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H GHLI GHTS

H GHLI GHT REFERENCE DESCRI PTI ON OF CHANGE

CAA (A ) Techni cal Change: Changed definitions, requirenments and test nethodol ogy for heat
sk70- 44- 04-370- 002 treat equi pnent calibration.

TASK 70-44-04-370-001
1. Ceneral.
A. This standard practice deals with the set-up and qualification requirenments of thernocouples,

and furnace tenperature unifornity/atnosphere performance. It will cover furnaces used to
perform vacuum inert gas, air, and hydrogen heat treatnents.

2. Applicable Docunents.
Subt ask 70- 44-04-370- 001
A.  Aerospace Mterial Specifications:
(1) AMs 2750, Pyronmetry
B. American Society for Testing and Material :
(1) ASTM E 230, EMF Tabl es for Standardi zed Ther nocoupl es
(2) ASTM E 220, Manufacturing and Calibration of Thernocoupl es
3. Definitions.
Subt ask 70-44- 04-370- 002
A.  Air Cool in Vacuum Furnace - Wen the rate specified is air cool or equal, the cooling rate
shall be 30°F (17°C) per minute or greater to at |east 1000°F (538°C).
B. Ar, Gl, Water Cool/Quench - Describes the equivalent cooling rate range required, rather than
t he specific cooling nediumwhich nust be used. For exanple: Circulated argon in a vacuum
furnace m ght be equivalent to air cool, while different polynmer-water solution concentrations
nm ght be equivalent to oil or water quench, but equival ency nust be denpnstrated before
substituting other nmethods to bel ow 1000°F (538°C).
C. Control or Furnace Thernocouple - A thernocouple installed within the furnace volunme which is
used to control the heat input to the working zone.
D. Gas Dew Point - "Colder" or "better" dew point neans "lower" inpurity content. Required |levels
will usually be specified by the drawing or naterial specification, and unl ess otherw se stated
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are maxi mum | evel s.

E. Heat Sink - A mass of material equivalent to the heat transfer characteristics of the thickest
section of the part being heat treated. A thernocouple surrounded by the heat sink is expected
to represent the "netal tenperature.”

F. Heat Treatnent - A heating and cooling process that nodifies or changes the inherent physica
or nmetallurgical properties of a solid netal or alloy.

G Leak-Up Rate Test - Atest in which the furnace chanber is evacuated, isolated fromthe
evacuation source, and the | eakage deternmi ned within the system by observing the pressure rise
for each unit of tine. Note that the | eak-up rate is expressed in mcrons/hour (1 mcron of
mercury = 1 x 10-3 torr).

H. Met al Tenperature - The tenperature specified on the drawing or material specification
represents netal tenperature, which is the actual tenperature neasured at the netal surface by
a |l oad thermocouple. At |east one thernmocouple shall be on the thickest section of the part.

I. COvertenperature Control - A furnace system which reduces or halts heat input by the furnace in
response to a detected overtenperature condition

J. Overtenperature Thernocouple - An independent thernocouple installed in the furnace vol une
which is used to nonitor any overtenperature occurrences and generate an alarmor shut down
heat i nput.

K. Vacuum Level - "Higher" or "better" vacuum neans "lower" pressure. Required levels will usually
be specified by Engi ne Shop Manual, and unl ess otherw se stated are maxi num pressure | evels.
For conversion: 1 torr = 1 nmHg = 133 pascals = 1000 mni crons.

L. Working Zone - The volune of the heated region of a furnace occupied by parts or material to be
heat treated or brazed which denonstrates tenperature unifornmity within the specified
t enmperature tol erances

M  Load Thernmocoupl e (Working Thernocouple) - Any thernocouple which is attached to the part or
heat sink which is being heat treated.

4. Requirenents/Test Methodol ogy.
Subt ask 70-44-04-370- 003

A.  Tenperature Unifornmity.

(1) Temperature unifornmity shall be based on the single highest and single | omest corrected
temperature readings fromthe Tenperature Uniformty Survey (TUS) thernocouples within the
survey period. Unless other requirenents or tenperature tol erances are specified, the
tenmperature readings of all TUS thernocouples shall be within plus or minus 25°F (plus or
m nus 14°C) of the survey tenperature.

(2) During heating to and hol ding at each survey tenperature, no tenperature reading from any
t her nocoupl e shall exceed the upper tolerance linmt of the required tenperature uniformty,
i.e., no overshoots are permtted.

(3) Test Method.

NOTE: Furnace surveys nmay be perforned with an enpty furnace (no load) or with a full |oad, of
representative hardware that will better define the tenperature variations in the
furnace's working zone.

(a) If furnace survey is perforned with a full |oad, prepare furnace with a representative

| oad of parts, fixtures, and suitabl e atnosphere.
(b) Distribute test thernocouples symetrically within the furnace working zone as foll ows:
1 Use a mininumof 2 thernocouples in a furnace or 10 cu ft (0.28 cu n) of working
zone vol ume or |ess.
2 Use a mininum of 8 thernocouples or one per 25 cu ft (0.78 cu m) of working zone
whi chever is greater, in furnaces with working zone volunmes of nore than 10 cu ft
(0.28 cu m.

(c) Test furnace at | owest and hi ghest operating tenperature, and at internedi ate
tenperature(s) such that the difference between the next higher or |ower test
tenperature is 600°F (333°C) or |ess.

Exanple: If the | owest operating tenperature is 800°F (427°C) and the hi ghest operating
tenperature is 2400°F (1316°C):
Sel ect 1350°F (732°C) and 1900°F (1038°C) as possible internmedi ate tests.

(d) Read and record tenperature indications of all test and furnace control thernocouples
at 2-minute intervals or less starting at 100°F (55°C) below first survey tenperature.

(e) Continue recording tenperature nmeasurenments for a m ni mrum of 30 minutes follow ng
i ndi cation of thermal equilibrium period.

B. Recording Instrunentation and Ther nocoupl es.
(1) Thermal Controls.

(a) Ensure that all tenperature measuring instruments have an indicated tenperature
measuring accuracy of += 0.5 percent of the naxi mumtenperature nmeasured over the entire
furnace operating range.

(b) Thernocoupl es nust be in accordance with ASTM E 220, ASTM E 230 or any ot her
internationally recogni zed standard.

(c) Furnace must have overtenperature protection, and overtenperature sensors which notify
the operator in response to an overtenperature condition

(d) Test Method - Tenperature sensors and recording devices will be calibrated per the
procedure of AMS 2750 sections 3.1 (Tenperature Sensors) and 3.2 (Instrunentation)
unl ess specified otherw se herein.

(2) Vacuum Control s.
‘ (a) For cold cathode vacuuminstrunment use, the vacuum sensing el ement shall be cl eaned on
a regul ar basis. Cold cathode vacuum gauges shall be calibrated before and after any
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| cl eani ng or adj ustnent.

(b) Thernoconductivity type gages (thernocouple, Pirani, therm ster, etc.) which you may or
may not be calibrate shall be used to neasure pressure of 1 x 10-3 torr (one nicron of
mercury) (0.13 Pa) or higher. lonization gages (hot ion or cold cathode) or any other
vacuum gage that can be calibrated shall be used to neasure pressures |less than 1 x
10-3 torr (one mcron of mercury) (0.13 Pa). The chanber vacuum sensors shall be
| ocated on the furnace chanber wall or between the furnace chanber and the diffusion
punp and as close to the furnace chanber as practi cabl e.

(c) Test Method.

1 Vacuum i ndi cating instrument calibration shall be in accordance with
manuf acturer's recomendati ons. Calibration shall include the vacuum sensor
control panel, and when present the vacuum recorder

2 The vacuum sensor which utilizes a mechanical or thermal conductivity principle
for pressure nmeasurenment shall not cone under calibration control

3 Vacuum sensors which utilize an ionization principle for pressure neasurenent
shal | be under calibration control.

4 Calibration of the systemshall be perfornmed at a m ni mum of 3 test pressures
spanni ng range of use.

(3) Dew Point Measurenent.

(a) The neasurenent shall be taken at an accessible point where gas enters the single
furnace farthest fromthe source of the gas.

(b) Test Method - Calibration of dew point nmeasurenent equi pnrent shall be over the range of
use. The equi prent perfornmance shall be within the limts supplied by the equi pnent
manuf act ur er.

C. Furnace At nosphere.
(1) Vacuum

(a) The furnace nust be able to maintain a pressure of 1 x 10-3 torr (0.13 Pa) or |ower at
tenperature. Leak-up rate shall be less than 30 microns of nmercury per hour

(b) Test Method - A leak-up rate test shall be performed with the furnace at an initia
pressure below 5 x 10-4 Torr (0.5 micron of mercury or 0.06 Pa), isolated fromthe
ef fects of the punping system All pressure nmeasuring equi pment must be checked in
accordance with manufacturer's reconmendati ons.

(2) Inert Gas Atnosphere and Quenchi ng.

(a) The gas supply shall be argon or nitrogen of 99.98 percent by volune purity and a dew
point of -60°F (-51°C) or colder. This shall be nonitored at the point as close as
possible to where the gas enters the furnace, or at the farthest point fromthe source
of gas when nultiple furnaces are used.

(b) Dew point nmeasurements shall be taken whenever the gas supply is replenished

(c) Test Method - A pressurized | eak check of the quenching systemat its nmaxi num operating
pressure using a suitable chemcal |eak detector may al so be used to qualify the
system

WARNI NG HYDROGEN GAS M XED W TH Al R MAY EXPLODE AT TEMPERATURES BELOW 1400°F (760°C)
(3) Hydrogen Gas.

(a) The gas supply shall be hydrogen gas of 99.95 percent by volume purity and a dew point
of -60°F (-51°C) or colder neasured at an accessi bl e point where gas enters the single
furnace farthest fromthe source of the gas.

(b) Test Method - See test nmethod for inert gas.

(4) Air (oxidizing atnosphere).
(a) Furnace atnosphere is air

D. The furnace interior and all holding fixtures used in furnace nust be kept clean and free of
contam nants which could be detrinmental to parts being heat treated. Furnace bake out shall be
perfornmed every seven days for a m ni mum of one hour and at 50°F (28°C) above the highest
tenperature of use since the previous bake out.

5. Quality Control
Subt ask 70-44- 04- 370- 004

A. Calibration of equipnent shall be acconplished using equiprment which is traceable to an
internationally recogni zed standards organi zati on

B. Frequency of calibration and verification of equipnment capability on a regular basis will be
established in the maintenance and quality plan/systemfor the facility in question. This
frequency will be established to insure that the equipnment can reliably and consistently
produce the needed tol erances required to process materials.

C. Record the detailed results of the approved tests in a | og docunent. Record, at |east, the
fol |l owi ng:
(1) Furnace identification.
(2) Instrumentation procedures including thermocouple type and pl acenent.
(3) Vacuumor gas purity records.
(4) Tenperature records
(5) Mass of furnace | oads.
(6) Schematic of furnace survey | oad.
(7) Al calibration records
(8) Traceability for thernmocouples wire materi al
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