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1. SCOPE:

1.1 This specification covers pyrometric requirements for thermal processing equjpment used for
heat treptment. It covers temperature sensors, instrumentation, thermalpfocgssing equipment,
system faccuracy tests, and temperature uniformity surveys. These are necespary to ensure that
parts orfraw materials are heat treated in accordance with the applicable speg¢ification(s).

1.2 This spgcification is not applicable to heating, or to intermediate thermal procgssing unless
specificplly referenced by a material or process specification.

1.3 This spegcification applies to laboratory furnaces to the.extent specified in 3.6.
2. APPLICABLE DOCUMENTS:

The issug of the following documents in effecton the date of the purchase order forms a part of
this specification to the extent specified heréin. The supplier may work to a subgequent revision of
a documgnt unless a specific document.issue is specified. When the referenced document has
been cangeled and no superseding document has been specified, the last publ{shed issue of that
document shall apply.

2.1 ASTM Rublications:

Available from ASTM, 190 Barr Harbor Drive, P.O. Box C700, West Conshohpcken, PA 19428-
2959 orlwww.astm-org.

ASTM & 207 Thermal EMF Test of Single Thermoelement Materials by Comparison with a

Reference Thermoelement of Similar EMF-Temperature Properties

ASTM & 220 Calibration of Thermocouples by Comparison Techniques

ASTM E 230 Standard Specification and Temperature-Eleciromotive Force (EF) Tables for
Standardized Thermocouples

ASTM E 608 Mineral-Insulated, Metal-Sheathed Base Metal Thermocouples

ASTM E 1129 Standard Specification for Thermocouple Connectors

ASTM MNL 7 Presentation of Data and Control Chart Analysis

ASTM MNL 12  Use of Thermocouples in Temperature Measurement
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3.1 Tempernature Sensors:

Temperature sensors shall comply with Table 1 and the following“requirements. Exclusions for
specific|applications shall be as listed in the following paragraphs.
3.1.1  Tempegrature shall be measured by the thermocouples’/specified herein, or by other
thermpcouples or temperature sensors that possess.equal or better accura¢y (maximum
permifted error). Thermocouples may be made either from bare or coated wire or MIMS
(minefal insulated, metal sheathed) cable. Unless specifically noted, requirgments apply to all
tempgrature sensor materials. “Sensor” as uséed in this specification is idenjcal with
“tempgprature sensor“. Correction factors.for sensors derived from their initigl or subsequent
calibration may be used to improve temperature accuracy and shall be used when required by
this specification.
3.1.1.1 Calipration: Sensors shall have a certificate of compliance that identifies the source of the
calibbration data, nominal.test temperature, actual test temperature readings, calibration
technique, and correction factor for each calibration temperature traceablé to NIST or other
recqgnized NationalStandard. Calibration technique shall comply with ASTM E 220,
ASTM E 207, or_other national standard.

3.1.1.2 Conversion.from millivolts to degrees or degrees to millivolts shall be in a¢cordance with
ASTM E 230 or other national standard.

3.1.1.3 Temperature sensors shall be calibrated in the temperature range within Wwhich 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 or other national
standard. Recalibration after use above 500 °F (260 °C) of Type K and Type E
thermocouples is prohibited. Extrapolation of calibration correction factors above the highest
calibration temperature and below the lowest calibration temperature is prohibited.
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3.1.1.4

3.1.1.4.1

3.1.1.5

3.1.1.6

3.1.1.6.1

3.1.1.6.2

3.1.1.6.3

3.1.16.4

3.1.1.6.4

3.1.16.4

Thermocouples and Their Usage: Thermocouples should only be used within the ranges
listed in ASTM MNL 12 Table 3.1 (Recommended Upper Temperature Limits for Protected
Thermocouples) or 3.5 (Recommended Upper Temperature Limits for Protected
Thermoelements), ASTM E 230 Table 6 (Suggested Upper Temperature Limits for
Protected Thermocouples), ASTM E 608 Table 1 (Suggested Upper Temperature Limits for
Sheathed Thermocouples), or other national standard and the sensor supplier. Use of
thermocouples not conforming to these recommendations shall be based upon calibration
and recalibration intervals required in Table 1 of this document.

THermocouple calibration intervals specified herein, whether based on-tjme, number of
uges, or temperature are the maximums permitted. However, compliange with these
infervals does not relieve the user of the responsibility for ensuring that excessive drift has
ndt occurred under the particular conditions (environment, time;,and temperature) of
eXposure. Users shall have supporting data such as, but notdimited to, $AT, TUS, and re-
cqlibration data and written procedures controlling the replacement of s¢nsors including
limits on maximum life and/or number of uses, as applicable.

Extension wire in new installations (one year after.the issue of this revisiop) shall conform to
ASTM E 230 or national equivalent. Extension wire shall not be spliced. Qonnectors, plugs,
jackls and terminal strips are permitted if they are the compatible type, i.e.|they have
thermoelectric properties conforming to the<¢haracteristics of the correspgnding
thermocouple type — ASTM E 1129 may.be used as a guide for round-pin|connectors.
Thefmocouple composition and extension wire requirements are shown in Table 2.

Thefmocouples made from calibrated rolls may be used in lieu of individuglly calibrated
thermocouples. Rolls up to 1000 feet (305 meters) in length may be sampled at one end;
rollg over 1000 feet shall be\sampled at both ends of the roll (see 3.1.1.1)| Use the average
correction factor calculated from both ends of the roll if the individual correction factors from
each end are within aceeptable limits of Table 1.

The roll calibration method shall not be used for rolls over 1000 feet (30p meters) if the
difference between the highest and lowest calibration readings of the sgmple

thermocouples at any calibration temperature exceeds the requirementg in 3.1.1.6.2 or
3.1.1.6¢3, as applicable.

1 E4D B8 °C)\ fornrimansand cacondary ctandard tharmacounlas
o O—oHopPHARAHYaRa-S86oRaat Y-StaRaatatReHROCOUHPeS

2 °F (1.1 °C) for system accuracy test, temperature uniformity test, controlling, monitoring,
recording, and load thermocouples.

For rolls not meeting 3.1.1.6.2 or 3.1.1.6.3:

.1 ltis permissible to divide the roll into shorter length rolls that do meet the end to end

tolerance specified in 3.1.1.6.2 or 3.1.1.6.3.

.2 ltis permissible to use individual thermocouples from the roll if they are calibrated in

accordance with Table 1.
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3.1.1.7 The maximum amount of wire/cable in a roll at the time of calibration shall be as follows:
Primary Standard Sensors 200 feet (60 meters)
Other Noble Metal Sensors 2000 feet ( 610 meters)
Base Metal Secondary Standard Sensors --- 2000 feet ( 610 meters)
All Other Base Metal Sensors 5000 feet (1525 meters)

3.1.1.8 Forreuse of Types K and E thermocouples above 500 °F (260 °C) depth of insertion shall

be equal to, or greater than, depth of insertion of any previous use.

3.1.1.9 Re
inc
pern
Typ
ther
roll,
tos
3.1.1.10 Rec
Reu
test

U=

3.1.1.11 Rec
500

ina
3.1.2 Refer

3.1.21 The

n.ise of any thermocouple is prohibited unless the insulation remains.in{
I

ding the hot junction are not damaged. The salvage of damaged-ther
hitted if the discrepant portion [including the portion exposed above 5
bs K and E thermocouples] is trimmed off, the hot junction remade an
mocouple recalibrated. If the salvaged thermocouple originated from 2
the original roll calibration may be used in lieu of recalibration. The nd
hlvage shall be included in the total number of uses{of the thermocouy

alibration of any expendable base metal test thermocouples (SAT or

se is permitted so long as "U" in the following formula does not excee|
thermocouples is defined as one cycle of heating and cooling the the

(650 °C) and 1800 °F (980 °C). Expendable base metal test thermoc
limited to a single use above 1800 °F (980 °C).

alibration of nonexpendable-base metal Type E and K thermocouples
°F (260 °C), Type J, Type'N, and all noble metal thermocouples (SAT,
ccordance with Table 1.

ence standard sensors shall comply with Table 1.

reference standard sensor together with a primary standard instrume

calibrate primary standard sensors.

act and wires
mocouples is

DO °F (260°C) for

i the

W calibrated wire
mber of uses prior
le.

'US) is prohibited.
d 30. A “use” for
mocouple.

Number of uses below 1200 °F (650 °C)+ 2 times number of uses bgtween 1200 °F

puples shall be

used below
or TUS) shall be

nt shall be used to

3.1.3 Prima[y standard sensors shall comply with Table 1.

3.1.3.1

calibrate secondary standard sensors.

3.1.4 Secondary standard sensors shall comply with Table 1.

3.1.41

monitoring, recording, and load sensors.

3.1.5 Temperature uniformity survey sensors shall comply with Table 1.

A primary standard sensor together with a primary standard instrument shall be used to

Use shall be limited to calibration of temperature uniformity, system accuracy, controlling,
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3.1.51

Calibration of temperature uniformity survey sensors shall have been performed with a
primary or secondary standard instrument against a primary or secondary standard sensor
in accordance with Table 1 except as specified in 3.1.5.2. See 3.1.1.8 and 3.1.1.9 for limits
on reuse of thermocouples. Recalibration of Types K and E thermocouples that have been

exposed to temperatures above 500 °F (260 °C) is prohibited.

3.1.5.2

Expendable base metal TUS thermocouples that are (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 remain installed on a rack that is

prot
3.1.
excl
whig

3.1.6 Syste

3.1.6.1 Cali
insti
3.1.
and

proh

3.1.7 Contr
therm

3.1.71
equ
tem

3.1.7.2

3.1.7.3 Cali

ther

Controlling, monitoring, and recerding sensors shall be installed in therm3

When a Load Sensoris used as a Control Sensor:

bcted between tests, may be reused subject only to the limitations of
1.10. Nonexpendable base metal TUS thermocouples installed onirac
usively under 1200 °F (650 °C) shall be limited to no more than'90 us
hever comes first.

m accuracy test sensors shall comply with Table 1.

bration of SAT sensors shall have been performed with a primary or g
ument against a primary or secondary standard<sensor in accordance
1.8, 3.1.1.9, and 3.1.1.10 for limits on reuse, of thermocouples. Recalil
E thermocouples that have been exposed:to temperatures above 500
ibited.

bl, monitoring, and recording sensors shall comply with Table 1. Expe

pcouples may be used, subjectto the limitations of 3.1.1.9 and 3.1.1.1

pment within the work zone, or as close as possible, for controlling ar

bration shall have been performed before use. Recalibration of base 1
mocouples is prohibited (see 3.1.8.3).

3.1.7.4 Exp

perature, in conjunction‘with controlling and/or monitoring instruments,

8.1.1.9 and
ks and used
bs or 3 years,

econdary standard
with Table 1. See

pration of Types K
°F (260 °C) is

ndable
0.

| processing
d/or monitoring of

hetal load

endable thermocouples, when used as a control sensor are limited to

one use.

3.1.7.5
limit

ations of 3.1.8.

3.1.8 Load sensors shall comply with Table 1.

3.1.8.1

Nonexpendable load thermocouples may be used to control temperature, subject to the

Load sensors, used for measurement of temperature of parts, simulated parts, or raw

material, shall be in contact with or buried in the load during thermal processing.

3.1.8.2

Load sensors may be used as control sensors in accordance with 3.1.7.2. When a load

sensor is used as a control sensor, no control, monitoring, or recording sensor shall exceed
the maximum allowed processing temperature.
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3.1.8.3 Recalibration of base metal load thermocouples is prohibited. Recalibration frequency of

3.1.84

3.1.8.5

3.2

nob

le metal thermocouples shall be every six months after first use.

Expendable base metal load thermocouples may be used up to 30 times when used at or

below 1200 °F (650 °C) provided the requirements of section 3.1.1.9 are satisfied; they are
limited to one use above 1200 °F (650 °C). Nonexpendable base metal load thermocouples
may be used as specified in 3.1.8.5.

ope
use

The life of nonexpendable base metal load thermocouples shall be determined by the

rating temperature(s). Records shall be maintained of the accumulate
(furnace load cycle). Maximum number of uses or maximum elapsed

whighever occurs first, shall be as follows:

230
220
180
120

D °F (1260 °C) and above 1 use

D °F (1205 °C) to 2299 °F (1260 °C) 10 uses

1 °F (980 °C) to 2199 °F (1205 °C) 30 days or 90 uses
D °F (650 °C) to 1800 °F (980 °C) 90 days or-480 uses

Belgw 1200 °F (650 °C) 90 daysor270 uses

When used in multiple ranges, the shortest frequency or usage shall appl

alo

load sensor.

Exa

Exa

mple 1:
sensor with 9 uses at 2250.%F has only one more use allowed in

A
range or any lower operating-range.
N

o uses remain at 2300 7 or above.

mple 2:

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

tthas already.exceeded the use limits for all ranges above 2199 °F.
tlis now subject to the 90 use limit as it has been used in a higher tem

Example 3:
o Al‘nsensor with 50 uses between 1400-1600 °F is then used at 1015 °F.
¢ It has already exceeded the use limits for all ranges above 2199 °F.

e |t is subject to a 180 use limit as it has been used in the 1200-1800 °F temperature
range.

Instrum

i thermocouple
usage time,

. Replacement of

hd sensor earlier than the required SAT frequency satisfies the SAT r¢quirement for the

the 2200-2299 °F

berature range.

entation (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 calibration is traceable
to NIST or other recognized national equivalent(s) according to Table 3.
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3.2.1 Users shall review all instrument requirements in AMS 2750D as not all instruments approved
for use in AMS 2750C will meet the requirements of this revision.

3.2.2 The following requirements (3.2.2.1 and 3.2.2.2) apply to control, monitoring, or recording
instruments purchased one year after the issue date of AMS 2750D. Control, monitoring, or
recording instruments purchased prior to one year after the publication of AMS 2750D may
meet the requirements of AMS 2750C.

3.2.2.1 Temperature resolution requirements for furnace chart recorders shall be in accordance with
Table 4.

3.2.2.2 Progess Recorder Print and Chart Speeds shall be in accordance-with Taple 5.
3.2.3 Test instruments shall be digital and have a minimum readability.of 1 °F or | °C.
3.2.4 Contrplling, Monitoring, or Recording Instruments:

3.2.4.1 At lgast one recording and/or controlling instrument for each zone shall hgve a minimum
readability of 1 °F or 1 °C.

3.2.4.2 Installation of controlling, monitoring or recording instruments shall conform to the
marjufacturer's recommendations.

3.2.4.3 Offdets: If offsets are used, a documented procedure shall exist, describirlg when and how
to perform manual and electronic.offsets. The procedure shall address how to account for
and|reintroduce any intentional.effsets. Prior to reintroducing any intentional offsets, any
insttument calibration error found shall be taken into account. Adjustmentg (offsets) greater
than those shown in Tables 6 or 7 shall not be used.

3.2.4.3.1 If subsequent internal instrument adjustments or offsets are made to achieve TUS
refuirements, these internal adjustments or offsets must be applied during subsequent
SATs per 3:44.3.1. In addition, if subsequent internal instrument adjustments or offsets
are made_to-achieve SAT requirements, the effect on the TUS range or distribution shall
bg considered as the range will shift upwards or downwards in responsg to the internal
adjustment or offset.

3.2.4.4 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 measured value.

3.2.5 Instrument Calibration:
3.2.5.1 Calibration shall be performed on the instrument(s) listed in the Instrument Type column of
Table 3. Regardless of the calibration procedure used, it shall comply with the requirements

of Table 3.

3.2.5.2 Calibration accuracy and frequency requirements shall be in accordance with Table 3.
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3.2.5.3 Calibration shall be performed to the manufacturer’s instructions.

3.2.5.3.1

3.25.3.2

3.2.5.3.3

Calibration of controlling, monitoring or recording instruments shall be performed to the
manufacturer’s instructions or, if the manufacturer’s instructions are not used, a minimum
of three simulated sensor inputs shall be used at the minimum, midpoint and maximum of
the furnace Qualified Operating Temperature Range.

Calibration of furnace controlling, monitoring or recording instrument(s) 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;appropriately

arnotated to indicate that a calibration occurred, including time and date.

Calibration shall be performed on each channel in use that cancbé altergd or adjusted, or
grpup of channels that can be altered or adjusted.

3.2.5.4 Chdrtrecorder (circular and strip) speed(s) shall be verified annually and ghall be accurate

3.2.5.5 Senkitivity shall be checked during calibration. See Table 3 footnote 4.

3.2.6

3.2.6.1

3.2.6.2

withjn £ 3 minutes per hour.

Instrumentation Records:

A sticker affixed to the instrument shallNindicate the most recent successfulll calibration. As a

minimum, the sticker shall include;

Date the calibration was performed

ue date of the next calibration
Tlechnician who performed the calibration
Any limitations or restrictions of the calibration shall be indicated on thg sticker.

lw)

The|results of calibration shall be documented. At a minimum the report shall include:

Instrument-Aumber or furnace number
Make and:‘model of instrument calibrated
gtandard used during calibration

ethod of calibration (manufacturer’s instructions, three point)
equiTed-accuracy

As found and as left data at each calibration point

Offset as found and as left (as required)

Any intentional offset as left

Sensitivity (as required by Table 3, Note 4)

Statement of acceptance or rejection

Any limitations or restrictions of the calibration shall be included

Date the calibration was performed

Due date of the next calibration

Technician who performed the calibration

Calibration company (if not performed in-house)

-10 -
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3.26.2 (Co

ntinued)

e Signature of the calibration company representative (if not performed in-house)
e Quality Organization approval.

3.2.7 Electronic Records:

3.2.71
info
retri

recg
purd
requ

3.2.7.1.1
wi

3.2.71.2

3.2.7.1.3
in
32714
th
th

3.2.715
in

3.3 Therma

3.3.1

TH

Th

CQO

TH

TH

Th

rmation representation in digital form that is created, modified, mainta

An “electronic record” is any combination of text, graphics, data, audio, pictorial, or other

ned, archived,

rding, monitoring or data acquisition) that creates electronic records,
hased one year after the issue date of this revision shall meetthe foll
irements:

thout detection.

mpiling the record data, but shall not provide ‘any means for altering t
e system shall provide the ability to generate accurate and complete
e system shall support protection, retention, and retrieval of accurate
oughout the record retention péeriod. The hardware and/or software s

oughout the retention period as specified in 3.7.

e system shall provide methods (e.g., passwords) to limit system acc
lividuals whose aathorization is documented.

Furnagce classes are defined in Figure A and are based on the minimum req

pved, or distributed by a computer system. When using a system (fur

ace control,
systems
bwing

e system must create write-once, read only electronic records that cannot be altered

e system software and playback utilities shall.provide a means of exgmining and/or

e source data.

copies of records

both human readable and electronic.form suitable for inspection, revigw, and copying.

records
hall operate

pss to only

uirements for

r'umentation used
m accuracy tests,

ihstrument

calibrations are based on the furnace cIass and mstrumentatlon type (Table 3,6,7,8,0r9).

Furnace Class Temperature Uniformity Temperature Uniformity
Range (Degrees F) Range (Degrees C)
1 + 5 + 3
2 +10 + 6
3 +15 + 8
4 +20 10
5 +25 +14
6 +50 +28

FIGURE A - Furnace Classes
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3.3.1.1 Inst

rumentation Type A:

3.3.1.1.1 Each control zone shall have at least one control sensor connected to a control instrument
that displays and controls temperature.

3.3.1.1.2 The temperature indicated by the control sensor in each control zone shall be recorded by

a

recording instrument.

3.3.1.1.3 Atleast two additional recording sensors in each control zone shall be located to best

re
te

CQO

lo

3.3.1.1.3.1

mperature uniformity survey. It is recognized that certain furnacesdesi

cations, but these sensors shall be located as close as practieal.

requirements.

3.3.1.1.4 Atlleast one recording load sensor shall be located.in each control zone

3.3.1.1.5 Each control zone shall have over-temperature protection. The sensor r

ha

sSensor.

3.3.1.2 Inst

umentation Type B:

bresent the coldest and hottest temperatures based on the results frafn the most recent

jns/loading

nfigurations can prevent the location of these sensors in the precise doldest and hottest

hese recording locations may change over time. See_3.5.18 for relogation

bpresenting the

ttest location per 3.3.1.1.3 may also be:utilized as the over-temperature protection

3.3.1.2.1 Each control zone shall have.at least one control sensor attached to a cpntrol instrument

th

3.3.1.2.2 Th
a

3.3.1.2.3 At

3.3.1.24 E34

bt displays and controls temperature.

ecording instrument.
least one-reécording load sensor shall be located in each control zone

ch centrol zone shall have over-temperature protection.

e temperature indicated by the control sensor in each control zone sHall be recorded by

3.3.1.3 Inst

umentation Type €:

3.3.1.3.1 Each control zone shall have at least one control sensor attached to a control instrument
that displays and controls temperature.

3.3.1.3.2 The temperature indicated by the control sensor in each control zone shall be recorded by
a recording instrument.
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3.3.1.3.3 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 most recent
temperature uniformity survey. It is recognized that certain furnace designs/loading
configurations can prevent the location of these sensors in the precise coldest and hottest
locations, but these sensors shall be located as close as practical.

3.3.1.3.3.1  These recording locations may change over time. See 3.5.18 for relocation
requirements.

3.3.1.3.4 Eq
ha
S€
3.3.1.4 Inst
3.3.1.4.1 Es
th
3.3.14.2 Th
a

3.3.1.43 E3

3.3.1.5 Inst

3.3.1.5.1 E4
th

3.3.1.6 Inst

nsor.
umentation Type D:

ch control zone shall have at least one control sensor-attached to a ¢
bt displays and controls temperature.

e temperature indicated by the control sensorin each control zone sh
ecording instrument.

ch control zone shall have over-temperature protection.
umentation Type E:

ch control zone shall have.at least one control sensor attached to a ¢
bt displays and controls temperature.

umentation - Refrigeration Equipment and Quench Systems:

3.3.16.1 R

frigeration eguipment shall have a temperature controller. This tempg

refuirement:s not applicable to liquid nitrogen, dry ice and dry ice/liquid
cdntainers:All refrigeration equipment shall be equipped with a tempera
is used\for a treatment where time-at-temperature is required. The abov
aremot applicable during transportation of materials at sub-ambient tem

ch control zone shall have over-temperature protection. The sensofrepresenting the
ttest location per 3.3.1.3.3 may also be utilized as the over-temperature protection

pntrol instrument

all be recorded by

pntrol instrument

rature controller
-cooled

ture recorder if it
e requirements
peratures.

3.3.1.6.2 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 at the release date of this revision do not require recording
instruments.

3.4 System

Accuracy Tests (SATs):

3.4.1 SATSs 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 SATSs shall also be performed on additional systems that qualify
instrumentation as Types A, B, or C. See 3.3.1.1, 3.3.1.2, and 3.3.1.3.
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3.4.11

3.4.1.2

3.4.1.3

SATs shall be performed using a test instrument meeting the requirements of Table 3 and a
test sensor meeting the requirements of Table 1.

An SAT is not required for sensors whose only function is over-temperature control, load
sensors that are limited to a single use (one furnace load/cycle), sensors not used for
acceptance as part of production heat treatment, or load sensors whose replacement
frequency is shorter than the SAT frequency. See 3.1.8.4 and 3.1.8.5.

A new SAT shall be performed after any maintenance that could affect the SAT accuracy.
Examples include replacement of the thermocouple and recalibration of:the instrument when

any

whether specific maintenance requires a new SAT.

Wegkly readings show that the relationship between the control sensor ar

adjustment has been made. Quality Assurance shall be consulted.for

shall be performed upon installation and periodically thereafter in acc
bments of Table 6 or 7. SAT frequency is based upon éguipment clas
mentation type. If a preventive maintenance program (see 8.2.35) is in
e reduced one step (e.g., weekly to biweekly, biweekly to monthly, etq
6 or 7 under either of the following conditions:

sensors in each control zone are Type NgR; or S.
itoring sensor in each control zone-remains within 2 °F (1 °C) of their
of the last Temperature Uniformity Survey.

Vaiver: The requirement for-an SAT is waived if all of the following (3.4
5) apply:

direction on

prdance with the
5 and

effect, frequency
.) if allowed in

d an additional
relationship at the

t.3.1 through

ddition to the required instrumentation of types A thru D there are alwa

rding load sensors in each control zone, one monitoring and one con
strument type'A and B, there would be one additional load sensor. M
e controllerset point, based on observed load sensor readings provid
rol. The controlling load sensor, in this context, does not need to be p
nected to the furnace controller.

| comply with 3.1.8.

replaced or recalibrated quarterly.

3.4.2 SATs
requir
instru
may b
Table

3.4.21 Twa

3422
mor
timsg

3.4.3 SATYV
3.4.3.

3431 Ina
recd
of In
to th
con
con

3.4.3.2 Loat
shal

3.4.3.3

3.4.34

3.4.3.5

years.

ys at least two
rolling. In the case
hnual adjustments
e acceptable
ysically

g load sensors

All noble metal load thermocouples in use shall be nonexpendable and shall be either

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

All noble metal control and recording thermocouples in use shall be replaced every two
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3.4.3.6 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. 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

Tem

perature Uniformity Survey.

3.4.4 System Accuracy Test Procedure

3441 The
ope
test
3442 The

(me

distance shall not exceed 3 inches (76 mm). Subsequent SAT tests shall
mocouple(s) placed in the same locations/positions/depth as the initia) test. The SAT

ther|
sen
the

3.44.21

rating temperature, shall be compared with the corrected temperature

Resident SAT thermocouples may be employed subject to the following

uncorrected temperature indication and/or recording of the sensor be
sensor on a test instrument.

tip (measuring junction) of the SAT sensor shall be as close as practi

5or may be inserted temporarily for the test or.may be a resident test s
imitations of 3.4.4.2.1.

3.44.211

3.44.2.1.2

3.44.2.1.3

Resident SAT thermocouples shall\be restricted to Type N, Ror S at {
bxceeding 500 °F (260 °C) andshall be nonexpendable if exposed to
hbove 1000 °F (538 °C).

he resident SAT sensor_type shall be different from that of the senso
-urthermore, a resident Type R sensor shall not be used to check a T
h resident Type Scsensor shall not be used to check a Type R sensor,

Resident SAT.sensors shall be subject to the replacement and recalib

3.44.3 The
lead

fequirements of 3.1.6.

difference between the uncorrected reading of the sensor system bei
wire, and instrument) and the corrected reading (after test sensor ang

P2 A £ 4l £ + o hall kb

ng tested, at any
indication of the

cal to the tip

asuring junction) of the controlling, monitoring, or recording sensor, buit the tip to tip

Litilize SAT
ensor, subject to
limitations:
emperatures

temperatures

I being tested.
ype S sensor, and

ration

hg tested (sensor,
test instrument

corr

i fonta. ra—annl Q B AP~ W7~ ko ranaked
CULIVIT TAULUTO ATy G'JlJIIUu} UT UTO TCOol OCTTOVI OyOLUIII QAT VO TOUULUUTUCU

as the system

accuracy difference. Applicable correction factors shall be applied algebraically.

3.4.4.3.1

Certain correction factors may be algebraically applied to the sensor system being tested

when calculating the system accuracy difference, provided that these correction factors
are consistently applied during production heat treatment in accordance with documented
procedures.
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Examples of correction factors that may be incorporated include:

e Sensor correction factor as listed on the initial calibration report, or recalibration report
(whether recalibration was performed in a laboratory or in-situ). Only the most recent
sensor correction factor may be applied.

e Control or recording instrument correction factor as listed on the most recent
calibration report.

¢ Intentional internal adjustment to the control or recording instrument solely to correct a
skewed temperature uniformity distribution.

e A previously documented and specified offset to the control instrument to correct an

SAT difference, if this offSet Is in the form of an intentional manual-offset of the control

setpoint (e.g., If the desired setpoint is 1000 °F, set control instrument setpoint at 1003

°F).

Correction factors that shall not be incorporated include:
o | Previously applied internal adjustments or offsets to the-,control or rdcording instrument
to correct an SAT difference. These internal adjustmehnts or offsets are already
reflected in the displayed or recorded temperature’and shall not be applied twice.

o [ Manually applied offsets to the control instrumentthat have been spgcified for
production heat treatment solely to correct asskewed temperature uniformity
distribution. These manual offsets have ng:effect on the performance of an SAT or
calculation of an SAT difference.
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Example 1
(No intentional prior internal control or

recording instrument adjustment)

Example 2

(With intentional prior internal control or
recording instrument adjustment)

Indicated (uncorrected)
control or recording
instrument reading (A) 1500 °F

Indicated (uncorrected)
control or recording

Indicated (uncorrected) test
instjument reading (D) 1503.0 °F

Tes{ thermocouple
corrgection factor (E) -1.0 °F

Tes{ instrument correction

factor (F) +0.2 °F
(D) t+ (E) + (F) = True/Test

Tenmperature (G) 1502.2 °F
SAT| Difference = (A) — (G) -2.2°F

instrument reading (A) 1500 °F
Correction to balance prior

intentional internal

adjustment to control gqr

recording instrdment (B) +5 °F
Control Sensor correction -1°F
factor

(A)+ (B) + (B") =

Corrected control or

recording instrument 1504 °F
temperature (C)

Indicated (uncorrected))

test instrument reading (D) 1507.0 °F
Test thermocouple

correction factor (E) -1.0 °F
Test instrument corregtion

factor (F) +0.2 °F
(D) + (E) + (F) = True Test

Temperature (G) 1506.2 °F
SAT Difference = (C) + (G) -2.2 °F

3.4.4.4 If thedifference (inctuding any prior adjustment attowed by Table 6 or 7 O

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

3.4.4.5 If the difference exceeds the limits of Tables 6 or 7 as applicable, corrective action may

include, but is not limited to, any of the following:

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

3.4.4.5.2 Recalibration of the out-of-tolerance instrument.
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3.4.45.3 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.

3.4.4.6 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.

3.4.4.7 After corrective action has been effected, and prior to any additional thermal processing, the
SAT shall be repeated in accordance with 3.4.4.

3.4.4.8 As 3gn alternative to the SAT procedure of 3.4.4.1 to 3.4.4.3, the same objective may be
accomplished either by (1) replacing the sensor being tested at or,more frequently than the
reqyired SAT frequency and checking the balance of the system (lead wire and instrument
combination) or (2) testing the sensor and the balance of the system (leadq wire and
instfument combination) separately and combining the results. For either method, the
combined result shall be within the tolerances specifi€d)in Table 6 or 7.

3.4.5 System Accuracy Test Instrumentation:

3.4.5.1 Sysfem accuracy tests shall be performed using a test instrument meeting the requirements
of Thble 3 and a test sensor meeting the.requirements of Table 1.

3.4.6 Recornds:

3.4.6.1 The|system accuracy test report’shall include:

Identification of the sensor’being tested
Identification of the test sensor

Identification of the.test instrument

ate and time of day of the test

Qbserved control or recording instrument reading
Qbserved\test instrument reading

Tlest sensor and test instrument correction factors
Jorrected test instrument reading

(Oaleulated Q\J/Q‘rnm accuracy difference.

Indication of test acceptance or failure
Identification of technician performing the test
SAT company (if not performed in-house)
Signature of the calibration company representative (if not performed in-house)
Quality Organization approval.

O

3.5 Furnace Temperature Uniformity Surveys (TUS):

3.5.1 Aninitial 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 frequency shown in Table 8 or 9.

-18 -



https://saenorm.com/api/?name=4645a072676122c562301f7d5e8d51af

AMS 2750D SAE AMS 2750D

3.5.2

3.5.3

3.54

Multiple Qualified Operating Temperature Ranges: A furnace may have multiple qualified
operating temperature ranges. For example, a furnace may be qualified to operate within
+ 10 °F from 600 °F to 1000 °F (6 °C from 315 °C to 540 °C) and + 25 °F from 1000 °F to
1800 °F (£14 °C from 540 °C 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.

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:

e Ingrease in the maximum qualified operating temperature or deefeage in the minimum
alified operating temperature

rner size, number, type, or location change
ating element number, type, or location change
anges to airflow pattern/velocity (baffle positions, fan speed, fan quantity, etc.)
ange of refractory thickness

w refractory with different thermal properties

ange of vacuum furnace hot zone design or materials
ange of control sensor location

ange of combustion pressure settings from original setting
ange of furnace pressure settings (damper system) from original sett|ngs
mperature control scheme change {proportional versus high-low/off-gn)
Adjustment of tuning constants

Wprk zone volume increase covering area not previously tested
Wprk zone location change-covering area not previously tested.

4H0000Z00ITTL

All furhace modifications shall be documented and the responsible Quality Assurance
organ|zation shall make the‘determination whether an initial TUS is required based on the
modifications made and.the particular furnace configuration.

Furnalce 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
expedted to affect the temperature uniformity characteristics of the furnace shall not require
repeating:the TUS. Examples include, but are not limited to the following:
i r/tile with another duplicate burner/tile

Refractory repair using material with similar thermal properties
Replacing a control or monitoring sensor to its previously documented location
Replacing heating system components (e.g., gas regulator, valve, metering device,
heating elements, etc.)

Restoring original combustion pressure settings and tuning constants

Replacing a controller with an identical controller with the same tuning constants
System accuracy test failure

Correction of furnace pressure control problem

Repair of furnace door seals.
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3.54

3.5.5

3.5.6

3.5.7

3.5.71

3.5.8

3.5.9

(Continued)

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 configuration.

Initial survey temperatures shall be the minimum and maximum temperatures of the qualified
operating temperature range(s). Additional temperatures shall be added as required to ensure
that no two adjacent survey temperatures are greater than 600 °F (335 °C) apart. For

examj Aace e furnace may be
surve ed at 800 F (425 °C), 1800 °F (980 °C) and one intermediate tempgrature to meet the
600 °k (335 °C) range requirement. Surveying at any temperature from 1200 °F (650 °C) to
1400 [F (760 °C) would satisfy the 600 °F (335 °C) range requirement.

Periodic survey temperatures shall be any temperature within €ach qualified operating
range(s). Temperatures shall be added as required to ensure that no two adjacent survey
tempgratures are greater than 600 °F (335 °C) apart. Additionally, at least gnce within each
calendar year periodic tests shall be performed at theminimum and maximyim temperatures
of eagh qualified operating temperature range. For eéxample if a furnace requires £10 °F

(£ 6 °C) uniformity from 800 °F to 1025 °F (425 t0*550 °C), +15 °F (8 °C) upiformity from
1026 [F to 1400 °F (590 to 760 °C) and £25 °k~(#£ 14 °C) uniformity from 14D1 °F to 1600 °F
(795 tp 870 °C), once each year, the furnace would have to be tested at 800 °F (425 °C) and
1025 [F (550 °C) and meet £10 °F (6 °C}, 1400 °F (760 °C) and meet +15[F (+ 8 °C) and
1600 [F (870 °C) and meet 25 °F (£ 14*°C). Other tests conducted during the year would
only need to be conducted at a temperature within each of the three unifornjity ranges.

Survey frequency shall be in accordance with Table 8 or Table 9.
Frequency reductions-are based on both instrument type and history of the required number

of sticcessful surveys.-In addition, a documented preventive maintenance| program shall be
in effect.

Furnace Parameters During TUS: During each survey, except as outlined irf 3.5.9, 3.5.10,
3.5.11 and/3.5.12, all parameters shall reflect the normal operation of the equipment in
produ tlon (Examples: If the doors of a contmuous furnace are normally open during
produtti bilization
temperatures are not used in production, they shall not be used during the TUS; if excess
combustion air is used during production, it shall also be used during the TUS; if fans are
operated during production, they shall also be operated during the TUS, etc.).

Furnace Temperature at Insertion of TUS Sensors: If the normal operation of the equipment in
production is to load material into a hot furnace, it is acceptable to insert the TUS sensors into
the furnace with the furnace cold or with the furnace stabilized at or below the survey
temperature. If the normal operation of the equipment in production is to load material into a
cold furnace, preheating the furnace to perform the TUS is prohibited.
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3.5.10 Load Condition: A TUS may be performed with an actual production load, si

mulated

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 thickness 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

matgrial shall be the material with the highest room temperature thermakhg
consistent with the predominant material processed in the furnace.

3.5.10.2 When the TUS is performed with a load, and the TUS sensors are 'attache
product or parts, the load shall represent the thickness of the material nor|

3.5.11 Furnage Atmosphere during a TUS shall be the normal atmosphere used fo

onductivity

d to simulated
mally processed.

r production.

Furnagces used for those processes whose required atmospheres could contaminate the test

sensars (i.e., carburizing, nitriding, endothermic, and exothermic) or atmosg
pose a safety hazard (i.e. hydrogen or ammonia containing) may be tested
atmogphere of air or inert gas.

3.5.12 Furnagce vacuum level during TUS shall berun at the lowest vacuum level U
but nded not be less than 1 micron Hg (\45 107 Torr, or 1.3 x 10 millibar).

3.5.13 Batch|Furnaces, Salt Baths, Controlled Temperature Liquid Baths and Fluid
Furnaces:

3.5.13.1 Nunpber of TUS Sensorst.The number of TUS sensors shall be in accords
3.5.13.2 Location of TUS Sensors:
3.5.13.2.1 Fqr furnace-work zone volumes less than 3 ft* (0.085 m®), four TUS sen

lo¢ated at'the four corners and one at the center. If the furnace work zo
cylindrieally shaped, four TUS sensors shall be located 90 degrees apa

heres that could
Wvith an

sed in production,

ized Bed

nce with Table 11.

5ors shall be
ne volume is
t at the periphery
hall be located to

arld-one shall be located at the center. In both cases, all TUS sensors s
b o

3.5.13.2.2 For furnace work zone volumes greater than 3 ft* (0.085 m®), 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 located on the periphery of each end, 120

degrees apart. One of the remaining TUS sensors shall be located at th

e center; the other

two shall be located to best represent the qualified work zone. For furnace work zone
volumes greater than 225 ft* (6.4 m®), the additional TUS sensors required by Table 11
shall be uniformly distributed to best represent the qualified work zone. When radiant heat
from the periphery of the work zone is used to heat the product, the additional sensors

shall be uniformly distributed at the periphery of the work zone.
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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 furnace is prestabilized,

da

3.513.32 0
fre
su
(s
pr

a)

3.5.13.3.3 At
un
hg
ad
ra
m

a)

nimum temperature.

If the normal frequency of temperature data recérding in production
less, or is continuous as in the case of analog fecorders, manually r
be reported at two minute intervals.

If the normal frequency of temperature'data recording in production
minutes, data shall be recorded at the normal production frequency,
temperature data is recorded manually or automatically, in no case 5
sensor recording frequency intervals exceed six minutes.

no time shall any test, control or recording sensor exceed the upper t
iformity tolerance. The furnace shall be held at the test temperature u
ve stabilized. After stabilization, data collection shall continue for a minimum of 30
ditional minutes. All'survey thermocouples must be within the desired
nge and must not)be changing such that they may drift above or belov

For unfoaded furnaces: If the temperature readings of any TUS sens
upward or downward trend (continuously higher highs or continuous
the test period shall be extended as necessary until the trend is no |

ta collection shall begin as soon as the test load or rack is loaded in the furnace.

nce data collection begins, temperature data shall be recorded from a]l TUS sensors at a

quency of at least one set of all readings every two minutes for the du
rvey. Data from furnace sensors required by the applicable instrumen
be 3.3) shall be recorded as follows: (Sensors whose only,function is

btection do not need to be recorded.)

ration of the

tation type

pver temperature

s two minutes or
bcorded data shall

s greater than two
but whether
thall the furnace

emperature
ntil all test sensors

temperature
the maximum or

or exhibit an
y lower lows)
bnger evident.

For loaded furnaces: If a survey load is used during the TUS, some survey
thermocouples may continue to rise in temperature and slowly approach the set
temperature. This rise in temperature of survey thermocouples towards the set

temperature meets the requirement for stabilization.

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.
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3.5.13.4 Alternative Probing Method for Salt Baths, Controlled Temperature Liquid Baths, and
Fluidized Bed Furnaces:

3.5.13.4.1 ltis 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
eq

uipment shall be stabilized at the test temperature.

All parameters shall reflect the normal operation of the equipment in production. The

3.5.13.4.3 Th
te
re
m
de
fivi
30

3.5.14 Contir
be su
methg
tray) ¢
in a si
throug
the vd
the ar|
volum
furnad
be su
volum

3.5.14.1 Nun

3.5.14.1.1 Th
th

e first test location shall be monitored for at least 15 minutes sothat 3
mperature pattern can be detected. If no recurrent temperature patter
adings at subsequent locations shall be taken at intervals of tw6 minu
nimum of six minutes at each test location. If a recurrent temperature
tected, sufficient time shall be recorded at each location to document
e cycles of the recurrent temperature pattern. Total'survey time shall

minutes. All readings shall meet the required temperature uniformity

uous and Semi-continuous Furnaces: Continuous and semi-continuo
'veyed with TUS sensors arranged volumetrically or in a plane. Using

r the entire volume of the work zone.xUsing the plane method, TUS s
hgle plane perpendicular to furnace‘conveyance direction such that p
h the furnace measures the entire work zone volume of the zones to
lumetric or plane methods shall measure the full work zone volume. T
rangement and number of JUS sensors. When testing a portion of the
e incrementally, the entire’ volume is measured as the TUS sensors trf
e. Regardless of which‘method is used, the full volume defined as the
'veyed. Multiple runs'may be required to accomplish measurement of
e.

ber and Location of TUS Sensors — Volumetric Method:

e number of TUS sensors shall be in accordance with Table 11 base

ny recurrent

h is detected,
es or less, for a
pattern is

the extremes of
not be less than
tolerance.

is furnaces may
the volumetric

d, TUS sensors are located in three dimiensions to represent a portion (e.g., basket or

ensors are located

hssing the plane

be tested. Either
he difference is
work zone

pverse through the
work zone shall

the full work zone

| on the volume of

p AUS 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.

3.5.14.2 Number of TUS Sensors - 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 three, with one additional TUS sensor for each 2 feet (610 mm) of

wi

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

3.5.14.2.4 For work zone cross sections greater than or equal to 16 square feet (1.5 m?), the number

of

TUS sensors shall be nine.

3.5.14.3 Location of TUS Sensors — Plane Method:

3.5.14.3.2 Fc
S€E
(7
sy
di

3.5.14.4 TUSY
3.5.14.4.1 Al

351442 A
th
SP
pr
m
3.5.14.4.3 Te
re
ng
lo
tw

tations shall be within 3 inches (76 mm) of the work zone corners. On
cation shall be at the center. Additional TUS sensors shall be uniforml
oughout a plane perpendicular to the conveyance direction.

r furnaces having work zone heights of over 1 foot (300 mm) and wo
ctions up to 8 square feet (0.75 m?), four TUS sensor |ocations shall
5 mm) of the work zone corners and the remaindersshall be at the ce
mmetrically distributed about the center of a plan€ perpendicular to th
ection.

Data Collection:
parameters shall reflect the normal operation of the equipment in pro

TUS sensor for each test location shall be secured to a rack or in a lo
ough the furnace. Initial surveys shall be performed at the highest an
eeds used in production.-Periodic tests may be performed at any trav
pduction. All required locations need not be traversed simultaneously;
by be made to survey.all locations.

mperature readings of all TUS sensors and the control or monitoring

corded for each 'surveyed zone. The traverse may be repeated as ma
cessary teeénsure that any recurrent temperature pattern is determine
cations_through the surveyed working zone(s). Readings shall be reco
o0 minutes with at least three sets of readings recorded per zone.

TUS sensor
distributed

zone cross
e within 3 inches
er and

e conveyance

duction.

hd and traversed
] lowest traverse
brse speed used in
several traverses

ensor(s) shall be
ny times as

d at all test

rded at least every

3.5.14.4.4 St

Yo £l TLIC ot £ 4 4+ [ 4l 4l 4 4+ 4
iy uic 1O Wit 1S TUrfiavt Tyl aturc Tigrich uidim e 1Col tTIl

rature 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 specifications. All TUS sensors

sh

all meet the required temperature uniformity tolerance.

3.5.15 Alternative Testing Methods For Continuous or Semi-continuous Furnaces or Furnaces with
Retorts or Muffles:

Where it is impossible or impractical to traverse TUS sensors through a continuous or semi-
continuous furnace, or to install TUS sensors into the retort or muffle of a furnace, it is

accep

table to use alternative testing methods as described below:
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3.5.15.1

3.5.15.2

Probing Method: 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 two minutes and readings of at least one controlling,
monitoring, or recording sensor in each surveyed zone shall be taken every five 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.

therpafter and (2) monthly examination of property trends. The product arfalyzed shall be
one|whose properties are sensitive to variations in heat treating temperatlire and whenever
possible, one that is heat treated frequently. Material thickness shall be wjthin the normal
progess size range. If a 2-step treatment is required, it is permissible to perform the second
sted on the samples separately from the remainder of the let (e.g., in a lalporatory furnace).

Property Surveys: This method requires (1) testing of material initially an:1annually

3.5.15.2.1 Initial and annual property surveys shall be performéed at the highest an¢l lowest operating

temperatures. Additional test temperatures shall be added to make surg no two test
temperatures are more than 300 °F (165 °C) apart. Continuous furnace fthroughput speed
shall be that normally used for processing. At least 10 tests shall be performed at each
tegt temperature. Samples for tests shall be'taken from the extremes and center of the
load.

3.5.15.2.2 Monthly Property Surveys: Properties of heat-treated material shall be gnalyzed by a

statistical technique such as described in ASTM MNL 7 or other statistidal 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 ypper or lower
cantrol limits, no further processing shall occur until the cause of the shift is determined
ard corrected. Paragraph 4.2 shall apply.

3.5.16 Tempegrature Unifarmity Survey Sensor Failures: No TUS sensor failures atfthe corner
locations of the-work zone are permitted. A temporary condition such as a ghort or loose

dered a failed
ner location)
bnsors fail or the

Survey with 3 to 9 sensors No failures

Survey with 10 to 16 sensors 1 failure
Survey with 17 to 23 sensors 2 failures
Survey with 24 to 39 sensors 3 failures

Survey with 40 or more sensors  no more than 10%
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For test temperatures of 2000 °F (1093 °C) and above:

e Survey with 3 to 5 sensors No failures

e Survey with 6 to 9 sensors 1 failure

e Survey with 10 to 16 sensors 2 failures

e Survey with 17 to 23 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 Therassigmabtetause shattbedocumerntedforea gited-TUSsemnsorand corrective
actipn taken (where possible) to prevent or decrease future failures from-this cause.

3.5.17 Tempegrature Uniformity Pass/Fail Requirements:

3.5.17.1 A syrvey shall be considered acceptable if all previous requirements are met including the
follgwing:

e TUS sensor readings and control or monitoring sensor readings did not exceed the
ppplicable positive temperature tolerance at anydime.

o All readings of all TUS sensors and control orrecording sensors are within the
emperature tolerance requirements showpn in the applicable Table 8 qr 9 during the
50ak period except as allowed by 3.5.16¢

o he time required to achieve recovery;:stabilization, or recurrent tempgrature pattern did
ot exceed the time limit specified:itn“any applicable process specifications.

o US is run for the minimum required time.

3.5.18 Relocption of Hot or Cold Recorfding Sensors for Class A or C Instrumentation:

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

reflect the new hottest and coldest locations within the work zone. These sgnsors do not
requirg relocation(if the overall temperature uniformity does not exceed one|half of the
maximum temperature uniformity tolerance for the applicable furnace class jat all temperatures
surveyed, or if the difference between the measured temperature at the curfent recording
locatipns.and the actual respective hottest and coldest measured areas is l¢ss than the
system-aecuracy-te S olerance-for-the-applicablefurnace—<€ls

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 the requirements of 4.2 shall apply. The
equipment shall not be used for additional processing until the cause has been corrected
and the TUS has been performed successfully.
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3.5.19.1.1

3.5.19.1.2

3.5.20 Tempgrature Uniformity Survey Instrumentation:

For equipment tested at reduced frequency, failure of a temperature uniformity survey
shall cause the test frequency to revert to the initial test frequency specified in Table 8 or
9. Frequency shall not be reduced until the specified number of successful consecutive
tests in Table 8 or 9 have been completed.

If the correction takes the form of adjusting (offsetting) the control instrument, and 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 established in Table 6 or 7
[Column titled Maximum Permitted Adjustment (Offset)]. The offset is in addition to any
offsetas allowed for in 3.4.40. € Qualifie
eXceeds 300 °F (165 °C), a re-survey is required where uniformity is’chgcked at the
temnperature extremes of the test range where the offset is applied."Test temperatures for
edch range where offsets are applied shall not be more than 600, °F (33p °C) apart.
Documentation of any adjustment (offset) is a requirement. InCaddition, any offsets or
adjustments shall remain in place during all subsequent heat treatmentq in the
temperature range where the offsets are applied. This will return the eqliipment to the
requirements of 3.5.6 for subsequent TUS’s.

3.5.20.1 Temperature Uniformity Surveys shall be peformed using calibrated independent test
instiumentation meeting the requirements.of Table 3, and independent TUS sensors
megting the requirements of Table 1. Process instruments of thermal progessing equipment
shall not be used to record TUS senser'data. Compensation for known dgviations in the test
instfumentation shall be made by electronic methods or mathematical corfection.

3.5.21 Tempgrature Uniformity Survey Report:

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

(]

urnace identification name or number
urvey temperatures

US sensonand location identification including a detailed diagram, dgscription or
hotograph(s) of any load or rack used
orrection factors as well as corrected or uncorrected readings of all TUS sensors at
achrsarvey temperature. Readings shall be identified as corrected orjuncorrected.
esting company identification (if not performed in-house)
Signature for the testing company (if not performed in-house)
Name of technician performing survey

Survey start date and time

Survey end date and time

Survey test instrument identification number

Indication of test pass or test fail

Documentation of furnace survey sensor catastrophic failures (see 3.5.16)

Time and temperature profile data showing TUS sensors and control or monitoring
sensors for all zones tested

Summary of final plus and minus readings at each test temperature
Quality Organization approval.
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3.5.21.2 Although not a required part of the uniformity survey report, the following shall be accessible

on site:

e Control instrument tuning parameters

e TUS sensor calibration report

e Control and recording sensor calibration report
[}

dimensional space.

3.5.22 Surve
sectio
revisi

3.5.23
sourc
condy
be co
chara

3.5.23.1 The
pee
12
pan
to fi

3.5.23.2 The
sym
Eith

3.5.23.3 All ]

3.4.2, may be considered equivalent to tests performed in accordan
n for the purpose of qualifying furnaces for (1) waiving initial tempera
(2) reducing frequency of periodic temperature uniformity tests.

ion Surveys: For all aluminum alloy solution heat treating’air furnaces
 (e.g., electrical elements or gas tubes) is in the walls; a radiation sur
cted at the maximum qualified operating temperature of the furnace.
nducted initially and after any damage or repair that could affect the re
cteristics of the side wall panels.

ned into or welded to, the center of 606 1T-aluminum alloy panels, appr
nches (305 mm) square and not more*than 0.125 inch (3 mm) in nomi
els shall have been heated to 97010 1010 °F (520 to 545 °C) in air an
st use.

panels, one for each 1Q0-square feet (0.93 m?) of heat wall area, shall
metrically, with faces parallel to the heated walls, at the outer limits of
br side of the radiatien test panel(s) may face the heat source.

pdiation test sensor readings shall meet the requirements of 3.5.17.

3.6 Labora

when alload sensor is used:
Requirequarterly System Accuracy (SAT) testing

ry furnaces used for response to heat treating testing per material sp

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

AMS 2750C
ce with this
ure uniformity

, when the heat
vey shall be
[his survey shall
diation

radiation test sensor(s), which shall be.added to the normal survey se¢nsors, shall be

bximately
nal thickness. The
d air cooled prior

be distributed
the working zone.

ecifications and

Loadsensor shall r‘nmply with- 318

Furnace control instruments shall be calibrated quarterly
After successful initial temperature uniformity survey (TUS) and two additional quarterly TUS

surveys, the TUS frequency may be extended to semi-annually.

3.6.1

equipment.

3.6.2

If a load sensor is not used the laboratory furnaces shall be tested as required for production

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.
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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 than five years.

3.7.2

NIST or equivalent National Standard.

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

4. QUALITY

4.1 Respon
The prog
conforn
any of t
prescril
4.1.1 Anyin
interv
out of
41.1.1 Cor
insti
4.2 Inthee
of the n
be perfc
review f
on file.

purchas

421 Acon

ASSURANCE PROVISIONS:

sibility for Inspection:

cessor shall be responsible for the performance of all required tests a
ance to all requirements specified herein. The purchaser reserves the
ne tests or calibrations specified herein to ensure that processing con
ed requirements, but such witnessing shall not hinder operation of the
strument/sensor/test failing to meet these requirements, or that has

service.

ective action shall be documented including the actions taken to bring
ument/sensor/test into compliance.

vent of any test failure or.guttof-tolerance condition, an evaluation of t
pn-conformance on product processed since the last successful corre

procedures. Appropriate corrective action shall be taken, documented
Vhen material processing conditions deviate from specification requir
er(s) shall be-natified.

forming-corresponding test shall be required as evidence of adequate

nd for

 right to witness
orms to the

> facility.

ceeded its test

e
| including any applicable permissible extension period (See Table 1(£<), shall be taken

the

he possible effects
sponding test shall

rmed and documented. The evaluation shall be documented per estdblished material

and maintained
bment affected

corrective action.
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TABLE 1 - Sensors and Sensor Calibration
Sensor Sensor Type Use Calibration ) ® Maximum Permitted
MmeE Error 2) ()
Period Against
Reference | Types R and Primary Before first use. NIST®Y
Standard S noble standard Recalibration: Reference | None
(3.1.2) metal calibration 5 years standard
Primary T‘ Av=] R ar Id SU\JUI |duly BUf\JIU fll\)t Uos. o o
Standard S noble standard Recalibration: z?;iﬁ:r%e *1 ?_ )F1 §f°'6 C)or
(3.1.3) metal calibration 3 years i
Base or Before first use. Basg metal: + 2 °F (1.1 °C)
Types R and Recalibration: of +0.4%
Secondary S noble Test sensor 2years-TypesR& S Primar Noblg¢ metal: £+1.0 °F (£0.6 °C)
Standard metal librati 1 year - Base metal tand 3& of £0.1%
(3.1.4) calibration Before first use andar
Type B noble SRR +1.0F (0.6 °C) or
Recalibration: o
metal 2 years - Type B +(0.25%, Type B
Temperature Base or Temperature EZLOarI(iebfri;ito?%) @ Primary or
Uniformity Types B, R, peral ) y +4 °H (£2.2 °C) or
uniformity 6 months - Types B, R,'& S secondary
Survey and S noble £(0.75%
surveys 3 months - TypesJ-&N standard
(3.1.5) metal .
not permitted - other base metal
Before first use Basg metal 2 °F (x1.1 °C)
System Base or Recalibratien: ®) Primary or of £0.4%
Accuracy Types B, R, System 6 months --T esB R &S secon:jya Noblg¢ metal £1.0 °F (20.6 °C)
Test and S noble |accuracy tests yp PN ry dr
3.months - Types J & N standard o
(3.1.6) metal netpermitted - other base metal £[0.10%, Type R, S
P +(0.25%, Type B
woontrol Base or oo | Clasg 182: £2 °F (£1.1°C)
and ¥ Types B, R, | Installgtion in Before first use secondya of £0.4%
. and S noble | equipment ) Y| Clas$ 3 to 6: +4 °F (2.2 °C)
Monitoring standard o
(3.1.7) metal of £0.75%
Base or. Before first use. Primary or
Load Types B/R; Load Recalibration: secondya +4 °H (£2.2 °C)
(3.1.8) and,S ‘noble Sensing 6 months - Types B, R, & S standarcl;y of £0.75%
metal not permitted - base metal

(1) Temperature sensors that possess equal or better accuracy (maximum permitted error) are acceptable.
(2) Percent of reading or correction factor in degrees, whichever is greater.
(3) Type T thermocouples are normally used below 32 °F (0 °C) with a tolerance of +1 °F (0.6 °C) or + 0.8%,

whichever is greater.

(4) Recalibration requirements are outlined in the appropriate paragraphs and in 3.1.1.3 and 3.1.1.4.1.
(5) A reference standard sensor (3.1.2) may be used to calibrate any lower level sensor.

(6) NIST or equivalent National Standard.
(7) See 3.1.5.2 for exceptions.
(8) See 3.1.1.10 and 3.1.1.11 for expendable and nonexpendable base metal requirements.
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TABLE 2 - Thermocouples and Extension Wire

Type Thermocouple Extension Wire
Positive El_e_ment Negative E!ement Element Color Wire Code Jacket Color
Composition Composition Code " (positive/negative) Code "
(Nominal wt%) (Nominal wt%)
J Fe 55Cu/45Ni White/Red JPX/JNX Black
E DONIi/10Cr 55Cu/45Ni Purple/Red EPX/ENX Purple
K DONi/10Cr 95Ni/5, Al+Si Yellow/Red KPX/KNX Yellow
N 84.9Ni/14Cr/1.5Si | 95.4Ni/4.5Si/0.1Mg Orange/Red NPX/NNX Orange
R 87P/13Rh Pt Black/Red Rgg@g‘ﬁxor Green
B T0Pt/30Rh 94Pt/6Rh Gray/Red BPX/BNX Gray
s 90PY10Rh Pt Blaék/Red gaipvote Green
T Cu 55Cu/45Ni Blue/Red TPX/TNX Blue

(1) All color cg

standard(s)) may be used.

des stated are in accordance with ASTM E 230. Color codes in accordance

with other national
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TABLE 3 - Instruments and Instrument Calibration
Maximum 0
Instrument Instrument Type Ca’llsrriit('jon Standard gsgs::g;m Use
(Months)
Reference Zener voltage reference 36 NIST® Per NIST® Limited to primary standard
Standard calibration
+0.1 °F (.05 °C) or "if,'?ffed.;‘;'g;’:;ifr%ary
\Ij’;i?éltc;rrn(%ter, digital 36 gteafﬁézr;ge i0-2?5% O;. h standafd and test instruments
rea m%’ whichever | and primary and secondary
Primary IS greater standafd sensors
Standard o
4 of more Weston-type +0.005% of L'”?"ed.tO Iabpratory
| (3) : @ Reference - p calibrafion of instruments and
cells ™’ or equivalent 12 millivoltage ¥ating
. Standard secondary standard cells and
solifl state DC standards of cell. R .
standafdization of instruments
Limited to laboratory
calibrafion of field test
Seconda Primary +0.3 °F(£0.2 °C) or | instruments, system accuracy
Standardry Potentiometer or digital 12 standard ort +0.05% of reading, | test sefsors, temperature
Instrument voltmeter " primary whichever is unifornyity survey sensors,
standard cell | greater load sgnsors, and controlling,
monito in%, or recording
sensors ¢
2 of more saturated or +0.005% Of Limited to laboratory
Secondary unspturated Weston-type 122 Primary r_niI-Iivoltao e ratin standafdization of secondary
Standard Cell | cells or equivalent solid standard cell of cell 9 9 standafd instruments and
state DC standards ’ calibrafion of test instruments
Limited to controlling,
SAT/TUS Portable " +1° o monitofing, or recording
. - . +1 °F (0.6 °C) or . L
. poténtiometer or digital Primary or o S instrument calibration,
Field Test inst t electroni 3 d +0.1% of reading in o f syst
Instrument instfument, electronic secondary °F whichever is performance of system
daté recorder, or'data standard réater accuragy tests, and
acquisition system 9 temperpture uniformity
surveys$ )
Limited to measuring,
Digltal &) - - recardihg, and controlling
instrument 4 4 ©) @ See note fest 2P ELTC) temperature of thermal
processing equipment
+2 °F (1.1 °C) or
0,
Controlling, ioéiir/;l.lor;”;ﬁrve Limited to measuring,
Monitoring, or Electro mechanical See note ® | Test temperature of t%e recording, and controlling
Recording instrument 4 ©) © ®) equi%ment temperature of thermal
Instrument whichever is processing equipment
greater
Comparative Limited to measuring
Mechanical or Thermal P o o temperature of refrigeration
6 Test (same 15 °F (£3 °C)
Element and quench bath thermal
as for SAT)

processing equipment
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Table 3 Notes:

(1) Instruments of equivalent or greater accuracy are acceptable.

(2) Comparison checks among the cells shall be performed monthly.
(3) Cells having temperature control of £0.02 °F (£0.01 °C).
(

4) Class 1 & 2 instruments shall have a minimum sensitivity of 1 °F (1 ° C). Class 3 through 6 instruments
shall have a minimum sensitivity of 3 °F (2 °C).

(5) Control, monitor and record instrument calibration frequency in accordance with 3.2.4 shall be:

Digital Analog (Electromechanical)
Furnace Class 1 - Monthly Furnace Class 1 - Monthly

Furnace Class 2 - Quarterly Furnace Class 2 - Monthly

Furnace Class 3 - Quarterly Furnace Class 3 - Quarterly
Furnace Class 4 - Quarterly Furnace Class 4 - Quarterly
Furnace Class 5 - Semiannually Furnace Class 5 - Quarterly
Furnace Class 6 - Semiannually Furnace Class 6 - Quarterly

(6) Furnace Cpntrol, Recording, Monitoring or Data Acquisition Instrumeénts.

(7) Field Test jnstruments meeting accuracy requirements of secondary standards may be|used to calibrate
SAT and T|US test instruments in the field.

(8) Over tempgrature instruments used solely for furnace overtemperature protection do njot need to be
calibrated.

(9) NIST or eduivalent National Standard.
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TABLE 4 - Resolution Requirements for Furnace Chart Recorders (V'

Furnace Class Temperature Uniformity MaX|mumO? gﬁ;?te;;)s;!mh (cm) Rel\cflc?r)((jlinr:;%grre]i;nt
°F °C °F/inch °C/cm °F/ line °Cl/ line
1 5 3 50 11 2 1
2 +10 6 150 33 5 3
3 15 8 150 33 5 3
4 +20 +10 250 55 10 5
5 125 +14 250 55 10 5
6 50 +28 350 7 25 15

(1) Requiremaénts apply to instruments purchased one year after publication of AMS 27500,

3.2.2.

(2) Digital instfuments shall have a readability of 1 °F or 1 °C.

TABLE 5 - Process Recorder.Print and Chart Speeds ")

see 3.2.1 and

Recorder Typg Print Interval @ ®®) Chart Speed @
For cycles less than one For cyclgs one hour or more
Circular o hour time at temperature = | at tempefature = maximum of
Print intervals shall be.a maximum of 8 hours per 24 hopurs per complete
minimum of 6 times during complete revolution revolution
each time at temperature For Cyc|es less than one E | h
Strlp CyCIe. Print intervals shall not hour = 2 inches/hour Or_Cy(_'; ﬂiS oné Ol‘.‘lr_or more
exceed A5-minutes. minimum =1 ingh/hour minimum
Digital Not applicable

(1) Requiremegnts applyto instruments purchased one year after publication of AMS 27500,

3.2.2.

(2) Recorder ghall\be operating during the entire time that product is in the furnace.

see 3.2.1 and

(3) The sampl fa¥al +ar\hn|Q| IT=Y ||car| for all pr\unl’e rcr\r\rrlnrl on r\har‘l‘ ehall l'\n Hnr\uumnnl’nr\l if-ot ther than the

mstantaneous value at the sampling rate time fixed by the manufacturer.
(4) “Cycles” refers to heat treating time at temperature cycles.
(5) Print interval minimums may need to be changed in order to demonstrate conformance to cooling rate

minimums.
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