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1. SCOPE: This specification covers equipment (temperature sensing elements,
Tnstrumentation) and tests (system accuracy, temperature uniformity) required
to ensure that parts or raw materials (See 8.1.7) being heat treated are
exposed to the temperatures indicated on the controlling and recording
instruments. It is applicable to all heat treatment of parts and to final
heat treatment of raw material which could affect its fabricability or the
properties of parts. Unless otherwise specified herein, it is not applicable
to heating, or to intermediate (non-final) heat treatment, or raw material,
e.g., for hot working.

1.1

trol and recording of temperature of thermal processing eq ipment is
essary to ensure that parts or raw material being processed are
Jjected to the proper temperature. Automatic instruments ate utilized
to translate the signals from sensors located inlthe equipment to
perature indications or recordings, and (2) to.activate heating or
1ing control mechanisms which maintain the deSired temperature.

1.1.2 Ingtruments and sensors are calibrated against test instruments and

sors which are themselves calibrated against chains of standard
truments and sensors Tinked to the U%S. National Bureau of|Standards
S). By applying correction factorsy determined during calibration of
h Tink of the chain, the deviation of working instrument/sensor
urements from true temperature-is reduced to an insignifi¢ant level.
1.1.3 Working instrument/sensor systems used for temperature contro] and
rding are tested periodically, while installed, by comparison with
t instrument/sensor systems to ensure continuous accuracy qf
erature measurements. In addition, periodically, the uniformity of
erature distribution within each piece of equipment is checked to
re that the readings of working instrument/sensor systems|reflect a
istent and acceptable temperature distribution pattern within the
ipment.

1.1.4 The/minimum_frequency requirements for the periodic tests are |based upon
the| type “and class of the specific equipment involved. Reducdd
freguencies are permitted for equipment which has more than ore
instrument/sensor combination. Reduced frequencies are also permitted for
equipment used exciusively for performing certain heat treatments of raw
material. Such reductions are based on the fact that (1) the material is
tested for conformance to the appropriate specification and (2) the
treatments involved only affect the material's fabricability or minor
temperature deviations do not significantly affect the final properties of
parts.

2. APPLICABLE DOCUMENTS: The following publications form a part of this
specification to the extent specified herein. The latest issue of Aerospace
Material Specifications shall apply. The applicable issue of other documents
shall be as specified in AMS 2350.
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2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale,
PA 15036,

2.1.1 Aerospace Material Specifications:

AMS 2350 - Standards and Test Methods

2,2 ASTM Publications: Available from American Society for Testing and
Materials, 1976 Race Street, Philadelphia, PA 19103,

2.2.1 ASTM E207 - Thermal EMF Test of Single Thermoelement Materials by
Comparison with a Secondary Standard of Similar
EMF-Temperature Properties

ASTM ER20 - Calibration of Thermocouples by Comparison Technique

v

3. TECHNICAL| REQUIREMENTS:

3.1 Temperature Sensors and Calibration (See Table 1):

3.1.1 Referepce Standard Sensors: Shall be calibratéd p]atinum-platinxm plus
10%, of 13%, rhodium thermocouples, or sensors of equivalent accyracy.

direft comparison with the standards. maintained by the National Bureau
of Standards, and (2) at approximately equal intervals of 500 F (280 C)
deg or less throughout its range of use, including its minimum|and

um use temperatures.

3.1.1.1 Calibration: Shall have been performed’(1) within five years jf use by

3.1.1.1.1 Alternatively, in lieu of calibrating individual thermocouples,
thermocouples may be made from calibrated rolls. The calibrdtion used
shql1 be the average of NBS calibrations of thermocouples maje from

both ends and the-middle of a pair of single wire rolls. This
alternative procedure may not be used if the range of readings exceeds
1°F (0.5°C) at.any temperature.
3.1.1.2 Use:| Shall (be*limited to calibration of primary standard sensdrs.
3.1.2 Primary Standard Sensors (See 8.1.6): Shall be calibrated
platinym/pTatinum pTus T0Z, or T3%, rhodium thermocouples, or sensors of

equiva accuracy, with a maximum correction factor of +3°F (+1.5°C) up
to 1200°F (650°C) and +0.25% at higher temperatures.

3.1.2.1 Calibration: Shall have been performed within two years of use by
direct comparison with a reference standard sensor, in accordance with a
technique which is compatible with ASTM E220 or ASTM E207 procedures, at
approximately equal intervals of 500 F (280 C) deg or less throughout
its range of use, including its minimum and maximum use temperatures.

3.1.2.2 Use: Shall be limited to calibration of secondary standard sensors,
Test sensors, load sensors, and working sensors.
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3.1.3 Secondary Standard Sensors: Shall be calibrated nonexpendable (See

8.1

.3), base metal thermocouples, or sensors of equivalent or greater

accuracy.

3.1.3.1 Calibration: Shall have been performed before first use and
semi-annually after first use by direct comparison with a primary
standard sensor in accordance with a technique which is compatible with,
or equivalent to, ASTM E220 or ASTM E207 procedures. Correction factors
shall not exceed +2°F (+1°C) up to 1000°F (540°C) and +0.4% at higher
temperatures except as follows:

3.1.3.1.1

3.1.3.2 US
w

3.1.4 Tes
non
equ

3.1.4.1 Calibration: Shall have been performed before first use and

E]
a
H
q
r
W
t
E
1

3.1.4.1.

3.1.4.1.2

Correction factors for sensors used exclusively in connectlion with
Class 2 equipment (calibrating test, working, and load ‘Sensors) may be
+0.4% at temperatures higher than 500°F (260°C).

pe:  Shall be limited to calibration of test sensors, load [sensors, and
prking sensors.

L Sensors: Shall be calibrated, expendable’{See 8.1.2) or
=xpenaa5le (See 8.1.3), base meta] thermocouples, or sensorjs of
jvalent or greater accuracy.

quarterly
Fter first use, except that expendable thermocouples shall pe
iditionally limited to a maximum'of ten uses between calibnations.
pwever, in 1ieu of recalibration, expendable thermocouples |from a
halified roll (See 3.1.4.1.2) may be remade by trimming off
emaking the hot junctions “Calibration shall be by direct comparison
ith a primary or secondary standard sensor in accordance with a
schnique which is compatible with, or equivalent to, ASTM H220 or ASTM
P07 procedures. Correction factors shall not exceed +2°F (+1°C) up to
DO0°F (540°C) and.0.4% at higher temperatures except as follTows:

Correction «factors for sensors used exclusively in connectlion with
Class 2 equipment (calibrating working and load sensors, performing
system(accuracy and temperature uniformity tests) may be +0.4% at

temperatures higher than 500°F (260°C).

in lieu of

Ca11brat1on of Thermocou-le Wire Ro11s

3.1.4.1.2.

3.1.4.1.2.

3.1.4.2 U

May be perfor'med

thermocoup]es from both ends of a dua1 wire ro11 or a pair of single
wire rolls and demonstrating that correction factors meet the
requirements of 3.1.4.1.

1 If the sample thermocouples read within 2°F (1°C) or 0.2%, whichever
is greater, of each other at all temperatures, then thenmocoup]es
made from the roll or rolls so qualified may be used.

2 For thermocouples made from qualified rolls, the calibrations used
shall be the average of the calibrations of the sample thermocouples.

Use: System accuracy and temperature uniformity tests.
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3.1.4.2.1 Reuse of Expendable (See 8.1.2) Thermocouples: Up to ten uses between

calibrations 1s permissibTe, providing insuTation is intact, the wires

are not twisted or damaged, and the hot junction is undamaged.

Expendable thermocouples which are not re-usable shall be either
discarded or salvaged by trimming off the damaged portion, remaking

the hot junction if necessary, and recalibrating if not from a

qualified roll.

3.1.5 MWorking Sensors: Shall be calibrated, nonexpendabie (See 8.1.3),

metal thermocouples, or sensors of equivalent or greater accuracy.

Al
re

3.1.5.1

3.1.5.1.1

3.1.5.1.2

3.1.5.2

recording of temperature, in conjunction with working instruments.

3.1.6 Lo
no

greater|accuracy.

3.1.6.1

ternatively, expendable thermocouples may be used but they shall
used ¥ i .

base

not be

Calibration: Shall have been performed before installation by Hirect

comparison with a primary or secondary standard sensor ifi accorflance
with @ technique which is compatible with, or equivalent’to, ASIM E220

as folTows:

Deviiations for sensors in Class 2 equipmentmay be +0.4% at
sensors are replaced monthly or more frequently.

Callibration of Thermocouple Wire Rolls: May be performed in

accprdance with 3.1.4.1.2 1n TieuZof calibrating individual
themocouples.

Use: |Installed in thermal processing equipment for control and

ad Sepsors: Shall be.calibrated, expendable (See 8.1.2) or
nexpehdabie (See 8,1(3) thermocouples or sensors of equivalent ¢

Calibration: ~Shall have been performed before first use and qug
after(first use, except that expendable thermocouples shall be
additjonally timited to a maximum of ten uses between calibratid

Calibration shall be by direct comparison with a primary or secq
stand ; : - p

E207 proceduress. Deviations from the standard sensor shall not
+1°F (+1°C) up to 1000°F (540°C) and +0.4% at higher temperature

temEeratures higher than 500°F (260°C) except they may be +0.75% if

r

rterly

ns.
ndary
le with,

or equivalent to, ASTM E220 or ASTM E207 procedures. Deviations shall
not exceed +2°F (+1°C) or +0.4%, whichever is greater except deviations

of +0.5% are permissible at temperatures above 2000°F (1095°C).

3.1.6.1.1 When 1oad sensors are used as working sensors to control temperature,
calibration shall have been performed before first use and therafter
(1) monthly for furnaces used for solution treating or aging of

3.1.6.1.2

aluminum alloys, and (2) quarterly for other furnaces.

Calibration of Thermocouple Wire Rolls: May be performed in
accordance with 3.1.1.1.5 Tn Tieu of calibrating individual

thermocouples.
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3.1.6.2 Use

Inclusion in loads for measurement, in conjunction with working

Tnstruments, of temperature while in contact with parts or raw material
during thermal processing.

3.1.6.2.1 Expendable Thermocouples: May be re-used as specified in 3.1.4.2.1.

3.2 Instrumentation (See Table 1):

3.2.1 Primary Standard Instruments: Shall be calibrated L & N Type K

potentiometers, Keithley Instruments Model 181 digital voltmeters, Datron

3.2.1.2 Udge:

Modjl_lQZl_d1giIal_1nlImeIers+_nr_1nsIrumenxs_nf_equlxaleni_acruracy, with
a maximum correction factor of +0.003% of reading.

3.2.1.1 C4dlibration:
adainst reference resistance standards calibrated by cthe NBS|within the
prievious three years.

Shall have been performed within three yéars of use

Shall be Timited to calibration of secondary standard and test
rstruments.

3.2,2 Refdrence Standard Cells: Shall be calibrated mercury or cadmjum cells of

not

3.2.2.1 gg]ibration:
ude.

3.2.2.2 Uge:

ess than 0,01840 volts.

Shall have been performed by the NBS within three years of

Uge: Shall be Timited to calibration of primary standard cells and
stlandardization of secondary standard and test instruments.

3.2.3 Secdndary Standard Instruments: Shall be calibrated L & N Type 8686

potantiometers, or instruments of equivalent accuracy, with a maximum

correction factor of +0,03% of reading.

3.2.3.1 Calibration:
priimary standard instrument or a reference standard cell.

3.2.3.2 Uge:

Shall be 1imited to calibration of test instruments.

Shall have been performed within one year of use against a

3.2.4 Primary Standard Cells: Shall be calibrated mercury or cadmium cells of

not Tess than 0.01840 volts.

3.2.4.1 Calibration:

Shall have been performed within one year of use against a

reference standard cell.

3.2.4.2 Use:

Shall be Timited to standardization of secondary standard and test
Tnstruments.
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3.2.5 Test Instruments: Shall be calibrated, portable, potentiometers or
digital equipment or instruments of equivalent accuracy; those having
scales shall, if used on aluminum solution heat treating or aging
furnaces, have scale divisions no greater than 5°F (3°C) or the millivolt
equivalent thereof and a readability of at Teast 0.030 in. per deg F
(1.35 mm per deg C); those having scales shall, if used only on other
equipment, have scale divisions no greater than 10°F (5°C) or the
millivolt equivalent thereof and a readability of at least 0.030 in. per
3 deg F (1.35 mm per 1.5 deg C); digital equipment shall have a
readability of 1°F or 1°C; correction factors shall not exceed +1°F
(+0.5°C) or +0.2%, whichever is greater. To meet the scale readability

e s Tt ntermediate T1ines petween

ivisions (2) sharpen indicator points, and (3) interpolate. As an

1 variation, multipoint strip chart recorders and data loggers may

be used for temperature uniformity tests providing they meet the|above

requirgments.



https://saenorm.com/api/?name=e482f1311ce8eac68281007361d9a2f6

Page 9 e e AMS 2750A
TABLE 1
OUTLINE OF SENSORS AND INSTRUMENTS
DESCRIPTION CALIBRATION USE/MAXIMUM

NOMENCLATURE 6)) CORRECTION FACTOR

Reference standard Platinum/Platinum 5 years NBS Primary standard sensor

sensor -Rhodium calibration/None

Primary stanflard Platinum/Platinum Z years Reference  Secondary standafd and test sensor

sensor ~Rhodium standard calibration(3)

Secondary stgndard Base metal 6 months Primary Test sensot Caliration/

sensor (non-expendsble) standard  +2°F (+1°C)' or +0.4%

Test sensor Base metal 3 months Primary or System.accuracy gdnd temperature
(expendable or (expendable secondary temperature unifdmmity tests/
non-expendable) limited to standard  #2°F (+1°C) or +(.4%

10 uses)

Working senspr Base metal Before in- Primary ‘or Installation in tthermal processing
(nonexpendable) stallation secondary equipmment/+2°F (+1°C) or 0.4%

standard

Load sensor Base metal 3 months (ex- Brimary or Insertion in loads of parts or raw
(expendable or pendable limi={“secondery material/+2°F (+1°C) or 0.4%
nonexpendable ted 10 uses) standard

Primary T ge K, Keithle 3 years Reference Secondary standand instrument

standard instrument 181, Datron 107 resistance calibration/+0.003% of reading

standards

Reference Mercury or 3. years NBS Primary standard |cell calibration/

standard cell Cadmium None

Secondary sstandard Type 8686 1 year Primary Test instrument qalibration/

instrument standard  +0.03% of readin

Primary Mercury \or 1 year Reference Secondary stende]d and test

standard cel]l Cadmium standard instrument standgrdization/

None

Test instrumpnt Portable 3 months Primary Working instrumezt calibration,

potentiometer standard syatem accuracy gnd temperature
uniformity testaf+1°F (0.5°C) or
+0.2%

Working Electronic null- (2) Test Installation on thermal processing

instrument balance poten- instrument equipment +0.3% range
tiometer

(1) Sensors and instruments of equivalent accuracy are acceptable.

(2) 1 month for aluminum solution heat treating or aging furnaces, 3 months for other heat treating
furnacea, and 6 months for embrittlement relief furnaces, quench batha and refrigeration equipment.

(3) +3°F (+1.5°C) up to 1100°F (595°C) and +0.25% at higher temperatures.
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3.2.5.1 Calibration: Shall have been performed within three months of use -

hALLAL LA L N1
against a primary or secondary standard instrument,

3.2.5.2 Use: System accuracy tests, temperature uniformity tests, and

3.2.6

3.2.6.1

3.2.6.2 ‘Use: [Control, indicating, and recording of temperature of thermal

caTibration of working instruments.

Working Instruments: Shall be calibrated controlling, recording, or
indicating potentiometers of the automatically functioning, electronic .
null-balance type having a constant voltage unit, or instruments or solid
state devices of equivalent or greater accuracy. The deviation or
correction factor shall be minimized and shall not exceed +0.3% of range.

Calibration: Shall have been performed against a test instrument within
ne month of use on furnaces used for solution heat treatment or

agingl of aluminum alloys, except that a three month period is

permijssible for computer controlled, self-calibrating dnstrumen s, (2) .
three| months of use on furnaces used for other heat. treating op rations,
and (B) six months of use for furnaces used for embrittlement relief
treatments, for quench baths, and for refrigeration equipment. '

‘processing equipment.

3.3 Thermal Processing.(See 8.1.1) Equipment: Furnaces are divided intd Classes
I and 2, ﬂepending on the tﬁermai treatments performed in them; they are
also divided into Type A and AA for heat treating parts depending on the

number of |sensors and instruments used, and Type RM for those used
exclusively for raw material.

3.3.1

3.3.1.1

3.3.1.1

3.3.1.1

3.3.1.1

3.3.1.1
3.3.1.1

Classification: A1l equipment used for heat treatment of parts, ahd some

equipmerit used for heat treatment of raw material, is designated Class 1.
Class 2 |equipment is that used exclusively for performing Class 2 heat
treatments of raw material, (1) those which only affect its fabricpbility
and (2) [those whose effects on final properties are not significantly
affected by minor-deviations outside specified temperature ranges.| A1l
other raw material heat treating equipment is designated Class 1.

Class [l heat treatments of raw material include:

.1 Aluming ]
- Aging -
-~ High temperature annealing to 01 temper

.2 Titanium Alloys

Solution heat treating
- Aging

.3 Corrosion Resistant Steel

Aging or precipitation hardening grades
at 1025°F (550°C) and below

4 H-11 Alloy Steel

Tempering

.5 Beryllium Copper Aging
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3.3.1.2 Class 2 heat treatments of raw material include any aging, tempering,
solution heat treating, and annealing treatments not designated “Class
1" in 3.3.1.1. Class 2 heat treatments of raw material also include
stress relieving, normalizing, normalize and tempering, austenitizing,
solution annealing, and subcritical annealing.

3.3.2 Type A Furnaces for Parts: Shall be equipped with at least one working
sensor in each zone, attached to a working instrument or instruments,
which record(s) and control(s) the temperature. In addition, each zone
should have a high limit controller/sensor.

3.3.3 Tyﬁe AA Furnaces for Parts: Shall be equipped with the minimum required
Type R, plus at least one additional recording working.instrument
ached to a working or load sensor in each control zone. Afditional
sor{s) shall be positioned as close as possible tocthe hottest and/or
dest locations, based on the last temperature uniformity test. A

gle multipoint recorder may be used as the additional instrument for

eral zones in one or more furnaces.

3.3.4 e RM Furnaces for Raw Materials: Shall<be equipped as specified in

"2 or 3.3.3 and shall be used exclusively for heat treatmept of raw

3.3.5 rigerated Storage Equipment for Aluminum Alloys and Quench Baths:
ave a suitable temperature, control wi
jcator or a working instrument attached to a working sensor. With
pect to quench baths, this requirement is only applicable [to baths used
heat treatments which'include a quenchant temperature (mijnimum,
imum, or both) requjrement.

3.3.6. Embrittlement Relief.Furnaces and Subzero Transformation Equipment: Shall
e| equipped with @) working instrument or instruments attached to working
sepsor(s) to record and control temperature except that a control
inktrument is_not required for dry ice/liquid refrigerators.

3.3.7 Usk of Load Sensors: The requirements for recording working |instruments

nl 3.3.2, 3.3.3, 3.3.4 and 3.3.5 are waived when load sensorg, whose
repdings are recorded, are used in contact with parts or raw materials.
InLsuch cases, sensors, at least two in each control zone, sAa]] be placed
at the locations in the load which are as close as possible to those
shown, by the last temperature uniformity test to be the hottest and
coolest, and their recorded readings shall become a part of the thermal
processing record.

3.3.8 Installation of Working Instruments: Shall (1) avoid conditions
detrimental to accuracy and consistency, (2) shall be serviced each time
they are calibrated, (3) shall receive an unmodified signal from the
sensors except for analog to digital conversions, and (4) shall be
sensitive to a change equivalent to 2°F (1°C) or 0.2%, whichever is
greater. Lead wires shall not be spliced but connectors, plugs, Jjacks,
and terminal strips are permissible. Recording instruments shall make an
accurate, legible mark to indicate the temperature. Chart paper shall not
be re-used.
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TA? 3.3.8.1

3.4.1.1

3.4.1.2

3.4.1.2.1

3.4.1.2.2

3.4.1.2.3

3.4 Tests:

Readability of Indicating and Recordin Working Instruments: Shall be
+2°F (+1°C) for aTl heat treating furnaces used for parts except those
used only for processes having a temperature tolerance range broader
than +20°F (+10°C). For such furnaces, instrument charts, scales, and
indicators shall be readable to +5°F (#3°C) up to 1799°F (980°C) and
+10°F ( (+5°C) at higher temperatures.™ Readability for raw material
furnaces shall be +5°F (+3°C) for Class 1 and +10°F (+5°C) for Class 2
furnaces. To meet these requirements, it is permissible to (1) scribe
intermediate lines between scale divisions, (2) sharpen indicator
points, (3) interpolate, and (4) read the center or edge of recorded
Tines or dots, whichever corresponds to the indicator reading.

3.4.1 System Accuracy Tests (See Table 2): Shall be performed onlthe
temperature control system (Toad or working sensor/working instrument
combination) in each control zone of each piece of thermal proces ing
equipment. Tests shall also be performed on additional systems wHich
qualify|furnaces as Type AA. :

Frequency: For Class ) equipment shall be ence per week except |it may

be onde per month for control zones havingmore than one workind or load

sensor. Frequency for Class 2 equipment shall be every three manths
after (installation.

Procequre: The temperature indication of the load sensor or wo ing

sensorf on the working instrument, at any operating temperature, |shall be

compared with that indicated on“a test instrument by a test senspr
placed within 3 in. (75 mm).(CTass ) equipment) or 12 inches (30D mm)
(Class 2 equipment) of the Toad or working sensor. Any differente
between the readings (after test sensor and instrument correctio
factors are applied) shall be recorded,

If the difference (including any prior adjustment of the workihg
instrument) exceeds 5°F (3°C) for Class 1 or 10°F (6°C) for Class 2
equipment, the cause of the difference shall be determined and
repajired or.corrected before commencing additional thermal
processing. Adjustment of instruments or offsetting set temperatures
to a)leviate the difference is prohibited.

In addition, the quality assurance organization responsible for the
furnace shall evaluate possible effects of the deviation on raw
material and parts processed since the last successful test. The
evaluation shall be documented and, where necessary, shall include
consultation with metallurgists, engineers, etc. Appropriate
corrective action shall be taken and documented.

If the difference read is less than specified in 3.4.1.2.1, and cause
is, wholly or partially, a drift of the working sensor or instrument,
the working instrument shall be adjusted, if possible, to compensate
for such drift, the amount of adjustment shall be recorded, and
3.4.1.2 shall be repeated. If adjustment of the working instrument is
not possible, the difference, if greater than +2°F (+1°C) if Class 1
or +5°F (3°C) if Class 2, shall be posted on the instrument and
appropriate compensation shall be made by the heat treater.
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3.4.1.2.2.1 If the cause is, wholly or partially, movement of the working
sensor, from the position it occupied during the previous
temperature uniformity test, any compensation for that difference,
or portion of the difference, is prohibited. However, it is
permissible to reposition the working sensor, returning it to the
location it occupied during the previous temperature uniformity test
and repeat 3.4.1.2.

TABLE 2
QUTLINE OF SYSTEM ACCURAGY TEST FREQUENCIES——
Equipment Minimum Number and Type of Mininum Test
Class Sensors in each Control Zone Frequency
1 1 Working Weekly
1 1 Working plus 1 (Load or Working Monthly

2 1 Working Quarterly
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TABLE 3

OUTLINE OF PERIODIC TEMPERATURE UNIFORMITY TEST FREQUENCIES

Conditional
Usage Equipment Normal Reduced
Code* Type** "Class*** Frequency Frequency (2nd reduction).
1 A 1 Monthly Quarterly N/A
1 AA 1 Monthly Quarterly N/A
1 RM 1 Monthly Quarterly Semi-Annually °
2 1 Quarterly ' Semi-Annually N/
2 1 Quarterly Semi-Annually N/A .
2 1 Quarterly Semi-Annually ‘|,° Annually
3 1 Semi-Annua]ﬁy Annually N/
3 1 Semi-Annually Annually N/
3 1 Semi-Annually Annually Annually
A1l 2 Annuall y¥¥*x* - N/

1. Solution treating or aging of aluminum-alloys and aging pH stainfless

steel

at 1025°F (550°C) and below.

2. Solution treating or aging of materials other than aluminum aTlovs plus
austenite conditioning, austenitizing, and tempering.

3. Trea
*%A - - See
AA - See

3.3.3

ents other than those in 1and 2.

RM - Raw [Material - See 3.3.4

***See 3.3.1

****Except 5 -

7 months<after initial test
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3.4.1.2.2.2 Drift of the working sensor shall be determined by attaching it to
the test instrument and comparing its reading to that of the test
sensor. Drift of the working instrument shall be determined by
comparing it against the test instrument.

3.4.1.3 As an alternate to the system accuracy test above, it is permissible to
accomplish the same objective by testing the components (working sensor,
working instrument) separately and then combining the results.

3.4.2 Temperature Uniformity Tests (See Table 3): Shall be performed, in
accordance with the Appendix, on each furnace and each liquid nitrogen, or
mechanical, refrigeration unit used for subzero transformation|initially
(prijor to production use or after any repair or adjustment,(elq. to power
controls, or baffles, which might have altered the temperature [uniformity
charjacteristics) (See 8.1.8) and periodically thereafter. The|requirement
for [initial tests is waived for raw material furnaces which haye a history
of at lTeast five consecutive successful, first attempt, uniformity tests,
in accordance with the Appendix or the appropriate)government qr industry
spediification, over at Jeast two years without any major repains or
adjulstments.

3.4.2.1 Uniformity Requirements: Unless an equipment temperature uniformity
requirement 1s specified in the applicable material, heat trdating, or
prpcessing specification, uniformity.shall conform to the following:

3.4.2.1.1 For equipment to be used for solution heat treating, high femperature
nnealing, and aging of aluminum alloys, aging beryllium cdpper, aging
recipitation hardening corrosion resistant steels at 10259F (540°C)
nd below, or for tempering H11 steel, deviations from the mean of the

emperature range shall not exceed +10°F (+5°C).

3.4.2.1.2 For equipment tosbe used for aging precipitation hardening [corrosion
esistant steels’above 1025°F (540°C), deviations from the mean of the

emperature \range shall not exceed +15°F (+7°C).

3.4.2.1.3 ean of the

or all other heat treating processes, deviations from the
emperature range shall not exceed +25°F (+15°C).

3.4.2.1.4 [f-any deviation from the set temperature exceeds the applifcable

it rati epaired or
corrected and the equipment shall not be used for additional
processing until the uniformity test has been performed successfully.
Adjustment of instruments or offsetting mean of temperature range to

alleviate the deviation is prohibited.

3.4.2.1.4.1 In addition, the quality assurance organization responsible for the
furnace shall evaluate possible effects of the deviation on raw
material and parts processed since the Tast successful test. The
evaluation shall be documented and, where necessary, shall include
consultation with metallurgists, engineers, etc. Appropriate
corrective action shall be taken and documented.

3.4.2.2 1Initial Test Temperatures: Stall be the highest and Towest temperatures
for which the equipment will be used and the following:
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3.4.2.2.1 If the highest and lowest temperatures are more than 600 F (335 C) deg
apart, additional tests shall be performed at one or more intermediate
temperatures so that test temperatures are not more than 600 F (335 C)
deg apart.

3.4.2.2.2 Furnaces used for solution heat treuting of aluminum alloys shall be
tested at the highest and Towest solution heat treating temperatures.

3.4.2.2.3 Furnaces used for aging of aluminum alloys shall be tested at the

highest and lowest aging temperatures.

3.4.2.3 Periodic Test Temperatures: Shall be any temperature within e
(334 C) deg or Tess temperature range, as described in 3.4.2:2
3.4,2.2.2 and 3.4.2.2.3 except that at least once each year, t
shalll be performed within 100°F of the maximum temperature of
range. However, the test need not be performed above‘2000°F (
even though the maximum temperature is above 2100°F ‘{1150°C).

3.4.2.4 Perijpdic Test Frequency: For equipment used for Class 1 heat
of raw materials and any heat treatment of parts, shall be (1)
for [furnaces used for solution heat treatment or aging of alum
alloys and aging PH stainless steels at }025°F (550°C) and bel
quarterly for solution heat treatment ov other aging treatment
as apstenite conditioning, precipitation heat treatment, auste
and tempering, and (3) semi-annually for all other furnaces an
liqulid nitrogen or mechanical refrigeration units used for sub
transformation except as described in 3.4.2.4.1, 3.4.2.4.2, 3.
and B.4.2.4.4. Test frequency for Class 2 equipment shall be

3.4.2.4.1 Test Frequency for Type A Furnaces (See 3.3.2): May be redu
by| one lTevel, from that required in 3.4.2.4, from monthly to
or| quarterly to semi-annually or semi-annually to annually,
completion of six-Consecutive, successful, first attempt per
tests providing-that a written preventive maintenance plan i
established which includes a schedule for replacing working
and recording of all maintenance operations.

ch 600 F
1,

e test
ach
095°C)

reatments
monthly
num
w, (2)
as well
itizing
for
ero
.2.4.3
nnually.

ed once,
quarterly
fter

odic

ensors

3.4.2.4.2 Tebt Frequency for Type AA Furnaces (See 3.3.3):  May be reduced once,
by[ one Tevel, from that required Tn 3.4.2.4, from monthly to|quarterly

or quarterly to semi-annually or semi-annually to annually, after
completion of three consecutive, successful, first attempt periodic

tests.

3.4.2.4.3 Test Frequency for Class 1 Raw Material Furnaces: May be reduced one
level, from that required in 3.4.2.4, from monthly to quarterly or
quarterly to semi-annually or semi-annually to annually for furnaces
which have a history of five consecutive, successful, first attempt
uniformity tests, in accordance with the Appendix or the appropriate

U.S. Government specification, over at least two years. The

frequency
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3.4.2.4.3

3.4.2.4.3.1

3.4.2.4.4

3.4.2.4.5

3.4.2.5 L

(Continued)

may be reduced two levels, from that required in 3.4.2.4, from monthly
to semi-annually or quarterly to annually for furnaces having a
history of seven consecutive, successful, first attempt uniformity
tests in accordance with the Appendix or the appropriate industry or
U.S. Government specification, over at least three years.

Frequency for furnaces employing Toad sensors may be reduced one

level, from that required in 3.4.2.4, from monthly to quarterly or
i i after

completion of two consecutive successful, first attempty periodic

for replacing working sensors and recording of all main
operations. A second one-level reduction may-be made, i
quarterly to semi-annually, or semi-annually. to annually
completion of two or more consecutive, successful, first
periodic tests in accordance with the Appendix.

., from
, after
attempt,

Test Frequency for Class 2 Raw Material Furnaces: Shall he annual

pad Condition:

except that a test shall be performed within 5 - 7 months |after the

jnitial test.

If a reduced frequency, firstZattempt, periodic test failg to meet the
uniformity requirements of the applicable specification, ghe test
frequency shall revert to'that of 3.4.2.4 and it shall reuain in
effect until the furnace is once again qualified for frequency
reduction in accordance with 3.4.2.4.1, 3.4.2.4.2, and 3.4.2.4.3 or
3.4.2.4.3.1.

Shall be unloaded (racks are permissible), |except as

S

3.4.2.5.1

pecified in 3.4.2.5.1 and 3.4.2.5.2.

Tests of <furnaces used exclusively for heat treatment of Heavy loads

of parts or raw material may be performed with any load. [A 1oad shall
be Considered heavy if the volume of the parts or raw mat¢rial exceeds
10% of the volume of a working zone.

3.4.2.5,2

3.4.2.5.3

Tests of furnaces used for heat treatment of 1ight or medium loads of
parts or raw material, particularly those of alloy/gage combinations
which are detrimentally affected by short duration, over-temperature
excursions of the furnace (e.g. solution heat treatment of 0.025 in.
(0.62 mm) thick 2024 aluminum alloy), shall be performed either
without a load, except for racks, or with a Toad no heavier than the
lightest 10ad which will be heat treated.

A detailed diagram or description, or photograph(s), of any load used
and a diagram of test sensor locations shall be included in the test
report.
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3.5 Records: A1l calibrations of sensors, standard cells, and instruments, as
well as all system accuracy and temperature uniformity tests, diagrams of
test sensor locations, including failed tests, shall be kept on file and
available for inspection for not less than five years,

3.5.1 Calibration records of sensors, standard cells, and instruments shall
include traceability to the NBS.

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection: The processor shall be responsible for
performin ] n ance to all requirements
specified(herein. He may use his own equipment and personnel or(thgse of
any commercial testing organization which has not been designated
“unacceptgble" by the purchaser. Purchaser reserves the right to witness
any of the tests or calibrations specified herein to ensure that prdcessing
conforms to the prescribed requirements, but such witnessing shall not
hinder operation of the facility.

5. PREPARATION FOR DELIVERY: Not applicable.

6. ACKNONLEDGJENT: Not applicable.

7. REJECTIONS:; Not applicable.
8. NOTES:

8.1 Definitions:

8.1.1 "Thermal|l Processing" is any process in which metals are exposed to
controlled heating, soaking, or cooling. The term normally exclud
forging,[ drying, and heating for hot forming.

D
w

8.1.2 "Expendable Thermocouples" are those thermocouples made of
fabric-ipsulated wire. The type of wire is provided in coils or oh

Insulation usually consists of glass braid, asbestos, or teramic

fiber clpth, oriequivalent, on each conductor plus glass braid ovefall.

8.1.3 "Nonexpepdable Thermocouples" are those thermocouples that are not|covered
with fabkic i i
thermocouples”:

8.1.3.1 Ceramic insulators over bare thermocouple wire, sometimes inserted in an
open end or closed end tube for stability and protection.

8.1.3.2 A combination of thermocouple wire, mineral insulations, and a
protecting metal sheath compacted into a solid mass of small diameter.
The thermocouple thus constructed is protected, flexible and, within the
temperature 1imits of the sheath material, may be used many times
without insulation breakdown. This type of thermocouple is available
under many trade names.



https://saenorm.com/api/?name=e482f1311ce8eac68281007361d9a2f6

oS
Page 19 AMS 2750A

8.1.4 "Working Zone" is that portion of the enclosed volume of a piece of
thermal processing equipment where parts or raw material will be placed
for processing. It is usually, but not always, -a high percentage of the
total enclosed volume.

8.1.5 "Control Zone" is a portion of the working zone of a piece of thermal
processing equipment having a separate sensor/instrument/heat input or
output mechanism to control its temperature. The number of control zones
depends on the design of the equipment. Some large furnaces have only one
or two control zones. Some long furnaces have many control zones.

8.1.6 “Coprection Factor" is that number of degrees, determined. from the most
recent calibration, which must be added to, or subtracted from, the
temperature reading of a sensor or an instrument or a combinafion thereof
(system) to obtain NBS true temperature. The correction factdrs of
sensors and instruments are usually kept separatelyand added [together
algebraically when a combination is used. When a)correction flactor is
expressed as a percent, it means percent of reading.

8.1.6.1 Ekample of test sensor correction factor.of +2°F at 1000°F: | During
calibration, test sensor reading was 998°F when secondary stlandard
sensor reading was 1000°F. Of course; these readings incorﬂorate
consideration of correction factors of the instruments and the secondary
standard sensor.

8.1.7 "Hept Treatment of Raw Material" is heat treatment, usually performed by
or for a material producer, in accordance with a material spedification,
which may require, by reference, conformance to a heat treating
spe¢ification. "Heat treatment of parts" is performed by or for a
fabricator in accordance with a drawing, purchase order, fabrifcation
out]ine, or heat tréating specification. "Heat treatment of parts" may
incjude heat treatment, by or for a fabricator, of pieces which resemble
raw|(material.

8.1.7.1 Raw material (e.g. sheet, plate, bar, forgings, castings) is| usually
destructively tested in accordance with the requirements of ja material
specification. Parts are produced from raw material, in accordance with
the-requirements of a drawing, and are usually tested by nondestructive
es only.

8.1.7.2 Raw material is usually identified by a heat or lot number; parts are
usually identified by a part number.

8.1.8 A new initial temperature uniformity test is not required after minor

repairs (e.g., replacing bricks) which could not alter temperature
uniformity characteristics.

This specification is under the jurisdiction of AMS Committee B.
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