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ABSTRACT

This report summarizes conditions in the Launch Complex 39 (LC-39) flame trenches during a
Space Shuttle Launch, as they have been measured to date. Instrumentation of the flame trench
has been carried out by NASA and United Space Alliance for four Shuttle launches.
Measurements in the flame trench are planned to continue for the duration of the Shuttle
Program. The assessment of the launch environment is intended to provide guidance in selecting
appropriate test methods for refractory materials used in the flame trench and to provide data
used to improve models of the launch environment in the flame trench.
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KSC LAUNCH PAD FLAME TRENCH
ENVIRONMENT ASSESSMENT

1 INTRODUCTION

1.1 Background

Corrosion is the environmentally-induced degradation of materials. The natural marine
environment at the Kennedy Space Center (KSC) has been documented by Coburn in the
American Society for Metals (ASM) as having the highest corrosion rate of any site in the
continental United States. As a result, launch structures and ground support equipment (GSE) at
KSC degrade faster than similar assets at other locations. With the introduction of the Space
Shuttle in 1981, the already highly corrosive natural conditions at the launch pads were rendered
even more severe by the acidic exhaust from the solid rocket boosters. As a consequence,
corrosion-related costs are significant for all launch structures. These costs were estimated in
January 2009 to be approximately $336M over the previous 20 years of the Space Shuttle
Program. The estimate included the costs associated with inspection and maintenance of the
launch pads, medium-scale and large-scale blasting and repainting activities, the repair and
replacement of failed refractory materials, and the replacement of badly corroded structural
metal elements. Technologies for the prevention, detection, and mitigation of materials
degradation in launch facilities and ground support equipment were identified by the
Constellation Program Ground Operations (CxP GO) as a critical need for the safety, efficiency,
affordability, and sustainability of future launch operations at KSC. Subsequently, CxP GO
established an agreement with the Exploration Technology Development Program (ETDP)
Structures, Mechanisms, and Materials (SMM) project to identify alternate refractory material
for the protection of the launch pad flame deflectors at KSC. This report, prepared as one of the
deliverables for the project, provides testing requirements for refractory materials to be used in
launch pad applications as well as the available information from all previous testing of
refractory materials for launch pad flame trench protection that was gathered in the process of
identifying the testing requirements.

1.2 Flame Deflector System

The launch complexes at KSC are critical support facilities required for the safe and successful
launch of vehicles into space. Most of these facilities are over 30 years old and are experiencing
deterioration. With constant deterioration from launch heat/blast effects and environmental
exposure, the refractory materials currently used in the NASA launch pad flame deflectors have
become very susceptible to failure, resulting in large pieces of refractory materials breaking
away from the steel base structure and being projected at high speeds during launches. Repair of
these failures is a costly and time-consuming process. Improved materials and systems for use in
launch pad flame deflectors will improve supportability in KSC launch facilities by reducing
operational life cycles.

The flame deflector systems at LC-39A and LC-39B are critical to protect NASA’s assets, which
include the Space Shuttle and GSE, and personnel. As the name implies, the system diverts
rocket exhaust away from critical structures through its geometric design. Further benefits are
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provided by a water deluge system that dampens acoustic vibrations and high temperatures
associated with launches.

Flame deflectors are typically covered with a heat resistant material that protects the flame
deflector from erosion, ablation, and extreme temperatures that are produced by the rocket
propulsion systems. If this refractory layer is compromised, deterioration to the flame deflector
and other load-bearing structures may result. Once compromised, the refractory material and
flame deflector substructures can turn into unwanted projectiles known as foreign-object-debris
(FOD) that can cause consequent damage.

LC-39A and LC-39B were originally designed to support the Apollo program. With the advent
of the shuttle program, the Saturn era flame deflectors were replaced. Figure 1 shows a
schematic cross section of the flame deflector at launch complex 39A. The flame deflector
system consists of a flame trench, a main flame deflector (MFD), and a pair of side flame
deflectors (SFDs). The main flame deflector is designed in an in inverted, VV-shaped
configuration, is constructed from structural steel, and is covered with refractory concrete
material. One side of the inverted "V" deflects the flames and exhaust from the Space Shuttle
Main Engine (SSME) and the opposite side deflects the flames and exhaust from the solid rocket
boosters (SRBs). Additional protection is provided by the two movable side deflectors at the top
of the trench (not shown in the figure). The SFD direct the SRB exhaust and is needed because
the SRBs are very close to the side walls of the flame trench. The orbiter side of the flame
deflectors is 38 feet high, 72 feet long, and 57 feet wide. The SRB side of the flame deflector is
42 feet high, 42 feet long and 57 feet wide. The total mass of the asset is over 1 million pounds.

The flames from the SSMEs and the SRBs are channeled down opposite sides of the flame
deflector. The deflector is constructed of steel on a structural steel I-beam framework. To protect
the structure from serious degradation during launch, the faces of the flame deflector are lined
with refractory concrete. This product is known as Fondu Fyre WA-1G (supplied by the Pryor
Giggey Co.). The thickness of the refractory concrete is 6 inches on the SRB side, 4.5 inches on
the SSME side, and 4 inches on the side deflectors.

Flames from the solid rocket
boosters
Flames from orbiter's

= main engines
Morth Side

Figure 1. Cross Section of Flame Deflector at Launch Complex 39A
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Figure 2 shows the configuration of the Shuttle viewed upward from the flame trench. The
openings for the SSME exhaust and the flame deflector used to divert the rocket plume from the
SRBs are labeled. The other side of the flame deflector, which is not visible in the picture,
diverts the exhaust from the main engines. The SRBs burn at a much higher temperature than the
SSME. Consequently, the higher temperatures of the SRB exhaust lead to more severe exposure
conditions and result in damage that is more significant to the deflector.

Figure 3 shows a view of the flame deflector underneath the SRBs. The image shows the
structural steel at the bottom of the deflector, which is protected with Fondu Fyre. Figure 4
shows the SSME flame trench and deflector.

Figure 2. Openings for Flames From the Main Engine and SRBs

Opening for
main engine
exhaust

| “Structural
J steel

Figure 3. Magnified View of LC-39A Flame Deflector
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Figure 4. SSME Flame Trench and Deflector

Safely meeting the flame deflector requirements of diverting the flame, exhaust, and small items
that are dislodged during launch is dependent on the integrity and performance of the materials
used to construct the flame deflectors. The use of refractory products that have superior material
characteristics (under launch conditions) is necessary to protect the flame deflector, Space
Shuttle, GSE, and launch personnel.

1.3 Launch Environment

The launch environment is different in the SRB and SSME flame trenches. The SRB side has
historically seen more damage than the SSME side because of the harsher conditions found
there. This section gives a general overview of the launch environment.

The Space Shuttle has two SRBs, which exhaust in the north flame trench, and three SSMEs,
which exhaust towards the south. The SRBs have considerably more thrust, 3,300,000 pounds
each, compared to the thrust of the SSMEs, 375,000 pounds each. The SRBs also burn hotter
than the SSMEs and produce aluminum oxide particles that can act as abrasives, or, if they are
near or above melting point, they may react with the refractory material. The SRBs produce
hydrochloric acid that can attack the refractory concrete. The pH is less than 0.5. Samples
collected at the pad perimeter measured a pH of 0.5 (STS-2) and 0.36 (STS-4). The pH paper on
aircraft foil impactor confirmed a pH of approximately 0.5 (STS-3). SRBs impinge in two
locations on the top of the flame deflector, underneath the MLP exhaust holes as seen in Figure
5. The areas that receive direct impingement appear lighter, due to the presence of aluminum
oxide particles in these locations. There are two side flame deflectors above the flame trench,
shown in Figure 6. The SRBs impinge on the side deflectors before entering the main flame
deflector. Examination of the impingement area shows that the material experiences very
different conditions than outside the impingement area. These differing conditions may even
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cause different failure mechanisms for the refractory material. For example, the bottom lip of the
deflector appears to undergo more erosion than those areas farther up the deflector towards its
apex.

The launch sequence itself affects the environment. Prior to launch, water is continuously flowed
onto the refractory material. This procedural requirement ensures that the sound suppression
system is operational and results in the refractory material being thoroughly saturated with water
during launch. The sound suppression system releases approximately 300,000 gallons of water

during launch, with a peak flow rate of 900,000 gallons per minute 9 seconds after launch. The
launch timeline is as follows:

o The sound suppression water flow starts just before SSME ignitionat T — 6.6 s.
. SSME ignition occurs at T - 6.6 s.
. SRB ignition occursat T —0s.

. The Shuttle clears the tower about 6 seconds after launch.

Figure 5. SRB Main Flame Deflector
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Figure 6. Side Flame Deflectors

1.4 Sensor Background

During the launch of STS-124 (Discovery, May 31, 2008) from LC-39A, approximately 3500
bricks were separated from the SRB flame trench east wall, shown in Figure 7. As a result, it was
decided to instrument the flame trench to improve the knowledge of the launch environment in
the flame trench. There had been no previous measurements within the flame trench, although
there had been pressure measurements under the MLP exhaust holes and side flame deflector.
The instrumentation effort has been especially important, since the opportunities to get data are
limited to the remaining four Shuttle flights. The data collected in this effort has two main
purposes: (1) provide information that can be used for testing of new refractory materials in the
flame trench and (2) provide real data to validate models that could be used to estimate the
launch environment for new vehicles. The information will be used to develop new test methods,
which will be reported in a future deliverable. Currently, there have been minimal efforts to
improve flame trench environmental prediction models in addition to the modeling done to
validate the wall repairs performed post STS-124. Instrumentation efforts have been made on
four Shuttle launches, and it is planned to continue on the remaining Shuttle launches.
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Figure 7. Brick Damage on the SRB Flame Trench East Wall After
the Launch of STS-124

2 INSTRUMENTATION
2.1 Sensor Description and Locations

The launch environment was measured in the flame trench during the launches of STS-126
(Endeavour, November 14, 2008), 119 (Discovery, March 15, 2009), 125 (Atlantis, May 11,
2009), and 127 (Endeavour, July 15, 2009). Temperature, pressure, acoustic pressure,
acceleration, total heat flux (calorimeter), and radiative heat flux (radiometer) were measured.
The sensors used for each measurement and locations are given in Table 1. The locations of the
sensors are shown in Figure 8 thru Figure 11. Sensors were located on both the east and west
flame trench walls for locations 1 — 7. The specific location will be denoted with an “E” or “W”
after the number denoting the east or west wall as shown in the figures. Sensors at locations 1 — 4
were exposed to the exhaust environment. Locations 4E and 4W were at the bottom of the
deflector near the walls as shown in Figure 12. Sensors are facing towards the center of the
trench as shown by the arrow. Locations 2 and 3 were old flushing nozzles. The installed sensors
are shown in Figure 13. Location 1 was an old junction box, shown in Figure 14. The sensors for
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accelerometer measurements made at locations 5 — 7 were placed on the cold face of the flame
trench wall, in the catacombs. These sensors were not directly exposed to the heat of the launch
environment but used to analyze the acoustical response of the reinforced concrete structure.
Locations 8W and 9W were located on the west side flame deflector and underneath the MLP as
shown in Figure 10. These locations did not have equivalent measurements on the east side.
Accelerometer and strain gauge measurements were made on the SRB and SSME flame
deflectors, with locations as shown in Figure 11. These locations are the only measurements
taken on the deflector structure at the time of this writing. Each strain measurement consisted of
a three-gauge rosette, shown in Figure 15. Product data sheets for the sensors are given in section
6.

Currently an effort is under way to install sensors directly on the hot face of the SRB side of the
main flame deflector. The current plan is to install a combination of similar sensors, witness
rods, and a specially designed slug-type calorimeter. These sensors will measure the temperature,
pressure, and heat rate at the locations shown in Figure 16.

Table 1. Sensors Used During Launch Environment Assessment

Measurement Sensor Model Name/No. Locations
Temperature NANMAC 9300 Erodable Thermocouple | 1, 2, 3, 4
Pressure Stellar Technology ST 150 1,2,3,4,8W, 9W
Acoustic Pressure | Kistler 6013C 4
Accelerometer Wilcoxon 797L 5,6, 7, SRB, SSME
Calorimeter Medtherm 64-2000-600-19-20054AT 1,2,3,4
Radiometer Medtherm 4TP-2000-600-23-200264AT | 1,4
Strain CEA-06-125UR-350 SRB, SSME
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Figure 8. Sensor Locations on the East Wall of the SRB Flame Trench

Figure 9. Sensor Locations on the West Wall of the SRB Flame Trench
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Figure 10.  Location of Pressure Sensor 9W Underneath the MLP
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T SRB Deflector

T KFDDA 001A RSRB Flame Deflector Vibration
KFDGA 001A RSRB Flame Deflector Strain (1)

KFDGA 002A RSRB Flame Deflector Strain (2)

KFDGA 003A RSRB Flame Deflector Strain (3)

SSME Deflector

_ KFDDA 002A SSME Flame Deflector Vibration

Strain Gage Accelerometer KFDGA 004A SSME Flame Deflector Strain (1)

Rosette @ KFDGA 005A SSME Flame Deflector Strain (2)
(x3) KFDGA 006A SSME Flame Deflector Strain (3)

W
X__ SRBFlame
Deflector
Centerline

Figure 11.  Sensor Locations on the SRB and SSME Flame Deflectors
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Figure 12.  Location 4E Highlighted in the Circle
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Thermocouple

3 )

 coormere B

Figure 13.  Typical Sensor Installation at Locations 2 and 3

: Radiometer

Figure 14.  Typical Configuration at Location 1E and 1W
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Thin Layer of X-60 Cement
Over Tab & Leads for
r'/ Strain Relief

CEA-06-125UR-350

G 3 Gage Strain Rosette
Bonded with X60 Cement
CEA-06-125UR-350 Per Mfg Instructions
Tension = Positive Output
¢

Figure 15.  Details of Strain Gauge Installation

Detail A
(Typical)

Tungsten Piston
Sensor

COTS sensors

Detail A

Figure 16.  Conceptual Design of New Sensors
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2.2 Sensor Problems

Not all sensors functioned properly during all launches. The biggest problem was the deposition
of slag (aluminum oxide from the SRB and/or eroded refractory material) on the sensors.
Thermocouples at all locations failed during the STS-126, the first launch that was instrumented.
The acoustic pressure sensor did not work for any of the launches. This sensor failed very shortly
after launch. Pressure sensors did not return to ambient pressure after launch because of the
presence of SRB slag. Figure 17 shows the sensors at location 4E before and after a launch. The
grey material in the after image is SRB slag. The slag was present at all locations exposed to the
rocket plume, but it was not as severe at locations 2 and 3. The effects of the slag on the sensor
data are being documented by the United Space Alliance instrumentation group, which is based
on post launch inspections of the sensors. A list of these observations was not available at the
time of this writing.

) ;

&
¢J"¥ \|‘
M ¢

b ¢

Calorimeter

Radiometer

Figure 17.  Sensors at Location 4E Before (Left Image) and After (Right Image) Launch

15
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2.3  Sensor Results

2.3.1 Pressure

Pressure measurements were taken at all locations in the flame trench. Table 2 gives the
maximum and minimum pressures at each location for each launch. The average over all
launches for each location is also given. As would be expected, the highest pressures were found
on the side flame deflector, location 8W. At locations 4 and 8, the pressure initially spikes for 0.2
to 0.4 second. After this, the reading is elevated and is consistent with the profile from other
launches. At locations 1, 2, and 3, there is an initial increase in pressure, followed by a period of
negative pressure, before returning to ambient atmospheric pressure. Figure 18 shows pressure
data taken during STS-126 for location 8W and 1- 4E. Plots of pressure data for all locations and
launches are given in section 5.1.

Table 2. Maximum and Minimum Pressures (psig) Measured During Three Launches
STS-126 | STS-119 STS-125 | All Launches
Sensor location | Max Min | Max Min | Max Min | Max Min
8w 915 -231994 -21 |564 -21]994 -23
e\ 58 -461(63 -3.1 6.3 -46
1E 83 68|72 66 |91 -68[91 -638
2E 56 -47 37 -48 5.6 -4.8
3E 79 6561 -54 7.9 -6.5
4E 456 -29 (368 -229|61.1 -06|61.1 -229
1w 74 59171 60 |72 -46|74 -60
2W 58 5245 -48 58 52
3w 6.3 -561|77 -59 7.7 5.9
4W 451 -24 (456 -3.1 [421 -01 456 -3.1

16
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Figure 18.  Selected Pressure Measurements During STS-126

2.3.2 Calorimeter and Radiometer

Total heat flux and radiative heat flux were measured with a calorimeter and radiometer during
two launches. Total heat flux was taken at locations 1 - 4 on both walls, while radiative flux was
taken only at locations 1 and 4. The convective heat flux can be inferred by taking the difference
between the two values.

Table 3 and Table 4 list the maximum total heat flux measurements for each location. The total
heat flux was highest at location 4W. At this location, the flux has two broad maxima near 2 and
5 seconds after initial heating begins. This is the only location to exhibit this behavior. At all
locations, the heat flux spikes to large values for short periods, ranging from 10 to 100
milliseconds, during the launch. Radiative heat flux is also highest at location 4W, and has the
double maxima similar to total heat flux. Radiative heat flux does not exhibit the spiking
behavior that total heat flux does. Figure 19 and Figure 20 show selected calorimeter
measurements, while section 5.2 has complete data for both calorimeter and radiometer
measurements.
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Table 3.

Table 4.

NASA/TM-2010-216294

Maximum Calorimeter Measurements (btu/ft>sec) Obtained

During Two Launches

Sensor location | STS-126 | STS-119 | All Launches Max
1E 95.0 109.7 109.7
2E 81.1 66.0 81.1
3E 1115 86.4 1115
4E 306.8 155.0 306.8
1w 104.1 107.1 107.1
2W 53.1 31.6 53.1
3w 90.3 455 90.3
4W 652.2 24925 24925

Maximum Radiometer Measurements (btu/ft>-sec) Measured

During Two Launches

Sensor location | STS-126 | STS-119 | All Launches Max
1E 25.8 45.3 45.3
4E 13.8 24.3 24.3
1w 10.2 215 21.5
4W 72.1 42.0 72.1
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Figure 19.  Selected Calorimeter Measurements During STS-126
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Figure 20.  Selected Radiometer Measurements During STS-126
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2.3.3 Temperature

The maximum temperatures measured at locations 1 through 4 are presented in Table 5. The
measured temperatures are higher on the east wall than on the west wall. Location 4 is the hottest
measured point on both walls, reaching maximum temperature of 2165 °F and 1422 °F on the

east and west sides, respectively.

Figure 21 shows the temperatures on the east wall during the launch of STS-119. At location 4E,
the temperature exhibits a double maximum. The maxima occur about 2 and 5 seconds after
initial heating. This behavior is consistent with the measurements at 4E and 4W during all
launches. At the other locations, a single temperature maximum is reached at about the same
time as the second maximum at location 4. This behavior was consistent during the different

launches. Complete data from all measurements is given in section 5.3.

Table 5. Maximum Temperatures (°F) Measured During
Three Launches
Sensor location | STS-119 | STS-125 | STS-127 | All Launches Max
1E 605 892 741 892
2E 229 263 260 263
3E 358 384 386 386
4E 1936 2165 2165
1w 492 627 627
2W 201 237 210 237
3w 202 300 284 300
4W 1654 1806 1922 1922
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Figure 21.  Selected Temperature Measurements During the
Launch of STS-119
2.3.4 Strain

Maximum and minimum strain values (um/m) are reported in Table 6. The strain values show
that the refractory material is put into tension on both main flame deflectors. The strain has a
broad frequency component from about 0 to 400 hertz (Hz). Graphs of strain during launch are
given in Section 5.4. Figure 22 shows selected strain measurements taken during STS-119. Strain
values on the SSME deflector begin to increase at about T — 4 seconds, shortly after the SSMESs
are started. There is a spike shortly after T — 0. The strain values before and after launch are very
close to each other on the SSME deflector. Strain on the SRB deflector also begins to increase at
about T —4 s, but it is considerably larger after SRB ignition at T — 0 s. The maximum and
minimum strain values on the SRB deflector are larger than on the SSME deflector, as would be
expected because of the more powerful SRB thrust.
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Table 6.

Maximum and Minimum Strain (um/m) at the SRB

and SSME Locations During the Launches of STS-119 and STS-125

STS-119 STS-125 All Launches
Sensor Location | Max | Min Max Min Max Min
SRB 1 45,01 | -80.80 | 44.99 | -89.74 | 45.01 | -89.74
SRB 2 64.70 | -75.81 | 103.59 | -75.19 | 103.59 | -75.81
SRB 3 72.77 | -68.56 | 102.33 | -65.86 | 102.33 | -68.56
SSME 1 44,27 | -2493 | 40.36 | -32.61 | 44.27 | -32.61
SSME 2 2481 | -44.14 | 22.38 | -50.13 | 24.81 | -50.13
SSME 3 37.00 | -43.90 | 42.28 | -38.90 | 42.28 | -43.90
100
STS-119SRB 1
E 50
£
= 0
£
& 50
'100 T T T T T T T T T T T T T
5 4 3 2 1 0 1 2 3 4 5 & 7 8
Time (sec)
100
STS-119 SRB 1
E 50
£
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£
& 50
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0 1 2 3 4 5 6 7 8
Time (sec}

Figure 22.  Selected Strain Measurements Taken During STS-119
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2.3.5 Acceleration

Maximum and minimum acceleration values are given in Table 7. Selected measurements are
given in Figure 23. Locations 5, 6 and 7 begin to see accelerations shortly after ignition of the
SRBs at T — 0 s. The acceleration values on the SRB and SSME flame deflectors are
considerably higher than those at locations 5 -7, with the SRB deflector seeing the highest
values. The SSME deflector sees significant acceleration starting at about T — 3 s. Like the strain
values, acceleration spikes shortly after T — 0 s. The SRB acceleration values rapidly increase
after T — 0 s. Graphical acceleration data for each measurement is given in section 5.5.

Table 7. Maximum and Minimum Acceleration Values (g) Measured
During Four Launches

STS-126 STS-119 STS-125 STS-127 | All Launches
Sens_or Max | Min | Max Min Max Min | Max | Min | Max Min
Location
SRB 1429 | -169.1 | 200.1 | -179.2 200.1 | -179.2
SSME 120.0 | -104.8 | 96.8 | -69.2 120.0 | -104.8

SE 12 |-38] 15 -1.3 1.3 20 | 15 |-1.7] 15 -3.8

6E 17 |-20] 2.6 2.4 2.0 25 | 20 |-21] 26 -2.5

7E 38 [-3.7]| 3.6 -4.1 4.2 -39 [ 35 |-34| 42 -4.1

SW 15 (-16| 13 -1.3 1.6 -1.3 13 [-15] 16 -1.6

6W 20 |44 | 24 -2.5 2.5 -2.6 28 [-33]| 28 -4.4

W 32 [-31]| 34 -3.4 3.6 -38 [ 35 |-33| 36 -3.8
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Figure 23.  Selected Acceleration Measurements Taken During STS-125
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3 CONCLUSIONS

Measurements of temperature, pressure, heat flux, acceleration, and strain have been made at
different locations throughout the flame trench. These values can be used to identify appropriate
test conditions for new refractory materials. Currently, new materials are qualified by placing the
materials in the flame trench during a Shuttle launch. Since there are limited launches left in the
program, new test methods must be developed. In addition, this data can be used to validate
models of the exhaust plume for Shuttle and new vehicles in the future.

The conditions experienced in the trench vary with location. As would be expected, the closer to
the direct impingement zone the harsher the conditions. The refractory material on the flame
deflector sees different conditions than the material on the wall, not only because it is closer to
the heat source, but also because the deflectors are a free standing steel structure. The steel
structure flexes, as shown by the strain measurements, putting the refractory material in tension.

These measurements were the first to be made in the flame trench during the Shuttle Program.
Although they have provided considerable information, there is still a desire for more
measurements. Specifically, measurements are desired at the impingement area of both the SRB
and SSME flame deflectors. This would be the harshest thermal environment to which the
refractory material would be exposed. Discussions on the possibility of installing sensors at these
locations are ongoing.

4 DISCLAIMER

The use of the environmental data collected during the Space Shuttle Program for the selection
of a refractory material is based on NASA engineering methods documented in KSC-DE-512-
SM, Facility, System, and Equipment General Design Requirements, and referencing documents.
Because the launch environment is a transient event, these methods do not simply compare the
environmental data to a refractory product technical data sheet. The calculations are summarized
to outline methodologies that are more appropriate. As an example, one option for calculating the
thermal loading utilizes the applied heating rates captured by the calorimeters. Another method
uses the applied convection and radiation thermal load along with other known values. In
addition, the pressure, acceleration, and strain measurements contain frequency content between
10 and 400 Hz. This data property demonstrates the importance of including an acoustical
analysis as well as the standard static analysis to ensure that the proper loading conditions are
considered for the reliable design of the structure.
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5 GRAPHICAL RESULTS

5.1 Charts of Pressure Data
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5.2 Charts of Calorimeter and Radiometer Data
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5.3 Charts of Temperature Data
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5.4 Charts of Strain Data
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5.5 Charts of Acceleration Data
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i MEDTHERM
64 Serles CORPORATION

HEAT FLUX TRANSDUCERS and

INFRARED RADIOMETERS

for the DIRECT MEASUREMENT
OF HEAT TRANSFER RATES

MEDTHERM 64 SERIES heat
flux transducers and infrared
radiometers have been
proven in thousands of
applications for over thirty
years - in ground and flight
aerospace testing, fire
testing, heat flux standards
for flammability testing, heat
transfer research, materials
development, and furnace
development.

NIST traceable comparison
calibrations to ISO/IEC 17025
are referenced both to
blackbodies as standard
sources and MEDTHERM
Kendall Absolute Cavity
(ECR) Radiometers as
standard detectors.

« LINEAR OUTPUT

« OUTPUT DIRECTLY PROPORTIONAL TO HEAT TRANSFER RATE

e ACCURATE, RUGGED, RELIABLE

e UNCOOLED MODELS, WATER COOLED MODELS, GAS PURGED MODELS
RADIOMETER AND LIMITED VIEW ACCESSORIES

« MEASURE TOTAL HEAT FLUX

« MEASURE RADIANT HEAT FLUX
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&4 SERIES HEAT FLUX TRANSDUCERS

DESCRIPTION

MEDTHERM 64 Series Heat Flux Transducers offer dependable
direct measurement of heat transfer rates in a vanety of applications
due to careful design. rugged quality construction and versatie
mounting configurations. Each transducer will provide a self-
generated 10-millivodts (nominal) output at the design heat fux level.
Continuous readings from zero to 150% design heat flux are made
with infinite resolution. The Enear fransducer output is direcky
proportional to the net heat transfer rate absorbed by the sensor.

34 Series transducers hawe for almost forty years met thousands of
apphication challenges in ground and flight aerospace testing. fire
testing. flammability heat flux standards, heat transfer research,
matenals development. and fumace development.

CALIBRATION

Each transducer is provided with a certified comparison calibration

per written procedures to ANSINCSL Z540-1, 150 10012-1. and
IaD.-IEC 17025, Calibrations are traceable through temperature
standards and electrical standards to the Mational Institute of
Standards and Technology (NIST). Calibrations are radiant
calibrations, referenced both to blackbody simulators as source
standards and to a set of MEDTHERM Kendall Absolute Cavity
(ECR) Radiometers as detector standards. Special calibrations are
also available.

FEATURES

" LINEAR OUTPUT

" QUTPUT PROPORTIOMAL TO HEAT TRANSFER RATE
* ACCURATE, RUGGED, RELIABLE

" CONVEMIENT MOUNTING

" UNCOOLED, WATER COOLED, GAS PURGED MODELS
" RADIOMETER AND LIMITED VIEW ACCESSORIES

" MEASURE TOTAL HEAT FLUX

" MEASURE RADIANT HEAT FLUX

CONSTRUCTION

ACCURACY, RUGGEDNESS AND RELIABILITY are provided by
the thoroughly proven Garden and Schmidt-Boelter sensors.

LOMG TRANSDIUCER LIFE AND SIGMAL STABILITY are enhancead
by the massive body of OFHC copper.

PROTECTION AGAINST ROUGH HAMDLIMG in mounting is
provided by a stainless steel flange when specified.

SIGMNAL INTEGRITY is protected by the use of welded connections,
stranded lead wire with braided copper shielding and Teflon
insulation firmly secured in the transducer body with strain relief to
ensure resistance to rough handling and stray signals.

ACCESSORIES

REMOVABLE WINDOW ATTACHMENTS, with the standard
sapphire or optional window materials, are avalable to limit the basic
transducer to measwement of radiation heat flux only.

WVIEW RESTRICTOR ATTACHMENTS are available to limit the angle
of wiew fior the basic fransducer to 150°, 1207, 80°, 807, 30°, 15°, or
7° for nammow view angle measurements.

DIRECT READING HEAT FLUX IMDICATORS Moedels H-201,
H-203. and H-204 are available for direct digital readout in any heat
flux units from any linear heat flux fransducer nput. An amplified
analog cutput is provided on some. Ask for Bulletn.

BOCY TEMPERATURE THERMOCOUPLE measurement can be
provided by an optional coppericonstantan 24 AWG solid conductor

thermacouple, with TIG welded pnction and Teflon insulated duplex
wire.

MEDTHERM

CORPORATION
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OPERATING PRIMCIPLES

The G4 Senes transducers are of two basic sensor types. the Gardon
type sensor, standard in the ranges from 5 to 4000 Btu/(ft*-s), and the
MEDTHERM Schmidt-Boelter thermopile type sensor, standard in
the 0.2 to 4 Biu/(ft"s) ranges. In both type sensors heat flux is
absorbed at the sensor surface and is transfermed to an ntegral heat
sink that rermains at a different temperature than the sensor surface.
The difference in temperature between two selected points along the
path of the heat flow from the sensor to the sink is a function of the
heat being transfemed, and a function of the net absorbed heat flux.
At two such points, MEDTHERM transducers have themocouples or
thermopiles to form a differential thermoelectric circuit, thus providing
a self-generated emf at the output leads that is directly propertional
o the heat ransfer rate. No power supply or thermoslectric
reference pnction is needed.

Gardon gages absorb heat in a thin metallic circular fod and transfer
the heat radially (parallel to the absorbing surface) to the heat sink
welded around the periphery of the fod. The emf output is generated
by a single differential thermocowple between the foil center
temperature and fol edge temperature.

MEDTHERM Schmidt-Boelter gages absorb the heat at one surface
and transfer the heat in a direction nomal to the absorbing surface.
The emf output is generated by a multi-junciion thermopile
responding to the difference in temperature between the surface and
a plane beneath the surface. The Schmidi-Boelter thermopile sensor
is always used below 5 Buw/(fs). It can be opbonally specified up to
100 Bru{ft™s).

OPTIOMAL FEATURES meclude fouwr mounting configurations,
window attachments, water cooling provisions, or thermocouples for
body termperature measurement  Water-cooling should be specified
if the uncooled fransducer is expected to reach above 400°F.

The gas purging provision should be included on radiation
transducers that are to be used in a sooty environment. The
MEDTHEFRM purge is designed to pass rigid NASA performance
tests with fuel-rich oxy-acetylene flames directed towards the window
at close range.

STANDARD CONFIGURATIONS

The basic transducer may be selected with either of four mownting
configurations and with or without provisions for water cooling of the
transducer body. The listed radiometers are provided with gas
purging o keep the radiation-transmitting window clean. When the
purge provision is incuded, the window is installed intemnally at
MELDTHEERM and is not an accessory. Basic fransducers can be
converted to unpurged radiometers by addition of a window
attachment, but the standard purged radiometers can not be
converted to basic transducers. (Inguire about other models with this
feature.)

FLANGED RADIOMETER WITH GAS PURGING PROVISIONS

. L8 55T
PURCED WINDOW li.l:liﬂl:'l EFLm &y
L8 S5T GAS
TUBE
I '\é  — |
1o
m [

mm—| I—mﬁﬁli“r_*

Al listed gas purged models are provided with water cooling
provisions. Call MEDTHERM for uncoocled purged radiometers.
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STANDARD MOUNTING CONFIGURATIONS ARE ILLUSTRATED BELOW. There is the smooth body with flange. the threaded body with flange
the smooth body without flange, and the threaded body without flange. All mounting flanges are 1.73" dia. with 0.150" dia. mounting hodes equally
spaced on a 1.375" dia. bolt circle. Water-coofing tubes (when specified) and gas purge tubes are 178" dia. S5T. All tubes are 4" long. (Other tube
diameters, lengths, and fittings are available.) All threaded bodies have 1-12UNF-2A threads.

WINDOW ATTACHMENTS may be added for efimination of convective
heat transfer, thus making the transducer a radiometer or radiation
heat flux fransducer. Sapphire is the standard window material. A
broad selection of other materials is available per the list on page 4.
Standard view angles available are: 807, 1207, and 150°. Window
attachments are removable and replaceable by the user. When the
window is used the sensitivity of the basic transducer is reduced to a
nominal fraction of the original as follows: B0°, 43%; 1207, 84%; and
160=, T8%. Thickness of the attachment varies with view angle and
sensor type from1/18” to 38"

EHMEGHILE  Bopy TYFE “D” CALIB? MODEL
SMOOTH 1.0 NO SW-1-vY

\|  THREADED 084 NO SW-2-YY

«  SMOOTH 1.0 YES SW-1C-YY

/|  THREADED 08¢ YES SW2C-vY

VIEW RESTRICTOR ATTACHMENTS for limiting the area viewed or
s=en by the sensor are available for making spot radiation or remaote
ternperature measurements. Attachments may be ordered with or
without water-cocling and with or without an addiional calibration with
the aftachment in place. Flanged fransducers attach to the back. A %
20UNC set screw hobds unfianged transducers and provides tripod
mowunt access

'ﬁﬂﬂﬁﬂwﬁﬁﬁl
[ —
\II"%- AR

VIEW

=
I Lie" IO
LT A
VIEW "AT NOMIMAL % BASIC MODEL NO.
AMNGLE SENSITIVITY UNCOOLED COOLED
7 3w 04% VR-T VEW-T

15° 2.F 1.7% VR-15 VRW-15
ans 18 6.6% VR-30 VRW-30
&0° 1.r 25.0% VR-80 VRW-80
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SPECIFICATIONS
STANDARD RANGES AVAILABLE: Ful scale design heat fux level: 4000,
000, 2500, 2000, 1500, 1000, 530, 250, 200, 100, &0, 30, 25, 20, 15, 10, 5,
2,1, 0.5, 0.2 Bw{*"s). {Custom ranges avallavie.)
OUTPUT SIGMAL: linear cutput, 10 millvoits nominal at full range.
MAXIMUM ALLOWABLE OPERATING BODY TEMPERATURE: 400 °F.
OVERRANGE CAPABILITY: to150% range for 2-1000 Shuifs) ranges.
MAXIMUM NON-LINEARITY: 2% of full range.
REPEATABILITY: 1/2%
CALIBRATION EXPANDED UNCERTAINTY: 23% for ranges i 250
Biwif=5), coverage Tactior k=2, for GFﬂI".Idﬂ'GtE 95% confdence lavel.
CALIBRATION: Each transducer s provided with a certifled radiant heat
fiux comparison calloration 1o ANSIMCSL Z540-1, and ISOIIEC 17025,
Callbrations are fraceabie ﬂ'II'CH..'gl' '.EHFEEIJJI'E standards and alectrical
standards o the Natlonal Instiuie of Standands and TEC:"II'DDQ"' (MIST)
Radiant comparisons are mads o working standard heat fux ransducers of
similar type. The working standands are reguiarty callbrated versus bath
biackbody SMUStors 35 standand sourcas and Versus a st of MEDTHERM
Kandall Absoiute Cavity (ECR) Radiometers 35 standard detectors. (The
ECR Is an elecyical subsiitufon callbrated cavity radiomeier, an absolube
detector In that | requires only NIST-raceable slectrical standards of the
woit and ohm %0 detaming Imad B'IIIEI SFEHH calibrations, "Iml]"lg a
direct II?:I'T'FGI"S-IZII'I to a MEDTHERM asoiule ECR, are avalabie at
addTonal cosl
SENSOR ABSORPTANCE [Hamispharical): Gardon gages, .22, nomina,
from 0.6 to 15.0 wm. Themmeglies, .55, nominal, from 0.6 to 15.0 um.
SPECTRUM TRANSMITTED BY SAPPHIRE WINDOW [When wsed): E5%
maminal from 0,15 to 5.0 m. Cher window materials are oponal
LEAD WIRE: 24 AWG stranged copper baisted palr, Teflon Insulation over
each, bralded copper shiekd, Teflon [ackst overall, 36 standand leng with
stripped ends. (The optional body themocouple wire s 24 AWG
TenonTefon Irsulaied guplex solld conducior. )
TIME COMSTANT: (52.2% response to 3 step radiant haat Input)
250 to 4000 Bbusfi=5); less than 50 ms.
S50 o 200 Ei:.ll':rF"E]Z iess than 100 ms.
2 to 30 BIw\IF-5)C Ie6s than 250 mes.
SENSOR TYPE: (Standard, options avallabie)
5 to 4000 BUAMEE): Gardon Gage (Except 58 for 64P-5 modsls)
DZind 311..'['.= &) Schm lI-aEEtE"I:SL":’Iﬂ'I di-Boslter sansors are also
avaliable as an ogtion from 5 to 100 Bwit™&) rAnges.
HOMINAL IMPEDANCE: [Wih standard leadwirs)
Lass Man 10 ohms on Gardan SBQEE
Lass Man 250 ohims on Schmidi-Bositer SBJEE.
HEAT CAPACITY OF UNCOOLED UNITS: Energy that can be absorbed by
ransoucer In an adlabatic Instaliation (denned as all surfaces perecly
t"lEﬂ'I'le' Insulated E!EEFI”CH’ 1-nch dan‘ei&’semurfa:t—] bafora
mmeedlrg the 400 *F maximum :H:ljj' L&'T'FIEHI'JI'E Imitation:
Model without water cooling provisions: 5.2 Btu
Models with water cooiing provisions but without water: 4.2 Stu
MAXIMUM PURGE GAS PRESSURE: 150 psl over ambient
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ORDERING INFORMATION: PRICE FRICE
Schmidt-Boelter Thermopile Gardon Gage [GG)
DESCRIFTION MODEL NO. |SB) Heat Flux Range of Heat Flux Range of
[P/N) 0.5, 1, 2 Btu/[ft*s) ** 5 Btu/(ft*s) and up *
s GAls TRANSDUCER, NO WATER COOLING PROVISIONS ™ =s s rsnsan s
SMOOTH BODY, NO FLANGE Gd-mx-14 584500 5562.00
THREADED BODY, NO FLANGE Bd-we-15 5004.00 561100
SMOOTH BODY, WITH FLANGE G- 18 §a048.00 $583.00
THREADED BODY, WITH FLANGE Bd-we-1T 572700 5644 00
s gasie TRANSDUCER WITH WATER COOLING PROVISIONS "o srsssmmmssmrams s
SMOOTH BODY, NO FLANGE Gd-ux-18 5843.00 §760.00
THREADED BODY, NO FLANGE 418 580200 5318.00
SMOOTH BODY, WITH FLANGE Gd-am-20 §305.00 75200
THREADED BODY, WITH FLANGE Bd-xx-21 5931.00 584800
e RADIATION TRANSDUCER WITH SAPPHIRE WINDOW, GAS PURGE AND WATER COOLING PROVISIONS *™ ™
SMOOTH BODY, NO FLANGE G4P-xx-22 §10c20.00 5037.00
THREADED BODY, NO FLANGE GATP-xx-23 §1056.00 5973.00
SMOOTH BODY, WITH FLANGE G4P-ux-24 51040.00 5057.00
THREADED BODY, WITH FLANGE GATP-xx-25 §1084.00 F1011.00

1. Specify Model Number. Transducer price includes factory calibration to ISO/EC 17025 and 150 10012-1.
2. Insert desired design full-scale heat flux level in place of "xx” in the Model Mumber (P/M), in Btw/(fi®s).
3. " Add 5131.00 to the 0.5 Btw/(fi*-s) basic price for the 0.2 Btu/{f*s) range, the most sensitive sensor.
4. 5B sensor is optional in 5 Btuf{ft*-s) range at above 5B price. Add 5B after "xx" in PAM. For 5B in ranges from 10 to
40 Btui{ft*-s), add $83.00 i above SB price. Contact factory for 5B price at higher range, up to 400 Btu/(ft*-s).
5. For copper/comstantan body temperature thermocouple on any of the above transducers, add T to Model Mumber and
536.00 to price. For other thermocouple materials, substitute for T the desired ANSI letter code (K, E. or J), add 54400
to basic price. For surface thermocouple on 5B only, add 5 before ANSI letter code amd 5113.00 to 5B price.
" The stamdard sensor for the 5 Btw/(f*-s) 4P and 84 TP radiometers is a Schmidt-Boelker thermopile. Use SB price.
. Specify calibration units desired (W/em?, kWim?, etc.), if not Biw/(f2s), at same price. (1 Btu/{ft*s) = 1.135 Wiem?)

ACCESSORIES

When ordered with a transducer, if unlisted calibration with an accessory is desired, add C to the Model Number and
$116.00 to the basic price of the accessory, i.e., VRW-TC at 5253.00 + 5116.00 = 5380.00 each.

o

DESCRIPTION MODEL NO. [PIN) FRICE
SAPPHIRE WINDOW ATTACHMENT without calibration SW-1-YY or SW-2-7Y 3 136.00
SAPPHIRE WINDOW ATTACHMENT with calibration SW-1C-¥Y or SW-2C-¥Y 5 253.00
VIEW RESTRICTOR ATTACHMENTS VR-T, VR-15, VR-30, VR-ED 5 175.00
VIEW RESTRICTOR ATTACHMEMNTS, WATER COOLED VRW-T, VRW-15, VRW-30, VRW-80 5 253.00
DIGITAL HEAT FLUX METER., with calibration certificate H-201 51118.00
RECALIBRATION OF TRANSDUCER (when returned after use) ALL 64 SERIES 3 2T4.00

TO SUBSTITUTE WINDOWS ON RADIOMETERS INSTEAD OF SAPPHIRE AT ADDITIOMAL COST:
[Approximate Transmittance Data, Details Available)

Substitute Window, Symbal, Insert Useful Wavelength "Flat" Wavelength Additional
{1mm unless noted) in PN Range, micrometers Range, micrometers Price
Sapphire (0.5 mm} 02 - 585 04 - 42 Inciuded
Quartz (0.5 mm) aw 0.12 - 4 0.27 - 3 ADD §23.00
Calcium Fluoride CaF2W 0.3 - 115 0.y -8 ADD 78.00
KR3-5 KRE-5W 0.6 - 50 0.6 - 30 ADD 255.00
Zinc Sulfide ZnSW 0.5 - 145 0.B - 12 ADD 124.00
Barium Fluoride BaFZW 0.2 - 125 0.3 - 10 ADD 100.00
Zinc Selenide ZnSeW 0.5 - 22 0.7 - 17 ADD 120.00
Cadmium Telluride CdTeW 0.8 - 30 1-20 ADD 185.00

OTHER WINDOW AND FILTER MATERIALS, RADIOMETERS WITHOUT GAS PURGE, LARGER WATER TUBES,
PRECISELY TAILORED OUTPUTS, FAST RESPOMNSE TIMES, RESPONSE TIME TESTS, FLIGHT SIMULATIONS,
OUTPUT WIRES AND COOLING TUBES OUT THE SIDE, HIGH TEMF WIRES, ABSCLUTE CAVITY RADICMETER
STANDARDS, SETS OF TRANSFER CALIBRATION STANDARDS, AND MORE ACCESS0ORIES ARE AVAILABLE.

In addition to the size ranges offered in the 64 Series Heat Flux Tramsducers (1 inch basic diameter) MEDTHERM offers
the 4 Series (1718 inch basic diameter), 8 Series (1/8 inch basic diameter), the 18 Seres (1/4 inch basic diameter), the
24 Series (38 inch basic diameter), the 32 Seres (1/2 inch basic diameter), 40 Series (5/8 inch basic diameter), and the
48 Series (34 inch basic diameter), as well as flat and rectangular transducers with a variety of sensor types. We
specialize in the rapid design and manufacture of customn heat flux transducers for your particular applications. Write or
call the factory for recommendations and gquotations for your requirements.

FLIGHT QUALIFIED HEAT FLUX TRANSDUCERS (SINCE 1970) ARE AVAILABLE IN A WIDE VARIETY OF SHAPES, SIZES,
RESPOMSE TIMES, AND DESIGH HEAT FLUX LEVELS. PLEASE CONTACT THE FACTORY FOR DETAILS.

BULLETIN 118

& A0S
MEDTHERM POST OFFICE BOX 412 TELEPHONE [258) 837-2000
CORPORATION HUNTSVILLE, ALABAMA 35804 FAX (256) 837-2001
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Model 797L

Premium, Low Frequency, Center Mount Acceleromefer
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Pressure — PAE

Cylinder Pressure Sensor

for Continuous Monitoring

Life expectancy optimized sensor for continwous cylinder pres-
sure measurement in gas and diesel engines. Becawse of its
low thermal shock and high stability over the bong term, this
sensor is suitable for difficult monitoring and control tasks for
internal combustion engines.

* Small thermal shock
* Long life
= Also available with integral charge amplifier

Drescription

As a result of its patented «anti-straine design, the measuring
element is insensitive to integral mounting, and largely insen-
sitive to dirt and contamination. The rugged diaphragm per-
miits the sensor to be used for knock detection.

The life expectancy of the sensor has been designed for a ser-
vice life of =16'000 h in a gas engine nunning. With heavy-oil
operation, its service life depends very much on the cormosion
ocourring, while extreme contamination can reduce measuring

ACCUrACY.
Application

Continuous Monitoring

Type 6013CA has been specially developed for the monitoring
and control of medium and large size diesel and gas engines.
Excellent thermodynamic characteristics enable high precision
cylinder measurements. Sensor and cable together form an
oil- and splash proof unit.

Test Bed

Most suitable for knock detection and long-term measure-
ments. For test bed applications the sensor Type 8013C (with-
out cable) can be used together with special connecting
cables. For mare informaticn about cables refer to data sheet
000-352e (DB15.035e).

NASA/TM-2010-216294

KISTLER

measure. analyze. innovate.

Type 6013C...
BnaCa L=1m
BnEAsp L=__m
s -

i _,_EL
- ik
THEAI
L
1. s
1. )
Technical Data
Type 6013CA] Type s013C
Rangs bear 0 .. 250
Calibrated parttal range bar 0..50
Creerload bar 300
Sensitvity pC ] 21
Matural frequency kHz B5
Linearity HFS0 ==1
Sensitivity to accelaration barig 0,001
Ciparating temperature range [ "C -50 .. 350
Change In sersithity
200 2 150°C % s2F
200 = 50 *C % z=1
Thearnal shock
at 1500 r/min, P =9 bar | bar =205
Irsulation reskstance at 20 °C o =10
Shodk resktance E 2000
Tightening torgue Nm 15
Owiput impedance 2] 100
Capacttance pF 160 &
welght E B 0
Connector Type | Fischer SE103 | 10-32UNF
Page 12

This information coresponds Eo the curvent state of imowledge. Kictler resarves
the right fo make technical dhanges. Liability for consequenial damaps resul-
ting from Ehe use of Kisler prodisds is exduded.
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Cyfinder Pressure Senane for Continuous Monitoring, Type 6012C...

Installation

In order to minimize thermal stress on the sensor, it should be
located so that good heat dissipation to colder components is
possible. This can normally be achieved by a set-back loca-
tion. Optimum sensor life is achieved at an average tempera-
ture of 200 ... 300 °C in the sensor body. In order to prevent
singing oscillations, the lengths of the gas channel should not

H10x1

NN

b L el

NN
10,59

KISTLER

measure. analyze. innovate.

exceed 30 mm. Strong gas oscllations ocour when the gas
column between sensor and combustion chamber resonates.
Superimposed on the cylinder pressure, these pressure oscilla-
ticns impose an additional load on the sensor, resulting in
reduced life of the sensor.

w
a0
=
= 5
min.g 3
Fig. 1: Sensor bare FAg. 2- Semsor fitted in a set-badk location Fig. 3: Fitting exampla: sensor fitted below the
Indicator valve
Accessories Included Type %nqgtrunhr.:
* Cr-Ni seal 110043 Eﬁ
Optional Accessories Type
» Connecting cable, Fischer @138
KE 103 - EMc pos. 16734 ... - =1
* Socket wrench 16/12% 120087 = I =w unmm
* Fork wrench SW1E to 1300411* 1300433 = hex 12am
+ Torque wrench & __. 40 Nm* 1300411 el
« Fork wrench insert SW12 to 1300A11% 1300413 ® o9 S ype 1H0A3
+ Adapter M14x1,25 £58241 ™
« Adapter BSP 1/2" male thread E581A7 Bo.4
* Socket wrench 130046 HiK1

* refer to data sheet 000-068m (DED4.012m)
data sheet 000-352e (DB15.035¢)

Flg. 4: Cybnder pressure sensor Type 6013C with 10-32UNF connector

Page 272

This informabion comesponds to e current state of knowledge. Kistler resenves
the right to make technical changes. Liabiity for comsequential damage resul-
ting from the use of Kister produds is exduded.
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Pre%ure Tranwucers INCORPORALIED

Description

The Series ST150 is a small, accurate, reliable pressure transducer
for measuring dynamic and static pressures. Available in absolute,
sealed gage, or true gage zero pressure reference, the unit is
entirely welded of stainless steel. Features of design include long

Standard Features term stability, low sensitivity to shock and vibration, wide temperature
. Stainless Steel construction range, excellent response to transient pressures, infinite resolution
+ Hermetically sealed and built in over-pressure protection for ranges up to 2.5K PSL.
+ High accuracy

+ NACE traceable
+ Zero span shift less than .005° FS/°F

Optional Features
+ Expanded temperature operating range
+ Expanded compensated temperature range
+ Alternative materials of construction
« Customer specified connector
+ Alternative pressure ports

Your “Application-Solution®™” Source
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Series ST150

Specifications

Performance
Static Accuracy
Linearity: + 0.20% FS.
Hyslaress: =0.20%FS.
Repeatability: = 0.10% FS.
Resolution
Infinite

Thermal Zero Shift
< =0.005% FSOFF

Therm. Sens. Shift
< £0.005% FSOFF

Input | Qutput Resistance
350 + 3.5 ohms at T0°F.

Insulation Resistance
> 10K magohms at 50 Wde al 7T0°F

Zoro Balance
+ 1% FSO al 70°F.

Full Scale Output
3.0+ 0.015 mV/V FSO al TO°F.

Natural Fregquency

1.0 kHz at 15 PSI 10 347 kHz at
30,000 PSI.

Acceleration Res

Less than =0.15% FSOG al 15PSl b
+0.0015% FS/G at 30,000 PSL

Mechanical Characteristics

Standard Ranges

0-15, 25,30, 50, 75, 100, 200, 500,
750, 1000, 1500, 2000, 3000, 5000,
7500, 10000, 15000, 20000, 25000
and 30000 PSIAJ PSIG.
Proof Pressure

15 - 200 PSI rangas:
500 PSI range and up:
Operating Media
Fluids and gases compatible with 316
and M7 or 17-4PH stainless steal.

500 PSI
1.5 fimas range.

'Wa males ramducer apolicaions vary gealy and &
such our desgns am faobla. Choice of prssus pard,
aeciical leminafon, matedal compatbility and
ance characteisfie are a few of e many
optione avaishle Specificaions on this datschest
e preesan the standad mnfgumion only. Product and
company na mes izled are isade markes of Sweir nespecie
companes. Spacificalions subjed! o changs witioul
mafice. Ses accessny [ising for addifional chaices.

Click For More
Information ai:

stellartech
«CO

Db bt PIN- 227548

Copyight © 204 Sela Tchrobgy Incoqueaed - Al Fights Resavad

Mechanical Characteristics
Pressure Fitting
Ti6-20 par MS33656-4 for rangas up o
and including 10,000 P51
AF F250-C, 94618 UNF for rangas
15,000 PSland up.
Weight

4.5 QunCes madimum.

Electrical Characteristics

Excitation
10 Vide recommended, 15 Vdo max.

Electrical Termination
PT1H-10-EP stainless steal connectar or
equivalant

Wiring
Excitation +A, -D; Signal +8B, -C;
Na connaction E, F. {Shurt avail.)

Environmental Characteristics

Compensated Temperature Range
55°F b +250°F.

(-320°F to +425°F aptional)

Operating Temperature Range
-100°F to +300°F.

(<320 1o +450°F oplional)

Enclosure
Body and pressura cavity of slainkss
sleal, harmelically sealed.

ek Technology warenis bl i poduct shall ba free fom delbctiv
workarsiin andiy makl for @ el month padod from the dain of

wirkrarehin and'or mderil withou! wrilan coneant by Sl Tedwol ogy
This wastarty i in i of al o wearrand e e or implisd.

Contact e fachosy o your Aufhorizad
Saliar Tachrolbogy, Inc. Fepresantaive.

D o the nztrs of tedno ingy, denges am insvtabie. Ao Bted edrical ecificatons, see our wedals
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Tel: 716.250.1800 » Fax 716.250.1909
Email: info@stellartach.com
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Baseline Configuration Specs Represenied.

Modifications Encouraged - See Below
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Stallar Tachnology Incomorated is an
ISO 9001:2000
Regigdaned Company
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