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1. SCOPE
1.1 This specification covers pyrometric requirements for thermal processing equipment used for heat treatment. It

covers temperature sensors, instrumentation, thermal processing equipment, system accuracy tests, and
temperature uniformity surveys. These are necessary to ensure that parts or raw materials are heat treated in

accordance with

1.2

the applicable specification(s).

a material or process specification.

1.3

This specification applies to laboratory furnaces to the extent specified in 3.6.

This specification is not applicable to heating, or to intermediate thermal processing unless specifically referenced by

The issue of the follow
extent specified herein
is specified. When the
last published issue of
2.1 ASTM Publicatig

Available from ASTM
Tel: 610-832-9585, ww

ASTM E 29 Standa
ASTM E 207  Standd

Refers
ASTM E 220  Standd
ASTM E 230  Standa

Therm
ASTM E 608  Standa
ASTM E 1129 Standd
ASTM MNL 7 Manug

ASTM MNL 12 Manudg

The supplier may work to a subsequent revision of a document unless a s
referenced document has been canceled and no superseding degiment I
that document shall apply.

hs

International, 100 Barr Harbor Drive, P.O. Box C700, West Conshoho
\v.astm.org.

ird Practice for Using Significant Digits in Test{Data to Determine Conforman

ird Test Method for Thermal EMF Testof Single Thermoelement Materials
nce Thermoelement of Similar EMF-Tiemperature Properties

ird Test Method for Calibration.af Thermocouples by Comparison Technique

ird  Specification and Temperature-Electromotive Force (EMF) Tab
ocouples

ird Specification for:Mineral-Insulated, Metal-Sheathed Base Metal Thermocq
ird Specification for Thermocouple Connectors

| on Presentation of Data and Control Chart Analysis

ing documents in effect on the date of the purchase order forms a partof this specification to the

pbecific document issue
as been specified, the

ken, PA 19428-2959,

ce with Specifications

by Comparison with a

o

es for Standardized

uples

| onthe Use of Thermocouples in Temperature Measurement

2.2 Definitions

Terms used in AMS are clarified in ARP1917 and as follows:

and their alloys. Examples of base metal thermocouples include E, J, K, N, and T.

BIMONTHLY: In the context of this document, bimonthly is equal to once every two months.

221
traceable standard.
22.2
2.2.3
2.2.4 BIWEEKLY: In

the context of this document, biweekly is equal to once every two weeks.

ACCURACY: The maximum deviation of the instrumentation being tested from the corrected readings of a

BASE METAL THERMOCOUPLE: Thermocouple whose thermoelements are composed primarily of base metals
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2.2.5

2.2.6

2.2.7

2.2.8

229

2.2.10

2211

2.2.12

2.2.13

2.2.14

2.2.15

2.2.16

2.2.17

2.2.18

2.2.19

2.2.20

CALIBRATION: The process of adjusting an instrument or compiling a deviation chart so its reading may be
correlated to the actual value being measured.

CONTINUOUS FURNACE: A furnace where product is conveyed continuously from the charge area to the
discharge area.

CONTROL INSTRUMENT: An instrument connected to a sensor and used to control the temperature of process
equipment (including quench baths and refrigeration equipment). The instrument may or may not also record
temperature.

CONTROL SENSOR: A sensor connected to the furnace temperature controller, which may or may not be

recording.

CONTROL Zzd
equipment hay
portion of a fur,

CONTROLLEL

DNE OR FURNACE CONTROL ZONE: A portion of the working zone
ing a separate sensor/instrument/heat input or output mechanism tg eentrg
hace is independently controlled.

TEMPERATURE LIQUID BATH: A furnace containing a liquid.that is heal

treat temperature. Product is normally immersed in the liquid.

CORRECTION
added to, or §
(system) to ob
and added tog

DATA ACQUIY
electronic reco

DEAD BAND:

ubtracted from, the temperature reading of a sensor,*or an instrument, or
ain true temperature. The correction factors of sensors and instruments are
bther algebraically when a combination is used.

BITION SYSTEM: An instrument system used to automatically collect and st
Fd.

The range within which the temperature input can be altered upscale &

registering a clhange on the instrumentation.

DEVIATION: |
the true tempe

DIGITAL INST]
Typical examp
etc. In the case
is analog while

ELECTRONIC
representation

N the context of this document, the difference between the uncorrected indi
[ature.

RUMENT: An instrument that presents process measurements in a digital (n
es are mechanical' recorders with digital displays, digital indicators, controllg
b of a recorderwith digital temperature display and a recorder trace (line) the
the displayis digital. A recorder trace on a paper chart is an analog record.

RECORD: Any combination of text, graphics, data, audio, pictorial,
in_digital form that is created, modified, maintained, archived, retrieve

in thermal processing
| its temperature. This

ed to the desired heat

FACTOR: The number of degrees, determined from,‘the most recent calibration that must be

a combination thereof
usually kept separately

Dre process data as an

nd downscale without

cated temperature and

umeric) display format.
rs with digital displays,
record (recorder trace)

or other information
1, or distributed by a

computer system

ELAPSED USAGE TIME: Number of calendar days from the first use of a sensor, (regardless of the number of
cycles of use).

EXPENDABLE THERMOCOUPLES: Thermocouples made of fabric or plastic covered wire. The wire is provided
in coils or on spools. Insulation usually consists of glass braid, or ceramic fiber cloth on each conductor plus glass
braid overall.

FAILURE OF SURVEY THERMOCOUPLE: Obviously incorrect or erratic activity of a survey thermocouple
indicated by extreme high readings, extreme low readings, and/or erratic changes in readings not reflected by
other sensors.

FIELD TEST INSTRUMENT: An instrument that is portable, that meets the requirements of Table 3, has
calibration traceable to secondary equipment or better and is used to conduct on-site tests of thermal processing
equipment.
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2.2.21

2.2.22

2.2.23

2.2.24

2.2.25

2.2.26

2.2.27

2.2.28

2.2.29

2.2.30

2231

2.2.32

2.2.33

2.2.34

2.2.35

FLUIDIZED BED FURNACE: A furnace that contains a medium that becomes suspended or fluidized due to
atmosphere gas or products of combustion passing upward through the medium. Product is normally immersed in
the fluidized medium.

FURNACE: Equipment used for the thermal processing of materials and parts. The term furnace includes ovens.

GROUNDED JUNCTION: A sheathed thermocouple having the hot junction (measurement junction) end fused or
welded to the end closure of the protective sheath.

HEAT SINK: A mass of material equivalent to the heat transfer characteristics of the thinnest section of the part

being heat-treated. Heat sinks may be used during TUS (3.5.10.1) and during production (3.3.5).

INTERVAL: T
date is the sal
occurs on the
month followe
January 29-31
quarterly, sem

LABORATOR
material specif

LOAD SENS(
production ma
production ma

MAXIMUM PH
percentages. N\
conform to sta

MATERIAL PR
that may req
manufacturers
similar organiz

MEASURING
is used to mea|

MONITORING
indicates proc
recorder or ad

e day in the following week — a span of 7 calendar days; month or monthly
same numerical day in the following month. If the monthly test is performe

— the due date is the last day of the following month. Same définitions
annual and annual intervals.

cations.

RS: Sensors that are attached to or in contact\with production materia
terial, or are buried in the load of production material and which supply t¢g
erial to process instrumentation.
RMITTED ERROR: A tolerance band for the thermal electric response ex
ndard thermocouple reference tables.

lire by reference conformance to a heat treat specification. Casting,
and their approved yendors are considered material producers. Wareh

htions are not considered material producers.

JUNCTION: That'area of a thermocouple joined together to complete a mea
Sure an unknown temperature. Also called the hot junction.

INSTRUMENT: An instrument connected to a controlling, monitoring, load g
PSS _equipment temperature. Examples are an indicating device, chart re
ata_acquisition system.

veekly requires the due
o indicate the next test
d on the 31st day of a

by a month with 30 days, the due date is the last day of the following month (similar for tests on

hpply to the bi-weekly,

FURNACE: A furnace used only for determining response to heat treftment as required by

I, a representation of
mperature data of the

pressed in degrees or

laximum permitted error provides a\tolerance within which various types ¢f thermocouples must

ODUCER: The manufacturer that produces a product in accordance with § material specification

extrusion and forging
ouses, distributors, or

surement circuit, which

r recording sensor that
corder, electronic data

MONITORING

SENSOR: A sensor connected to the monitoring instrument.

NOBLE METAL THERMOCOUPLE: Thermocouple whose thermoelements are composed primarily of noble
metals (e.g., platinum/platinum-rhodium) and their alloys. Examples of noble metal thermocouples include types
R, S and B.

NONEXPENDABLE THERMOCOUPLES: Thermocouples that are not covered with fabric or plastic insulations.
One type consists of ceramic insulators over bare thermocouple wire, sometimes inserted in a tube for stability
and protection. A second type consists of a combination of thermocouple wires, mineral insulation, and a
protecting metal sheath compacted into a small diameter. The thermocouple thus constructed is protected, flexible
and, within the temperature limits of the sheath material, may be used many times without insulation breakdown.
This type of thermocouple, conforming to ASTM E 608, is available under many trade names.

OVER-TEMPERATURE INSTRUMENTATION: A separate sensor and instrument combination installed in the
furnace, which is used to monitor any over-temperature occurrence and generate an alarm and/or cut back or shut
down heat input. The purpose for this control is to protect material and/or the furnace from overheating.
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2.2.36

2.2.37

2.2.38

2.2.39

2.2.40

2241

2.2.42

2.2.43

2.2.44

2.2.45

2.2.46

2.2.47

2.2.48

2.2.49

2.2.50

2.251

2.2.52

2.2.53

2.2.54

2.2.55

PARTS HEAT TREATMENT: Heat treatment by a source other than the raw material producer. Product is tested
to the requirements of the heat treat processing specification or to selected requirements of other specifications.

PREVENTIVE MAINTENANCE PROGRAM or PM PROGRAM: A program for evaluating, taking corrective action
as required, and documenting the condition of items that have potential to adversely affect furnace temperature
uniformity. Frequency of PM checks is established based on experience to ensure that no major problems occur
between PM’s.

PRIMARY TEST SENSOR: Sensor with calibration directly traceable to a reference standard. Normally used to
calibrate secondary test sensors.

PROCESS CHART RECORDER: See Recording Instrument definition.

PRIMARY TEST INSTRUMENT: An instrument that is calibrated directly against instruments calibrated by NIST or
equivalent natipnal standard. Normally used to calibrate secondary instrumentation.

QUALIFIED ERATING TEMPERATURE RANGE: The temperature range ,obhthermal
where temperdture uniformity has been tested and found to be within required-tolerances ag

processing equipment
specified in 3.3.

QUALIFIED
required unifor

QUALITY OR(C
test which also)

QUENCH SYS
mixtures, or g4

RAW MATER
performed by g

RAW MATER
material produ
heat treat sped

RECORDING
indicates procg
recorder, elect

RECORDING

ORK ZONE: The defined portion of a furnace volume where' temperature v3
Mity tolerance.

EANIZATION APPROVAL: Documented process for review and acceptance
defines any delegation of this approval.

TEM: A system that facilitates rapid cooling; usually accomplished using oi
seous mediums. Quenchants are usually:delivered by immersion, spray, or f

AL HEAT TREATMENT (e.g., sheet, plate, bar, extrusions, forgings, cas
AL FURNACES: Equipment used by or for a material producer (or an &
cer) in accordance with a. material specification which may require by referg
ification.
NSTRUMENT#: An’instrument connected to a controlling, monitoring, load o
Ss equipmentitemperature data and generates a permanent process record

onic datarrecorder or a data acquisition system.

SENSOR: A sensor that is connected to a recording instrument.

riation conforms to the
rejection of a report or
, Water, water/polymer

Q.

tings): Heat treatment

r for the raw material producer.and product is tested as required by a materidl specification.

pproved supplier of a
ence conformance to a

I recording sensor that
Examples are a chart

RECURRENT

ure control.

REFERENCE STANDARD (NOBLE METAL): A standard that has been calibrated as required in Table 1 to a
relevant National Standard.

RESIDENT SAT SENSOR: A test sensor that remains resident in the test location between system accuracy tests.

RETORT FURNACE: A furnace that contains a retort or muffle which normally contains a protective atmosphere
and the product being heat treated. The furnace normally surrounds the retort.

RTD: Resistance Temperature Device.

SALT BATH FURNACE: A furnace containing molten salt that is heated to the desired heat treat temperature.
Product is normally immersed in the molten salt.

SECONDARY TEST INSTRUMENT: An instrument with calibration directly traceable to a primary standard or
reference standard and which is operated in a controlled test environment.
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2.2.56

2.2.57

2.2.58

2.2.59

SECONDARY TEST SENSOR: Sensor with calibration directly traceable to a primary test sensor. Normally used
to calibrate test sensors.

SEMI-CONTINUOUS FURNACE: A furnace where product is conveyed at regular time intervals from the charge
area to the discharge area.

SENSITIVITY: The temperature change in the input that is required to activate a change, either upscale or
downscale on the instrumentation. It is normally one-half the numerical value of the dead band, such as: a
sensitivity of 1 °F (0.6 °C) is equivalent to a dead band of 2 °F (1.1 °C).

SENSOR: In the context of this document, a device designed to detect or measure temperature (e.g.,

thermocouple, RTD, etc.). As used in this specification, this term is identical with “Temperature Sensor.”

2.2.60 SHEATHED-T
thermoelemen
protective shed
end of the she
or extension le|
2.2.61 STABILIZATIQ
stabilization od
are cycling andg
desired tempe
minimum temg

For unloaded furnaceq
converging toward the

For loaded furnaces:

temperature and slowl
temperature meets the
2.2.62 SYSTEM ACC
readings or va
measured tem
furnace contro
2.2.63 SYSTEM ACQ
used for syster

2.2.64 TEMPERATUH

HERMOCOUPLE ASSEMBLY (MIMS):
ith closed at the measuring end. The protective sheath has a moisture'seal

pds mechanically joined to the thermoelements.

curs when all control thermocouples are within the allevable TUS toleran

rature range and must not be changing such that:they may drift above or
erature.

. if the temperature readings of any TUS Sensor exhibit an upward or dow
et point the test period shall be extended as necessary until the trend is no |

f a survey load is used during the TUS, some survey thermocouples m
approach the set temperature, This rise in temperature of survey thermoc
requirement for stabilization:

ues, with the readings or values of a calibrated test instrument/leadwire/ser
perature deviations.are within applicable requirements. Performed to assu
and recorder system in each control zone.

URACY TFEST (SAT) SENSOR: A calibrated and traceable sensor with kn
n accuracy-tests.

RE- CONTROLLER: The instrument or PLC (Programmable Logic Controll

The cut-to-length finished ~&aspembly consisting of
s having one end joined in a measuring junction, contained within and-electrically isolated from, a

the reference junction

hth. The assembly may include a thermocouple connector but does-not inclufle a reference junction

N (also referred to as equalization, equilibrium, steady-’state or soakgd condition): Furnace

span and controllers

/or maintaining the desired temperature in each zonre. All survey thermocouples must be within the

elow the maximum or
hward trend that is not
bnger evident.

ay continue to rise in
puples towards the set

URACY TEST (SAT) or PROBE CHECK: An on-site comparison of the instjument/leadwire/sensor

sor to determine if the
Fe the accuracy of the

own deviations, if any,

br) used to control the

2.2.65

2.2.66

2.2.67

2.2.68

thin a furnace zone

temperature w

TEMPERATURE OVERSHOOT: The amount of temperature rise in the furnace work zone above the applicable
positive TUS tolerance that occurs upon first reaching furnace set point temperature.

TEMPERATURE UNIFORMITY: The temperature variation (usually expressed as * degrees) within the qualified
furnace work zone with respect to set point temperature. For retort furnaces where a sensor in the retort is used to
control temperature, the temperature variation is with respect to the sensor in the retort and not to the furnace set
temperature.”

TEMPERATURE UNIFORMITY SENSOR: A calibrated and traceable sensor with known deviations if any, that are
used for conducting Temperature Uniformity Surveys.

TEMPERATURE UNIFORMITY SURVEY (TUS): A test or series of tests where calibrated field test
instrumentation and sensors are used to measure temperature variation within the qualified furnace work zone
prior to and after thermal stabilization.
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2.2.69 TEST INSTRUMENT: Instrument used to perform system accuracy tests, temperature uniformity surveys or
calibrations of controllers, recorders, data acquisition instruments, or monitoring instruments.

2.2.70 TEST SENSOR: Sensor used in conjunction with a test instrument to perform a system accuracy test or
temperature uniformity survey.

2.2.71 THERMAL PROCESSING: Any process in which materials are exposed to controlled heating, soaking, or cooling
to change the structural nature, properties or condition of the material or part. The term excludes pre-heating and
heating for forging, drying, and hot forming.

2.2.72 THERMAL PROCESSING EQUIPMENT: A term used to refer to any vessel (such as furnace, oven, freezer, liquid
bath, etc.) used to process materials at controlled temperatures.

2.2.73 THERMOCOUPLE: A type of sensor consisting of two electrically conducting cireuit| elements of different
thermoelectric [characteristics joined at a junction.

2.2.74 THERMOCOUPLE CALIBRATION: The process of determining the emf developed by a thermocouple with
respect to temperature established by a national standards organization.

2.2.75 TRACEABLE [or TRACEABILITY): The ability to relate measurement*results through fan unbroken chain of
calibration to NIST or equivalent agencies in countries outside the United States.

2.2.76  TRANSVERSH PLANE: Plane perpendicular to the conveyange. direction in a continuops or semi-continuous
furnace.

2.2.77 USE (of a thermocouple — e.g., 3.1.3.3 and 3.1.5.2 to 3.1.5:3): One cycle of heating and codling a thermocouple.

2.2.78 VACUUM FURNACE: A furnace capable of operation at any pressures lower than [atmospheric pressure
(760 mm Hg).

2.2.79 ZONED FURNACES: Furnaces with separately controlled temperature zones.

3. TECHNICAL REQ
3.1 Temperature Se

All temperature sensor
be as listed in the follo

UJIREMENTS
sors

5 shall comply with Table 1 and the following requirements. Exclusions for sp
ving paragraphs.

r Information and Requirements

ecific applications shall

ball L -l +la. +la. 1 Laotacl—i Talal Lo} [ H
ofiall T Trcacuicu Uy Uic  UuiCiTmiuUCUuUpPICTo  TTotTUu 111 TAavic o Ul JYy Ul

er thermocouples or

temperature sensors that possess equal or better accuracy (maximum permitted error). Thermocouples may be
made either from bare or coated wire or MIMS (mineral insulated, metal sheathed) cable. Unless specifically
noted, requirements apply to all temperature sensor materials. “Sensor” as used in this specification is identical
with “temperature sensor”.

3.1.1 General Sensd
3.1.1.1 Temperature
3.1.1.2

national stan
3.1.1.3

temperature

dard.

accuracy and shall be used when required by this specification.

Conversion from millivolts to degrees or degrees to millivolts shall be in accordance with ASTM E 230 or other

Correction factors for sensors derived from their initial or subsequent calibration may be used to improve


https://saenorm.com/api/?name=9d9ecdba654d3ce6ff238dd685c07bc4

SAE

AMS2750E Page 9 of 43

3.1.1.4

Thermocouple Usage

Thermocouples should only be used within the ranges listed in Tables 3.1 (Recommended Upper Temperature Limits for
Protected Thermocouples) or 3.5 (Recommended Upper temperature Limits for Protected Thermoelements) of ASTM

MNL 12,

Table 6 (Suggested Upper Temperature limits for Protected Thermocouples) of ASTM E 230, or Table 1

(Suggested Upper Temperature Limits for Sheathed Thermocouples) of ASTM E 608 or other national standard and the
sensor supplier.

3.1.141

3.1.15

3.1.151

3.1.2 Sensor Calibrgtion

3.1.21

3.1.2.2

3.1.221

3.1.2.2.2

3.1.2.23

3.1.224

3.1.2.25

3.1.2.2.6

3.1.23

3.1.2.4

3.1.25

3.1.251

3.1.25.2

Use of thermocouples not conforming to these recommendations shall be based upon calibration and
recalibration intervals required in Table 1 of this document.

Extension wire in installations after September 1, 2006 shall conform to ASTM E 230 or national equivalent.
EXtenSlon V\IIIC oha:: IIUt bC Q'J:I\.:Cd CUIIIICbtUID, P:U\JQ, Ja\.,lr\a Al Id tCIIII;IIa: Dtllpo Aarc 'J )rmltted If they are the
compatible type, i.e., they have thermoelectric properties conforming to the characteristigs of the corresponding
thermocouple type — ASTM E 1129 may be used as a guide for round-pin{-€enrectors. Thermocouple
composition jand extension wire requirements are shown in Table 2.

Wireless tifansmitters may be used as an alternative to extension wire.

Sensors and calibration hierarchy shall comply with Table 1.

Calibration technique shall comply with ASTM E 220, ASTM-E 207, or other national standard. Sensors shall
have a certificate of compliance that identifies:

date of callbration,

the source|of the calibration data,
nominal tept temperature,

actual testtemperature readings,
calibrationftechnique, and
correction [factor for each™calibration temperature traceable to NIST or other recognired National Standard.

Alternatively, deviation,(error) for each calibration temperature may be listed. The certificate shall clearly state
if it shows peviatiep-or correction factor.

Thermocouple callbratlon mtervals specrfled |n Table 1 1 whether based on tlme number of uses, or temperature
are the maxt : v of the responsibility for
ensuring that excessive drn‘t has not occurred under the particular condltrons (environment, time, and
temperature) of exposure.

Users shall have supporting data such as, but not limited to, SAT, TUS, and re-calibration data and written
procedures controlling the replacement of sensors including limits on maximum life and/or number of uses, as
applicable.

Temperature sensors shall be calibrated in the nominal temperature range within which they are to be used.

Calibration intervals shall not exceed 250 °F (140 °C) for all thermocouples, except those that are calibrated at
fixed points (in accordance with ASTM MNL 12, section 8.2, or other national standard for fixed point
calibration).

Extrapolation of calibration correction factors above the highest calibration temperature and below the lowest
calibration temperature is prohibited by any calibration source except NIST or other National Standards
calibration agency.


https://saenorm.com/api/?name=9d9ecdba654d3ce6ff238dd685c07bc4

SAE

AMS2750E

Page 10 of 43

3.1.2.6

3.1.26.1

a.

Thermocouples (expendable or non-expendable) made from rolls calibrated in accordance with this paragraph
may be used in lieu of individually calibrated thermocouples.

The maximum amount of wire/cable in a roll at the time of calibration shall be as follows:

Primary Standard Sensors: 200 feet (60 m)

b. Other Noble Metal Sensors: 2000 feet (610 m)

C.

Base Metal Secondary Standard Sensors: 2000 feet (610 m)

d. All Other Base Metal Sensors: 5000 feet (1525 m)

3.1.2.6.2

3.1.2.6.3

3.1.2.6.3.1

3.1.2.6.3.2

3.1.2.6.4

3.1.2.6.4.1

3.1.2.6.4.2

3.1.3

3.1.3.1

3.1.31.1

3.1.3.1.2

3.1.3.2

3.1.3.3

Reuse of Ther

Rolls shall
both ends

The roll calibration method shall not be used if the difference between the highest

readings o
1°F (0.6

2 °F (1.

For rolls ngt meeting 3.1.2.6.3 :

It is perr
specified

It is per|
Table 1.

The salvage
above 500 f
thermocoupl

If the salvd
lieu of recq

bf the roll if the individual correction factors from each end are within accept

f the sample thermocouples at any calibration temperature excgeds the folloy

°C) for primary and secondary standard thermocouples,

hissible to divide the roll into shorter lefngth rolls that do meet the end to e
in 3.1.2.6.3.

Mmissible to use individual thermocouples from the roll if they are calibrat

mocouples (See Figure.1)
of damaged thermecouples is permitted if the discrepant portion (includin
e recalibrated.

Lged thermocouple originated from a calibrated wire roll, the original roll cali
libration.

be sampled at both ends of the roll (See 3.1.2.2). Use the average correctioifactor calculated from

le limits of Table 1.

and lowest calibration
ing requirements.

| °C) for system accuracy test, temperature uniformity ‘test, controlling, moitoring, recording, and
load thefmocouples.

nd tolerance difference

bd in accordance with

g the portion exposed

F (260 °C) fornTypes K and E thermocouples) is trimmed off, the hot jupction remade and the

bration may be used in

The numb
3.1.3.3).

£ . - 1 I} [TH) H 1 1 VY ) P | 1 £ £
Cl UINusSto PINUTN U sadlvaytT Stidil DT ITTCTUUTU 1T U tutal TIUTTTueT UT UsTos Ul

he thermocouple (See

Reuse of any thermocouple is prohibited unless the insulation remains intact and wires including the hot junction
are not damaged.

Expendable test sensors may be reused if "U" in the following formula does not exceed 30. A “use” for test
thermocouples is defined as one cycle of heating and cooling the thermocouple (2.2.77).

U = Number of uses below 1200 °F (650 °C) + 2 times number of uses from 1200 °F (650 °C) to 1800 °F (980 °C).
Expendable base metal test thermocouples shall be limited to a single use above 1800 °F (980 °C).

3.1.34

Any base metal TUS thermocouple that is (1) used exclusively under 1200 °F (650 °C), (2) identified, and (3)
preserved/protected from damage (i.e., crimping, excessive moisture contact, corrosion, etc.) between tests or
remains installed on a rack that is protected between tests,) shall be limited to no more than 90 uses or 3 years,
whichever comes first and may be reused subject only to the limitations of 3.1.3.1 to 3.1.3.2.
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3.1.35

Nonexpendable base metal TUS thermocouples reinstalled for each TUS through ports in the furnace, used in

the same location and depth of insertion for each TUS and used exclusively under 1200 °F (650 °C) shall be
limited to no more than 90 uses or 3 years, whichever comes first and may be reused subject only to the

limitations of

3.1.3.1t03.1.3.2.

3.1.4 Control, Monitoring, and Recording Sensors

as possible to the work zone.

When a Load Sensor is Used as a Control Sensor

Control, monitoring, and recording sensors shall be installed in thermal processing equipment within or as close

3.14.1

3.1.4.2

3.1.4.2.1 Expendab

3.1.4.2.2 Nonexpen

3.1.5 Load Sensors

3.1.5.1 Load sensol
control sens
allowed proc

3.1.5.2 Expendable
than 30 uses
limited to on

3.1.5.3 The life of
temperature
use (furnacsq
shall be limit

2300 °F (1260 °C) and
2200 °F (1205 °C) to 2
1801 °F (980 °C) to 21
1200 °F (650 °C) to 18
Below 1200 °F (650 °C

When used in multiple

Example 1.

toac-thermocouptesused-as—acontrotsensor-aretimited-tooneuse:
jable load thermocouples may be used to control temperature, subjectto,the
(2.2.27)

s may be used as control sensors in accordance with 3.1.4.27 When a log
Dr, N0 monitoring or recording sensor in or representing.the-work zone shal
essing temperature.

base metal load sensors may be used for up t0.90 calendar days after firg
when used at or below 1200 °F (650 °C) provided the requirements of 3.1.
b use above 1200 °F (650 °C).

nonexpendable base metal load thermocouples shall be limited by th
and calendar days since first use. Reeords shall be maintained of the accd
load cycle). Number of uses or. number of calendar days since first use,
bd as follows:

above 1 use

P99 °F (1260 °C) 3 months or 10 uses

D9 °F (1205 °C) 3 months or 90 uses

DO °F (980 °C) 3 months or 180 uses
3 months or 270-uses

ranges, thesshortest interval or usage shall apply.

limitations of 3.1.5.

d sensor is used as a
exceed the maximum

t use and for no more
B are satisfied, and are

b

maximum operating
mulated thermocouple
whichever occurs first,

+. OO o o I 2900+ 290006

A sensor with 9 u
range.

e No uses remain at
Example 2:

[ )
.

It has already exce

e |tis now subject to

Ll i +la
o Al 2 oJU L% 2] Ullly UTIT TTTUTT UOoT AllUVWTU 1T 1T 22UV U 2499 mral IEJC

2300 °F or above.

A sensor with 50 uses between 1400 and 1600 °F is then used at 1820 °F.

eded the use limits for all ranges above 2199 °F.

the 90 use limit as it has been used in a higher temperature range.

or any lower operating
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Example 3:
[ )
[ )

e |tis subjecttoa 18

3.2

A sensor with 50 uses between 1400 and 1600 °F is then used at 1015 °F.

It has already exceeded the use limits for all ranges above 2199 °F.

0 use limit as it has been used in the 1200 to 1800 °F temperature range.

Instrumentation (See Tables 3, 4, and 5)

Output of sensors shall be converted to temperature readings by instruments specified herein or instruments of equal or
greater accuracy. Instruments shall be calibrated by NIST or an equivalent national standards organization, or against

standards whose calibfjation is traceable to NIST or other recognized national equivalent(s) accordin

3.2.1 Users shall rg
AMS2750C wil
3.2.1.1 The followin
purchased 1
purchased p

of AMS2750

3.2.1.1.1 Temperaty
3.2.1.1.2 Process R
3.2.2 Test Instrumer]

Shall be digital and hav

bview all instrument requirements in AMS2750E as not all instrGments
meet the requirements of this revision and AMS2750D.

g requirements (3.2.1.1.1 and 3.2.1.1.2) apply to control, menitoring or
year after Sept 2005, the issue date of AMS2750D. Contral, monitoring of
rior to September 2006 may meet the requirements of AMS2750C until 3 ye
E (add date at publication

re resolution requirements for chart recorders shall'‘be in accordance with Ta
ecorder Print and Chart Speeds shall be in.accordance with Table 5.

ts

e a minimum readability of 1 °F or¥ °C.

3.2.3 Controlling, M@nitoring, or Recording Instruments

3.2.3.1 At least one|recording and/or controlling instrument for each zone shall have a minimu
1°C.

3.2.3.2 Installation [of controlling,.\“monitoring or recording instruments shall conform t
recommendations.

3.2.3.3 Controlling, monitgring and recording instruments shall receive an unmodified signal fr
analog to digital~and digital to analog conversions, or a digitally-processed, err
representatign-of a direct measured value.

g to Table 3.

approved for use in

recording instruments
recording instruments
brs after the issue date

ble 4.

h readability of 1 °F or
the manufacturer's

D

bm sensors except for
br-checked equivalent

3.2.4 Offsets

If offsets are used, a documented procedure shall exist, describing when and how to perform manual and electronic
offsets. The procedure shall address how to account for and reintroduce any intentional offsets. Prior to reintroducing any
intentional offsets, any instrument calibration error found shall be taken into account. Adjustments (offsets) greater than

those shown in Tables

3.24.1

6 or 7 shall not be used.

If subsequent internal instrument adjustments or offsets are made to achieve TUS requirements, these internal

adjustments or offsets must be applied during subsequent SATs per 3.4.5.3.1. In addition, if subsequent internal
instrument adjustments or offsets are made to achieve SAT requirements, the effect on the TUS range or
distribution shall be considered as the range will shift upwards or downwards in response to the internal
adjustment or offset.
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Sensor Use Type Form Recalibration ® Reuse V@
Test Sensors Expendable Recalibration of expendable base metal | See 3.1.3.3 (U-formula) and 3.1.3.4 (protected use
TUS thermocouples is not permitted. under 1200 °F)
Base J & N: 3 months — See Table 1
E & K: 3 months - Permitted_if used at or below
Non-expgndable 500 °F (260 °C) Not permitted if used above See 3. 1341 3.1.35
500 °F
Expengdable -
Noble Every 6 months — See Table 1 No other restfictions
Non-expendable
Test Sensor Recalibration of expendable base metal
Nonresident SAT Expenfable thermocouples is nog permitted. See 3.1.3.3 (J formula)
Base J & N: 3 months — See Ta_ble 1
Non-expgndable E & K: 3 months — Permitted if used at or’below No other resthictions
i 500 °F (260 °C) Not permitted if uséd above
500 °F
Expengdable -
Noble Every 6 months — See Table 1 No other restrictions
Non-expgndable
Test Sensors . .| N: Shall be used at or below 1000 °F (538 °C).
Resident SAT Expendable Recalltgranon.t(t)fdexpendable base metal sensor is E, J, K, T: $hall only be used at OE below) 500 °F
Base not permitted. (260 °C)[3.4.5.2.1.1)
E, J, K, T: $hall only be used at or below 500 °F
Non-expendable | 3 months — See Table-1 limitations (260 °C)|3.4.5.2.1.1)
N: No other rgstrictions
Expenfable Shall only b¢ used at or below 1000 °F (538 °C)
Noble Every 6 menths — See Table 1 (3.4.5.2.11)
Non-expgndable No other restrictions
Load sensors Expenfdable Recafibration is not permitted. Limited by nymber pf uses, temperature of use, and
calendar|days since first use — See 3.1.5.2
Base Limited by nymber of uses, temperature of use, and
Non-expendable—} Recalibration is not permitted. calendarIdays since first use — See 3.1.5.3 for
restrictiofs.
Noble Expenda?leu Every 6 months — See Table 1 No other restfictions
Non-expendabte

(1) For reuse of any Type E or K sensor used above 500 °F (260 °C) depth of insertion shall be equal to or greater than any previous use.
(2) See 3.1.3.1 and 3.1.3.2 for general reuse restrictions
(3) Recalibration of any Type E or K sensor used above 500 °F (260 °C) is prohibited

FIGURE 1 - REUSE AND RECALIBRATION OF TEST AND LOAD SENSORS
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3.2.,5 Instrument Calibration
3.2.5.1 Calibration shall be performed on instrument(s) defined under the Instrument Type column in Table 3.
Regardless of the calibration procedure used, it shall comply with the requirements of Table 3. Prior to any
instrument alteration or calibration, document the instrument(s) “as-found condition”
3.2.5.2 Calibration accuracy and interval requirements shall be in accordance with Table 3.
3.2.5.3 Sensitivity shall be checked during calibration. See Table 3 footnote 4.
3.2.5.4 Calibration of secondary standard instruments and field test instruments shall be performed in accordance with
the manufacturer’s instructions. These instruments shall be tested at a minimum of 6 simulated sensor inputs.
These shall pmctade—the—minmum—and—meaxmum—of—the—operatmg—range—used—for—test or calibration and a
minimum of @ points in between either representing areas of normal operation or spacgd|at approximately equal
intervals acrgss the range in which the instrument is used for test or calibration.
3.25.4.1 The instrument shall be calibrated for each type of input and/or output used{e’g., each thermocouple type in
use and fof mV, mA, etc. if the instrument is used for these methods).
3.2.5.4.2 Calibration shall be performed on each channel in use that can be altered or adjusted jndividually, or on each
group of channels that can be altered or adjusted as a group. Itds\recommended that channels not in use be
blocked orftagged to stop unintentional use.
3.2.5.5 Calibration of Controlling, Monitoring and Recording Instruments
3.25.5.1 Check as{found condition at a minimum of three simulated sensor inputs which rgpresent the minimum,
maximum @nd at least one point in the middle 1/3"%%f the furnace Qualified Operating [Temperature Range. If
necessary| calibrate the instrument in accordance with the manufacturer’s instructions.
3.25.5.1.1 Following any adjustments test the instrument at a minimum of three srmulate(d sensor inputs which
represernt the minimum, maximum.ahd at least one point in the middle 1/3 " of| the furnace Qualified
Operating Temperature Range to document the as-left condition.
3.2.5.5.2 Calibration shall be performed-On‘each channel in use that can be altered or adjusted |ndividually, or on each
group of channels that can be-altered or adjusted as a group. It is recommended that channels not in use be
blocked or|tagged to stopsunintentional use.
3.2.5.5.3 Chart recorder (circularand strip) speed(s) shall be verified annually and shall be accdirate within £3 minutes
per hour. Result of-chart speed measurement shall be documented.
3.2.5.5.4 Calibration of controlhng momtorrng or recording mstruments may be performed with & load in process (for a
single tem erance and the furnace
temperature record is approprrately annotated to mdrcate that a caIrbratlon occurred including time and date.
3.25.5,5 For furnaces used only at a single temperature, the calibration of controlling, monitoring or recording
instruments may either be performed per manufacturer’s instructions at the single temperature of use, or with
a minimum of 3 points: the temperature of use, and two (or more) points bracketing the temperature of use.
3.2.5.6 Wireless equipment which performs the analog to digital conversion at the furnace and transmits a digital signal

to the recorder are allowed, but require use of the complete wireless system (wireless sender, wireless receiver
and associated controlling, monitoring and recording instruments) during the calibration process (See 3.1.1.5.1).
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3.2.6 Instrumentation Results and Records

3.2.6.1 A sticker affixed to or in close proximity to the instrument shall indicate the most recent successful calibration.

As a minimum, the sticker shall include:

a. Date the calibration was performed

b. Due date of the next calibration

c. Technician who pe

rformed the calibration

d. Any limitations or restrictions of the calibration shall be indicated on the sticker.

3.2.6.2 The results ¢
a. Instrument numbe
b. Make and model o
c. Standard used dur
d. Method of calibrati
e. Required accuracy
f. Asfound and as le
g. Offset as found an

h. Sensitivity (pass/fa

f calibration shall be documented. At a minimum the report shall include;
or furnace number

instrument calibrated

ng calibration

bn (manufacturer’s instructions, three point, single point)

ft data at each calibration point
1 as left (as required)

| or sensitivity found in test) (Table 3, Note 4)

i. Statement of acceptance or rejection

j-  Any limitations or r

pstrictions of the calibration shall be included

k. Date the calibration was performed

|. Due date of the ne

m. Technician who pe)

Kt calibration

rformed the calibration

n. Calibration compar

Y (T Not performed IN-NoUSE)

0. Signature of the calibration company (if not performed in-house)

p. Quality Organization approval.

Page 15 of 43

3.2.7 Electronic Records

3.2.7.1 An ‘“electronic record” is any combination of text, graphics, data, audio, pictorial, or other information
representation in digital form that is created, modified, maintained, archived, retrieved, or distributed by a
computer system. When using a system (furnace control, recording, monitoring or data acquisition) that creates
electronic records, systems purchased after Sept 2006 or any electronic record created after 2015 (3 years after
release of this revision) shall meet the following requirements:

3.2.7.1.1 The system must create electronic records that cannot be altered without detection.
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3.2.7.1.2 The system software and playback utilities shall provide a means of examining and/or compiling the record
data, but shall not provide any means for altering the source data.

3.2.7.1.3 The system shall provide the ability to generate accurate and complete copies of records in both human
readable and electronic form suitable for inspection, review, and copying.

3.2.7.1.3.1 The system shall be capable of providing evidence the record was reviewed — such as by recording an

electronic review, or a method of printing the record for a physical marking indicating review.

3.2.7.1.4 The system shall support protection, retention and retrieval of accurate records throughout the record
retention period. Ensure that the hardware and or software shall operate throughout the retention period as
specified in 3.7.

3.2.7.1.5 The system shall provide methods (e.g., passwords) to limit system access t0Zgnly individuals whose
authorizatipn is documented.

3.3 Thermal Procesq

Furnace class
furnace class
being process
control, record

3.3.1

Intervals for system ag
calibrations are based

ing Equipment:

bs are defined in Figure 2 and are based on the furnace ‘class specified
Ehall meet the temperature uniformity requirements established in the speci
bd. Instrumentation types are defined by the level ofsinstrumentation used
or indicate the desired temperature.

curacy tests, temperature uniformity surveys, and’controlling, monitoring, arn
bn the combined furnace class and instrumentation type (Table 3, 6, 7, 8, or

Furtace Class Temperature Uniformity: Temperature Uniformity
Range (Degrees F).* Range (Degrees C)
1 15 13
2 *10 *6
3 +15 18
4 20 *10
5 25 114
6 50 +28

(1) Unifg

rmity range requirement-is established by the specification for the material being processed.

FIGEURE 2 — FURNACE CLASS UNIFORMITY RANGES

por when not specified,
ication for the material
by the heat treater to

d recording instrument

).
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3.3.2 Requirements for Furnace Instrumentation Type classification are shown in Figure 3.

Instrumentation Type

Sensor(s) Required by Instrumentation Type A B C

D E

One control sensor

per zone that controls and displays temperature v v v

v v

The temperature indicated by the control sensor in each control zone shall
be recorded by a recording instrument.
Alternatively, the recording instrument may be connected to a second v v v

sensor contained in
separated from the

the same sheath or holder as the control sensor, and
control sensor by no more than 0.38 inch (10 mm).

At least two additional recording sensors in each control zone shall be
located to best represent the coldest and hottest temperatures based on the

results from the mo
It is recognized that
prevent the location
locations, but these
(See 3.3.5). These

for relocation requir|

5t recent temperature uniformity survey.

certain furnace designs/loading configurations can

of these sensors in the precise coldest and hottest
sensors shall be located as close as practical
ecording locations may change over time. See 3.5.18
Pments

At least 1 recording

load sensor in each zone

During production i

placed in or intrude$ into the zone) do not require a load sensor. Howeverya = v
notation must be made to the furnace load record that the zone was entirely

empty.

multi-zone furnaces, empty zones (i.e., no material is

The recording senspr representing the hottest location may also(be utilized v v v

Each control zone ijll have over-temperature protection (2.2.35)
as the over-temperature protection sensor.

3.3.3 Instrumentatio

3.3.3.1 Refrigeratiorn
applicable td
equipped wi
above requir|

3.3.3.2 Quench sys
maximum o
September 2

3.3.4 Additional Sen

FIGURE 3 — INSTRUMENTATION TYPE REQUIREMENTS
N - Refrigeration Equipment and'Quench Systems
equipment shall have a“temperature controller. This temperature contro
liquid nitrogen, dry.ice and dry ice/liquid-cooled containers. All refrigerati
th a temperature recorder where time-at-temperature (minimum or maxir
ements are not applicable during transportation of materials at sub-ambient t
fems used<fer heat treatments that include a quenchant temperature r

005 do ot require recording instruments until 3 years after the release of thi

501'S

ler requirement is not
bn equipment shall be
hum) is required. The
bmperatures.

bquirement (minimum,

I both) shall be equipped with a recording instrument. Existing installations installed prior to

5 revision.

There is no limit on additional recording or load sensors in any control zone, but their use must be defined in controlled

operating instructions.

3.3.5 High and low temperature sensors, when required (instrument types A and C — See Figure 3), may be inserted in
heat sinks (See 2.2.24), positioned at the high and low temperature locations of the control zone based on the
most recent TUS when heat sinks of similar configuration are used during the TUS.
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3.3.6 For multiple zone vacuum furnaces with 225 cubic feet (6.4 m®) or less in working volume that are instrumented
with Types A, B, or C instrumentation, it is acceptable to treat the furnace working volume as a single work zone
for the purpose of locating high and low temperature recording thermocouples and determining the number of load
thermocouples required regardless of the number of control thermocouples or instruments within the vacuum
furnace. The minimum sensors required are shown in Figure 4. Each furnace shall have over-temperature
protection in the work zone.

3.3.6.1  Vacuum furnaces of volume greater than 225 cubic feet (6.4 m® may be treated in the same fashion by dividing
the furnace into working zones that shall not exceed 225 cubic feet (6.4 m3) — each of these zones shall contain
all the required sensors as outlined in Figure 4 for a single zone.

Minimum Number Required

Instrumentatior—Fype High—TFemperatureTHC—owTFemperatreTHG Lead T/C
A 1 1 1
B N/A N/A 1
G 1 1 N/A

FIGURE 4 — MINIMUM SENSORS REQUIRED PER Z@ONE

3.4 System Accuracy Tests (SATS)

The SAT (2.2.62) is 4
values of a calibrated
applicable requiremen
each control zone.

3.4.1 SATs shall be
thermal proceg
the additional g
34.1.1
meeting the
3.4.2 SATs shall be
and 3.4.5.
3.4.2.1 An SAT shal

o replacement of the

e replacement of the

SATs shall e performed using a field test instrument meeting the requirements of TaQ

n on-site comparison of the instrument/leadwire/senset readings or values
test instrument/leadwire/sensor to determine if the ‘measured temperaturg

performed on the temperature control afgh recording systems in each controj
sing equipment that is used for production heat treatments. The SATs shal
ystems that qualify instrumentation-as Types A, B, or C. See 3.3.2 Figure 3.

requirements of Table 1.

performed initially and\periodically thereafter in accordance with the requirg

be performed:after any maintenance that could affect the SAT accuracy. Ex

Sensor;

, with the readings or
b deviations are within

s. The SAT is performed to assure the accuracy of the furnace control and recording system in

zone of each piece of
also be performed on

le 3 and a test sensor

tments of Table 6 or 7

amples include:

controlling, monitoring or recording instrument

re-calibration of the controlling, monitoring or recording instrument when any adjustment has been made.

Quality Assurance shall be consulted for direction on whether any other specific maintenance requires a new SAT.

3.4.2.2 An SAT is not required for sensors whose only function is over-temperature protection. If the over-temperature
protection sensor is used as the additional monitoring sensor for SAT interval extension (see 3.4.3), or as the
high temperature sensor for Instrumentation Type A or C (Figure 3), an SAT is required.

3.4.2.3 An SAT is not required for sensors not used for acceptance as part of production heat treatment.

3.4.2.4 If an SAT cannot be performed within the interval requirements of Table 6 or 7, the equipment shall be removed

from service. An SAT shall be performed prior to putting the equipment back in use or during the first operation
of the furnace.
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3.4.3 SAT interval is based upon equipment class and instrumentation type. If a preventive maintenance program,
defined in 2.2.37, is in effect, SAT interval may be extended to the maximum allowed SAT interval of Table 6 and
7 (e.g., weekly to biweekly, biweekly to monthly, etc.) if allowed in Table 6 or 7 under either of the following
conditions:

3431

3.4.3.2

344 The SAT can he abbuulp“ohcd uoillg any-onfe of 3-methods:

3441

3.44.2

3.4.4.3

3.4.5 System Accurgcy Test Procedure

3451

3.45.2

3.45.21

Two sensors in each control zone are Type B, N, R, or S.

Weekly readings show that the relationship between the control sensor and an additional monitoring or
recording sensor in each control zone remains within 2 °F (1 °C) of their relationship at the time of the last
Temperature Uniformity Survey. In the event that a reading exceeds the allowance the SAT interval shall return
to the normal interval (not maximum allowed SAT interval) until the next Temperature Uniformity Survey.

Perform an $AT following the requirements in 3.4.5

Alternate SAT process defined in 3.4.6

SAT Waiver

The displaygd temperature indication and/or recording of the:sensor being tested as u

appropriate
temperature

The tip (measuring junction) of the SAT sensor shalkbe as close as practical to the tip
the controlling, monitoring, or recording sensor, but the tip to tip distance shall not exc

Subsequent

test. The SAT sensor may be inserted temporarily for the test or may be a resident tesi
limitations of{3.4.5.2.1.

Resident AT thermocouples may be employed subject to the following limitations:

345211 Residen

(260 °C)

3.45.21.2 The resi

process, as described in 3.4.7

indication of the test sensor on a test instrument.

SATs shall utilize test thermocouple(s) placed in the same locations/positi

SAT thermocouples shall be restricted to Type B, N, R or S at temperat
and shall be nenexpendable if exposed to temperatures above 1000 °F (538

dent SAT/Sensor type shall be different from that of the sensor being teste

ed in production, with

pffsets or correction factors, at any operating temperature, shall be compdred with the corrected

measuring junction) of
bed 3 inches (76 mm).
bns/depth as the initial
sensor, subject to the

ires exceeding 500 °F
°C).

H; additional limitations

apply to fypes R.and S (Figure 5).
Control Monitoring or Recording Sensor in Furnace
Resident SAT B R s N All other senso
Sensor types
B No Yes Yes Yes Yes
R Yes No No Yes Yes
S Yes No No Yes Yes
N Yes Yes Yes No Yes

r

FIGURE 5 — ALLOWABLE COMBINATIONS OF RESIDENT SAT SENSOR WITH SENSOR BEING TESTED FOR

TEMPERATURES OVER 500 °F (260 °C)
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3.4.5.3 System Accuracy Test Difference

The difference calculated between the reading of the furnace sensor system being tested (sensor, lead wire, and
instrument) and the corrected reading of the test sensor system (after test sensor and test instrument correction factors
are applied) shall be recorded as the system accuracy test difference. Applicable correction factors shall be applied

algebraically.

3.453.1

The temperature from the furnace instrument/sensor being compared with the SAT instrument/sensor shall be

the temperature used, read or recorded in routine production heat treatment. Certain correction factors, if
consistently applied during production heat treatment in accordance with documented procedures, may be
algebraically applied to the system being tested.

Examples (Figure 6)
include:

Sensor correction

Control or recordin
Internal offset to th

A previously docur
the form of an inte
instrument set poir

Correction factors that

Previously applied

factor as listed on the initial calibration report, or recalibration report (wh
performed in a labgratory or in-situ). Only the most recent sensor correction factor maybe appli

j instrument correction factor as listed on the most recent calibration report.
e control or recording instrument solely to correct a skewed temperature unif

nented and specified offset to the control instrument to correct an SAT diffe
ntional manual offset of the control set point(e.qg., If the desired set point
t at 1003 °F).

shall not be incorporated include:

These internal adjlistments or offsets are already féeflected in the displayed or recorded tempe

applied twice.

Manually applied

correct a skewed

SAT or calculation
Examples

Example 1: No offsets

ffsets to the controlsinstrument that have been specified for production h
emperature uniformity distribution. These manual offsets have no effect on
of an SAT difference.

n usédor last TUS or SAT and no correction factors in use for instrument or

oguction heat treatment

pther recalibration was
pd.

brmity distribution.

ence, if this offset is in
is 1000 °F, set control

internal adjustments or offsets to\the control or recording instrument to coriject an SAT difference.

rature and shall not be

bat treatment solely to
the performance of an

FENSOr.

Example 2: No offsets—in-use for last TUS or SAT; correction factors from instrument calibration and from sensor

calibration are added manually by the operator during production.

Example 3: No offsets in use for TUS or previous SAT; correction factors from instrument calibration and from sensor
calibration are programmed into the control or recording instrument — the “corrected” reading is used during production.

Example 4: No offsets in use for previous SAT, but correction factors from instrument calibration and sensor calibration
AND an offset from the last TUS are programmed into control or recording instrument — this “corrected” reading is used
during production. In this example, the last TUS showed the furnace was +2 degrees (warmer) when compared to the
control sensor, so a +2 degrees offset is programmed into the control instrument to show the working zone temperature on
the controller.
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Example 5: Offset of -1.5 degrees in use for previous SAT, and programmed into instrument. Correction factors from
instrument calibration and previous sensor calibration AND the offset from the last TUS are programmed into control or
recording instrument — this “corrected” reading is used during production. In this example, the last TUS showed the
furnace was +4 degrees (warmer) when compared to the control sensor, so a +4 degrees offset is programmed into the

control instrument to show the working zone temperature on the controller.

Note that the resulting calculation showed a -5.0 degree SAT Difference.

(Determine if intentional prior internal control or recording instrument and sensor adjustments
are used manually during operation or are programmed into the controller/recorder being tested

Examples 1 2 3 4 5
Example conditions
Offset in use for lapt- TS Programnred; | Programmed
No No No Offset +2°¢ Offset +4°
Offset in use for lapt SAT Programmed
No No No No in instrument -
1.5°
Instrument Correcfion Factor (Binst) Binst Binst Binst
used during produgtion No Manual | Programmed*| Programmed| | Programmed
in instrument’ | ininstrument] | in instrument
Sensor Correction|Factor (By.) used B¢ Bic Bic
during production No Manual | Progfamimed | Programmed| | Programmed
in instrument | ininstrument] | in instrument
Instrument reading (A) 1500° 1011° 2225° 1502° 2104°
Ma}nua! vorr(?ctlon factor from +39 N/A N/A N/A
calibratign of instrument (Bjnst)
Manual theg rmocouple calibration '10 N/A N/A N/A
correction factor (Byc)
Correction facgtor from TUS offset of o o
. -2 -4
control or recorfling instrument (Byys)
A+ Binst-l_r Btc_ + B+l)s = Corrected control 1500° 1013° 29950 1500° 2100°
or recording instrument temperature (C)
Test instrument|reading (uncorrect?gg 1505.0° | 1013.3° 2990.0° 1505.0° 2106°
Test thermocouple correction factor(E) -1.0° -1.0° -1.0° -1.0° -1.4°
Test instrument correction factor (F) +0.2° +0.2° +0.2° +0.2° +0.4°
(D) +(B) + (F) = True Test Tempera“(g 1504.2° | 1012.5° | 2219.2° 1504.2° 2105.0°
SAT Difference = (C) — (G) -4.2° -0.5° +5.8 -4.2° -5.0°

3.45.4

HGURE-6—SATCALCULAHON-EXAMRLES

taken before commencing additional thermal processing. Paragraph 4.2 shall apply.

3.455

If the SAT difference exceeds the limits of Tables 6 or 7 as applicable, corrective action may include, but is not limited to,

any of the following:
3.455.1

3.455.2

Corrective Action

Recalibration of the out-of-tolerance instrument.

Replacement of the out-of-tolerance sensor and/or lead wire.

If the SAT difference (including any prior adjustment allowed by Table 6 or 7 of the control or recording
instrument) exceeds the allowable difference specified in Table 6 or 7 for the furnace class and instrumentation
type being tested, the failure shall be documented, the cause of the difference determined, and corrective action
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3.4.5.5.3 If the cause is, wholly or partially, as a result of movement of the sensor being tested from its documented
position, the sensor shall be returned to its documented location and the SAT repeated.

3.4.5.6 Adjustment of the control or recording instrument calibration is permitted within the maximum adjustment
limitations of Table 6 or 7. The effect of this adjustment over the entire operating temperature range shall be
evaluated. Paragraph 4.2 shall apply.

3.4.5.7 After corrective action has been completed, and prior to any additional thermal processing, the SAT shall be
repeated in accordance with 3.4.5.

3.4.6 Alternate SAT Process

For sensors used only
SAT interval, define an
3.4.6.1 Requires ro
meeting req
connector, lg

Establish
instrument]

3.4.6.1.1

3.4.6.1.2 Use the af
Table 1, 3
requireme

3.4.7 SAT Waiver

The requirement for an

Lt Il AN £ Ltk 1 ] H ()
UTILE (SITTYIT USt) Ul TUI IIIUItIpIC Uust STTISUTNS TTpyiattu Olt all IIItCIVG.I DIIUIt

operating process which:

itine calibration in accordance with 3.2.5 of controlling,
Llirements of Table 3 from the point at which the sensor
adwire and instrument for the calibration), and either:

will be“ebnnecte

appropriate calibration limits for sensors which when ‘eombined with
lead wire and connector, will meet the SAT requirements\of Table 6 or 7, as

o that data used from the recording, monitoting or controlling instrume
hts of Table 6 or 7, as appropriate.

SAT is waived when in complianceywith all requirements of 3.4.7.1 through 3
the required instrumentation.of types A thru D there are always at least two
ol zone, one monitoring andjone controlling.

of Instrument type, Atand B, there would be one additional load sensor.

e controllingslead sensor, in this context, does not need to be physically co

5 used for control shall comply with 3.1.4.2 and the monitoring load sensors 9

er than the appropriate

recording \and monitoring instruments

d (this will include the

the calibration of the
appropriate, or

propriate correction factors applied manually or viayprogramming, as allowed by calibration limits of

nt will meet the SAT

4.7.6:

recording load sensors

justments to the controller set point, based on observed load sensor readings provide acceptable

hnected to the furnace

hall comply with 3.1.5.

ol dood tharaan o in ica-—chall bha napeadwmarndab

3.4.7.1 In addition td
in each cont
3.4.7.1.1 Inthe casd
3.4.7.1.2 Manual ad
control. Th
controller.
3.4.7.2 Load sensor
3.4.7.3 All noble mé
quarterly.
3.4.7.4
3.4.7.5
3.4.7.6

Healec 1o LVI-V-N
ot thC T ToC OO PIC ST aSC—SraiT OCTTOTTC AP T TIaTT

All base metal control and recording thermocouples in use shall be replaced annually.

eplaced or recalibrated

All noble metal control and recording thermocouples in use shall be replaced every 2 years.

The load sensors are recalibrated or replaced anytime that observations, made and recorded at least weekly,

reveal any unexplainable difference between their readings and the readings of other control, monitoring and

recording se

nsors.

Weekly readings must also show that the relationship between the control sensor and an additional monitoring sensor in
each control zone remains within 2 °F (1 °C) of their relationship at the time of the last Temperature Uniformity Survey.
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3.4.8 Records

3.4.8.1 The system accuracy test report for each sensor shall include:

a. ldentification of the

b. Identification of the

sensor being tested

test sensor

c. Identification of the test instrument

d. Date and time of day of the test

e. Set point of the fur

f. Observed furnace

g. Observed test instjument reading

h. Test sensor and te|
i. Corrected test inst
j. Calculated system
k. Indication of test a
[.  Identification of teg
m. SAT company (if n
n. Signature of the ca

0. Quality Organizatig

3.5 Furnace Tempetature Uniformity Surveys (TUS)

3.5.1 An initial TUS
and qualified @
interval shown

TaCe auring test

nstrument reading

St instrument correction factors

ument reading

accuracy difference

cceptance or failure

hnician performing the test

bt performed in-house)

libration company (if not performed in-house)

n approval.

shall be performed to measure the temperature uniformity and establish the
perating. temperature range(s). Periodic TUS shall be performed thereafter
in Table:8 or 9.

3.5.2  Multiple Qualifi

ed-QOperating Temperature Ranges

acceptable work zone
n accordance with the

A furnace may have multiple qualified operating temperature ranges. For example, a furnace may be qualified to operate
within £10 °F from 600 to 1000 °F (£6 °C from 315 to 540 °C) and +25 °F from 1000 to 1800 °F (x14 °C from 540 to
980 °C). This furnace contains two separate qualified operating temperature ranges. A furnace meeting £10 °F at 1000 °F
automatically meets +25 °F at 1000 °F and therefore, a duplicate test at that temperature is not a requirement.
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3.5.3 Furnace Modifications

An initial TUS shall also be performed after any furnace modification or adjustment that could have altered the temperature
uniformity characteristics of the furnace. Examples where an initial TUS shall be required include, but are not limited to, the

following:

a. Increase in the maximum qualified operating temperature or decrease in the minimum qualified operating temperature

b. Burner size, number, type or location change

c. Heating element number, type or location change

d. Changes to airflow,

pattermfvetocity (bafflepositions, farrspeed; famquantity, etc?)

e. Change of refractofy thickness

f.  New refractory with

g. Change of vacuum

different thermal properties

furnace hot zone design or materials

h. Change of control gensor location

i. Change of combug
j-  Change of furnace
k. Temperature contr
1. Proportional vd
2. Change of con
3. PLC logic prog
4. Adjustment of
[. Work zone volume]
m. Work zone location]

All furnace modificatid

tion pressure settings from original setting

pressure settings (damper system) from origitial settings
Dller instrument/program change

rsus high-low/off-on

froller model or type

ram change to the furnace heat control scheme

uning constants,(parameters or rheostats

increase cavering area not previously tested

changde covering area not previously tested.

nsHshall be documented and the responsible Quality Assurance organi

vation shall make the

determination whether an inftiar TUS 1S required based on the modifications made and the particula

before returning the fur

nace to service.

r furnace configuration
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3.5.4 Furnace Repairs

Minor repairs or replacements of damaged or malfunctioning components or scheduled preventive maintenance that
restore the furnace to its original condition and are not expected to affect the temperature uniformity characteristics of the
furnace shall not require repeating the TUS. Examples include, but are not limited to the following:

a. Replacing a burner/tile with another duplicate burnerttile

b. Refractory repair using material with similar thermal properties

c. Replacing a control or monitoring sensor to its previously documented location

d. Replacing heating pystermcomporents(e-g-; gas regutator, vaive, Tetering device, teatingetements, etc.)

e. Restoring original gombustion pressure settings and tuning constants

f. Replacing a controjler with an identical controller with the same tuning constants
g. System accuracy tgst failure

h. Correction of furnate pressure control problem

i. Repair of furnace door seals.

All furnace repairs shall be documented and the responsible Quality.Assurance organization shall make the determination
whether an additional TUS is required based on the repairs made and the particular furnace configliration before returning
the furnace to service.

3.5.5 Initial TUS Temperatures

3.5.5.1 Initial survey temperatures shall be the:minimum and maximum temperatures of the qualified operating
temperature|range(s).

3.5.5.2 Additional tgmperatures shall besadded as required to ensure that no two adjacent syrvey temperatures are
greater than|600 °F (335 °C) apart.

For example, if a furngce is used ffom 800 to 1800 °F (425 to 980 °C), the furnace may be surveyed at 800 °F (425 °C),
1800 °F (980 °C), and one intefmediate temperature to meet the 600 °F (335 °C) range requirement. Surveying at any
temperature from 120(d °F (6560->C) to 1400 °F (760 °C) would satisfy the 600 °F (335 °C) range reqlirement.

3.5.6 Periodic TUS temperatures shall be any temperature within each qualified operating range($).

~—

3.5.6.1 For single operating ranges greater than 600 °F (335 °C), during each periodic test TUS temperatures shall be
selected so that one temperature is within 300 °F (170 °C) of the maximum and another temperature is within
300 °F (170 °C) of the minimum of qualified operating range and there are no more than 600 °F (335 °C)
increments in between.

In addition, at least once within each calendar year a periodic test shall be performed at the minimum of each qualified
temperature range and at least once each calendar year at the maximum temperature of each qualified operating
temperature range.

For example, if the operating range is 200 to 1200 °F £10 (93 to 649 °C + 6) a temperature shall be selected between 200
and 500 °F (93 to 260 °C) and another between 900 and 1200 °F (482 to 649 °C); and the 2 temperatures must be no
greater than 600 °F (335 °C) apart. So, tests at 350 °F (177 °C) and at 950 °F (510 °C) would be acceptable, but tests at
250 °F (121 °C) and 1000 °F (538 °C) exceed the 600 °F (335 °C) span.
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3.5.6.2

For multiple qualified operating ranges, TUS shall be performed within each operating range during each test

period and at the maximum and minimum of each operating range at least once each year.

For example if a furnace requires:

+25 °F (+14 °C) un

410 °F (6 °C) uniformity from 800 to 1025 °F (425 to 551 °C),

+15 °F (8 °C) uniformity from 1026 to 1400 °F (552 to 760 °C) and

iformity from 1401 to 1600 °F (761 to 870 °C),

once each year, the furnace would have to be tested at

800 °F (425 °C) an
1400 °F (760 °C) 4
[ )

1600 °F (870 °C) a

Other tests conducted
uniformity ranges.

3.5.7 Survey interval
3.5.7.1 Extended T{
successful
effect. As ndg
reverts to the
3.5.8 Furnace Paran

During each survey, §
operation of the equig
production, they shall
production, they shall 1
during the TUS; if fans

3.5.9 Furnace Temp

If the normal operatior]

d 1025 °F (550 °C) and meet +10 °F (6 °C),
nd meet £15 °F (£8 °C) and
hd meet £25 °F (£14 °C).

during the year would only need to be conducted~ata temperature wi

shall be in accordance with Table 8 or Table 9.

IS intervals are based on both instrument type and history of the required
urveys. In addition, a documented preventive maintenance program, defing)
ted in 3.5.3, if a modification is madeto the furnace, an initial TUS is req
initial TUS interval until the required number of consecutive successful surv

heters during TUS

pxcept as outlined in3.5.9, 3.5.10, 3.5.11, and 3.5.12, all parameters s
ment in production{Examples: If the doors of a continuous furnace are
also be open for-the TUS; if slow heat up rates and stabilization temper
ot be used during-the TUS; if excess combustion air is used during productic
are operated,during production, they shall also be operated during the TUS,

erature-at.Insertion of TUS Sensors

of-the equipment in production is to load material into a hot furnace, it is 3

hin each of the three

humber of consecutive
d in 2.2.37, shall be in
lired and TUS interval
Pys are completed.

nall reflect the normal
normally open during
htures are not used in
n, it shall also be used
btC.).

cceptable to insert the

TUS sensors into the f

wacaewith-tha furnaca cold orwiath tha furnaca ctahilizad at ar halow tha o
SHHa e W -tHe-—ttHHace-coa— o WhrtHe—tuHate-Stauhiie aat—-oBetSv eSS

wfvey temperature. If the

normal operation of the equipment in production is to load material into a cold furnace, pre-heating the furnace to perform

the TUS is prohibited.

3.5.10 Load Condition

A TUS may be performed with an actual production load, simulated production load, a rack, or empty. Once a method of
surveying a furnace is established during an initial TUS, subsequent surveys shall be conducted using the same method. If
changes are made to the established method, an initial TUS shall be performed to validate the revised method.

3.5.10.1

If the TUS is performed empty or with a rack, and if TUS sensors are attached to or inserted into heat sinks, the

side-to-side thickness or diameter of the heat sink shall not exceed 0.5 inch (13 mm) and shall not exceed the
thickness of the thinnest material being processed in that furnace. Heat sink material shall be the material with
the highest room temperature thermal conductivity consistent with the predominant material processed in the

furnace.
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3.5.10.2 When the TUS is performed with a load, and the TUS sensors are attached to simulated product or parts, the

load shall represent the thickness of the material normally processed.

3.5.11 Furnace atmosphere during a TUS shall be the normal atmosphere used for production. Furnaces used for those
processes whose required atmospheres could contaminate the test sensors (i.e., carburizing, nitriding,
endothermic, and exothermic) or atmospheres that could pose a safety hazard (i.e., hydrogen or ammonia
containing) may be tested with an atmosphere of air or inert gas.

3.5.12

than 1 micron Hg (1 x 10° Torr, or 1.3 x 10° millibar).

3.5.13

ContrO”ed Te |JCI Cltul < QUCI I\Jh Ln)(ltl ID)
3.5.13.1 Number of TUS Sensors
The number of TUS sensors shall be in accordance with Table 11.

3.5.13.2 Location of TUS Sensors

3.5.13.2.1

3.5.13.2.2

3.5.13.2.3

3.5.13.3 TUS DataC

3.5.13.3.1

3.5.13.3.2

129

Furnace vacuum level during TUS shall be run at the lowest vacuum level used in production, but need not be less

Batch Furnaces, Salt Baths, Controlled Temperature Liquid Baths and Fluidized Bed Furnaces (does not apply to

For furnace work zone volumes less than 3 cubic feet (0.085 m3), four TUS sensors
four cornefs and one at the center. If the furnace work zone vélume is cylindrically sha
shall be lorated 90 degrees apart at the periphery and oneshall be located at the ce
TUS sensars shall be located to best represent the qualified'work zone.

For furnacg work zone volumes greater than 3 cubic,feet (0.085 m3), eight TUS sensors
corners arjd one shall be located in the center. Ifthe work zone volume is cylindrica
sensors shall be located on the periphery of each-end, 120 degrees apart. One of the 1
shall be located at the center; the other twa-shall be located to best represent the g
furnace wqrk zone volumes greater than 225 cubic feet (6.4 m3), the additional TUS ser
11 shall uniformly distributed to best represent the qualified work zone. When
periphery ¢f the work zone is used t@ heat the product, the additional sensors shall be
the periphgry of the work zone.

The work gone volume tested.shall be such that no material heat treated extends be
zone bounparies.

bllection

Data collegtion shall begin before the first furnace or TUS sensor reaches the lower tolg
temperatute~s@ that any furnace or TUS sensor exceeding the upper temperature

shall be located at the
ped, four TUS sensors
nter. In both cases, all

shall be located at the
lly shaped, three TUS
Emaining TUS sensors
halified work zone. For
sors required by Table
radiant heat from the
uniformly distributed at

yond the defined work

rance limit of each test
uniformity tolerance is

he test load or rack is

C|ear|y detected.If the furnace is Inrnctnhiliw:rl, data collection shall hngin as soon-as

loaded in the furnace.

Once data collection begins, temperature data shall be recorded from all TUS senso
least one set of all readings every 2 minutes for the duration of the survey. Data from fu

rs at a frequency of at
rnace sensors required

by the applicable instrumentation type (See 3.3) shall be recorded as follows. (Sensors whose only function is

over-temperature protection do not need to be recorded.)

If the normal frequency of temperature data recording in production is 2 minutes or less, or is continuous as in the case of
analog recorders, the data shall be documented in the normal production format. If the normal frequency of temperature
data recording in production is greater than 2 minutes, the recording frequency interval during the TUS shall not exceed 6

minutes.
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3.5.13.3.3 At no time shall any test, control or recording sensor exceed the upper temperature uniformity tolerance. The
furnace shall be held at the test temperature until all test sensors have stabilized (2.2.61). After stabilization,
data collection shall continue for a minimum of 30 additional minutes.

3.5.13.3.4 When a retort is used, the temperature of the furnace in which the retort is inserted shall be controlled so that
the specified heat treating temperature is maintained within the retort. TUS sensors shall be within the retort;
at least one TUS sensor shall align within 2 inches (50 mm) of the sensor used to record temperature within
the retort during operation.

3.5.13.4 Alternative Probing Method for Salt Baths, Controlled Temperature Liquid Baths, and Fluidized Bed Furnaces
(does not apply to Controlled Temperature Quench Baths)

3.5.13.4.1 It is acceptab baths—eon erpe bath . idized bed furnaces by

relocating [a single test probe containing one or more test sensors and measuring at the test locations

described |n 3.5.13.2.

3.5.13.4.2 All paramegters shall reflect the normal operation of the equipment in production. The equipment shall be
stabilized at the test temperature.

3.5.13.4.3 The first tgst location shall be monitored for at least 15 minutes so,thatany recurrent t¢mperature pattern can
be detected. If no recurrent temperature pattern is detected, readings at subsequent Ipcations shall be taken
at intervalg of 2 minutes or less, for a minimum of 6 minutes ab each test location. If g recurrent temperature
pattern is gletected, sufficient time shall be recorded at each:location to document the pxtremes of five cycles
of the recdrrent temperature pattern. Total survey time shall not be less than 30 minpites. All readings shall
meet the réquired temperature uniformity tolerance.

3.5.14 Continuous anfl Semi-continuous Furnaces

Continuous and semi-dontinuous furnaces may be surveyed with TUS sensors arranged volumetricglly or in a plane. Using
the volumetric method| TUS sensors are located in three dimensions to represent a portion (e.g.| basket or tray) or the
entire volume of the work zone. Using the plane niethod, TUS sensors are located in a single plane perpendicular to
furnace conveyance direction such that passing the plane through the furnace measures the entirg work zone volume of
the zones to be tested| Either the volumetric or‘plane methods shall measure the full work zone volume. The difference is
the arrangement and pumber of TUS sensers: When testing a portion of the work zone volume icrementally, the entire
volume is measured gs the TUS sensors_traverse through the furnace. Regardless of which method is used, the full
volume defined as the |work zone shall be’surveyed. Multiple runs may be required to accomplish measurement of the full
work zone volume.

3.5.14.1 Number and|Location\of TUS Sensors in Continuous and Semi-continuous Furnaces — V¢lumetric Method

3.5.14.1.1 The numbegr,ofiTUS sensors shall be in accordance with Table 11 based on the volume|of the TUS fixture(s).

3.5.14.1.2 The location of TUS sensors shall be in accordance with 3.5.13.2.1, 3.5.13.2.2, and 3.5.13.2.3, based on
furnace volume.

3.5.14.2 Number of TUS Sensors in Continuous and Semi-continuous Furnaces - Plane Method

3.5.14.2.1 For furnaces having work zone heights of 1 foot (300 mm) or less, the minimum number of TUS sensors shall
be 3, with 1 additional TUS sensor for each 2 feet (610 mm) of width over 8 feet (2.4 m).

3.5.14.2.2 For furnaces having work zone heights of over 1 foot (300 mm) and work zone cross sections up to 8 square
feet (0.75 m?), the minimum number of TUS sensors shall be 5.

3.5.14.2.3 For furnaces having cross sections greater than 8 square feet (0.75 mz) and less than 16 square feet (1.5 mz),
the minimum number of TUS sensors shall be 7.

3.5.14.2.4 For work zone cross sections greater than or equal to 16 square feet (1.5 mz), the minimum number of TUS
sensors shall be 9.
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3.5.14.3 Location of TUS Sensors — Plane Method

3.5.14.3.1 For furnaces having work zone heights of 1 foot (300 mm) or less, two TUS sensor locations shall be within
3inches (76 mm) of opposite work zone side corners. One TUS sensor location shall be at the center.
Additional TUS sensors shall be uniformly distributed throughout a plane perpendicular to the conveyance

direction.

3.5.14.3.2

For furnaces having work zone heights of over 1 foot (300 mm) and work zone cross sections up to 8 square

feet (0.75 m?), four TUS sensor locations shall be within 3 inches (76 mm) of the work zone corners and the
remainder shall be at the center and symmetrically distributed about the center of a plane perpendicular to the

conveyanc
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In lieu of 3.5.14.4.2, it is acceptable to insert TUS sensors through the side walls, hearth or roof within 3 inches (76 mm) of
the locations identified in 3.5.14.1.2. If this method is used, the number of TUS sensors shall be as described in Table 11
based on the volume of the work zones tested. Tested zones shall include all soak zones. Readings of all TUS sensors
shall be taken every 2 minutes and reading of at least 1 controlling, monitoring, or recording sensor in each surveyed zone
shall be taken every 5 minutes for a minimum of 30 minutes once zone temperature has stabilized. For continuous
furnaces, traversing a load through the furnace during the test is not a requirement.

3.5.15.2 Property Surveys

This method requires (1) testing of material initially and annually thereafter and (2) monthly examination of property trends.
The product analyzed shall be one whose properties are sensitive to variations in heat treating temperature and whenever
possible, one that is heat treated frequently. Material thickness shall be within the normal process size range. If a 2-step
treatment is required, it is permissible to perform the second step on the samples separately from the remainder of the lot
(e.g., in a laboratory furnace).
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3.5.15.2.1 Initial and annual property surveys shall be performed at the highest and lowest operating temperatures.
Additional test temperatures shall be added to make sure no two test temperatures are more than 300 °F
(165 °C) apart. Continuous furnace throughput speed shall be that normally used for processing. At least 10
tests shall be performed at each test temperature. Samples for tests shall be taken from the extremes and
center of the load except for coils, from which samples shall be taken at both ends of the coil. Coil samples
shall be tested at both edges and at the center of each cut off sample.

3.5.15.2.2 Monthly Property Surveys

Properties of heat-treated material shall be analyzed by a statistical technique such as described in ASTM MNL 7 or other
statistical process control reference work. The trends of properties shall be examined at least monthly. Control limits shall
be defined. If the trend of properties exhibits a shift outside of the upper or lower control limits, no further processing shall
occur until the cause of-the-shiftis-determined-and-corrected—Paragraph-42shall-apply-

3.5.16 Temperature Uniformity Survey Sensor or Recorder Failures (2.2.19)

No TUS sensor or regording instrument failures at the corner locations of the work zéne are permitted. A temporary
condition such as a short or loose connection where normal temperature readout is festored shgll not be considered a
failed survey thermocduple. Failure of a TUS sensor (except at a corner location) ddring a TUS |need not be cause for
survey failure unless 2 [adjacent TUS sensors fail or the number of TUS sensor failures exceeds the|following:

e Survey with 3 to 9 $ensors: No failures
e Survey with 10 to 16 sensors: 1 failure
e Survey with 17 to 43 sensors: 2 failures
e Survey with 24 to 39 sensors: 3 failures

e  Survey with 40 or more sensors: no more than 10%

For test temperatures ¢f 2000 °F (1093 °C) and-above:
e Survey with 3 to 5 $ensors: No failures
e Survey with 6 to 9 sensors: 1 failure

e Survey with 10 to 16 sensars: 2 failures

e Survey with 17 to 43-sensors: 3 failures

e Survey with 24 to 39 sensors: 4 failures

e Survey with 40 or more sensors: no more than 10%

3.5.16.1 The assignable cause shall be documented for each failed TUS sensor and corrective action taken (where
possible) to prevent or decrease future failures from this cause.

3.5.17 Temperature Uniformity Pass/Fail Requirements
3.5.17.1 A survey shall be considered acceptable if all previous requirements are met including the following:

3.5.17.1.1 Control or monitoring sensor readings and corrected TUS sensor readings did not exceed the applicable
positive temperature tolerance at any time.
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3.5.17.1.2

All readings of all TUS sensors and control or monitoring sensors are within the temperature tolerance

requirements shown in the applicable Table 8 or 9 during the soak period except as allowed by 3.5.16.

3.5.17.1.3

limit specified in any applicable process specifications.

3.5.17.1.4 TUSIisrun

for the minimum required time.

3.5.18 Relocation of Hot or Cold Recording Sensors for Class A or C Instrumentation

The time required to achieve recovery, stabilization, or recurrent temperature pattern did not exceed the time

When the hottest and coldest temperature locations change within the furnace (based on the final readings from the most
recent Temperature Uniformity Survey), the recording sensor locations for types A and C instrumentation may need to be

moved within the furnrcvm—mﬂe&-ﬂw—newﬂmest—and—cddesrbcanmﬁm—ﬂmm
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3.5.20 Temperature |

niformity Survev lnstrumentation
7 7

3.5.20.1 Temperature Uniformity Surveys shall be performed using calibrated independent test instrumentation meeting
the requirements of Table 3, and independent TUS sensors meeting the requirements of Table 1. Process
instruments of thermal processing equipment shall not be used to record TUS sensor data.

3.5.20.2

mathematical correction.

Compensation for known deviations in the test instrumentation shall be made by electronic methods or
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3.5.21 Temperature Uniformity Survey Report

3.5.21.1 The following items shall be included in the temperature uniformity survey report:

a.

b.

p.
g
3.5.21.2 Although no
a.
b.
c.

d.

. Survey test instrur

Furnace identificati

on name or number

Survey temperatures

TUS sensor and location identification including a detailed diagram, description or photograph(s) of any load or rack

used

Time and temperature data from all recorded sensors required for furnace instrumentation type for all zones tested

(3.5.13.3.2)
Correction factors
As found and as le

Corrected or unco|
corrected or uncor

or TUS sensors at each survey temperature.
ft TUS offsets (if used in production)

frected readings of all TUS sensors at each survey temperattre. Reading
ected.

Testing company igentification (if not performed in-house)

Signature for the tg
Identification of ted

Survey start date a

sting company (if not performed in-house)
hnician performing survey

nd time

Survey end date anpd time

ent identification number

Indication of test pass or test fall

When required, do
Summary of corred

Quality Organizatid

cumentation of furnace survey sensor failures (See 3.5.16)
ted plus.and'minus TUS readings at each test temperature after stabilization

n appreval.

5 shall be identified as

Control instrument

a required part or the unirormity survey report, the Tollowing shall be accessl

tuning parameters

TUS sensor calibration report

Control and recording sensor calibration report

le on site:

Diagrams of control and recording sensors, load and TUS sensor locations in three dimensional space.

3.5.22 Surveys performed prior to the issue date of this revision, in accordance with previous AMS2750 revisions, may be
considered equivalent to tests performed in accordance with this revision for the purpose of qualifying furnaces for
(1) waiving initial temperature uniformity tests or (2) extending the interval of periodic temperature uniformity tests.
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3.5.23 Radiation Surveys

For all aluminum alloy solution heat treating air furnaces, when the heat source (e.g., electrical elements or gas tubes) is in
the walls, a radiation survey shall be conducted at the maximum operating temperature of the furnace. This survey shall be
conducted initially and after any damage or repair that could affect the radiation characteristics of the side wall panels.

3.5.23.1 The radiation test sensor(s), which shall be added to the normal survey sensors, shall be peened into or welded
to, the center of 6061 aluminum alloy panels, approximately 12 inches (305 mm) square and not more than
0.125 inch (3 mm) in nominal thickness. The panels shall have been heated to 970 to 1010 °F (520 to 545 °C) in
air and air cooled prior to first use.

3.56.23.2
faces paralle
may face thq

3.5.23.3 All radiation

heat source.

est sensor readings shall meet the requirements of 3.5.17.

\CES
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be extended to semi-annually.
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is not used the Laboratory furnaces shall be tested as required for productid

including any test or survey failures shall be availak

The panels, one for each 10 square feet (0 93 m ) of heat waII area, shaII be d|str|buted symmetrically, with
R e 3 v e radiation test panel(s)

when a load sensor is

TUS surveys, the TUS
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roduction raw material

M accuracy tests, and
le for inspection and

3.6 Laboratory Furna
3.6.1 Laboratory furr
used:
3.6.1.1 Require qua
3.6.1.2 Load sensor
3.6.1.3 Furnace con
3.6.1.4  After succes
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3.6.2 If aload sensof
3.6.3 A laboratory fu

unless it meetq
3.7 Records
3.7.1 All calibration

temperature U

maintained for
3.7.2

national standard.
3.8 Rounding

Rounding shall be in accordance with ASTM E 29 or other national standard.

4. QUALITY ASSURANCE PROVISIONS

4.1

Responsibility for Inspection

Calibration records of sensors, standard cells, and instruments shall include traceability to the NIST or equivalent

The processor shall be responsible for the performance of all required tests and for conformance to all requirements
specified herein. The purchaser reserves the right to witness any of the tests or calibrations specified herein to ensure that
processing conforms to the prescribed requirements, but such witnessing shall not hinder operation of the facility.
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4.1.1 Any instrument/sensor/test failing to meet these requirements, or that has exceeded its test interval including any
applicable permissible extension period (See Table 10), shall be taken out of service.
4.1.1.1 Corrective action shall be documented including the actions taken to bring the instrument/sensor/test into
compliance.
4.2 In the event of any test failure or out-of-tolerance condition, an evaluation of the possible effects of the non-

conformance on product processed since the last successful corresponding test shall be performed and
documented. The evaluation shall be documented per established material review procedures. Appropriate
corrective action shall be taken, documented and maintained on file. When material processing conditions deviate

from specification requirement affected purchaser(s) shall be notified.

421 A Conformlng (UI 1 CDPUI Id;l IH tCDt aha:: bC ICL‘U;ICd Ao CV;dCI 1T Uf adcquatc bUIICbt;VC (llztIU I.
TABLE 1 - SENSORS AND SENSOR CALIBRATION
Sensor Calibration ®® Maximum Permitted
Sensor Type @ Use Period Against Error @ *?
Reference |Type$ Rand| Primary NIST®)
Standard S noble standard |5 years Reference |None
nTetaI calibration® standard
Primary |Type$ R and| Secondary o rlA s o
Standard © S noble standard |3 years Referencae) *1.0 °F (0.6 °C) or
o) standard'”’ |+0.1%
etal calibration
Bake or Before first use. Base mefal: +2 °F (1.1 °C)
Secondar Types$ R and Recalibration: or +0.4%
Standard 84) S noble Sensor 2years-TypesR & S Primary [Noble matal: £1.5 °F
metal | calibration®®| 1 year.-Base metal *¥ standard® |(+1.0 °C)|or +0.25%
Type B noble \ +1.0 °F (0.6 °C) or £0.5%,
metal 2 years - Type B Type B
Temperature| _ Bape or Temperature Primary or
Uniformity Type§ B, R, uniformity secondary |+4 °F (£2/2 °C) or £0.75%
Survey and $ noble . (10)
surveys(_ )|Before first use. standard
metal ; NG
Recalibration: o O
Svst 5 6 months - Types B, R, & S Baig Z:; al £2 °F (+1.1 °C)
ystem ape or 3 months - base metal ' or xU.4%
Accuracy | Types B, R, pystem T E&K Not itted Primary or Noble mgtal £1.5 °F (£1.0
N accuracy |!ypes ot permitte secondary |,
Test and $ noble tests standard®™ C) or +0{25% — or —
mietal +0.25%, Type R, S
+0.50%, Type B
Control, Baseor Primary or <1253 IR2: +2 °F (1.1 °C) or|
Recording, | Types B, R, | Installation in Before first use secondyar +0.4%
and and S noble | equipment ' standard(l%) Class 3t0 6: +4 °F (+2.2 °C)
Monitoring metal or +0.75%
Before first use.
Base or ; - .
Load Types B, R Load Recalibration: Primary or
o . 6 months - Types B, R, & S | secondary |+4 °F (2.2 °C) or +0.75%
and S noble| Sensing . (10)
metal not permitted - other base standard

metal
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	1.  SCOPE
	1.1 This specification covers pyrometric requirements for thermal processing equipment used for heat treatment. It covers temperature sensors, instrumentation, thermal processing equipment, system accuracy tests, and temperature uniformity surveys. Th...
	1.2 This specification is not applicable to heating, or to intermediate thermal processing unless specifically referenced by a material or process specification.
	1.3 This specification applies to laboratory furnaces to the extent specified in 3.6.

	2. APPLICABLE DOCUMENTS
	2.1 ASTM Publications
	2.2 Definitions
	2.2.1 ACCURACY: The maximum deviation of the instrumentation being tested from the corrected readings of a traceable standard.
	2.2.2 BASE METAL THERMOCOUPLE: Thermocouple whose thermoelements are composed primarily of base metals and their alloys. Examples of base metal thermocouples include E, J, K, N, and T.
	2.2.3 BIMONTHLY: In the context of this document, bimonthly is equal to once every two months.
	2.2.4 BIWEEKLY: In the context of this document, biweekly is equal to once every two weeks.
	2.2.5  CALIBRATION: The process of adjusting an instrument or compiling a deviation chart so its reading may be correlated to the actual value being measured.
	2.2.6 CONTINUOUS FURNACE: A furnace where product is conveyed continuously from the charge area to the discharge area.
	2.2.7 CONTROL INSTRUMENT: An instrument connected to a sensor and used to control the temperature of process equipment (including quench baths and refrigeration equipment). The instrument may or may not also record temperature.
	2.2.8 CONTROL SENSOR: A sensor connected to the furnace temperature controller, which may or may not be recording.
	2.2.9 CONTROL ZONE OR FURNACE CONTROL ZONE: A portion of the working zone in thermal processing equipment having a separate sensor/instrument/heat input or output mechanism to control its temperature. This portion of a furnace is independently control...
	2.2.10 CONTROLLED TEMPERATURE LIQUID BATH: A furnace containing a liquid that is heated to the desired heat treat temperature. Product is normally immersed in the liquid.
	2.2.11 CORRECTION FACTOR: The number of degrees, determined from the most recent calibration that must be added to, or subtracted from, the temperature reading of a sensor, or an instrument, or a combination thereof (system) to obtain true temperature...
	2.2.12 DATA ACQUISITION SYSTEM: An instrument system used to automatically collect and store process data as an electronic record.
	2.2.13 DEAD BAND: The range within which the temperature input can be altered upscale and downscale without registering a change on the instrumentation.
	2.2.14 DEVIATION: In the context of this document, the difference between the uncorrected indicated temperature and the true temperature.
	2.2.15 DIGITAL INSTRUMENT: An instrument that presents process measurements in a digital (numeric) display format. Typical examples are mechanical recorders with digital displays, digital indicators, controllers with digital displays, etc. In the case...
	2.2.16 ELECTRONIC RECORD: Any combination of text, graphics, data, audio, pictorial, or other information representation in digital form that is created, modified, maintained, archived, retrieved, or distributed by a computer system.
	2.2.17 ELAPSED USAGE TIME: Number of calendar days from the first use of a sensor, (regardless of the number of cycles of use).
	2.2.18 EXPENDABLE THERMOCOUPLES: Thermocouples made of fabric or plastic covered wire. The wire is provided in coils or on spools. Insulation usually consists of glass braid, or ceramic fiber cloth on each conductor plus glass braid overall.
	2.2.19 FAILURE OF SURVEY THERMOCOUPLE: Obviously incorrect or erratic activity of a survey thermocouple indicated by extreme high readings, extreme low readings, and/or erratic changes in readings not reflected by other sensors.
	2.2.20 FIELD TEST INSTRUMENT: An instrument that is portable, that meets the requirements of Table 3, has calibration traceable to secondary equipment or better and is used to conduct on-site tests of thermal processing equipment.
	2.2.21  FLUIDIZED BED FURNACE: A furnace that contains a medium that becomes suspended or fluidized due to atmosphere gas or products of combustion passing upward through the medium. Product is normally immersed in the fluidized medium.
	2.2.22 FURNACE: Equipment used for the thermal processing of materials and parts. The term furnace includes ovens.
	2.2.23 GROUNDED JUNCTION: A sheathed thermocouple having the hot junction (measurement junction) end fused or welded to the end closure of the protective sheath.
	2.2.24 HEAT SINK: A mass of material equivalent to the heat transfer characteristics of the thinnest section of the part being heat-treated. Heat sinks may be used during TUS (3.5.10.1) and during production (3.3.5).
	2.2.25 INTERVAL: The calendar time between 2 tests or calibrations. Examples include: week or weekly requires the due date is the same day in the following week – a span of 7 calendar days; month or monthly to indicate the next test occurs on the same...
	2.2.26 LABORATORY FURNACE: A furnace used only for determining response to heat treatment as required by material specifications.
	2.2.27 LOAD SENSORS: Sensors that are attached to or in contact with production material, a representation of production material, or are buried in the load of production material and which supply temperature data of the production material to process...
	2.2.28 MAXIMUM PERMITTED ERROR: A tolerance band for the thermal electric response expressed in degrees or percentages. Maximum permitted error provides a tolerance within which various types of thermocouples must conform to standard thermocouple refe...
	2.2.29 MATERIAL PRODUCER: The manufacturer that produces a product in accordance with a material specification that may require by reference conformance to a heat treat specification. Casting, extrusion and forging manufacturers and their approved ven...
	2.2.30 MEASURING JUNCTION: That area of a thermocouple joined together to complete a measurement circuit, which is used to measure an unknown temperature. Also called the hot junction.
	2.2.31 MONITORING INSTRUMENT: An instrument connected to a controlling, monitoring, load or recording sensor that indicates process equipment temperature. Examples are an indicating device, chart recorder, electronic data recorder or a data acquisitio...
	2.2.32 MONITORING SENSOR: A sensor connected to the monitoring instrument.
	2.2.33 NOBLE METAL THERMOCOUPLE: Thermocouple whose thermoelements are composed primarily of noble metals (e.g., platinum/platinum-rhodium) and their alloys. Examples of noble metal thermocouples include types R, S and B.
	2.2.34 NONEXPENDABLE THERMOCOUPLES: Thermocouples that are not covered with fabric or plastic insulations. One type consists of ceramic insulators over bare thermocouple wire, sometimes inserted in a tube for stability and protection. A second type co...
	2.2.35 OVER-TEMPERATURE INSTRUMENTATION: A separate sensor and instrument combination installed in the furnace, which is used to monitor any over-temperature occurrence and generate an alarm and/or cut back or shut down heat input. The purpose for thi...
	2.2.36  PARTS HEAT TREATMENT: Heat treatment by a source other than the raw material producer. Product is tested to the requirements of the heat treat processing specification or to selected requirements of other specifications.
	2.2.37 PREVENTIVE MAINTENANCE PROGRAM or PM PROGRAM: A program for evaluating, taking corrective action as required, and documenting the condition of items that have potential to adversely affect furnace temperature uniformity. Frequency of PM checks ...
	2.2.38 PRIMARY TEST SENSOR: Sensor with calibration directly traceable to a reference standard. Normally used to calibrate secondary test sensors.
	2.2.39 PROCESS CHART RECORDER: See Recording Instrument definition.
	2.2.40 PRIMARY TEST INSTRUMENT: An instrument that is calibrated directly against instruments calibrated by NIST or equivalent national standard. Normally used to calibrate secondary instrumentation.
	2.2.41 QUALIFIED OPERATING TEMPERATURE RANGE: The temperature range of thermal processing equipment where temperature uniformity has been tested and found to be within required tolerances as specified in 3.3.
	2.2.42 QUALIFIED WORK ZONE: The defined portion of a furnace volume where temperature variation conforms to the required uniformity tolerance.
	2.2.43 QUALITY ORGANIZATION APPROVAL: Documented process for review and acceptance/rejection of a report or test which also defines any delegation of this approval.
	2.2.44 QUENCH SYSTEM: A system that facilitates rapid cooling, usually accomplished using oil, water, water/polymer mixtures, or gaseous mediums. Quenchants are usually delivered by immersion, spray, or fog.
	2.2.45 RAW MATERIAL HEAT TREATMENT (e.g., sheet, plate, bar, extrusions, forgings, castings): Heat treatment performed by or for the raw material producer and product is tested as required by a material specification.
	2.2.46 RAW MATERIAL FURNACES: Equipment used by or for a material producer (or an approved supplier of a material producer) in accordance with a material specification which may require by reference conformance to a heat treat specification.
	2.2.47 RECORDING INSTRUMENT: An instrument connected to a controlling, monitoring, load or recording sensor that indicates process equipment temperature data and generates a permanent process record. Examples are a chart recorder, electronic data reco...
	2.2.48 RECORDING SENSOR: A sensor that is connected to a recording instrument.
	2.2.49 RECURRENT TEMPERATURE PATTERN: Cycling of furnace temperature due to temperature control.
	2.2.50 REFERENCE STANDARD (NOBLE METAL): A standard that has been calibrated as required in Table 1 to a relevant National Standard.
	2.2.51 RESIDENT SAT SENSOR: A test sensor that remains resident in the test location between system accuracy tests.
	2.2.52 RETORT FURNACE: A furnace that contains a retort or muffle which normally contains a protective atmosphere and the product being heat treated. The furnace normally surrounds the retort.
	2.2.53 RTD: Resistance Temperature Device.
	2.2.54 SALT BATH FURNACE: A furnace containing molten salt that is heated to the desired heat treat temperature. Product is normally immersed in the molten salt.
	2.2.55 SECONDARY TEST INSTRUMENT: An instrument with calibration directly traceable to a primary standard or reference standard and which is operated in a controlled test environment.
	2.2.56  SECONDARY TEST SENSOR: Sensor with calibration directly traceable to a primary test sensor. Normally used to calibrate test sensors.
	2.2.57 SEMI-CONTINUOUS FURNACE: A furnace where product is conveyed at regular time intervals from the charge area to the discharge area.
	2.2.58 SENSITIVITY: The temperature change in the input that is required to activate a change, either upscale or downscale on the instrumentation. It is normally one-half the numerical value of the dead band, such as: a sensitivity of 1  F (0.6  C) is...
	2.2.59 SENSOR: In the context of this document, a device designed to detect or measure temperature (e.g., thermocouple, RTD, etc.). As used in this specification, this term is identical with “Temperature Sensor.”
	2.2.60 SHEATHED-THERMOCOUPLE ASSEMBLY (MIMS): The cut-to-length finished assembly consisting of thermoelements having one end joined in a measuring junction, contained within and electrically isolated from, a protective sheath closed at the measuring ...
	2.2.61 STABILIZATION (also referred to as equalization, equilibrium, steady state or soaked condition): Furnace stabilization occurs when all control thermocouples are within the allowable TUS tolerance span and controllers are cycling and/or maintain...
	2.2.62 SYSTEM ACCURACY TEST (SAT) or PROBE CHECK: An on-site comparison of the instrument/leadwire/sensor readings or values, with the readings or values of a calibrated test instrument/leadwire/sensor to determine if the measured temperature deviatio...
	2.2.63 SYSTEM ACCURACY TEST (SAT) SENSOR: A calibrated and traceable sensor with known deviations, if any, used for system accuracy tests.
	2.2.64 TEMPERATURE CONTROLLER: The instrument or PLC (Programmable Logic Controller) used to control the temperature within a furnace zone.
	2.2.65 TEMPERATURE OVERSHOOT: The amount of temperature rise in the furnace work zone above the applicable positive TUS tolerance that occurs upon first reaching furnace set point temperature.
	2.2.66 TEMPERATURE UNIFORMITY: The temperature variation (usually expressed as ± degrees) within the qualified furnace work zone with respect to set point temperature. For retort furnaces where a sensor in the retort is used to control temperature, th...
	2.2.67 TEMPERATURE UNIFORMITY SENSOR: A calibrated and traceable sensor with known deviations if any, that are used for conducting Temperature Uniformity Surveys.
	2.2.68 TEMPERATURE UNIFORMITY SURVEY (TUS): A test or series of tests where calibrated field test instrumentation and sensors are used to measure temperature variation within the qualified furnace work zone prior to and after thermal stabilization.
	2.2.69  TEST INSTRUMENT: Instrument used to perform system accuracy tests, temperature uniformity surveys or calibrations of controllers, recorders, data acquisition instruments, or monitoring instruments.
	2.2.70 TEST SENSOR: Sensor used in conjunction with a test instrument to perform a system accuracy test or temperature uniformity survey.
	2.2.71 THERMAL PROCESSING: Any process in which materials are exposed to controlled heating, soaking, or cooling to change the structural nature, properties or condition of the material or part. The term excludes pre-heating and heating for forging, d...
	2.2.72 THERMAL PROCESSING EQUIPMENT: A term used to refer to any vessel (such as furnace, oven, freezer, liquid bath, etc.) used to process materials at controlled temperatures.
	2.2.73 THERMOCOUPLE: A type of sensor consisting of two electrically conducting circuit elements of different thermoelectric characteristics joined at a junction.
	2.2.74 THERMOCOUPLE CALIBRATION: The process of determining the emf developed by a thermocouple with respect to temperature established by a national standards organization.
	2.2.75 TRACEABLE (or TRACEABILITY): The ability to relate measurement results through an unbroken chain of calibration to NIST or equivalent agencies in countries outside the United States.
	2.2.76 TRANSVERSE PLANE: Plane perpendicular to the conveyance direction in a continuous or semi-continuous furnace.
	2.2.77 USE (of a thermocouple – e.g., 3.1.3.3 and 3.1.5.2 to 3.1.5.3): One cycle of heating and cooling a thermocouple.
	2.2.78 VACUUM FURNACE: A furnace capable of operation at any pressures lower than atmospheric pressure (760 mm Hg).
	2.2.79 ZONED FURNACES: Furnaces with separately controlled temperature zones.


	3. Technical Requirements
	3.1 Temperature Sensors
	3.1.1 General Sensor Information and Requirements
	3.1.1.1 Temperature shall be measured by the thermocouples listed in Table 2 or by other thermocouples or temperature sensors that possess equal or better accuracy (maximum permitted error). Thermocouples may be made either from bare or coated wire or...
	3.1.1.2 Conversion from millivolts to degrees or degrees to millivolts shall be in accordance with ASTM E 230 or other national standard.
	3.1.1.3 Correction factors for sensors derived from their initial or subsequent calibration may be used to improve temperature accuracy and shall be used when required by this specification.
	3.1.1.4  Thermocouple Usage
	3.1.1.4.1 Use of thermocouples not conforming to these recommendations shall be based upon calibration and recalibration intervals required in Table 1 of this document.

	3.1.1.5 Extension wire in installations after September 1, 2006 shall conform to ASTM E 230 or national equivalent. Extension wire shall not be spliced. Connectors, plugs, jacks and terminal strips are permitted if they are the compatible type, i.e., ...
	3.1.1.5.1 Wireless transmitters may be used as an alternative to extension wire.


	3.1.2 Sensor Calibration
	3.1.2.1 Sensors and calibration hierarchy shall comply with Table 1.
	3.1.2.2 Calibration technique shall comply with ASTM E 220, ASTM E 207, or other national standard. Sensors shall have a certificate of compliance that identifies:
	3.1.2.2.1 date of calibration,
	3.1.2.2.2 the source of the calibration data,
	3.1.2.2.3 nominal test temperature,
	3.1.2.2.4 actual test temperature readings,
	3.1.2.2.5 calibration technique, and
	3.1.2.2.6 correction factor for each calibration temperature traceable to NIST or other recognized National Standard. Alternatively, deviation (error) for each calibration temperature may be listed. The certificate shall clearly state if it shows devi...

	3.1.2.3 Thermocouple calibration intervals specified in Table 1, whether based on time, number of uses, or temperature are the maximums permitted. Compliance with these intervals does not relieve the user of the responsibility for ensuring that excess...
	3.1.2.4 Users shall have supporting data such as, but not limited to, SAT, TUS, and re-calibration data and written procedures controlling the replacement of sensors including limits on maximum life and/or number of uses, as applicable.
	3.1.2.5 Temperature sensors shall be calibrated in the nominal temperature range within which they are to be used.
	3.1.2.5.1 Calibration intervals shall not exceed 250  F (140  C) for all thermocouples, except those that are calibrated at fixed points (in accordance with ASTM MNL 12, section 8.2, or other national standard for fixed point calibration).
	3.1.2.5.2 Extrapolation of calibration correction factors above the highest calibration temperature and below the lowest calibration temperature is prohibited by any calibration source except NIST or other National Standards calibration agency.

	3.1.2.6  Thermocouples (expendable or non-expendable) made from rolls calibrated in accordance with this paragraph may be used in lieu of individually calibrated thermocouples.
	3.1.2.6.1 The maximum amount of wire/cable in a roll at the time of calibration shall be as follows:
	3.1.2.6.2 Rolls shall be sampled at both ends of the roll (See 3.1.2.2). Use the average correction factor calculated from both ends of the roll if the individual correction factors from each end are within acceptable limits of Table 1.
	3.1.2.6.3 The roll calibration method shall not be used if the difference between the highest and lowest calibration readings of the sample thermocouples at any calibration temperature exceeds the following requirements.
	3.1.2.6.3.1 1  F (0.6  C) for primary and secondary standard thermocouples.
	3.1.2.6.3.2 2  F (1.1  C) for system accuracy test, temperature uniformity test, controlling, monitoring, recording, and load thermocouples.

	3.1.2.6.4 For rolls not meeting 3.1.2.6.3 :
	3.1.2.6.4.1 It is permissible to divide the roll into shorter length rolls that do meet the end to end tolerance difference specified in 3.1.2.6.3.
	3.1.2.6.4.2 It is permissible to use individual thermocouples from the roll if they are calibrated in accordance with Table 1.



	3.1.3 Reuse of Thermocouples (See Figure 1)
	3.1.3.1 The salvage of damaged thermocouples is permitted if the discrepant portion (including the portion exposed above 500  F (260  C) for Types K and E thermocouples) is trimmed off, the hot junction remade and the thermocouple recalibrated.
	3.1.3.1.1 If the salvaged thermocouple originated from a calibrated wire roll, the original roll calibration may be used in lieu of recalibration.
	3.1.3.1.2 The number of uses prior to salvage shall be included in the total number of uses of the thermocouple (See 3.1.3.3).

	3.1.3.2 Reuse of any thermocouple is prohibited unless the insulation remains intact and wires including the hot junction are not damaged.
	3.1.3.3 Expendable test sensors may be reused if "U" in the following formula does not exceed 30. A “use” for test thermocouples is defined as one cycle of heating and cooling the thermocouple (2.2.77).
	3.1.3.4 Any base metal TUS thermocouple that is (1) used exclusively under 1200  F (650  C), (2) identified, and (3) preserved/protected from damage (i.e., crimping, excessive moisture contact, corrosion, etc.) between tests or remains installed on a ...
	3.1.3.5  Nonexpendable base metal TUS thermocouples reinstalled for each TUS through ports in the furnace, used in the same location and depth of insertion for each TUS and used exclusively under 1200  F (650  C) shall be limited to no more than 90 us...

	3.1.4 Control, Monitoring, and Recording Sensors
	3.1.4.1 Control, monitoring, and recording sensors shall be installed in thermal processing equipment within or as close as possible to the work zone.
	3.1.4.2 When a Load Sensor is Used as a Control Sensor
	3.1.4.2.1 Expendable load thermocouples used as a control sensor are limited to one use.
	3.1.4.2.2 Nonexpendable load thermocouples may be used to control temperature, subject to the limitations of 3.1.5.


	3.1.5 Load Sensors (2.2.27)
	3.1.5.1 Load sensors may be used as control sensors in accordance with 3.1.4.2. When a load sensor is used as a control sensor, no monitoring or recording sensor in or representing the work zone shall exceed the maximum allowed processing temperature.
	3.1.5.2 Expendable base metal load sensors may be used for up to 90 calendar days after first use and for no more than 30 uses when used at or below 1200  F (650  C) provided the requirements of 3.1.3 are satisfied, and are limited to one use above 12...
	3.1.5.3 The life of nonexpendable base metal load thermocouples shall be limited by the maximum operating temperature and calendar days since first use. Records shall be maintained of the accumulated thermocouple use (furnace load cycle). Number of us...


	3.2 Instrumentation (See Tables 3, 4, and 5)
	3.2.1 Users shall review all instrument requirements in AMS2750E as not all instruments approved for use in AMS2750C will meet the requirements of this revision and AMS2750D.
	3.2.1.1 The following requirements (3.2.1.1.1 and 3.2.1.1.2) apply to control, monitoring or recording instruments purchased 1 year after Sept 2005, the issue date of AMS2750D. Control, monitoring or recording instruments purchased prior to September ...
	3.2.1.1.1 Temperature resolution requirements for chart recorders shall be in accordance with Table 4.
	3.2.1.1.2 Process Recorder Print and Chart Speeds shall be in accordance with Table 5.


	3.2.2 Test Instruments
	3.2.3 Controlling, Monitoring, or Recording Instruments
	3.2.3.1 At least one recording and/or controlling instrument for each zone shall have a minimum readability of 1  F or 1  C.
	3.2.3.2 Installation of controlling, monitoring or recording instruments shall conform to the manufacturer's recommendations.
	3.2.3.3 Controlling, monitoring and recording instruments shall receive an unmodified signal from sensors except for analog to digital and digital to analog conversions, or a digitally-processed, error-checked equivalent representation of a direct mea...

	3.2.4 Offsets
	3.2.4.1 If subsequent internal instrument adjustments or offsets are made to achieve TUS requirements, these internal adjustments or offsets must be applied during subsequent SATs per 3.4.5.3.1. In addition, if subsequent internal instrument adjustmen...
	Figure 1 – Reuse and Recalibration of Test and Load Sensors


	3.2.5 Instrument Calibration
	3.2.5.1 Calibration shall be performed on instrument(s) defined under the Instrument Type column in Table 3. Regardless of the calibration procedure used, it shall comply with the requirements of Table 3. Prior to any instrument alteration or calibrat...
	3.2.5.2 Calibration accuracy and interval requirements shall be in accordance with Table 3.
	3.2.5.3 Sensitivity shall be checked during calibration. See Table 3 footnote 4.
	3.2.5.4 Calibration of secondary standard instruments and field test instruments shall be performed in accordance with the manufacturer’s instructions. These instruments shall be tested at a minimum of 6 simulated sensor inputs. These shall include th...
	3.2.5.4.1 The instrument shall be calibrated for each type of input and/or output used (e.g., each thermocouple type in use and for mV, mA, etc. if the instrument is used for these methods).
	3.2.5.4.2 Calibration shall be performed on each channel in use that can be altered or adjusted individually, or on each group of channels that can be altered or adjusted as a group. It is recommended that channels not in use be blocked or tagged to s...

	3.2.5.5 Calibration of Controlling, Monitoring and Recording Instruments
	3.2.5.5.1 Check as-found condition at a minimum of three simulated sensor inputs which represent the minimum, maximum and at least one point in the middle 1/3rd of the furnace Qualified Operating Temperature Range. If necessary, calibrate the instrume...
	3.2.5.5.1.1 Following any adjustments test the instrument at a minimum of three simulated sensor inputs which represent the minimum, maximum and at least one point in the middle 1/3 rd of the furnace Qualified Operating Temperature Range to document t...

	3.2.5.5.2 Calibration shall be performed on each channel in use that can be altered or adjusted individually, or on each group of channels that can be altered or adjusted as a group. It is recommended that channels not in use be blocked or tagged to s...
	3.2.5.5.3 Chart recorder (circular and strip) speed(s) shall be verified annually and shall be accurate within (3 minutes per hour. Result of chart speed measurement shall be documented.
	3.2.5.5.4 Calibration of controlling, monitoring or recording instruments may be performed with a load in process (for a single temperature range) if the furnace temperature remains within the processing tolerance and the furnace temperature record is...
	3.2.5.5.5 For furnaces used only at a single temperature, the calibration of controlling, monitoring or recording instruments may either be performed per manufacturer’s instructions at the single temperature of use, or with a minimum of 3 points: the ...

	3.2.5.6 Wireless equipment which performs the analog to digital conversion at the furnace and transmits a digital signal to the recorder are allowed, but require use of the complete wireless system (wireless sender, wireless receiver and associated co...

	3.2.6  Instrumentation Results and Records
	3.2.6.1 A sticker affixed to or in close proximity to the instrument shall indicate the most recent successful calibration. As a minimum, the sticker shall include:
	3.2.6.2 The results of calibration shall be documented. At a minimum the report shall include:

	3.2.7 Electronic Records
	3.2.7.1 An “electronic record” is any combination of text, graphics, data, audio, pictorial, or other information representation in digital form that is created, modified, maintained, archived, retrieved, or distributed by a computer system. When usin...
	3.2.7.1.1 The system must create electronic records that cannot be altered without detection.
	3.2.7.1.2  The system software and playback utilities shall provide a means of examining and/or compiling the record data, but shall not provide any means for altering the source data.
	3.2.7.1.3 The system shall provide the ability to generate accurate and complete copies of records in both human readable and electronic form suitable for inspection, review, and copying.
	3.2.7.1.3.1 The system shall be capable of providing evidence the record was reviewed – such as by recording an electronic review, or a method of printing the record for a physical marking indicating review.

	3.2.7.1.4 The system shall support protection, retention and retrieval of accurate records throughout the record retention period. Ensure that the hardware and or software shall operate throughout the retention period as specified in 3.7.
	3.2.7.1.5 The system shall provide methods (e.g., passwords) to limit system access to only individuals whose authorization is documented.



	3.3 Thermal Processing Equipment:
	3.3.1 Furnace classes are defined in Figure 2 and are based on the furnace class specified or when not specified, furnace class shall meet the temperature uniformity requirements established in the specification for the material being processed. Instr...
	Figure 2 – Furnace Class Uniformity Ranges

	3.3.2  Requirements for Furnace Instrumentation Type classification are shown in Figure 3.
	Figure 3 – Instrumentation Type Requirements

	3.3.3 Instrumentation - Refrigeration Equipment and Quench Systems
	3.3.3.1 Refrigeration equipment shall have a temperature controller. This temperature controller requirement is not applicable to liquid nitrogen, dry ice and dry ice/liquid-cooled containers. All refrigeration equipment shall be equipped with a tempe...
	3.3.3.2 Quench systems used for heat treatments that include a quenchant temperature requirement (minimum, maximum or both) shall be equipped with a recording instrument. Existing installations installed prior to September 2005 do not require recordin...

	3.3.4 Additional Sensors
	3.3.5 High and low temperature sensors, when required (instrument types A and C – See Figure 3), may be inserted in heat sinks (See 2.2.24), positioned at the high and low temperature locations of the control zone based on the most recent TUS when hea...
	3.3.6  For multiple zone vacuum furnaces with 225 cubic feet (6.4 m3) or less in working volume that are instrumented with Types A, B, or C instrumentation, it is acceptable to treat the furnace working volume as a single work zone for the purpose of ...
	3.3.6.1 Vacuum furnaces of volume greater than 225 cubic feet (6.4 m3) may be treated in the same fashion by dividing the furnace into working zones that shall not exceed 225 cubic feet (6.4 m3) – each of these zones shall contain all the required sen...
	FIGURE 4 – Minimum Sensors Required per zone



	3.4 System Accuracy Tests (SATs)
	3.4.1 SATs shall be performed on the temperature control and recording systems in each control zone of each piece of thermal processing equipment that is used for production heat treatments. The SATs shall also be performed on the additional systems t...
	3.4.1.1 SATs shall be performed using a field test instrument meeting the requirements of Table 3 and a test sensor meeting the requirements of Table 1.

	3.4.2 SATs shall be performed initially and periodically thereafter in accordance with the requirements of Table 6 or 7 and 3.4.5.
	3.4.2.1 An SAT shall be performed after any maintenance that could affect the SAT accuracy. Examples include:
	3.4.2.2 An SAT is not required for sensors whose only function is over-temperature protection. If the over-temperature protection sensor is used as the additional monitoring sensor for SAT interval extension (see 3.4.3), or as the high temperature sen...
	3.4.2.3 An SAT is not required for sensors not used for acceptance as part of production heat treatment.
	3.4.2.4 If an SAT cannot be performed within the interval requirements of Table 6 or 7, the equipment shall be removed from service. An SAT shall be performed prior to putting the equipment back in use or during the first operation of the furnace.

	3.4.3  SAT interval is based upon equipment class and instrumentation type. If a preventive maintenance program, defined in 2.2.37, is in effect, SAT interval may be extended to the maximum allowed SAT interval of Table 6 and 7 (e.g., weekly to biweek...
	3.4.3.1 Two sensors in each control zone are Type B, N, R, or S.
	3.4.3.2 Weekly readings show that the relationship between the control sensor and an additional monitoring or recording sensor in each control zone remains within 2  F (1  C) of their relationship at the time of the last Temperature Uniformity Survey....

	3.4.4 The SAT can be accomplished using any one of 3 methods:
	3.4.4.1 Perform an SAT following the requirements in 3.4.5
	3.4.4.2 Alternate SAT process defined in 3.4.6
	3.4.4.3 SAT Waiver process, as described in 3.4.7

	3.4.5 System Accuracy Test Procedure
	3.4.5.1 The displayed temperature indication and/or recording of the sensor being tested as used in production, with appropriate offsets or correction factors, at any operating temperature, shall be compared with the corrected temperature indication o...
	3.4.5.2 The tip (measuring junction) of the SAT sensor shall be as close as practical to the tip (measuring junction) of the controlling, monitoring, or recording sensor, but the tip to tip distance shall not exceed 3 inches (76 mm). Subsequent SATs s...
	3.4.5.2.1 Resident SAT thermocouples may be employed subject to the following limitations:
	3.4.5.2.1.1 Resident SAT thermocouples shall be restricted to Type B, N, R or S at temperatures exceeding 500  F (260  C) and shall be nonexpendable if exposed to temperatures above 1000  F (538  C).
	3.4.5.2.1.2 The resident SAT sensor type shall be different from that of the sensor being tested; additional limitations apply to types R and S (Figure 5).
	Figure 5 – Allowable combinations of Resident SAT sensor with Sensor being tested for temperatures over 500  F (260  C)



	3.4.5.3  System Accuracy Test Difference
	3.4.5.3.1 The temperature from the furnace instrument/sensor being compared with the SAT instrument/sensor shall be the temperature used, read or recorded in routine production heat treatment. Certain correction factors, if consistently applied during...
	Figure 6 – SAT Calculation Examples


	3.4.5.4 If the SAT difference (including any prior adjustment allowed by Table 6 or 7 of the control or recording instrument) exceeds the allowable difference specified in Table 6 or 7 for the furnace class and instrumentation type being tested, the f...
	3.4.5.5 Corrective Action
	3.4.5.5.1 Replacement of the out-of-tolerance sensor and/or lead wire.
	3.4.5.5.2 Recalibration of the out-of-tolerance instrument.
	3.4.5.5.3  If the cause is, wholly or partially, as a result of movement of the sensor being tested from its documented position, the sensor shall be returned to its documented location and the SAT repeated.

	3.4.5.6 Adjustment of the control or recording instrument calibration is permitted within the maximum adjustment limitations of Table 6 or 7. The effect of this adjustment over the entire operating temperature range shall be evaluated. Paragraph 4.2 s...
	3.4.5.7 After corrective action has been completed, and prior to any additional thermal processing, the SAT shall be repeated in accordance with 3.4.5.

	3.4.6 Alternate SAT Process
	3.4.6.1 Requires routine calibration in accordance with 3.2.5 of controlling, recording and monitoring instruments meeting requirements of Table 3 from the point at which the sensor will be connected (this will include the connector, leadwire and inst...
	3.4.6.1.1 Establish appropriate calibration limits for sensors which when combined with the calibration of the instrument/lead wire and connector, will meet the SAT requirements of Table 6 or 7, as appropriate, or
	3.4.6.1.2 Use the appropriate correction factors applied manually or via programming, as allowed by calibration limits of Table 1, so that data used from the recording, monitoring or controlling instrument will meet the SAT requirements of Table 6 or ...


	3.4.7 SAT Waiver
	3.4.7.1 In addition to the required instrumentation of types A thru D there are always at least two recording load sensors in each control zone, one monitoring and one controlling.
	3.4.7.1.1 In the case of Instrument type A and B, there would be one additional load sensor.
	3.4.7.1.2 Manual adjustments to the controller set point, based on observed load sensor readings provide acceptable control. The controlling load sensor, in this context, does not need to be physically connected to the furnace controller.

	3.4.7.2 Load sensors used for control shall comply with 3.1.4.2 and the monitoring load sensors shall comply with 3.1.5.
	3.4.7.3 All noble metal load thermocouples in use shall be nonexpendable and shall be either replaced or recalibrated quarterly.
	3.4.7.4 All base metal control and recording thermocouples in use shall be replaced annually.
	3.4.7.5 All noble metal control and recording thermocouples in use shall be replaced every 2 years.
	3.4.7.6 The load sensors are recalibrated or replaced anytime that observations, made and recorded at least weekly, reveal any unexplainable difference between their readings and the readings of other control, monitoring and recording sensors.

	3.4.8  Records
	3.4.8.1 The system accuracy test report for each sensor shall include:


	3.5 Furnace Temperature Uniformity Surveys (TUS)
	3.5.1 An initial TUS shall be performed to measure the temperature uniformity and establish the acceptable work zone and qualified operating temperature range(s). Periodic TUS shall be performed thereafter in accordance with the interval shown in Tabl...
	3.5.2 Multiple Qualified Operating Temperature Ranges
	3.5.3  Furnace Modifications
	3.5.4  Furnace Repairs
	3.5.5 Initial TUS Temperatures
	3.5.5.1 Initial survey temperatures shall be the minimum and maximum temperatures of the qualified operating temperature range(s).
	3.5.5.2 Additional temperatures shall be added as required to ensure that no two adjacent survey temperatures are greater than 600  F (335  C) apart.

	3.5.6 Periodic TUS temperatures shall be any temperature within each qualified operating range(s).
	3.5.6.1 For single operating ranges greater than 600  F (335  C), during each periodic test TUS temperatures shall be selected so that one temperature is within 300  F (170  C) of the maximum and another temperature is within 300  F (170  C) of the mi...
	3.5.6.2  For multiple qualified operating ranges, TUS shall be performed within each operating range during each test period and at the maximum and minimum of each operating range at least once each year.

	3.5.7 Survey interval shall be in accordance with Table 8 or Table 9.
	3.5.7.1 Extended TUS intervals are based on both instrument type and history of the required number of consecutive successful surveys. In addition, a documented preventive maintenance program, defined in 2.2.37, shall be in effect. As noted in 3.5.3, ...

	3.5.8 Furnace Parameters during TUS
	3.5.9 Furnace Temperature at Insertion of TUS Sensors
	3.5.10 Load Condition
	3.5.10.1 If the TUS is performed empty or with a rack, and if TUS sensors are attached to or inserted into heat sinks, the side-to-side thickness or diameter of the heat sink shall not exceed 0.5 inch (13 mm) and shall not exceed the thickness of the ...
	3.5.10.2  When the TUS is performed with a load, and the TUS sensors are attached to simulated product or parts, the load shall represent the thickness of the material normally processed.

	3.5.11 Furnace atmosphere during a TUS shall be the normal atmosphere used for production. Furnaces used for those processes whose required atmospheres could contaminate the test sensors (i.e., carburizing, nitriding, endothermic, and exothermic) or a...
	3.5.12 Furnace vacuum level during TUS shall be run at the lowest vacuum level used in production, but need not be less than 1 micron Hg (1 × 10-3 Torr, or 1.3 × 10-3 millibar).
	3.5.13 Batch Furnaces, Salt Baths, Controlled Temperature Liquid Baths and Fluidized Bed Furnaces (does not apply to Controlled Temperature Quench Baths)
	3.5.13.1 Number of TUS Sensors
	3.5.13.2 Location of TUS Sensors
	3.5.13.2.1 For furnace work zone volumes less than 3 cubic feet (0.085 m3), four TUS sensors shall be located at the four corners and one at the center. If the furnace work zone volume is cylindrically shaped, four TUS sensors shall be located 90 degr...
	3.5.13.2.2 For furnace work zone volumes greater than 3 cubic feet (0.085 m3), eight TUS sensors shall be located at the corners and one shall be located in the center. If the work zone volume is cylindrically shaped, three TUS sensors shall be locate...
	3.5.13.2.3 The work zone volume tested shall be such that no material heat treated extends beyond the defined work zone boundaries.

	3.5.13.3 TUS Data Collection
	3.5.13.3.1 Data collection shall begin before the first furnace or TUS sensor reaches the lower tolerance limit of each test temperature so that any furnace or TUS sensor exceeding the upper temperature uniformity tolerance is clearly detected. If the...
	3.5.13.3.2 Once data collection begins, temperature data shall be recorded from all TUS sensors at a frequency of at least one set of all readings every 2 minutes for the duration of the survey. Data from furnace sensors required by the applicable ins...
	3.5.13.3.3  At no time shall any test, control or recording sensor exceed the upper temperature uniformity tolerance. The furnace shall be held at the test temperature until all test sensors have stabilized (2.2.61). After stabilization, data collecti...
	3.5.13.3.4  When a retort is used, the temperature of the furnace in which the retort is inserted shall be controlled so that the specified heat treating temperature is maintained within the retort. TUS sensors shall be within the retort; at least one...

	3.5.13.4 Alternative Probing Method for Salt Baths, Controlled Temperature Liquid Baths, and Fluidized Bed Furnaces (does not apply to Controlled Temperature Quench Baths)
	3.5.13.4.1 It is acceptable to probe salt baths, controlled temperature liquid baths and fluidized bed furnaces by relocating a single test probe containing one or more test sensors and measuring at the test locations described in 3.5.13.2.
	3.5.13.4.2 All parameters shall reflect the normal operation of the equipment in production. The equipment shall be stabilized at the test temperature.
	3.5.13.4.3 The first test location shall be monitored for at least 15 minutes so that any recurrent temperature pattern can be detected. If no recurrent temperature pattern is detected, readings at subsequent locations shall be taken at intervals of 2...


	3.5.14 Continuous and Semi-continuous Furnaces
	3.5.14.1 Number and Location of TUS Sensors in Continuous and Semi-continuous Furnaces – Volumetric Method
	3.5.14.1.1 The number of TUS sensors shall be in accordance with Table 11 based on the volume of the TUS fixture(s).
	3.5.14.1.2 The location of TUS sensors shall be in accordance with 3.5.13.2.1, 3.5.13.2.2, and 3.5.13.2.3, based on furnace volume.

	3.5.14.2 Number of TUS Sensors in Continuous and Semi-continuous Furnaces - Plane Method
	3.5.14.2.1 For furnaces having work zone heights of 1 foot (300 mm) or less, the minimum number of TUS sensors shall be 3, with 1 additional TUS sensor for each 2 feet (610 mm) of width over 8 feet (2.4 m).
	3.5.14.2.2 For furnaces having work zone heights of over 1 foot (300 mm) and work zone cross sections up to 8 square feet (0.75 m2), the minimum number of TUS sensors shall be 5.
	3.5.14.2.3 For furnaces having cross sections greater than 8 square feet (0.75 m2) and less than 16 square feet (1.5 m2), the minimum number of TUS sensors shall be 7.
	3.5.14.2.4 For work zone cross sections greater than or equal to 16 square feet (1.5 m2), the minimum number of TUS sensors shall be 9.

	3.5.14.3  Location of TUS Sensors – Plane Method
	3.5.14.3.1 For furnaces having work zone heights of 1 foot (300 mm) or less, two TUS sensor locations shall be within 3 inches (76 mm) of opposite work zone side corners. One TUS sensor location shall be at the center. Additional TUS sensors shall be ...
	3.5.14.3.2 For furnaces having work zone heights of over 1 foot (300 mm) and work zone cross sections up to 8 square feet (0.75 m2), four TUS sensor locations shall be within 3 inches (76 mm) of the work zone corners and the remainder shall be at the ...
	3.5.14.3.3  For furnaces having work zone cross section greater than 8 square feet (0.75 m2), four TUS sensors shall be each within 3 inches (76 mm) of the work zone corners, one shall be at the center and the remainder shall be symmetrically distribu...

	3.5.14.4 TUS Data Collection
	3.5.14.4.1 All parameters shall reflect the normal operation of the equipment in production.
	3.5.14.4.2 A TUS sensor for each test location shall be secured to a rack or in a load and traversed through the furnace. Initial surveys shall be performed at the highest and lowest traverse speeds used in production. Periodic tests may be performed ...
	3.5.14.4.3 Temperature readings of all TUS sensors and the control or monitoring sensor(s) shall be recorded for each surveyed zone. The traverse may be repeated as many times as necessary to ensure that any recurrent temperature pattern is determined...
	3.5.14.4.4 Starting the TUS with the furnace temperature higher than the test temperature is prohibited unless (1) it is done in only the initial or preheating zones of multizone furnaces or (2) it is specifically permitted by all applicable process s...


	3.5.15 Alternative Testing Methods For Continuous or Semi-continuous Furnaces or Furnaces with Retorts or Muffles
	3.5.15.1 Probing Method
	3.5.15.2 Property Surveys
	3.5.15.2.1  Initial and annual property surveys shall be performed at the highest and lowest operating temperatures. Additional test temperatures shall be added to make sure no two test temperatures are more than 300  F (165  C) apart. Continuous furn...
	3.5.15.2.2 Monthly Property Surveys


	3.5.16 Temperature Uniformity Survey Sensor or Recorder Failures (2.2.19)
	3.5.16.1 The assignable cause shall be documented for each failed TUS sensor and corrective action taken (where possible) to prevent or decrease future failures from this cause.

	3.5.17 Temperature Uniformity Pass/Fail Requirements
	3.5.17.1 A survey shall be considered acceptable if all previous requirements are met including the following:
	3.5.17.1.1   Control or monitoring sensor readings and corrected TUS sensor readings did not exceed the applicable positive temperature tolerance at any time.
	3.5.17.1.2  All readings of all TUS sensors and control or monitoring sensors are within the temperature tolerance requirements shown in the applicable Table 8 or 9 during the soak period except as allowed by 3.5.16.
	3.5.17.1.3 The time required to achieve recovery, stabilization, or recurrent temperature pattern did not exceed the time limit specified in any applicable process specifications.
	3.5.17.1.4 TUS is run for the minimum required time.


	3.5.18 Relocation of Hot or Cold Recording Sensors for Class A or C Instrumentation
	3.5.19 Temperature Uniformity Survey Failures
	3.5.19.1 If the temperature uniformity is not within the tolerances of Table 8 or 9, the cause of the deviation shall be determined and documented and 4.2 shall apply. The equipment shall not be used for additional processing until the cause has been ...
	3.5.19.1.1 For equipment tested at extended interval, failure of a temperature uniformity survey shall cause the test interval to revert to the initial test interval specified in Table 8 or 9. Interval shall not be extended until the specified number ...
	3.5.19.1.2 If the correction takes the form of adjusting (offsetting) the control instrument, if the Qualified Operating Temperature Range does not exceed 300  F (165  C) a resurvey is not required, but the adjustment shall not exceed the limits estab...
	3.5.19.1.2.1 If the Qualified Operating Temperature Range exceeds 300  F (165  C), a re-survey is required where uniformity is checked at the temperature extremes of the test range where the offset is applied. Test temperatures for each range where of...
	3.5.19.1.2.2 Documentation of any adjustment (offset) is a requirement. In addition, any offsets or adjustments shall remain in place during all subsequent heat treatments in the temperature range where the offsets are applied. This will return the eq...



	3.5.20 Temperature Uniformity Survey Instrumentation
	3.5.20.1 Temperature Uniformity Surveys shall be performed using calibrated independent test instrumentation meeting the requirements of Table 3, and independent TUS sensors meeting the requirements of Table 1. Process instruments of thermal processin...
	3.5.20.2 Compensation for known deviations in the test instrumentation shall be made by electronic methods or mathematical correction.

	3.5.21  Temperature Uniformity Survey Report
	3.5.21.1 The following items shall be included in the temperature uniformity survey report:
	3.5.21.2 Although not a required part of the uniformity survey report, the following shall be accessible on site:

	3.5.22 Surveys performed prior to the issue date of this revision, in accordance with previous AMS2750 revisions, may be considered equivalent to tests performed in accordance with this revision for the purpose of qualifying furnaces for (1) waiving i...
	3.5.23  Radiation Surveys
	3.5.23.1 The radiation test sensor(s), which shall be added to the normal survey sensors, shall be peened into or welded to, the center of 6061 aluminum alloy panels, approximately 12 inches (305 mm) square and not more than 0.125 inch (3 mm) in nomin...
	3.5.23.2 The panels, one for each 10 square feet (0.93 m2) of heat wall area, shall be distributed symmetrically, with faces parallel to the heated walls, at the outer limits of the working zone. Either side of the radiation test panel(s) may face the...
	3.5.23.3 All radiation test sensor readings shall meet the requirements of 3.5.17.


	3.6 Laboratory Furnaces
	3.6.1 Laboratory furnace used for response to heat treating testing per material specifications and when a load sensor is used:
	3.6.1.1 Require quarterly System Accuracy (SAT) testing
	3.6.1.2 Load sensor shall comply with 3.1.5
	3.6.1.3 Furnace control instruments shall be calibrated quarterly
	3.6.1.4 After successful initial temperature uniformity survey (TUS) and two additional quarterly TUS surveys, the TUS interval may be extended to semi-annually.

	3.6.2 If a load sensor is not used the Laboratory furnaces shall be tested as required for production equipment.
	3.6.3 A laboratory furnace is not to be used for thermal processing of any production part or production raw material unless it meets all requirements of this specification.

	3.7 Records
	3.7.1 All calibration and test records including sensors, standard cells and instruments, system accuracy tests, and temperature uniformity surveys, including any test or survey failures shall be available for inspection and maintained for not less th...
	3.7.2 Calibration records of sensors, standard cells, and instruments shall include traceability to the NIST or equivalent national standard.

	3.8 Rounding

	4. QUALITY ASSURANCE PROVISIONS
	4.1 Responsibility for Inspection
	4.1.1  Any instrument/sensor/test failing to meet these requirements, or that has exceeded its test interval including any applicable permissible extension period (See Table 10), shall be taken out of service.
	4.1.1.1 Corrective action shall be documented including the actions taken to bring the instrument/sensor/test into compliance.


	4.2 In the event of any test failure or out-of-tolerance condition, an evaluation of the possible effects of the non-conformance on product processed since the last successful corresponding test shall be performed and documented. The evaluation shall ...
	4.2.1 A conforming corresponding test shall be required as evidence of adequate corrective action.
	Table 1 - Sensors and Sensor Calibration
	Table 2 - Thermocouples and Extension Wire
	Table 3 - Instruments and Instrument Calibration
	Table 4 - Resolution Requirements for Chart Recorders (Analog Chart Recording Instruments) (1) (2) (3)
	Table 5 - Process Recorder Print and Chart Speeds (1)
	Table 8 - Parts Furnace Class, Instrument Type, and Temperature Uniformity Survey Interval
	Table 9 – Raw Material Furnace Class, Instrument Type, and Temperature Uniformity Survey Interval
	Table 10 - Permitted Calibration/Test Interval Extension
	Table 11 - Number of TUS Sensors Required for Batch Furnaces, Salt Baths, Controlled Temperature Liquid Baths, Fluidized Bed Furnaces, or Continuous Furnaces Tested Using the Volumetric Method (2) (3)
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	8.  NOTES
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