,;.
NSA0800 S

Country of Publication: United States
Contract No.: W-7405-ENG-26

The Core Flow Test Loop was constructed to perform many of the
safety, core design, and mechanical interaction tests in support of
the Gas-Cooled Fast Reactor (GCFR) using electrically heated fuel
rod simulators (FRSs). Operation includes many off-normal or
postulated accident sequences including transient, high-power, and
high-temperature operation. The FRS was developed to survive:
(1) hundreds of hours of operation at 200 W/cm exp 2, 1000

exp 0 C cladding temperature, and (2) 40h at 40 W/cm exp 2, . e
1200 exp 0 C cladding temperature. Six 0.5-mm type K sheathed S e
thermocouples were placed inside the FRS cladding to measure T

steady-state and transient temperatures through clad melting at
1370 exp 0 C. (ERA citation 08:026094). ) :

Descriptors: *Gcfr reactor; Fuel rods; Test facilities; Reactor
simulators; Fabrication

Identifiers: ERDA/210500; NTISDE

Section Headings: 181 (Nuclear Science and Technology--Reactor
Engineering and Operation); 18J (Nuclear Science and Technology--
Reactor Materials); 77H (Nuclear >cience and Technology--Reactor :
Engineering and Nuclear Power Plants); 771 (Nuclear Science and k.
Technology--Reactor Fuels and Fuel Processing)
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907137 NUREG/CR-0169-V13

LOFT Experimental Measurements Uncertainty  Analyses.
Volume Xlll: Temperature Measurements

Lasﬁahn, Gordon D.
EG and G !daho, inc., |daho Falls

Corp. Source Codes: 046580000

Sponsor: Nuclear Regulatory Commission, Washington, DC
Report No.: EGG-2037-VOL-13

March 82 45p

See also NUREG/CR-0169-V12

Languages: English

NTIS Prices: PC AO03/MF AO1 Journal Announcement: GRAI18215
Country of Publication: United States

Estimates of measurement uncertainties for thermocouples and the
resistance thermometer used to measure temperatures in the Loss-
of-Fluid Test (LOFT) system during experiments are provided.
The estimated uncertainties were obtained by evaluating the

temperature measurements to determine possible errors and then
combining the errors for each measurement. The evaluation

showed that different uncertainty components are important for
different temperature measurements and that no one error source
is a major source of uncertainty for all the LOFT temperature

measurements.

Descriptors: *Nuclear reactor safety; Temperature measurement;
Thermocouples

Identifiers: LOFT reactor; Reactor safety experiments; Loss of
coolant; PWR type reactors; Probability; NTISNUREG,; NTISDE

Section Headings: 18! (Nuclear Science and Technology--Reactor
Engineering and Operation); 77H (Nuclear Science and Technology--
Reactor Engineering and Nuclear Power Plants)

216

. . . . . . . N W et . " " o . v' - L ) . . - . . - L . ._' . AN - N .- P ~.'
L_L--- RS ST . e o TSR - PR NP TR U TP RN S SR L ISR IS S W SO T YU 1 e § A W G P GG IS D N TG N




- . - - - - - -~ v ~ v el - el il gl S el et ML atil anh il gl il pie aie gl Nl YA AN A A Al A AR A

923448 PB82-240029

, Combustion  Diagnostic  Instrumentation. Part I: Probe
Measurements (Final Report, September 81-March 82)

Pederson, Robert J.

Science Applications, Inc., Chatsworth, CA, Combustion Science
and Advanced Technology Department

Corp. Source Codes: 075876001

Sponsor: Gas Research Inst., Chicago, IL

Report No.: SAI-82-033-CHATS; GRI-81/0053.1

March 82 86p

Language: English

NTIS Prices: PC A0S/MF A01 Journal Announcement: GRAI8221 . .
Country of Publication: United States -~
Contract No.: GRI1-5011-345-0100

et e 4 —— et
. e

Probe measurement techniques and capabilities have been reviewed
with respect to measurements of temperature, pressure, velocity
and species concentrations in a combustion environment.
Individual probe design, sources of measurement errors and
methods for reducing these errors are discussed as well as
measurement errors common to all probe measurements. Bare wire
thermocouple measurement techniques are examined together with
several types of water-cooled aspirating thermocouple probes
having a maximum design dependent temperature range of 3000°F
to 4000°F.  Velocity measurements using unidirectional and
multidirectional pneumatic probes are discussed, along with hot
wire/hot film anemometers for measurement of turbulent intensity

and stress components as well as mean velocity. Gas sampling L)
techniques using isokinetic and aerodynamic quenching probes are RS ]
surveyed for gas species concentrations. Instrumentation to S
determine convective and radiative heat transfer to the wall within e
a combustion environment is reviewed. l -= ]

Descriptors: *Probes; *Combustion; *Measuring instrumentation;
*Gas burners; Design criteria; Sampling; Concentration (Composi-
tion); Thermocouples; Performance evaluation; Industrial wastes;
Restdential buildings

Identifiers: *Air pollution detectiz-: NTISGRI

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities and Test Equipment); 68A (Environmental Pollution
and Control--Air Pollution and Control)
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952501 DE82008683
Testing of Thermocouples for Inhomogeneities
Mossman, C. A.; Horton, J. L.; Anderson, R. L.
Oak Ridge National Lab., TN

Corp. Source Codes: 021310000; 4832000
Sponsor: Department of Energy, Washington, DC
Report No.: CONF-820306-3

March 82 22p

Symposium on Temperature, Washington, DC, USA, 14 March 1382,
Portions of document are iilegible.

Languages: English Document Type: Conference proceeding

NTIS Prices: PC A02/MF A0l Journal Announcement: GRAI8307;
NSA0700

Country of Publication: United States
Contract No.: W-7405-ENG-26

The effect of inhomogeneities on the behavior of thermocoup: is
examined in detail. Methods of testing for inhomogeneities are
outlined, and the methods employed at the Oak Ridge National
Laboratory are described. Examples are given of the uses of an
Inhomogeneity Test Facility as a diagnostic tool to determine the

cause of temperature measurement errors. (ERA citation
07:047921)

Descriptors: *Thermocouples; Testing; Test facilities; Tempera-
ture measurement; Electromotive force; Seebeck effect; Thermo-
electricity; Accuracy; Reliability; Chrome!; Alumel; Inconel 600;
Platinum; Rhodium

Identifiers: ERDA/440300; NTISDE

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment); 94GE (Industrial and Mech-
anical Engineering--General)
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917145 DE82008844

Lifetime Improvement of Sheathed Thermocouples for Use in
High-Temperature and Thermal Transient Operations

McCulloch, R. W.; Clift, J. H.

Oak Ridge National Lab., TN

Corp. Source Codes: 021310000; 4832000

Sponsor: Oak Ridge Y-12 Plant, TN; Department of Energy,
washington, DC

Report No.: CONF-820306-4 .
1982 34p S
Symposium on Temperature, Washington, DC, USA, 14 March 1982

Language: English Document Type: Conference proceeding

NTIS Prices: PC AO3/MF AO01 Journal Announcement: GRAI8222; ‘
NSA0000 RChEats

Country of Publication: United States
Contract No.: W-7405-ENG-26

Premature failure of small-diameter, magnesium-oxide-insulated ot e
sheathed thermocouples occurred whnen they were placed within . ;‘

nuclear fuel rod simulators (FRSs) to measure high temperatures ' R
and to follow severe thermal transients encountered during simu- C T A
tation of nuclear reactor accidents in Oak Ridge National

Laboratory (ORNL) thermal-hydraulic test facilities. Investigation
of thermaily cycled thermocouples vyielded three criteria for
improvement of thermocouple lifetime: (1) reduction of oxygen Foy
impurities prior to and during their fabrication, (2) refinement of j
thermoelement grain size during their fabrication, and (3) elimi- NN
nation of prestrain prior to use above their recrystallization T
temperature. The first and third criteria were satisfied by
improved techniques of thermocouple assembly and by a recovery
anneal prior to thermocouple use.

Descriptors: *Gcefr type reactors; *Fuel pins; *Thermocouples;
Mockup; Failures; Thermal stresses; Annealing; Fabrication;
Magnesium oxides; Inconel 600; Chromel; Alumel; Grain

boundaries; Performance

identifiers: ERDA/210500; ERDA '222200; ERDA/440300; NTISDE

Section Headings: 181 (Nuclear Science and Technology--Reactor
Engineering and Operation); 77H (Nuclear Science and Technology--
Reactor Engineering and Nuclear Power Plants)
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. 932068 DE82012778

Validation Diagnostics for Defective Thermocouple Circuits
Reed, R. P.

. Sandia National Labs., Albugquerque, New Mexico

_. Corp. Source Codes: 068123000; 9511100

' Sponsor: Department of Energy, Washington, DC
Report No.: SAND-82-1518C; CONF-820306-9
1982 9p

l Symposium on Temperature, Washington, DC, USA, 14 March 1982,
» Portions of document are illegible.

Best available copy from document source. Available in microfiche

only
v Languages: English Document Type: Conference proceeding
h NTiS Prices: MF A0l Journal Announcement: GRAI8224;
- NSA0700

Country of Publication: United States
Contract No.: AC04-76DP00789

Thermocouples, properiy used under favorable conditions, can
measure temperature with an accepted toierance. However, when
improperly applied or exposed to hostile mechanical, chemical,
thermal, or radiation environments, they often fail without the
error being evident in the temperature record. Conversely,
features that appear to be unreasonable in temperature records can
be authentic. When hidden failure occurs during measurement,
deliberate recording of supplementary information is necessary to
distinguish valid from faulty data. Loop resistance change, circuit
isolation, isolated noise potential, and other measures can reveal
symptoms of developing defects. Monitored continually along with
temperature, they can reveal the occurrence, location, and natures
of damage incurred during measurement. Special multiterminal
F branched thermocouple circuits and combinatorial multiplex A

switching allow detection of dc measurement noise and decalibra- S
tion. Symptoms of insidious failure, often consequential, are
illustrated by examples from field experience in measuring temper-
ature of a propagating retorting front in underground coal gasifi-
cation. (ERA citation 07:047940)

P Descriptors: *Thermocouples; Failures; Validation; Electronic .
circuits; Temperature measurement; Noise; Errors; Thermometers; =
Defects

ldentifiers: ERDA/440300; ERDA/420800; NTISDE

L}

::-j Section Headings: 148 (Methods and Equipment--Laboratories, "
i Test Facilities, and Test Equipment); 94GE (Industrial and Mech- ~
= anical Engineering--General)
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0991761 DE83008888
Instrument Response During Overpower Transients at TREAT

Meek, C. C.; Bauer; T. H.; Hill, D. J.; Froehle, P. H.
Klickman, A. E.

Argonne National Lab., IL

Corp. Source Codes: 001960000; 0448000
Sponsor: Department of Energy, Washington, DC
Report No.: CONF-820406-37

1982 11p

ANS Topical Meeting on Fast, Thermal and Fusion Reactor Experi-
ments, Salt Lake City, UT, USA, 12 April 1982

Languages: English Document Type: Conference proceeding

NTIS Prices: PC AO2/MF AO1 Journal Announcement: GRAI8319;
NSA0800 ‘ B

Country of Publication: United Sttes
Contract No.: W-31-109-ENG-38

PRI . .

A program to empirically analyze data residuals or noise to deter-
mine instrument response that occurs during in-pile transient tests
is outlined. As an example, thermocouple response in the Mark (II
loop during a severe overpower transient in TREAT is studied
both in frequency space and in real-time. Time intervals studied
included both constant power and burst portions of the power
transient. Thermocouples time constants were computed. Benefits
and limitations of the method are discussed. (ERA citation
08:026082)

Descriptors: *LMFBR type reactors; *Fuel pins; *TREAT reactor;
Performance testing; Transients; Reactor instrumentation

Identifiers: ERDA/210500; ERDA/220600; NTISDE

| Section Headings: 181 (Nuclear Science and Technology--Reactor
Engineering and Operation); 14B (Methods and Equipment--
Laboratories, Test Facilities, and Test Equipment); 77H (Nuclear

Science and Technology--Reactor Engineering and Nuclear Power L
Plants) A
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849068 SAND-80-2655

Error Analysis of Thermocouple Measurements in the Radiant Heat
Facility

RPN &

Nakos, J. T.; Strait, B. G.

Sandia National Labs., Albuquerque, New Mexico

Corp. Source Codes: 063127000; 9511100 o

-

Sponsor: Department of Energy, Washington, DC _ l:]

December 80 56p -

- o

I Languages: English . @

NTIS Prices: PC AQ4/MF AQ1 Journal Announcement: GRAI8118;
NSA0600

i
]
Country of Publication: United States . 3
Contract No.: AC04-76DP00789 j

The measurement most frequently made in the Radiant Heat Facility
is temperature, and the transducer which is used almost
exclusively is the thermocouple. Other methods, such as
resistance thermometers and thermistors, are used but very
- rarely. Since a majority of the information gathered at Radiant . .
l Heat is from thermocouples, a reasonable measure of the quality of ’ o
the measurements made at the facility is the accuracy of the . ‘
thermocouple temperature data. (ERA citation 06:014626) .

Descriptors: *Thermocouples; Data acquisition systems; Errors;
Radiations; Temperature measurement; Test facilities; Transducers
l ldentifiers: ERDA/440300; NTISDE

Section Headings: 14R (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment)
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8035060 NUREG/CR-0961

Qualification Test Results on 1550 degrees C and 2200 degrees C
1/16-Inch O0.D. Fuel Centerline Thermocouples for the LOFT
Program (Topical Report 1977-79) i

LIS

Cannon, C. P.; Chan, A. 1. Y.
Hanford Engineering Development Lab., Richland, WA

Corp. Source Codes: 056188000

Sponsor: Nuclear Regulatory Commission, Washington, DC, Office
of Nuclear Regulatory Research

Report No.: HEDL-TME-79-50

September 80 65p

Languages: English

NTIS Prices: PC AO04/MF A01 Journal Announcement: GRAI8102
Country of Publication: United States

The technology and commercial vendors have been developed for
fabrication of thermocouples to measure fuel centerline tempera-
tures to 22000°C in the LOFT reactor. Two model A and one

mode! B qualification thermocouples satisfied all test requirements
during life tests at 2200°C and 1550°C. The emf output drifted

less than 2% during 400 hour tests at the maximum test tempera-
tures of 2200°C and 1550°C. Measurement performance remained
unimpaired after 145C/s transient survival tests. The thermo-
couples did not meet the time response requirement of one second.
Time responses of 4} seconds at 1550°C and 2% seconds at 2200°C
were measured. However, this result was not considered too

negative to preclude useful temperature measurement of fuel center-
line temperatures in the LOFT reactor. The first qualification

thermocouples satisfied all other test requirements.

......

Descriptors: *Thermocouples; Tests; Thermal measurement; Pressur- -
ized water reactors; Requirements; Nuclear reactor safety; Reactor .o
) cores; Nuclear reactor accidents :

Identifiers: *LOFT reactor; Loss of coolant; NTISNUREG: NTISDE

Section Headings: 14B (Methods and Equipment--lLaboratories,
Test Facilities, and Test Equipment); 18! (Nuclear Science and
Technology--Reactor Engineering and Operation); 7711 (Nuclear S .
) Scienc;e and Technology--Reactor tngineering and Nuclear Power v ! )
, Plants ot
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0997751 EGG/LTR-141-118

Feasibility Transient Test of a Correlation Type Transit Time
Flowmeter in the LTSF Blowdown Facility

Baker, A. G.
Idaho National Engineering Lab., Idaho Falls

Corp. Source Codes: 056138000; 9502158
Sponsor: Department of Energy, Washington, DC
February 80 102p

Languages: English

NTIS Prices: PC A06/MF A01 Journal Announcement: GRAI8321;
NSAD0500

Country of Publication: United States
Contract No.: ACO07-761D01570

A feasibility test was made in September 1977 to determine the
suitability of various transducer types as sensors for a cross-
correlation type transit time flowmeter. The sensor types tested
were single beam gamma densitometers, conductivity probes and
passive thermocouples. Three forms of signal conditioning were

applied to the thermocouple signals: bandpass amplification,
frequency compensation and signal compression. The gamma
densitometer was the most successful, the conductivity probe less
successful, and the thermocouple least successful. Further work

is recommended. (ERA citation 05:030678)

Descriptors: *Loft reactors; Flowmeters, Performance testing;
Reactor instrumentation; Transducers
Identifiers: ERDA/220600; NTISDE

Section Headings: 18! (Nuclear Science and Technology--Reactor
Engineering and Operation); 77H (Nuclear Science and Technology--
Reactor Engineering and Nuclear Power Plants)

224

SaBa o Ak ha i anh e,




786329 N80-26649/7
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Development and Calibration of a Total Temperature Probe for the
Imperial College Aeronautics Department Gun Tunnel

Bartlett, R. P.; Edwards, A. J.; Hillier, R.

Imperial College of Science and Technology, London (England),
Department of Aeronautics

Corp. Source Codes: 1C623688

Sponsor: National Aeronautics and Space Administration,
Washington, DC

Report No.: IC-AERO-79-02
June 79 32p
Languages: English

NTIS Prices: PC A03/MF AO1 Journal Announcement: GRAI8021;
STAR1817

Country of Publication: United Kingdom
Contract No.: AT/2037/084

Development of a vented-shield thermocouple probe for total
temperature measurements in a hypersonic turbulent boundary
layer concentrated on maximizing both the transient response rates
and the steady state recovery factor (which eventually reached
about 98% at the highest test Reynolds numbers) is described.
This performance was achieved by maximizing the unit Reynolds
number within the shield and hence the convective heating of the
sensor; and by improving the sensor aspect ratio parameters which
control the conduction losses. The probe was operated with an
unheated shield. It is argued that shielding a probe affords
aerodynamic and response advantages compared with its unshielded
counterpart. Performance deteriorates with reduction in Reynolds
number and hence with immersion in the boundary layer. The
critical limit in a short duration facility must always be failure to
reach a steady state. Probes were calibrated against Reynolds
number for the required range but at fixed total temperature. It
is expected that the worst error in steady state temperature for a
given probe would be of order 40 K with a considerable improve-
ment in overall accuracy for profile data averaged from several o
probes. B 1

Descriptors: *Calibrating; *Hypersonic wind tunnels; *Tempera-
ture probes; *Thermocouples; Heat transfer; Instrument compensa-
tion; Nusselt number; Shielding

Identifiers: *Foreign technology; NTISNASAE

Section Headings: 148 (Methods and Eqguipment--Laboratories,
Test Facilities, and Test Equipment): 31F (Aeronautics and Aero-
dynamics--Test Facilities and Equipment)
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775284 AD-AG84 477/9

Transducer Workshop (10th), Colorado Springs, Colorado,
12-14 June 1979

Ancierson, William D.; Thomas, Charles E.

Range Commanders Council, White Sands Missile Range, New Mexico, 3
Telemetry Group LT

Corp. Source Codes: 013429034; 401435

1979 501p R
Languages: English SR
NTIS Prices: PC A22/MF AOQ1 Journal Announcement: GRAI8018 v "’ 1

Country of Publication: United States

High Speed Data Systems for Energy Sensitive Facilities; A
1000-MPa Ballistic Pressure Transducer; Calibration of Laboratory oo
Condenser Microphones; Reducing Effects of Pneumatic Lag; A New “?
Microprocessor Based Pressure Standard; Use of an [nertial e BT
Navigation System as Airborne Instrumentation for Performance A
Flight Testing; Aerial Camera Vibration Instrumentation; Absolute

Calibration of Accelerometers at the National Bureau of Standards; ;-’j:f:';:}:
Response of Transducers to Fast Transient Motion Inputs; A e
Measurement System for Large Motions; Pressure and Acceleration e

Measurements in Large Caliber Cannons; Deriving the Transfer
Function of Spatial Averaging Transducers; Steam/BTU Metering
System; Transducer Field Test Set; Internal Transducer Electronic
Amplifiers; Thermocouple Error Analysis in the Design of Large
Engineering Experiments; Triaxial Measurement of Stress Waves in
the Free-Field; A Low Impedance Manganin Stress Gauge System
for Severe Shock Wave Environments; Improved Stress Transducer
Design and Stability Evaluation; Fast Recovery Strain Measure-

ments in a Nuclear Test Environment; Measurement of Pipeline

Strains from Buried Explosive Detonations.

Descriptors: *Pressure transducers; %*Navigational aids; Strain
gages; Stress analysis; Shock waves; Deformation; Inertial
navigation; Flight testing; Response; Transients; Accelerometers;
Calibration; Thermocouples; Mechanical impedance; Transfer
functions; Vibration; Aerial cameras; Workshops

Identifiers: NTISDODXA

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment)
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738230 CONF-790505-14

Limitations of Thermocouples in Temperature Measurements
Anderson, R. L.; Adams, R. K.; Duggins, B. C.

Oak Ridge National Lab., TN

Corp. Source Codes: 021310000; 4832000
Sponsor: Department of Energy

1979 33p :
25, ISA International Instrumentation Symposium, Anaheim, CA, el

USA, 7 May 1979 8%
Languages: English Document Type: Conference proceeding o

NTIS Prices: PC AO03/MF A0l Journal Announcement: GRAI8001;
NSAQ0400

Country of Publication: United States
Contract No.: W-7405-ENG-26

Factors limiting the accuracy of temperature measurements with
Type K and Type S sheathed thermocouple assembiies are dis-
cussed. The effect of short-range ordering in Chromel is shown
to limit the accuracy of temperature measurements made with
Type K thermocouple to about 1%. Errors of as much as 150% have
been observed in Type K thermocouples in magnetic fields at
temperatures below the Curie temperature of Alumel. Both positive
and negative errors were observed when the orientations of the
applied magnetic field, the temperature gradient and the axis of
the Alumel wire were such as to produce an emf along the thermo-
couple wire due to the Nernst--Ettingshausen effect. (ERA
citation 04:049083)

Descriptors: *Thermocouples; Accuracy; Performance
Identifiers: ERDA/440300; NTISDE

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment)
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542376 SAND-75-6154

Intrinsic Thermocouple Measurement Errors
Keltner, N. R.; Bickle, L. W.
Sandia Labs., Albuquerque, New Mexico

Corp. Source Codes: 5659000; 9502551

Sponsor: New Mexico University, Albuquerque, Department of
Mechanical Engineering, Energy Research and Development
Administration

Report No.: CONF-760816-4
1975 24p

National Heat Transfer Conference, St. Louis, Missouri, United
States of America (USA), 8 August 1976

Document Type: Conference proceeding

NTIS Prices: PC A02/MF AO01 Journal Announcement: GRAI7703;
NSAQ100

An approximate analytical model is given for the transient response
of an intrinsic thermocouple. Thermocouple response charts are
developed. The model is used with numerical convolution and
deconvolution to estimate and correct for transient temperature
measurement errors. The methods are ilfustrated by example
applications. (ERA citation 01:026383)

Descriptors: *Thermocouples; Errors; Mathematical models;
Sensitivity; Transients
ldentifiers: ERDA/440300; NTISERDA

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment)
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B-3. HEAT FLUX.
867956 AD-A103 539/3

- Measurement of Heat Flux and Pressure in a Turbine Stage (Final
y Report, July 79-October 80)

Dunn, Michael G.

Calspan Advanced Technology Center, Buffalo, NY

Corp. Source Codes: 058635000; 410803

Sponsor: Air Force Wright Aeronautical Labs., Wright-Patterson

AFB, OH _ C
Report No.: CALSPAN-6549-A-2; AFWAL-TR-81-2055 T es
Languages: English X '
NTIS Prices: PC A03/MF A01 Journal Announcement: GRAI8126 B

- Country of Publication: United States - "‘.":.
Contract No.: F33615-73-C-2075; 3066; 06 ?j;‘_.‘ﬁf’f
Selected portions of the first-stage stationary inlet nozzle, shroud, :'_‘,:"'_. '_:'.-fhﬁ
and rotor of the AiResearch TFE 731-2 turbine were instrumented - o
with thin-film heat-transfer gages and heat-flux measurements were
performed using a shock tunnel as a source of high-temperature, S T
high-pressure gas. Experiments were performed over a range of . “ .

. Reynolds numbers, based on mid-annular stator chord, from ] "-'.-;",

16C,000 to 310,000 and corrected speeds from approximately 70% to
. 106%. The full-stage heat-flux results are cast in the form of a
Stanton number and are compared to previous measurements
obtained with a stator only, in the absence of a rotor. The
previous results are shown to be in good agreement with the
full-stage data for the tip end-wall region, but the stator-only
Stanton numbers for the stator airfoil are shown to be approxi-
mately 20% less than the corresponding full-stage results. Pres-
sure measurements were obtained throughout the model and these
results are shown to be in excellent agreement with the steady-
state rig data for this turbine. Stanton-number results are aiso
presented for the stationary shroud as a function of rotor mid- ]
annular chord. The shroud Stanton-number data are shown to be
in excess of the rotor blade results. Rotor-tip Stanton-number
data are likewise shown to be slightly greater than the shroud
results. (Author)

. Descriptors: *Temperature measuring instruments; *Heat flux; IR
*Turbine stators; Gages, Thin films; Platinum; Shock tubes; Heat ’ '
transfer; Turbofan engines; Hot gages; High temperature; High

pressure; Pressure measurement; Reynolds number; Static pres-

) sure; Test methods; Transients

Identifiers: Stanton number; Heat transfer gages; TFE-731-2
‘ turbines; NTISDODXA; NTISDODAF

- Section Headings: 21E (Propulsion and Fuels--Jet and Gas Tur-
bine Engines); 81D (Combustion, Engines, and Propellants--Jet
and Gas Turbine Engines)
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568654 380041483

How to Measure Heat Transfer Through Walls of Unknown Thermal
Conductivity

Can. Controls and Instrumentation (Canada) Vol. 19, No. 3,
p. 36, March 1980
Coden: CCIi{SAU

Treatment: Practical

Document Type: Journal Paper :.'.-._';:j.- %
Languages: English .

Discusses the use of disc gauges to measure heat transfer-in &%
materials with eroding surfaces or unknown thermal conductivity. S
The disc calorimeter described is developed by Nanmac
Corporation.

Descriptors: Transducers; Heat transfer; Thermal variables
measurement

Identifiers: Nanmac Corp.; Heat transfer measurement; Trans-
ducers; Disc gauges

Class Codes: B7230; B7320R
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806238 AD-A090 123/1

Development of Airblast and Soil Strength iInstrumentation (Final
Report, 1 May 78-1 January 80)

Coléman, P. L.; Groethe, M. A.
Systems, Science and Software, La Jolla, CA

Corp. Source Codes: 026553000; 388507

Sponsor: Defense Nuclear Agency, Washington, DC

Report No.: SSS-R-80-4367; DNA-5225F

1 February 80 123p

Languages: English

NTIS Prices: PC AQ6/MF AO1 Journal Announcement: GRAI8103
Country of Publication: United States

Contract No.: DNAQ01-78-C-0244; H11CAXS; X352

The development and testing of airblast and soil strength gauges
are presented. The airblast sensors include an accelerometer

instrumented drag sphere to measure dynamic pressure and bar
gauge probes to measure static, stagnation and reflected pressures
at levels to 10 to the 8th power Pa (1 kilobar). The soil strength
gauge is a shock hardened dynamic cone penetrator. An analysis
of a slug type heat flux sensor is given. (Author)

Descriptors: *Gages; Pressure gages; Accelerometers; Tempera-
ture measuring instruments; Heat flux; Blast waves; Soil tests;
Strength (mechanics); Earth penetrating devices; Conical bodies;
Stagnation pressure; Static pressure; Supersonic flow; Dynamic
pressure; Pressure measurement; Drag; Spheres; Soil dynamics;
Cratering; Nuclear explosion testing; Nuclear explosion simulation;

High explosives; Shock tubes

Identifiers: Airblast; Dynamic cone penetrators; Bar gages; Soil
strength gages WU81; NTISDODXA; NTISDODSD

Section Headings: 8M (Earth Sciences and Oceanography--Soil
Mechanics); 14B (Methods and Equipment--Laboratories, Test
Facilities, and Test Equipment); 79E (Ordnance--Detonations,
Explosion Effects, and Ballistics)}; 50D (Civil Engineering--Soil and
Rock Mechanics)
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186626 A78034210

Laminar Flat Plate Heat Transfer Measurements From a Dissociated
High Enthalpy Hypersonic Air Flow

East, R. A.; Stalker, R. J.; Baird, J. P.

Issued by: University Southampton, England
October 1977

43pp
Report No.: AASU-338

Treatment: Experimental

......

Document Type: Report
Languages: English

Heat transfer rates from a non-equilibrium hypersonic air flow to
flat plates at zero and 12 degrees incidence have been measured in
a free piston shock tunnel at stagnation enthalpy levels up to
51 MJ/KG. Nozzle flow conditions resuited in test section
velocities up to 8.1 KM/S and in an experimental regime in which
the free stream was chemically frozen and the flat plate boundary
layer was laminar. Estimates of the gas phase and surface
reaction Damkohier numbers have been made and the heat transfer

h results are discussed in this context.
5 Descriptors: Laminar flow; boundary layers, heat transfer;
- hypersonic flow

1 Descriptors: Heat transfer measurements; Dissociated high
: enthalpy hypersonic air flow; Stagnation enthalpy; Surface reac-
tion; Damkohler numbers; Nonequilibrium flow; Nozzie flow condi-
tions; Chemically frozen free stream; Laminar fiat plate

boundary layer; 51 MJ/KG; 8.1 KM S/SUP-1

Class Codes: A4770; A4725Q; A4740K; A4715C
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156502 C78004304

An On-Line Interactive Mini-Computer System for Heat Transfer
Measurements in a Transient Turbine Cascade

Oldfield, M. L. G.; Jones, T. V.; Schultz, D. L.

Issued by: University Oxford, England
September 1977

12pp

Report No.: QUEL-1217/77
Treatment: Practical
Document Type: Report
Languages: English

A 32 channel computer based data acquisition and processing
system has been developed for use with the new type of transient
cascade facility at Oxford. This is used for testing turbine blades
and nozzle guide vanes at full scale engine Reynolds and Mach
numbers with correct wall to flow temperature ratios. A novel
technique for processing transient heat transfer data from thin fiim
surface resistance thermometers has been developed.
Measurements of Surface pressure around blades, and of the
upstream turbulence level have been made. The cascade and
instrumentation are shown to have advantages both in cost and
effectiveness over continuous running cascades.

Descriptors: Gas turbines; Heat transfer; Automatic test equip-
ment; Data acquisition

Identifiers: Heat transfer measurements; transient turbine
cascade; Computer based data acquisition; Nozzle guide vanes;
On-line interactive minicomputer system

Class Codes: (C7440
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128644 A77080258, B77044311

Developments in Heat Transfer Measurements Using Transient
Techniques

Ric-hards, B. E.

Sponsor: |EEE

International Congress on Instrumentation in Aerospace Simulation
Facilities 81-8 1977

6-8 September 1977 Shrivenham, England

Publ: IEEE, New York, USA

VIil+208pp.

Treatment: Applic.; Practical

Document Type: Conference paper (39 References)
Languages: English

Presents three developments in the measurement of heat transfer
using transient techniques for application to research in hyper-
sonic aerodynamics and cooling of heated turbine components.

These are composed of: (a) accurate data reduction of transient
temperature data from calorimeters used in unsteady or time

dependent flows; (b) the semi-infinite conductor technique (using
thin film gauges to measure surface temperature) for use in con-
ventional intermittent blow down tunneis; and (c) the use of an
isentropic light piston tube for the direct calibration of transient
heat transfer measurements devices.

Descriptors: Aerospace test facilities; Heat transfer; Cooling

Identifiers: Heat transfer measurements; Transient techniques;
Hypersonic aerodynamics; Data reduction; Isentropic light piston
tube; Turbine cooling; Semi infinite conductor technique; Aero-
space test facility

Class Codes: A4780; A4724Q; B7620; B7320R
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863902 A76015805

Trnsient Response of Circular-Foil Heat-Flux Gauges to Radiative
Fluxes

Keltner, N. R.; Wildin, M. W.
Sandia Labs., Albuquerque, New Mexico, USA

Rev. Sci. Instrum. (USA), Voi. 46, No. 9, p. 1161-6
September 1975

Coden: RSINAK

Treatment: Applic., Theoretical

Document Type: Journal paper (12 References)

Languages: English

Reports the development of a new model for describing the tran-
sient response to a step change in incident radiative flux of a
CFHFG (Gardon-type gauge) particularly as it is affected by heat
flow from the foil to the central lead wire. The authors give the
step response solution, compare analytical and experimental

results, identify sensitivity and response parameters, estimate the
effect of heat loss from the foil surface and discuss applications.

Descriptors: Thermal variables measurement; Transient response;
Sensitivity

Identifiers: Sensitivity; Response parameters; Circular foil heat
flux gauges; Gardon type gauge; Incident radiative flux step
change; Foil surface heat loss; Foil lead wire heat flow

Class Codes: 2A0620
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844836 B76002371, C75026831

Problems in Estimating Front Surface Heat Fluxes From Rear
Surface Temperature Measurements

wally, K.; Bickle, L. W.; Keltner, N. R.
University of New Mexico, Albuquerque, New Mexico, USA
Washburn, B. (Editors)

Sponsor: |[SA

Proceedings of the 21st International Instrumentation Symposium
121-6 1975

18-21 May 1975 Philadelphia, PA., USA

Publ.: ISA, Pittsburgh, PA, USA

X1+580pp. ISBN 0 87664 261 X

Treatment: Theoretical

Document Type: Conference paper (17 References)

Languages: English

{17 References)

Estimating front surface heat fluxes on a plate from rear surface
temperature measurments requires accurate knowledge of the
temperature sensor's response characteristics. The classical
assumption” of an exponential step response for a beaded thermo-
couple is inaccurate and can lead to large errors in the estimated
heat flux. A model is postulated for the characteristic response of
a beaded thermocouple attached to a plate; data are presented to
support the model. Direct heat flux measurements are compared
with values estimated by using both the postulated response model
and an exponential response model.

Descriptors: Modelling; Temperature measurement; Thermocouples

Identifiers: Front surface heat fluxes; Rear surface temperature
measurements; Exponential step response; Beaded thermocouple;
Exponential response model

Class Cldes: 2B4447; 2C7447; 2B4250; 2C7630; 2C6420
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508593 A73022286, B73017875, C73010254

Sensitive Platinum Film Resistance Thermometers for Heat Transfer
Measurement

Eva-ns, N. A.
University of Pennsylvania, Philadelphia, USA

Sponsor: Instrument Soc. America

Proceedings of the 27th Annual ISA Conference 632/8pp. 1972

9-12 October 1972 New York, USA

Publ.: Instrument Soc. America, Pittsburgh, PA, USA

VI1+232PP pp. ISBN 87664 191 5

Treatment: Practical, Experimental

Document Type: Conference paper (2 References)

Languages: English

A detailed description is given of the manufacture, calibration and
operation of sensitive platinum film resistance thermometers for use
as heat transfer gauges. For a ceramic substrate thickness of
0.1 inch, the associated circuitry allows measurement of: steady
heat transfer rates with temperature differences as low as
0.5 degrees F; changes in the level of steady heat transfer with
temperature difference changes of 0.05 degrees F; and unsteady
heat transfer rates at frequencies up to 1 MHZ with temperature
amplitudes of less than 0.005 degrees F. Such films have shown

good stability, the calibration factor having changed by approxi-
mately 2 percent over a three-month period.

Descriptors: Resistance thermometers; Heat transfer; Thin film
devices; Platinum

Identifiers: Temperature measurement; Platinum film; Resistance
thermometers; Heat transfer measurement; Ceramic substrate;
Stability; Calibration

Class Codes: 2B4447; 2C7447; 2B4240; 2C7622; 2A0620
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B-4. TARGET RESPONSE.

398699 AD-780 557/5
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Development and Evaluation of Measurement Systems for
Blast-lnduced Motions in Buried Structures (Final Report,
January-December 1972)

Pickett, Stephen F.

New Mexico University Albuquerque, Eric H. Wang Civil
Engineering Research Facility

Corp. Source Codes: 400976

Report No.: AFWL-TR-73-230

April 74 124p

NTIS Prices: PC A06/MF AO1 Journal Announcement: GRAI7417
Contract No.: F29601-72-C-0024; DNA-NWED-J11AAXS; X352

Four types of transducers for measuring blast-induced motions in
buried structures were developed and/or evaluated. Potentiometric
linear displacement transducers were evaluated based on
vendor-supplied data. Application techniques, load error analysis
and vendor-suggested improvements were also studied. A gage for
measuring relative structure/media interface (shear) displacement
was designed, developed, and tested in teh CERF 2- x 40-ft shock
tube. This gage performed well over the low displacement range
for which it was designed. A seismometer for simultaneously
measuring absolute structural displacement and velocity was also
designed, built, and tested. This transducer also performed well.
The suitability of WES Air Force Modified (WAM) stress gages and
Simmons concrete stress gages for measuring dynamic structural
media interface normal stress was tested in the CERF 2- x 4-ft
shock tube. During this test program unexpected results were
obtained because of reverberations in the test configuration.
Although the results were useful, the data were not adequate for
complete evaluation of these gages. (Author)

Descriptors: *Underground structures; *Blast loads; *Measuring
instruments; Potentiometers; Transducers; Stresses; Seismometers;
Shock tubes; Dynamic tests; Nuclear explosions

Identifiers: NTISAF

Section Headings: 14B (Methods and Equipment--Laboratories,
Test Facilities, and Test Equipment); 13M (Mechanical, Industrial,
Civil, and Marine Engineering--Structural Engineering); 18C
(Nuclear Science and Technology--Nuciear Explosions); 19D
(Ordnance--Explosions, Ballistics, and Armor); 73D (Methods,
Instrumentation, and Equipment--Test Facilities, Equipment,
Methods, and Laboratories); 77D (Nuclear Science and
Technology--Nuclear Explosions and Devices)
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028117 AD-605 407

A Program to Induce High Blast-Induced Airloads and Structural
Response of Lifting Surfaces

Jarvis, R. L.; Kaspar, J. J.; Mills, R. R.; Wolf, 1. O.
Aircraft Armaments Inc., Cockeysviile, M

Corp. Source Codes: 000000

Report No.: ASD-TDR63 764;--V2

July 64 2p

See also AD-436 114

NTIS Prices: PC AO02 Journal Announcement: USGRDR
Contract No.: AF33 616 7099; 1350; 135002

Six experiments were conducted to measure the transient character
of the airloads induced by the interaction of blast generated shock
waves on a moving airfoil. The tests were conducted on a rigid
(airloads) model of swept planform, similar in type to a B47/B52
aircraft. Airfoil motion was simulated by the shock tube which
produced a jet flow of Mach 0.7. Shock waves were generated by
explosive charges which were varied in size and proximity to
obtain airloads on the wing that changed both the angle of attack
and blast duration through a range from small to large. The wind
specimens were heavily instrumented with pressure transducers to
measure the time history of the variation in the airloads.
Response of the wing to the airloads was measured by strain gages
and accelerometers. Pressure instrumentation was aiso used to
measure the character of the biast environment. Blast parameters
were varied to obtain induced airloads with nominal values for the
angle of attack of 8, 20, and 30 degrees. At each of these angles
of attack, an experiment was run with a short and long duration
shock wave to study the effect of decay rate on the airloads.
(Author)

Descriptors: *Airfoils; Shock waves; *Wings; Aerodynamic load-
ing; Swept wings; Airplane models; Shock tubes; Lift; Blast;
Angle of attack
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522889 AD-A029 437/1

Blast Tests of a Mobile Satellite Tracking Antenna and of Two
Model Antennas (Final Report)

Abr:ahams, Rodney; Bertrand, Brian P.; Pearson, Richard J.
Ballistic Research Labs, Aberdeen Proving Ground, MD

Corp. Source Codes: 050750
Report No.: BRL-MR-2661

August 76 63p . '_'til

NTIS Prices: PC AD4/MF AO1 Journal Announcement: GRA[7623 LT

R
Contract No.: DA-1-W-162118-AH-75 RPN
A mobile satellite tracking antenna was subjected to blast waves f;
emerging from the open end of an eight foot diameter shock tube. RGOS
Response data were obtained by the use of strain gages and an AENTREAES)
accelerometer. Twe similarly instrumented simple model antennas ..‘ J

were also tested within the shock tube. (Author)

Descriptors: *Parabolic antennas; *Satellite tracking systems;
*Shock resistance; *Satellite communications; Shock tubes; Scale
models; Response; Strain gages; Blast loads; Accelerometers;
Antenna masts; Shock waves

Identifiers: AN/GSC-86; Communication antennas; NTISDODXA

Section Headings: O9E (Electronics and Electrical Engineering--
Subsystems); 49A (Electrotechnology--Antennas)
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Development of Airblast and Soil Strength Instrumentation (Final
Report, 1 May 78-1 January 80)

Col;eman, P. L.; Groether, M. A.
Systems, Science and Software, La Jolla, CA

Corp. Source Codes: 026555000; 388507

Sponsor: Defense Nuclear Agency, Washington, DC

Report No.: S$SSS-R-80-4367; DNA-5225F

1 February 80 123p

Langauges: English

NTIS Prices: PC A06/MF AO1 Journal Announcement: GRAI18103
Country of Publication: United States

Contract No.: DNAO001-78-C-0244; H11CAXS; X352

The development and testing of airblast and soil strength gauges
are presented. The airblast sensors incilude an accelerometer

instrumented drag sphere to measure dynamic pressure and bar
gauge probes to measure static, stagnation and reflected pressures
at levels to 10 to the 8th power Pa (1 kilobar). The soil strength
gauge is a shock hardened dynamic cone penetrator. An analysis
of a slug type heat flux sensor is given. (Author)

Descriptors: *Gages; Pressure gages; Accelerometers;
Temperature measuring instruments; Heat flux; Blast waves; Soil
tests; Strength (mechanics); Earth penetrating devices; Conical
bodies; Stagnation pressure; Static pressure; Supersonic flow;
Dynamic pressure; Pressure measurement; Drag; Spheres; Soil
dynamics; Cratering; Nuclear explosion testing; Nuclear explosion
simulation; High explosives; Shock tubes

Identifiers: Airblast; Dynamic cone penetrators; Bar gages; Soil
strength gages WU81; NTISDODXA; NTISDODSD

Section Headings: 8M (Earth Sciences and Oceanography--Soil
Mechanics); 14B (Methods and Equipment--Laboratories, Test
Facilities, and Test Equipment); 79E (Ordnance--Detonations,
Explosion Effects, and Ballistics); 50D (Civil Engineering--Soil and
Rock Mechanics)
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