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A Temperature Uniformity Survey (TUS), using established procedures and methods that fully meet the
requirements of the specification, must be performed for a vacuum furnace to satisfy AMS 2750D, and
allow for consistent and more accurate results of actual furnace capabilities.

Solar Atmospheres and Solar Manufacturing, with their extensive vacuum furnace experience and
processing knowledge, have created a standard TUS procedure for all newly manufactured and in-
production vacuum furnaces. This procedure considers the many critical aspects of AMS 2750D that
must be fully satisfied to produce acceptable processing results. The following outline could be applied
to any vacuum furnace user to satisfy their TUS requirements.

A) THERMOCOUPLE SUPPORT STRUCTURE

AMS 2750D allows for the use of racks specifically designed to accomplish the TUS. A thermocouple
heat sink attached to the rack is allowed for placement of the thermocouple, provided that the cross-
section of the heat sink does not exceed 1/2” or is not thicker than the thinnest material being
processed. The key to any rack structure is to be able to correctly place and rigidly support the T/C’s at
the true dimensions of the furnace work zone.

Racks can be specifically designed for the expected use of the vacuum furnace. Also, baskets can be
stacked to represent a full load configuration with the T/C heat sinks positioned on the inner eight
corners of the baskets and a ninth T/C positioned in the center position of the load.

Solar has designed several T/C racks similar to the image shown in Drawing A. Typically this is a box
configuration using RA330 angle members with heat sink blocks located at the corners and center
position. This structure will satisfy many commercial applications but has certain limitations when
conforming to AMS 2750D, and is not universal for multiple sized furnaces all requiring TUS. Also, these
racks require considerable storage space when not in use.
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The newest, most acceptable, and universal TUS support structure designed consists of individual corner
pipe members that sit vertically with a bottom support structure (Drawing B). The vertical height of
each member can be adjusted with different center lengths to accommodate various sizes of furnace
hot zones. Each structure can be accurately positioned to the outer extremes of the hot zone to locate
the eight corner T/C’s. An additional center structure is provided to properly locate the center T/C. All
main pipe corner vertical structures will have top and bottom T/C heat sinks welded to the inner
surface. Each heat sink shall be 1/2” diameter by 3” long with a hole drilled on center to accept the T/C.

This type of support structure configuration should be used to meet the most critical aerospace
applications.
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B) PRE-SURVEY FURNACE PREPARATION

To ensure that the furnace is functioning properly under all dynamic thermal conditions for the TUS, a
pre-survey preparation should be considered. Based on the temperature range to be surveyed, one or
more temperature set points shall be selected for initiating an Autotune of the furnace PID controls. For
example, if the initial TUS temperatures are 900°F, 1500°F, and 2100°F, the ranges are therefore 900°F-
1500°F and 1500°F-2100°F, and a single set point Autotune at 1500°F would be acceptable.

Following an initial mechanical zeroing of the power meters, the empty furnace should be heated to
1500°F, and all zone power meters balanced (average volt/amps) using the power supply trim
adjustments. The initial power trim settings shall be set to 90%. The Autotune feature of the controlling



instrumentation will then be initiated. The Autotune feature allows for either a “Slow” or “Fast” tune

capability. The “Slow” tune feature should be selected as it calculates conservative tuning constants

with the objective of minimizing overshoot critical to any TUS test.

C) TEST T/C CONSIDERATIONS

The following criteria shall be used in preparation of the T/C’s to be used for the TUS test.

1)

2)

3)

4)

5)

6)

7)

8)

Sensors shall be type “K” thermocouples, Refrasil insulated or Inconel-sheathed type, (maximum
3/8” 0.D.) and calibrated in accordance with AMS 2750D section 3.1.

All T/C’s must be new and cut to the same length. In considering the proper length, it is
essential that adequate length be provided for any T/C shrinkage during the actual testing which
could result in failure or accidental movement from the desired fixed position. An additional
length factor of 10% should be considered.

Each T/C shall have a tight, twisted end junction measuring approximately 1/2” long with the
other end properly affixed to the T/C plug connector.

All test T/C’s shall be brought into the hot zone as a bundle assembly and properly wrapped
with Kaowool insulation for feeding through the graphite felt insulation. The wrapping is
essential to prevent any possibilities of graphite infusion or electrical shunting. All excess T/C
wire shall be distributed within the hot zone and not stuffed into the cold wall area.

After the T/C’s have been placed into the various heat sinks located on the support structures, it
is imperative that all excess length of the various T/C’s remain within the hot zone and not
outside on the cold wall side. It is important that a Thermocouple does not come in contact
with the heating elements.

The T/C heat sinks on the support structures that hold the sensors should be facing inward from
the heating elements.

The control and over-temperature T/C’s should be extended into the hot zone a minimum of 2”
beyond the heating elements.

Jack panels must have spare plugs inserted into open or unused Jacks to prevent metallic
buildup on contact surfaces.

D) FURNACE INSTRUMENTATION

A typical furnace shall be equipped with a sensor attached to a controlling instrument which regulates

and displays the furnace temperature. In addition, the furnace must have an over-temperature
sensor/instrument that turns off the control power should the temperature exceed the setting of the

control instrument. Both the control temperature and over-temperature sensors are recorded on

separate calibrated instruments to conform to AMS 2750D.



E) FURNACE CLASS

The furnace to be surveyed may be any one of four classes as defined in AMS 2750D, Table 8. The class
defines the expected + or — uniformity factor. Classes are as follows:

1) Class1=+/-5°F, 2)Class2=+/-10°F, 3) Class3=+/-15°F, 4) Class4 =+/-20°F,
5) Class 5 =+/-25°F

F) SURVEY FREQUENCY

The survey frequency on any furnace is dependent on the furnace class. The following frequency of TUS
shall be required:

Class 1 & 2: An initial survey performed prior to production followed by three monthly periodic surveys
for a total of four annually as the initial frequency. Subsequent surveys may then be reduced to
quarterly provided prior surveys are all acceptable.

Class 3 —5: An initial survey performed prior to production followed by three quarterly periodic surveys
for a total of four annually at the initial frequency. The frequency may then be reduced to semi-annually
provided all prior surveys are acceptable.

G) FURNACE WORKING ZONE

The working zone of the furnace shall be defined as the nominal hot zone dimensions specified in the
overall furnace general specifications. For horizontal furnaces this is usually width x height x length, and
for vertical furnaces, diameter x height. These parameters form the working dimensions of the hot zone
to be surveyed. The universal structure described above will be used to place the T/C’s in their
respective corners and center locations.

H) STANDARD SURVEY TEMPERATURES FOR MOST VACUUM FURNACES

The initial TUS temperatures shall be 900°F, 1500°F, and 2100°F. This defines the ranges as 900°F-
1500°F, and 1500°F — 2100°F for a total of two ranges. However, some furnaces may have an additional
range between 300°F and 900°F, a requirement for certain steel tempering, age hardening of PH steels,
and solution heat treating of certain nickel based alloys.

The periodic survey temperatures for the above shall be 900°F and/or 1500°F with the 900°F
representing the 300°F — 900°F range and the 1500°F representing the 1500°F — 2100°F range.

Once a year, each furnace shall be surveyed at all validated temperatures.



I) NON-STANDARD FURNACE TEMPERATURES

Aerospace work shall not be run outside of the standard uniformity survey temperatures without first
performing an appropriate survey. The survey may be performed with an actual load of the subject
materials. However, if the risk of failure is too great, the survey should be performed with the above
described universal TUS rack. Once performed, the TUS shall be repeated as required by AMS 2750D.

Non-aerospace work may be run outside the standard uniformity temperatures whenever considered
acceptable by the Quality Department. If not, an appropriate survey shall be performed and repeated
per the above temperature range requirements.

J)  QUANTITY/ LOCATION OF T/C’S

1) Furnaces Under 3 Cubic Feet

For furnaces with a work zone of less than 3 cubic feet, (5) T/C’s shall be used. Placement of the
T/C’s will be top left and bottom right corners, bottom left and top right back corners, and
center location. These locations shall be documented in the TUS report and TUS certification.

2) Furnaces Between 3 and 225 Cubic Feet

For horizontal furnaces between 3 and 225 Cubic feet of work zone, (9) T/C’s shall be used
for the uniformity survey. Placement of the T/C’s shall be at the four front and back corners
and one in the center location of the hot zone.
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For vertical furnaces, (9) T/C’s shall be placed at 120° positions at the bottom, center, and
top levels of the hot zone located at the outside extremes of the work zone. Also, (1)
additional T/C shall be located at the center position of the work zone.

For larger furnaces such as a car bottom furnace with multiple work zones, TUS must be
accomplished as defined in AMS 2750D. This outline has been basically written for batch
type vacuum furnaces.

K) TUS SURVEY PROCEDURE

1)

2)

3)
4)

5)

6)

7)

8)

9)

Insert the T/C’s into the support structure heat sinks and position the support structures at
the proper end and center locations. As stated above, make sure that all excess T/C wire
stays within the hot zone area, and that the hot zone exit point for the T/C’s is properly
wrapped with insulation.

Plug the T/C’s into the jack panel inside the chamber making sure to install blank plugs for
the open or unused jacks.

Make sure that the control T/C is extending at least 2” beyond the heating elements.

Ramp the furnace to the lowest survey temperature using a rate no slower than that used in
typical processing cycles and stabilize the furnace.

After stabilization, balance the zones using the Ammeters and Voltmeters. Adjust the trim
pots to bring the (9) T/C’s within the required specification. Do not set any trim pot below
80%.

If there continues to be an imbalance from back to front, trim accordingly, and restart the
entire test.

After all is stabilized at this first temperature, start a 30 minute data collection period during
which no T/C shall deviate more than the high or low uniformity limits allowed by the Class
being tested.

Ramp to the next temperature and hold for the 30 minute soak period. Do not adjust any
trim pots at this and subsequent temperatures.

Continue onto the next temperature if required and repeat as above.



10) The test will fail if any of the following occurs:
a) Atemperature reading during any soak period exceeds the allowable + or — tolerance.
b) Any of the T/C's fails.
c) Atrim potis adjusted at two different temperatures.

L) TUS RESULTS

DATA: Data collected by the TUS instrument shall be processed through the Eurotherm Chessell
Temperature Uniformity Excel Utility or equivalent. This software uses only encrypted data
from the Eurotherm Chessell Review software, incorporates the requirements of AMS 2750D,
and calculates the results to produce the final report. All data entered shall be recorded to the
tenth digit of the nearest whole number. After a departure from set-point has been
determined, the number may be rounded to the nearest whole number for reporting purposes.
If the tenth digit is five it shall be rounded to the next even whole number.

CORRECTION FACTOR (CF): Thermocouple correction factors shall be applied to correct the
data. If thermocouples are made from spool material, the front and back data shall be averaged
to determine the CF to be used. If the TUS temperature is performed between points of the
thermocouple calibration report, the closest correction factor shall be used. If TUS temperature
is performed midway between points of the thermocouple calibration report, the correction
factor shall be interpolated. Interpolation shall be performed by determining the average CF of
the points above and below the target point, then determining the midway point between the
two averaged results.

ROUNDING: Numbers used to determine TUS results shall be recorded to the tenth digit. If calibration
results in a 100™ digit, the 100" digit shall be rounded to the nearest tenth digit.

ACCEPTABLE RESULTS: After a survey is completed, the high and low corrected T/C readings shall be
determined with the offshoot of any channels higher than the soak temperature included in the “high”
calculation. The uniformity tolerance + or - shall than be documented on the TUS certification.

OFFSET: Offset used to bring the range within the desired tolerance shall be entered into the controlling
instrument and documented on the Controller Offset Report. Offset on the controlling instrument will
be over and above any offset used during instrument calibration.

TUS REPORT: A TUS report shall be generated using the Eurotherm Chessell TUS Software Utility. (See
Attached Sample). The Software Utility uses the encrypted data to apply correction factors, document
any overshoot, and provide the report to meet the requirements of AMS 2750D2750D.
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CERTIFICATION: Once determined that the furnace meets uniformity requirements, a certification

report shall be made available and posted for that furnace. The uniformity tolerance shall be identified

for each range of use. All future work orders processed through that furnace shall not require more

stringent uniformity tolerances.

UNACCEPTABLE RESULTS:

1)

2)

M)

SENSOR FAILURE: As it is well known, sensors sometimes fail to work as desired. In addition,
jack panels inside the furnace are prone to minor contamination that could affect the T/C
readings. Sensor or jack panel failure is cause for re-processing a survey procedure if the
amount of failed sensors exceeds the limitations as outlined in AMS 2750D.

DRIFT/EQUIPMENT FAILURE: If results of the uniformity survey fall outside of the standard
uniformity tolerance for a given furnace, and the cause is determined to be an actual drift in
furnace uniformity, the furnace shall not be used for any further aerospace processing until the
drift problem has been corrected and a subsequent TUS is completed to the satisfaction of the
quality manager.

SAMPLE TEST REPORT
See below.

Written By: William R. Jones — CEO — Solar Atmospheres Inc.
Real J. Fradette — Senior Technical Consultant — Solar Atmospheres Inc.
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Vacuum Heat Treat Furnace

Temperature Uniformity Survey Report
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Furnace Information

Furnace ldentification: Solar SF-98 Temperature Range: 5382C-12182C
Furnace Categorization: Temperature Tolerance: +62C

Class: 2

Instrumentation Type: C
Work Zone Dimension: 3ft x 3ft x 4ft Work Zone Volume: 36 Cubic Ft
Controlling Specifications: AMS 2750D & Heating Method: Electric
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Schedule

Date Tested: 07/23/2009 Next Due Date: 07/23/2010
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TUS Test Load Data

Test T/C Wire Type: “K” Refrasil Test T/C Identification: KK-VBGVBG-20

Test Instrument Used: Eurotherm 6180 Rec. Temperature Set Points: 5382C 7602C
982°C 1218¢°C

Time in Furnace: 6:30 AM to 2:00 PM Time Stabilized: 30 Minutes Each
Setpoint

Correction Factors Applied to the Test Instrument Prior to the TUS
Test Instrument C/F: -1 2C On DCP 552 all Temperatures

Thermocouple C/F:  5382C = -.6 °C 760°C = -1°C
982°C=02¢°C 1218 °eC= -3.3¢eC
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Temperature Uniformity Survey
Furnace Solar SF-98
07/23/2009

5382C

Date Time T/C1:T/IC2 T/IC3 T/IC4 T/IC5 T/IC6 T/IC7 T/IC8 T/IC9 T/C10
07/23/09 : 8:10AM | 530.0 . 532.7 5324 5283 5324 5281  531.8 = 5326  528.8  538.8
07/23/09 | 8:12AM | 5324 5335 5337 530.0 5335 529.8  533.3 5336 | 530.6 : 539.0
07/23/09 | 8:14AM | 533.8 | 5343 5348 5314 5345 531.3 5346 5349 5322 5392
07/23/09 | 8:16AM | 534.9 | 534.8 5356 5326 5351 5325 5356 5359 | 5335 5392
07/23/09 | 8:18AM | 535.7 | 5353 5364 533.6 5359 5336 | 5365 | 536.6 | 5345 | 539.2
07/23/09 | 8:20AM | 536.5 | 5358 5371 5345 536.3 5345 | 537.3 | 537.1 | 5355 | 539.2
07/23/09 | 8:22AM | 537.2 | 536.0  537.6 5353 536.7 5353 5380 5376 | 5364 i 539.3
07/23/09 | 8:24AM | 537.8 | 5364 5382 5359 5372 5360 5386  538.1 | 537.1 5393
07/23/09 | 8:26AM | 538.3 | 536.7 5387 536.6 5376  536.7  539.1 5386 | 537.8 | 5394
07/23/09 | 8:28AM | 538.6 | 536.8 5389  537.0 5375 5371 5394 5387 5382 5393
07/23/09 | 8:30AM | 539.0 | 537.0  539.2 5374 5378 5375 | 539.8  539.0 | 5386 i 539.3
07/23/09 | 8:32AM | 539.3 | 5371 5395 5377 5381 5379 5401  539.3 | 539.0 | 539.3
07/23/09 | 8:34AM | 5394 | 5371  539.7 538.0 5381 5382 | 540.3 5394 | 539.3 |539.2
07/23/09 | 8:36AM | 539.7 | 537.3 5399 5383 5383 5385 5406  539.6 | 539.6 | 539.3
07/23/09 | 8:38AM | 540.0  537.8  540.3 5388 538.6  539.0 5411  540.1 | 540.2 | 5395
07/23/09 | 8:40AM | 540.2 | 537.8 5404 539.0 538.6 539.2 | 5412  540.2 | 540.3 | 5395
07/23/09 | 8:42AM | 540.2 | 537.8 5404 539.0 538.8 539.3 | 5412  540.1 | 5404 | 5394
07/23/09 | 8:44AM | 540.3 | 537.8 5405 539.2 5388 5395 | 5413  540.2 | 5406 | 5394
07/23/09 | 8:46AM | 5404 5379 540.6 5393 536.6 @ 539.6 5414  540.2 | 5406 | 5394
07/23/09 | 8:48AM | 5404 | 537.8  540.6 539.3 5387 5396 | 5414 5403 | 540.7 | 5394
07/23/09 | 8:50AM | 5404 1 537.8  540.6 539.3 5387 5397 5414 5403 | 540.7 | 539.3
07/23/09 | 8:52AM | 5404 | 537.7 540.6 5394 5389 539.8 | 5415  540.3 | 540.8 | 539.3
07/23/09 | 8:54AM | 540.5 | 538.0  540.8 5395 5389 5399 5416 5405 | 5409 | 539.3
07/23/09 | 8:56AM | 540.6  537.9  540.7 539.6 5389 5399 5416 5404 | 5409 | 5394
07/23/09 | 8:58AM | 540.5 | 537.9 5409 5398 5388 5399 5414 5404 5410 5394
07/23/09 | 9:00AM | 540.6  537.9  540.8 539.6 5389 5399 5417 5405 | 541.0 | 539.6
07/23/09 | 9:02AM | 540.9 | 5382 5412 5399 539.2 5399 5420 . 540.7 | 5413 | 539.7
07/23/09 | 9:04AM | 540.7 5381  541.0 539.8 5391 5401 5417 5408 | 541.1 | 5394
07/23/09 | 9:06AM | 540.6  538.0  540.8 539.7 539.0 5401 5416  540.4 | 541.0 | 5394
07/23/09 | 9:08AM | 540.8 | 537.8  540.7 5395 5389  540.0 5413  540.1 | 541.0 | 539.3
07/23/09 | 9:10AM | 540.8 | 537.6 = 540.6 5394 5387  540.0  541.0 : 539.9 | 540.7 | 539.1
Note: Above temperature values have test thermocouple and test instrument correction factors applied.
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Temperature Uniformity Survey
Furnace Solar SF-98
07/23/2009

760°C

Date Time T/C1 T/IC2 T/IC3 T/C4 T/C5 T/C6 T/C7:T/C8: T/IC9 T/C10
07/23/09  9:43AM | 7427 7458 7444 7367 740.2 7379 7404 | 7440 7344 | 756.3
07/23/09  9:45AM | 747.7 7504 7499 7428 7458 7431  746.6 | 749.0 | 744.7 | 758.1
07/23/09  9:47AM | 750.8 7539 7521 7479 749.7 7474 7504 7522 | 748.8 i 7599
07/23/09  9:49AM | 7531 7543 7542 7487 7511 7500 7528 7541 | 751.6 i 758.3
07/23/09  9:51AM | 7548 7555 756.8 7522 7540 7524 7552 7558 i 753.9 i 7585
07/23/09  9:53AM | 756.2 7562 7572 753.8 7559 . 7540 . 756.1 7579 7555 | 758.6
07/23/09  9:55AM | 757.3  756.8 7583 7553  756.0 7555 : 758.0 | 758.0 i 757.0 i 759.6
07/23/09  9:57AM | 759.0 7571 7591  756.3 | 7565 | 756.5 7589 | 758.6 i 757.9 i 759.7
07/23/09  9:59AM | 758.7 7575 759.7 7572 7571 7573 | 759.7 | 759.3 | 758.7 i 759.8
07/23/09  10:01AM | 759.2  757.7 760.2 7577 7575 7581  760.3 | 759.7 7594 i 759.7
07/23/09  10:03AM | 759.7 7579 760.6 7585 7578 | 758.7 : 760.8 : 760.0 i 760.0 i 759.8
07/23/09  10:05AM | 760.1  758.0 7601  758.8  758.0 . 759.0 : 7611 7602 :760.3 i 759.8
07/23/09  10:07AM | 760.1  758.0 761.0  759.0 7582  759.2 7613 7604 7605 i 759.7
07/23/09  10:09AM | 760.1 7581 7612 759.2 7583 | 7594 7614 7605 i 760.7 i 759.8
07/23/09  10:11AM | 760.1  758.0 7611  759.3 7582 7594 7614 7604 :760.7 i 759.5
07/23/09  10:13AM { 759.9 7579 761.0 7593 7583 | 759.6 : 7614 | 760.3 | 760.7 i 759.6
07/23/09  10:15AM | 759.8 7578 7611  759.3 7584  759.7 7613 7602 i 760.7 i 759.5
07/23/09  10:17AM ; 759.8 7578 7611 7593 7583 | 759.8 7613 | 760.2 i 760.7 i 759.6
07/23/09  10:19AM | 759.8 7578 7611 7594 7584 7599 7612 7602 i 760.7 i 759.7
07/23/09  10:21AM | 759.8 7578 7612 7594 7585 7600 : 7612 :760.1 | 760.8 i 759.7
07/23/09  10:23AM { 759.9 7579 7613 7595 7585 . 760.1 : 7613 | 760.3 | 760.8 i 759.7
07/23/09  10:25AM | 760.0  758.0 7614 7595 7586 . 760.1 : 7615 | 760.3 i 760.9 i 759.8
07/23/09  10:27AM | 760.2 7581 7614  759.8 7585  760.1 : 7615 7604 7609 i 759.8
07/23/09  10:29AM | 760.3 7582 7615  759.7 7585  760.1 7616 7605 :761.0 i 759.8
07/23/09  10:31AM | 7604 7582 7615  759.7 7587 7602 7619 7606 7611 i 759.8
07/23/09  10:33AM | 760.6 7583 7616 7609  758.7  760.2 : 7620 :760.8 i 761.3 i 760.0
07/23/09  10:35AM | 760.7 7584 7617 760.0 7586 . 760.3 : 7621 7611 7613 i 760.0
07/23/09  10:37AM | 760.8 7585 7618  760.0 7589 . 760.3 7622 7610 7614 i 760.0
07/23/09  10:39AM | 760.8 7585 7618 7601 7588 7604 7623 7611 7615 7602
Note: Above temperature values have test thermocouple and test instrument correction factors applied.
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Temperature Uniformity Survey
Furnace Solar SF-98
07/23/2009

982 2C

Date Time T/C1:T/IC2:T/C3:T/C4  TIC5: T/IC6 T/C7 T/IC8 T/IC9 T/C10
07/23/09 | 11:03AM : 966.1 9671  969.3 962.2 970.2  962.2 ' 969.3 : 971.5 : 978.0 | 985.1
07/23/09 | 11:05AM : 9775 9781 9787 973.0 9774 9727 9770 9778 9780 | 9856
07/23/09 | 11:.07AM : 980.2 9799 9812 9765 9793 9764  980.2 9804 9786 : 9859
07/23/09 | 11:09AM : 9824 9814 9834 9794 9809 9792 9828 9825 9811 | 986.2
07/23/09 | 11:11AM © 983.8 9821 9847 9811 9817 981.0 9842 9835 9827 | 986.3
07/23/09 | 11:13AM © 9846 9825 9852 982.0 9819 9819 9851  984.1 9836 | 986.1
07/23/09 : 11:15AM : 985.1 9827 9858 9827 9823 9827 9857  984.7 9843 | 986.1
07/23/09 | 11:17AM © 9841  981.8 9851 9824 981.6 9825 9854 9842 9840 9853
07/23/09 | 11:19AM : 9844 9821 9856 9829 9820 983.0 9857 9845 9844 9856
07/23/09 | 11:21AM © 984.8 9821 9856 9829 9819 983.0 9857 9844 9843 9854
07/23/09 | 11:23AM : 9847 9819 9855 9829 9820 9820 9858 9848 9844 9855
07/23/09 | 11:25AM : 9846  981.8 9855 983.0 9820 983.0 9858 9844 9844 9855
07/23/09 | 11:27TAM : 9845 9818 9856 9831 981.8 983.1 9858 9846 9844 | 9854
07/23/09 : 11:29AM : 9845  981.8 9856 9831 9819 9832 9859 9844 9845 9855
07/23/09 : 11:31AM : 9844 9817 9856 9831 9820 983.1 9858 9845 9844 9854
07/23/09 | 11:33AM : 9842 9815 9854 983.0 9819 9831 9858 9844 9844 9854
07/23/09 | 11:35AM : 9841 9814 9854 983.0 9819 9832 9857 9843 9844 9854
07/23/09 | 11:37AM : 9840 9815 9854 983.0 9819 9832 9855  984.1 9843 9854
07/23/09 | 11:39AM : 9839  981.3 9854 9829 9819 9833 9854 9840 9842 9854
07/23/09 | 11:41AM © 983.8  981.3 9853 9829 9819 9833 9853 9840 9842 9854
07/23/09 : 11:43AM © 983.8  981.3 9854 9829 9819 9834 9853 9839 9842 9855
07/23/09 : 11:45AM : 983.8  981.3 9854 983.0 9820 9834 9853  984.1 9842 9855
07/23/09 | 11:47TAM © 9839 9814 9855 9829 9819 9834 9854 9840 9843 | 9856
07/23/09 | 11:49AM : 9840 9814 9856 983.0 9820 9834 9855 9840 9843 9855
07/23/09 | 11:51AM : 9841 9816 9856 9831 9821 9834 9857 9842 9844 | 9856
07/23/09 | 11:53AM : 984.3  981.6 9857 9831 9821 9835 9858  984.3 9846 9855
07/23/09 : 11:55AM : 9846  981.8 9858 983.3 9822 9835  986.0 @ 9846 9847 | 9858
07/23/09 | 11:57AM : 9847 9819 9859 9834 9823 9836  986.2 @ 9847 9848 9859
Note: Above temperature values have test thermocouple and test instrument correction factors applied.
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Temperature Uniformity Survey
Furnace Solar SF-98
07/23/2009

1218 °C

Date Time ;T/C1 ,T/C2 T/C3 T/C4 T/C5 T/C6 T/IC7 T/IC8 T/IC9T/C10
07/23/09 : 12:21PM | 1199.4 : 1197.2 : 12009 = 1193.5 . 1197.2 = 1191.8 11989 : 1198.0 . 1196.1 : 1209.2
07/23/09 : 12:23PM : 12105 : 1208.7 : 1211.5 12058 . 1207.6 = 12051 = 1208.7 : 1209.3 : 1208.0 : 1206.3
07/23/09 : 12:25PM : 12126 : 1210.5 : 12140  1209.3 . 1209.7 = 12094 12140 : 12126 : 12120 : 1217.0
07/23/09 : 12:27PM : 12146 : 1211.6 : 12160 12124 . 12111 12126 = 12163 | 12150 : 12141 : 1217.0
07/23/09 : 12:29PM : 12150 | 12120 ; 12163 = 1213.0 : 12111 = 12132 12168 : 12151 12143 : 1217.0
07/23/09 : 12:31PM : 12150 : 1211.6 : 12163  1213.2 | 1211.2 = 12134 12171 12152 | 12145 : 1216.5
07/23/09 : 12.33PM | 12150 : 1211.5 | 12163 12133 | 12114 12135 12173 | 12151 | 12143 : 1216.3
07/23/09 : 12:35PM : 12150 : 1211.3 | 12162 12133 | 1211.6 12134 12175 | 12150 : 12144 : 1216.3
07/23/09 : 12:37PM | 12146 : 1211.3 | 12164 12133 | 1211.8 = 12134 12176 | 12150 : 12144 : 12161
07/23/09 : 12:39PM : 12146 : 1211.2 12161  1213.2 | 12120 « 12134 12176 : 12150 : 12143 : 1216.0
07/23/09 : 12:41PM : 12146 : 12116 12161  1213.2 | 12123 12136 12178 | 12151 12150 : 1218.0
07/23/09 : 12:43PM : 12165 : 12122 12180  1215.0 . 12125 « 12150  1218.0 : 12166 : 1216.1 : 1218.0
07/23/09 : 12:45PM : 1216.7 : 12134 : 12180  1215.0 . 12127 12150 12181 1 1217.0 : 12163 : 1217.9
07/23/09 : 12:47PM : 12168 : 1213.8 | 12183 12163 | 12133 12151 12182 | 12171 . 12164 : 1217.9
07/23/09 : 12:49PM : 1217.1 | 1214.0 : 12184 12154 | 12134 12151 12183 | 12174 12166 : 1218.0
07/23/09 : 12:51PM : 1217.2 | 1214.0 ;| 12184 12154 . 12133 12152 12185 | 12175  1216.7 : 1218.0
07/23/09 : 12:53PM : 1217.3 | 1214.0 : 12185 12165 | 12135 « 12152 12187 | 12176 12169 : 1218.0
07/23/09 : 12:55PM : 1217.3 | 1214.0 : 12185  1215.6 | 12135 « 121563 12187 | 12176 : 12168 : 1218.0
07/23/09 : 12:57PM : 12174 | 12139 | 12186  1215.6 | 12134 12152 12188 | 12178 : 12169 : 1218.0
07/23/09 : 12:59PM : 1217.4 | 12140 : 12186  1215.6 : 12136 « 12152 12188 | 12179 : 12168 : 1218.0
07/23/09 1:01PM | 12174 12140 12189 | 12157 . 12136 : 121562 | 12189  1218.0 : 1217.0 : 1218.1
07/23/09 1:03PM | 12174 12141 : 1219.0 | 12157 1213.6 | 12152 : 1219.0 : 12179 : 1217.0 : 12182
07/23/09 1:05PM : 1217.5 = 12140 : 1218.7 : 12157 1213.6 : 12153 | 12189 : 12179 : 12171 . 12182
07/23/09 1:.07PM | 12174 12141 12189 | 12157 1213.6 | 12152 | 12189 : 12179 12171 . 12182
07/23/09 1:00PM | 1217.5 = 12140 : 12187 : 12156 1213.6 : 12153 | 12189 : 1218.0 : 12171 : 12182
07/23/09 111PM | 12175 12140 : 12187 | 12157 1213.6 : 12152 | 12188 : 12179 | 1217.0 : 12182
07/23/09 113PM | 12174 12140 12189 | 12159 : 12136 : 121562 | 12188  1218.0 : 1217.0 : 1218.1
07/23/09 1:115PM | 12174 12140 : 12187 | 12156 1213.6 | 12152 : 12187 : 1217.8 : 1217.0 : 12182
07/23/09 117PM © 1217.3 12140 12187 | 12156 12134 | 12162 | 12187 12179  1217.0 : 12181
07/23/09 119PM | 1217.3 12140  1218.6 | 12155 0 12135 | 12162 | 12186 12176 : 12169 | 1218.1

Note: Above temperature values have test thermocouple and test instrument correction factors applied.
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Furnace SF-98 TUS Summary
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Channel 1 2 3 4 5 6 7 8 9 10
—

High: 541.2 539.7 539.1 540.1 539.6 542.0 541.3 )539.7

Low: 540.4 539.0 538.6 539.2 539.3 541.2 3~ 539.1

Avg: 540.8 539.4 538.9 539.7 539.5 541.6 540.7 5394

Furnace Uniformity @ 538°C

Time Period: 8:40 through 9:10 7/23/09
Furnace uniformity resulting from the TUS: +3.3/-0.4° C.

Overshoot 02C

Channel 1 2 3 4 5 6 d 8 9 10

High: 760.8 758.5 761.8 760.1 8.8 760.4 762.3 761.1 761.5 760.2
Low: 759.8 758.1 761.4 759.2 761.4 : 760.5 760.7 759.5
Avg: 759.5 758.3 761.6 759.7 9. 761.9 761.9 760.8 761.1 759.9

Furnace Uniformity @ 760°C

Time Period: 10:09 through 10:39, 7/23/09
Furnace uniformity resulting from the TUS: +1.3 /-1.8C.

Overshoot 02

Channel 1 2 3 4 5 6 — 7 8 9 10
High: 984.7 981.9 985.9 983.4 982.3 983.6 986.2 984.7 984.8 985.9
Low: 983. 985.3 982.9 981.8 983.1 : 983.9 984.2 985.4
Avg: 983.3 981.6 985.6 983.2 982.1 983.4 985.8 984.3 984.6 985.7

Furnace Uniformity @ 982°C

Time Period: 11:27 through 11:57, 7/23/09
Furnace uniformity resulting from the TUS: +4.2 /-0.7° C.

Overshoot 0°C
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Chan 1 2 3 4 5 6 7 8 9

—
High: 1218.5 1218.9 1215.9 1213.6 1215.3 1218.0 1218.0 1217.1 1218.2
Low: 1217.1 87 1215.4 1213.4 1215.1 1217.3 1217.3 1216.6 1218.0
Avg: 1217.3 1218.7 1215.7 1213.5 1215.2 1217.7 1217.7 1216.9 1218.1
Furnace Uniformity @ 1218°C

Time Period: 12:49 through 1:19, 7/23/09
Furnace uniformity resulting from the TUS: +.9/-4.19 C.

Overshoot 02C

Report Summary

Are the TUS test results acceptable per applicable specification requirements? Yes |X|
A “No” response requires explanatory comment in the notes section.

No ]
Notes:

1) Furnace TUS test results were within the required +62C tolerance. No adjustments were necessary.

Signature of Technician and Date

Quality Assurance Acceptance and Date
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ATMOSPHERES

Solar Atmospheres Eastern PA Plant A
1969 Clearview Road, Souderton, PA 18964
p. 800.347.3236

Solar Atmospheres Eastern PA Plant B
255 Township Line Road, Hatfield, PA 19440
p. 800.347.3236

Solar Atmospheres Western PA
30 Industrial Road, Hermitage, PA 16148
p. 866.982.0660

Solar Atmospheres CA
8606 Live Oak Avenue, Fontana, CA 92335
p. 866.559.5994

www.solaratm.com

MANUFACTURING

1983 Clearview Road, Souderton, PA 18964
p. 267.384.5040

www.solarmfg.com





