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APPLICABLE DOCUMENTS: The following publications form a part of this

specification to the extent specified herein. The latest issue of SAE
publications shall apply. The applicable issue of other publications shall
be the issue in effect on the date of the purchase order.

ASTM Publications: Available from ASTM, 1916 Race Street, Philadelphia, PA
19103-1187.

ASTM E 207 - Thermal EMF Test of Single Thermoelement Materials by
Comparison with a Secondary Standard of Similar
EMF-Temperature Properties

ASTM E 220 - Calibration of Thermocouples by Comparison Techniques

ASTM E 230 - Standard Temperature Electromotive Force (EMF) Tables for
StandardizZed TNermocouples

ASTM E 344 - Terminology Relating to Thermometry and Hydrometny

ASTM E 608 - Standard Specification for Metal Sheathed Base~Metal

Thermocouples
ASTM STP 19D - Manual on Presentation of Data and Control Lhart Angllysis
ASTM STP 470 - Manual on the Use of Thermocouples

ASTM Book (df Standards - Vol 14.03 - Temperature Measurement

U.S. Government Publications: Available from Naval™Publications arld Forms
Center, Atfn: NPODS, 5801 Tabor Avenue, Philadelphia, PA 19120-5099.

1 Military|Standards:

MIL-STD-1684 - Control of Heat Treatment

Instrument [Society of America Public@tions: Available from Instrunent
Society of|America, Box 12277, Research Triangle Park, NC 27709

ANST-MC96.1 - Temperature Measurement Thermocouples
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1

Temperature Sensors (See Table 1):

General: Temperature shall be measured by the thermocouples specified

herein, or by other thermocouples or sensors of equivalent or better
accuracy and 1imits of error. Limits of error and correction factors
specified herein are applicable to types E, J, K, N, R and S
thermocouples. When it is necessary to use other types of thermocouples,
they shall be of the same grade (i.e., special or standard Timits) as
those specified herein. Sensors shall be calibrated by the National
Institute of Standards and Technology (NIST) (formerly National Bureau of
Standards) or against sensors whose calibration is traceable, as specified
herein, to NIST by a technique compatible with, or equivalent to, that of
ASTM E 220 or ASTM E 207 (See 8.5).

Limits|of error, correction factors and deviations are fromcASIM E 230
tables| and they may be converted from degrees to millivolAs)yor|vice
versa.

Sensorg shall be calibrated in the temperature rangesyin which|they are
used. |Calibration intervals shall not be more tham»200°F (111{C) for
primar}y and secondary standards and 500°F (278°6) for other sefmsors.

Thermog¢ouples and Their Usage: Should consdder the recommendafions of
the ASTM Book of Standards - Vol 14.03, ASIM STP 470 and ASTM k 344.
Use of|thermocouples not conforming to_t#iese recommendations should be
based pn data generated by comparison,sunder processing conditjons,
against a stable sensor.

.1 Thermocouple calibration intenwals specified herein, whether|based on
time|[or number of uses, areJythe maximums permitted. However
compliance with them doeswot relieve the user of the respongibility
for gnsuring that excessive drift has not occurred under the
partjcular conditions\(environment, time, and temperature) of
expopure. Shortercintervals should be used until an operatimg history
is developed to justify the maximum 1imits or establish Timifs for the
partfcular normal;, and extremes of, exposure conditions.

Extension Wires: Should conform to ANSI MC96.1. They shall nqgt be
splicefd, baGtrconnectors, plugs, jacks, and terminal strips are
permispibie.

Thermocouples Made from Calibrated Wire Rolls: May be used in Tieu of
individually calibrated thermocouples; the roll calibration shall be the
average of sample thermocouples made from both ends of the roll

(See 8.7).

.1 The roll calibration shall not be used if the difference between the
highest and Towest readings of the sample thermocouples at any
calibration temperature exceeds the following:

1.1 1°F (0.6°C) for primary and secondary standard thermocouples.
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.5.1.2 2°F (1°C) or 0.2% of reading, whichever is greater, for system

accuracy test, temperature uniformity test, working and load
thermocouples.
.5.2

Maximum Amount of Wire in a Roll: At the time of calibration shall be

based upon the material and application as follows:

200 feet
2000 feet
2000 feet

Primary Standard Sensors
Other Noble Metal Sensors
Base Metal Secondary Standard Sensors

( 60 metres)
(610 metres)
(610 metres)

.6

.6.

.6.

.7

R

VR

ATT

Re-Use

Other Base Metal Sensors

200 pounds

of Types K and E Thermocouples: For tests,

treatm

otc cbho17 b
AES—SAa+——>b

limitoad c L7171 ~c .
T e T O T OWS

calibrations,

1 When
re-u
highg
2 For {
stai

be e

Re-use

used as secondary standard or system accuracy test _ Sensd
e above 500°F (260°C) shall be at a temperature eqQual td

r than, any previous use temperature above 500°FR260°C].

olution heat treating of aluminum alloys and~aging of PH
less steels at 1025°F (552°C) and below, depth of insert
ual to, or greater than, depth of insertion of any previ

of Thermocouples Other Than Metal-Sheathed, Ceramic Pac

( 91 kg)

or heat

rs, each

, or

ion shall
ous use.

ed

Insulaf

ion-Types: Is prohibited unless the insulation remains

the wi
1 Thern
or s
port
Junct
calil
2 For 1
requi

U
f

Number of{tses below 1200°F (649°C) + 2 times number of U

Referencs

es are not kinked or damaged, and the hot junction is un

ocouples which do not meet the above criteria shall be g
lvaged. Salvage shall consist of trimming off the disc
on and the portion heated above 500°F (260°C), remaking
ion, and recalibratings” If from a calibrated roll, the
ration may be used\in lieu of recalibrating.

est and load thermocouples made from base metal, recalil

red before "U'Sin the following formula exceeds 30:

etweenl1200°F (649°C) and 2000°F (1094°C) inclusive + 7
umbep™Nof uses over 2000°F (1094°C).

Standard Sensors: Shall be platinum/platinum plus 10%.

.1

.2

rhodium thermocouples.

intact,
damaged.

iscarded
epant

the hot
roll

ration is

ses
times

or 13%,

Calibration: Shall have been performed against the standards maintained
by NIST and shall be checked with a primary standard instrument against
another reference standard at least every five years thereafter.

Use: Shall be limited to calibration of primary standard sensors.

Primary Standard Sensors:

rhodium thermocouples.

Shall be platinum/platinum plus 10%, or 13%,
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.1 3.

Limits of Error: Shall not exceed, upon initial calibration, £2.7°F
(£1.5°C) or 20.25% of reading, whichever is greater.

3.1.3. Calibration: Shall have been performed with a primary standard
instrument against a reference standard sensor, before first use and at
least every three years thereafter. Upon recalibration, change from the
initial calibration shall not exceed *£1°F (£0.6°C).

.1.3

.3 Use: Shall be Timited to calibration of secondary standard sensors,

test sensors, load sensors, and working sensors.
.1

.4 Secondary Standard Sensors:

noble metal thermocouples

Shall be expendable or non-expendable base or

3.1.4.1 Limit

initia
greate
upon i

is gre

f Error: Of base metal thermocouples shall not exceed,

calibration, ®£2°F (£1°C) or *0.4% of reading, whicheve
r. Limit of error of noble metal thermocouples shall no
nitial calibration, £2.7°F (£1.5°C) or 0.25% ofireading,
hter.

upon
ris

L exceed,
whichever

3.1.4.1.1 not

+1°C) for
S on

Upon
exce
base
reus

recalibration, change from the initial €alibration shall
bd £1°F (£0.6°C) for noble metal thermocouples and *2°F
metal thermocouples. (See 3.1.1.6.and 3.1.1.7 for Timif
b of thermocouples.)

3.1.4.2 (Calibration: Shall have been perform&d with a primary standardg

.3

instru
NIST,
metal,

Use:
workin

Temperatu

pent, against a primary standard sensor or Pt-67, as mai
efore first use and thereafter at least every year for |
and at least every two years for noble metal, thermocouf
hall be limited to(calibration of test sensors, Toad se
Sensors.

Shall

re Uniformity-Fest Sensors: be expendable or non-

3.1.5.1

3.1.5.2

3.1.5.3

base or n

Calibr

standa
before
months

oble metal thermocouples.

tion: . (Shall have been performed with a primary or seco
rd ipStrument, against a primary or secondary standard sd
fiest use and within three months prior to any re-use (¢
+)'Type R or S thermocouple) thereafter. (See 3.1.1.6

tained by
ase
les.

sors, and

expendable,

dary
Ensor,
except six
nd

3.1.1.

Correction Factors:

/ for 1imits on re-use of thermocouples.)

Shall not exceed *4°F (£2°C) or £0.75% of

whichever is greater.

Use:

System Accuracy Test Sensors:

Temperature uniformity tests.

or noble

metal thermocouples.

reading,

Shall be expendable or non-expendable base



https://saenorm.com/api/?name=522b10291489d3e10f0d22f8b0be96f4

AMS-2750 Revision C

.3

.1

4

Calibration:

Shall

have been performed with a primary or secondary

standard instrument, against a primary or secondary standard sensor,
before first use and within three months prior to any re-use (except six

months

Correction Factors:

if Type R or S thermocouple) thereafter.

Shall

whichever is greater,

for initial calibration.

not exceed *2°F (1°C) or £0.4% of reading,
Upon recalibration,

change from the initial calibration shall not exceed *2°F (x1°C) if used
on Class 1 equipment and £4°F (x2°C) if only used on Class 2 equipment.

Use:

Working Sensors:

System accuracy tests.

Shall be non-expendable, base or noble metal

thermoco
subject {

Calibr
primar)
instru
for Cl
and, f
is gre

Use of

ples. Alternatively, expendable thermocouples may be us
0o the Tlimitations of 3.1.1.7.

tion: Shall have been performed before installati'don, ag
or secondary standard sensor, using a secondalk} standa
ent. Deviations from the standard values sHald not excq
ss 1 equipment, *2°F (£1°C) or *0.4% of reading, whiche
r Class 2 equipment, *4°F (£2°C) or *0.75% of reading,
ter.

non-exf
combin
Timitat
use.

Use of

Load Sensors: Expendable thermocouples (limited to one
endable thermocouples in the Toadvmay be used as, or in
tion with, working sensors to.control temperature, subjg
ions of 3.1.8. Calibration.@hall have been performed b4
ecalibration of base metal toad sensors is not recommeng

Radiation Pyrometers: c,As working sensors/instruments a

permis
treatmd
of rea
months

Use:
record

Load Sen

ible for equipment Used only for continuous Class 2 heat
nts of raw materjial providing (1) their accuracy is at 1
ing and (2) theYshave been calibrated within the previod

nstalledsi¥" thermal processing equipment for control andg
ng of temperature, in conjunction with working instrume

ors;& Shall be calibrated, expendable or non-expendable

noble me

Lah'thermocouples.

Calibration:

Shall

ed,

ainst a
d
ed,

er is greater
hichever

use) and
ct to the
fore

ed.

e

east *1%
s three

ts.

base or

have been performed using a primary or secondary

standard instrument, against a primary or secondary standard sensor,
before first use and quarterly (except semi-annually if Type N, R or S)
after first use, except that frequency shall be at least that required

for system accuracy tests.

Deviations from the standard values shall

not exceed x4°F (£2°C) or *0.75% of reading, whichever is greater.

Use as

Working Sensors:

Expendable thermocouples (limited to one use)

and non-expendable thermocouples in the load, may be used as working

sensors,

within the Timitations of 3.1.7.2.
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TABLE I

Qutline of Sensors

ipuion*
inum/
inum-
ium
inum/
inum-
ium

or

e
l

or
e
1

or
e
l

or
e
1

or
S

Nomenclature Descr
Reference PTat]
standard Plat]
Rhod
Primary Plat
standard Plat]
Rhod
Secondary Base
standard nob1l
meta
Temperature Base
uniformity nobl
test meta
System Base
accuracy nob1l
test meta
Working Base
nobl
meta
Load Base
nob1
meta

]

Calibration

Period Against
5 years NIST/Ref-
erence
standard
3 years Reference
standard
1 year Dase Primary
2 years n@ble standard

3 months base
6 months noble

3 months base

Primary or
secondary
standard

Primary or

6 months noble secohdayry
standard

Before in- Primary or

stallation secondary
standard

6 months N, R, S
3 months other

Primary or
secondary
standard

Usé

Corr

Primary
calibrat

Secondar
calibrat
12.7° or

Test sen
base -
noble -

Temperat
tests/ 4

System 4
+2° or 4

Installd
Class 1
Class 2

Tnsertid
t4%0Uon +

b /Max Error Limit
ection Factor (°F)

standard
ion/None

v standard
ion/
+0.25%**

sor calibration/
2° or £0.4%*~
+2.7° or x0.25%**

ure uniformity
4° or *0.75%**

ccuracy tests/
Q.4%**

tion in equipment"/"
- X2° or £0.4%**
- +4° or £0.75%**

n in loads/
0.75%*=

*Sensors of equivalent or greater accuracy are acceptable
**Percent of reading, if greater than correction factor in degrees

IFvs

J UOLSLA®Y 0G/LZ-SWV
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Use:

material by contact during thermal

Measurement of temperature of parts, or simulated parts, or raw
processing except, for heavy loads of

raw material, thermocouples may be buried in the Toad without assured
contact.

Instrumentation (See Table II):

General:

Qutput of sensors shall be converted to temperature rea

dings by

instruments specified herein or instruments of equivalent or greater

accuracy.

Instruments shall

be calibrated by NIST, or against instruments

whose calibration is traceable to NIST as specified herein (See 8.5).

Primary §

tandard Instruments: Shall be calibrated potentiometeps

voltmete

Calibrg
againsi
calibr

Accurad
calibrag

q

—

se:
instrun

Primary §

S, or instruments of equivalent accuracy.

tion: Shall have been performed within three yeass of U
reference standards. The reference standards<shall ha
ted by the NIST within the previous three yéars.

ty:  Shall
tion.

be £0.015% of reading or bettemryat the time of

hall be 1Timited to calibration of secondary standard and
ents and primary and secondary stdandard sensors.

saturate
or equiv

Calibrg
calibrag
among 1

q

Use:
standa

Secondar

tandard Cells: Shall be groGps of four or more calibrat
| Weston-type cells with temperature control of £0.02°F
hlent solid state DC standards.

tion: Shall have b€en performed, against reference stan
ted by the NIST, within one year of use. Intercomparisg
he cells shall _be“performed monthly.

hall be 1Timited to calibration of instruments and second
d cells and*standardization of instruments.

Standard Instruments: Shall be calibrated potentiometd

digital

oltmeters, or instruments of equivalent accuracy.

Calibration:

Shall

, digital

se
e been

test

ed,
+0.01°C),

dards
n checks

ary

or

nave been pertormed within one year Of use against a

primary standard instrument or a primary standard cell.

Accuracy:

Shall be x0.05 of reading or better at the time of

calibration.

Use:

Shall

be Timited to calibration of test instruments, system

accuracy test sensors, temperature uniformity test sensors, load

sensors,

Secondary Standard Cells:

and working sensors.

Shall be groups of two or more calibrated,

saturated or unsaturated, Weston-type cells, or equivalent solid state DC
standards.
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R

T

.2

1.

4

1

1.

Calibration: Shall have be en performed within one year of use against a
primary standard cell. Intercomparison checks among the cells shall be
performed monthly.

Use: Shall be Timited to standardization of secondary standard

instruments and calibration of test Instruments.

Test Instruments: Shall be calibrated, portable potentiometers, or
digital equipment, or instruments of equivalent accuracy. For temperature
uniformity tests, they may be supplemented with multipoint strip chart
recorders, data loggers or electronic data recorders.

Readability (See 8.3.8): Shall be xI°F or £0.5°C for scales, dalta
loggers,| and digital equipment. Readability of charts shall beyH4°F or
+2°C.

1 To meqt the readability requirements, it is permissibde to do Jany one
or a qombination of the following:

.1.1 Scrilbe intermediate Tines between scale divisions.

.1.2 Sharlpen indicator pointers or read centepyor edge of pointer

wn

.1.3 Intdrpolate.
.1.4 Add [parallax-reducing reflectivecgs§trips behind indicator needles.

.1.5 Read the center or edge of recorded 1ines or dots (whichevern
corrlesponds most closely totthe scale reading).

Calibratlion: Shall have been performed within three months of ulse
against|a primary or secgndary standard instrument.
Accuracy: Shall be within £1°F (£0.6°C) or x0.2% of reading, whfichever
is greatfler, at thestime of calibration.
Use: System acclUracy tests, temperature uniformity tests, and
calibraffion“df working instruments.

Working Instrumerts—for—tHest—TFrestingfturraces: Stot+t+—Pbe—catibrated

controlling, recording, and indicating potentiometers of the automatically
functioning, electronic null-balance type having a constant voltage unit,
or instruments or solid state devices of equivalent or greater accuracy.
Instruments shall be sensitive (exhibit indicator movement) to a
millivoltage increase or decrease equal to 10% of the applicable tolerance
range (e.g., *10° tolerance range requires sensitivity to a change of *2°)
specified in 3.4.2.2.1, 3.4.2.2.2, or 3.4.2.2.3.

Calibration: Shall have been performed against a test instrument:
1 Within one month of use on furnaces used for solution heat treatment

of aluminum alloy parts and aluminum alloy raw material except as
specified in 3.2.7.1.1.1.

- 10 -
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.1.1 Within three months of use if instrument is computer controlled and
self-standardizing or if properties are analyzed as described in 8.6.
.2 Within three months of use on furnaces used for other heat treatments.
Accuracy: Shall be x0.3% of range at the time of calibration.
Readability (See 8.3.8):
.1 Digital Instruments: Readability shall be x1°F or x1°C.
.2 Scalar Instruments:
.2.1 Furnnaces for Heat Treating Parts:
Uniformity Requirement Readability Rpquirement
+10°F (£6°C) +2°F or f1°C
+15°F (£8°C) +3°F or ft1.5°C
+25°F (£14°C) +5°F or [r3°C*
* +10°F or £6°C for I800°F (982°C) and|above
.2.2 Funnaces for Heat Treating Raw Material:
Equipment Class Readability Requirement
1 +5°F or [k3°C*
2 +10°F or| x6°C
*£10°F or x6°C for 1800°F (982°C) and pbove
.3 To improve readabilAty’, the techniques of 3.2.6.1.1 are permilssible.
Operatifon:
.1 Instdllations: Shall conform to the manufacturer's recommendations.
.2 Instrumémts: Shall receive an unmodified signal from sensorg except
for qnalog to digital and digital to analog conversions. Thdy shall
be serviced and their sensitivity shall be checked each time they are
calibrated.
.3 Heat Treatment Temperature: Shall be that indicated by an indicating
instrument which meets the requirements of 3.2.7.3.
.4 Recordings: Shall be a legible mark on a chart. Chart paper shall
not be re-used. During the thermal treatment (soaking) period,

recordings shall be within the applicable temperature range except as
follows:

- 11 -
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3.2.7.4.4.1

3.2.7.5 Use

If a recorded temperature mark is outside the applicable range, the

temperature indicated by the indicating control

instrument

shall be

documented on the chart or furnace log or traveller (1) during

thermal
4 hours of continuous furnace operation.

of Radiation Pyrometers:

treatment of each load for batch furnaces or (2) during each

As working sensors/instruments are
permissible for equipment used only for continuous Class 2 heat

mal

uracy (1)

of primary
NIST

andard
+0.015%

andard cell
and instru-
dization

ent

+0.05%

andard and
ent

ion

Working instrument calib-

system accuracy &

uniformity

tests/x1°F or x0.2% of

chever is

treatments of raw material providing (1) their accuracy is at least %1%
of reading and (2) they have been calibrated within the previous three
months.
3.2.7.6 Use: ontrol, indicating, and recording of temperature of the
proces$ing equipment.
TABLE T1I
Qutline of Instruments
Calibration
Nomenclature Description (1) Period Against Use/Aca
Reference Resistance 3 years NIS,T Calibration
standard standard/Pe
Primary Potentiometer 3 years Reference Secondary sf
standard or digital standard calibration
instrument voltmeter of reading
Primary 4 Weston-type N year Reference Secondary sf
standard cells standard calibration
cell ment standa
Secondary Potentiometer 1 year Primary Test instrun
standard or digitad standard calibration
instrument voltmeter of reading
Secondary 2 Weston-type 1 year Primary Secondary st
standard aellls standard test instruy
cell SstamdaTrdTza
Test Portable 3 months Primary or
instrument potentiometer or secondary ration,
digital instrument standard temperature
reading, whi
greater
Working Electronic null- (2) Test Measuring &

instrument

balance poten- instrument

tiometer

temperature
(3)

controlling
of equipment/
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(1)

(2)

(3)

3.2

Instrument

s of equivalent or greater accuracy are acceptable.

One month for aluminum solution heat treating furnaces, three months for
other heat treating furnaces, and six months for embrittlement relief

furnaces,

quench baths, and refrigeration equipment.

+0.3% of range for heat treating furnaces and £10°F for embrittlement relief

furnaces,

quench baths and refrigeration equipment.

.8 MWorking Instruments for Equipment Other Than Heat Treating Furnaces:

.1 For Refrigeration Equipment and Quench Baths:

indi cafper—is—reaquiremert—s—ret—appHeabte—to—auid—ritre

ice, a

.2 For Em

nd dry ice/liquid refrigerators.

brittTement Relief Furnaces: Shall be both indicating a

record
.3 Calibr)
.4 Accurg
the ti
.5 Readab
5.1 To i

.6 Use:

Thermal Pr

ing instrument(s).

ation: Shall have been performed within the<previous si
cy: Shall be within £10°F or £6°C of the/calibrating eq
me of calibration.

ility: Shall be *10°F or x6°C.
mprove readability, the technifues of 3.2.6.1.1 are perm

Indicating and recording_temperature of equipment.

pcessing (See 8.3.1) <Eguipment:

Classifi

cation: Raw material (Type RM) furnaces are divided int

1 and 2,
used fon
furnaces
sensors

.1 C(Class

depending on gRe thermal treatments performed in them.
thermal tregtment of parts are all Class 1 and heat tre
are divideth-into Types A and AA, depending on the numbe
and instfudments used.

1 Furnaces: Furnaces used for heat treating raw materia

than C

1 as$~2 furnaces, and all furnaces used for any heat trea

parts,

.2 (lass

are designated Class 1 (See 8.3.7)

Shall be a temperature

gen, dry

nd

months.

Uipment at

issible.

b Classes
Furnaces

ating

r of

I, other
ting of

2 Furnaces:

of raw material.

materi

These are treatments (1) which only affect t

al's fabricability or (2) whose effects on final propert

Furnaces used exclusively for Class 2 heat treatments

he
ies are

not significantly affected by minor deviations outside specified
temperature ranges.

- 13 -
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3.3.1.3

Class 1 Heat Treatments of Raw Material:

(1) solution heat treating - aluminum alloys

(2) annealing - aluminum alloys within *15°F (£8°C) of the solution
heat treating set, or mid-range, temperature

(3) aging - Aluminum alloys and beryllium copper alloys
- PH stainless steels at 1025°F (552°C) and below
- 6AT-6V-2Sn titanium alloy at 1025°F (552°C) and below
- beta titanium alloys at 1025°F (552°C) and below
(4) tempering - D6AC and 9Ni-4Co alloy steels
(after - other alloy steels - 220 Ksi (1241 MPa) WIS
nardening) and higher

- carburized steels

Class|2 Heat Treatments of Raw Material: Includes ady aging, |tempering,
solution heat treating, and annealing not designated”"Class 1 in
3.3.113. Class 2 heat treatments of raw material™~also includg stress
relieying, normalizing, normalize and temperiag, austenitizing, solution
annealing, and subcritical annealing.

Type A Kurnaces for Parts: Shall be equipped with at Teast one|working
sensor jn each control zone, attached tota working instrument which
control$ the temperature. The temperature of the control workimg sensor
(or Toag¢l sensors as specified in 3.3¢b), shall be recorded by the
control]er, or other working instrument(s). In addition, each ¢ontrol
zone shpuld have a high 1imit, pewer shut-off controller/sensor|for
equipment protection.

Type AA|Furnaces for Parts: Shall be equipped with the minimum|sensors
and instruments requiredyfor Type A furnaces, plus at Teast one|additional
recordipg working instrument attached to an additional working $ensor or
load sepsor in each _control zone. The additional sensor shall be
positioped as close as possible to (1) the controlling working g$ensor or
(2) thelhottest™or coldest location based on the last temperatufe
uniformjty test. A single multipoint recorder, or equivalent, may be used
as the faddgtSonal instrument for several control zones in one of more
furnaces

Type RM Furnaces for Raw Materials: As a minimum, shall be equipped as
specified in 3.3.2 and shall be used for heat treatment of raw materials.

Use of lLoad Sensors: The requirement for recording the temperature of the
control working sensor in 3.3.2 is waived when load sensors, whose
readings are recorded, are used in loads of parts or raw materials. In
such cases, sensors, at least two in each control zone, shall be placed at
the Tocations in the Toad which are as close as possible to those shown,
by the last temperature uniformity test, to be the hottest and coolest,
and their recorded readings shall become a part of the thermal processing
record.

- 14 -
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.7

Refrigera

requireme
ice/1iqui

tion Equipment: Shall have a temperature controller. T
nt is not applicable to Tiquid nitrogen, dry ice and dry
d cooled refrigerators.

Quench Baths: Used for heat treatments which include a quenchant
temperature requirement (minimum, maximum or both) shall be contr

meet thes

Embrittle

e requirements.

ment Relief Furnaces: Shall be equipped with an instrum

instruments attached to working sensor(s) to record and control
temperature.

Tests:

.1

his

olled to

ent or

System Ag

curacy Tests (See Table III): Shall be performed on,the

temperatu
combinati

equipment|.

qualify f

The req
followi

.1 There
contrd

.2 The 1

.3 The 1
obsen
unexp

.4 Worki
norma
corre

Frequen

re control system (load or working sensor/workinginstru
on) in each control zone of each piece of thermaleproces
Tests shall also be performed on additional. Systems w
urnaces as Type AA.

uirement for system accuracy tests is waived if all of t
ng apply:

are always at least two load sensors in each control zon
17ing and one monitoring with either recording.

oad sensors are recalibrated@r replaced monthly.

oad sensors are recalibrated or replaced anytime that
vations, made and recorded at least weekly, reveal any
lainable difference(between their readings.

ng sensors are_feplaced at least every two years or when
1 remedies (e~g<, replacing door seals) are unsuccessful

cting tempegxature uniformity problems.

cy of Testing: Shall be upon installation and (1) weekl

thereaf
furnace
conditi

ter for Class 1, and (2) quarterly thereafter for Class
S ex&épt the frequency may be reduced under the followin
ons'

ment
Sing
hich

ever
in

Q <

.1 If each control zone always contains two or more working or Toad
sensors connected to two or more working instruments, the frequency
may be reduced to monthly for Class 1 furnaces and semi-annually for

Class

.2 If the conditions of 3.4.1.2.1 are met and properties are analyzed as
described in 8.6, the frequency for Class 1 raw material furnaces may

be re

2 furnaces.

duced to quarterly.

- 15 -
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3.4.1.2.3

3.4.1.2.4

3.4.1.2.5

3.4.1.3

3.4.1.3.1

3.4.1.3.1

3.4.1.3.2

Procedu

If weekly readings recorded in the furnace log show that the
relationship between two working sensors in each control zone remains
within £2°F (x1°C) of their relationship at the time of the last
temperature uniformity test, the frequency may be reduced to quarterly

for Class 1,

and annually for Class 2, furnaces.

If two sensors in each control zone are Type N, R or S thermocouples,
the frequency may be reduced to quarterly for Class 1, and annually

for Class 2,

furnaces.

If a furnace is used only for embrittlement relief, the frequency may
be reduced to semiannually.

sensor
compare
test se
separat
(76 mm)
the Toa
reading
recorde

If thg
instr
or *1
shall
proce
witho
prohi
.1 In
equ
on
war
be
met
act

If thg

re: The temperature indication of the load sensor or w0
bn the working instrument, at any operating temperatune,
i with that indicated on a test instrument by a tests sen
nsor may be inserted in the well of the working géensor,

k. port, or introduced with a Toad, but it mustpbe within
(Class 1 equipment) or 12 inches (305 mm) (€lass 2 equif
i or working sensor being tested.
E (after test sensor correction factors-ape applied) sha
.

b difference (including any prior g@djustment of the worki
ment as in 3.4.1.3.2) exceeds ®57F (£3°C) for Class 1 e
D°F (£6°C) for Class 2 equipment, the cause of the diffe
be determined and correctedibefore commencing additiona
5sing. Alleviating the difference by adjustment or offs
Lt determining the causg 0f the difference and correctin
pited.

ddition, the quadity assurance organization responsible
pment shall eyaluate whether possible effects of the de
raw material @nd parts processed since the last successf
rants initiating a formal material review. The evaluati
focumented~and, where necessary, shall include consultat]
1 TurgisSts and engineering personnel. Appropriate corre
on ghall be taken and documented.

p difference read is less than specified in 3.4.1.3.1, a

Any difference betweef

king
shall be
or. The
n a

3 inches

ment) of
the

1 be

ng
uipment,
~ence
thermal
ptting,

g it, s

for the
iation

Il test

n shall
on with
tive

d the

cause

instrument, the working instrument shall
The amount of adjustment shall be recorded and 3.4.1.3
If adjustment of the working instrument is not

the drift.

shall

is wholly or partially a drift of the working sensor or

be repeated.

be adjusted to compensate for

possible, the difference, if greater than *2°F (£1°C) if Class 1 or

+5°F (+3°C) if Class 2,
appropriate compensation shall

shall be posted on the instrument and

be made by the heat treater.

- 16 -
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3.4.1.3.2.1 If the cause is, wholly or partially, movement of the working sensor

from its position during the most recent temperature uniformity
test, any compensation for that difference, or portion of the
difference, is prohibited. However, the working sensor may be
repositioned to the location it occupied during the most recent
temperature uniformity test and 3.4.1.3 repeated.

3.4.1.3.2.2 Drift of the working sensor shall be determined by attaching it to

3.4.1.4 As an grtermate to the SYStem aCccuradcy LEST O 3. 4. 1.3, tihe Same

3.4.

2

the test instrument and comparing its reading to that of the test
sensor. Drift of the working instrument shall be determined by
comparing it to the test instrument.

objective may be accomplished by testing the components (wonrkiflg sensor,
working instrument) separately and combining results.

TABLE III

QutTilne of Heat Treating Furnace System Accuracychest Frequenkies

Minimum Number and Type of Sensors/ Minimum“Vest Minimup Test
Instrumerits in each Control Zone + Frequency Frequepcy
other conditions Class 1 Class P

1 Working/1 working Weekly Quarterly

2 Workind or load/2 working Monthly Semi-apnually

2 Workind or Load/2 working +
95/99 gdnalysis (See 8.6) Quarterly -

2 Working/2 workiag +
weekly |confoemity check Quarterly Annually

2 Type N,—R—or—=S WUIkiHy or—toad

2 working Quarterly Annually

Temperature Uniformity Tests (See Table IV): Shall be performed or shall
have been performed, in accordance with the Appendix, on each furnace
initially (prior to production use or after any repair or adjustment, e.g.
to power controls, or baffles, which might have altered the temperature
uniformity characteristics) (See 8.4) and periodically thereafter. The
requirement for initial tests is waived for raw material furnaces which
have a history of at least five consecutive successful quarterly or
semi-annual uniformity tests in accordance with the Appendix or 3.4.2.7,
without any major repairs or adjustments.

- 17 -
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3.4.2.1

3.4.2.2

3.4.2.2.1

3.4.2.2.2

3.4.2.2.3

3.4.2.2.4

3.4.2.2.4

Continuous and Semi-Continuous Raw Material Furnaces: Where it is

impossible or impractical to perform temperature uniformity tests, it is
permissible to substitute analysis of test results in accordance with
the Appendix. The analysis shall consist of (1) monthly examination of
trends of properties and (2) extensive tensile testing of a single Tot
of material, initially and annually thereafter.

Uniformity Requirements: Unless a furnace temperature uniformity

requirement is specified in the applicable material, heat treating or
processing specification, the temperature uniformity (deviations of test
sensor readings from the mean of the specified temperature range or from
the specified set temperature) shall be within the plus or minus
tolerances of 3.4.2.2.1, 3.4.2.2.2 or 3.4.2.2.3. Any offset orn thermal
head enployed (with respect to the specified set temperature of] the mean
of the|specified temperature range) during the uniformity/test [shall be
also uged for production.

+10°H (£6°C) for furnaces to be used for:
(1) [solution heat treating - aluminum alloys

(2) |annealing - aluminum alloys within 15% F (8°C) of the sdqlution
heat treating set, or™wid-range, temperatufe

(3) laging - aluminum alloys and heryllium copper alloys

- PH stainless steelsgat 1025°F (552°C) and belo
- 6A1-6Y-2Sn titanium alloy at 1025°F (552°C) and below
- beta titanium adWoys at 1025°F (552°C) and belgw

(4) |tempering - D6AC and-9Ni-4Co alloy steels
(after - other TOw steels - 220 ksi (1241 MPa) UTS gnd

hardening) higher
- ~Garburized steels

+15°H (£8°C) for*furnaces to be used for other aging of titarium
alloys and PH\stainless steels

+25°H (£I4°C) for other furnaces

Temperdture gmiformity Test taitures: 11 tie CeEmperature umiformity
is not within the applicable Timits, the cause of the deviation shall
be determined and the equipment shall not be used for additional
processing until the cause has been corrected and the test has been
performed successfully except:

.1 If the correction takes the form of adjusting or offsetting the
control instrument, retesting is not required but the correction
shall not exceed 5°F (3°C) for Class 1, or 10°F (6°C) for Class 2,
furnaces and the correction shall be applied to all subsequent heat
treatments.

- 18 -
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E

3.4.2.2.4.2

3.4.2.2.5

In addition, the quality assurance organization responsible for the

€q
ma
ev
co

uipment shall
terial
aluation shall be documented and, where necessary, shall
nsultation with metallurgists and engineering personnel.

evaluate possible effects of the deviation

and parts processed since the last successful test.

on raw
The
include

Appropriate corrective action shall be taken and documented.

Anal

ysis of Tensile Test Results - Failures: For continuous

and

semi-continuous furnaces, when the monthly examination indicates a
significant change in the trend of properties which cannot be ascribed

to a
unif
ulti
yiel

nother cause, adjustments shall

ormity When the extensive tensile test results show th

be made to improve temperature

highest

nate strength to be more than 1.1 times the Towest, opr.t
i strength to be more than 1.15 times the Towest, acdien
h identical to that required upon failure to meet temper
brmity criteria (See A.3.3.3, A.3.3.4, A.3.3.5, 3¢&4.2.1,
p.2. 4.

an exception to 3.4.2.2.5, for material whoSe lowest yi
rength is 50 ksi (345 MPa) or Tower, thelhighest yield s
h11 be not more than 8 ksi (55 MPa) higher than the lowe

Test Temperatures: Shall be theshighest and Towest te

Periodic Test Temperatures:

ich the equipment will be used and the following:

he highest and Towest use temperatures are more than 600
t, additional tests shall be performed at one or more in
eratures so that test temperatures are not more than 600
t.

hces used for solwtion heat treating of aluminum alloys
cd at the highest*and lowest solution heat treating temp

hces used for-aging of aluminum alloys shall
est and Yowest aging temperatures.

pffsgfOr thermal head employed (with respect to the spe
bratture or the mean of the specified temperature range)
pripity test shall be also used for production.

be tested at

ne highest
shall be
hture
and

b 1d
Lrength
5T .

nperatures
F (333°C)

termediate
°F (333°C)

shall be
Pratures.
the

tified set
jiuring the

Shall be any temperature within each

temperature range, as described in 3.4.2.3.1, 3.4.2.3.2 and 3.4.2.3.3

except that at least once each year, the test shall
100°F (56°C) of the maximum temperature of each range.

Howeve

be performed within

r, the

test need not be performed above 2000°F (1094°C) even though the maximum
use temperature is above 2100°F (1149°C).

Any offset or thermal

head employed (with respect to the specified set

temperature or the mean of the specified temperature range) during the

uniformity test shall

take
unif
3.4.
3.4.2.2.5.1 As
st
sh
3.4.2.3 Initia
for wh
3.4.2.3.1 If t
apar
temp
apar
3.4.2.3.2 Furn
test
3.4.2.3.3 Furn
high
3.4.2.3.4 Any
temp
unif
3.4.2.4
3.4.2.4.1
3.4.2.5

be also used for production.

Periodic Test Frequency:
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E

.1

For equipment used for heat treatment of raw materials or parts and
not qualified for a reduced frequency (see 3.4.2.5.2 and 3.4.2.5.3),
frequency shall be:

Mo

.1

.2

.3

nthly for furnaces used for:

Solution heat treatment of aluminum alloys.

Annealing aluminum alloys within +15°F (£8°C) of the solution heat

treating set, or mid-range, temperature.

Aging of aluminum alloys.

4

Qu
pr

Qu
pa

te

Se
th

Se
tr

An
th
te
wa

Se

Freqg

JB.2.5.1.1,

brterly for furnaces used for heat treatments of 344.2.5
operties are analyzed as described in 8.6.

brterly for furnaces used for the following “Weat treatme
rts: (1) solution and aging treatments other than those
(2) austenite conditioning,€d3) austenitizing
mpering.

mi-annually for furnaces used for~\heat treatment of part
bn those of 3.4.2.5.1.1 and 3.4.2.5.1.3.

mi-annually for Class 1 raw-material furnaces used only
catments other than thosésof 3.4.2.5.1.1.

hually for furnacescused only for Class 2 heat treatment
at a test shall be:péerformed within 5 - 7 months after a
st. (The excepbion may be disregarded if the initial te
ived in accordance with 3.4.2.)

mi-annualAhy for embrittliement relief furnaces.

uencysReductions - One lLevel: Frequency may be reduced

leve

1 ToWer than that required in 3.4.2.5.1 (from monthly to

or q

Uanterly to semi-annually or semi-annually to annually)

Aging of PH stainless steels at 1025°F (552°C) and below|

L1.1 9f

nts of
of
and (4)

5 other

for heat

5, except
h initial
st s

Lo one
quarterly

under the

foll

Fo

owing conditions:

r Furnaces Employing lLoad Sensors in Each load:

After completion

of two consecutive, successful periodic tests in accordance with the
Appendix, providing that a written preventive maintenance plan is
established which includes a schedule for replacing working sensors

an

Fo

d recording of all maintenance operations.

r Type A Furnaces (See 3.3.2): After completion of six

consecutive, successful periodic tests in accordance with the
Appendix, providing that a written preventive maintenance plan is
established which includes a schedule for replacing working sensors

an

d recording of all maintenance operations.
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3.

3.

2.

2.

Fr

For Type AA Furnaces (See 3.3.3): After completion of three

consecutive, successful periodic tests in accordance with the
Appendix.

For Class 1 Raw Material Furnaces (See 3.3.1): After completion of

five consecutive, successful periodic tests, in accordance with the
Appendix or 3.4.2.7 without any major repairs or adjustments.

For Class 1 Raw Material Furnaces (See 3.3.1): If properties are

analyzed as described in 8.6, except this provision is not
applicable to furnaces qualified for quarterly frequency in
accordance with 3,4,2.6,1.,2

equency Reductions - Two Levels: Frequency may be reduced|to two

levells Tower than that required in 3.4.2.5.1 (from mopthTy tp semi-
annu@ally or quarterly to annually) under the following“condiftions:

1

2

Folr Furnaces Employing Load Sensors in Each Load: After cpmpletion

off two consecutive, successful periodic tesgs,”in addition| to those
off] 3.4.2.5.2.1, in accordance with the Appendix.

Folr Class 1 Raw Material Furnaces (See<3:.3.1): In accordahce with

eilther of the following:

After seven consecutive, successful periodic tests in acpordance
ith the Appendix or 3.4.2.7without any major repairs of
bdjustments.

If each control zone _.coptains two sensors attached to repording
instruments, and loddy*sensors are employed in accordance|with
3.3.5 in each Tload-
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TABLE IV

Qutline of Periodic Temperature Uniformity Test Frequencies

Conditional

Usage Equipment Equipment Normal (d) Reduced (e) 2nd (f)
Code (a) Type (b) Class (c) Frequency Frequency Reduction
1 A 1 Monthly (g) Quarterly N/A
1 AA 1 Monthly (g) Quarterly N/A

1 RM 1 Monthly (g) Quarterly Semi-Annually
2 A 1 Quarterly Semi-Annually N/A
2 AA 1 Quarterly Semi-Annually N/A
2 RM 1 Semi-Annually Annually N/A
3 A 1 Semi-Annually Annually N/A
3 AA 1 Semi-Annually Annually N/A
3 RM 1 N/A NAA N/A
A1 RM 2 Annually (H) N/A N/A
(a) Usage Coddgs:

1. Solution| treating, aging and annealing at the solution treating
temperatfjure of aluminum alloys; aging oficrPH stainless steels at [L025°F
(552°C) [and below.

2. Raw mategrial - Class 1 treatments net included in 1.

Parts - |Solution and aging treatments not included in 1 plus ausftenite
conditigning, austenitizing, .and  tempering.

3. Treatments other than those in 1 and 2.

(b) See 3.3.2, 3.3.3 and 3,3.4
(c) See 3.3.1
(d) See 3.4.2)5.1
(e) See 3.4.2.)5¢2% - After two successful tests if load sensors in everly Toad
—After SIX SUCCESSTU tests 1 Type A fUrmace
- After three successful tests if Type AA furnace
- After five successful tests if Class 1 RM furnace
- If 95/99 analysis and Usage Code 2, Class 1 RM furnace
(f) See 3.4.2.5.3 - After two additional successful tests if load sensors in
every Tload
- After seven successful tests if Class 1 RM furnace
- If two working sensors in each control zone, load sensors
always used, and Class RM furnace
(g) Except quarterly if 95/99 analysis
(h) Except 5 - 7 months after initial test

- P2 -
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I3

3.4.2.5.4

4.

Freqg

uency Reductions - Test Failures:

If a reduced frequency,

periodic test fails to meet the applicable uniformity requirements for
any reason other than an invalid test, the test frequency shall be

incr

responsible for the furnace and the increased frequency shall

eased to a level

specified by the quality assurance organization

remain

in effect until the furnace is again eligible for frequency reduction

(see

3.4.2.5.2 and 3.4.2.5.3).

I[f the increased frequency is not that

of 3.4.2.5.1, the frequency, and the rationale for its selection,

shal

L1
ha

1 be documented.

S a cause unrelated to the temperature uniformity of the

For the purpose of 3.4.2.5.4, an invalid test failure is one which

eq
in
ex
ba
2 De
as

Load C

uipment, €.g., malfunction Of test Or working sensorcs)
strument(s), test procedure error, misadjustment of cOnt
ample of a valid test failure is one caused by shift'-of
ffle which resulted from vibration during production ope

termination of the validity of a test shall bedmade by t
surance organization responsible for the furfhace.

pndition: Shall be unloaded (racks aré&)permissible), ex

specif]

Test
of p
be ¢
10%

Test
part
whig
excu
(0.6
with
1igh

A de
and
docu

ied in 3.4.2.6.1 and 3.4.2.6.2.

s of furnaces used exclusively fotdheat treatment of hea
arts or raw material may be penformed with any load. A
onsidered heavy if the volume»of the parts or raw materi
of the volume of all working“zones.

s of furnaces used forheat treatment of Tight or medium
s or raw material, patticularly those of alloy/gage comb
h are detrimentally~a@ffected by short duration, over-tem
rsions of the furnace (e.g. solution heat treatment of 0
4 mm) thick 20€4 aluminum alloy), shall be performed eit
out a load,, extept for racks, or with a lToad no heavier

test lToad-which will be heat treated.

tailed>xdiagram, description, or photograph(s), of any lo
b di9gram of test sensor locations shall be included in
mentation.

or
rols. An
B vane or
rations.

ne quality

cept as

y Tloads
load shall
H]1 exceeds

loads of
inations

perature

.025 1inch
her

than the

hd used
the

Recogn

ition of Pre-Publication Tests:

Tests performed prior to the

publication of AMS-2750C, in accordance with appropriate industry or
U.S. Government specifications (e.g., MIL-STD-1684), may be considered
equivalent to tests performed in accordance with the Appendix for the
purpose of qualifying furnaces for (1) waiving initial temperature
uniformity tests or (2) reducing frequency of periodic temperature

unifor

mity tests.
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.b.

.2

2.

2.

Records: C

alibration records of sensors, standard cells, and instr

uments,

as well as all system accuracy and temperature uniformity tests (including

failed test

s), and diagrams of Toads and test sensor locations, sha

11 be

kept on file and available for inspection for not Tess than five years.

1 Calibrati

include t

QUALITY ASSU

on records of sensors, standard cells, and instruments s

raceability to the NIST standards.

RANCE PROVISIONS:

Responsibil

ity for Inspection: The processor shall be responsible

hall

for

performing
specified h
those of an
Purchaser n
specified h
requirement

PREPARATION

all required tests and for conformance to all requiremen
erein. The processor's equipment and personnel may hLedu
y commercial testing organization acceptable to thé\purc
eserves the right to witness any of the tests or«alibra
erein to ensure that processing conforms to the(prescrib
S, but such witnessing shall not hinder operat¥on of the

FOR DELIVERY: Not applicable.

ACKNOWLEDGME

NT: Not applicable.

REJECTIONS:

NOTES:

Marginal In

Not applicable.

dicia: The phi (@) symbo}’ is not used in this revision

identify ch
due to the

Approach:

1 Control a
necessary
subjected
utilized
equipment
heating @

anges with respect ta £fie previous issue of this specifi
extensive nature ofcthe changes.

nd recording ‘of temperature of thermal processing equipm
to ensupesthat parts or raw materials being processed a
to the proper temperature. Automatic working instrumen
(1) te=translate the signals from working sensors locate
to temperature indications or recordings, and (2) to ag
rCgooling control mechanisms which maintain the desired

ts

sed or
haser.
tions

e d
facility.

to
cation

ent s

re

ts are

d in the
tivate
temperature.

2

Working instruments and sensors are calibrated (not necessarily by the

heat treater) against test instruments and sensors which are themselves
calibrated against chains of standard instruments and sensors linked to

the National

Institute of Standards and Technology (NIST). By ap

plying

requirements for instrument accuracy and sensor correction factors,
determined during calibration of each Tink of the chain, the deviation of
working instrument/sensor readings from true temperature is reduced to an

insignifi

cant Tevel.
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8.3

8.3.

8.3

4

5

.6

Working i

nstrument/sensor systems used for temperature control an

d

recording are tested periodically, while installed, by comparison with
test instrument/sensor systems to ensure continuous accuracy of

temperature measurements.

In addition, periodically, the uniform

ity of

temperature within each furnace is checked to ensure that the readings of
working instrument/sensor systems reflect a consistent and acceptable
temperature distribution pattern.

The frequency requirements for the periodic tests are based upon the type
and number of sensors and instruments, the criticality of the heat

treatments performed,

frequent

Definitiong:

"Thermal

controllg
heating 1

"Expendahb

plastic
Insulati
cloth on

"Non-expe

covered
insulato

stabilit)

thermoco
compacte
protecte
material
of therm
names.

"Working
thermal j
soaking

high percentage of the total

the history of prior tests of the equipment and the

analysis of results of physical tests of production mage

Processing" is any process in which metals are@xposed t
d heating, soaking, or cooling. The term normally excly
or forging, drying, and hot forming.

le Thermocouples" are those thermocoupies made of fabrig
overed wire. The wire is provided,jfrcoils or on spools
n usually consists of glass braid, asbestos, or ceramic
each conductor plus glass braidyoverall.

ndable Thermocouples" are these thermocouples that are n
ith fabric or plastic insuTations. One type consists of
s over bare thermocouple\wire, sometimes inserted in a 1
and protection. A second type, consists of a combinati
lple wires, mineral (insulation, and a protecting metal s
into a small diameter. The thermocouple thus construct
, flexible and,swithin the temperature Timits of the shd
may be used- many times without insulation breakdown. T
couple, conforming to ASTM E 608, is available under ma

Zone)<<Ps that portion of the enclosed volume of a piece
roeessing equipment occupied by parts or raw material dd
ortion of a thermal treatment. It is usually, but not 3

rial.

des

or

fiber

ot
ceramic
ube for

on of

eath

ed 1is
ath

his type

y trade

of
ring the
Tways, a

enclosed volume. [T may 1nclude mo

one control zone.

e than

"Control Zone" is a portion of the working zone of a piece of thermal
processing equipment having a separate sensor/instrument/heat input or

output mechanism to control

its temperature.

"Correction Factor" or "Deviation" is that number of degrees, determined

from the

most recent calibration, which must be added to, or subt

from, the temperature reading of a sensor, or an instrument, or a

combinati

expressed as a percent, it means percent of reading.

Wh
The correct

on thereof (system) to obtain NIST true temperature.

racted

en
ion

factors of sensors and instruments are usually kept separately and added

together

algebraically when a combination is used.
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8.3.6.1

8.

8.3.7.1

8.3.7.2

8.

8.4 A new initi

8.

8

3.

3

5

.6

7

.8

Example

of test sensor correction factor of +2°F at 1000°F: Du

ring

calibration, test sensor reading was 998°F when secondary standard

sensor

reading was 1000°F. Of course, these readings incorpora

te

consideration of correction factors of the instrument(s) and the

seconda

ry standard sensor.

"Heat Treatment of Raw Material" is heat treatment, usually performed by
or for a material producer, in accordance with a material specification,

which may
specifica
fabricato

require, by reference, conformance to a heat treating
tion. "Heat Treatment of Parts" is performed by or for
r in accordance with a drawing, purchase order, fabricat

outline,
include
raw mate

Raw mat
destrud
specifi
the red
technid

Raw mat
usually

ReadabiTi
dependent
and the ¢
spaces be
example,
between 1
have a re
comparing
measuring

repairs (e,
alter temps

or heat treating specification. "Heat treatment of pagl
eat treatment, by or for a fabricator, of pieces which
ial.

erial (e.g. sheet, plate, bar, forgings, castings) is ug
tively tested in accordance with the requirements of a m
cation. Parts are produced from raw material, in accord
uirements of a drawing, and are usually<tested by nondes
ues only.

erial is usually identified by a heat or 1ot number; pan
identified by a part number.

ty is the uncertainty applicable to the temperature read.

on the scale division spaCtng, the width of the indicat
perator's skill in discefring the ratio of the widths of
tween the indicator and the two nearest scale markings.
the temperature reading of a 0.01 inch wide needle Tocat
wo scale divisions ,0.06 inch and 10 degrees apart would
adability (uncerfainty) of x2° or £3°.) It may be deter
many operatorireadings with the interpolated reading ob
an enlarged ;photograph.

al tempewature uniformity test is not required after min
g., yreplacing furnace bricks or other parts) which could
ratukeé uniformity characteristics.

a
ion

s" may
esemble

ually
aterial
ance with
tructive

ts are

It is
or point,
the

(For
ed
probably
mined by
tained by

or
not

A foreign e
instruments

[Teu of NIST for sensor
It may also be

quivalent of NIST may DPe uUsSed in
to be employed with Class 2 equipment.

s and
used for

sensors and instruments to be employed with Class I equipment providing it

is acceptab

le to the cognizant engineering organization.

Properties of production lots are analyzed, at Teast semi-annually, in
accordance with MIL-HDBK-5 or ASTM STP 15D to ensure a 95% confidence Tlevel
that 99% of material equals or exceeds specified properties.
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