SAE INTERNATIONAL AMS2750™H
H X

1 SCOPE TE L ..oeeeieeieeeetetee ettt ettt ettt et ettt a ettt ettt At et b A a ettt s e At et en et et s e et era s st et tsanaeae 2
2 Applicable DOCUMENLS T FH SAE ...ttt sne s een s 2
2.1 SAE PUDICAIONS HI M ..ottt sttt ettt sae et ss st eae s et ssesessessesseesnsennnenas 3
2.2 ASTM PUDBICAIONS HIFA ...ttt ettt sttt sttt st ettt es st ee s st s e tnesantnas 3
R | (O3 =¥ o) [Tor= To a7 OO 3
2.4 DEFINIIONS TE M oottt a et s et et es s s st et et en s et et s ns s e e st esasanses et s enantesesennnantesesans 3
3 Technical ReqQUIreMENtS FEZRZESK ........cooovoeuieieeeceeeeeee et s st s st s st st e s sessa st enessaneas 13
3.1 Temperature Sensors IBEEIEREEE ..ottt sttt 13
3.2 INSErUMENLALION fSLFRIL ¢ttt ettt se et seen e st s e nesseesenennens 23
3.3 Thermal Processing EQUIPMENt FAALBETEBZ . ....voeceeeeeeeeeecee ettt en e 31
3.4 System AccUracy TSt FRGUFE AT ..vvveeeeeeeeeeeeee e es s 33
3.5 Temperature Uniformity Surveys (TUS)IREIIEITEMIE ..o 44
3.6 Laboratory FUMNACES TEIEH ..ottt ettt ettt st 63
3.7 RECOMAS TETEK .ottt s ettt ettt a et et s sttt et s s e et et essst et et et s anaet et sas s s et et annsse et et enansetesesanaees 64
3.8 ROUNAING MEZ oo eeseseeseeeessesaenssnssssenses s o oo s st s aes s snes 64
4 QUALITY ASSURANCE PROVISIONS FRERUEFET covereverreeeeeeeeeen & Q ............................................... 64
5 Preparation For Delivery 3258 ERZ ..o \' ....................................................... 65
6 Acknowledgement FETA ........cc.cveveviveiieee e %C—) ............................................................ 65
7 REJECHONS FELE ... e e Mt e ettt bbb bbb bbbt b st st s s e 66

8 NOES JETE ..ovroevvrreneererssesrsssss s *, .................................................................... 66
®’

N

&

)f)\»

luyugu_007@163.com 1



SAE INTERNATIONAL AMS2750™H
AEROSPACE MATERIAL SPECIFICATION fiZ iR TlAFRlRiE

AMS2750™ REV. H Issued 1980-04 Revised 2024-07 Superseding AMS2750G
Pyrometry &8l E %

AMS2750H results from a Two-Year Review and update of this specification with changes to Definitions (see
2.4.21,2.4.25,2.4.36, 2.4.47, and 2.4.84; General Sensor Requirements (see Table 3); Sensor Calibration
(see 3.1.4.6 and Table 5); SAT and TUS Sensor Reuse (see 3.1.7.4 and 3.1.7.5); Base Metal Load Sensors
(see 3.1.10.3); General instrumentation Requirements (see 3.2.1.4.1, 3.2.1.5, and Table 7); Control, Recording,
and Over-Temperature instruments (see 3.2.3.4, 3.2.3.5, 3.2.3.16, and 3.2.3.18); instrumentation Calibration
Results and Records (see 3.2.5.1); General instrument Correction and Modification Offset Requirements (see
3.2.6.1.2 and 3.2.6.1.8); Thermal Processing Equipment (see 3.3.7); General SAT Requirements (see Table 11,
Table 12, and 3.4.1.2.1); Performing an SAT (see 3.4.2.2); Alternate SAT Frequency (see 3.4.8.3); SAT Waiver
(see 3.4.9.6.3); SAT Difference Pass/Fail Requirements (see 3.4.10.4); Comparison SAT (see
3.4.11.1.e);Parts furnace class, instrument type, and TUS internal (see Table 15); Raw material furnace class,
instrument type, and TUS internal (see Table 16); Initial TUS Temperatures (seg 3.5.2.4); TUS Requirements

for Batch Furnaces, Salt Baths, Controlled Temperature Liquid Baths and. Fliid Bed Furnaces (Excluding
Controlled Temperature Quench Baths) (see Table 17); TUS Data Colleaj ee 3.5.10.1 and 3.5.10.2);
Relocation of Hot or Cold Recording Sensors for Type A and C instru on (see 3.5.15.2): Radiation

Survey (see 3.5.17, 3.5.17.1, and 3.5.17.2); TUS interval Dewat»e‘gt5 3.5.18); Rounding (see 3.8); and
Quality Assurance Provisions (see 4.2, 4.4, and Table 22). Del ner Voltage Reference (was 3.5.87).

AMS2750H 2 AKL T HEAT F I AF 1) T ZE RIS 3T, R 5 o #,
1 Scope [

o
gequipment used for the thermal processing of
sensors, instrumentation, thermal processing equipment,
ccuracy tests, and temperature uniformity surveys. These
ials are heat treated in accordance with the applicable

1.1 This specification covers pyrometric requirer
metallic materials. Specifically, it covers temp
correction factors and instrument offsets
are necessary to ensure that parts or g »
specification(s).

AR 1T e R AR

R IER AR R | )éﬁ
HHEATH AL B 'S

1.2 This specification may be used in other non-heat treating applications when specified.

MERAME, AHIEA T H A IEALE BN H .

1.3 This specification is not applicable to heating or to intermediate thermal processing unless otherwise
specified.

BRAESAME, ARIEAEH T hnFAe b m b .

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

AHVEALE 3.6 HE V6 A odE F T s e == 084
2 Applicable Documents & JH 34

AR ZR . BRI S, gl VIR ARG ICREGR. Ak
Ml ATR P SO &R o XA B, DURA ORZ2 A1 B A 42 s FH ) A

The issue of the following documents in effect on the date of the purchase order form a part of this specification
to the extent specified herein. The supplier may work to a subsequent revision of a document unless a specific
document issue is specified. When the referenced document has been cancelled and no superseding
document has been specified, the last published issue of that document shall apply.

FER VT B0 H AR B8 T 20 SCAAE AN RE 9 ) P9 AL AR BV Y — 070« BERE R P] BAREAT ST S 88T, BRE
FE T EARBSCAE R R . 44551 FH R ST R B LA 48 8 BRI, ST B — IR AT N
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SAE INTERNATIONAL AMS2750™H
2.1 SAE Publications H ¥

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323
(inside USA and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AS7766 Terms Used in Aerospace Metals Specifications #ii %5 i &< 4 J& #H i 45 K

2.2 ASTM Publications H x4

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959,Tel: 610-832-9585, www.astm.org.

ASTM E29 Using Significant Digits in Test Data to Determine Conformance with Specifications £ IR %4 1
FA BB 7Rk e 5 G I — Btk

ASTM E207 Standard Test Method for Thermal EMF Test of Single Thermoelement Materials by Comparison
with a Reference Thermoelement of Similar EMF-Temperature Properties i i 5 EL A MU, 5h 3400 R () 2
BT IR ELBON AN AT AT A R B A e B i e T

ASTM E220 Calibration of Thermocouples by Comparison Techniques J H#F5 A R # #4 i 15

ASTM E230 Temperature-Electromotive Force (EMF) Tables for Standardized Thermocouples A5 #4 FE AR5 &
-FEh#(EMF)3%

ASTM E608 Mineral-Insulated, Metal-Sheathed Base Metal Thermocouples g%, & @i Elk 48 P
ASTM E1137 Industrial Platinum Resistance Thermometers T V41 & BH i 4 %

ASTM E1751 Standard Guide for Temperature Electromotive Force (e
Thermocouple Combinations 3<% B:$q & #4 B {8 20 A (1935 FE 303 fIAREE P

ASTM MNL7 Presentation of Data and Control Chart Analysis %54 W7~ A14% il I’ 7 7

ASTM MNL12 Use of Thermocouples in Temperature Meas@ent (I WU A R 1Y) 45
2.3 IEC Publications H ity .

es for Non-Letter Designated

Available from IEC Central Office, 3, rue de Varembe, P ox 131, CH-1211 Geneva 20, Switzerland,

Tel: +41 22 919 02 11, www.iec.ch.

IEC 60751 Industrial Platinum Resistance The rs and Platinum Temperature Sensors V41 H [H iR &
THA AR IR AL RS

ISO/IEC 17025 General Requirements \ompetence of Testing and Calibration Laboratories £ il F1% #E
S FE R I — R

2.4 Definitions & X

Terms used in AMS2750 ar AS7766 and as follows:

AMS2750 H i H IR TELE HE XLnE

2.4.1 Accuracy % 5 MER &

The maximum deviation of the instrument or sensor being tested from the values of a traceable standard. #il]
X F A% SR A 5 AT AR AR A 1) e K I 22

2.4.2 Adjustment 1%

Any change to an instrument’s parameters 1% 2 ¥ [ {E [ 2425 .

2.4.3 Autoclave = %38

An oven capable of operating at pressures higher than atmospheric pressure (nominally 760 mm Hg),
commonly used in the processing of materials. It may be pressurized with steam, compressed air, or inert gas.
—FRELE ST KRR E (4 S E 760 2Kk T TAERIMAE, % H AR T ErfLAHZR . R4S
BE PSRN E .

2.4.4 Base Metal Sensor &4 @ 1% 5%

Sensor whose thermoelements are composed primarily of base metals and their alloys. Examples of base
metal sensors include Types E, J, K, N, M, and T.

PoTft EEH SR LS SR RS . BAGRA RSN FEFEREE J, K, N, M A T.

2.4.5 Batch Furnace &1}

luyugu_007@163.com 3



SAE INTERNATIONAL AMS2750™H
A furnace where parts or raw material are stationary during the soak.

FER AR T A SRR R B

Note: Some batch furnaces may oscillate material within a stationary work zone.

TER: A LB B AT BE o A2 [ 5E B0 AR XN R HE S .

2.4.6 Bias Or Input Shift fii {4 8241 A i #s

The act of making an adjustment to an instrument to add, remove, or alter an offset.

XA R BEAT PR LA I, W R BRSO A i B8 B AT

2.4.7 Bimonthly P —&

See Frequency F& Z|JiiR

2.4.8 Biweekly & —Ik

See Frequency & #Ii%

2.4.9 Calibration £

An assessment of the accuracy of a sensor or an instrument to a traceable standard sensor and/or field test or
standard instrument, based on one or more measurements, and potentially adjusting an instrument and/or
compiling a deviation chart for a sensor or instrument in order to ensure compliance with requirements.

XA TS AR AT I % PR b A S A B 7 D A R MR SRR KR L PRI VP A1l @NE T IR B G, R AT RE

TR AR AN/ g ) A% AR ERACR R 22 I, AR 7T & 2K . . Q
2.4.10 Continuous Furnace ZE4L4" \
A furnace where parts or raw material are conveyed continuously iscontinuously from the charge area to

the discharge area. Examples include: bump furnace, shaker furnadg, belt furnace, roller furnace, and rotary

hearth furnace. . /

—ﬂ'iiéiﬁﬁéiiéiim%gﬁﬁﬁ*w\iﬂBiﬁﬁiﬁﬂﬂfﬂr@@o IS AN A7 AN S W AN 5= WA S35

. >

2.4.11 Control Instrument %1% % 0

An instrument connected to a control sensor L&@ntrol the temperature of thermal processing equipment.

The instrument may or may not also recor, (e ture data.

— MR B HIAL AR AR, TR WA R o AR AT RE AT e AN 10 SR I B Hds

2.4.12 Control Sensor % i {& /& % (
e

A sensor connected to a controlg
may not be recorded.

— Rl 5 HA0n T % A dE ) A RS, HOR B AT Ll s 0 m] AANIE 5%

2.4.13 Control Zone 2 [X

A portion of the working zone in thermal processing equipment having a separate sensor, instrument, and
heating or cooling system to control its temperature. This portion of the thermal processing equipment is
independently controlled.

PN T vees h TAE X — 80y, BA B AR B . GRS ) R Gyl LR AL o IXHR 70 ol Tl &
S SR o

2.4.14 Controlled Temperature Liquid Bath =5 7I%

A furnace containing a liquid that is heated to the desired heat treat temperature. Parts and raw material are
normally immersed in the liquid.

— MRSV, BRI R PTG A A B R . F AR AN SRR R AR A

2.4.15 Controller 1| #%

A digital, or mechanical device that controls the temperature of thermal processing equipment (e.g., furnace
control instruments, quench mechanical thermostat, freezer pressure controls, etc.).

e ) N TV A T RS R B B LR L (P AR ACR K HUE IR A% VR AR 3 E L)

2.4.16 Correction Factor % 1E Z %1

t on thermal processing equipment, the temperature of which may or

luyugu_007@163.com 4



SAE INTERNATIONAL AMS2750™H
The number of degrees, determined from the most recent calibration, that must be added to, or subtracted
from, the temperature reading of a sensor, or an instrument, or a combination thereof (system) to obtain true
temperature. The correction factors of sensors and instruments are usually kept separately and added
together algebraically when a combination is used. Correction factor is the algebraic opposite of deviation
(error)

FEAG RS . DCREULAH & (RS )il B e Bon b B 25 B it A A LIRS IR B 1) A AR IR AR 1
RAE R BB 73 T ORAF, A& i FARE R INAE — 2. M8 IR R 22 (R 22 ) AR B S SRl

2.4.17 Data Acquisition System & %45 &4t

An instrument system used to automatically collect and store process data as an electronic record; for example,
a Programmable Logic Controller (PLC).

— Bl T B SR A I RO 1 ISR AR R G, AN ] g AR 4R R 1 25 (PLC).

2.4.18 Deviation/Error i &5 /1% %

In the context of this specification, the difference between the uncorrected indicated temperature and the true
temperature (Indicated temperature - True temperature = Deviation/error).

FEARTE T, AREIERHR RIS B SR T A 22 (R il - R SR =R 2R ) .

2.4.19 Digital Instrument %7\ %

An instrument that records process measurements in a digital (numeric) di %‘nat or an instrument that
prints both the scale (graph) and trend line simultaneously. Examples i@ recorders with pre-printed scales
and printed tabular data meeting 3.2.1.4 data collection intervals ders that create scales and trend
line or tabular data and also display indicated temperature.

AL () s A SRR AR R R, BRI RHT F R (El}é)ﬁ%%é% M o 4N AT BN B2
FFTEPRAE BRI 1C AL 3.2.1.4 HARWUERRIG, LK 6 SN ¥a 75 28 B A% i I B F8 7~ B (1 1e sz A
2.4.20 Electronic Record H, T3k ’b

Any combination of text, graphics, data, audio, pi Qr other information representation in digital form that
is created,modified, maintained, archived, retl@distributed by a computer system.

HFENL R G U R A B 45 'd@ R B KR AR B Bl S, BB e ARE
BEREAHE -_F\

2.4.21 Expendable Sensors %ﬁﬂ%\

Sensors where any portion of t rMio€lements are exposed to the thermal process equipment environment.
Sensors with braided fiberg| ion or plastic insulation are not designed to be inserted into a closed
protection tube as the confi ?'pﬁce causes drift when the additives (e.g., Teflon, color dies, and other
chemicals) burn off. Therefore*these sensors are expendable even when installed into a closed protection
tube.

BT AT RT3 43 3R BR AE DD TR & I AR IR B8 o LA O A BB 41 4 4 5 BRI 5 (1) A5 IS A BT
FAB AR E, FASRIREan, Ry, GBI G )RER, SHSRSFEEE. Fik, /)
S AR E T, XA RS RHFETER .

2.4.22 Extension Wire 7K §:4;

Wire used for transmitting an unmodified signal from the sensor to the instrumentation system. Wire is
generally of the same sensor type, except for some sensor types that allow compensated extension wire.

T AR SR AR RGMEIR R A B EIE S 2L . RAGEH M R LR R, B/ — SRR R vr
AMEIERKZ

2.4.23 Field Test Instrument Il %

An instrument meeting the requirements of Table 7 that has calibration traceable to a secondary standard
instrument or better and is used to conduct on-site calibrations or tests of thermal processing equipment.
—MRFE R T EOR, RAEFTIIR E T BB b, TR BN A AT I A R AR

2.4.24 Fluidized Bed Furnace 7S AR

luyugu_007@163.com 5



SAE INTERNATIONAL AMS2750™H
A furnace that contains a medium that becomes suspended or fluidized due to atmosphere gas or products of
combustion passing upward through the medium. Parts and raw material are normally immersed in the
fluidized medium.

T R BRI 4 ) _ESd A o T A A R R B AL R I . A AN R R I AE TR B
2.4.25 Frequency (Interval)4iZ (JAIRE)
The calendar days from the day/date a calibrations, tests, or sensor replacement was performed and the next
day/date a calibration, test, or sensor replacement is due (inclusive). In the context of this specification, the
following shall apply:

MPATIHE . MABUE RS e B/ B IR, 2 — ik, e s e H/HBI(E). 1
AT HIVE Y, B BN AE:

Frequency #ii% - toﬂOnce Every Shall Be Completed On or Before 3 B¢ il 572 A%

ST
Weekly %% /& Week The same day of the week every week 4 & {7 — K
Biweekly &% J& — % 2 weeks The same day of the week every 2 weeks & ¥ J& {1 [F— K
Monthly &/~ H Month The same date of the month every month™M4#&: H [5— H #1
Bimonthly XU ) 2 months The same date of the month every 2 m (W4 2 AN H R — H 3
Quarterly &= 3 months The same date of the month ever?(modh“)z/l\ﬂ HIE— H
Semi-annually ff-%-—#X |6 months The same date of the month eer onthsM4&;: 6 A A [FH—K
Annually &4 Year The same date of the y%e@ earVEEE R — K

Note: () If the next calibration, test, or sensor replacement is due on a calenda}date not contained in that month, then the last
day of that calendar month shall be used for the next calibration (e.g.\' thycalibration, test, or sensor replacement
performed on January 31st is due on the last day of February). \

AR R —oRsE . MRS B B ) H AN B & 7R 2 %lﬁ HH, A — e hE R H P A s — R BAE A (914

21 31 BT H R e, N EUE s e 7 g}ﬁﬁ% KEH)
2.4.26 Fumnace 1 7 ol
Equipment used for the thermal processi

used interchangeably FH - 22 5% M R
2.4.27 Heat Sink 75 i bk

A mass of material with an e %ensor or sensors which supplies temperature data of that mass to
recording instruments — 3t ,?i NEEZAME RS, A Al SRR IR R
2.4.28 Interval 7]

See Frequency W%

2.4.29 Laboratory Thermal Processing Equipment S25 & i T % %%

Equipment used exclusively for thermal processing of samples, specimens, or test parts as required by
materials and processing specifications.

FEAPRAIN TAVE R ZER, B H T e saase ki #om T

2.4.30 Load Sensor # faf {8 #%

Sensor that is attached to, or in contact with, parts or raw material, a representation of parts or raw material, or
is buried in the load of parts (e.g., fasteners) or raw material and which supplies temperature data of the parts
or raw material to recording instruments that may be used to control the sequence of the production process,
such as the start of soak.

B AE T B s AR BB 2 Bl A% RS, TAFBUSE AR R, B AR A (S [ ) B JE AR ) S 3
Il e AR IRt TR R IR, 10 OGR TR T4 A = AR I, a2 e i T 46

2.4.31 Material Producer (Metallic)4: & il i

The manufacturer of raw material as stated in 2.4.53 5Bl ilid i i 2.4.53 ik .

2.4.32 Maximum Permitted Error f K ViR %

s or raw material. The terms “furnace” and “oven” can be

FB o P AR X P AN AR BT LA A

luyugu_007@163.com 6




SAE INTERNATIONAL AMS2750™H
A tolerance band for the thermal electric response expressed in degrees or percentages. Maximum permitted
error provides a tolerance within which various types of sensors shall conform to standard sensor reference
tables, or equivalent.

PR 73 LER ORI AR S A TR o S K FCVFIRZE SR T — AN 72, FEUL G &MY 1% A8 AT A AR
MRS ER, E.

2.4.33 Measuring Junction il &% 4

The location of a sensor where the wire elements are joined together to complete a measurement circuit,
which is used to measure an unknown temperature. Also called the “hot junction”.

—ME AL E, AR B AT IR, PSSR MR, TR E — AN R AR B . I % R
2.4.34 Multiple Zoned Furnaces £~ X 4P

Furnaces with multiple separate temperature control zones. E. 7 22Nt 7 Ji 5 42 i X 32k 1 o

2.4.35 Noble Metal Sensor 5 4 J& £ 44

Sensor whose thermoelements are composed primarily of noble metals (e.g., platinum/platinum-rhodium) and
their alloys. Examples of noble metal sensors include Types R, S, B, and RTDs.

AU L SRR (RN R ) L & S H LRGSR R AP T aERM R, S, B M1 RTD.
2.4.36 Nonexpendable Sensors fif A 4% &% 2%

Sensors having no portion of the thermoelements exposed to the thermap %quipment environment.
Sensors with ceramic insulators over bare wire inserted into a closed p K&on tube to prevent exposure to
the thermal process equipment environment are considered nong le sensors.

R IR AR BT 8 70 A 2 B AE L B A A BT '{

Ve BE A8 AR AE AR L4 N A ew%f)h%u@m%@gmwg@i@: A AR N SR AR T FEPEAL AR
2.4.37 Non-Metallic Materials 3E4:J@ 44k} \

In the context of this specification, this term refers to t g of composite or adhesive bonded assemblies
that are typically processed in autoclaves, air ov gbeated presses.

FEARTE ﬁﬁﬁiﬁ?ﬁﬂ@%ﬁﬁﬁ*@i*ﬁéﬁ&@ﬁ% 4k, X LA (I A R S AR SN A I oL

T, {\‘l\/

2.4.38 Offset M -%_

Any manual or electronic adjustmen‘@ 'strument made to alter either the desired set point or the
displayed value of the instrume ulated temperature. Manufacturer specific terminology may also

LT

include “bias”, “input shift”,

ML HEAT AT T 3h B T AR P 5 ) B8 el BRACGR THERLIR L I s o 3 1 % IR TS AL 7T RE (035
(Ch= RPN Tp 22

2.4.38.1 Correction Offset & 1F #M

Manual or electronic adjustment of an instrument to compensate for known errors of the measurement system
(instrument, extension wire/connectors, sensor) to make the system more accurate.

TR FIHRONGE, DAMENE RGN CAHIRZEIXR, EREEES, LIRS, [ RFEAER.

2.4.38.2 Modification Offset & M

Manual or electronic adjustment of an instrument to compensate for known conditions such as, but not limited
to, a skewed TUS result or control thermocouple placement in a retort or muffle.

TR FIHTAGE, DIAMECFIZM, an(EAPR T ) #h i) TUS 25 5 sl i) #4576 2508 2 50H 75 28 10 o & .
2.4.39 Oven 56

Equipment used for the thermal processing of materials and parts. The terms “oven” and “furnace” can be used
interchangeably.

T AR 0N TR 3% . RiE oven Al furnace wJ LA E#fHH .

2.4.40 Over-Temperature Instrumentation #8 i MR AX

luyugu_007@163.com 7



SAE INTERNATIONAL AMS2750™H
An independent sensor and instrument combination installed in the thermal processing equipment that is used
to detect any over-temperature occurrence and generate an alarm and/or cut back or shut down heat input.
The purpose for this control is to protect parts or raw material and/or the thermal processing equipment from
overheating. Integrated control/recording/over-temperature instruments are permitted provided it can be
demonstrated that the over-temperature instrument/module of an integrated system is separated from the
furnace control/recording system.

—NIRST A AR AR A & 2 AR N T g b, AU ] B I S 7 A 0 R B R B 5 P N
R H 2 B R BUFE AR B A B R T B RVFERBEERIACREIRIGE, RERIEHER RS
PR R A R M 5 P e A D Sk R G 90

2.4.41 Parts T.{

Usually identified by a part number, produced from raw material in accordance with the requirements of an
engineering drawing and are usually tested by non-destructive techniques only. Parts are heat treated, by or
for a fabricator, in accordance with a drawing, purchase order, fabrication order, or heat-treat specification.
B SRR, H R R IR TR AR R A, il R A e R . ARYE AR, SRIGT . il
T R BERTE, 3 R BOY AT SV B .

NOTE: The cognizant engineering organization has the authority to assign the s “parts” or “raw material.”
PErA AT TRV R B AR B A R . %@
2.4.42 Preventive Maintenance Program or PM Program Fil[5 14 437 i1 & \ el

A program for evaluating, taking corrective action as required, an nting the condition of items that
have potential to adversely affect thermal processing equipment&ormance to any requirement of this
specification. Frequency of PM checks is established bas:a%&(p?ience to ensure that no major problems
occur between periodic PMs.

X AT RER TN T 46 A5 AS RV AT ] 5K 7 A= AN
R4 K ST PM R B HIE, DU ORAE E 1] PM 2
2.2.43 Primary Standard Instrument —Z¢Frifk
An instrument that is calibrated directly a o

of Table 7 5 S A K TR

BEATPPAL « SRECL Z A2 IEFE A KRR - 1R

erence standard instrument and meeting the requirements

7 EORMCR

See Recording Instrument JLit>
2.4.46 Programmable Logic Controller (PLC) "] % F24% il 4%

A digital computer control system that continuously monitors the state of input devices and makes decisions
based upon a programmed input (recipe) to control the state of output devices.

— MRS RS, BRI B BPIRES, JFRRYEAR e N (BE 07 )R H 1R e SReds il i HE S0 FRIR
FS

2.4.47 Qualified Operating Temperature Range &% ) T4 i 36

The nominal set point temperature range of thermal processing equipment where temperature uniformity has
been tested within a qualified work zone and found to be compliant with required tolerances (i.e., qualified
operating temperature range = nominal range of TUS set points).

PN TR WA PR BOE AR BEVE B, 7EA % B AR XA IR S, R BT & R A A 22 (RIS R 1 T
VEIRFEE = TUS W& s FRFRTE L)

2.4.48 Qualified Work Zone &% i) T4 [X 42k

luyugu_007@163.com 8



SAE INTERNATIONAL AMS2750™H
The portion of a thermal processing equipment volume where temperature variation conforms to the required
uniformity tolerance within the qualified operating temperature range as defined by the placement of sensors
during the most recent temperature uniformity survey.

FESRIT R B I A rh, AR RESHIE W E 1 ks i TR VS E N, BRI & P S A Z R #vm
TR — & 7>

2.4.49 Quality Organization Approval Jii & 41 2 it

Objective evidence of review and acceptance or rejection of a calibration or test as defined by a documented
process within the user’s quality system which also defines any delegation of this approval.

F P 5 A SRS AR P i SRR AR AE BRI B TR e L $E2 BB 26 (BRSNS , 0E ST 2R AR AT AL
2.4.50 Quench System ¥k £4;

A system that provides rapid cooling, usually accomplished using oil, water, water/polymer mixtures, or
gaseous mediums.

— ISR AL PE A A R G, EE A K. KRS YIRS ERARA .

2.4.51 Radiation Survey %& il &

Initial survey of aluminum alloy thermal processing equipment used above 800 T or 427 ‘C when the heat

source (e.g., electrical elements or gas tubes) is exposed to the qualified wor e or only separated by a
metal baffle. ° g

AR (A0 H TR BURUE ) 2 R AR AR Y A X é%%*)ﬂ%?ﬁiﬁ@ FA7E 800°F g% 427°C LA LR &
SR TR A& A0 & . Q/

2.4.52 Radiation Survey Sensor 45l & A& 8 8% &

A TUS sensor, typically base metal (Types E, J, K, N, M, an I%eryor, used in conjunction with a test panel
[}

for determining the heating characteristics of furnaces u

TUS fLi&8%, @ ANEESEE. J» Ki N MAIT W& ;

lution heat treating aluminum alloys.
5 — A T8 A 4 [ VA R B
PR
2.4.53 Raw Material J& R}
Usually includes, but is not limited to, suchy sheet, plate, wire, rod, bar, forgings, castings, and
extrusions. Raw material is usually ide a heat or lot number and is usually tested destructively for
acceptance. Raw material is heat tr \DV or for a material producer, in accordance with a process or
material specification. &/
HEAFEEAR T R, 4 @’ bt bt BRAE SR ANE A TR BRI A T Bt SRR
i, I LRSS R HEAT A s JEUREH OB AR P2 R R T2 s R Y AT S AR
NOTE: The cognizant engineering drganization has the authority to assign the terms “parts” or “raw material.”
AT DR SR Bl B ARIE TR B A R
2.4.54 Raw Material Furnaces J& 44 1
Equipment used in accordance with a process or material specification to process raw material.
T2 I8 T2 BRI AR ) B 45
2.2.55 Recording Instrument it 5% %
An instrument connected to a controlling, load and/or recording sensor that documents process equipment
temperature data and generates a permanent process record. Examples are a chart recorder, electronic data
recorder, or a data acquisition system.
— PR RS AR EGLRAEREE R, BNk LR NIREEIRE, kAR T Zdsx. fluni
Elidsgds. B ie a8 s RE RS
2.4.56 Recording Sensor it /% /2%
A sensor that is connected to a recording instrument or connected to a control instrument of an integrated
control/recording system.

AR PO SR AR B AR B SR S 2] A0 3 R 48 OIZ I CGR IR &%
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2.4.57 Recurrent Temperature Pattern J& # 1% ()75, 5 % =,

Cycling of furnace temperature due to operation of the temperature control instrument.
AT GR ERAE, bR .

2.4.58 Reference Standard Instrument % frifE (%

A standard test instrument that has been calibrated by NIST or other internationally recognized standards
organization meeting Table 7 requirements.

1 NIST B H A E bRl AT (AR dE A VR HE A & 38 7 SR B AR A R

2.4.59 Reference Standard Sensor (Noble Metal)Z 2% hrififL B 8% (51 & J8)

A noble metal standard sensor that has been calibrated by NIST or other internationally recognized standards
organization meeting Table 1 requirements.

— P S JEAREAL A, O NIST AR E bR A A ISR TEL R HE, FF&3R 1 EK,

2.4.60 Refractory Sensor fif kK #4 K} )£ K2

A sensor whose thermoelements are composed primarily of refractory metals (e.g., Tungsten, Rhenium,
Tantalum, Niobium,and Molybdenum) and their alloys. Example: Type C sensors.

— MO EE B EERS . Bk L e iE) RS SRR . Bt C BRI .

2.4.61 Refrigeration Equipment ¥ kb3 ¥ %%

A compartment, cabinet, or room that may be held below room temperatuse °F or 0 °C (refrigerator), or
<32 °F or 0 C (freezer) depending on the temperature range of use. Th@ipment may be used for retarding
or advancing metallurgical transformation or for storage of metalli w@ Is. —Fhl@El. MEFEEE, MRy
MR EVE ], En] PRI ER T, iR 32°T 5 0°C(‘/7J<5F§)’,§2_ 2°F 58 O°C (W iHAE). Z &l T 28 2%

e R SR, BT & BRI ST . . * /
2.4.62 Resident SAT Sensor % 41 SAT 1%/ ,\\'
A test sensor that remains resident in the test location en system accuracy tests.

(=}

FE Z G0N B 2 1A OR R AE I Xz B 00 1A J
2.2.63 Resistance Temperature Device (RTD) R E

A device (for example, PT100, PRT, etc.) X ces a change in resistance across an element in response
to the temperature at the element (usu x tip).

—Fh 8 (i PT100. PRT %), ‘& (I FE R i ) PR Ui B2 AE #E A o b AR L FH AR AL

2.4.64 Retort Furnace & # 4
A furnace that contains a re
heating elements. The furna
— I AT AR RS IR A
2.4.65 Salt Bath £hi#

A furnace containing molten salt that is heated to the desired heat-treat temperature. Parts or raw material are
normally immersed in the molten salt.

— PG AR E S, B AR PR RPN . R EURRNE IR .

2.4.66 Secondary Standard Test Instrument — 2z bR %

An instrument calibrated directly against a primary standard or reference standard meeting Table 7
requirements and which is operated in a controlled test environment.

—MAE PR MR IAEE TP R, EHARE T B S AR AT RHE AR, Fra R 7 K.

2.4.67 Secondary Standard Test Sensor — 2% br kil 4% B 2%

A sensor calibrated directly against a primary standard test sensor, meeting the requirements of Table 1.

18 RS B HE ) 2 AR eI A RS, W3R 1 K.

2.4.68 Semi-Continuous Furnace (4L K1+

See continuous furnace &L P

2.4.69 Sensor Or Temperature Sensor 1% & % 5l 5 5 44 i 2%

le which isolates the parts or raw material being heat treated from the
ally surrounds the retort.

R I AE ZE B B BB S IR AR ES TTOR o R A E B B AR T
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In the context of this specification, a device designed to detect or measure temperature (e.g., thermocouple,
RTD, etc.).

FEAKRTE A, FH A s et P Y e & (W i i . RTD 4%).

2.4.70 Special Limits Of Error Sensor Wire %k i 244 28 4k IR

Sensors and extension wires whose initial calibration accuracy meets or exceeds the requirements of ASTM
E230, Tables 2 and 3 for special tolerances.

WIAA R HERE FE i 2 B I ASTM E230 3R 2 TSR 3 Rk A 2 ZER AL AR FE K 2%

2.4.71 Stabilization %7€ t.(Also Referred To As Equalization, Equilibrium, Steady State, Or Soaked Condition
WIRHME . P FRSEURIEIRE)

Equipment stabilization occurs when all control and recording sensors are within the allowable temperature
uniformity survey tolerance span and controllers are cycling and/or maintaining the desired temperature in
each zone. Temperature uniformity survey stabilization occurs when all temperature uniformity survey sensors
have reached the desired uniformity range and are not exhibiting a continual upward or downward trend away
from the set point during and after the stabilized period of the temperature uniformity survey.

2 P A 1R FIC SR AR R AR AT AE VIR EE I AU A ZE VA N, HA% I &8 785 DXCIUAE PR R B OR 1F BT 75 1Y
TRER, WS EE o PTA IR EE 1 51t &A% IR R B BT i i 2 S P E i B 35 53 WU £ PR AR E S
PRI S B0 B B AR TR R R B ?Efﬁi@’ﬂ‘f@:iﬂﬂ%ﬁ&

2.4.72 System Accuracy Test (SAT) & Zi ks [ K 46 ,L\\,

An assessment of the sum of the combined errors or correction fggt %()the sensor, extension wire (and
connectors), and instrument to ensure compliance with Table 11&2 requirements.
ﬁﬁﬁﬁ\E&%@%ﬁ%ﬁ@%%%ﬁ&%ﬁﬁE%ﬁ‘“Hﬂﬁﬁ,u%%ﬁéﬁ1ﬁﬁm%%ﬁo
2.4.72.1 Comparison SAT ttX} SAT

An assessment by comparison of the difference betw
sensor system being tested (sensor, extension wij
sensor system (test sensor, extension wire, an
correction factors are applied (see 3.4.7). g
I FH A% 28 AN 3 37 A AN e A% T [
AR B I kA T 2R 4 (A% K
AR

2.4.72.2 Alternate SAT &1t
A mathematical assessmen sum of the errors or correction factors of the thermal processing equipment
sensor and the calibration errot or correction factor of the connector, extension wire, and instrument channel
(see 3.4.8).

Xof RN A8 A IR R 22 BB IE R AR A« SE K Z AL SR8 AR A TR 22 BB IE R B MR BU- PRl (A
3.4.8) .

2.4.72.3 SAT Waiver #i4 SAT

Additional requirements and comparisons to be made when the comparison or alternate SAT methods are not
performed (see 3.4.9).

HAHEAT LU A H] SAT J7iERS, T AT E SR A LR 3.4.9).

2.4.73 System Accuracy Test Sensor Z Zik & kA% 1% 2%

A calibrated and traceable sensor meeting the requirements of Table 1 used for an SAT

T SAT HIRHEFIFE BiAL iR, 2R 1 H9ER

2.4.74 Temperature Overshoot i /& 48 i

When any temperature sensor exceeds the upper temperature tolerance as defined by the applicable thermal
processing equipment class as stated in Table 8.

AR AR AR AR I 2R 8 v i ik R FH RN 0% 20 P s A e i LS X 220

readings of the thermal process equipment
instrument) and the corrected reading of the test

st instrument) after test sensor and field test instrument
ed to as a “probe check.”

1 FEA MR A T 2R AR RS RG (LA . KL MR)
AL MR A ) AR TE R B 8] 1) 2 53 R AL (0 3.4.7). RN
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2.4.75 Temperature Sensor Pass-Through i J& 1% /& 2% B

Installed wiring connecting sensors (typically thermocouples) inside the thermal processing equipment to the
instrumentation outside, usually with sockets, jacks, or terminals at each end.

FERIN TR A B 22 B A IR A% (G A LR RIS B OCR IR, B —imil W A 4l R . LB 7

2.4.76 Temperature Uniformity i & 4 5) 7

The temperature variation (usually expressed as + degrees) within the qualified work zone with respect to set
point temperature. For retort furnaces where a sensor in the retort is used to control temperature, the
temperature variation is with respect to the sensor in the retort and not to the furnace set point temperature.
The requirement is established by the required thermal processing equipment class in accordance with Table
8.

B R A XA A AR T B0 (B R )T AR (G T B3R ) o W T 28R, A8 243 o ful P A2 R SR A iR
B, IR BEARA AR T 2R o A% RS T AN SR P 5058 i RS o IZ B SRARYE 3R 8 FITEE SR 1 FAKE R 12 25 01 ff 5
2.4.77 Temperature Uniformity Recorder i & 5] 1 ic 5% 2%

Independent digital recording instrument meeting the requirements of Table 7 for a field test Instrument and
used to perform temperature uniformity surveys.

ML A FANGE, WiER 7 WA AR, F T3 AT T 25 S 1 ) o

2.4.78 Temperature Uniformity Sensor 75 5 5) 4% 2% . @

A calibrated and traceable sensor meeting the requirements of Table 1(;\\’

R P36 W A SRR A2 3R 1 R Q/

2.4.79 Temperature Uniformity Survey (TUS )i i 15 5] Pl &

An assessment of the temperature variation within the qua.:lli i or}.zone of thermal processing equipment
prior to and after stabilization using a field test instrumen rg@corder) meeting Table 7 requirements and
sensors meeting the requirements of Tables 1, 17, an applicable.

R R 7 ZRIILIZ MR (TUS iEx740)F 1. 17 A1 18 ZOR L AR (B OL T 72 ), X P Hi s

#IEHs TAE Biﬁiiéﬁﬁﬁ}ﬁﬁﬁﬁ}%&%i&ﬁ‘ﬁ&

2.4.80 Thermal Processing # b B -'<IS'
Any process in which parts or raw m@ xposed to controlled heating, soaking, or cooling to achieve

the specified properties or condition rts or raw material for which there is no exception in accordance

with 1.3. @/

XA BUR R AT A2 0 56
A 1.3 IIER. r

2.4.81 Thermal Processing Eqbtiipment #AbBE 15 4%

A term used to refer to any vessel (such as autoclave, furnace, oven, quench and refrigeration equipment,
liquid bath, heated press, etc.) used to process parts or raw material at controlled temperatures.

F T AERHIR B T I TR A BE R AT A3 (s R 28 I AR . VKRN Bt . IR IR JILEE).
2.4.82 Thermocouple # i

A temperature sensor consisting of two wires (thermoelements) of dissimilar thermoelectric characteristics
connected at a measuring junction. An EMF is developed between the two junctions in proportion to the
temperature gradient.

FH P R A PR PR AN [ 18 e (A PR T A )AL P i A SRR A T R AE — NI Y b, FE AT s TR AR iR B e 2
f EE BT R R B 3

2.4.83 Traceable Or Traceability 7B i uk m] 18 3 4

The ability to relate measurement results through an unbroken chain traceable to the International System of
Units (SI) through internationally recognized standards organizations such as, but not limited to:

T AT 3 B B ] (SR AN AT B, 385 B PR A IR AEAL 2L, InfE AR T

National Institute of Standards and Technology (NIST) [ S brift 5 AT 72T (NIST)

7o E, LA B A BUE AR E PERE B RAE T T2 e, B4t
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SAE INTERNATIONAL AMS2750™H
National Physical Laboratory (NPL) [E 5 #3525 =

Physikalisch-Technische Bundesanstalt (PTB)

Swedish National Authority for Testing, Inspection, and Metrology Ffi it [E Z K. 636 A T &= & H# 5

China National Calibration Technology Specification (CNAS)H [E [E ZX & B A i

National Institute of Advanced Industrial Science and Technology (AIST)E 7.5 i TV B AT 58 i
Instituto Nacional de Metrologia, Normalizacéo e Qualidade Industrial INMETRO)E 3/ i1 &2 4

Bureau International des Poids et Mesures (BIPM)[E Brill & /&

2.4.84 Use (Of A Sensor) (1228 1) 1

One cycle of heating or cooling upon the sensor being placed into service (see Table 5 note 5, 3.1.4.2, 3.1.7.2,
3.1.7.5,and 3.1.11.1).

e SR B A P (00— A4 H (L FE 5 7 5. 3.1.4.2. 3.1.7.2. 3.1.7.5 A1 3.1.11.1).

2.4.85 Vacuum Furnace E %P

A furnace that processes parts or raw material at any pressure lower than atmospheric pressure (nominally
760 mm Hg) during soak.

RIS R, FEACT KA J1(% X E 760 Z2 KRR )BT R i TR s sE p R e

2.4.86 Wireless Transmitter JC2k &4 &%

A device for sending electromagnetic waves; the part of a broadcasting app@r hat generates and

modulates the radio frequency current and conveys it to a receiver. ,\’
5t ELRE I R 2R B ) R e R 7 AR AR ) S A R R TR A ik 2 &%@%\

3 Technical Requirements AR EK

3.1 Temperature Sensors ;5 & £ %38 '\\,& 7
3.1.1 General Sensor Requirements 4%2@3%&6@—%%’6
3.1.1.1 Unless specifically noted, the requiremen% d in this specification shall apply to all sensors.
BRI 2&%&1?@#%)‘(5@%5&&25@& A o
3.1.1.2 All sensors shall comply with the nts of Table 1. Other sensors that possess equal or better
calibration accuracy may be used. The le composition shall comply with the requirements of ASTM
E230 or ASTM E1751, and Table 2.
ARG NAT &R 1 )
E230 5 ASTM E1751 Fliz&
3.1.1.3 Resistance tempera )3€vices (RTDs) shall be noble metal, shall comply with the requirements of
Table 1, and shall be considered non-expendable.
LR B 2 F (RTD)N N B i, AT &K 1 IR, JFNAL AR FE M .
3.1.1.4 Sensors may be made either from bare or coated wire, or mineral insulated/metal sheathed (MIMS)
cable as described in Tables 2 and 3.
RSP A ARZC R B 2, Bl M2/ & )87 E(MIMS) 45 B, 1Nk 2 A1 3 R
3.1.1.5 Measuring junctions shall be made by either of the following methods:
DR MR R A — TV
» Any combination of twisting and/or welding the thermoelements provided there is no addition of filler metal
(including ungrounded and grounded MIMS).
FEARVSINETE S B HIEOL S, R IO AT AR AT L A BUR2 1 41 & (B3 R 3 MIMS).
 Spot welding the thermoelements directly to a part, simulated part, or heat sink is permitted for temperatures
<2000 °F or 1100 C
FER 2 <2000°F 8 1100°CHY, FovFR oot B st 212 BT sliai s L.
Table 1 - Sensors and sensor calibration 15288 Ff& RS RIE(2)

\!
4 FH B AT A ) B A P A AR P A% s o I ROy LAY & ASTM
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Sensor Use . Calibration Calibration Accuracy®
\ ‘ Type (103 — — o
LIRS Hi& Interval [A]f% | Standard FxifE LR
. ] NIST® Refer to NIST or
Reference Primary standard Before first use ) o
. » Reference quivalent calibration
standard calibration® B,R, S H A A R
P, - . standard report 275 NIST i [H
Z 5 IR years o » o
S ik B AER
Primary Secondary standard Before first use Reference Type R, S: +1.0 °F or
standard calibration® B,R,S BHIREHRT standard® +0.6 C or +0.1%
[ Fhrite 1T HbmER 3 years ZZ ik Type B: £0.25%
Secondary o Before first use Primary
tandard Sensor calibration B R S. RTD( A A tandard®
standar X R, S, X i standar
o TR IRAS R HE "
1T i brife 2 years I btk
B, R, S, RTD,base
System accuracy test® Before first use . Type R, S: 1.0 °F or
2 ek R R metal,and refractory U A Primary or 06 0.19%(19
SRYUAE AL L X [ +0. or 0.
. 4R it e dary °
= Type B:+0.25%('¥
T t iformit 3) B Re:S; RTD, base Before first AENS - ra® Refractory®5 4%
emperature uniformity surve efore first u . . efractory® 5z
P Z%Fi’]”jfé‘ﬂﬂi Y metal, and refractory - &>9)@ZH it 5 t I)y%é)ﬁ ”0
i 52 = X ase meta D2,
- B R A R f 0 :
T ort1.1 C or
Control, and Installation in thermal \
ding® re first use +0.4%1"
recording processing equipment . Primary or
e - ‘ B, R, S, RTD, basg q\G o i RTD(
PRI GAALRIN TR % N secondary
— - -~ metal, and refrac% andard®
ensing part or raw materia standar
Load® 9p LR \ Before first use o
) temperature ) o | TR B
Uik BRI AT

FAF B RHE AL S

‘-.‘&\

(MSensors of equal or better calibration accura

) Percent of reading or correction factor in °

() Sensor recalibration and reuse requi

m

) NIST or other internationally rec

®) A reference standard sensor r
— NS EAMEE RS —A T b

Vs

Qb ptable T4 ] el i Ke i i RO 11 2
ichever is greater I M B S HEUEIE(H (LLCRR) , BEKHE.
e provided in Table 5 1%/&#8 F S HEFN G 2k W3k 5.

ndards organization NIST 5% HAth E Br 2 A FIARHELL 2

h a primary standard instrument shall be used to calibrate primary standard sensors

RN TRUE T HbrAEAL A .

©) A primary standard sensor together with a primary standard instrument shall be used to calibrate secondary standard sensors
= T PR AR RS AN — A T bR e TR HE 1T bn AL R 35 .
() Use shall be limited to the calibration of control, recording and load sensors, SAT, and TUS sensors.

MTEH] DB 2. SAT Fl TUS fR IS R

®) A primary or secondary standard sensor together with a primary or secondary standard instrument shall be used to calibrate

these sensors —™ [ 2k 11 e br AL s Al —AN T 208l 11 Johp A R I TRUERS #) . 0 M 3L e

©) For refractory sensors Type C: +8.0 °F or +4.4 “C or 1%, the sensor correction factor shall be used for all applications C #4fi}

IAERT: +4 4 CHE1%t, A B RS IEE AL .
(19 RTDs, when used, shall be platinum type and meet Class/grade A tolerances given in ASTM E1137 or IEC 60751. This does
not apply to RTDs used in conjunction with a refrigeration equipment controller 2415 /] RTD I}, NZ41%, 352 ASTM E1137
5 IEC 60751 A tHil A A ZE . XAEH T 5@ R & H S ER S A RTD,

(1) For temperatures <32 °F or <0 °C for Types K, E, and T only, calibration accuracy shall meet the following:

{UHRE<OCHI K. E Fil T 288,

FEHERR J3E L3 2 DA 225K«

Type K: -328 t0 32 I", +4.0 °F or-200to 0 °C, +2.2 C, or £2.0 % for either, whichever is greater.
K. -200~0°C, +2.2°CE+2.0%t, HUEIKFE .

luyugu_007@163.com
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Type E (MIMS): -328 to 32 °F', +4.0 °F or-200to 0 C, +2.2 °C, or 2.0 % for either, whichever is greater.

E B(MIMS): -200~0C, +2.2°CH+2.0%t, HUEI K.

Type E (all other): -328 to 32 I, +3.0 °F or-200to 0 C, £1.7 C, or +1.0 % for either, whichever is greater.

E B (AMFA): -200~0°C, +1.7°CE+1.0%t, B K.

Type T: -328t0 32 °T", +1.8 °F" or-200to 0 C, +1.0 C, or +1.5 % for either, whichever is greater

T -200~0C, +1.0CE+1.5%t, B KH .
(12 Sensors and sensor materials are normally supplied to meet the tolerances specified in the table for temperatures above 32
°’F or 0 C. The same materials, however, may not fall within the tolerances for temperatures below 32 °F or 0 'C. Two separate
sensors may be required, one for each range.

R IR AR AL AR ADRH A RLE H i 2 R S IR R T 0OCIHAZE . AT, MEFAMEITRARE OCLAFIIREAZE. TR
2 R, RIS
(13 When correction factors are used during production 7&4= 7 s FH 45 1E4E i -

Type B sensors shall meet a calibration accuracy of £0.5% B T {% &% N3 /£ £0.5%t FIRSHERS B

Types R and S sensors shall meet calibration accuracy of +2.7 °F or £1.5 C or £0.25%, whichever is greater

R ZUAN S YL IRAE R +1.5°C 8i20.25%! MR HERS B, BRI .

Table 2 - Sensor and extension wire/connector 1%@?%%%115&@2&/?%9;

Sensor f&£ /&3 "0 ension Wire ZE K §4k
AN
N Jacket
Classifi- | Type Positive Element Negative Element Element ‘ﬂsr Code Positive ol Connector
olor
cation |4} | Composition Nominal | Composition Nominal | Color te /Negative « | Color Code™"
Code!
KM 5| IEMRL AL SRS wt, % | iR SUSOT wt, % | e RIE | IE RS LA . HERAROE
y CANGHZ RN
J Fe 55Cu/45Ni \@%ed JPX/INX Black Black
E 90Ni/10Cr 55Cu/45Ni N )urple/Red EPX/ENX Purple Purple
K 9ONi/10Cr 95Ni/5, AFTRING' | Yellow/Red KPX/KNX Yellow | Yellow
Base Metal
N 84.5Ni/14Cr/1.5Si 95.4Ni/- i/O=\Mg Orange/Red NPX/NNX Orange Orange
- o —
M 82Ni/18Mo ANNY Yellow/Red KPX/KNX Yellow | Yellow
. WY
T Cu Ve 3/45Ni Blue/Red TPX/TNX Blue Blue
AN
‘//) RPX/RNX or
R 87Pt/13Rh & PT Black/Red Green Green
, / Y, SPX/SNX
Noble 74
B 70PY/ 94Pt/6Rh Gray/Red BPX/BNX Gray Gray
Metal® \‘ e
\ J RPX/RNX or
S 90P#/10R PT Black/Red Green Green
SPX/SNX
Refractory®| C 95W/5Re 74W/26Re Green/Red CPX/CNX Red Red

() All color codes stated are in accordance with ASTM E230. Color codes in accordance with other internationally recognized
standards organizations are acceptable.

P AR FT A ASTM E230. 1t g i 42 I8 LA FET B DA R A L 2R 7T LA 2 14
) Most base metal extension wires have the same nominal composition as the sensor wires with which they are intended to be
used, whereas the compensating extension wires for noble metal (Types S, R, and B) or refractory metal sensors (Type C) are
usually of a different, more economical composition whose relative thermoelectric properties as a pair nonetheless closely
approximate those of the noble metal or refractory metal sensors with which they are to be used over a limited temperature
range.

LR M R 4 S0 AR R IS K S LR AR A, TSt R A2 S LR (RS, R, B)EAE A 5 J& 1 A% (CHL )@ ¥ 2 A
IR, SEONZRGE RS IR PRI R AT SR A2 — X DDLU B <6 o B oy B J A% SRS, TR A IR A PR I P Y B S A
©) The designation “Type M” may not be recognized by all international standards. Type K extension wire and connectors shall be
used for Type M sensors. “M "I JE T [H AR dEES A AT o K BUAME SERAEREZS AT T M BUE RIS .

Table 3 - Sensor classification & &z§ 5y 3
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Sensor Cover f£/& 3% Sensor Classificationf& 825528
Fiberglass, plastic, or trade name JEFE4[ 4, kL, ol 44K Expendable 5 #£7!
Multiple hard fired ceramic beads 2 = A Jii [ 4 Bk Expendable 7 £
Metal over-braid 4/ 2 i Expendable 5 #E4!
Shielded from the process atmosphere by a closed metal/ ceramic protective tube Non-expendable i A%
W R E R E S T ZA5RE
Mineral insulated; metal sheathed (MIMS) Non-expendable i A 7Y
Wg L, &EE
Mineral insulated; metal sheathed (MIMS) with an exposed measuring junction Expendable 7 #£7%
W2, AN RN 4B E(MIMS)

() See definitions for expendable and nonexpendable sensors W, 5 #&24/1iif A A% &4 10 7€ o
3.1.2 Sensor Temperature Range of Use fii F [ 1% i 23 15, & Y [
Guidelines for sensor temperature range usage can be found in ASTM MNL12, ASTM E230, ASTM E608,
ASTM E1137, ASTM E1751, IEC 60751, or other internationally recognized standard, and the sensor supplier.
A% IR A UL Y 1458 F #5 FE T BAZE ASTM MINL12, ASTM E230, ASTM E608, ASTM E1137,ASTM E1751,
IEC 60751 SHAth [ 57 2 YA B 3 v A% T A8 (1 7 e e Q)
3.1.3 Extension Wire and Connectors #Mx 52k J 4% 3k '\Q
3.1.3.1 Extension wire shall be of the same nominal composition as th or and instrumentation used,
except when compatible compensating extension wire is aIIowed&Qg le metals). Extension wire shall
meet the requirements of Table 2.

AWM A 44 SR 5 A B A%l e A R DL A, Fﬁﬁ%%%%@éﬁ(@ﬂﬁu, SR). #MEFLN
i L 20 B N\

3.1.3.2 Extension wire shall not be spliced other than wgiQg*a compatible connector.
PRACAMeAERZRSS, IM2REARIHE.
3.1.3.3 Connectors, plugs, jacks, and terminalSi re permitted if they are the compatible type, i.e., they
have thermoelectric properties conformi 'ﬂw@ haracteristics of the corresponding sensor type.
INARERAS . Sk SRR T A s BEATT A LV RE AT B AH DA% S AR R T AR, U SV
3.1.3.4 Wireless transmitters may,b s an alternative to extension wire.

TL AL IR A A G2k é&

3.1.4 Sensor Calibrationf%J
3.1.4.1 The sensor calibratio
recognized standards.

FE IR AR AR BT B ASTM E2075LASTM E220 58 H At [l 5 2 AR «
3.1.4.2 Sensors shall be calibrated before their first use.

A AR AL B A A S R AT A
3.1.4.3 Sensor calibration intervals whether based on time, number of uses, or temperatures, are the
maximums permitted.

TR HE ), i s TN a), A, BUREE, SUVFEROK.
3.1.4.4 Users shall have procedures that control the replacement of thermal process equipment sensors
including limits on maximum life and/or number of uses based on supporting data such as, but not limited to,
SAT, TUS, and re-calibration data, and/or trend analysis.

FH P R P2 AN TR &AL AR E IR e, B4 T SR BE (A E AN IR T-SAT . TUSHI BB R A Hicdfs A/ ai
T I HT ) I i K i R A P 5 R
3.1.4.5 Sensors shall be calibrated or re-calibrated at or lower than the lowest temperature of use and at or
higher than the highest temperature of use. Sensors used at a single temperature may be calibrated at the
single temperature of use.

nique shall comply with ASTM E207 or ASTM E220, or other internationally
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A TR I A AT T B AR ASE P P52 A v T e v 88 P 58 AT R b B B S A o A B — U B2 T 5 P ) A% SR PT AR AT
P B — i B2 PR HE
3.1.4.6 Intervals between calibration or recalibration temperatures provided by the calibration agency shall not
exceed 250 T or 140 °C for all sensors. The fixed point calibration method in ASTM MNL12 or other
internationally recognized standards may be used. No matter what standard is used, the calibration agency
shall provide additional calibration points that do not exceed 250 I' or 140 “C for all sensors.
TG AR, LG TR A AR HE B T AR AR TR (A B AN RL R I 140°C . AR ) ASTM MNL12 Bl Aifs [ e
PNPRUE T E RURIETTVE « TCIR AR e, BEHEN LA ET N O i A 1% IR A SR AV I 250°F B 140°C IS
REHE R o
3.1.4.7 Extrapolation of calibration correction factors above the highest calibration temperature and below the
lowest calibration temperature is prohibited by any calibration source except NIST or other internationally
recognized standards organization.
FRNIST B H: A [ BRA NI FRUELL IS0, ATAT IR 2R 1R o T F v R R P VIR T B A v IR, P A v A8 TE A
AN o

3.1.4.8 Interpolation of correction factors between two known calibration points is permitted using the linear

method.
RV AT IEAE A SRR HE S 2 B B IEE . . %
3.1.4.9 Alternatively, the correction factor of the nearest calibration poi@l be used.
B, R s R HE R B IEAE .
3.1.4.10 Whichever method is used shall be defined and applied&
WA IR 7%, HRR— B e SCRIN . A} /
3.1.4.11 For recalibration of sensors when permitted in T’%’S& idis acceptable to use either the date of
recalibration, or the date of first use following recalibrai the beginning of the calibration period.
Procedures shall identify how the practice is applj documented to ensure compliance.

Xf T 2REH SOV A% I A BT Tuﬁﬂ%& I 399 B B AR T I o RS P ) R A HE S R T4
2 PP LA 78 S bR anAn] N2 78 B SO i@
3.1.5 Wire/Cable Rolls 5 £&/H# 45 %
3.1.5.1 Calibrated expendable or n@% able sensors made from rolls may be used in lieu of individually
calibrated sensors.

FH B O 28 1 A T 1 2 A 7 e TR T ISR AR B HE 1) A% SR
3.1.5.2 The maximum lengt /cable in a roll at the time of calibration shall comply with Table 4.

HE I 3 25 P e/ FRLBG F e KKK BT 5 4o

Table 4 - Maximum permitted length of wire/cable in a rollEE &/ E R K R IFKE

istently.

Sensorft & Maximum Permitted Length of Wire/Cable in a Roll5:£k/ .45 % 1 5k 4K &
Primary standard [ Z¥5i 200 feet or 60 m
All other noble metal T HAth 55 48 2000 feet or 610 m
All other base metal i HAt 48 5000 feet or 1525 m
Refractory 4% 2000 feet or 610 m

3.1.5.3 Rolls shall be sampled and calibrated at both ends. The individual correction factors from each end
shall be within the requirements of Table 1 and the average correction factor shall be calculated from both
ends of the roll at each calibration temperature and used for the entire length of the roll.

22 AR P i SRR o i ) B ME IEBE AR R A ER Y, PS8 TE AR B PR A AN AR B N 2285 O Y i v
B, SFHTEAN2G,
3.1.5.4 The roll shall not be used if the difference between the correction factors from each end of the sample
sensors at any individual calibration temperature exceeds:

A0SR it AR AR AE AR T B A HETELE T P B IR 2 20 T
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a. 1.0 °F or 0.6 °C for primary and secondary standard sensors.
[ AT Zbr A% % 450.6°C
b. 2.0 °F or 1.1 "C for control, recording, and load sensors, SAT, and TUS sensors.
L sk, FMEREEE . SATHITUSHE®EE1.17C,
3.1.5.5 The following shall apply to rolls not meeting the requirements of 3.1.5.4:
XFARFE3.1.5.48K M 224, NRBUT 514

a. It is permitted to divide the roll into shorter lengths provided the shorter lengths meet the requirements of

3.1.5.4.

RE 223 K P A2 3.1.5. 4 25K, AtRT LUK 2238 70 OB K E ) o

b. It is permitted to use individual sensors from the roll provided they are calibrated to the requirements of

Table 1.

VAT B 2245 AR 2138 1 B R 1) AL RS
3.1.6 General Sensor Reuse Requirements— /A% JE 48 B & fd F 5k
Reuse of any sensor is not permitted unless the insulation remains intact and the wire/cable including the

measuring junction are not damaged (see Table 5).

ARV EZMEEMERE, BRAFBS R L, B/ ERmINER %

AMS2750™H

gh (RS .

Table 5 - Sensor reuse and recalibrationts 2% 25 & S4% RO
Sensor Use |Sensor Type Form Recalibration® Q‘ ReuseM@®)
fEIRIE & | AREERTY il F TR E N c‘) HEMH
« Jarterly when used at or below 500.0 °F or
260.0 C
Recalibration of expe#s 7%5{ 260°C B T I A2
Expendable . M, C, T, K, E, J, N: Limited by number of
ZFEM metalisensors Is 1 fhed uses, temperature of use, and calendar days
Btz IR o R AL IR VRERSHE | T ’
since first use (see 3.1.7.3)
Base and O' PRI . SRR, BE AR AR
Refractory ¢ R
Test Sensors| B4 & FoxfE %\l Quarterly 5=
TUS & \I ee Table 1)
IR 5 ﬁ_ arterly; permitted if used
A RS Non-expendab€ )& elow 500.0 °F or 260.0 C No other restrictions
fﬁﬁﬁ\% 4 C UL 3 H S 2 R A 6 At PR il
/ p not permitted if used above 500.0
< T or 260.0 C
\ ol 260°C LA Ff A A At ¥ TR e
ExpeMabIe
Noble™ 5 4 GRS Semi-annually No other restrictions
J& Non-expendable (see Table 1) Jo HoAth PR 1
it A2
* Quarterly when used at or below 500.0 I or
260.0 C
260°C LA T sevFfili 2=
M, C, T, K, E: Limited by number of uses,
temperature of use, and calendar days since
Test Sensor N )
Nonresident Expendable Recalibration ofgxpendablel base o ”flrst Ejsg (see 3.1.7:3)»
SAT Base and fopes, metal sensors is ngt permEt\gd PR 1l 48 FH VKB @)ﬂ?ﬂ)ﬁi\ HHEEHERR D
TRy R Refractor B & R AL IR VT AR R
- B4 @ A M « J, N: Limited by number of uses, temperature
*HE&%% 15 of use, and calendar days since first use (see
R
3.1.7.3)
PRI s, R, BE AR AR
R
Non-expendable M.C,T.J& N%_Qt:ar':erlyﬁé)ﬁ No other restrictions
il A (see Table 1) S AR

E & K: Quarterly; permitted if used

luyugu_007@

163.com
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at or below 500.0 T or 260.0 C;
not permitted if used above 500.0

°F or 260.0 C
260.0°C BA M H o vr i,
260.0°C PA_EAS SR VF A A HE
Expendable . A
Noble® FyFER! Semi-annually=£4f Semkanndaly s
#t4:J&  |Non-expendable (see Table 1) (see Table 1)
fiif A2
M, E, J, K, T: Shall only be used at or below
500.0 °T" or 260.0 'C
I J#260°C LA T8 H
Expendable Recaltlblratlon of.expetndabl.ettbzse N: Shall only be used at or below 1000.0 °F or
G R ;;%%ZEE%QQ;%QE%@ 538.0 ‘C and is limited by the number of uses,
Base temperature, and calendar days @ee ‘3.1.7.3)
Test Sensors e (LA 5380 CLLF, IRAIMEFVOEL EE. F
ess'lmgn &JE B
e R G M, T, J, N: Quarterly&Z= % M, E, J, K, T: Shall only be used at or below
i N E; E & K: Quarterly; permitted if used 500.0 °F or 260.0 'C
FEp e NO”'%;‘F’;;fab'e at or below 500.0 °F or 260.0 C {2 F260C T
= PO (see Table 1) o other restrictions
260°C LA R Fl A i F A e N T Ho A R )
Expendable M?ﬂy be used at or below 1000.0 °F or
Noble® ¥k Semi-annually (see Table 1 ~ 538.0 'C {XHT538CLLT
748 |Non-expendable Faf &‘O No other restrictions
fiif A . A5 B 1)
Control and . \%
Recording Al Al Before firsx\& Replaced in accordance with 2.2.42, 3.1.4.4,
\Sensc‘)rs A o ﬁ?ﬁ(@ 3.4.8,and 3.4.9
P A% %10152.2.42,3.1.4.4,3.4.8, and 3.4.9—5
s O\
Y V' Limited by number of uses, temperature of use,
Expendable %ﬁn is not permitted  |and calendar days since first use (see 3.1.10.1,
¥R _&\\ ANARER i 3.4.8,and 3.4.9) ZIRTAH K. EHRE.
Base and /:}\.— B AT JE I H PR3
Refractory \O'T, J & N: Quarterly i‘iﬁ o
i 4 B L5t K: Quarterly; 2% permitted |Limited by number of uses, temperature of use,
Load HO L v if used at or below 500.0 °F or |and calendar days since first use (see 3.1.10.2,
Sensors 260.0 C; not permitted if used 3.4.8, and 3.4.9)
WAL B above 500.0 °F or 260.0 'C BRI ASE A ok 8. RS . EEA R E IR
260°C LA NI fo v AR i #
260°C L B A ST RS iHE
Noble® Ex%e;%dggble Semi-annually except as stated in | No other restrictions except as stated in 3.4.8
48 [Non-expendable 3.4.8 and 3.4.9 (see Table 1) and 3.4.9
) i 2 k7 3.4.8%13.4.94F, F4F F23.4.513.4.9, JoH AR ]
Notes:

() For reuse of any Type E or K sensor used above 500.0 °F or 260.0 ‘C, the depth of insertion shall be equal to or greater than

any previous use (see 3.1.7.1).
XTT7£260.0°C LA H 5 H R ERLBRK BRI, 40 AR ST BUR TR LART R4 AR E (H3.1.7.1)
@) See 3.1.6 and 3.1.7 for general reuse restrictions.
2 W.3.1.6M13.1.7— B B AT PRk 2%
() Recalibration of any Type E or K sensor used above 500.0 °F or 260.0 C is prohibited.
2% 115260.0°C LA s AT AT EZY s KA A% o i3 A7 TR v

@ Includes RTDs f1#ERTD

() Reuses: Example 1: Begin at room temperature, ramp to 900 ‘I or 480 °C for first TUS temperature, then ramp to 1200 °F or

650 ‘C for TUS max temperature, then cool back to room temperature. This is a single use.
luyugu_007@163.com
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HEMM: mF1: NERITR, - PTUSEE ETH$900 °F 5i480°C, A5 EJH£]11200 F ei650 CHITUSHR MR, AR H
= X2 — kM.
Example 2: Begin at room temperature, ramp to 1325 °I' or 718 °C for first production temperature, then cool to 1150 I or 621 C
for the second production temperature, then cool back to room temperature. This is a single use.
B2: MNERIFU, H—RAERE FFENM325 TE718°C, SREAHIRI1150 TE621 'C, 2 _KEMRE, REAHRER. X
A
Example 3: Begin at room temperature, ramp to 1900 °I" or 1038 °C for first production temperature, then cool to 300 I or 150 C,
then ramp up to 1100 °F or 593 °C for second production temperature, then cool back to room temperature. This is two uses even
if the load remained closed inside the equipment.
B13: WZiRIFH, H—xkAEREZ ET$]1900°F 5(1038°C, SAJ54EIFI300TF 2150°C, /5 EF-EI1100°F 2593 CHEATEE — Ik
AR, AREVHIE EIR . XRWAHE, BUE AR R AR N .
3.1.7 SAT and TUS Sensor Reuse % k% 5 12 46 Al 5 35 5 4 0] 58 A% Je 2 1 2 24 P
3.1.7.1 During the reuse of Type E or K sensors when used above 500.0 F or 260.0 ‘C, the depth of insertion
shall be equal to or greater than any previous use.
X ERYBRKAAL A5 7E£260.0°C L BB A AT, A AR 2 B A5 T BROR T A LA 98 AR
3.1.7.2 Expendable base metal, noble metal, and refractory SAT and TUS se s may be reused:
GRETIERGE . e B AAEISSATHITUSHL &R 38 il EH S« . Q
a. Base metal and refractory sensors may be used for up to 3 month Qh irst use, without limit to number
of uses, when used exclusively at or below 500.0 ' or 260.0 * %ﬁ')
BN AE260.0°C AN AL, FR < A 1% JE s ol A IR A8 FERGH 3N (A IREASER .
b. Noble metal sensors may be used for up to 6 monthsj@st)se, without limit to number of uses or

temperature of use. X
D < A% RS AN U AR AT A ke H AR BB IR
3.1.7.3 Expendable Base Metal and Refractory TUS Sensors:

JRES
nths or five uses, whichever occurs first, between 500.0 T
‘C, and limited to a single use above 1200.0 ‘T or 650.0 C.
OCIAMEAH3AN HE5R, AR hE, FHFR$I#£650.0°C LA Ei—

Ty AT ik <a Jm AHERES FR GRS A I MR 2 1)
a. Types M, C, T, K, and E shall be limit X
and 1200.0 °F or between 260.0 C
M. C. T. KFIEZ )W PRl 71260.08
AL o

b. Types J and N shall be

months or ten uses, whichever occurs first, between 500.0 °F and
1200.0 °F or between 260\ nd 650.0 ‘C, and limited to a single use above 1200.0 I or 650.0 C.
JARUFINTY B B i 7£260.0°C ~650.0°C Z [A1f FI 34 H 5107k, A2 yiE, HPFR#1650.0°C LA Sk -
3.1.7.4 Records shall be maintained of the accumulated sensor reuse including sensor batch number,
temperature, and use count.
RIRFFAL RS R E B, IR ST WA
Example 1: Sensors are replaced after a single use. Sensor batch number shall be recorded for the SAT
and/or TUS.
Bil1: fRRIE A — X G H . SICFKSATHI/ETUSHIfL RIS
Example 2: Sensors are reused. Sensor batch number, temperature, and use count shall be recorded for each
use.
#12: ARRISPEEA o BTN RS RAR RS . TR .
3.1.7.5 Base metal or refractory TUS sensors shall be limited to no more than the maximum number of uses
defined in 3.1.7.3 for expendable sensors, 270 uses for nonexpendable sensors, or 6 months from first use,
whichever occurs first, and may be reused subject to the limitations of 3.1.6 and 3.1.8 that are:
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R <2 B i 53 5 AN A A 8 P AN BT 3.1.7.3 v SR S AR T A% RS R B KA IR E, it
AL SRR I e KA ] O 270, BRE G 6 M H (B EI8HE) |, JFRTZERT& 3.1.6 A1 3.1.8 H PRI 5644
NEEMEM:
a. Used exclusively <1200 °F or <650 C, {¢JH F<650°C.
b. Identified by the date of installation and by the number and temperatures of accumulated uses, andR # %
2 F SR 2R T8 PR CEIORT R, B2 7 2
c. Preserved/protected from damage (i.e., crimping, excessive moisture contact, corrosion, etc.) between
each TUS or remain installed on a rack that is protected between each TUS.
TRAFRI B UCIR FE S S VE 2 R AR (i, il Bod B . B IhaE) BURFF A AL,
AU R 51 50 1 U R R R
3.1.8 Sensor Salvageft/&#s 12 &
3.1.8.1 Salvage of damaged expendable sensors is permitted if the discrepant portion including any portion
previously exposed inside of the furnace is removed and the hot junction remade.
WNRA 2 R 7> CELAE LAY B8R A0 A AR 3870 ) R B O BT IV E % i, ) e VB 458 1) S R A%
SRS
3.1.8.2 The salvaged sensor’s original calibration data shall be used.
{24 L P R . QQ)
3.1.9 Control and Recording Sensors$z il flli s A% B 2% ,\\,
3.1.9.1 Control sensors shall be positioned in thermal processing gq %nt to ensure control and maintain
temperature uniformity of the equipment within the qualified work&qe. Recording sensors shall be located in
accordance with the applicable instrumentation type (see T )
P AR N BT Ao Tl u%mf‘g%u*n%%&s{g VEIX FRIELE Y 511 o 0 SRAR IR T AL B N
R (WFED .
3.1.10 Base Metal Load Sensors &4 J& % fif 1% Ji& 0
3.1.10.1 Expendable base metal and refractoy@!nsors may be used:
Ty AT i <a i AN E NS B AR iR AR T T
a. Up to 3 months after first use with
27£260.0°C LU M, Hik
b. TypesM,C, T,K,andE s
and 1200.0 T or betwee
M. C. T. KFIEZR;f
AR K
c. Types J and N shall be limited to 3 months or ten uses, whichever occurs first, between 500.0 I and
1200.0 T or between 260.0 ‘C and 650.0 ‘C, and limited to a single use above 1200.0 I or 650.0 C.
JEUFINZY 7 fR i 7£260.0°C~650.0 C [R5 FH 3~ A 5104k, DA S fst FH i Ate, R #17£650.0°C LA B A —
o
3.1.10.2 The life of non-expendable base metal load sensors shall be limited by the maximum operating
temperature and the number of calendar days since the first use.
A5 5 A6 T B < o AT A SRR B0 5 i N 52 A AR e v AR IR BE AN H g R BR 1
3.1.10.3 Records shall be maintained of the accumulated load sensor use above 500 ‘T or 260 C including
sensor batch number, load cycle, temperature, and use count. The use count shall include uses during SAT
and TUS. When sensors are replaced after a single use, the sensor batch number shall be recorded and

\";‘?number of uses when used at or below 500.0 I" or 260.0 C.
HANZALE R 1

ifed to 3 months or five uses, whichever occurs first, between 500.0 °F

and 650.0 °C, and limited to a single use above 1200.0 ‘T or 650.0 C.

0.0°C~650.0°C a3 H 85k, LAk Se il I e, JFRRHI1E650.0°C LA

traceable to the load.

PARAT B AR RS AE260°C LA E 1) R Id %, BFEA RS S  amr A IR AN kS, S A IR B
ARG EREAE RSN E R A . S5 RS R AT G E e, RdsE Ras S - nlie i 2 5
o
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3.1.10.4 The maximum replacement interval or number of uses, whichever occurs first since first use of
non-expendable base metal load sensors, shall comply with Table 6.

TS A 25 < i 2 A A SR 1 KA P i ) o R B e ) B A T O B, DA 1 IR i, RERF & 3R 6.

Table 6 - Non-expendable base metal load sensor use temperature, interval or uses
A BR & BEAE RN ERRE . BB AR

Maximum Replacement Interval or Number of Uses
$5e K B 3 (] (] B
>2300 °F >1260 C One use 1K
>2200 to <2300 F  [>1205 to 1260 ‘C  |Quarterly or 10 uses 3> A &if# 110X
>1800 to <2200 °F  [>980 to <1205 C Quarterly or 90 uses 3™ H 8 f# F1907%X

Set Temperaturei% & i &

>1200 to <1800 F  [>650 to <980 C Quarterly or 180 uses 34> A & f# I 1807k

>500 to <1200 °F >260 to <650 C Quarterly or 270 uses 34> A & f# 12707k

<500 F <260 C Quarterly unlimited uses 31> A AR vk
3.1.10.5 When load sensors are used in multiple qualified temperature ranges, the shortest interval or use
shall apply.

BT AL IRARAE 2 A B M TR O Rl A (G PRI, S i R ) T B %
Example 1: A sensor with nine uses at 2250.0 °F or 1232.0 C has only Qn use allowed in the 2200.0
t0 2299.9 T or 1204.5 to 1259.9 C range, or any lower operating ra@) 0 uses remain at 2300.0 ‘T or
1260.0 ‘C or above. &QJ
Bil1: —/ANE1232.0CAEHA QAL AR, R ARVF{E1204.5C~1250.WC i [l Py, AT (] 58 AR A T4 i 1 o 4k A
7£1260.0°C 5 5 & TR T AN . .
Example 2: A sensor with 50 uses between 1400.0 °FN§\S6 .0 °F or 760.0 'C and 871.0 C is then used
at 1820.0 °F or 993.0 C.
#12: 1£760.0°C~871.0°C I‘lﬂﬁﬁﬁSO?f\ﬁé@%%,_ ﬁe‘ 3.0CAiH.

The sensor has already exceeded the usg’ or all ranges above 2199.9 T" or 1204.4 C.
Yas it has been used in a higher temperature range.

The sensor is now subject to the 90
RS O AT 1 2199.9°T %%‘4-.\ R TR G B AR FH BRI o 2 A% B IIAE 52 290 48 FH BR i,

90

<,

BAE T AL 5 = 3 Vu LY
tween 1400.0 °F and 1600.0 °F or 760.0 ‘C and 871.0 C is then used

Example 3: A sensor with 5
at 1015.0 °F or 546.0 C.
The sensor has already eded the use limits for all ranges above 2199.9 °F' or 1204.4 C.
The sensor is subject to a 180 use limit as it has been used in the 1200.0 to 1799.9 °F" or 648.9 t0 982.2 C
temperature range.
1113:#£1400.0°F #11600.0°F £(760.0°C #1871.0°C Z [A/{f 50 ME 4%, #RJ51E1015.0°F 5i546.0°CIEH . %
AR O8I 17 2199.9°F 501204.4°C LA BT A 38 Bl 046 FH IR o i24% 138 2 180/ IR, B EC
2£1£1200.0421799.9°F 5648.942982.2°C 1. & i FEl (N A FH
3.1.11 Sensor Calibration Results and Recordsf{& /i 28 £ i 45 A0 5%
3.1.11.1 The results of sensor calibration or re-calibration shall be documented. The documentation shall
include A% /&% 25 52 vHE BWCEE R RS E ) 45 SR NIE SR TR e SCIF REAL AR :
a. ldentification of the sensor, batch of sensors or wire/cable rolls.
FRRER R, AR R AL IR B 2/ FL 25 4
b. Sensor type, e.g., K, N, E, RTD, etc.
fEIRER KA, WK, N, E, RTD%.
c. Date of calibration or recalibration.
TR 5 BT AR v 1 3

d. Quantity or length of wire/cable rolls represented in calibration report
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TER R 35 o LR S B B B K .
e. Identification if the calibration was initial or a recalibration.
W W AE R E I 2 B
f. The required calibration accuracy.
Jr 75 B HERE 2
g. Identification of the standard test sensor and standard test instrument used.
FITASE P o v U XA R A A A TSGR IR 1
h. Nominal calibration temperatures.
2 XHERE -
i. Actual temperature readings of the sensor(s) being calibrated
IEAEARZ IE F A% RS 10 S B il B2 12
j- Calibration technique referencing ASTM E220 or other internationally recognized standards.
ZHASTM E220 54 HAth [ s 22 AR HE IR HEFAR
k. Correction factors or deviations/errors for each calibration temperature, including the average correction
factor representing both ends for wire/cable rolls.
BRI E S IE R BEUmZ R, HCERE r 2/ i 40 45 W9 i 1 T I B NG L
I. Documentation shall clearly state deviation (error) or correction factoes. @
SCA I B i B i 22 (B 1% ) B A2 T R 4 \,\
m. A statement of traceability to NIST or other internationally re %c& standards organization.
X NIST &l H At [ e 22 WA b i ZH 2R mT 38 344 7 9
n. Identification of the calibration agency. . * /
FRAEHLIAT R, \’\\.
o. Identification of technician performing calibration. ’b
BEATRHE I B AR N R o 0
p. Approval of an authorized agent for the c}%@'ragency.

X R HEATUAL) R BB AL HE o w
g. User quality organization approval‘Q\}\:\l
FA P R B S %\
3.2 Instrumentation{{ &4t &/

3.2.1 General Instrumentati irements— A T EK
3.2.1.1 Conversion from millivdits to degrees or degrees to millivolts shall be in accordance with ASTM E230
or other internationally recognized standards.

NZE AR B R B B =2 AR 1) 3 4 A5 ASTM E230BH Atk [ b A AR o
3.2.1.2 Output of sensors shall be converted to temperature readings by instruments specified herein or
instruments of equal or greater accuracy.

IR A R IR 00K PR () B B vk A R, g T A SRt 00 i L 45 e P B
3.2.1.3 Instruments shall be calibrated in accordance with Table 7 and shall be traceable to NIST or other
internationally recognized standards organization.

IR PR R THEATICHE, I P RINIST B A B Bn 2 A B A o
3.2.1.4 Process recording data collection shall be a minimum of six data points for each recorded sensor
during each time at temperature processing cycle not to exceed 10-minute intervals.

TR 53 0 B YU N2 DR 410 3 R A% SR £ 1R PR A 38 ) AN A I 1.0 - ) ol F P 1) e 2D © S dis A
FEREUIR B2 AL 2R A B AN 10 70 B IR RG , ARl i@as B 2 0 R 6 M K.
3.2.1.4.1 For cycles where the time at temperature is <6 minutes, the data collection shall be < once per minute.

Xof il B R AL [H] <6 23 Bh B R4, e SR AR N <R g B — IR
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3.2.1.5 Data collection intervals shall be sufficient to demonstrate conformance to sack time, heat-up, and
cooling rate requirements %44 Ut 5 8] B B 5 A R T I 18] IR 22 074 2 28 1R K
3.2.1.5.1 The recording instrument shall actively record/collect data during the entire time that parts or raw
material are in the thermal processing equipment. In cases where load sensors must be disconnected to
transfer the load, users shall have other objective evidence of process compliance (e.g., data showing
temperature drop from the temperature of other furnace recording sensor(s) compliant with the soak.

FE TAF B AR HE AR TR A A AR, 10 AR B B0 MR o 78 BT A A% 0 25U T L
BEG SIS, H P NA HARRT & T 2ZR 2RSS (B a0, e S fE B S A7 S IR M af AR I At g 1

AMS2750™H

WAL RAR)
Table 7 - Instruments and instrument calibration {3 R AN R A
Maximum
Calibration Calibration
Instrument Instrument Type | Calibration .
X i _ Standard Accuracy™ UseH i
(&S XK1Y Period® - N
‘ KAER SRR X
SR -
Precision Voltmeter or
Reference Precision voltage Limited to primary standard
Voltage Reference
standard reference 3 years Standardkias [ 5 .NI { calibration
andardff % H [k & B
SRk SRR . PR — R br A v ®)
5 SRR AN
‘ '9 or+0.05 C Limited to laboratory
\ or +0.015% of calibration of secondary
Potentiometer, temperature standard instruments, field
Primary standard | ® XQ ) . . .
digital voltmeter™ Referenc &Q T reading, whichever | test instruments, primary
instrument et 3 years \ . .
P MM ZET, s 6 is greater +0.1°F 5 | and secondary standard
TR
" R O' +0.05°C5+0.015% |sensorsfi — Zhru i . B
)K\ R AL, UK (SRR . — G — bt
L]
RN # A AR IS0 SR ®)
-x\}) Limited to laboratory
%\ . . calibration of field test
>, /. 0.3 °F or 0.2 °C or| _
é/ instruments, SAT sensors,
) 10.05% of
Secondary Potentiome ) TUS sensors, load sensors,
b Primary standard temperature .
standard digital voltm Annually ) ) . and control, and recording
) e instrument reading, whichever
instrument HA ZE T (ezen o | sensors®(see 3.2.2.6)fRI
B U ES is greater +t0.3Fak | .
TR HEALR i . B R SATHIERAR.
+0.2°C 5 +0.05%H) TUSHERREE. St e P
e N SN K L S N
EE, Bk, o
I FIC SR A SRR 10 S S5 AR
#E()L3.2.2.6)
SAT/TUS portable
potentiometer or
+1.0 °F or £0.6 C or
digital instrument, Limited to calibration of
10.1% of
electronic data control, or recording
Field test Primary or secondary temperature ) )
recorder or data Quarterly instruments, performing SAT
instrument o standard instrument | reading, whichever
SR D acquisition system 2 s — ke | o £1.0F 2 and TUS®®)
L2 0 13 — R RIR is greater £1.0°F & e . o
; A A 22T B . BRI B SRR AR AE, T
o N +0.6°C 8(£0.1% i N
Bk, BT " N fTSATHITUS
. o B, EBRH
P e A B R
%/ \é}ﬁ
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Control,
over-temperature,
recording, data
acquisition

instrument™(1

Field test instrumenti

7PN

Digital instrument

Note®)

+2.0 °F or+1.1 C or
0.2% of temperature
reading, whichever
is greater('®
+2.0°F 8+1.1°CH

Limited to control and
recording the temperature of
thermal processing

equipment A R#EH], FidF

ELl| NI i IR o 0.2%IM1iR L4, B AL IR A IR
o RAEA BRI
Notes:

() Instruments of equivalent or greater accuracy are acceptable 7] 42 3% & A6 24 51 56 i A .
@ Applicable to quench or refrigeration equipment only{3 & Fl T 7% K B4 AL F ¥ 4 .
@ Instrument calibration intervals shall bey & ik &) b i) A«

Furnace Class

e

Control, over-temperature, recording, data
acquisition instrument Interval

Pl AR, AT MRS R

Over-temperature Instruments used solely for

furnace over-temperature protection Interval

R T AR (T

Monthly & H

Quarterly

i | g

Quarterly

e
| A |

Quarterly

Al |wWwW|IN|=~

Semi-annually %24

6

Semi-annually 4534

Refrigeration and quench
equipmenty4 kb FE A Kk 5 %@

4
Semi-annually #’c’}'\\\%
v

N

S

co\\’/lay be reduced to Annually

Qb AT LIk /b S4G4E
/7

“) When the refrigeration and/or quench equipment sensor i hcted to a channel in a furnace recording instrument the

interval for calibration of that channel in the recording i

the instrument.

2V AL RN B K VA IR A B AP,

Al

shall be calibrated quarterly using a primary standard.
AT T EZ R AESATHMITUSI R . XL R MR BT A T RAruEE TR

gnized standards organization. Per Manufacturer’s Specifications for Reference Standard

@1' t shall be the same calibration interval as the other channels in
B, 1A SR 1208 5 RS v () I 5 43 3 Hp JH At 38 T (10 A 4 ] 5 A

GField test instruments meeting the c@uirements of secondary standards may be used to calibrate SAT and TUS
instruments in the field. These i
T 2 1T bR R 2SR (1 3

® NIST or other internationally

Instruments (e.g., stability of 2 uyV/V per year) and NIST or equivalent Calibration for Reference Standard Instruments.

NISTEH A FE PR A NIIFRHEAL S IRIES B e R BIE R NE (P, RoEtE a2 pVIV) FINISTEEERL 15 H hnifE

(™ Includes wireless transmission systems 3% T4 1L R4 .

®) Instruments shall be stored and used in the environment specified by the instrument manufacturer.
AR MEAEAS R 1) 36 i R 5 AR B o A A7 ML P

©) Calibration periods for instruments shall begin on the date of calibration.
AX R AR VR A S AAAS v I 468

(19) Digital control instruments that only read in whole numbers shall have maximum calibration accuracy of +2 °F or 1 °C or

1+0.2% of the temperature reading rounded inward towards the smaller whole number.
ASSE B 50 1 B 4 A 3 PR R ORI o £2°F 81 °C BRI A 41 £0.2% 1] B 0 B /N R S 3

(") For thermal processing equipment that has documented “out of use/service” periods beyond the due date and extension

days in Table 22, calibration of process instrumentation shall be performed before being returned to service.

XN T, He s b AR S5 IR T T 3R 22 e

3.2.2 Test Instruments (Primary Standard, Secondary Standard, and Field Test)

luyugu_007@163.com
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MARACR (T Bebrite, 11T br A7 M)
3.2.2.1 Primary and secondary standard instruments shall be digital and meet the calibration accuracy
requirements of Table 7 in degrees of temperature or in millivolts that can be converted to demonstrate
equivalent accuracy.

[ AT B e SR B AR, IR R TR RS LR, R B B AR PT PRy B R S5 R8ORE
3.2.2.2 Field test instruments shall be digital and have a minimum readability of 0.1 °T" or 0.1 °C for any input
and output used.

37 AT N B A, AT AT AN AN S 1 e /N AT 3205 0.1°F 500.1°C .
3.2.2.3 Test instrument calibration shall be performed at a minimum of six simulated sensor input and/or output
signals. These shall include the minimum and maximum of the operating range used for test or calibration and
a minimum of four points in between either representing areas of normal operation or spaced at approximately
equal intervals across the range in which the instrument is used for test or calibration.

DA TR BEAE 28 /D 6O B A A AN B A 5 N BEAT R o FL v R 478 3 X s o ) A L ) e
AMERER KR, PAK I 30 IR W AR XA AR F T D00 X s 74 £ e ] P DA ADURH 45 1) 1) ol ) o P 22 241
=)
3.2.2.3.1 For test instruments used only at a single temperature, the calibratio all be performed at that
single temperature. ° Q

ﬁ?ﬁﬁ%—ﬁ%?@ﬁ%%ﬁﬁﬁ,ﬁ@ﬁﬁﬁ%—ﬁﬁ?ﬁﬁo’Q}
3.2.2.4 Calibration shall be performed for each type of input and (&@ d, e.g., each sensor type in use and
for mV, mA, etc., if the instrument is used for these scales.

JSEE BT P PR A NN AT R, B, Fﬁﬁﬁﬁ@—@%ﬁ“/ WARACR A TR 20, W RA = AR

o

Qg
3.2.2.5 Calibration shall be performed on each chann@é that can be altered or adjusted individually, or on
each group of channels that can be altered or adj a group. Channels not in use shall be blocked or
tagged to prevent unintentional use. % @'

JEXof 458 F e 1 A A B A S B )
)30 A o U B ARAS, DA 1T B,

» O R TR Oy — 21 B e R AT R . AN

3.2.2.6 A test instrument meeting th% y of a secondary standard may be used in a production
environment as a field test instri t#THe calibration frequency shall be the same as a field test instrument
and the instrument shall be ithin the environmental conditions specified by the instrument
manufacturer.

T 2 1L s vHERE B2 AR A R] DA I A7 Il A R AE A P IR B P A ] o AHESIR B 5 I A GRAH ], A%
R LAEANR A3 7 RN ISR 25 TR #R AT
3.2.3 Control, Recording, and Over-Temperature Instruments{%#l], 1t AR
3.2.3.1 All control, recording, and over-temperature instruments shall be digital.

P FE . 10 O IR A RN e H 7 U
3.2.3.2 Digital recording instruments shall produce permanent records with a minimum readability of 0.1 I or
0.1C.

Bl KACR N A RAK0.1°F 50,1 C R #EE
3.2.3.2.1 Digital recording instruments that only read in whole numbers may be used for 1 year after the
release of AMS2750 Rev G and shall have maximum calibration accuracy of +2 I or £1 'C or £0.2% of the
temperature reading rounded inward towards the smaller whole number.

A BB B B e AR P /EAMS2750 Rev GR ATV G, ARG B2 e I 0 +2°F i1 "C il B e 40
+0.2% 2 2) BRI AL
3.2.3.3 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
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value.

PRI E R B B R E i, sUERNERE B, REREWNFEIR RS, GR
82 M AR IR AR R B IE RIS 5 .
3.2.3.4 Calibration shall be performed in the as-found condition taking into account any applied and
documented offsets at a minimum of three simulated sensor inputs at the minimum, maximum and at least one
point in the middle third of the entire qualified operating temperature range to document the as-found condition.

LR R I 25 AT T HEATRHE, 58 2 2/ = AMBIME BER A B/« SR D v ) = 73 22— s (AR AT S
AC A WS, Phdse RIS
Example 1: A Class 2 +10 I furnace with a qualified operating temperature range of 300 to 1200 I requires
calibration at the Minimum = 300 °T", at the Maximum = 1200 °T", and at least 1 point in the middle third = 600
to 900 °T.

B1: —A2+10°FHII T, S T/EIRZ Y5 E N300°F£1200°F, 75 E/E &K= 300°F, #H &= 1200°F, Hd]

=2 — b —A = 600 £ 900°F AT K HE

Example 2: A Class 2 +6 C furnace with a qualified operating temperature range of 200 to 1100 ‘C requires
calibration at the Minimum = 200 C, at the Maximum = 1100 C, and at least 1 point in the middle third = 500
to 800 C.

#12: —A2+6°CHIK, A TAEIR B 200°C % 1100°C, %EE%&Q& , = 1100C, H[E=4)
2 — B DA = 500'C F800°CHETEHAE L)

3.2.3.5 For equipment that does not have a defined qualified operati ctanperature range (e.g., quench tanks
and refrigeration equipment), calibration shall be performed at a&num of three simulated sensor inputs at

the minimum, maximum and at least one point in the middl.e,t&)‘ft/be operating range used. Users shall have
the ability to identify the operating range used for each p ench and/or refrigeration equipment.

Xof A A S B A T Y R e (B %VA% [V %), NAEAT M TRV . SR
] =73 2 — B /0 AL AR A BEAT RS HE @ﬁ%@%iﬂ%ﬂ#ﬁ KN B 4 B B4R AR
3.2.3.5.1 Instrument calibration points for equite h a qualified operating temperature range and an
unqualified operating range of use, such = nic-temper unit, shall be in accordance with 3.2.3.4 for the
qualified operating range and in accord 3.2.3.5 for the unqualified range of use.

X TARR VO A . AN A% AN B, (IR ke E, HTARR VB S# 4% 3.2.3.4, f
FHREEEEA A1 3.2.35.4)
3.2.3.6 For control, recordin r-temperature instruments used only at a single temperature, the
instrument calibration shall ?—b‘e performed at that single temperature of use, or in accordance with 3.2.3.4
or 3.2.3.5 as applicable.

X FAXAE B — i B2 TR A B2 L D SRR IRA R, ACRARHE RLAE 1% 58— PR B2 R EAT, s iRiE Y 3.2.3.4
5, 3.2.3.5 # 17,
3.2.3.7 The instrument error is the difference between the readings of the instrument being calibrated and the
field test instrument. When any documented modification offsets are used in production, the reading of the
instrument being calibrated shall be corrected algebraically.

IR IRZE R AR HEDGR R E S I M A SCR BB A 22 . AR SRAE RIE IE RS & T 2577,
A TR B BN AT ARBURIE .
3.2.3.8 Following any calibration adjustments, the instrument shall be verified in accordance with 3.2.3.4,
3.2.3.5, or 3.2.3.6 as applicable to document the as-left condition.

AR i, AR N % 83.2.3.4. 3.2.3.583.2.3.6(i& ] T-ic sk (R B AR &) AT I8 31E
3.2.3.9 Calibration shall be performed on each channel in use that can be altered or adjusted individually, or on
each group of channels that can be altered or adjusted as a group.

o A5 FH P A P B B S e R e A AT RS, O AR R A D — A B e R P S AT AR U

3.2.3.10 All active channels of multi-channel digital recording instruments shall be calibrated. Channels not in
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use shall be identified to prevent unintentional use.

LB ARG FTE B B IE AR ST A HE . A g RN LR, AR ik AMEEH .
3.2.3.11 When the control and recording system is integrated such that the digitally displayed control value and
the digitally recorded value are generated from the same measurement circuit and cannot be different, it is only
necessary to document a single displayed/recorded value for the control reading.

RO R EE AL, 507 W 13 (B C 5% IO B AR (R I i B =28 AR REAR R, R
s AT N R AT 3 A VR AR SR
3.2.3.12 For retort furnaces, the temperature of the furnace shall be controlled such that the specified
temperature is maintained within the retort. As a minimum, the control instrument shall be calibrated across the
temperature range of use within the retort.

T AR, AR, AR A R DR R AE L E B BEVE I N o AEONERARPR L, IR BAE 21
i YA R 2 Y Y R AT A
3.2.3.13 Refrigeration and quench equipment control instruments that display temperature shall be calibrated.
All recording instruments shall be calibrated (see Table 7).

7 U PR PR A A0 AT K 6 422 ISR N AT A HE %ﬁﬂiﬂ%%ﬁﬁﬁ&@ﬂ%?
3.2.3.14 The timing function for all digital recording instruments and data acquigjon systems shall be
calibrated at least annually and shall be accurate to +1 min/h. The cahbratloQQ e performed for a time <1
hour and the results converted to meet +1 min/h.

PP B 10 AR A B KA R G JE I D R B 22 /D AR AR R i Q%@ﬁ%ﬁﬂéﬁw¢ﬁ RAERT [ <1 /)
T 2 ST P NG &;
3.2.3.15 External timing devices such as timers, clocks, st.og&heﬁ, etc., shall be calibrated at least every 2
years and shall be accurate to 1 s/min.
SMBER R E, Wik gR . Wb, BhRSE, NEDNERNE IR, ISR B s
3.2.3.16 As an alternative to 3.2.3.14 or 3.2.3.15@Ed digital synchronization of digital recording
instruments and data acquisition systems or e&}m ing devices to NIST or other international equivalent
via satellite, internet, or telephonic syste -N® onthly to support a 1 min/h accuracy for digital recording
instruments and/or +1 sec/min for exter \g devices is acceptable

1EN 3.2.3.14 8 3.2.3.15 )& AR
1RG5 NIST B A Bras G
SAX B FDI53 5 AR I 2
3.2.3.17 Wireless equipmen performs the analog to digital conversion at the furnace and transmits a
digital signal to the recording instrument is permitted. However, calibration of the complete wireless system
(wireless transmitter, wireless receiver and associated control and recording instruments) is required.

FOVFLE FL AL PAT AU BB e O R B 5 S M BIE R ORI BB & . (B2, TEXN BN LLRG(L
LR TCERARMCER AR 5 B 328 1) D SR AR ) EAT B v
3.2.3.18 Correction Factors for Instruments 1 #8515 IF R %L
3.2.3.18.1 Extrapolation of calibration correction factors above the highest calibration temperature and below

TR R R 3 S RSN I A B TR TR o
SURPHCF RS, B A=W, USRSy B N HOR R H 2
.

the lowest calibration temperature is prohibited by any calibration source except NIST or other internationally
recognized standards organization.
& NIST = Ath [ B A N ISR AHELH LA S0, AT ArT A VR AT 47 L 7E B v AR v iR 2 DA AT B AR Y Ui B2 AT M HEASHEAR
1ERF
3.2.3.18.2 Interpolation of correction factors between two known calibration points is permitted using the linear
method. Alternatively, the correction factor of the nearest calibration point shall be used. Whichever method is
used shall be defined and applied consistently.

FOVFAE FH 2t T7 VR AE IS © AN AR s T (B A IE R 7o B, A FH il O RS HE RO AR IE R 8. o ik
WR—AITik, HRRAT R B MR
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3.2.4 Electronic Records Hi, T-it\ 3%

3.2.4.1 An electronic record is any combination of text, graphics, data, audio, pictorial, or other information
represented in digital form that is created, modified, maintained, archived, retrieved, or distributed by a
computer system.

RTieR 2T ENRSECE. Bk 4597, 7. RN KP DB AR RO BE. il &
B BB ANE SRR S .
3.2.4.2 When using a system (control, recording or data acquisition) that creates electronic records the system
shall:

LA Bl RGE R IR B R )N, Z RGN

a. Create records that cannot be altered without detection.

B TCIRAE A A I 115 0 B8 B ad sk

b. Provide software and playback utilities as a means of examining and/or compiling the data but shall not

allow the user any means for altering the source data.

SEBLBRA AN 8] T BA R oA A A B g B 0 T B BN SRR P 8 PR Ay 077 25 B8 S

c. Provide the ability to generate accurate and complete copies of records in both human readable and

electronic form suitable for inspection, review, and duplication.

SR A N T 2 B C R B A B RE DT, R ASET LUR NSRRI, B@*’jﬁ o A AN A1 LT T
d. Be capable of providing evidence the record was reviewed b r%crang an electronic review, or a method
of printing the record for a physical marking verifying review. &

RE L 10 5% L P AT Bl % ujﬁﬁ%fiﬁﬁﬁﬁiﬁfﬁ”ﬁ%ﬁ} SR 1T R BEAT VR B RIEYE o
I

e. Support protection, retention, and retrieval of accuré&& s throughout the record retention period.

FEACSRORAF IR, SCREXSAERR T S B PR 1%%%11%%
f. Ensure that the hardware and/or software sh@te throughout the retention period as specified in 3.7.

Eﬁ%ﬁ%fﬁn@zwﬁ%&?ﬂ%E@{%Eﬂ,ﬁﬁWEKM
g. Provide methods of protection, such -as@y ord, to limit system access to only individuals whose
authorization is documented. %

AR ITIE, BIanE Y, UKE%M%‘ IR, R ARG SRS N A BEV 1]
3.2.4.3 Evidence shall be provi séftware revisions are verified to ensure continued compliance with the
material or process specific ements and once installed have not altered programs, recipes, or other
means used to control ther essing parameters.

P ISR UE BV A BT IR B0 UE, DRI EAT S R T2 M 2R, I H— B 224, MBI ik
A B TEGHRIN TSHERF . 7 BT B
3.2.5 Instrumentation Calibration Results and Records{{ # 1% R v 45 S A0 5%
3.2.5.1 The most recent successful calibration status shall be readily accessible at or in close proximity to the
thermal processing equipment. As a minimum, the information shall include:

BT — U IR AHERAS AR RN T 2 BE BRI 5 3R EL . 220, (5 BN A4

a. Instrument number or furnace number.

IR 5 B

b. Date the calibration was performed.

g 5e A H o

c. Due date of the next calibration.

TR B HE AR H

d. Identification of the technician who performed the calibration.

BEATRHE IR N 51 TR

e. Indication if any limitations or restrictions of the calibration. A notation such as “see report” is acceptable
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TR 5 A AR AT PR ) B E A PR o AR AR " IR AT 5 2 AT DL RZ 1Y
3.2.5.2 The results of instrument calibration shall be documented. As a minimum, the documentation shall
include R HESS R O SO 2 /0 N ALHE
a. Unique identification of the instrument{3 3 Mt —FriH
b. Make and model of the instrument calibrated A % 1 i AT R 5
c. Unique Identification of the test instrument used during calibration e 1z v i 742 H 5 FH A 38 i e —F
Ho
d. Identification of each sensor type in use (e.g., Type K, N, etc.) and form (e.g., V, mA, etc.) if the instrument
is used for these scalesf SRz T X Lg%, W ER I Fr il F A% AR R A (K AL . NZYAE) AT 2
(TV. mAZE),
e. Identification of location where signal was input (only required for measurement systems employing the
alternate SAT)(E 5 i A\ A7 & B (T T8 FH 25 FHSAT I & R 5t).
f. Required calibration accuracy % IR HEAS 12 .
g. As-found data at each calibration point and as-left data if any adjustments are made, to include &—/M%

1 S BRI AT R 20 (W AT AR AT ), B4

1. Nominal test temperature 44 Xl iRJE o %
2. Reading of the instrument being calibrated # &2 A # i %k ?
3. Error or correction factor of test instrument (optional or when sp y the customer)Jll 13 3R )= 22

SAZ I R H (RS B 7 R )
4. Error or correction factor of instrument under test correct& uncorrected for test instrument error
when specified ) {2 1 1% 22 8RS E R (1% Tﬁﬂmﬂuﬂlsiﬂg% }H:?lﬁﬁ&EjZﬂi&E)

c

h. Correction and modification offsets as-found and as ordance with 3.2.6.

AR 3.2.6 0] A IR 4% 1) i 7% B2 HEAT 12 IEAME KL
i Instrument calibration pass or fail statement{@ﬁﬁﬁi%{ﬂ@?g% .
j. Any limitations or restrictions of the calibraf ] ARz v ) R A1) o
|. Due date of the next calibration T—‘\ b
m. Statement of traceability to NIS@ wer internationally recognized standards organization.
XFNIST 2l H A [ e A A5 14 Eﬁ{ﬁﬂ‘r_ﬁt?-? B

n. Identification of the techAiei 0 performed the calibrationif 47 £ 1 O H AR N T2 HR A

o. Identification of the call agency if calibration is not performed internally 21 5 Py #8545 HEAT R HE, T

PRIRAZHENLIY o

p. Approval of an authorized agent for the calibration agency if not performed internally X B ML) AR

LA (U RAE N BB HAT) o

g. User quality organization approval ]/ i & 41 21k it .

FE: AMS 2750D/5# B3k
3.2.6 Thermal Process Equipment Instrument Correction and Modification Offsets (see 2.2.38.1 and 2.2.38.2)

P TR &ACR R IEAME IE W (1.2.2.38.1412.2.38.2)
3.2.6.1 General Instrument Correction and Modification Offset Requirements— A AL 1IEAIME IE i F% & R
3.2.6.1.1 If instrument correction and/or modification offsets are used, a documented procedure shall exist
describing when and how to make instrument correction and/or modification offsets.

IR T ACRRIEM/EAE IE WS &, BifE SRR, BTN PR BT A R A IE I/ EAZ IE RS &
3.2.6.1.2 The maximum cumulative correction offset shall not exceed the uniformity tolerance for the thermal
processing equipment or £10.0 °F or + 6.0 °C for refrigeration and quench instruments. (e.g., a Class 2 furnace
instrument is limited to a maximum correction offset of +10.0 ‘T or £6.0 C).

B K SRR I Al 76 B A 5 e T8 8 4% (359 5 JEE 2 22 BV AR KA R 9 £10.0°F 8i26.0°C . (Biltn, 2380
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AR B B KB IE i #8 2 IR A /£ 4£10.0°F 2(£6.0°C).
3.2.6.1.3 Instrument correction and/or modification offsets may be either internal (electronic) or external
(manual), and shall be included in the calibration, SAT, and TUS documentation.

PCRIEM/SAEIE W BB W] LU N (1) BANE (F3h), JENAFEERHE. SATMITUSSC .
3.2.6.1.4 Controlling instrument modification offsets for TUS shall not exceed the allowances in Table 15 or 16
NTUSE R RS IEAME AL R 15K 16 R E
3.2.6.1.5 TUS modification offsets are not permitted on recorder channels other than for the channel recording
the control sensor temperature.

BR 7GR HIL R B IE SN, fEisoliE A R IFTUSIE B «
3.2.6.1.6 SAT modification offsets are not allowed. Control and recording instrument correction offsets for SAT
shall not exceed the allowance in Table 15 or 16.

SATIEBU WA J& A FuvF . SATHIFEHI AN RACR IR IE 1R 2 AN I £ 158038 16 71 1) Fu¥FE .
3.2.6.1.7 For load sensor systems used in production, correction offsets are allowed, but not modification
offsets.

XA B R S RS, RVFRIEWE, HEA SR .
3.2.6.1.8 When correction and/or modification offsets are implemented or cha , the effect of the new offset
value over the entire qualified operating temperature range shall be evalea r.%ective evidence that the
new offset value would not cause a failure of any other calibration, SAT& shall be documented.

2 S5t B S AR AR IE AN B DU E\“AWﬁT%ﬁE‘J{WZ{EE@H’EEEYEWE’J%HWO RS 1
o S EUTAT AR . SATETUS KR IMU ZWEHE R IC SRR .

3.3 Thermal Processing Equipment#ib ¥ 4% . % /
3.3.1 Furnace classes are defined in Table 8 and are ba X& furnace class specified. When not specified,
the furnace class shall meet the TUS requirements es ed in the governing specification for the parts or
raw material being processed. Instrumentation ty efined by the level of instrumentation used to control,
record, or indicate the desired temperature. It r controlling and recording instrument calibration, SATSs,
TUSS, are based on the combined furnace¥s instrumentation type stated in Table 7, 11, 12, 15, or 16.

R8HE T IR, AR R 2R A . AN R FE, B RE E TUSK IEAE I T ¥
A B A AR Y 428 H) R gl ST ) S Ry F T4 0 SR BRI 7 T GRG0k S FEHI AT
SAX AL HE IS [H] [E] B, SAT, T LR A BB RABCGRER, £T7,11,12,15, B16HTR.

Ta%— ace class uniformity tolerancest 2155 N E

Furnace Class Tempe$§\ . 'iformity Tolerance, ' Temperature Uniformity Tolerance, ‘C"
e i BRI VA RS R %
1 5.0 13.0
2 +10.0 16.0
3 +15.0 18.0
4 +20.0 +10.0
5 1+25.0 +14.0
6 150.0 128.0

Notes:
(1) Some design authorities require TUS tolerances of +5.0 ‘C and +7.0 °C for Class 2 and Class 3, thermal processing equipment
— BRI R 2SR AL F R I TUS A 22 945.0'CHI+7.0°C
3.3.2 Requirements for furnace instrumentation type classification are shown in Table 9.
WFANR B 3 R ER IR PR
Table 9 - Instrumentation type requirements{{FTHEE FEK
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Instrumentation Type("
A|B|C| D+ |[D|E

Sensor(s) Required by Instrumentation Type#s35 % i 75 )% ik 2%

One control sensor per zone that controls and displays temperature.

X[X|X| X | X]|X
BN DB % ) T AR 2 1 A iR

The temperature indicated by the control sensor in each control zone shall be recorded by a recording
instrument. Alternatively, the recording instrument may be connected to a second sensor contained in
the same sheath or holder as the control sensor, and separated from the control sensor by no more
than 0.38 inch or 10 mm. k>4 il DI i A B & T S s R B I RS SRAR D 3o B, 1R
A DLER R AL RS, 2B A S e S i hlE B R BB e, JF B S5 b a0 B
HE10.38 5 B 102K .

At least two additional recording sensors in each control zone shall be located to best represent the
actual coldest and hottest temperatures in each control zone at any temperature of use based on the
results from the most recent TUS. It is recognized that certain furnace designs/load 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 (see 3.3.5 and 3.3.6). These recording locations may change over
time. See 3.5.15 for

relocation requirements.®? ® Q X X
A XN BB 2D AN T AL RS, DRI RO TUS SR, B‘i‘iﬁ%ﬂﬁﬁ%ﬂ&fﬂﬂﬂ

A5 PR F 52 o B AR e v

NPV PRI e = N it s = R R el S e Y S e E%imﬁﬁlﬁft%‘—:r AL S, (HIX

ek (o B VR AT RE AT SE PR (IL3.3.5H13.3.6) . (X it SR B AT At 23 Eg£ TERERTES N
3.5.15@) \Q\
At least one recording load sensor in each control zone. Durl ctlon in multi-zone furnaces,

empty zones (i.e., no material is placed in or intrudes |ntz®-" ) do not require a load sensor.

However, a notation shall be made to the furnace Ioa t the zone was entirely empty. 7E4A4~| X | X

PEH X 2D — MO KA BAL A . 752 XA Dﬂi(Eﬂ, B MR E BUR A X
BT E A AL A (AR, f“ko’imEiy ?E
At least one additional recording sensor in / \trol zone located at least 3 inches or 76 mm from

the control sensor position and of a sensor type.®? X

FE PR B 42 1 A R AR 0L B 25 /D 3~ OREA | DR E DA — DA FIR R B MO AL S -

Each control zone shall have ove perature protection (see 2.2.40).

B HI X BA IR AR (1.2.2.40),

Notes:
() Instrumentation types are listed in descending order of quality from left to right; i.e., A is better than B, etc.

MEBI LB RERTIIH T TR E, AWBYF, 4%,
@ The over-temperature protection sensor may also be utilized as the recording sensor representing the hottest location for
instrumentation Type A or C or as the additional recording sensor for Type D+ if in the proper location.

AR R AP AR RS T ARG AR IR, RRARCRIGR RN B, RN TESME, ] HIED+ECR MM it 514 K4
3.3.3 Instrumentation Requirements for Refrigeration Equipment and Quench Systems

AL RV A% MR K R G IR A R LR
3.3.3.1 All refrigeration equipment shall have a temperature controller. This temperature controller requirement
is not applicable to liquid nitrogen, dry ice, or dry ice/liquid-cooled containers.

P A AR PR #RN 2 AT — MR AR 2 o PRI R P 288 ZORANE TR TOKETFRARA 2545 o
3.3.3.2 All refrigeration equipment shall be equipped with a temperature recording instrument where
time-at-temperature (minimum, maximum, or both) is required.

JITAT A7 A B R 25 0 N C 25 TR BT SR AR, I ) - B (A, e, B ) 263K
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3.3.3.3 Unless otherwise specified, the requirements of 3.3.3.1 and 3.3.3.2 are not applicable during
transportation of materials at sub-ambient temperatures

bR A RES, VMBI E N RElieimt, ANEH3.3.3.1/13.3.3.2[W %K. .
3.3.3.4 Quench systems (immersion or spray) shall be equipped with a sensor that is recorded by recording
instrument where temperature (minimum, maximum, or both) is required.

HKERG (RAAEW SR MR RREE, HEOREE (RAK. R sy R, 1245 B 1T 22 w] i
WFRANFRILF
3.3.4 Additional Sensors [ inft B4
There is no limit to the number of additional recording or load sensors in any control zone, but their use shall
be defined in controlled operating instructions, or procedures.

FEATART 422 8] X B 1010 s BRAART A B O B v PR, (BB ATT st P 2 AE 32 478 B A U B B e o i S
3.3.5 Hot and cold temperature sensors, when required for instrument Types A and C, as stated in Table 10,
may be inserted in heat sinks (see 2.2.27), and positioned at the hottest and coldest temperature locations of
the control zone based on the most recent TUS when heat sinks of similar configuration are used during the
TUS.

mE 10 fion, A, CROGEFER, APRH ‘/@?ﬂ)ﬁ%@%&ﬁ)\ﬁ&ﬁﬁ%@%ﬂ), JHAE TUS IR A 26
LI B O AR, ARAE B 1Y) TUS 5 I T80 AE 4% ) X A e 14 P UL P38 5

Table 10 - Minimum sensors required per control zone &

PR R R DR RER

nstrumen Minimum Number of Sensors Requé%%; TR I B /D
) Hottest Tempera | Coldest Temperature Over-Temperature | Additional
-tation Type Load Sgnsor:
(SR -ture Sensors Sensors . N/ Sensor Sensor
AR PR RS | B BIR FE AL S e AL R A B hn A%
A 1 1 YO 1 N/A
B N/A NA (NN 1 1 N/A
C 1 1 XN7T N 1 N/A
D+ N/A Y™ N/A 1 1
D N/A PR N/A 1 N/A
3.3.6 The minimum sensors requi eW)N)wn in Table 10/ 7 M i /ME A8 iR 10
3.3.7 For multiple control zone with <225 ft3 or 6.4 m?3 in total qualified work zone volume, it is
acceptable to treat the furn ed work zone volume as a single control zone (see Table 10) for locating

hot and cold temperature rec g sensors (Type A or C instrumentation) and determining the number of over
-temperature and load sensors required, regardless of the number of control sensors (Type A or B
instrumentation), when the longest dimension of width, length, diameter, or height is no more than three times
any of the other dimensions.

SFF 2 AEHI X, B A TAEX AR FI<225 ftPul6.4 m3, AI LU 6% 10 TAE XA RUE N — A Sl
P X (22 10), T a4 o i 10 5 A% [ 2% (a B BRC YA 3 ) FIifh 72 P 75 1R EE R AN R AR IR SR I B i, 1
ANEFERIL RS B (@ B BIAYER), B RIS KE. BAR. B Us A B FAb AR T 45 1 =1 .
3.3.7.1 For multiple zone furnaces with 2225 ft3 or 6.4 m? in total qualified work zone volume may be divided
into control zones that shall not exceed 225 t3 or 6.4 m3. Each control zone shall contain all the required
sensors as defined in Table 10 for a single control zone. For furnaces that have individual control zones 225 ft3
or 6.4 m3 or greater in volume, each control zone shall contain all the required sensors as defined in Table 10.

X T B AR222537 75 9 R 6.4 5777 K B 2 DI, Sk TAR X AR Rl 73 AN i 22557 77 9 R 6.4 5777
KRR X Ao AN ) DXL 2 R 10 b 8 S A2 DX P 7 B T AR ik o X T BN 1] X AR 22557 77
R E06. 457 T K ELTE RIHE Y, R0 XN AL 5 R 109 5 LI FT BT e 4 s o

3.4 System Accuracy Test & Giks FE R 5
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3.4.1 General SAT Requirements — 753K

AMS2750™H

3.4.1.1 The SAT is an assessment of the sum of the combined errors or corrections of the sensor, extension
wire (and connectors), and instrument to ensure compliance with the requirements of Table 11 or 12.
SAT RXHMERES . (K FLFERERE)MLCR NS E R Z BB E RV, DUFRAF& R 11 8% 12 2K,
Table 11 - Parts furnace class, instrument type and SAT interval T3, (UKL SAT [EFE

Furnace Temperature Minimum Normal SAT Extended SAT | Maximum Allowable SAT Difference,
Class | Uniformity Tolerance | Instrumentation Type Interval Interval Whichever is Greater
el T C BARACR R 1B SAT [AIf& |t SAT [AIR& T C % of Reading

D, D+ Weekly Weekly
1 5.0 +3.0 B,C Weekly Bi-weekly +2.0 +1.1 +0.2
A Bi-weekly Monthly
D, D+ Weekly Weekly
2 +10.0 16.0 B,C Bi-weekly Monthly +3.0 1.7 0.3
A Monthly Quarterly
D Bi-weekly Monthly
D+ Bi-weekl Bi-mont
3 £15.0 | 8.0 o Monthlyy Quarte;y\\‘f:\ A0 | 22 +0.4
€ 0
A Quarterly Syﬂ-@n\@lly
D Bi-weekly %My
4 +20.0 +10.0 b+ Bl-weekl'y x\\ Bl-'wonthly +4.0 2.2 +0.4
B, C Month\ NXQuarterly
A Qu \] Semi-annually
D BNy Monthly
D+ X \aidEekly Bi-monthly
5 1+25.0 1+14.0 - X 5.0 2.8 0.5
B, C E%g ;ymonthly Quarterly
A/__‘ Quarterly Semi-annually
6 +500 | +28.0 /AN |semiannually| Semi-annually | +10.0 | 5. N/A
Refrigeration and quench' ﬁ “ Semi-annually| Semi-annually 5.0 12 N/A
7
&
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Table 12 - Raw material furnace class, instrument type and SAT interval JR¥IPZE . (NFRER K SAT [E)FE

Furnace Temperature Minimum Normal SAT Extended SAT | Maximum Allowable SAT Difference,
Class | Uniformity Tolerance | Instrumentation Type Interval Interval Whichever is Greater
| F T HRARACR IR IE% SAT [AIR% | %EK SAT [a]k F C % of Reading

D, D+ Weekly Monthly
1 5.0 3.0 B, C Monthly Quarterly +2.0 1.1 +0.2
A Monthly Quarterly
D, D+ Weekly Monthly
2 +10.0 6.0 B, C Monthly Quarterly +3.0 1.7 +0.3
A Monthly Quarterly
D Bi-weekly Monthly
D+ Bi-weekly Bi-monthly
3 +15.0 8.0 +4.0 2.2 +0.4
B, C Monthly Quarterly
A Quarterly Semi-annually
D Monthly Quarterly
D+ Monthly Four Months
4 +20.0 +10.0 - 40 2.2 0.4
B, C Quarterly Semi-an \
A Quarterly Semi-gr\mcus
D Monthly AQuty
D+ Monthly \Fouh\/lonths
5 +25.0 +14.0 B C Quartedy x n‘( p 5.0 2.8 +0.5
, ua -annua
K \\\'. ¥ y
A Quart& ' Semi-annually
6 £50.0 | 28.0 D.E SpqaMyYally | Semi-annually | 10.0 | 56 N/A
Refrigeration and quench equipment = o )
. . ) Sémi~annually | Semi-annually 5.0 2.8 N/A
AR B Nt

v 4
3.4.1.2 The SAT shall be performed o \S)I and recording systems required by the applicable
instrumentation type, as well as apy i \al recording systems used for parts and raw material acceptance
in each control zone of each pie& ermal processing equipment used for production heat treatments.

SAT & HI T8 AR K PRI AR R G, LS T4 7= FAKE 31 ) A A1 i s 2 94 % 1 A 428 1
I of P S 4 DN T b i e R 4
3.4.1.2.1 Load sensors are not required to be in contact with parts, raw material, or any representation of parts
or raw material during the SAT.

NIRRT, A RSATES I AR BT AR A B AR B AR e i
3.4.1.3 When the control and recording system is integrated such that the digitally displayed control value and
the digitally recorded value are generated from the same measurement circuit and cannot be different, it is only
necessary to document a single displayed/recorded value for the SAT.

ML R KRG BRI, 5T 5 B35 R RN B0 10 S5 A M AH ) il & i 7 2k HASBEAS [FII, R
T ZNSATIE T — MR AC T E -
3.4.1.4 The SAT shall be performed on additional systems used to justify SAT interval extension (see 3.4.3.2)
SATRLAEF TE I SATIA b i< A A 2R 45 L 3k47(M.3.4.3.2).
3.4.1.5 The SAT is not required for systems whose only function is over-temperature protection.

T RA IR DI R S8, AT ESAT
3.4.1.6 The SAT shall be performed using calibrated and independent SAT sensors meeting the requirements
of Table 1 and calibrated and independent field test instruments meeting the requirements of Table 7.

JSEAE AT B 2R A B R (A HE AL (R SAT AR IR SR AT 3R 7 EOR RSN SZ I B I G 14T SAT Ik
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3.4.1.7 Recording instruments used on thermal processing equipment shall not be used as a field test
instrument unless it can be demonstrated that the SAT sensor recording channels of an integrated system are
separated from the furnace recording system and also meet field test instrument requirements.

PAL PRV A% B A R BIE AR A FIEBL AR, BRARREIEWIEE BUR G SAT AL/ A3 10 S I8 TE 5 4 i e ¢
RGN, JF B 2B ACR R E R

3.4.2 Performing an SAT SLZjiiSAT

3.4.2.1 The SAT shall be performed initially and periodically thereafter in accordance with the interval
requirements of Table 11 or 12.

7 $ JE 2 1 B0 2 1 1] ol 22 SR PSS iR 2 T 64T SAT
3.4.2.2 For equipment that has documented “out of use/service” periods beyond the due date and extension
days in table 22, a new SAT shall be performed on all applicable systems before being returned to service.

XF 3% 22 Hric B BT AN E ) H A LA R S5 TR B B, AR B IRSS R, RN I T
ARG HYT AT SAT,
3.4.2.3 An SAT (comparison, alternate, or re-establishing the relationship for the waiver) shall also be

performed after any maintenance that could affect the SAT difference. ExamplgNnclude, but are not limited to:
BT T R SATHRG L AR 4E 4 2 J5 BRI AT SAT (LLBL. B AR E B g sk ) o BT EFEEAR T

* Replacement of the sensor for the system being tested. (i.e., syste izing individually calibrated
sensors require an SAT upon replacement of each sensor, but éutilizing sensors from the same
calibrated roll/spool require an SAT upon replacement of the r&ool).
NIEFEIN ) R 40 S0 At s . (R A $3ﬂ1‘i?ﬁﬂ‘]1§@§ S \éﬁﬁﬁiﬁ%ﬁ\%ﬁiﬁﬁﬁﬁﬁgsm, (EE AP S E|
FHIF R HE S A AR IR 2R 1K) R G AE T8 #45 .O5 ) 75 2L SAT).
* Replacement of the control or recording instrumen{¢%
+ Calibration of the control or recording instru
AT TR S, sl il AR
« If an internal correction offset is introdude
WESRIE RS B I N B BR e gt
* After implementation of correcti
3.4.2.4 The quality assurance
maintenance requires an S
Jo B PRAIE 2H 23 R 5 T 452

P | BT SR AR

any adjustment has been made.

ved or an existing internal correction offset is altered i 5
TF B .

iohdue to a failed SAT H1 T SAT I i K- HR 2 1F 5 i) o

shall make and document a determination whether equipment

LSEFSAT, IRt
3.4.3 SAT Interval[d][§

3.4.3.1 The SAT interval shall be based upon the furnace class and instrumentation type (see 2.2.25). SAT/#]
e I AR B S AR R T E (2.2.25)
3.4.3.1.1 For furnaces with multiple qualified operating temperature ranges, the SAT shall be performed in
accordance with the most stringent interval for the furnace class used.
T BA A SRR BV B, L4 HR BT A #2831 ™ £ ) B 3£ 47 SAT
3.4.3.2 The SAT interval may be extended to the maximum allowed SAT interval in Table 11 or 12, if a
preventive maintenance program is in effect as described in 2.2.42, and one of the following conditions is met:
RGPS TR n2.2.42FiR A 3 B2 T AR —, MISATIEKE Al K 2R 118k 120 LV R
SATIA
3.4.3.2.1 At least two sensors in each control zone are non-expendable Type B, N, R, or S.
AR X2 DEWADAESFENEB. N RESHAL KA
3.4.3.2.2 The relationship requirements of 3.4.9.6, 3.4.9.8, and Table 14 are documented and met.
3.4.9.6. 3.4.9.8HIEK 1415 R ER O gmh I 2 -
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3.4.3.2.2.1 If the weekly relationship exceeds 2.0 T or 1.1 C, a comparison SAT shall be performed prior to
returning the thermal processing equipment to production, and the interval shall return to the normal interval
until the next TUS is performed to establish the new relationship.

MR HRREIE1.1°C, NAERIN TR E AL/ 2 BT SATECEL,  JHR I Ra Pk & 2 E R (AR, H 2T X
AT TUS LU SZHT I K &R

3.4.4 SAT Difference = %

3.4.4.1 The maximum allowable SAT difference shall be defined by the furnace class as shown in Table 11 or
12.

BN SCVFRISAT ZE (B B f 7 280 € 30, anaR 111217
3.4.4.2 The difference calculated between the readings of the sensor system being tested
(instrument/extension wire/sensor) and the corrected reading of the SAT sensor and SAT instrument (after the
SAT sensor and SAT instrument correction factors have been applied algebraically) shall be documented as
the SAT difference

DAL R ES R (URIEKRME RS IS SATAR IR IR A SAT IR BB IR (FEARES F SAT A& IR 4%
MSATACRBIER T J5) 18] Z2 (B N g e 5 I SAT Z1H
3.4.4.2.1 The correction factors for the SAT sensor and SAT instrument m %\ermmed by the SAT set
temperature or the observed SAT instrument reading.

SAT BB AISAT (LR 015 T 5 M b1 SAT i i 0L 5 %&%@&iﬁ(ﬁ%mo
3.4.4.2.2 Whichever method is used shall be defined and appllec&qsstently.

TR TR 75, AN — B e AR .
3.4.4.3 The temperature readings from the process instr sensor being compared with the SAT
sensor and field test instrument shall be the temperat ding, read or recorded during production heat
treatment. Certain offsets, if consistently applied @mductlon heat treatment in accordance with 3.4.4.4
and supported by documented procedures, sh3

ebraically applied to the system being tested
T ZAGRANME 2 1R JE 35 SAT 14)& \41- 7 A3 1) b IR T A A B A 7 B ] 152 BN B 3 il

TR, SR AL AR PR R e 3 AN
MK RS \
3.4.4.4 Allowable instrument co, A modification offsets include 7t V1 X 32 4% 1E 548 1E W% &= 45«

3.4.4.4 1 Internal modificati
correct a skewed TUS resu
F T Az e s OEE AR N B IEmEs &, W T2 I TUSSE & .
Example: Reading from control instrument is 1000.0 T and there is a -3.0 T modification offset applied
electronically to the control instrument. Then +3.0 T shall be added to the 1000.0 I reading before
calculating the difference in 3.4.4.2.
Bt . AIEHACGEE B 58 1000.0°F , FEFEHIXEE LN i TR IEMm#2-3.0°F o SR8J57£1000.0°F H i 4L
Ehn E+3.0°F, Fit53.4.4. 21K %A
3.4.4.4.2 A previously documented and specified manual correction offset to the control or recording
instrument to correct an SAT difference.
o 48 i B D SR A GR AT TG ISR MR E M TR IE, DA IESATZAE .
Example: Reading from control instrument is 1352.0 I and there is a +2.0 ‘T’ correction offset for SAT
applied manually. Then -2.0 °F shall be added to the 1352.0 °F' control reading before calculating the
difference in 3.4.4.2.
Bt EHCR IS N 1352.0°T, Fa M HSATH A +2.0°T 1R IEmF . 285 7E1352.0°F il B b
-22.0°F, FitH3.4.4 219 %1H.

3.4.5 Prohibited instrument offsets includeZ& it (14 kM FE
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3.4.5.1 External (manual) modification offset applied to the control instrument that has been specified for
production solely to correct a skewed TUS result. These manual modification offsets have no effect on the
performance of the SAT or calculation of the SAT difference.

T MU IEANFRTUSEE R, SHERISCR N TR AME, ZiEhAGR Cfa e T4 XA N TTAMERT
SAT45 RELSAT IR Z K TH BB R .

Example: Reading from control instrument is 1905.0 T and there is a +5.0 ‘T modification offset for TUS
applied manually. Then the 1905.0 I control reading is used when calculating the difference in 3.4.4.2.

il FEHUEREECN1905.0°T, FaEINTUSKH A +5.0° T 2 IEmE & . R)57E3.4.4.21HH 2B N
1905.0°F F2 | B2 4 .

3.4.6 SAT Methods /7 i

3.4.6.1 The SAT requirement may be fulfilled using any one of three methods interchangeably, provided the
sensor system meets the requirements of the method implemented:
AT DU = 7 92 AR A B — P 2 i /2 SAT SR, T4 A% BAR R G0l 2 BT S 7V I 3K
3.4.6.1.1 Comparison SAT (see 3.4.7) LLXJSAT
3.4.6.1.2 Alternate SAT (see 3.4.8) #{XSAT

3.4.6.1.3 SAT waiver (see 3.4.9) ¥4 SAT . \Qq

3.4.7 Comparison SAT LLXSAT C—)

3.4.7.1 The displayed temperature indication and recording of thﬁspsor being tested as used in production,
with appropriate offsets or correction factors, at any temper u% |t in the qualified operating temperature
range(s), shall be compared with the corrected temperat g#?dq tion of the SAT sensor on a test instrument.

FE W R ER A R B2 0 B A AR AT IR B, A3t ) 4% ) l%&nﬁ’]/ﬂ“&m%ﬂﬂ%(ﬂa’ﬁuﬁéﬁ‘]ﬁ%ﬁ&El%)
ﬁ%iﬂﬂiﬁ&%iﬂ@%ﬂ%%ﬁ%ﬁ&E‘J%%E?E%ﬂif
3.4.7.1.1 For furnaces with multiple qualified oD
in each range at least annually.

X EAT 2 BRI R IRV F AR \!'\tiﬂl/\/mfiﬁiz*iﬁ}%,ﬁﬁ‘fétﬂ‘JSATo

emperature ranges, a periodic SAT shall be performed

3.4.7.2 The tip (measuring junction) T sensor shall be as close as practical to the tip (measuring
junction) of the control, or recor sOr, but the sensor tip to tip distance shall not exceed 3 inches or 76
mm.

SATAL RIS G AT AR A B SR AR R AR R G o), (HAR SRS 2 i 3819 I 1) 29
PREIT 762K

3.4.7.3 The SAT sensor may be inserted temporarily to perform the comparison SAT or may be a resident SAT
sensor subject to the limitations of 3.4.7.4.1 to 3.4.7.4.3.

AJ DL IS4 N SATAE B8 ABHAT LUXTSAT, WA DL 523.4.7.4.1423.4.7 .4 3FRHI| (1) [E] 7€ SATAL 4%
3.4.7.3.1 The resident SAT sensors shall be restricted to Type B, R, S or N at temperatures greater than 500
°F or 260 ‘C and shall be non-expendable at temperatures greater than 1000 °F or 538 °C (see Table 5).

] i SATAR AR AL IR K T-260° CH SABL Ry SEUNAL, FEIRE K T-538CHI M2 AR (W5 .
3.4.7.3.2 The resident SAT sensor type shall be different from that of the sensor being tested as defined by
Table 13 [fl%E SAT £ & HIRARN 53R 13 FriE LA A% B As AN .

Table 13 - Allowable combinations of resident SAT sensor and sensor being tested for temperatures greater
than 500 °F or 260 C
EREKXT 260 CH R IFE AR SAT fE R FIERREE
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Resident SAT Sensor Type Control or Recording Sensor Being Tested i il izt it 4 1 58 0 s A% B 2%
5] 58 SATA% R AR 25 1Y B R S N All Other Sensor TypesfTH H AL K aE 27
B No Yes Yes Yes Yes
R Yes No No Yes Yes
S Yes No No Yes Yes
N Yes Yes Yes No Yes

3.4.7.3.3 The resident SAT sensor shall be affixed in position to an assembly to prevent movement in relation
to the sensor under test. The position shall be verified on installation and replacement. Alternatively, the
resident SAT sensor may be located independently of the sensor under test and its position shall be verified
before each SAT to ensure that it has not moved between sensor installation events.

[ 7 SATAL Ik 25 B ] 18 £ — N IIALE B, DART IR 53R AL 28 BARRE B e M S 4 B g ik 1% A B
B, [ € SATAL IS AT DASE T8 WAL 2R R A7 € Ar, AL B NAERFIXSATZ BT HEATINAE, DA ORI AEAL IR
RN R A #D) .
3.4.7.3.4 It is permitted to use the over-temperature sensor as the resident SAT sensor provided it is used only
for over temperature protection and meets all of the requirements of an SAT sensor, 3.4.7.3, and Table 13.

FCVF S TR A% AR A 9 [ 2 SATHE i , Aide e e R TR R e, %iﬁv@ﬂ%@%&%ﬁﬁﬁ%‘&ﬁ (34.7.3

M3 C;\\’

3.4.8 Alternate SAT #/{CSAT Q

3.4.8.1 The alternate SAT method shall only be applied to the followsg sensor systems:

BASATIE G T U LR R4 R
3.4.8.1.1 Load sensor systems (expendable and non-ex\@@ Ie) where the sensor is used only once (single
use) at temperatures >500 T* or >260 C Pb

{EIR % >260°CH (B ka8 RS0 (S FERLA HAR B 1R CBRIRAERD
3.4.8.1.2 Load sensor systems (expendable_g#8\n@r-expendable) used at temperatures <500 T or <260 C
where the sensor is replaced at the sam an the SAT interval.

WAL RS RS (S RERIFII AR JE<260°C, A/ as7EAH [ 25 /N SAT ] b 2 6 o
3.4.8.1.3 Control and recording sens } hot and/or cold recording sensors for instrumentation Types A or
C and the additional recording or instrumentation Type D+) where the sensor is replaced at the same
or less than the SAT interv: )?Q 3.1.10 shall also apply to base metal recording sensors when the
alternate SAT is used.

AR AL A (1, FH T ABRCE B () FAAN/BA 10 AR %45, DLA T D+ B GER  B i s A% Jek
a8  ARRERAEAH R B /NSATIRI R B 4. 00 & FISATH, 2531105 & FH T B R 10 A% ik s
3.4.8.2 Alternate SAT Method SAT /7%
Periodic calibration of control and/or recording instruments as stated in 3.2.3.4 or 3.2.3.5 and meeting the
requirements of Table 7 shall be performed from the point at which the sensor will be connected (including the
instrument/extension wire/connector) and one of the following three options are met.

F163.2.3.4503.2.3. 5/ E , XA/ B0 FAX A BEAT 8 WIRHE, Rl RTHIER, NGRS EE f (B

AR E LR ERL R )IT R, FF e LU =Mk e —.
3.4.8.2.1 The sum of the sensor calibration error plus the instrument calibration error or sensor calibration
correction factor plus the instrument calibration correction factor shall meet the maximum SAT difference
requirements of Table 11 or 12, as appropriate.

P IR HELR 22+ ORI ME VR 22 B AR A 1B 1E R B+ SRR HE IS 1 SR B S L6 2 11 8R 1219 B R
SATZEMEER, MAFHLIME -
3.4.8.2.2 Use the appropriate sensor and instrument correction factors applied manually or via programming,
as allowed by the calibration limits of Tables 1 and 7, so that data used from the control and recording
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instrument combined meets the maximum SAT difference requirements of Table 11 or 12, as appropriate.
FERAMRT R AETE B AR VFRIE LT, i A A% B AR AB IR 7 (Fahel i gwmAs) , DU I
AL AR B A FH BB W /2 R BR 121 B KSATZ K .
3.4.8.2.3 Limit instrument calibration error or correction factor and/or sensor error or correction factor such that
the sum of the errors or correction factors cannot exceed the maximum SAT difference defined by Table 11 or
12 accordingly. The sensor lot identification used in the equipment during the alternate SAT period shall be
documented.
PR A A A HE VR 22 BB 1E R BN/ B AR R Z BB IE R 8, AR Z BRI KRB ANA RE R R 11501240 B 8
SR RSAT Z B PC R B ARSATHA A 8 & 4 AR IS HE AR I
Example 1: Maximum SAT difference for a Class 5 furnace is the greater of 5.0 ‘T’ or £3.0 C or £0.5% (see
Table 11). Limiting instrument calibration to £1.0 °F" or +.0.6 “C or £0.1% and limiting sensor calibration to
(2.0 °F or £1.1 °C or £0.3%) will always meet the maximum SAT difference.
Bil1: 5N KSATZ(E N+3.0° CEi+0.5% (MR o BLCERAEIRHIE£0.6 CEL0.1%, W1E B
PRAITE (£1.1°CE+0.3%) K af 430 & i KSATZEME .
Example 2: Maximum SAT difference for a Class 2 furnace is the greater of £3.0 F" or 1.7 C or £0.3% (see
Table 11). Limiting instrument calibration to £1.0 F" or 0.6 C or £0.1% and ng sensor calibration to
1+2.0 °F or £1.1 C or £0.2% will always meet the maximum SAT dlfferen %

% 2: 2 FIP IR SAT Z{H N+1.7°Caix0.3% (WK 11) H{Xiﬁ’ |7££0.6 C5+0.1%, P& IkA 1L
TERR I E+1.1°CBi+0.2%, L0 £ ik SAT %14 .
3.4.8.3 Alternate SAT Frequency &

The alternate SAT shall be performed and documented WD@ o}the following occurs
LI FMEATIE S , RiAT Il & F SAT

» Systems utilizing individually calibrated sensors requj
158 FH BRI T A5 B AR 1) 2R G 1E B A A% JER AR B g
« Systems utilizing sensors from the same caliy¢a I/'spool require an alternate SAT upon replacement of
the roll/spool. \\;.&

S >R B[R] — R A ) AL TR AR ) R G ¥/l 75 2% HISAT .

* Calibration of the system instrume | or recording).
RGN R HIRITTR). )

3.4.8.4 The alternate SAT ¢

alternate SAT upon replacement of each sensor.

hall be performed at each temperature on the most recent
instrumentation calibration r d using sensor data from the sensor calibration report applicable to the
sensor used. Sections 3.1.4.8 through 3.1.4.10 shall apply for sensor temperatures.

EPE Bl A R A HER T BTN IR RS AT B e SAT THEL,  H8 FIE A T Bt A A% B8 IR A% AR A R A5 R 1Y
LRI EIE . o6 3.1.4.8 2 3.1.4.10 TEH TR

3.4.9 SAT Waiver#s

The SAT waiver requirements are as follows SAT# 5 R U1K -
3.4.9.1 There shall be at least two recording load sensors in each control zone.
BN X 2D IS PSS B B AR R
3.4.9.2 Noble metal load sensors shall be either replaced or recalibrated quarterly.
<5 AT A JR e I PR B e B T AR
3.4.9.3 Base metal load sensors shall be controlled as follows i 4 J& % 1 1% B #e R 1% LA 7 Rz #1: 3.4.9.3.1
Expendable base metal load sensors shall be single use only.
5y FE Y R < A A IR AN — IR A T
3.4.9.3.2 Non-expendable base metal load sensors shall meet the replacement requirements in Table 6 and
shall be recalibrated or replaced anytime that observations, made and recorded at least weekly, reveal any
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unexplainable difference between their readings and the readings of the two recording sensors in 3.4.9.6.

i A 284 R 4 R 28K Ay A B 8 L R RO I B HR 2SRk, iR 2 /g SR A 5, RIS PN E SR AR R AR T
3.4.9.6 1 HYEALZ [AIAFAETCIRMRRE R 22 57, ) 2 I I B T A A B 4
3.4.9.4 Noble metal control and recording sensors shall be replaced at least every 2 years.

Bt 4B R AIC S5 A RS N 2 /D A P A B e
3.4.9.5 Base metal control and recording sensors shall be replaced at least quarterly.

o < A2 7 M S A R N 2 /D g 2 R B
3.4.9.6 Weekly readings at one production set point measured within 5 minutes of the end of a production soak
period shall be compared. The relationship between the control sensor and an additional sensor in each
control zone shall remain within 2.0 T or 1.1 °C of their relationship determined at the time of the most recent
TUS (at the nearest temperature tested during the most recent TUS). The additional sensor may be the
over-temperature sensor. Weekly readings shall be taken from the same sensor pair between two consecutive
TUS.

87 AR 2B IR Y 1 45 AR5 50 Bk AL B 1 — S A 7 B R R T R RN R DX R AR AR A 5y — %
JERER B PR 0% 2 N AR R Sl I TUSH 8] Cledf 19 TUS B0 i e R D) s 1. °CHE L . BRI A%
SRS T RE R IR A BT o B BN PN R TUS 8] [ [F] — A% AR 0 v
3.4.9.6.1 The two sensors chosen shall be different types following the sa %tlons as resident SAT
sensors in Table 13. The additional recording sensor shall be restrictec@pe B, R, S, or N at temperatures
greater than 500 I" or 260 C and shall be non-expendable at te e@ s greater than 1000 I or 538 C
(see Table 5). K

PRI Ah A% B N2 AR R, 53R 18 il e SAT %ﬁ’yﬁﬁ% HHIA o B IORIC A% AR AR IR B R T
260°CHEM FRHIY By Ry S N B, 7EiR KT 538°CH ) (W 5).
3.4.9.6.2 During each periodic TUS, the relationship b 1% the control sensor system and the additional
sensor system shall be determined by calculatin \Sﬂperature of the control sensor minus the temperature
of the additional sensor within the final 5 minu)‘{%‘re reading or average of the last 5 minutes) of the TUS

18 S temperature (see Table 14).

JRARAETUSTRI A 31 (1 5 J 570 Bk 4 NG (¥ /ﬁtliéﬁ(izBﬁFS \’éﬁiﬁEl’J?i’J{E)ﬂ%E%%E4‘TUS?&ETE‘J9‘€§\(E

#14)
3.4.9.6.3 If the weekly relati @eeds 2.0 °F or 1.1 °C, then one of the following options shall apply.
IR ok R 1.1°C, LI — & .
3.4.9.6.3.1 A successful SAT Using one of the other methods (comparison or alternate) shall be performed
before returning to production.
FEIR R A= 2 B, A HAth 7 925 (H BB AR Hh B — Fh EAT D B SAT
3.4.9.6.3.2 After 4.5, 4.6, 4.7, and 4.8 are completed, the SAT waiver relationship shall be reestablished by
performing a TUS at all required temperatures of the initial TUS. The TUS interval shall continue at the interval
in use at the time of the last periodic TUS.
FETENA.5. 4.6, 4.TH48)5, EITAEVIIRTUSHI P A ZRIRE F#EATTUS, HEFEISATHAKR. TUS
(71 B SN2 4K S 1E B Je — A A T US I 1438 D TR RS
3.4.10 SAT Difference Pass/Fail Requirements SAT 2 (i i id /4 W 2 5k
3.4.10.1 It is not permitted to apply modification offsets to achieve an acceptable SAT.
A FEVFAE FH B R Kk B W] 32 2 I SAT .
3.4.10.2 If the calculated SAT difference exceeds the allowable difference of Table 11 or 12, the failure shall be
documented, the cause of the difference determined, and corrective action taken before commencing
additional thermal processing. The requirements of Section 4 shall apply.

AT S R SATE S R M BRA200 o vr 2480, WINICss bR, e ZE0RE, FHET Rt
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P2 HRI B . RSB 4 R I 2K .

3.4.10.3 If the cause is wholly or partially a result of movement of the sensor being tested from its documented
location and depth of insertion, it shall be returned to its original documented location and depth of insertion
and the SAT repeated.

1 SR 5 R 56 4 BT 432 BH T A5 B M SO SR R AL B R R B8 AT UK A2 203 s P, ) 744 G 3 [ 380 3R 3

RIS B AE AL E AR E, JFEE ST SAT M.

3.4.10.4 Instrument recalibration or adjustment, including any correction offset of the control or recording
instrument calibration, is permitted within the maximum limitations of Table 15 or 16. The effect of this
recalibration adjustment over the entire qualified operating temperature range shall be evaluated and objective
evidence that the correction offset would not cause a failure of any other calculated SAT or TUS shall be
documented. The requirements of 3.4.2.3 and Section 4 shall apply.

FOVFAER 15E16 1 B KPR B2 A EAT AR T AR AE B A, B0 3 ) Blie AR HE AR TR IE WS . BT
it 12 R RN B S R R AR IR B VG B, IR E 8 B 2 A 2 S BUE A TR I SATETUS R R 20
WP . & 3.4.2.2F14 1) 5K
3.4.10.5 All corrective actions shall be documented. After corrective action has been implemented and prior to
any additional thermal processing, the SAT shall be repeated and yield an ac able SAT difference. The
results of both the failed and acceptable SAT shall be documented. o C%

T A IE A I BT OO AE SR IR S Eiﬁﬁ&ﬁ%ﬁ%ﬁ@%@ﬁu, N AT SATINA, IFr=4E
P2 ISATZE B . RG] 45252 (1 SATHR LA 10 5% Q/

3.4.11 SAT Results and Records SAT4: B AliE %
3.4.11.1 Comparison SAT (see 3.4.7) LLXISAT
The results of the comparison SAT shall be documented? ilimum, the documentation for each sensor
system tested shall include Fiic s HEXTSATHISE K. HE IR B 15 2% R G S 22 /b B AL 45 -

a. ldentification of the sensor system being tes ‘@It?f?)ﬂﬂiﬁ (1% 2SR G .

m‘ﬂion when Type K or E is reused.

/7

HKAURER E BN, SATEE: NIRFE -
c. Identification of the SAT instrumen Ao
d. Date and time of the SAT H{ N\
e. Set point of the thermal pr i quipment during the SAT, The test temperature shall be documented
as the SAT set point for t cessing equipment that dose not have a set point temperature
HA [A] R A B 45 1 15 T WOE R RO T8, MR R E NSATRGE FUIERESR .

f. Observed control or recording instrument readings and recordings M 2212 | 810 A F i HoRid 5% .
g. Observed SAT instrument readings il 1| ({1 SATAX K 5241 .
h. SAT sensor correction factor {%/E2$£% 1IE R4
i. SAT instrument correction factor X EK IE R L.
j. Corrected SAT instrument reading 1& IFE SATAXE % .
k. Calculated SAT difference (control and recording instrument readings minus the corrected SAT
instrument reading) 1M SATZE (Bl AC AR B0 2 B2 IE I SATACR 350
I. As-found and as-left correction and/or modification offsets if used during production.
WEAE AR R A, R IR A IE AN S i m A
m. SAT difference pass or fail statement SATZ il i B A 7 B .
n. ldentification of the technician who performed the SAT %5 ZINSATE R AN .
o. Identification of the agency if SAT is not performed internally 15 SATRAE A F AT, SHZHRI AR .
p. Approval of an authorized agent for the calibration agency if not performed internally.
X RS HEEHLAG A 352 AR AR AL A (L SR AN & BT )
g. User quality organization approval fi /i =412k .
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3.4.11.2 Alternate SAT (see 3.4.8) Z{tSAT
The results of the alternate SAT shall be documented. At a minimum, the documentation for each sensor
system tested shall include Nic sk FACSATINEE Ko il i d M5 B &8 R G 0 S0 20 AL :
a. ldentification of the sensor system being tested iR 7] IF 78 Ml 14 & 3% R 4
b. Identification of the sensor or roll {5 5 1% i 2% 5 48 .
c. Date and time of the alternate SAT #ACSATIH) H MR (7]
d. Method usedf# i f1 75 2
1. Sum of calibration errors or correction factors (see 3.4.8.2.1) 1E & % 8% 1IE R F 2 F1(1.3.4.8.2.1
2. Correction factors applied manually or via programming (see 3.4.8.2.2)F &) aliil i 4 #2 5 FH (142 1IE K 7
(W.3.4.8.2.2),
3. Limit instrument/thermocouple calibration errors or correction factors such that SAT is always met (see
3.4.8.2.3) PRI/ HAERME R Z B IE R A, AR 2495 £ SAT()1.3.4.8.2.3).
e. Final SAT results calculated for the method used with supporting documentation
B SAT 45 vt B 7 1248 F R SRR ST A
f. Identification of the technician who performed the alternate SAT, as applicable
TR, AT BARSAT IR N SR A o
g. Identification of the agency if the alternate SAT is not performed intemQ\%
WIRSATRAENFHAT, RAIHLH ,\\,
h. Approval of an authorized agent for the agency performing ’K%cr%te SAT if not performed internally
WHRBAE AT, WFRBARIE A PAT B ACSATIIHLIA 1 HLY
i. User quality organization approvalﬁﬁF"Dﬁ%éﬂéﬂﬁk‘{ﬁo. * /
3.4.11.3 SAT Waiver (see 3.4.9) SATH: % \\o
The results of the SAT waiver shall be documented. A imum, the documentation for each piece of
thermal processing equipment shall include¥its é%ﬁ‘]?ﬁ%o B #0353 22 /0 AL FE -
a. Identification of the thermal processing e@‘(using the SAT waiver.

VU FISATHA i U4 L% 46 Y

b. Identification of the control and ad ensor system used for the relationship test.
PR T 5 28 DN P2 1 A0 R ¥k .

c. Date of installation of the ¢ additional sensor used for the relationship test.
FHT 5% a2 ) 2 o 0 222 3

d. Date and temperature most recent TUS.

BT — IR TUSHY H BAFIRFE .

e. Documentation of the relationship at each TUS temperature (see Table 14).

FIRE N HIR R (LR 14).

f. Documentation of the weekly readings and relationship (see Table 14).
IR AR R(HE14).

g. Identification of the agency if the SAT waiver is not performed internally 2l 5 SAT#4 5 5 AE N BB AT, R
B o

h. Approval of an authorized agent for the agency performing the SAT waiver if not performed internally 15
AL N EIAT SAT R G, X ABURERAL A b 7EE -
i. User quality organization approval i /' Jii & 20 23tk

Table 14 - SAT waiver relationship SAT # % k&
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Calculation & Examples 715l
Control sensor average 1% il {4 B 28 T ¥ = .
o . - e 1000.4 °F
E_Tctrll+Tctr12+ -t Tctrln 538.0 °C
n
Reference relationship
Additional sensor average [ Infs 8% 4% 17518 =
established during TUS (Rref) . 5 e 1001.2°°F
. . - T°aa1+T a2+ - + T haan .
TUS RS E R R (A = 5384 C
n
- - -0.8°F
Relationship (Rref) =R = € — A 04°C
Weekly Readings Examples & &5 551
Week n Week n+1 Week n+2
Control sensor reading T et 1000.0 °F 1000.4 °F 10004 °F
P R A 537.8 C 538.0 C 538.0 C
Additional sensor reading T°adq 1001.3 °F 9996 T 998.3 °F
Relationship established o i . i
B n e JE s 538.5 C 537.6 ‘C 536.8 C
during weekly readings (Rw)
e e e Weekly relationship (Rw) = Tctr - T ada -13° +0.8 °F +21°F
SRR AR | e o g
(PSS AR +0.4 C +1.2°C
Weekly comparison (Rw) - (Rref) C}E\F +1.6°T +29°F
3 Hoxt A Qosc +0.8 C +16C
Result pass/fail 4% il /5<% N |pass Pass Fail

1
3.5 Temperature Uniformity Surveys (TUS);‘EFEWQ‘I‘@)”\U%%\* /

Qo

3.5.1 General TUS Requirements— g2k

are separated from the ther ing equipment recording system and also meet field test instrument
requirements.

PO L vess LA A RIE R AOCRA S H Tl K TUSA IR SR I TRE , BRARREIEWIZE LR S TUSHE A i R liE 5
PUEPRR ALK R G R B, I H MR E K.
3.5.1.3 An initial TUS shall be performed to determine the temperature uniformity and establish the qualified
work zone(s) and qualified operating temperature range(s).

HTAG R B 359 S A 00 B2 L R P88 4 S I S ST A% ) A DR 5 6 PR 45 A1 R P82 i
3.5.1.4 During initial and periodic TUS, the dimensions of the measuring junction locations of the corner
sensors for a square or rectangle work zone or the periphery sensors of a cylindrical work zone shall define the
extremities of the work zone such that no material heat treated extends beyond these boundaries.

FERTGAA A iR 2 35 S U Bl A, T T B T A X H) 40 A A% SR s B R A T A X0 A3 S A%l
I B W RSTE SO TAEX LT, XA A G AL BE AR RHE A H X 2630 7

Table 15 - Parts furnace class, instrument type, and TUS interval TH4P35] . X FRIEEIF TUS EIHA

3.5.1.2 Recording instruments used\éi al processing equipment shall not be used to record TUS sensor
temperatures unless it can be d%{ d that the TUS sensor recording channels of an integrated system

Furnace
Class

el

Temperature
Uniformity
Tolerance

RS

%

Minimum
Instrument
Type
AR R

Normal Periodic
TUS Interval
S8 S 1
1EH 3

Required
Number of
Consecutive
Successful
Periodic TUS

Extended
Periodic TUS
Interval

FE K

Maximum Permitted Offset
SR SV AMEO@0

T

Percent of

Maximum Qualified
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°F C
D, D+ Monthly 8 Bi-monthly
1 5.0 | £3.0 B, C Monthly 4 Quarterly 25 | #1.5 N/A
A Monthly 2 Semi-annually
D, D+ Monthly 8 Bi-monthly
2 +10.0| 6.0 B,C Monthly 4 Quarterly 5.0 | £3.0 N/A
A Monthly 2 Semi-annually
D, D+ Quarterly 4 Semi-annually
3 +15.0| +8.0 B, C Quarterly 3 Semi-annually | +8.0 | +5.0 +0.38
A Quarterly 2 Annually
D, D+ Quarterly 4 Semi-annually
4 +20.0| £10.0 B, C Quarterly 3 Semi-annually | +10.0 | 6.0 +0.38
A Quarterly 2 Annually
D, D+ Quarterly 4 Semi-annually
5 +25.0| £14.0 B, C Quarterly 3 Semi-annually | £13.0 | 7.0 +0.38
A Quarterly 2 Annu_allyf\
6 |+50.0|+28.0 D, E Annually None Annga\ T A | /A 075
Unless otherwise specified, a TUS of refrigeration and quench equipment is not@%&ﬂ% +100| 6.0 N/A
FEHABIERE , ¥ A0 P ANV KA H UL BE 25 53 M AN R

(1 The maximum permitted offset shall be the same for manual and electrgnic m\ethods.

T TR T Bk R AN . \\g /7

@ °F or C or % of reading, whichever is greater “C (%)%,
@) The maximum is permitted for TUS modification offsets gg orrection offsets separately.
RGN AR B0 AR B 3 SR B M ST Y, X% ﬁﬁi@iﬁ%io

Table 16 - Raw material lass, instrument type, and TUS interval
JEM AR FEARE SN 2 E EA

Furnace Temperature | ppioio o N@ d,(; Required Number Extended Maximum Permitted Offset
Uniformity Irstman orval of Consecutive Periodic TUS K RREFHMERE)
Class Tolerance Successful -
Typ A ASMIE | periodic TUS Interval Percent of Maximum
a5l AR WK F ‘C | Qualified Operating
\ EE: A VRS "
F C T T AR EIRE Temperature
D, D+\l Monthly 8 Semi-annually
1 5.0 | £3.0 B, C Quarterly 4 Semi-annually | £2.5 | £1.5 N/A
A Quarterly 2 Semi-annually
D, D+ Monthly 8 Semi-annually
2 +10.0| 6.0 B, C Quarterly 4 Semi-annually | £5.0 | £3.0 N/A
A Quarterly 2 Semi-annually
D, D+ Quarterly 4 Semi-annually
3 +15.0| 8.0 B, C Semi-annually 3 Annually 8.0 | £5.0 +0.38
A Semi-annually 2 Annually
D, D+ Quarterly 4 Semi-annually
4 +20.0 | £10.0 B, C Semi-annually 3 Annually +10.0| 6.0 +0.38
A Semi-annually 2 Annually
D, D+ Quarterly 4 Semi-annually
5 +25.0 | +14.0 B, C Semi-annually 3 Annually +13.0| 7.0 +0.38
A Semi-annually 2 Annually
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6 |1500|:280| DE Annually None Annually | N/A | N/A 075

Unless otherwise specified, a TUS of refrigeration and quench equipment is not required

\ \ - ; . . +10.0| £6.0 N/A
BRAR AR, ¥4 AEFEAE A RV AR AR B2 2 S D B AN SR

() The maximum permitted offset shall be the same for manual and electronic methods.
X LA T IR BROR o VAN AR 7] .
@ °F or C or % of reading, whichever is greater Caii 1%, B KE .
©) The maximum is permitted for TUS modification offsets and SAT correction offsets separately.

RGN FE R I AR 5 S MM R R M R ST 1, T R B K VPR R
3.5.2 Initial TUS Temperatures#Ji&iRE IS MM 8 E

3.5.2.1 The initial TUS shall be performed at the minimum and maximum temperatures of each qualified
operating temperature range(s).
WG B 35 53 11 I B 8L A 5 s T A A U 91 ] ) o R, B R e v B R AT o
3.5.2.2 Additional TUS temperatures shall be added to ensure that there are no more than 600 I" or 335 C
increments between adjacent TUS temperatures.
W o 47 5 A ) R DR R 408 )l BB 25 53 P I R i B2 2 T 0 3 B AN 835 C o
Example: If a furnace is used from 800 to 1800 " or 425 to 980 C, the furnace shall ed at 800 °F or 425 °C, 1800 °F
or 980 C, and one intermediate temperature to meet the maximum permitted 60 \ 35 °C range requirement. Performing
a TUS at any temperature from 1200 to 1400 °F or 645 to 760 ‘C would && e 800 T or 335 C range requirement.
H.

% oty

Bl A FAE425°C ~ 980°CYE N AEEH, 4 RirE425°C. 980°CA1— FEME, DL R RCR SRR IM335°C i FE ZE K .
1£645(980-335)C ~ 760(425+335)°C FMEfTIR N AT IR ¥ 5] P @%ﬁ%@%ﬁﬁﬁﬁo
3.5.2.3 Itis not required to include hottest and coldest r % ensors for instrument Type Aand C
equipment during the initial TUS. The initial TUS defin location of these sensors.
E%%ﬁﬁﬁ@ﬁ%%%m,ﬁﬁﬁﬂﬁwﬁnté}m%%%%ﬁ&ﬁ%ﬁﬁ&%ﬁ%%@%o%%ﬁ&
BYSIHEIIE E T X e R AR A § 6—

3.5.2.4 For thermal processing equipment 9\.
performed at that single temperature. —&

X TANAE B — 5 E AU L N 8 NG
3.5.3 Periodic TUS Temperatur R SN =R E

3.5.3.1 Periodic TUS shall g sq,
range(s )ifit /5 35 5 M JE S0 & PN A5 A 6 s AR IR 2 Y B Y AT — RS T EAT
3.5.3.2 A periodic TUS shall be performed at the minimum of each qualified temperature range and at the
maximum temperature of each qualified operating temperature range at least annually.

T 253 50 P ) SN B e 2 /D AE A A Tk 9 R P e YU, B R il B R R AT — IR
3.5.3.3 TUS Temperatures for Equipment with Single Qualified Operating Temperature Range.

HAG B — G0 AR IR R 0 BB & 1R B 38 S Ve & IR
3.5.3.3.1 For single operating temperature ranges greater than 600 T" or 335 “C, during each periodic TUS,
temperatures shall be selected so that one temperature is within 300 °T" or 170 “C of the maximum and another
temperature is within 300 T" or 170 “C of the minimum of qualified operating temperature range(s) and there
are no more than 600 I or 335 C increments in between adjacent TUS temperatures.

X T B — AR IR BE Y T 335°C 1Y, AEREAN A SV I IR S S P DU B, DI P Bk R SR AR IR BR
PR A70°CYERIP, I EAHAR i B2 25 50 1 Wl B iR 2 2 Ta) FR 38 & AN i i 335°C .

Example: If the qualified operating temperature range is 200 to 1200 ' +10 I or 90 to 650 C + 6 ‘C, a TUS temperature shall

be selected between 200 T and 500 °F' or 90 ‘C and 260 ‘C and between 900 I* and 1200 I" or 480 C and 650 C. No two

adjacent TUS temperatures shall be greater than 600 I or 335 C apart.

il WR AR TAEE I TERE N90°C ~ 650°C+6°C, ITE FEH A P& IE FE M AE90°C ~ 260(90+170)C F1480(650-170)C ~
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650°C 2 [ALERE . PANAHAR IR B 25 20 M 2305 TR B AN i 335°C o
A TUS at 350 °F or 177 'C and at 950 ‘T or 510 ‘C would be acceptable. However, a TUS at 250 I or 121 “C and 1000 T or
538 ‘C would not be acceptable since these temperatures exceed the 600 °I' or 335 'C separation increment.
TR BEI S MM B AE177 CRIS10°C e v] LA [ JRT, IR BES SO PRI 8 AE 121 C 538 °C e AN AT 32 1), R ik el 2 it 335 °C
1) 1] & 14 & .
3.5.3.4 TUS Temperatures for Equipment with Multiple Qualified Operating Temperature Ranges.
B BA 2 AN E M A IR B2 Y B R B 3 S PRI IR
3.5.3.4.1 For equipment with multiple operating temperature ranges, each sub-range shall be treated as a
single operating temperature range and the requirements of 3.5.3.1, 3.5.3.2, and 3.5.3.3 apply to each
sub-range.
X T BA 2 A AR R RV B84, B T8 B Ry — A TR R, A4 TEHE M T 3.56.3.1.3.5.3.2,
3.5.3.3 MK,
Example 1: A furnace may be qualified to operate within from 600 to 1000 I + 10.0 °F or 315 to 540 ‘C £ 6.0 'C and from 1000
to 1800 F" + 25.0 °F" or 540 to 980 C + 14.0 ‘C. The furnace contains two separate qualified operating temperature ranges.
A furnace meeting £10.0 °I" at 1000 °F or 6.0 ‘C at 540 ‘C automatically meets +25.0 °F' at 1000 °F or £14.0 C at 540 C;
therefore, a duplicate TUS at 1000 °I' or 540 C is not required.
w1 — AP RTE 315~540°C+6.0°C Fl 540~980°C+14.0°C & 4% TAETE . 28 ML AR TARR G
ﬁ@%ﬁmtﬁﬂwot,aﬁﬁmmmwammt;ﬁ%,ﬁﬁgimvci’%%?wﬁ%%u
Example 2: If the qualified operating temperature ranges are 800 to 1025 E%F or4251t0550 ‘C £6.0 C, 1025 to 1400
F £15.0 °F or 550 to 760 C £ 8.0 ‘C and 1400 to 1600 I" £ 25.0 °F or 7&@@0 ‘C+14.0 C.
Annually, the TUS would be performed at: 800 I' and 1025 °F° or 4 %nd 50 °C and meet +10.0 °F or +6.0 C, 1400 °F or
760 ‘C and meet £15.0 °F or £8.0 'C and 1600 °F or 870 'C an(%ﬂ .0 F or+14.0 C.
w5 2: G TARIEE I & 425 ~ 550°C+6.0°C, 550 ~ 760 1760 ~870C+14.0C.
4, IREYISIERAE 425°CH1 550°C &L £46.0°C M 5035 /2 £8.0°C Al 870°C Il L3k £ £14.0°C 6
3.5.4 Equipment Modifications and Repairsig& i3
When maintenance is performed on th essing equipment, the maintenance task shall be
documented, and a determination s e ade and documented by the user quality assurance organization
whether any testing is required rning the equipment into service. This determination may require a
new initial TUS, performing ay
L0 I TR A AT Y
TRUEH 230 € JF T ot . 1
FRAAN 5 L £
3.5.4.1 Major Modifications and Repairs 5% gt it [ 415
3.5.4.1.1 A new initial TUS and SAT shall be performed after any of the following equipment modifications,
repairs, or adjustments that could have altered the thermal characteristics of the equipment. Examples where
an initial TUS and SAT is required include, but are not limited to, the following:
FE N FIAE— I AT A U B IR PE R B D0 . B2 B0R RS, BEPAAT BT IR AR IR BE 2 SO P DI S A R Gks 15
RS o AR L3 ST A R GRS LA ZOR AR AR T LU N N2

a. Relocation of thermal processing equipment. The initial TUS may be waived if the thermal processing equipment is

M

A 5E AT RE 72— BT AG IR L SO VR &, AT BN AR S IR &, B

designed to be portable—i.e., the thermal processing equipment has permanent wheels or other means of portability —but in
some cases, a new periodic TUS can be necessary.

PN T &AL . HIARIR S SIPEN R T RERA S, RN T A #5200, B, #in T A /K AR #E 7 B A 45 T
Ho, BAERLAFIUT, —ANHT TR 2 Sk IR A S R 0 B
b. Increase in the maximum qualified operating temperature or decrease in the minimum qualified operating temperature. &5
i AR AR B IR R AR A A% AR IR
c. Burner size, number, type, or location change. 4P R ~f. $E . 288akfir B & AT
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d. Heating element number, type, or location change. In#Joft%i . KR Efr B & A4 A,
e. Changes to airflow pattern/velocity such as baffle positions, fan speed, fan quantity, etc.
AR SR, WEIRALE . KRR KRR,
f. Change of refractory thickness. Tif k1 #HE B i 38
g. New refractory with different thermal properties. E& 7[5 # It B F 35 BU R KA1 8L
h. Change of vacuum furnace hot zone design or materials. %5 b N # X A7 5 BRI A
i. Change of control sensor (e.g., type, thickness of sensor assembly, gauge of the sensor elements, or hot junction
construction). 1EHILRIRHILE (I, RRIBAMRIRE, B, BRI 0O B .
j. Change of the control sensor location. 544 & 88 B 128 .
k. Change of combustion pressure settings from their original settings. #A52/% /115 B M J5 Sk ¥ B B 38
I. Change of furnace operating atmosphere damper system settings from their original settings.
Pt TAEURPHLE 28 R Gk B ER IV 13 B e
m. Control instrument or program change % $111% 3¢ BUFEFF Y 2028 -
1. Proportional versus high-low/off-on f b4 & 4%/ W7 7T
2. Change of the control instrument model or type #2:ill1% # A B SS AL (1) DA .
3. PLC logic program change to the furnace heat control scheme PLCIZ#F2FF HUM  PR % 11 5 % .
4. Adjustment of control instrument tuning constants, parameters, or rheostats. ®
PR TTIE R 2. SR B SR . \’\
n. Qualified work zone volume increase covering a volume not previously r@; !
AAE TAEX ARG N, A S ni AR 2R A &

o. Qualified work zone location change covering a volume not prev'&*suyyed.
[}

BRI TAEXALE R, A PART AR & AR
3.5.5 Periodic TUS Intervals;5 E 1545 1430 = B #3 Sb

3.5.5.1 A periodic TUS shall be performed at t
16 based on furnace class and instrument
JE AR IR R 35 50 P N B B 4% R SR 15 B

periodic TUS interval in accordance with Table 15 or

S| AR ST F il B2 1) S0 1 ) B ) D T SR AT

3.5.5.2 Extended periodic TUS intem&i be used based on furnace class, instrument type, and history of
the required number of consecu% ué sful periodic TUS shown in Tables 15 and 16 after an initial TUS. In
addition, a documented equi entive maintenance program, in accordance with 2.2.42, shall be in

effect.
BT PERFA ., NIATUS)ERASMEAGH /R IIELL S M TUSIEL, 7T LAl H SE K JF I TUSE
Rfo BbAbh, RIARHE2.2.421 58 ST B A TR VR 4R 12T
3.5.5.3 If equipment modifications, repairs, or adjustments as described in 3.5.4.1.1 are made the TUS interval
shall revert to the normal periodic TUS interval until the required number of consecutive successful periodic
TUS are completed.
WERHAT 73.5.4 1 APTR B & B 4EME iR 48, DU 2 35 5 A 0 5 8] o v P 52 381 16 1) o) S U B2 38 S0 1
DS RIRE, 358 OE LS A% 1 R I T 25 S P N T B

3.5.6 Equipment Parameters During the TUS;EE195) 14 #AE AN &S #

3.5.6.1 During each TUS, except as outlined in 3.5.8 and 3.5.9, all parameters shall reflect the normal
operation of the equipment during production. Examples of normal equipment operation include, but are not
limited to, the following:

FERFRIR LY 51 B 1 1E), F 3.5.8 1 3.5.9 fTid A, Fr A 2% B [ B £ AR AE 7 il A2 Hh IE 38 AT T 10
WA IEH AT aFEE AR T

a. If the doors of a continuous furnace are normally open during production, they shall also be open during

the TUS.
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RSP TR AR P IR AR B, DU AR TR 25 S0 N S I A S T
b. If slow heat up rates and stabilization temperatures are not used during production, they shall not be used
during the TUS.
U SRAE AR P I R P B A P IS I ARG B TR, U I 25 50 At i 2 ) W) AN
c. Any documented ramp rate used during production shall be acceptable when performing the TUS. 7Eit4T
T LSS S DU B, AR ART AR AR 7 e v A FH A P T 23 SRR 2 PT DA 2 1
d. If excess combustion air is used during production, it shall also be used during the TUS.
WRAEA IR G T 2 R B BR AR, DUIAE T 25 50 e ) B I 10, S A S
e. If circulating fans are operated during production, they shall also be operated during the TUS.
WRAEIA RNLAE A P I AR AT, AR 2 35 ) P & )R] th RIS AT
3.5.7 Equipment Temperature When TUS Sensors Are Inserted;a 5] 140 2 15 A B FEN TS &R E
3.5.7.1 If the normal operation of the equipment when used during production is to load parts or raw 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 TUS temperature.

0 SRV AR AR A I I PR A R A B A RER NS, U] A ¥ AP B e AR E A BRI T I B 2 SO 1k
T F AR 100 T IR B2 1 S A SRR A R
3.5.7.2 If the normal operation of the equipment when used during produe i@e load parts or raw material
into a cold furnace, pre-heating the furnace prior to the coldest TUS te ure to perform the TUS is not
permitted. Ramping from the coldest TUS temperature to a highepte I%merature is permitted.

m%&%ﬁiﬁﬁ%ﬁE%ﬁW%%IﬁﬁEMﬂ%A@#&M%ﬁmEﬁ%ﬁﬁﬁ@ﬁ%%ﬁﬁﬁ%%ﬁﬁ
ﬁﬁoﬁﬁMﬁ?ﬁEﬁ@ﬁM%ﬁ%ﬂﬁ%%%%ﬁﬁg \xﬁ/
3.5.8 Load Condition and Atmospheres During the TUS; SN EHEHETERLMSR
3.5.8.1 A TUS may be performed with a production logd’, &jnulated production load, a rack, or empty. Once a
method of surveying the equipment is establishe@the initial TUS, subsequent periodic TUS shall be
conducted using the same method. If changes)(%u e to the established method, an initial TUS shall be
performed to validate the revised method S interval shall revert to the normal periodic TUS interval
until the required number of consecutiv sful periodic TUS are completed.

T B2 3 S PRI B A AR AR P i | A fif s SCBRERT B N AT . — BEAEVISRIR S S ME B B E 1 ik
IR TTE, B 0 i A ) B SR F AR E] ) 77 o et S SZ i 7 VEkAT BB, RO AT VI A6 TR
P15 PN DS I BE 24 0 U 55 35 ) PR DN B A A S B TR T I, BB 5 OB B R ) PR IR R 3
SR ERI R € £%>

3.5.8.2 If the TUS is performed empty or with a rack, and if TUS sensors are attached to or inserted into heat
sinks, the side-to-side thickness or diameter of the heat sink shall not exceed 0.5 inch or 13 mm and shall not
exceed the thickness of the thinnest material being processed in that equipment. Heat sink material shall be
the material with the highest room temperature thermal conductivity consistent with the predominant part or
raw material processed in the equipment.

B A S PN R A AT SR EAT Y, T R SO N A R R A i N B TR e, R R i SR
FEEREAR AN IS 13mm, B AN RSB 2508 0 TSR AR SR RS o IR SR R ) =R R 3 R B e P
AR T A R AR S R P S A — B SRR R
3.5.8.3 When the TUS is performed with a load and the TUS sensors are attached to simulated parts or raw
material, the load shall represent the thickness of the material normally used during production.

IR IR AR AT, LR B SO VI A% s S AR AU A s AR i, ORE NARR AL
WA AT RLE RE
3.5.8.4 The atmosphere used during a TUS shall be the normal atmosphere used during production.
Equipment used for processes whose required atmospheres could contaminate the TUS sensors (i.e.,
carburizing, nitriding, endothermic, and exothermic gases) or atmospheres that could pose a safety hazard
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(i.e., hydrogen or ammonia containing gases) may be surveyed with an atmosphere of air or inert gas.

FE T 251 531 I B ep A ) AU TR A 7 I AU T T e Gl 2 S PRI AR R AR 1 T2 AR (i
B B RGN BRI ARG B A fe F I (g 8 Z A, AT BUR A R EE Aok
K&
3.5.8.5 The furnace vacuum level used during the TUS shall be the lowest vacuum level used during
production but need not be less than 1.0 x 103 mm Hg (1 x 10- Torr or 1.3 x 10- millibar).

T2 257 S0 P MR A P )b i B R A I R B IR S B, (H . AMIGT 1.0% 102 mm Hg (0.133Pa).
3.5.8.6 For vacuum furnaces operated in partial pressure (with backfill gas) during production, at least one of
the periodic TUSs shall be performed annually at a minimum of one operating temperature and within the
partial pressure range used in production. The gas used shall be one of the gases used during production.

MPAEFE R I G REAR) BRI B IP, B9E 2D BT — RO IR S &, /b B A Al
53 TR B RN R R IR N 3T — Ik R SRR AR P Rk 2 —

3.5.9 TUS Requirements for Batch Furnaces, Salt Baths, Controlled Temperature Liquid Baths, and Fluidized
Bed Furnaces (Excluding Controlled Temperature Quench Baths)

BERRA . EIBIP EIRERFPFURSKIP (N EEIEIRE AR ) HRE B S N & Fk
3.5.9.1 The number of TUS sensors required during the TUS shall be in accorgagce with Figure 1 and Tables
17 and 18. An initial TUS of multiple control zone furnaces with Type A orC&entation shall be performed
with sufficient additional TUS sensors to adequately evaluate the temp extremes of each control zone
to identify hot and cold recording sensor locations. QJ

ﬁﬁﬁ@ﬁ%%*%%%%%&@%ﬁ%@%@1\%TH%?&\%%A@&C@&%%%B%%W%%
ﬁﬁﬁﬁ@ﬁ%%ﬁﬁﬁ&%%WMWEE@%%E%W@%§§ﬂE%&ﬁEEJJw%%%ﬂ%ﬁﬁﬁﬁ%
T RRER I B . \\

Table 17 - Minimum number of TUS sensors an@ ed locations

O
2
@@

ROMEBERRHENAFME

Qualified Work Zone

Volume &4% TAE X AAF

Minimum Number of
TUS Sensors

Qualified Work Zone
Shape

Required Location of TUS Sensors("

it m | WRAERBORE | TR MR EREERR
Square or Located at four corners and one located at the approximate
rectangular cube |center (see Figure 1).
<3 <0.085 5 TG AT A A T L (L 1),

Cylindrical [F+E: A&

Four located at the periphery 180 degrees apart on each

end and 90 degrees apart from end to end and one located

luyugu_007@163.com

50




SAE INTERNATIONAL AMS2750™H
at the approximate center (see Figure 1).

PUA T4, WismAHER 180 B, WyummiHER 90 fE, —AMv
T (L 1),

Located at the eight corners of the cube and one located at
Square or
the approximate center.

(AR AW RE N0 WANG N0 | R VA i (7 2 STV

rectangular cube

=3 and | =0.085 and g Three located at the periphery of each end, 120 degrees
<225 <6.4 apart. One located at the approximate center, and the other
Cylindrical two located to best represent the qualified work zone. =4~

RTINS, AHEE 120 o — M Fiml, 5509
ML T BEAR A% TR X AL E

Located at the eight corners of the cube and one located at

the approximate center. Others uniformly distributed to
Square or
best represent the qualified work zone.

30T ST AR\ — LT B AR 5154
LA MO A e TN B

rectangular cube

2225 26.4 See Table 18 &
Three located aﬁ@rlpnery of each end, 120 degrees

apart. One Io% t the approximate center, and the
Cylindrical others&i@ best represent the qualified work zone.
AT AN, MEE 120 . —AMrFaE A, 3

B R RURE I LA XS

[ ]
() The location of TUS sensors for 23 ft® to <6.4 m® may be used fi % <3 ftd.

= 0.085 m? to < 6.4 m3 IR 5 35 5] P I B AL SRR AR A0 B ] 1< 0.085 m 1],
Table 18 - Number of TUS sensors require ch furnaces, salt baths,controlled temperature

liquid baths, fluidized bed furnaces, or c us furnaces surveyed using the volumetric method
EAARFENENEEF. BSRQGEAAA I SR SESEAF RN E ARSI HE
Furnace |Qualified Work Zone 3 }T—‘, )ft3 300 ft3 | 400 ft® | 600 ft3 | 800 ft3 | 1000 ft® | 2000 ft® | 3000 ft® | 4000 ft
A

Class Volume Less Than
. »O 6.4m3(85m3[ 11md|[17m3|23m3| 28m3 | 57m3 | 85m3 | 113 m3
PR e THEREBRON G D,

1and 2 Number of se s 9 | 14 | 16 | 19 | 21 23 30 35 40

3106 T R )" 5 9 | 12 | 13 ] 14| 15] 16 20 23 25

1and 2 b <1 25 21 25 32 38 43 67 86 100
ft® per sensor

3to6 <1 25 25 31 43 53 63 100 130 160

1 and 2 <0.03 0.7 0.6 0.7 0.9 1.0 1.2 1.9 2.4 2.8
m?3 per sensor

3to6 <0.03 0.7 0.7 0.9 1.2 1.5 1.8 2.8 3.7 4.5

Notes:

(1) For qualified work zone volumes greater than 4000 ft3 or 113 m3, the applicable furnace class formula as illustrated in the
table below shall be used to determine the number of TUS sensors.

(1) T 400057 75 R ERI 3L T K A TAE X, & A 2 A Ui SR BT BTs, DA E TUSHR &8 I EUR

(2) For qualified work zone volumes less than 4000 ft3 or 113 m3, it is acceptable to use the appropriate furnace class formula,
as illustrated in the table below or interpolation, to determine the number of TUS sensors

XF T A% I AR XA R/ T-400057 75 9 R332 5K 1, AT EMEATE L P A3, I N RFR B+, R E TUSHE R

e
Furnace Class Formula
1and 2 9 + 1/2 X \(work zone volume in ft3 - 225 ft3) or 9 + 1/2 X V(35.3 X (work zone volume in m? - 6.4 m3))
3to6 9 + 1/4 X \(work zone volume in ft3 - 225 ft3) or9 + 1/4 X \(35.3 X (work zone volume in m? - 6.4 m3))
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For square/rectangular volumes < 3 ft3 or 0.085 m3 users shall choose locations 1, 4,5,7, & 8

or, locations 2, 3, 5, 6, & 9. Location 5 being in the center.

XF/ANT 3P IR EL 0.085 ST KT TR A&, P RO E 1, 4. 5. 7 M8 HifuE 2. 3. 5. 6 19, LB S5 TH
Lo

For cylindrical volumes < 3 ft3 or 0.085 m3, locations 1 & 2 and 3 & 4, the pairs being 180 degrees apart at the opposite ends and
location 5 in the center shall be used. Locations 1/2 and 3/4 shall be offset 90 degrees rotationally from each other.

Xf < 3 37 9ERBL 0.085 LT oKW RIFEAR, A& 1 A1 2 F1 3 F14, XTEAH I WismAHER 180 &, A& 5 FEFOLRAEIH. A& 1/2

F1 3/4 % H A e mFs 90 . ﬁ
1
2
34
5
g
! 9,
8

For square/rectangular volumes and cyIinu@}mes 2 3 ft3 or 0.085 m3 but less than 225 ft3 or 6.4 m3, all 9 locations shall
be used as shown. Cylindrical Iocati%g the center. 4 & 6 are examples only.

AET7 TR IR T AR B 0 B AT T A 5 B 0.085 3777 KAH/NT 225 S R 8L 6.4 37K, 9 M BN RAE T, tnE TR,
EIFFIEALE 5 EF 0. 4 716 R
Once locations are established durifg initial TUS, the same locations shall be used during periodic TUSs (see 3.5.9.2).

— BAEWIAATUSHAR . T ALE, 7F A WIPETUSS AR AH R 1) A0 2 A (5 1.3.5.9.2).

Numbering of sensor locations in diagrams is provided as an example only &t {4 #2847 B 84 S AUE AR o

Figure 1 - TUS sensor locations for square/rectangle cubic and cylindrical volumes

FHRIFER LA BT RN A RRMAUE

3.5.9.2 For qualified work zone volumes 2225 ft3 or 6.4 m3, the additional TUS sensors required by Table 18
shall be uniformly distributed to best represent the qualified work zone. One TUS sensor shall be located at the
approximate center of the qualified work zone volume. When radiant heat from the periphery of the qualified
work zone is used to heat the parts or raw material, the additional TUS sensors shall be uniformly distributed at
the periphery of the qualified work zone. Once locations are established during the initial TUS, the same
locations shall be used during periodic TUSs.

XA 4% TAE XARF222557 5 9 R E6.4 57 77 K I, RABTELR AN TUSHRIR AR N3 &) 0 A, DA iF bR R &
B TAEX o —ANTUSARIREGR ML T A 4% TAE ARG o 48 A% AR DX AN EE 4 S R #A A i i
MEHR, AN TUSHE BER NI S A fE Ak TAEIX AbE . — BALEAEWIAATUSEE ST, AH R 547 BN AL A2
MTETUSSs

luyugu_007@163.com 52



SAE INTERNATIONAL AMS2750™H
3.5.9.3 When a retort is used, the following shall applyf# FH Z& 258, RNdEH R RE «
3.5.9.3.1 The temperature of the furnace in which the retort is inserted shall be controlled so that the specified
temperature is maintained within the retort. TUS sensors shall be located within the retort.

A8 )47 N 28 TR 2 FR AP R R, A AR A Y IR FRRIE IR RS o TUSHR IR A T 281 2R 9 .
3.5.9.3.2 The tip (measuring junction) of at least one TUS sensor shall be as close as practical to the tip
(measuring junction) of the sensor used to record temperature within the retort during production but the
sensor tip to tip distance shall not exceed 2 inches or 50 mm.

F /b — A TUS AR 3K 35 16 A i (I 5 45 ) SR AT e e A 77 I A v T S 08 55 oA iR P2 PR A [ 1) 9 i (I = 45 )
B A R AR i 5 2R i ) PR B AN I 2 9] Bl B0 2K

3.5.10 TUS Data Collection TUSHE £

3.5.10.1 Data collection shall begin when the temperature of all TUS and furnace sensors are at least <100 T
or 55 “C below each TUS temperature so that any TUS or furnace sensor failing to reach the lower TUS
tolerance or exceed the upper TUS tolerance can be detected. This is not applicable to salt bath or other
thermal processing equipment that is maintained at a single set point. For TUS temperatures of 200 T" or 93 °C
and below, data collection shall begin at the ambient temperature of the furna r refrigeration equipment
prior to the start of heating (or cooling for refrigeration equipment). If the furda refrigeration equipment is
pre-stabilized, data collection shall begin prior to the TUS sensors bein

A TUSHIUE J A% A TR I TR TUS IR B2 <100°T & éﬂ 8 ﬂ‘ﬁ‘*q%%é&% DA e 0% Ao 0 21
R TUSEA P B2 R AL IE BITUSI N A Z BB TUSIH A 22 XRANIE F T (R FF 78 B — W0 5 1) 38 s LA
AN TR . X T200°F 5(93°C & BA I TUSIEREE, Tﬂ‘t‘* il ﬂx%ﬁ’]{é\%ﬂ BT, LA B v B
FROPR B R BT A S S Bl o o SR o e 2 15 6 TS %ELI&%F“ FESR A TUSHL AS 2 BT 4R
3.5.10.2 Once data collection begins, temperature da %be recorded simultaneously from all TUS sensors
at a frequency of at least one set of readings ev %utes for the duration of the TUS.

— BERWEEIT IR, fETUSIZATHE], DL 7b— A A AR [F) I T S T TUSA% 2 8 Tk FE 80
3.5.10.3 Temperature data from control, %ng sensors required by the applicable instrumentation type,
Table 9, shall also be recorded by the ecorder during the TUS. Load sensors used in addition to the
identified instrumentation type durin ion are not required to be recorded during the TUS (e.g., if a Type
D instrumentation furnace occa ly"uSes a load sensor, a load sensor is not required during the TUS), but
those recording systems sh instrument calibration and an SAT.

Pl A A 2R (K9 CoRA% IR TR P Bl th R AE A AR vh i AR il e sk . A AR
bR 7 CARBI AR AL AN, ANEORAE U] 10 S A B A AR (1 a0, an SR DALSCR I B AR A FH A A iR, UAE
DA B AN B SR TSR S B A IERER ), (IR L0 5% RGN BRAUGR AL AERISAT .
3.5.10.4 Regardless of the frequency of temperature data collection of control, and recording sensors used
during production the temperature data shall be documented in the normal format used during production
throughout the TUS.

oV AE AR P 1 AR rh A B4 i S 0 AN SR A% SRR R SR AR AR AN AT , ik 4l ML AE BE A TUSH DA P il R
A8 F I A AAEAT IR 3%
3.5.10.5 If the normal frequency of control and recording sensor temperature data collection used during
production is greater than 5 minutes, the recording frequency of these same sensors shall not exceed 5
minutes during the TUS.

A0 SR AR 7 R sl P 48 R T S A SRR IR B R AR O IE W AR K 15708, WIAE TUSIE AR Hix Be % R 25 11
R AREAGEIL S 78
3.5.10.6 At no time shall any TUS, control, or recording sensor exceed the upper TUS tolerance. The
equipment shall be held at the TUS temperature until all TUS sensors have stabilized (see 2.2.71). After
stabilization, data collection shall continue for a minimum of 30 additional minutes.
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ARART I, ARAA] TUS. #5858l s A B AR BT TUS FIRAZ . W& NARFEE TUS I8, BERIFTH TUS
fRIRERIEE(N 2.2.71). FE )G, BN 4KEE %/ 30 734l
3.5.10.6.1 For Unloaded/Empty Equipment #1%5/25 1) % %

If the temperature readings of any TUS sensor exhibit an upward or downward trend that is not converging
toward the set temperature, the data collection shall be extended as necessary until the trend is no longer
evident.

N RATATTUS A% A5 iR B2 SR80 BT B Bt 3, (BAN 1) ¥ T B AL S, ) 7 AR 75 22 A A Al WA B I 1]
HEEB AR NIE.
3.5.10.6.2 For Equipment Tested with a Load -5 1t 253 (1) ¥ 4%

If a load is used during the TUS, some TUS sensors may continue to rise in temperature and slowly approach
the set temperature. This rise in temperature of TUS sensors towards the set temperature meets the
requirement for stabilization.

PRI VEE IR EE o TUSAR IBRE B 1) ¥ E T FEE I T il 2 1 A g R .

3.5.11 TUS Requirements for Continuous and Semi-Continuous Furnaces

g M IR 2L A b 3 R EE SR
3.5.11.1 Continuous and semi-continuous furnaces may be surveyed with TU nsors arranged
volumetrically or in a plane. ° ﬁ

SRR T 2R AT DR AR AT B BT A B TUSAR R SR 147 I & ’\\,
3.5.11.2 Both the volumetric and plane methods shall measure th ualified work zone volume. The
difference between the two methods is the arrangement and nunﬁgo TUS sensors.

RNEAIY R HR N 2 R A S A& TAE X A Wiﬂﬂ?‘j %%ﬂ}%ﬁtzﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁi
3.5.11.3 Regardless of which method is used, the entire ed)work zone volume shall be surveyed.
Multiple surveys may be required to accomplish meas &t of the entire qualified work zone volume. For
tubular furnaces equipped with several passages@eramic tubes), each individual passage/tube used
shall be surveyed. )'x

TR RN TV, HB N BEAS G4 T A 17O . AT BE TR 22 & DL S BB AN R AR DA AR
B, W TRCE 2 ANEE (b RE ) E N Xof BT AR A A TE S BEA TR
3.5.11.4 All parameters used durin shall reflect the normal operation of the equipment used during
production. &

ISR F B0 P A5 2 50 AN F % B IEH 3B AT
3.5.11.5 An initial TUS shal ormed at the minimum and maximum temperatures of the qualified
operating temperature range(s) at the highest and lowest traverse speeds used during production. The
additional temperatures of 3.5.2.2 apply to the initial TUS. The periodic TUS may be performed at any traverse
speed used during production. A TUS shall be performed at the highest and lowest traverse speeds used
during production at least annually.

W46 TUS NAE-E A% AR T 0 R 5 (IR i il BT DA 7 i 5 o A FH ) e v AR e IR 2 T 1647 3.5.2.2
R B It B 5E T 4046 TUS . JE3 TUS AT RLAE AR 75 A% A AR A 2 B R AT o B/ D B U AR P 1 78
HH A FH FR) e v AL B AR ) B3 5 S AT #R A
3.5.11.6 Volumetric Method {A&fHi%:
3.5.11.6.1 TUS sensors shall be located in three dimensions to represent a portion, e.g., basket, tray, or the
entire qualified work zone volume.

TUSHRIEEGR AL T =4E4s(a]), ARy, B, 7, 56k, sUBADEk TIE X AR
3.5.11.6.2 The number and location of TUS sensors shall be in accordance with Figure 1 and Tables 17 and
18 based on the volume of the TUS basket or tray(s) used.

FRAEAE I TUSTE BB AL IR, TUSHR IS I B A BN 4% 8 A IR 171218,

3.5.11.6.3 When surveying a portion of the qualified work zone incrementally, the entire volume of that portion
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shall be surveyed as the TUS sensors traverse through the furnace.
LIG R E S TAEX B — 8000y, HTUSIE RS o i IE Py, Sl & %50 7 1) B A AR .
Table 19 - Number and location of TUS sensors for continuous and semi-continuous furnaces
when using the plane method £ i - ARTE LR ELUFH) TUS AR BEMLE

Qualified
Qualified Work Zone [Minimum Number of TUS

Work Zone
Height 2 H Cross Section &#%  |Sensors TUS £ /& #& {15 /> |Location of TUS Sensors TUS & /&8 1 &
eight 5%
- 4 A X AT g
TAEX

For circular section:
radius <3 inches or
<76 mm

BRI : ~FA2<3 B
~FEi<76 mm

For rectangular

TUS sensor shall be at the center

TUS A% &8 AL T H L

[N

section:
<1 foot or 300 |width and height <6 Q
mm inches or <152 mm Q

300mm JE<6 #~fE 152mm

VRS IR A C.)\
Q

Other furnaces with
a Three with one additional Tw serpor locations shall be at the opposite sides of the
qualified work zone |sensor for each 2 feet or rk zone at the approximate mid height. One TUS
<1 foot or 300 mm in|610 mm of width over 8 or shall be at the approximate center. Additional TUS
height feetor2.4 m O\}ensors shall be uniformly distributed throughout

FoAth A8 TAEX = 3% the plane perpendicular to the conveyance direction.

L]
JE<1 FER B 300mm A\\'\‘.\/
<8ft20or<0.75m2 |5 G \\\‘ Four TUS sensor locations shall be at the corners of the
p4

28 ft 20or20.75m 2 / \Y qualified work zone. One TUS sensor shall be at the
21 foot or 300 |and ?/ approximate center. The remaining TUS sensors shall be
mm <16 ft2or=<1.5 \@ symmetrically

'Qr distributed about the center of the plane perpendicular to the
>16ft2 or 1.5 m 2\ 4

conveyance direction.

3.5.11.7 Plane Method T [fii /5%
3.5.11.7.1 TUS sensors shall be located in a single plane perpendicular to the furnace conveyance direction
such that passing the plane through the furnace measures the entire qualified work zone volume of all zones
required to be surveyed.

TUSAE B8 WA T BT B Bzt 77 [e) P B — P T8I b, A2~ e ok e i 0 7 5 550 6 ) DX ) 5 4
TAEX AR
3.5.11.7.2 The number and location of TUS sensors shall be in accordance with Table 19 based on the height
and cross section of the qualified work zone.

MR YR A A Xk i v FE AR A T,  TUSAR R I = Ay B % IR R 1 9HLE -
3.5.11.7.3 A TUS sensor for each location shall be secured to a rack or in a load and traversed through the
qualified work zone.

RN B M TUSHE B8 N ] e FENLZE EERAE fhaid, IR & I LR XK.
3.5.11.7.4 All required locations need not be traversed simultaneously; multiple TUSs may be required to
accomplish measurement of the entire qualified work zone volume.
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PP s A BT RN 51 % T e R E 2 A TUSs K58 AN AR XA AR I &
3.5.11.8 TUS Data Collection TUSH#iE e
3.5.11.8.1 Temperature readings from all TUS sensors shall be recorded at least every 2 minutes with a
minimum of ten sets of readings recorded for each qualified work zone. The traverse may be repeated as
many times as necessary to ensure that any recurrent temperature pattern is identified at all locations through
each qualified work zone. If the normal frequency of control and recording sensor temperature data collection
used during production is greater than 5 minutes, the recording frequency of these same sensors shall not
exceed 5 minutes during the TUS.

T TUSAL B85 IR L BN 2 D B2 70 Bl s — Ik, BN S IO TAE XK DD sk 10 38 347 DIRYE
i A 2, DA PR IE I R AN S 4 AR XS ) BT A B AT B 0 A A S 2 B AR AR 2 SR A P i AR rp A
FH PR 428 1) R 3% A i il B2 B SR A ) AR S AR K T570 4, WUAE TUS I IR LEAH [R] 4% 12 28 H 1D SRR AN S 1
5538k .
3.5.11.8.2 Starting the TUS with the furnace temperature higher than the TUS temperature is not permitted
unless:

ARVHEN TIRE & TTUSIRE BN EEITUS, Rk
It is performed in only the initial or preheating zones of multi-zone furnaces.

B RIEZ IR AU X B i X3R4T . Qq
oR )

It is specifically permitted by the applicable material or process gpgCification.

B I R B T 2R B R . «
3.5.11.9 The qualified work zone length is a unique value.fc&:sif tyverse speed and shall be calculated and
documented after the TUS. Each qualified work zone Ien@\r\ sum of the elapsed time during which the
TUS sensors were within the required TUS tolerance t% averse speed used.

A% A AR XA R R B RS S v — 1, T JEBEATTHEAIE 5 o BEASER I TAR XK B R AE T
EF T R, TUSIERERAERT TR I TUS Jr 223 P B TR ) A A

3.5.11.10 There shall be objective eviden J soak time and temperature conform to the process or
material specification requirements usi ted traverse speed. The qualified work zone length is the

traversed distance through which al sor readings meet the required TUS tolerance.

JSEAT 2 WL IE A UE W I ) g ZEMR RS ZOR A IUE DT o . BRI TAEX K2 FTY
TUS s 340 2 2R T, EZSUNIDY ST

3.5.12 Alternative TUS Met Continuous, Semi-Continuous Furnaces, or Furnaces with Retorts or
Muffles

HLR, PRI, B AR EOH A SR TUS BT L
3.5.12.1 Where it is impractical to traverse the TUS sensors through a continuous or semi-continuous furnace,
or to install TUS sensors into the retort, batch, or muffle of a furnace, it is acceptable to use either the probe
method (see 3.5.12.2) or a property survey (see 3.5.12.3).

WNFAETUSH RS G SR S I, SOk TUSHE 38 2 B B In# 75 145 . R)BR A8 B 5 36 Fh oA T
17, AT PR R SL:(2 013.5.12.2) 8 M g 275 (2 1L.3.5.12.3)
3.5.12.2 Probe Method 41l
3.5.12.2.1 In lieu of locating TUS sensors in accordance with Figures 1 and Table 19, it is acceptable to insert
TUS sensors through the side walls, hearth, or roof within 3 inches or 76 mm of the locations identified in
Figure 1 and Tables 17 and 18. If this method is used, the number of TUS sensors shall be in accordance with
Figure 1 and Tables 17 and 18 based on the volume of the qualified work zones surveyed.

WERAZRREIRIRAE M TUSHLIERAS, 0] DUl i B AR AT FIZR A8 bR iR 1AL B 398~ 576 2= K Va4 1)
WEE . k& B THH A TUSA SR . 2 R TTVE, RS A A 1 -& 4% AR X B, TUSHR G 1 Hes #4 1]
K1F1%£17. 18,
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3.5.12.2.2 Temperature readings from all TUS sensors shall be taken at least every 2 minutes for a minimum
of 30 minutes once all sensor temperatures have stabilized. If the normal frequency of control and recording
sensor temperature data collection used during production is greater than 5 minutes, the recording frequency
of these same sensors shall not exceed 5 minutes during the TUS.

FEFTE AR R TG, N D204 BT A TUSAE RS IR 5, Fra 2= /03004h . tn A =il 72
H S FH R 328 1) R 0 S A TR T s R AR I IE W R R T-5 0, U AETUS 31 8) 3 L6 A0 [ % R4 1 18 A AN 15
I 550
3.5.12.2.3 If a continuous or semi-continuous furnace is being probed, it is not required that a load be
traversed through the furnace during the TUS.

U SRR R LR B IR SR, AN ESRAETUS ) 7EH N B 5 47 2K
3.5.12.3 Property Survey #1R}
3.5.12.3.1 A property survey shall require 75 EFE47 IR
Testing material initially and annually thereafter JFUGIRATRl, 2 JFEFENNR— K.
AND
Monthly analysis of property survey trends. The material selected shall be one whose properties are known to
be sensitive to variations in thermal processing soak times and temperatures Q/\/henever possible, one that

is processed frequently. o

R RV T« PR R R RLEA X #in TR i I‘ﬂ%ﬂi&ﬁ%@iwrﬁtﬁ%, I HR AT A% n T
3.5.12.3.2 Material thickness shall be within the normal size rang ring production. If a two-step
treatment is required (e.g., harden and temper), it is permitted to&(orm the second step on the test
specimens separately from the remainder of the lot, e.g., in %) ry furnace.

MRS FE REAE AR P i AR A T B I8 ROV N . 2R % AEE (I, BEALANIRIAK), SO VRS IR AT 5
UK, BRI 3T, BN, ARSI SN,
3.5.12.3.3 Initial and annual property surveys sh
temperatures used during production. Additiori
temperatures are greater than 300 T or 1 R
speeds shall be those normally used d
operating temperature. \|

%ﬂﬁﬁ*ﬂfﬁfﬁﬁﬁ‘éiﬁﬁﬁjﬁﬁzﬁ@% B ret A SR AR A UL R AT o NI AR R L, LA DR PN AT

ormed at the highest and lowest operating

ratures shall be added to ensure that no two adjacent
rt. Continuous and semi-continuous furnace traverse
uction. At least ten test specimens shall be processed at each

1R B A K T-300°F 5165 °C BN VE L A 1] f“r“jjélz;wlj AT . AR R IR
BT, 2D ANERE
3.5.12.3.4 Test specimens shall be taken from parts or raw material located at the extremes and center of the
load except for coils where test specimens shall be taken at both ends of the coil. Coil test samples shall be
tested at both edges and at the center of each specimen.

I e | I A 2 P ) 799 i DX ARE A5 AR IS AAASE 31 88 14 0 i AR v D 988 20 B AR BB o 282 P U0 e it N2 A
BEAME b AL oA R oA T I
3.5.12.4 Monthly Analysis of Property Survey Trends®i 3 #\b i A a4 #r
3.5.12.4.1 Properties of thermally processed specimens shall be analyzed by a statistical technique described
in ASTM MNLY or other recognized statistical process control reference work.

AR BARE L RE ROE L ASTM MNL7 B Al 22 N et R 12 1) 255 2 AE ik i e vh SR BEAT 20 Hr
3.5.12.4.2 If the trend of properties exhibits a shift outside of the known upper or lower control limits, no further
processing shall occur until the cause of the shift is determined and corrected. The requirements of Section 4
shall apply.

ISRk BE M Bt IUAE 0 3 ) PR BT BRZ AN A%, FEA 58 I 2 IE k8 SR R 2 A, ANHEATHE— DAL . N
T SATTHIER
3.5.13 TUS Sensor Failure Requirements TUS/% 8 &% & 7 5k
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3.5.13.1 TUS sensor or recording channel failure at the corner locations of a rectangle/square work zone or
periphery (top/bottom or front/back) locations of a cylindrical work zone is not permitted. A temporary condition
such as a short or loose connection where normal temperature indication is restored shall not be considered

as a failed TUS sensor.

AN FOAFHEIEL 7 T A X B4 (T 50/ 8 BT/ )RR T A X A va A B A TUSAR I as 5D s Il TE g . AER
IEHIR ARG OL S, 0% 3 R B mORA Bl 55 i I 175 0L AS LA 9 2R RO TUS % Jjk 2%
3.5.13.2 The failure of one or more TUS sensors at corner locations, any two adjacent TUS sensors, or a
number exceeding the requirements in Table 20 or 21 shall require corrective action to be taken and the TUS

repeated.

FVEALE K — DB AN TUSHE AR, AEEPI BRI TUSHE B, SO 22208021 25K s R 2R R
A IEfE ) AT HTUS
Table 20 - Allowable number of TUS sensor failures for TUSs performed <2000 F or <1093 C
7E<2000°F 8<1093°CHf, VK TUS 1828 i

Total Number of TUS Sensors

Allowable Number of TUS Sensor Failures

3t09 None

10 to 16 1 Cb
17 to 23 2 N\

24 10 39 3 A\

240 No more than 10% K Qj}

Table 21 - Allowable number of TUS sensor failures for TUSs ;%tformed 22000 F or 21093 C

RE=2000°F 8{=1093°C I, TUS 4% 8838 7 8 il v 3

Total Number of TUS Sensors

N
Allowable Nb@gq\ﬁf ’US Sensor Failures

V_ N

3to5 None ‘0’0‘
6t09 LA(\_

10to 16 =2 \\,-

17 to 23 (\\x&y‘

2410 39 /N

>40 A/‘//) v No more than 10%

3.5.14 TUS Pass/Fail Req

S /IRM TR

cceptabl

e if all previously described requirements are met including the

uir

3.5.14.1 ATUS shall be co% a
following 1 SR T A7 2 Al 4t i IR A /2, AFELL KR, MITUSR RNy R AT 52 1) 3.5.14.1.1 When
compiling and analyzing TUS temperature data, compensation for known correction factors for the TUS
sensors and TUS instrumentation shall have been applied algebraically.

FEGR PER BT TUSIR B BRI, X TUSAR ISR ATUSHCR W & A8 I N7 A7 ARk M2
3.5.14.1.2 Control, and recording sensor readings and corrected TUS sensor readings shall not have
exceeded the upper TUS tolerance at any time.

P, IEICFAL B BOIE 1E 1 TUSAR & 38 S8R AR AT I I #RAS R i ETUS A&
3.5.14.1.3 The time required to achieve TUS sensor temperature recovery, stabilization or a recurrent
temperature pattern shall not have exceeded the time limit specified in the applicable material or process

specification.

SEITUSH ARV | A28 A AT AR 2 75 0 I 1) AN e o FH Ak sl T Y o e TR R A1)
3.5.14.1.4 The TUS soak period shall not have been less than the minimum required time.

RIS TR AN R AR T B IR SR I 1]
3.5.14.1.5 The readings of all TUS sensors, control, or recording sensors shall have been within the
temperature tolerance requirements shown in Table 15 or 16 during the minimum TUS soak period except as

allowed by 3.5.13.
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FR3.5. 13 VF TR EE AL, BT A (GGRAL AR | $a il RS B0 s A% IR 28 I L A8UN A R 1 56 T/ (KR A 22 25K
i A
3.5.14.1.6 If any temperature overshoot occurred where the upper TUS tolerance was exceeded during the
approach period or the minimum TUS soak period, the temperature overshoot shall have been noted on the
TUS report and the TUS shall have been documented as a failed TUS.

0 SRAT AT I A A R A AR R I BRI L T R TR A A 2, R R R S AE TUSHIR vy B, R
TUSIER AR TUS.
3.5.14.1.7 If the TUS was not within the allowable tolerances of Table 15 or 16, the cause of the deviation shall
be determined and documented. The requirements of Section 4 apply.

IMEALEAAERISE R ARV A ZETE N, L E i 22 R R T Bt 3&E 241 I 2K .
3.5.14.1.8 For equipment surveyed at an extended periodic TUS interval, a TUS failure shall be cause for the
interval to revert to the normal periodic TUS interval specified in Table 15 or 16 until the required number of
consecutive successful periodic TUSs are completed.

X AR A BATUS I (8] 8] B P AT I S 1508, R B TUS# R, 0 A B TUS I 8] [ B ok ik 52 31 615
BR A6 HIE [ IEH B I TUSI (] [a] R, 721 76 BT 75 R IE 22 B ) A B TUS TCE .
3.5.14.1.9 If the corrective action for a failed TUS takes the form of implementjia modification offset, and if
the qualified operating temperature range exceeds 300 I or 165 C, a re-sa@% required where uniformity
is verified at the temperature extremes of the TUS range where the off \applied. TUS temperatures for
each range where offsets are applied shall not be more than 600 4 C apart.

W%XQ%WHBM%E%%%i%%Eﬁ%E,m%%%%fiwﬁﬁﬁﬁﬁmya,M%%E%WE,u
SO VI ot i £% B (1 TU S Bl A0 A sl B2 A 350 S0 1 M)ﬁﬁ%i E‘y’%fgl‘ﬂ B AN 19EEIL335°C .
3.5.15 Relocation of Hot or Cold Recording Sensors for T\‘% d C Instrumentation

ATIFNC RN R (1 AELA 1L T AR AR 1 T
3.5.15.1 When the hot and cold temperature Ioca@ange within the furnace based on the readings from
the most recent TUS, the hot and cold recordK s may need to be relocated to reflect the new hot and
cold locations within each qualified work X

AR v AR R Ao AR AR R T O T 3 SEARALINT, AT RE R B EE I B A AR AL AR, DU S
AR DX N T A A B
3.5.15.2 The hot and/or cold re % sors do not require relocation if either of the following conditions is
met i 2 LN AE— SR AN 10 3R A% SRR A AN 75 S R e AL
3.5.15.2.1 The temperature ity results do not exceed one half of the maximum temperature uniformity
tolerance for the applicable furhace class at all temperatures surveyed. The intent of this requirement condition
is that the TUS results do not exceed 1/2 of the uniformity tolerance in either the cold direction from the set
point temperature to evaluate the cold recording location and that the TUS results do not exceed 1/2 of the
uniformity tolerance in the hot direction from the set point temperature to evaluate the hot recording location.

The hot and cold locations are to be assessed individually.

FEFTAMNERET, RESIEERAESE NP R iR SIEAZR —F. IR HE, TUS
S5 ARV I b AN I AL E R B VPR V8 S i SRR B B I A ZE 10 112, JF B TUS S5 RAERTT [ EASEIE M
BOE R T Pm e AL B I SV A ZR 1720 XN XK 73 A BEAT VEAG .
Example: Furnace Class 2 £10 °F and the TUS results showed that both the hot and cold locations changed.
The TUS results were -4.0 °F to +5.5 °F. This means that the cold location does not need to be relocated, but
because the TUS results exceeded the half tolerance in the positive direction, the hot location does not pass
this test.
Bl 2 ZfP+10°F, TUS G R Bon im iz BAR A T84, TUS 458 5-4.0°F £+5.5°F. XEWHE R i B A
T EHEN, HHT TUS SR TIET M —FaZ, FithHamis & Am T .
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NOTE: A TUS modification offset may be used to center the TUS results to meet the above requirement for
both locations (see Figure 2).

HEE: FTUME TUS i2oue &k fEd TUS 4558, DUl & ER i My B ESR (WK 2) .

Set temperature ¥ & i J&

-5.0°F/-3.0°C -25°F/-15°C +2 5°Fi+1.5°C +50°F/+3.0°C

-10.0°F/-6.0°C -5.0°F/-3.0°C +5.0°F/+3.0°C +10.0°F/+6.0°C

-15.0°F/-8.0°C -71.5°FI-4.0°C +7.5°FI-4.0°C +15.0°F/+8.0°C

-20.0°F/-10.0°C || -10.0°F/-5.0°C +10.0°F/+5.0°C +20.0°F/+10.0C

-25.0°F/-14.0°C || -12 5°F.I—7A0‘C *12.5’F.I+7,0°C +25.0°F/+14.0C
: :

%2 Uniformity Limits

Uniformity Limits
Figure 2 - Hot/cold sensor relocation condition #1}%?‘\\1%,1‘%%%%1*%1*#Q%
3.5.15.2.2 The difference between the measured temperature at the c@xot and cold recording sensor
locations and the actual respective hottest and coldest measured i does not exceed the maximum
SAT difference for the applicable furnace class (see Tables 11 aﬁ&The intent of this requirement is that
the maximum and minimum TUS sensor readings during t.hng]iryte TUS soak, recorded and corrected by
the TUS recorder, are compared to the furnace recordin rrent hot and cold recording sensors at the
same time, and shall not exceed the applicable SAT dj e. See Figure 3.

HFTA AL RAR R B MBI 5 & B Ly foc 14 DN A7 FEL PO R TR FRE 2 T ) ZE A AN e e 3 P P

iR SAT ZE (LR 11 Mk 12). X—EK H1 TUS iE®GEFRIHBIE M TUS ALIREHRIE 30 708
IR B KA B /N, 5 AT RAD SR AT RN T AN AP TSR BB, AR IE A SAT ZfH. K

K 3.

New “corrected”
Cold during TUS
soak period

Current Furnace
Hot Recording

Current Furnace

< New “corrected”
Cold Recording .

Hot during TUS
soak period

New “corrected” Cold During TUS soak period ¥ 1™& IE“4E TUS &1 18] 1)

Current Furnace Cold Recording Rt ¥4 it 3¢

Current Furnace Hot Recording b #ifitid 5%

New “corrected” Hot During TUS soak period #f#"i& IE“7E TUS Hiii B 1] (1)

Current Furnace Cold Recording - New “corrected” Cold During TUS < Maximum SAT difference
AR IILR - TUS BIEAImHTEIE < Hok SAT %

Current Furnace Hot Recording - New “corrected” Hot During TUS < Maximum SAT difference
AP IE S - TUS BIlE#om B EIE < Fok SAT %

Compared at the point in time when the hot and cold corrected TUS temperature occurred
LB TE R AR IE TUS 555 2% A B BT ) e
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Figure 3 - Hot/cold sensor relocation condition #2 /)& 15 BRI &1
3.5.15.3 If the qualified operating temperature range exceeds 300 ‘T or 165 ‘C and the hot and/or cold
recording sensors are permanently positioned/fixed and need to be relocated, additional TUS temperatures
shall be performed to verify that the new locations are correct throughout the qualified operating temperature
range of the furnace.

R A AR IR VO B I 300°F 50165°C,  Jf H AAFN/BA 10 S AL B8 2 7k A B An/ B e 1), 75 B BB e,
W REPATEAP I TUSIREE ,  PLRGAIEAE AP T S R IR EEVE B A, B B AERA Y
3.5.15.4 If the hot and/or cold recording sensors are not permanently positioned/fixed, they can be relocated
without the above testing if there is a diagram of the required location where the hot and cold recording
sensors will be placed at each process temperature.

R B S AR AR AR AR AT EEE R, WRA M HRALEN RER, £ TERET, RHE
WA R BTBCEAE T TFALE, AT DAEA AT R AR 500 T EHE
3.5.16 TUS Results and Records TUS4: Al %
3.5.16.1 The results of the TUS shall be documented. At a minimum, the TUS documentation shall include
TUSHIZE RN gdsk. 2, TUSSCHR R HE:

a. Furnace identification name or number}* 7 4r iR & Fr 5k 4w 5

b. Identification of TUS as initial or periodicHfi & TUS A4 4k 55 & 31 14: 1) o QQ

c. TUS instrument unique identification number{3 M —i2 515

d. TUS sensor(s) batch or lot number TUSf% 2 341t 5 sk it =5 Qc)

e. TUS set point temperatures TUS ¥ € i /¥ o &

f. Control instrument tuning constants % #1{% i%lﬁfé%éﬁ(

g. TUS sensor calibration report TUS%’EX%&&/ETELio

h. TUS instrument calibration report {{ &K #EHR 4 .

i. TUS, control, and recording sensor location |@tlon required by the applicable instrumentation type

including a detailed diagram, description, or' ph(s) of any load, rack, or fixture used.

P, IO AR A AL B R T 5 1Y B, GIETEER, fik, R R AR, HLEE, 5
e BAEH

j. The atmosphere used j(%ﬁlﬂ@h%\l

k. Time and temperature dat corded sensors required for the instrument type for all qualified work
zones surveyed.

B A R A S & AR T P 75 B0 BT AT 10 3% A R IS ) AR i s
I. Correction factors for the TUS sensors and TUS instrument at each TUS temperature. The TUS instrument
correction factors shall be stated even when the correction factors have been electronically applied to the
TUS instrument to correct the TUS instrument temperature readings.

FUm N TUSHE RS MTUSHCGR IR IE 1 RIMEAZ IE R il i /107 N A T TUSHGR DMZ IETUS R
AR LA, N BB TUSIUCRZ IE R4
m. As-found and as-left correction and/or modification offsets if used during production.

WAEAE PR, R IR ZE A% IE AN/ B A8 e 72
n. Corrected or uncorrected (if documented) readings of all TUS sensors at each TUS temperature. TUS
readings shall be identified as corrected or uncorrected.

ERFANTUSIREE S, B TUSHE BRI IR BRI IE S (WA il 5%) e TUSTZE N AR IR N B IEEUAR B IE .
0. Load condition, i.e., empty, with a rack, or with a load #RZS, BIZSH, HALEEM, B 8k .
p. TUS start date and time (when temperature data collection began).

TUSTT 4k H RIS 18] (O 4 S A Tk it R i 1] ) o
g. TUS end date and time (when temperature data collection ended).

TUSZ TR H AN 18] (7 5 Kodfa R 58 45 R A Ta]) o
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r. The results of hottest and coldest TUS and furnace recording sensor relocation analysis for Type A and C
instrumentation, as applicable.

AR CRIAS R I e AN e I TUS AP L SRAL R BRS04 R, i

s. Traverse speed (s) or shaker frequency, and qualified work zone length for the TUS performed on

continuous and semi-continuous furnaces, as applicable.

SEH T BIR A AR, DLRAEIELL A EES P BT I TUS & # I TAE XK B (B HL T 78 ) -

t. TUS pass or fail statement TUS 3@ id/A5i8 i i) 75 B

u. When applicable, documentation of any control, recording, or TUS sensor failures.

W, ARfTEH] 0B TUSAR B H R i SO

v. Summary of the hottest and coldest corrected TUS readings at each test temperature during the minimum

soak period compared to the TUS requirement. For example, a TUS performed at 920 T" £10.0 °T' or 493 C

+ 6.0 °C. During the 30-minute soak period, the hottest corrected temperature is 923.4 °F or 495.2 ‘C and the

lowest corrected temperature is 918.8 I or 492.7 “C. The Summary would be -1.2 to +3.4 °T" or -0.3 to

+2.2 C.

HTUSZRAALE, 7E f AR I 18] Y AR I TR T S oM e v A2 IETUS BRI . it 72

920°F £10.0°F 5493°C+6.0° CI #HATHE A A . 7E3070 B IR LIIA], % S 1GaNG 2 v923.4°F 5495.2°C, ix

RIS IEWE9918.8°F 5i492.7°C. i ZH H-1.22+3.4F 5(-0.3%+2.2°C, Q

w. ldentification of the technician performing the TUS. \’

LEPATTUSIHEIAR N 51 . C_)

x. ldentification of the agency if TUS is not performed internallg\

ISR TUSIRA 16 P HAAT VBB 1 26 *

y. Approval of an authorized agent for the calibration d & ot performed internally.

X I HERLA) B 15 AUA R B AL AE (SR AN 2 N B AT

z. User quality organization approval ﬁHF‘F"TE@&

3.5.17 Radiation Survey# 5l &

When required by the applicable material & specmcatlon a radiation survey shall be performed as

follows 243& F # kL8 T 2 HIVu A R 177 AT 4 5 I 2

3.5.17.1 Where the heat source (e.g%ﬂi al elements or gas radiant tubes) is located in the furnace walls,

ceiling, or floor, and the heat s ither a direct line of sight to the work zone or is only separated from

the work zone by a single s al, a radiation survey shall be performed at the maximum operating
temperature used for alumi ing production. The radiation survey shall be performed initially and after
any equipment repair or modifitations, including furnace relocation, that could affect the radiation
characteristics of the heat source.

PR (B, BATTHFEUR AR B AT EE . PTHEUPRAR b, AR A BN TR, EA 5T
VEIX SRR — e & Fr, SRt I & LA B AR 7 1 AR v A8 FH B fs AR N 3EAT o 4RSI B N AR R & B 3 BB B
JEBEAT, BRI RIE, AT RE S RN PR R SR
3.5.17.2 The radiation survey sensor(s) shall be in addition to the required number of TUS sensors. The
radiation survey and the initial or periodic TUS may be performed simultaneously or separately.

SRS DN A R N AE A0 TR B I TUSHR IR AR 2 A 0 S I B R e R 391 ) TUS U 8 T DA JR] I B S kAT
3.5.17.3 The radiation survey sensors shall be peened into or welded onto the center of 6061 aluminum alloy
panels. The panels shall measure approximately 12 x 12 inches or 30 x 30 cm not more than 0.125 inch or 3.1
mm in nominal thickness. The panels shall have been heated in air to a temperature in the range of 970 to
1010 T £10.0 T or 520 to 545 C + 6.0 ‘C and air cooled prior to the first radiation survey. Soak time shall be
in accordance with the thickness requirements for the solution treatment as defined by the material or process
specification.

R S 00 A [ I TN BRARA 216061 85 15 AR H ot o THTAR BN BB 2912 x 12398~F BG30 x 30JE K, ANiéHid0.125
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JFEBAZK AT « (L5 — ERSHE AT, HRBAEZ TP A AE970%1010°F £10.0°F 55202
545°C+6.0°C HIIRBEVE I, FFAEZ P v dl. IR IR ] B2 55 AR T 298 A R 58 BV VR AL B T8 R R — 3.
3.5.17.4 The panels, one for each 10 ft2 or 0.93 m2 of furnace side wall, ceiling, and/or floor area where the
heat source is located, shall be distributed symmetrically, with the faces parallel to the furnace wall, ceiling,
and/or floor where the heat source is located, at the outer limits of the qualified work zone. Either side of the
panel(s) may face the heat source.

TS FTLCE B AP AN | AP ORI/ e B A 1 0~F- 77 2 )R ER0.93F- 77 K [ THI AR S R 43 A1, G 1T 5 U5t P £ 1) P BBE
B TGUR BRI AT LT AR AR XIS A o TR AT T — I #48 mT DA T X 24
3.5.17.5 For aluminum vacuum brazing equipment utilizing clamping fixtures, the panels shall be inserted into
the fixturing to replicate production.

i IR B AR A TR B, BOR EE4 N e B B A
3.5.17.5.1 The number, aluminum alloy, and size of panels may be adjusted to replicate production.

HRAEE, eSS TR, DUEHIA ™,
3.5.17.6 All radiation survey sensor readings shall meet the data collection requirements of 3.5.10.2, sensor
failure requirements of 3.5.13, and the TUS requirements of 3.5.14.

JITA 8 S D0 B A SRR B R A A2 3.5.10. 2 B R AR SR, 1 A2 3.5. 13 AU ML [ @NG = 223K, 5 /£3.5.14 I TUS
FK . Q
3.5.18 TUS Interval Deviationsig. & 3347 4l & [a] [ fw 2= ’\\,
3.5.18.1 The user is allowed to have thermal processing equipmegt d the allowable TUS interval,
including any extension days in Table 22, with the approval from&u applicable cognizant engineering or
quality organization. When the TUS is next performed, it s.h&ugud; all required temperatures of the initial
TUS and at the highest and lowest traverse speed for co and semi-continuous furnaces. The TUS
interval shall continue at the interval in use at the time gf @¢*last periodic TUS.

FI se RN T a5t e vr O TUSIANRE, Gy

BHL KA. T —REEATTUSH, MAEFEYIL PP T IR L, BLRGESE ) AN S (1 fie s AR AR D) 450
A . TUSIH] RS B4k S 5 Ja — N I TU QRS

NN

returned to service. The TUS in #hafl continue at the interval in use at the time the equipment was taken

“out of use/service”.
XTER22H TR — A

BN 2 BT B3EAT E HITUS.

3.6 Laboratory Furnaces Sz}

U1 SRR AT S 391 A 2 5 e 0945 L A8 R 55 RO PN st 4%, ML AE BT
S [1) P8 S SUE B8 . B 24 45 L A5 P /R 55 IF 6 456 P TR Bl

3.6.1 General Laboratory Furnace Requirementsif FH Sz46 4 55k
3.6.1.1 Laboratory furnaces shall be used for preparation of laboratory testing samples such as, but not limited
to, response to heat treatment testing in accordance with the material or process specification.
P T 2 S 06 = I BCRE R B SR AR T, s AEARNERT,  AREATARE I T 2 0 A A T 00 35 PR 0 1
3.6.1.2 A laboratory furnace shall not be used for thermal processing of any parts or raw material unless the
furnace meets all applicable requirements of this specification.
BRAESEI Y R A VS I A G ER, SIS TR TABUs AR in T
3.6.2 Laboratory furnace requirements when a load sensor is used F %5 fif 1% Ji 4% (1) 5206 b 3R .
a. Load sensors shall comply with 3.1.10 #fi7% B4 M 45 23.1.10,
b. Calibration of control and recording instruments shall be performed quarterly. Calibration shall meet the
requirements of Table 7 &Il F1ic kAR HORHE N B2 BRI T — IR o ASHE R AL R TIIEESR
c. The SAT shall be performed quarterly. The SAT difference shall meet the requirements of Table 11 or 12
for the lowest furnace class required by the material or process specification specified.
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SATRFZEEARLIE — IR . SATZEAH R 2 R 1B 2% 6 8 A kBT Z V8 e BB 20 i 2K o
d. After completion of a successful initial TUS plus two consecutive successful periodic quarterly TUS, the
TUS interval may be extended to semi-annually. The TUS results shall meet the requirements of Table 15 or
16. FEWIXTUSEH G FEL N X ETUS G5, TUSHRIE] RE N TA] 7] DUE K B4 — Ik . TUSHS RN 2 R
158 K16 ZLK

3.6.3 Laboratory furnace requirements when a load sensor is not used AN FH 471 4% B% I ) S2O6 =5 35K
a. Control and recording instrument calibration, SAT, and TUS shall be performed in accordance with the
instrument type and furnace class applicable for production equipment.

F2 IR AR P 48 08 FH GRS R b AT AR RS . SATHITUSH S S Flid 3% .
3.7 Recordsit 3

3.7.1 All records of sensor calibration, and instruments calibration, SAT, and TUS in addition to any calibration,
SAT, and TUS failures shall be available for inspection and shall be maintained for not less than 5 years.

BRETAACHE . SATHITUSIKRIGAL, Frf R Ianit . ACGRIHE. SATMTUSHII R ATk, JERIRAEA D
31545'30

3.8 Roundingf& %)

3.8.1 If used, rounding shall be applied in accordance with a documente&)&dure and used in a consistent
manner.

A, B B IR SO E AR P EEA T, LB iwiﬂ\e
3.8.2 Rounding to 0.1°F" or 0.1 °C in accordance with ASTM other equivalent international standards or
commercial software programs is acceptable. %

IRYEASTM E29HJHLAE , oA 55 R4 Y [ Bt o 35 7 ML 9 L
3.8.3 The rounding method built into commercial s rﬁtqpmgrams is also acceptable.

PRl T R AR P N B R IE L) T A R AT

3.8.4 All specified limits in this specification &

tolerance. K \\l
AFRIE H BT A R0 PR A2 A0 RS A R L B A ZE
3.8.5 Rounding shall only be appji final calibration or test result.
B IEAE H T e R A Bl

4 QUALITY ASSURANCE

lute and out of tolerance test data cannot be rounded into

IONSFRERIEFK

4.1 The user shall be responsible for the performance of all required calibration and tests and for conformance
to all applicable requirements specified herein. The purchaser reserves the right to witness calibration or tests
specified herein to ensure that processing conforms to applicable requirements, but such witnessing shall not
hinder any process within the facility.

TIN5 R AR T HEAT 4 0 B SR AR HE AN 1 A AT B A v A0 4 A0 K« 29877 IR B 00 A hn v E HOAE:
T RLAE S BOR],  PLERIE T 2R R & ME R R, HIX A& A W55 B A BRI A .

4.2 Third party (external) pyrometry service provider companies shall have a quality system accredited to
ISO/IEC 17025 from an ILAC (International Laboratory Accreditation Cooperation) recognized regional
cooperation body. The scope of accreditation shall include the laboratory standards and/or field service (for
testing and calibration activities), as applicable. This applies to third-party providers performing calibrations or
tests at the user’s site or in their own laboratory.

B0 (UMD i E R SR AR A | N A ISO/NEC 17025 AT 2R &, M ILAC (E PRzt = A
EAE) AT XIS VENUA « W\ RT S0 BN 45 38 F 1) S5 s AR AE A/ B Ik 5 (A TRl A Vg ) o X0
HFAEA P I EEH B OS2 5= AT R AE S i 58 =7 (7
4.3 When calibrations and/or tests defined herein are performed by the user’s personnel, the user shall have
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procedures for calibration and testing, as applicable, detailing the methods and practices for the determination
of the accuracy and measurements to minimize random errors. The user shall ensure the competence of
personnel who perform calibrations and/or tests, evaluate results, and approve test results and documentation.
Personnel who are undergoing training, shall be appropriately supervised. Personnel performing specific tasks
shall be qualified based on documented education, training, experience and/or demonstrated skills, as
applicable.

L AN AT AEF SRS, P SOz AR AR, WE R, EGE IR E R AN ) T
AR, DL R PR ML D BEALR 2 . 7 REB DR AT B AE A/ B . T Ak 45 2R DL S At it 5 SR AN SO 1)
NGRS BRI N AN RNE U0 E . SN, PATFRREES PN RN AT, S SCPHEMEE .
Hll. &P R RN .

4.4 Equipment that is affected by any calibration or test failing to meet applicable requirements, or that has
exceeded the allowable interval including any extension period defined in Table 22, shall be removed from
service (i.e., production shall not begin once the extension days expire).

TR A A 5 B0l FH R 52 B ) ek, BB 1 3% 22 RHLE I R VEIAIRE CRLFRARAT 12K 391D
P, BMIRSS H#B (BRI, —BHIEHH W, S-S .

Table 22 - Permitted calibration/test interval extension 17 1FH7#g¥

Allowable Extension®Be§o

it 1B 2 €
Date Due Calendar Days

Intervallf] [&

E’E?L@ﬂ HAI Fo VR AE S
Weekly43 A 2? !
Bi-weekly4F % J& ) \ 2
Monthly%: H & A y4 3
Bimonthly4# H .\\\' 3 3
Quarterlyf;Z= N\ v 4
4 MonthsP44~H - 0\;} 4
Semi-annually%2£4F - ‘\ 6
Annuallyf}4E (‘\\\\l’y 12
Any interval greater than annuallyﬁ?ﬁ%m% 12

4.5 As a result of any calibration

Y . . ;
&@ure, an evaluation of the possible effects of the failure on parts and
raw material processed since

ccessful corresponding calibration or test shall be performed.

FEAT R AE BRI R M, B, E AR I 2 i A 2R ) A A0 AR ANRE & 1 AT BESE M HEAT VA o
4.6 Appropriate corrective ac shall be in accordance with established material review procedures including
the action taken to return the calibration or test to the required level of compliance and actions taken to prevent
recurrence of the failure. The corrective action shall be documented and maintained on file.

KRB A TE 5 I B AT 5 ST HORPR R B R PP, B35 D A A B ik Pk 52 2 SR B 755 & 7T TR B i, DA A
NI L R P ORISR T o 21 TE A T ST BRSO A7 A
4.7 A conforming corresponding calibration or test shall be required and documented before returning the
equipment into service.

FEVCAG IR M FH 2 A, SEREAT 7 A LB SR AR B, R e A A .

4.8 When parts or raw material processing conditions deviate from material or process specification
requirements affected purchaser(s) shall be notified.

4 TAF BRI R BARES (i B AR B T 2T BRI, i 0 52 5 R 1) S 7

5 Preparation For Delivery3 55/ &

Not applicable A~i&
6 Acknowledgement ffjIA
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Not applicable A~i&

7 RejectionsBf
Not applicable A~i&
8 Notes;T#%

8.1 Revision Indicator

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical
revisions, not editorial changes, have been made to the previous issue of this document. An (R) symbol to the
left of the document title indicates a complete revision of the document, including technical revisions. Change
bars and (R) are not used in original publications, nor in documents that contain editorial changes only.

AL e AL AR B 2% (1) D 1 D5 A8 L 8 s AT R ST 1 HARAE B0 AN & S AS o 7 o« SO R A
MR 5 R I I ERABIT, AREHARBIT . HESRMR)NE R MG B P, AR & g 5 L
AR SRS A A

8.2 Both imperial units and Sl units are primary. Both Fahrenheit and Celsius temperatures are primary. Either

the imperial/Fahrenheit system may be used, or the Sl/Celsius system may be ysed.
SRt ER AL AN ] o B | A A o A PR AN 5% P LA g@fﬁﬁ FEHIMERIRE RS, 1B
Ay LA S IR &2 5t 5\\’

Prepared by SAE AMS B finishes processes and fluids committee C—)

HH SAE AMS B 52 il . Z IR ZE 5 2 % QJ
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