New NADCAP Requirements for Temperature Uniformity for Vacuum Heat
Treatment according to AMS 2750D
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In conjunction with constant technological development in the aerospace industry
field, the requirements set for equipment for heat treatment have increased, particularly in
the area of temperature uniformity precision, the repeatability of results, and the proper
archivization of results. Much attention is also being given to processes for facilitating
the attainment of the proper balance between advanced technologies and their economic
aspects. This places new demands in the coming years on the suppliers of vacuum
furnaces, and it creates the need to adapt furnace design to the changing requirements and
expectations of the market.

M A5 02 T U AR P NI R, ok A B 8 46 1) SR AR AR AR o, 4
T EI S NG B . PR EE RWTESIRE J DAGE A LA R g R R A7 T T . AT
R W AR EEOARIF AR e, MELAT BA BRI LB i il
ARG XA B R, G0 3 T B BSCIEAN i d R TEE, i )3 R A R A

B

The majority of world manufacturers and contractors operating in the aerospace
industry are associated with the international program Nadcap, which was begun in 1990
by the PRI (Performance Review Institute), an outgrowth of the SAE organization. This
program was designated initially as NADCAP, an acronym for National Aerospace and
Defense Contractors Accreditation Program. Currently, in order to lend the program an
international character, only the acronym Nadcap is used.
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Within the Nadcap framework, the primary manufacturers of aerospace equipment
aim toward technological development and increase the quality of products among their
contractors (subcontractors) by imposing strict process and procedures requirements.
The Nadcap development plan establishes the total elimination of unaccredited
contractors in this program over the course of the next few years. Growing number of
subcontractors worldwide stimulated by new production programs (e.g., the Airbus A380,
the Boeing 787 Dreamliner), requite adaptation of strict quality procedures.
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In the field of heat treatment, the program of annual Nadcap audits is based on
inspection list AC7102, prepared in compliance with the SAE AS7102 standard (National
Aerospace and Defense Contractors Accreditation Program -- REQUIREMENTS FOR
HEAT TREATING), which were developed in 1993 and were revised in 1995:
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AS7001 National Aerospace and Defense Contractors Accreditation Program
(NADCAP) - Program Description; (NADCAP)-F& /7 ik
AS7002 National Aerospace and Defense Contractors Accreditation Program
(NADCAP)- Rules for Implementation; (NADCAP)-$47 kK
AS7003 National Aerospace and Defense Contractors Accreditation Program
(NADCAP)- Program Operation; (NADCAP)-FLF#1k
AS7101 NADCAP-Requirements for Accreditation of Materials Test Laboratories;
NADCAP- KRR 5256 28 4% fF 1 25k
AS7102/1 NADCAP-Requirements for Heat Treating Accreditation
Programs-
Brazing Requirements;
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AMS 2750D Pyrometry;
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AMS2801 Heat Treatment, Titanium Alloy Parts;
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AMS 3025 Polyalkylene Glycol Heat Treatment Quenchant;
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ARP1820Chord Method of Evaluating Surface Microstructural Characteristics
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ARP1962 Certification of Heat Treating Personnel.
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Aerospace standard AS7102 defines requirements for contractors working toward
Nadcap accreditation in the field of Heat Treatment, issued according to the following
algorithm:
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Contractors who are seeking to acquire Nadcap accreditation develop internal
operating procedures based upon the recommendations of the AS7102 standard. These
recommendations cover:
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e development of internal Quality System procedures;
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¢ planning and inspection of Heat Treatment processes;
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e training and evaluation of personnel;
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e managing customer materials designated for heat treatment and
safeguarding them properly;
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e researching surface hardness, metallographic hardness, micro hardness,
and the like;
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e servicing, inspection, and maintenance of heat treatment furnaces.
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INTERNAL QUALITY SYSTEM PROCEDURES
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( PLANNING AND INSPECTION OF HEAT TREATMENT PROCESSES )

SEHRE P R ARl

| J

-
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INSPECTION AND MAINTENANCE OF HEAT TREATMENT FURNACES
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[ DETAILED REQUIREMENTS OF RELATED STANDARDS (AMS2750D) ]
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In the field related directly to heat treatment furnaces, requirements have
been defined primarily related to:
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. guaranteeing and documenting the precise heating speed,
the holding temperature and the cooling speed of heat-treated materials
or parts;
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. periodic inspection of temperature distribution (uniformity)
in the usable area of the furnace;
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. inspection of the accuracy of the measuring system
(temperature sensors, test tracks and reading, regulating and recording
equipment);
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. periodic calibration of testing equipment;
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. inspection of buildup (pressure increase) for vacuum
furnaces;
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. inspection of purity of cooling gas for vacuum furnaces
with gas cooling;
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. planning of periodic prevention reviews and their scope and
documentation.
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In the area of requirements related to the accuracy of temperature
regulation and uniformity, standard AMS2750 (Aerospace Material
Specification) is used most often. It was issued by SAE (Society of
Automotive Engineers) in 1980. The most recent revision AMS2750D
appeared in September, 2005. It introduces stricter requirements for
temperature measurement, inspection and recording equipment in furnaces
installed after September 2006.
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It is worth noting that a classification for furnaces was introduced in
the AMS2750D with regard to minimum requirements for temperature
uniformity in the work area:
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The equipment developed to date at standard +5°C was thus in class two. Thus,
furnace manufacturers are now faced with the obligation to meet the class 1 requirements
in their standard products.
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Photo. 1

Temperature distribution study
in accordance with the requirements
of standard AMS2750D.
Seco/Warwick  10.0VPT-4050/60HV
universal vacuum furnace with usable

area dimensions of
36"Wx32"Hx60’L
(900x800x1500mm.)
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In its revised version, standard AMS2750D imposes upon furnace users the duty of
periodically inspecting the accuracy of the temperature measuring system. The so-called
SAT (System Accuracy Test) tests are done with a frequency that depends upon the
furnace class and the type of measuring equipment used in it ("A" or "E"). In the case of
the vacuum furnace type classed as 2D, the SAT test should be performed weekly. End
users of vacuum furnaces from the aerospace industry are expecting a new design
solution in the area of measuring sensors, recording and thermocouple feedthroughs, in
order to optimizing this procedure.
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Photo. 2

Dual "'S" type thermocouple (Controlling and

Over-Temperature) adapted to the
requirements

of SAT inspection procedure in compliance
with AMS2750D.
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Photo 2 presents one of the solutions used in Seco/Warwick furnaces. The so-called
"nonresident™ SAT thermocouples may be inserted at any time, including during the
course of the production process into an impermeable thermo-well built into the
regulatory-safeguarding thermocouple in the illustration.
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The use of a tight cork safeguards the heating chamber of the furnace against
oxidization in the event of a mechanical failure of the thermo-well.
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Vacuum furnaces for materials or subassembly heat treatment utilized in the
aerospace industry should also meet the following general requirements [1]:
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e maximum vacuum (empty and cold furnace after degassing) in the range
of 10° Torr,
BRI RE CHEUE 23R i) 7 10° BTG

e working vacuum at a level of 10 - 10° Torr,
TAEESS: 10™ - 10°T/KF,

e high accuracy of regulation, and temperature uniformity during heating
and cooling,
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e heating capacity of furnace sufficient for heating the charge through the
range of temperatures of technological utilization with a speed of 20°C/min to
40°C/min for example.
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e cooling time of the charge from a temperature of 1100°C to 540°C, for
example, for the array of parts used in these industries, at a maximum level of 6
min, which is normally reached in furnaces with a cooling gas pressure of 1.5 bar
abs.
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e cooling of the charge with inert gas, most often argon (Ar), with a purity
of at

least 99.999%.
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In the figure inserted below, sample results of temperature uniformity researched in
compliance with AMS2750D are presented, during the segments of heating and holding
at a given temperature.
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The standard vacuum furnace for the aerospace industry yields results of approx.
+10°C in temperature uniformity during the course of heating and below +3°C during the
holding segment. The temperature stabilization time following the beginning of the
holding segment is approx. 5 min until the range of +5°C is reached and another 5 min.
until total temperature stabilization at a level below +3°C) is achieved. This feature is
especially important for a quality brazing processes.
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Heat-retentive alloys of nickel and cobalt, austenitic and martensite stainless
steels, and titanium alloys are use in the aerospace industry.
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For brazing processes, two furnace designs are currently offered: furnaces with
metal (shield) insulation or furnaces with insulation made up of graphite composites.
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' : I Photo. 3

Seco/Warwick type 6.0VP-
4050/48MHV vacuum furnace with 6 bar
cooling capability and all metal insulation
and moly heating elements.
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A typical feature of vacuum furnaces with metal insulation is somewhat higher heat
losses at a high temperature (for example1200°C heat losses are approx. 10-11 kW/m?)
in comparison to graphite chambers. After a certain period of utilization (depending
upon the "purity™ of heat treat processes), these losses increase to a level of up to 15-16
kW/m?. Such changes in heat losses over time means that it is significantly more difficult
to maintain the temperature uniformity and increases energy consumption during heat
treatment cycles. The design of heating zones, heating elements and for the manner of
placement of heating elements are of key significance to the technological properties of
these furnaces.

s br S I A m MR GRS B — N SO IR, R R
BURIHGR S 2 —28 (it 1200°CHER SR &K 10-11 kwWim?) o 2l — B
RIS (e THRACEIRFEN “igib” FLEE) XAMRRIEINE] 15-16 kW/m?
o B8 I ) A AT FAUR (R IR AR, RS A AL P 1 DR it 2 S 1
SEA AR NHER . RGN T B AE. BRI S X vt N n#va
TG, e R XA T HOR T RE A OCHE B R

The cost of a heating chamber with all metal insulation is higher than that of a
heating chamber with graphite insulation. Moreover, to ensure the certainty of obtaining
a temperature distribution over a long period of utilization, it is sometimes necessary to
use zone regulation, adding heating elements to the door and the back wall, will increase
the investment and utilization cost. ~ With the proper quality of materials for the
insulation wall, and properly selected vacuum pumps, graphite insulation likewise
ensures the level of the working vacuum at the level of 10 =+ 10° Torr and the maximum
vacuum of even at 10 Torr range.
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Graphite materials for constructing of the insulation and the heating elements play
an essential role. Properly constructed heating chamber graphite insulation is
characterized by a significantly lower level of heat loss compared to that of furnaces with
metal shield insulation. For the typical sizes of furnaces, heat loss is 6-7.5 kW/m? at
1200°C. In practice, the level of these losses does not change over the course of a 10-
year period of utilization of the furnace, which significantly differentiated this type of
insulation from metal shield insulation. For this reason, periodic certifications of
temperature distribution are just as accurate as in an initial test, and the requirements
relative to solutions in the area of managing heating zones are simplified.

A1 SRS G R R A BE RN TT A, AR T AR SR R oy . A EE
A ss bR AR B m BEAR LG, DUBMR A A 450 R O e o0 T R RGST (R
T, FEHHL 1200 FEEGE I HGERCE 6-7.5 KWimP. 2R By E T 10 4R, AL
BRI PR R, X fA 0 T m B AR o AL A S B R B il B 2 A O i
SRR RRIORG T A D SRR R 2ok

10



Photo. 4

Seco/Warwick 2.0VPT-4050/48HV
vacuum furnace with a graphite heating
chamber.
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In the design of Seco/Warwick vacuum
furnaces with graphite insulation, heating
chambers of a cylindrical configuration with
curve graphite heating elements are used

360° around the charge.
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The cylindrical hot zones provide better and more consistent temperature uniformity
over long period of time (according to AMS 2750D class 1 requirements) compare to
rectangular chambers with rod or tube heating elements especially after prolong usage.
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Moreover: J4k

o wide and light heating elements make it possible to heat the charge with

ver

g low surface loads [W/cm?]. Unlike the solutions with rod heating systems

generally in use in Europe, this ensures that the above-mentioned “close

connection” of the non-uniform approach of the temperature of the charge to the
holding temperature is attained, which is more often required in rapid heating
processes;
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e a very light heating system makes possible a high rate of heating and

coolin
of ?he charge, fulfilling the requirement for heating with speeds in the range of
of 40°C/min.
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e good access to the heating chamber area during loading in and loading out.
Work with additional charge thermo elements is also facilitated.
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e circular construction of the heating chamber is relatively stable during the

heating and cooling cycles over a period of long-term utilization of the
furnace.
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In conjunction with constant technological development in the aerospace
industry field, the requirements set for equipment for heat treatment have increased,
particularly in the area of temperature uniformity precision, the repeatability of results,
and the proper archivization of results. Much attention is also being given to
processes for facilitating the attainment of the proper balance between advanced
technologies and their economic aspects. This places new demands in the coming
years on the suppliers of vacuum furnaces, and it creates the need to adapt furnace
design to the changing requirements and expectations of the market.
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