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1. DESCRI PTI ON AND REQUI REMENTS:

1.

Engineering Standards &

SCOPE: This Standard defines the requirements for the type
and frequency of process nmonitors, |aboratory controls, and

i n-process inspections and tests to be perfornmed as part of the
ongoi ng operation of production heat treating equi pnment and the
mai nt enance of rel ated records.

This Standard is applicable to the foll owing Heat Treat Processes:

Car buri si ng/ Car boni tri di ng/ Carbon Correction

Neut ral Hardeni ng - At nosphere

Tenpering and Stress Relieving

Ni triding/Ntrocarburising

Anneal i ng/ Nor mal i si ng

Al um num Sol uti on Heat Treating/ Age Hardening
Brazi ng/ Si ntering

Salt Bath Heat Treating

[ nducti on and Fl ame Har deni ng/ Tenperi ng/ Anneal i ng

This Standard applies to all production and service parts.

For parts whose heat treat characteristics are not identified by any
of the above criteria, the mninumrequirenents for a specific type
and frequency of process nmonitor, |aboratory control, or inprocess

i nspection or test will be specified.

CAUTI ON:  APPROPRI ATE PRECAUTI ONS MUST BE TAKEN RELATI VE TO HEALTH
AND SAFETY AND ENVI RONMENTAL HAZARDS. FORD FACI LI TI ES SHALL CONTACT
THE APPROPRI ATE FORD MOTOR COVPANY HEALTH AND SAFETY AND

ENVI RONMENTAL ACTI VI TI ES FOR SPECI FI C | NFORVATI ON REGARDI NG SUCH
PRECAUTI ONS.

These monitoring and control tests are required to keep heat
treating processes and processi ng equi pnment under control to
produce parts that will meet Product Engineering requirenents and
functional tests. Regularly schedul ed mai ntenance as well as

equi prent operating responsibilities of the production operator are
not i ncl uded.

The enphasis on process control is to provide indications that the
process is stable or is drifting out of control or actually is out
of control before part quality is adversely affected. It is
expected that such process nonitoring will be of value in

mai nt ai ni ng process stability and in bringing a process back into
control.

The responsi bl e outside supplier or Company plant or division shall
consi der requirements for each individual part and deci de whet her
the m ni mumrequirenents of this general Standard is adequate or
whet her they shoul d prepare a nore specific or detailed |ocal
process control standard for the individual part.

Systems Engineering (ESSE)

Printed copies are uncontrolled.
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W-HTX

1.2

1.3

Engineering Standards &

Exceptions to this Standard and alternative plans for control of
heat treating processes may be used provided they afford adequate
protection of a process currently proven to be stable and capabl e,
and have the concurrence of the affected Ford Supplier Techni cal

Assi stant (STA) and/or Quality Planning Team and are docunented in a
control plan.

The objective of this Standard is to define the requirenents

and to encourage Best Practices which will assure a quality part as
wel | as pronoting continuous inprovenent relative to quality and
productivity.

The princi pal concerns which are addressed by this Standard
i ncl ude:

The heat treater nmust know the specification(s) to which the
parts are to be heat treated.

The processes used to heat treat the parts nmust be clearly
def i ned.

Al'l parts nust be heat treated to the defined process and
speci fication.

Moni toring of the process through the use of an approved control
pl an must be such to assure that the process is in control and is
being inmproved in order to mnimze variability as well as
mnimze the risk of out of specification parts.

Incom ng materials shall be specified and controlled in such a
manner to assure a product which can be heat treated with mni mum
part variability.

SPECI FI CATI ON OF REQUI REMENTS: The heat treater shall have an
Engi neering Drawing or a witten specification listing the

engi neering requirenments (e.g., inconmng material, case depth,
surface hardness, core hardness, etc.) of Ford parts processed.

PROCESS SPECI FI CATION:  The supplier shall establish a witten
process specification (conplete with a control plan) for all
processes used to heat treat parts supplied directly or indirectly
to the Ford Motor Company. The specification shall conpletely
descri be the process and the pertinent variables and specify the
princi pal operating paraneters (e.g., tenperature, cycle tine,
Carbon potential, etc.) and their acceptable ranges as part of the
programto assure that the parts neet the requirenments of the

Engi neeri ng Draw ng.
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1.4

1.5

1.6

1.7

Engineering Standards &

PROCESS AND QUALI TY CONTROLS: Included in this Standard are the
requi red checks, observations, and tests (including frequencies) to
be perforned to assure that the product is in conformance with the
i n-process and Engi neering Drawi ng requirenents.

Section 2 describes those requirenents relative to
Furnace Processes and Section 3 describes the sane requirenents
for both Induction and Fl anme Processes.

Sections 2.1 and 3.1 include detailed descriptions of the
process nmonitors which are normally done by production and/or
mai nt enance personnel, usually requiring nminiml testing
appar atus, and often involving visual observations of

noni t ori ng equi pnent.

Sections 2.5 and 3.5 cover the | aboratory controls which

normal |y require skilled operators and invol ve checks and tests
of a nore exact nature than those controls which are considered
to be process nonitors.

Sections 2.6 and 3.6 cover the tests and inspections to be
perfornmed on heat treated parts or test sanples.

An operations manual including energency, start-up, shutdown, and
general operating procedures should be readily available to the
producti on supervisors and operators. It should also include
process sheets, inspection sheets, control plan, trouble shooting
gui de, alerts, and other pertinent information needed by operating,
i nspection, and mai ntenance personnel. Rejects and scrap mnust be
nmonitored as to cause and quantity to assist in prioritizing
corrective action(s).

CONTROL PLAN: A witten control plan as outlined in the current
Ford Quality Standard is required for parts covered by this
St andar d.

STATI STI CAL METHODS: The heat treater nust denonstrate that the
equi prrent used for the Heat Treatnment process is under control
and denonstrate that the process produces parts which conply
with the print specifications.

CLEANLI NESS OF PARTS PRI CR TO HEAT TREAT: Parts nust be clean, free
of rust, burrs and chips, and free fromdetrinental amounts of

drawi ng, form ng and/or rust preventative oils and |ubricants prior
to heat treatnent.

These oils and lubricants nmay adversely affect the carbon potential
of the furnace atnosphere or may interfere with the carburising or
carbonitriding or quenching of the part. (Sulfur-containing oils
and |l ubricants nmay have a detrinental effect on furnace and fixture
life.)

Systems Engineering (ESSE)
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2. FURNACE PROCESSES:

2.1 PROCESS MONI TORING As used in this Standard, process nonitors are
t he observations, checks, and tests specified by Manufacturing
Engi neering, Plant Engineering, the Quality activity, and/or other
designated activity, to be perfornmed by inspectors, production
operators, breakdown or |ightup personnel, electricians, and/or
other skilled trades personnel, to assure heat treating conditions
are within process specifications and that the heat treating
equi prent is operating properly.

The follow ng are descriptions of the process nonitors incorporated
into this Standard. The process nmust be nonitored and the

data recorded. Process instructions, control plans, and/or process
sheets nmust be located in the departnment and avail able to the
responsi bl e operators, maintenance specialists, and/or other
designated individuals. Frequencies for perform ng certain of these
Process Monitors are specified in Section 4 of this Standard.

2.1.1 | NDI CATED TEMPERATURE: All tenperature controlling and
i ndi cating instrunments on furnaces, generators, and quench
systens shall be visually checked during the heat treat process
for conformance to the set tenperature of the process. On
instrunents with recording charts, the checker, at the tine of
the check, shall initial and date the face of the chart to
verify the check or shall log in the sane fashion as done with
non-recordi ng i nstrunents. On nonrecording instrunents, the
set tenmperature, indicated tenperature, tine, date, and
checkers initials shall be recorded in a | og book, data | ogger
or other record provided for that purpose.

In certain types of equipnent, such as continuous draw
furnaces, a fixed thernmocoupl e may be inadequate to detect
changes in heating pattern within the furnace chanber.

A traveling thernmocoupl e can be used to suppl enent fixed

t her nrocoupl es by providing a thermal profile.

The use of non-contact infrared thernonetry (in addition to
the conventional thernocouple) is recommended to nonitor the
tenmperature of the high heat zones of continuous furnaces.

Engineering Standards & Printed copies are uncontrolled.
Systems Engineering (ESSE) Page 9 of 34
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Continuous strip charts and/or data | oggers are required for
recording of tenperature data. Use of such charts permt
review of the tenperature history of a furnace/operation over
a period of time (e.g., a shift) to determne if there is
unexpect ed/ unwanted drifting or peaks/drops in tenperature.

Overtenperature and undertenperature (where applicable)
controls can serve to alert the operator to gross process
variations, can protect furnaces from damage and can prevent
parts from being overheated. To be nost effective, the
overtenperature limt should not be set nore than

approxi mately 25°C (50°F) over the process set tenperature.

STANDARDI SED TEMPERATURE CONTROLLER:  Al'l instruments w thout
built-in automatic sel f-conpensation or constant voltage supply
units nust be manual |y checked and bal anced daily against a
standard. This manual standardisation shall be recorded in a

| og book, data |ogger or other record provided for that

pur pose.

TEMPERATURE MEASUREMENT DEVI CES AND PROTECTI ON TUBES: There
shall be a schedul ed checki ng of tenperature neasurenent
devices and protection tubes on all heat treating furnaces,
molten salt baths and auxiliary equi prent (generators, etc.).
For detailed procedures, see Section 6.0.

MONI TOR OF THE FURNACE/ GENERATOR OF CARBON BEARI NG ATMOSPHERE:
Al'l carbon-bearing atnospheres for use in carburising,
carbonitriding, carbon correction, or neutral hardening
furnaces nmust be controlled and nonitored on a regular basis to
assure conformance with the specified carbon potential. This
shall be accomplished by one or nore of the foll ow ng nethods:

CQ Cont ent

Oxygen Partial Pressure

El ectrical Resistance of an Iron Test Wre
Compl ete Gas Anal ysis

Car bon Potenti al

Dew Poi nt (Not acceptable for parts designated

as Control Itens (N)
at the frequency specified in Section 4 of this Standard.
The accuracy of instruments nust be verified at a frequency

sufficient to denonstrate control. The date and tinme of the
verification shall be |logged in an appropriate record.

Systems Engineering (ESSE)
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For the processing of parts designated as Control Items (N)

usi ng reactive carbon bearing atnospheres, correlation nmust be
determ ned and denonstrated between the control variable and
the actual carbon potential of the furnace atnosphere.

For the processing of parts not designated as Control Itens

(N), a periodic check should be used to verify that the routine
monitor is providing accurate results.

Such correlation shall be initially determ ned and periodically
verified by neasurenent of carbon potential using shim stock,
carbon gradient bars, or other standard techni ques, as
identified in the control plan. The date and tine of the
verification shall be |logged in an appropriate record.

Correl ati on checks include the foll ow ng:

- Carbon Gradient Check: The carbon gradient of the heat
treating atnosphere and process shall be checked by the
met hod described in Ford Laboratory Method AA 10t 4 or
equi valent. The test bars shall be processed concurrent
Wi th production parts to deternine the carbon gradient.
Normal ly this check is used with processes devel opi ng
total case depths in excess of 0.4 nm (0.015 in).

- Carbon Shim Stock: The carbon potential of the heat
treating atnosphere can be checked by the nethod
described in Ford Laboratory Test Method AA 1013 or
equi val ent. Test pieces shall be located in the furnace
zone to be checked while production parts are being
processed. |If there is no diffusion cycle utilizing
a different carbon potential, the test pieces may be
processed with parts through the entire furnace cycle.

On at nosphere generators utilising a refrigerator, the
refrigerator tenperature nust be nonitored.

A program of routine furnace/ generator burnouts nust be
enpl oyed, especially when a unit is used for carburising or
carbonitriding.

NOTE: In some instances, the specified control system nmay not be
applicable to a particular furnace or gas generator. It is the heat
treater's responsibility to verify that the specified control wll
be effective with the unit in question. Wen equi prent design
prevents the nonitoring of inportant properties (such as atnosphere
quality) as specified, an alternative nethod nmay be used provided it
af fords equal protection and is included in the control plan which
has been revi ewed by the responsi ble Ford Supplier Technica

Assi stance (STA) O fice and/or Quality Planning Team

Printed copies are uncontrolled.
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Furnace conditions nmust be checked to assure positive interna
furnace pressure, to determ ne presence of air and gas |eaks
and to verify the condition of radiant tubes relative to burn

t hroughs and cracks. (The internal furnace pressure can be
verified by manoneter or by visual confirmation in the instance
of open retort or rotary retort furnaces.)

2.1.5 ATMOSPHERE FLOW RATE: All flowreters shall be nonitored for
proper flow (as per the process specification) and the readings
recorded

2.1.6 ATMOSPHERE PURG NG When the process for which a furnace is

being used is to be changed (for exanple: carburising to
neutral hardening) the correct furnace atnosphere required for
the new process nmust be fully devel oped within the furnace and
confirnmed by Q anal yzer, gas analysis, CQ, or resistance wire
bef ore production to the new process can be started.

To assure the atnosphere is free fromamonia, there shall be
an adequate purge period after using an ammoni a at nosphere
before a Ford order not specifying ammonia enrichment of the
at nosphere may be processed.

VWhen changi ng over a furnace fromone utilizing anmonia to one
in which no ammnia is to be used, the amonia supply |ine nust
be compl etely di sconnected fromthe furnace and the open ends
capped, to avoid any possibility of shut-off valve | eakage. An
alternative nmethod utilizing a valve arrangenent which wll

vent any ammonia froma | eaking valve to the air rather than to
the furnace may be enployed. Record action in a |og book, data
| ogger or other record. \Were applicable, quick disconnective
coupl i ngs designed for use with amonia may be utilized.

2.1.7 MONI TOR OF AN AMMONI A ENRI CHED ATMOSPHERE: Al l ammoni a
enri ched atnosphere furnaces nust be controlled and nonitored
on a regul ar basis to assure conformance with the specific
di ssoci ation rates through an anal ysis of percent dissociation
The date and tinme of the verification shall be | ogged in an
appropriate record, along with any necessary corrective
actions.

2.1.8 MONI TOR OF THE SALT BATH: All salt bath equi prent nust be
controlled and nonitored on a regular basis including the
tenperature-control system exhaust snoke fromthe conmbustion
chamber of fuel-fired furnaces, and bath activity through a
rapid performance test. The date and tinme of the verifications
shall be logged in an appropriate record, along with any
additions of fresh salt, water, and graphite cover material .

Engineering Standards & Printed copies a
Systems Engineering (ESSE)

re uncontrolled.
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CONDI TI ON OF QUENCH:

WATER SOLUBLE POLYMER QUENCHANT: The quench system shall be
checked to assure that quenchant tenperature, concentration,
suspended solids, pressure, and agitation adhere to the process
speci fication and the checks recorded.

WATER QUENCHANT: The quench system shall be checked to assure
t hat quenchant tenperature, suspended solids, pressure, and
agitation adhere to the process specification and the checks
recor ded.

SOLUBLE O L: The quench system shall be checked to assure that
guenchant tenperature, concentration, suspended solids,
pressure, and agitation adhere to the process specification
and the checks recorded.

A L: The quench system shall be checked to assure that
guenchant tenperature, agitation, and visual condition of the
oil adhere to the process specification and the checks

recor ded.

Flash and fire point checks of the quench oil are recomended
to saf eguard agai nst possible contam nation or dilution which
could create a fire hazard.

SALT BATH: Mblten salt systens shall be checked to assure that
agitation (if specified), time parts are in the salt (in the

i nstance of martenper and austenper operations), and salt
tenperature adhere to the process specification and the checks
recor ded.

BRI NE AND CAUSTIC. Brine and caustic quench systens shall be
checked to assure that agitation, quench tenperature, and
specific gravity adhere to the process specification and the
checks recorded.

The time and tenperature that parts are to remain in the quench
medi a nust be specified, nonitored and | ogged.

CAUTI ON: Special attention nust be given to assure that the
guenchant is used within the appropriate tenperature and
concentration ranges that are conpatible with the part/materi al
bei ng heat treated. Quenching characteristics of sone quenchants
can change significantly with relatively ninor changes in

t enperature or concentration.

NOTE: Records of quench condition shall be recorded in a | og book,
data | ogger, or other record provided for that purpose.

Printed copies are uncontrolled.
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2.4

NOTE: The listing of the mninmmlevel of controls for the various
guenchants shall not inply approval of a given quenchant for every
part which is specified to be heat treated.

NOTE: A high and |ow tenperature limt is required on quench
syst ens.

NOTE: Any additions to the quench system nust be recorded in a
| og book, data | ogger or other record provided for that purpose.

LOADI NG RATE AND CYCLE TIME: Furnace | oading rate/cycle tine shal
be specified and nonitored to assure thorough and uniform heati ng,
correct tine at tenperature, uniformexposure to atnosphere gas, and
uni f orm quenchi ng of the load. The |loading rates/cycle time as well
as the tine and date of the check and the checkers initials shall be
recorded in a | og book, data |ogger or other record provided for

t hat purpose.

A method such as event recorders which provide a record of
furnace pushes or cycles nmust be used to indicate problens
wi th delays in pushes or quenching, thereby alerting
responsi bl e personnel to possibly defective | oads.

On batch furnaces in which the load is not automatically quenched
there shall be a tiner and a warning systemto alert the operator
that it is time to quench the | oad.

On furnaces which have an integral quench system there shall be a
signal to alert the operator that a | oad or tray has been del ayed
bet ween the furnace chanber and the quench nedi a.

A maxi mum del ay time between the quench and tenper operations shal
be specified and nonitored in the control plan. Record action in a
| og book, data |ogger, or other record.

MATERI AL CONTROL: All production material nust be carefully
identified and controlled to assure that all process steps are
carried out in the correct sequence, that no operations are m ssed
and that simlar parts or heat treated and non-heat treated parts
are not m xed

Al'l containers used for transfer and/or transportation nust be
identified with part nunber and status (i.e., OK reject, hold, etc.
or as specified in plant procedures).

A program MJST be utilized in preventing shipnment of rejected stock
(or stock that is held for disposition). This may involve use of a
| ocked crib for the quarantine of parts. Rejects and scrap nust be
nmonitored as to cause and quantity to assist in prioritizing
corrective action(s). A witten record nust be provided as to stock
di sposition, through a | og book, show ng stock novenent with

di sposi ti on noted.

Engineering Standards & Printed copies are uncontrolled.
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Containers with heat treated parts shall not be placed in such
proximty to containers with non-heat treated parts that entire tubs
may m ss heat treatment or be doubl e heat treated.

Cl ose control of tubs/containers which are used to hold both
non-heat treated as well as heat treated stock is necessary to
mnimze the risk that a few parts may be left in the container
t hereby m ssing heat treat or being heat treated tw ce.

Material fromdifferent steel mll heats or nmetals which require

di fferent austenitizing, quenching, or tenpering times and/or
tenperatures SHALL NOT BE M XED OR PROCESSED TOGETHER t o ensure that
a given lot is processed as necessary to attain the specified

nmet al | urgi cal properties.

2.5 LABORATORY CONTROLS: As used in this Standard, |aboratory controls
are the checks or tests of a nore conplex nature, generally
specified by the Quality activity and usually performed by
| aboratory or quality activity personnel, to determ ne operating
condi ti ons and necessary corrections to maintain or achieve
specified operation conditions. These tests and checks generally
require specific test equipnent (such as carbon potential and
gradi ent, gas atnosphere analysis, etc.) and skilled operators.

For those laboratory controls performed within the heat treat
departnent, appropriate testing instructions nust be |located in the
area and must be available to the responsible individuals.

Refer to Section 4 of this Standard for the required frequency of
each laboratory control item

2.5.1 CONCENTRATI ON OF WATER SOLUBLE POLYMER QUENCHANTS:  Pol yner
guenchant systens shoul d be checked for concentration and
suspended solids and the results recorded. The use of
statistical control charts is recomended.

2.5.2 CLEANLI NESS OF WATER QUENCH SYSTEMS: The system shall be
checked for suspended solids and the results | ogged. Any
addi tives shall be nonitored and the results recorded to
preclude buildup to | evel s which may adversely affect the
guenchi ng properties of the water.

2.5.3 SOLUBLE O L QUENCHANTS: Sol uble oil quenchant systens shoul d
be checked for concentration and suspended solids and the
results recorded. The use of statistical control charts is
reconmmended only for concentration.

Engineering Standards & Printed copies are uncontrolled.
Systems Engineering (ESSE) Page 15 of 34



@ Manufacturing Standards
Sl __,_/ Ford Motor Company

199603 CONTROL OF HEAT TREATING PROCESSES W-HTX
AND AUXILIARY EQUIPMENT

2.5.4 CONDI TION OF QUENCH O L: Quench oil systens shall be checked
to determne their suitability for continued service. Check
the oil for water content, viscosity, and anmount of suspended
solids forned from oxidation and contam nation. Quenchability
checks using a quenchoneter or a hot wire test may be
substituted for the suspended solids and viscosity checks. The
results shall be recorded in a | og book, data | ogger or
compar abl e record.

Flash and fire point checks of the quench oil are recomended
to saf eguard agai nst possible contam nation or dilution which
could create a fire hazard.

2.5.5 SALT BATH ANALYSI S AND CONTAM NANTS: The salt baths shall be
checked for proper analysis (i.e. contam nants, nelting point,
etc.) and for any contam nants which nmay adversely affect bath
performance in accordance with the applicable specification.
The results shall be recorded in a | og book or conparable
record.

2.5.6 BRI NE AND CAUSTI C QUENCH SCOLUTI ONS: Brine and caustic quench
sol utions shall be checked for concentration and suspended
solids and the data | ogged. Recording of concentration |evels
on statistical control charts is recommended for concentration
and/ or specific gravity.

2.6 I N PROCESS TESTS: As used in this Standard, inprocess tests are
tests and inspections perforned on heat treated parts or test
sanples to evaluate the output of a heat treating process.

The followi ng are descriptions of the inprocess tests incorporated
into this Standard. The inprocess tests nmust be perfornmed and the
data recorded. Inspection and test instruction sheets for these
controls shall be located in the heat treat department or |aboratory
as appropriate and available to the responsi bl e individuals.

Refer to Section 4 of this Standard for the frequency and sanpl e
size for each in-process test.

2.6.1 M CROSTRUCTURE: Sampl es of heat treated parts shall be
exam ned under high magnification to assure that the
m crostructure confornms to Engi neering Drawi ng and/or process
requi rements. The m ni mum magni fication shall be 100X

Vi sual standards in the form of photom crographs are required
for use as an aid in exam ning mcrostructures. Record results
on a laboratory report or other record system

Engineering Standards & Printed copies are uncontrolled.
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2

3

HARDNESS: Checks shall be performed on parts after heat
treating to assure conformance to Engi neering Drawi ng or

i n-process specification requirenents and the results | ogged.
The heat treater shall maintain average and range or other
statistical charts as appropriate for hardness to detect trends
in the process and to serve as a quality record. File,
Rockwel I, or Brinell tests will be used as indicated on the
Engi neering Drawi ng. Accuracy of hardness testing machines
must be checked at |east daily by use of a standard block in
t he range of hardnesses being produced and the quality record
noted to that effect.

Har dness test equi pment shall be cleaned and calibrated at
| east annual |l y.

The hardness scal e specified on the Engi neering Drawi ng shall
be used unless the affected Product Engineering Ofice permts
the use of an alternative hardness scale and the change is
noted in the control plan. Surface hardness testing with files
(refer to SAE J864), where an indentation hardness test is not
speci fied and/or for purposes of corroboration, shall only be
used if authorized by the affected Ford Supplier Technical

Assi stance (STA) and/or Quality Planning Team

VWhen tenpering is done i mediately after the quenching
operation, the testing may be done after tenpering rather than
after both quenching and tenpering.

CASE DEPTH: Checks shall be nade for proper case depth as
specified by the Engi neering Drawi ng or inprocess specifica-
tion and the results |ogged. Case depth may be checked on
production parts or may be nade on representative test bars
provided correlation to production parts has been established.
Case depth records shall be maintained on averagerange or

other statistical charts as appropriate to detect trends in the
process and to serve as a quality record. Case depth shall be
checked as total or effective case depth as required by the
Engi neering Drawi ng or specification.

Systems Engineering (ESSE)

Printed copies are uncontrolled.

Page 17 of 34



@ Manufacturing Standards
Sl __,_/ Ford Motor Company

199603 CONTROL OF HEAT TREATING PROCESSES W-HTX
AND AUXILIARY EQUIPMENT

3. I NDUCTI ON AND FLAME PROCESSES

3.1 PROCESS MONI TORING As used in this Standard, process nonitors are
t he observations, checks, and tests specified by Manufacturing
Engi neering, Plant Engineering, the Quality activity, and/or other
designated activity, to be performed by the inspectors, production
operators, electricians, and/or other skilled trades personnel, to
assure heat treating conditions are within process specifications
and that the heat treating equi pment is operating properly. These
checks and tests are usually performed with mniml testing
apparatus and are frequently, visual observations.

The followi ng are descriptions of the process nonitors incorporated
into this Standard. The process nmust be nonitored and the

data recorded. Process instructions, control plans, and/or process
sheets nmust be located in the departnment and avail able to the
responsi bl e operators, maintenance specialists, and/or other
designated individuals. Frequencies for performng certain of
these Process Minitors are specified in Section 5 of this Standard.

3.1.1 HEATI NG PARAMETERS: All tenperature controlling (ref.
tenperature indication materials, optical pyroneters, etc.) and
indicating instrunments (ref. energy nonitors, kilowatt neters,
timers, etc.) on induction units shall be visually checked
during the heat treat process for conformance. On instrunents
with recording charts, the checker, at the time of the check
shall initial and date the face of the chart to verify the
check or shall log in the sanme fashion as done with
non-recordi ng i nstrunents. On nonrecording instrunents, the
set tenmperature, indicated tenperature, tine, date, and
checkers initials shall be recorded in a | og book, data | ogger
or record provided for that purpose.

3.1.2 ATMOSPHERE FLOW RATE: Fl ow rates/pressures of the gases (e.g.
acetyl ene, propane, nethyl acetyl ene propadi ene, nethane, and
oxygen) used in hardening shall be nonitored and the readings
recorded. The oxygento-fuel ratio shall also be nonitored and

recorded
3.2 CONDI TI ON OF QUENCH
3.2.1 WATER SOLUBLE POLYMER QUENCHANT: The quench system shall be

checked to assure that quenchant tenperature, concentration
suspended solids, pressure, and flow rate and pattern adhere to
the process specification and the checks recorded.

3.2.2 WATER QUENCHANT: The quench system shall be checked to assure
t hat quenchant tenperature, suspended solids, pressure, and
flow rate and pattern adhere to the process specification and
t he checks recorded.

Engineering Standards & Printed copies are uncontrolled.
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SOLUBLE O L: The quench system shall be checked to assure that
guenchant tenperature, concentration, suspended solids,
pressure, and flow rate and pattern adhere to the process

speci fication and the checks recorded.

A L: The quench system shall be checked to assure that
guenchant tenperature, agitation, and visual condition of the
oil adhere to the process specification and the checks

recor ded.

Flash and fire point checks of the quench oil are recomended
to saf eguard agai nst possible contam nation or dilution which
could create a fire hazard.

CAUTI ON: Special attention nust be given to assure that the
guenchant is used within the appropriate tenperature and
concentration ranges that are conpatible with the part/materi al
bei ng heat treated. Quenching characteristics of sone quenchants
can change significantly with relatively ninor changes in

t enperature or concentration.

NOTE: Records of quench condition shall be recorded in a | og book,
data | ogger, or other record provided for that purpose.

NOTE: The listing of the mninmmlevel of controls for the various
guenchants shall not inply approval of a given quenchant for every
part which is specified to be heat treated.

NOTE: A high and |ow tenperature limt is required on quench
syst ens.

NOTE: Any additions to the quench system nust be recorded in a
| og book, data |ogger, or other record provided for that purpose.

LOADI NG RATE AND CYCLE PARAMETERS: I nduction operations and fl ane
processi ng operations (hardening, tenpering, and annealing) shal
have a specified |oading rate and/or heating tinme and/or energy

i nput, quench time, and delay tinme (between heating and quenchi ng,
if applicable) which are to be nonitored where applicable. Energy
monitors nust be verified daily for proper operation, and the
results | ogged. These paraneters shall be checked and the results
appropriately |l ogged along with the tine and date of the check and
the checker's initials.

A maxi num del ay time between the quench and tenper operations shall
be specified and nonitored in the control plan, where applicable.
Record action in a | og book, data | ogger or other record.

Systems Engineering (ESSE)
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3.4

.1

MATERI AL CONTROL: Al l production material nust be carefully
identified and controlled to assure that all process steps are
carried out in the correct sequence, that no operations are m ssed
and that simlar parts or heat treated and nonheat treated parts
are not m xed.

Al'l containers used for transfer and/or transportation nust be
identified with part nunber and status (i.e., OK reject, hold, etc.
or as specified in plant procedures).

A program MJST be utilized in preventing shipnment of rejected stock
(or stock that is held for disposition). This may involve use of a
| ocked crib for the quarantine of parts. Rejects and scrap nust be
nmonitored as to cause and quantity to assist in prioritizing
corrective action(s). A witten record nust be provided as to stock
di sposition, through a | og book, show ng stock novenent with

di spositi on noted.

Containers with heat treated parts shall not be placed in such
proximty to containers with non-heat treated parts that entire tubs
may m ss heat treatment or be doubl e heat treated.

Cl ose control of tubs/containers which are used to hold both
non-heat treated as well as heat treated stock is necessary to
mnimze the risk that a few parts may be left in the container
t hereby m ssing heat treat or being heat treated tw ce.

Material fromdifferent steel mll heats or nmetals which require

di fferent austenitizing, quenching, or tenpering times and/or
tenperatures SHALL NOT BE M XED OR PROCESSED TOGETHER to ensure that
a given lot is processed as necessary to attain the specified

met al | urgi cal properties.

LABORATORY CONTROLS: As used in this Standard, |aboratory controls
are the checks or tests of a nore conplex nature, generally
specified by the Quality activity and usually performed by

| aboratory or quality activity personnel, to determ ne operating
condi ti ons and necessary corrections to maintain or achieve

speci fied operation conditions.

For those laboratory controls performed within the heat treat
departnent, appropriate testing instructions nust be located in the
area and must be available to the responsible individuals.

Refer to Section 5 of this Standard for the required frequency of
each laboratory control item

CONCENTRATI ON OF WATER SOLUBLE POLYMER QUENCHANTS:  Pol yner
guenchant systens shoul d be checked for concentration and
suspended solids and the results recorded. The use of
statistical control charts is recomended.

Engineering Standards & Printed copies are uncontrolled.
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3.5.2 CLEANLI NESS OF WATER QUENCH SYSTEMS: The system shall be
checked for suspended solids and the results | ogged. Any
addi tives shall be nonitored and the results recorded to
preclude buildup to levels which may adversely affect the
guenchi ng properties of the water.

3.5.3 SOLUBLE O L QUENCHANTS: Sol uble oil quenchant systens shoul d
be checked for concentration and suspended solids and the
results recorded. The use of statistical control charts is
reconmended only for concentration.

3.5.4 CONDI TION OF QUENCH O L: Quench oil systens shall be checked
to determne their suitability for continued service. Check
the oil for water content, viscosity, and anmount of suspended
solids forned from oxidation and contam nation. Quenchability
checks using a quenchoneter or a hot wire test may be
substituted for the suspended solids and viscosity checks. The
results shall be recorded in a | og book, data | ogger or
compar abl e record.

Flash and fire point checks of the quench oil are recomended
to saf eguard agai nst possible contam nation or dilution which
could create a fire hazard

3.6 I N PROCESS TESTS: As used in this Standard, inprocess tests are
tests and inspections perforned on heat treated parts or test
sanples to evaluate the output of a heat treating process

The followi ng are descriptions of the inprocess tests incorporated
into this Standard. The inprocess tests nmust be perfornmed and the
data recorded. Inspection and test instruction sheets for these
controls shall be located in the heat treat department or |aboratory
as appropriate and available to the responsi bl e individuals.

Refer to Section 5 of this Standard for the frequency and sanpl e
size for each in-process test.

3.6.1 M CROSTRUCTURE: Sampl es of heat treated parts shall be
exam ned under high magnification to assure that the
m crostructure confornms to Engi neering Draw ng and/or process
requi rements. The m ni mum magni fication shall be 100X

Vi sual standards in the form of photom crographs are required
for use as an aid in exam ning mcrostructures. Record results
on a laboratory report or other record system

Engineering Standards & Printed copies are uncontrolled.
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.2

.3

HARDNESS: Checks shall be performed on parts after heat
treating to assure conformance to Engi neering Drawi ng or

i n-process specification requirenents and the results | ogged.
The heat treater shall maintain average and range or other
statistical charts as appropriate for hardness to detect trends
in the process and to serve as a quality record. File,
Rockwel I, or Brinell tests will be used as indicated on the
Engi neering Drawi ng. Accuracy of hardness testing machines
nmust be checked at |east daily, by use of a standard block in
t he range of hardnesses being produced and the quality record
noted to that effect.

Har dness test equi pment shall be cleaned and calibrated at
| east annual |l y.

The hardness scal e specified on the Engi neering Drawi ng shall
be used unless the affected Product Engineering Ofice permts
the use of an alternative hardness scale and the change is
noted in the control plan. Surface hardness testing with files
(refer to SAE J864), where an indentation hardness test is not
speci fied and/or for purposes of corroboration, shall only be
used if authorized by the affected Ford Supplier Technical

Assi stance (STA) and/or Quality Planning Team

VWhen tenpering is done i mediately after the quenching
operation, the testing may be done after tenpering rather than
after both quenching and tenpering.

CASE DEPTH: Checks shall be nade for proper case depth as
specified by the Engi neering Drawi ng or inprocess specifica-
tion and the results | ogged. Case depth nust be checked on
production parts. Case depth records shall be maintained on
average-range or other statistical charts as appropriate to
detect trends in the process and to serve as a quality record.

| NDUCTI ON/ FLAME PATTERN:  The surface and cross secti onal
pattern shall be checked as required by the Engi neering Draw ng
or in-process specification.

Systems Engineering (ESSE)
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4, FREQUENCI ES FOR PROCESS MONI TORS, LABORATORY CONTROLS, AND I NPROCESS
TESTS FOR FURNACE PROCESSES:

ACTUAL FREQUENCI ES W LL BE DEVELOPED BY PROCESS DATA AND BECOVE PART OF
THE CONTROL PLAN.
Car buri si ng/ Carboni triding
Car bon Correction
Bat ch Cont i nuous
PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature
(Par. 2.1.1)
Moni tor of furnace atnosphere
(Par. 2.1.4, 2.1.5, 2.1.6)

Dew Point (only for non Control
Item parts), CQ, Carbon
Potential, etc.

Fl ow Rat e

Every 2 hrs & Every 2 hrs &
after any change after any change
Each batch & Twi ce/shift &
after any change after any change

Check condition of quench nedia Each shift Each shift
(Section 2.2)
Tenperature, Agitation, Visual
Condi tion, Time, etc.
Check tine in furnace, cycle tine Each batch Twi ce/shift &
or belt speed (Par. 2.3) after any change
Check | oad size or loading rate Each batch Twi ce/shift &
(Par. 2.3) after any change
LABORATORY CONTROL TEST FREQUENCI ES:
QJench Medi a (Section 2.5)
Pol ymer Quenchants (Par. 2.5.1)
Concentration Dai |y Dai |y
Suspended solids Sem annual Sem annual
Water (Par. 2.5.2)
Suspended solids Sem annual Sem annual
Soluble oil (Par. 2.5.3)
Concentration Dai |y Dai |y
Suspended solids Sem annual Sem annual
Gl (Par. 2.5.4)
Wat er content, suspended solids, Sem annual Sem annual
vi scosity and quenchability
Fl ash and Fire Points Sem annual Sem annual
Salt (Par. 2.5.5)
Anal ysi s & Contam nants Sem annual Sem annual
Brine or Caustic (Par. 2.5.6)
Concentration and/ or Specific Dai |y Dai |y
Gavity
Suspended solids Sem annual Sem annual
| N PROCESS TEST FREQUENCI ES:
M crostructure (Par. 2.6.1) Mont hl'y Mont hl'y
Surface hardness (Par. 2.6.2) Each batch Twi ce/ shift
Core hardness (Par. 2.6.2) Each bat ch/ W5 Twi ce/ shift/Ws
Case depth (Par. 2.6.3) Each batch Twi ce/ shift

Engineering Standards &
Systems Engineering (ESSE)
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PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature

(Par. 2.1.1)

Moni tor of furnace atnosphere

(Par. 2.1.4, 2.1.5, 2.1.6)

Dew point (only for non Control
Item parts), CQ, Carbon
Potential, etc.

Fl ow Rat e

Check condition of quench nedia

(Section 2.2)
Tenperature, Agitation, Visual
Condi tion, Time, etc.

Check tine in furnace, cycle tine

or belt speed (Par. 2.3)

Check | oad size or loading rate

LABORATORY CONTROL TEST FREQUENCI ES:

(Par. 2.3)

QJench Medi a (Section 2.5)

Pol ymer Quenchants (Par. 2.5.1)

Concentration

Suspended solids

Water (Par. 2.5.2)

Suspended solids

Soluble oil (Par. 2.5.3)

Concentration

Suspended solids

Gl (Par. 2.5.4)

Water content, suspended solids,

vi scosity and quenchability

Fl ash and Fire Points

Salt (Par. 2.5.5)

Anal ysi s & Contam nants

Brine or Caustic (Par. 2.5.6)

Concentration and/ or Specific
Gavity

Suspended solids

N PROCESS TEST FREQUENCI ES:

M crostructure (Par. 2.6.1)
Surface hardness (Par. 2.6.2)
Core hardness (Par. 2.6.2)
Case depth (Par. 2.6.3)

Engineering Standards &
Systems Engineering (ESSE)

Neut ral Har deni ng At nospher e

Bat ch

Every 2 hrs &
after any change

Each batch &
after any change

Each shift

Each batch

Each batch

Dai |y
Sem annual

N A

Dai |y
Sem annual

Sem annual
Sem annual
Sem annual
Dai |y

Sem annual
Mont hl 'y
Each batch

Each bat ch/ W5
Each bat ch/ W5

Cont i nuous

Every 2 hrs &
after any change

Twi ce/shift &
after any change

Each shift

Twi ce/shift &
after any change
Twi ce/shift &
after any change

Dai |y
Sem annual

N A

Dai |y
Sem annual

Sem annual
Sem annual
Sem annual
Dai ly

Sem annual
Mont hl'y

Twi ce/ shift

Twi cel/ shift/ W5
Twi cel/ shi ft/Ws
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Tenpering & Stress Relieving

Bat ch
PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature Every 2 hrs &
(Par. 2.1.1) after any change
Moni tor of furnace atnosphere N A
(Par. 2.1.4, 2.1.5, 2.1.6)
Dew poi nt (only for non Contr ol
Item parts), CQ, Carbon
Potential, etc.
Fl ow Rat e
Check condition of quench nedia N A
(Section 2.2)
Tenperature, Agitation, Visual
Condi tion, Time, etc.
Check tine in furnace, cycle tine Each batch
or belt speed (Par. 2.3)
Check | oad size or loading rate Each batch
(Par. 2.3)
LABORATORY CONTROL TEST FREQUENCI ES:
QJench Medi a (Section 2.5)
Pol ymer Quenchants (Par. 2.5.1)
Concentration N A
Suspended solids N A
Water (Par. 2.5.2)
Suspended solids N A
Soluble oil (Par. 2.5.3)
Concentration N A
Suspended solids N A
Gl (Par. 2.5.4)
Wat er content, suspended solids, N A
vi scosity and quenchability
Fire and Fl ash Points N A
Salt (Par. 2.5.5)
Anal ysi s & Contam nants N A
Brine or Caustic (Par. 2.5.6)
Concentration and/ or Specific N A
Gavity
Suspended solids N A
| N PROCESS TEST FREQUENCI ES:
M crostructure (Par. 2.6.1) Mont hl'y
Surface hardness (Par. 2.6.2) Each bat ch/ W5
Core hardness (Par. 2.6.2) Each bat ch/ W5
Case depth (Par. 2.6.3) Each bat ch/ W5

Engineering Standards &
Systems Engineering (ESSE)

Cont i nuous
Every 2 hrs &
after any change

N A

N A

Twi ce/shift &
after any change
Twi ce/shift &
after any change

N A
N A

N A

N A
N A

N A
N A
N A
N A
N A
Mont hl'y
Twi ce/ shift/Ws

Twi ce/ shift/Ws
Twi cel/ shift/ W5
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PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature

(Par. 2.1.1)
Moni tor of nitrogen enriched atnos
phere (Par. 2.1.7)

Per cent dissoci ation
Check condition of quench nedia
(Section 2.2)
Tenperature, Agitation,
Condi tion, Time, etc.
Check tine in furnace, cycle tine
or belt speed (Par. 2.3)
Check | oad size or loading rate
(Par. 2.3)

Vi sua

LABORATORY CONTROL TEST FREQUENCI ES:

Cpench Medi a (Section 2.5)
Pol ymer Quenchants (Par.
Concentration
Suspended solids

2.5.1)

Water (Par. 2.5.2)
Suspended solids
Soluble oil (Par. 2.5.3)

Concentration

Suspended solids

Gl (Par. 2.5.4)

Wat er content, suspended solids,

vi scosity and quenchability

Fire and Fl ash Points

Salt (Par. 2.5.5)

Anal ysi s & Contam nants

Brine or Caustic (Par. 2.5.6)

Concentration and/ or Specific
Gavity

Suspended solids

| N PROCESS TEST FREQUENCI ES
M crostructure (Par. 2.6.1)
Surface hardness (Par. 2.6.2)
Core hardness (Par. 2.6.2)
Case depth (Par. 2.6.3)

Engineering Standards &
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Ni triding/Ntrocarburising
Bat ch Cont i nuous

Every 2 hrs &
after any change
Each batch &
after any change

Every 2 hrs &

Twi ce/ shift &

N A N A

Each batch Twi ce/shift &

after any change

Each batch Twi ce/shift &
after any change
N A N A
N A N A
N A N A
N A N A
N A N A
N A N A
N A N A
N A N A
N A N A
N A N A
Mont hl 'y Mont hl y
Each batch Twi ce/ shift
Each bat ch/ W& Twi ce/ shift/ W5
Each batch Twi ce/ shift

after any change

after any change
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Anneal i ng/ Nor mal i si ng

Bat ch
PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature Every 2 hrs &
(Par. 2.1.1) after any change
Moni tor of furnace atnosphere Each batch &
(Par. 2.1.4, 2.1.5, 2.1.6) after any

Dew point (only for non Control change/ WA
Item parts), CQ, Carbon
Potential, etc.

Fl ow Rat e

Check condition of quench nedia N A
(Section 2.2)

Tenperature, Agitation, Visual

Condi tion, Time, etc.

Check tine in furnace, cycle tine Each batch
or belt speed (Par. 2.3)

Check | oad size or loading rate Each batch
(Par. 2.3)

LABORATORY CONTROL TEST FREQUENCI ES:
QJench Medi a (Section 2.5)
Pol ymer Quenchants (Par. 2.5.1)

Concentration N A
Suspended solids N A
Water (Par. 2.5.2)
Suspended solids N A
Soluble oil (Par. 2.5.3)
Concentration N A
Suspended solids N A
Gl (Par. 2.5.4)
Wat er content, suspended solids, N A
vi scosity and quenchability
Fire and Fl ash Points N A
Salt (Par. 2.5.5)
Anal ysi s & Contam nants N A
Brine or Caustic (Par 2.5.6)
Concentration and/ or Specific N A
Gavity
Suspended solids N A
| N PROCESS TEST FREQUENCI ES:
M crostructure (Par. 2.6.1) Mont hl'y
Surface hardness (Par. 2.6.2) Each bat ch/ W5
Core hardness (Par. 2.6.2) Each bat ch/ W5
Case depth (Par. 2.6.3) N A

Engineering Standards &
Systems Engineering (ESSE)

Cont i nuous

Every 2 hrs &
after any change
Twi ce/shift &

after any
change/ WA

N A

Twi ce/shift &
after any change
Twi ce/shift &
after any change

N A
N A

N A

N A
N A

N A
N A
N A
N A

N A

Mont hl'y
Twi ce/ shift/ W5
Twi ce/ shift/ W5

N A
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Al um num Al | oy Casti ngs
Sol ution Heat Treating/ Age Hardeni ng

PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature
(Par. 2.1.1)
Moni tor of furnace atnosphere
(Par. 2.1.4, 2.1.5, 2.1.6)
Dew Point (only for non Control

Item parts), CQ, Carbon
Potential, etc.
Fl ow Rat e

Check condition of quench nedia

(Section 2.2)
Tenperature, Agitation, Visual

Condi tion, Time, etc.

Check tine in furnace, cycle tine
or belt speed (Par. 2.3)

Check | oad size or loading rate
(Par. 2.3)

LABORATORY CONTROL TEST FREQUENCI ES:

Cpench Medi a (Section 2.5)
Pol ymer Quenchants (Par.
Concentration
Suspended solids
Water (Par. 2.5.2)
Suspended solids
Sol uble oil (Par.
Concentration
Suspended solids
Gl (Par. 2.5.4)
Wat er content,
vi scosity and quenchability
Fl ash and Fire Points
Salt (Par. 2.5.5)

Anal ysi s & Contam nants

Brine or Caustic (Par. 2.5.6)

Concentration and/ or Specific
Gavity

Suspended solids

2.5.1)

2.5.3)

| N PROCESS TEST FREQUENCI ES:
M crostructure (Par. 2.6.1)
Surface hardness (Par. 2.6.2)
Core hardness (Par. 2.6.2)
Case depth (Par. 2.6.3)

Engineering Standards &
Systems Engineering (ESSE)

suspended sol i ds,

Bat ch

Every 2 hrs &

after any change

Each batch &

after any change

Each shift/WA

Each batch

Each batch

Dai | y/ WA
Sem annual / WA

Sem annual / WA

N A
N A

N A
Sem annual / WA
N A
N A
N A
Mont hl'y
Each batch

Each bat ch/ W5
N A

Cont i nuous

Every 2 hrs &
after any change
Twi ce/shift &
after any change

Each shift/ WA

Twi ce/shift &
after any change
Twi ce/shift &
after any change

Dai | y/ WA
Sem annual / WA

Sem annual / WA

N A
N A

N A
Sem annual / WA
N A
N A
N A
Mont hl'y
Twi ce/ shift

Twi ce/ shift/Ws
N A
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Brazi ng/ Si ntering

PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature
(Par. 2.1.1)

Moni tor of furnace atnosphere

(Par. 2.1.4, 2.1.5, 2.1.6)

Dew point (only for non Control
Item parts), CQ, Carbon
Potential ,etc.

Fl ow Rat e

Check condition of quench nedia
(Section 2.2)

Tenperature, Agitation, Visual
Condi tion, Time, etc.
Check tine in furnace, cycle tine

or belt speed (Par. 2.3)
Check | oad size or loading rate
(Par. 2.3)

LABORATORY CONTROL TEST FREQUENCI ES:

Cpench Medi a (Section 2.5)
Pol ymer Quenchants (Par.
Concentration
Suspended solids

2.5.1)

Water (Par. 2.5.2)
Suspended solids
Soluble oil (Par. 2.5.3)

Concentration
Suspended solids
Gl (Par. 2.5.4)
Wat er content,
vi scosity and quenchability
Fire and Fl ash Points

Salt (Par. 2.5.5)

Anal ysi s & Contam nants

Brine or Caustic (Par. 2.5.6)

Concentration and/ or Specific
Gavity

Suspended solids

I N PROCESS TEST FREQUENCI ES:

M crostructure (Par. 2.6.1)
Surface hardness (Par. 2.6.2)
Core hardness (Par. 2.6.2)

Case depth (Par. 2.6.3)

Engineering Standards &
Systems Engineering (ESSE)

suspended sol i ds,

Bat ch

Every 2 hrs &
after any change

Each batch &
after any
change/ WA

N A

Each batch

Each batch

Dai | y/ WA
Sem annual / WA

Sem annual / WA

Dai | y/ WA
Sem annual / WA

Sem annual / WA
Sem annual / WA
Sem annual / WA
Dai | y/ WA

Sem annual / WA

Mont hl y/ WA

Each bat ch/ W&

Each bat ch/ W5
N A

Cont i nuous

Every 2 hrs &
after any change

Twi ce/shift &
after any
change/ WA

N A

Twi ce/shift &
after any change
Twi ce/shift &
after any change

Dai | y/ WA
Sem annual / WA

Sem annual / WA

Dai | y/ WA
Sem annual / WA

Sem annual / WA
Sem annual / WA
Sem annual / WA
Dai | y/ WA

Sem annual / WA

Mont hl y/ WA
Twi ce/ shift/ W5
Twi ce/ shift/ W5
N A
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Salt Bath Heat Treating

PROCESS MONI TOR TEST FREQUENCI ES:
Check indicated tenperature
(Par. 2.1.1)

Monitor of salt bath (Par. 2.1.8)
Bath activity, exhaust snoke analysis, etc.
Check condition of quench nedia (Section 2.2)
Tenperature, Agitation, Visual
Condition, Time, etc
Check tine in furnace, cycle tine
or belt speed (Par. 2.3)
Check | oad size or loading rate (Par. 2.3)

LABORATORY CONTROL TEST FREQUENCI ES
Cpench Medi a (Section 2.5)
Pol ymer Quenchants (Par. 2.5.1)
Concentration
Suspended solids
Water (Par. 2.5.2)
Suspended solids
Soluble oil (Par. 2.5.3)
Concentration
Suspended solids
Gl (Par. 2.5.4)
Wat er content, suspended solids,
vi scosity and quenchability
Fl ash and Fire Points
Salt (Par. 2.5.5)
Anal ysi s & Contam nants
Brine or Caustic (Par. 2.5.6)
Concentration and/or Specific Gravity
Suspended solids

| N PROCESS TEST FREQUENCI ES:
M crostructure (Par. 2.6.1)
Surface hardness (Par. 2.6.2)
Core hardness (Par. 2.6.2)
Case depth (Par. 2.6.3)

N A - Not Applicable
WA - \When Applicable
W5 - Wen Specified

Engineering Standards &
Systems Engineering (ESSE)

Bat ch

Every 2 hrs &

after any change

Every batch &

after any change

Each shift

Each batch

Each batch

Dai | y/ WA
Sem annual / WA

Sem annual / WA

Dai | y/ WA
Sem annual / WA

Sem annual / WA
Sem annual / WA
Sem annual / WA

Dai | y/ WA
Sem annual / WA

Mont hl'y

Each bat ch/ W&
Each bat ch/ W&
Each bat ch/ W&
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5. FREQUENCI ES FOR PROCESS MONI TORS, LABORATORY CONTROLS, AND I NPROCESS
TESTS FOR | NDUCTI ON AND FLAME PROCESSES:

ACTUAL FREQUENCI ES W LL BE DEVELOPED BY PROCESS DATA AND BECOMVE PART OF
THE CONTRCL PLAN.

I nduction and Fl ame Operations
Har deni ng/ Tenper i ng/ Anneal i ng

PROCESS MONI TOR TEST FREQUENCI ES:
Check heating parameters (Par. 3.1.1) Twi ce/shift & after any change

Moni t or of atnosphere (Par. 3.1.2) Each shift & after any change/ WA
Check condition of quench nedia Each shift & after any change
(Section 3.2)

Energy Monitor Verification Each shift & after any change

LABORATORY CONTROL TEST FREQUENCI ES:
QJench Medi a (Section 3.5)
Pol ymer Quenchants (Par. 3.5.1)

Concentration Dai |y
Suspended solids Sem annual
Water (Par. 3.5.2)

Suspended sol i ds Sem annual
Soluble oil (Par. 3.5.3)

Concentration Dai |y
Suspended solids Sem annual
Gl (Par. 3.5.4)

Wat er content, suspended solids, Sem annual
vi scosity and quenchability

Fire and Fl ash Points Sem annual

I N- PROCESS TEST FREQUENCI ES:

M crostructure (Par. 3.6.1) Mont hl y/ WA

Surface Hardness(Par. 3.6.2) Twi ce/shift & after any change/ W5
Core Hardness (Par. 3.6.2) Twi ce/shift & after any change/ W5
Case depth (Par. 3.6.3) Twi ce/shift & after any change/ W5

I nduction/Flame pattern (Par. 3.6.4) Twi ce/shift & after any change/ W5

N A - Not Applicable
WA - \When Applicable
W5 - Wen Specified
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6. THERMOCOUPLE, TEMPERATURE | NSTRUMENTATI ON, AND PROTECTI ON TUBE CHECKI NG
AND REPLACEMENT PROCEDURE:

6.1 GENERAL: Ther nocoupl es which are exposed to high tenperature in
various environments are subject to change in their original
characteristics. These changes cause erroneous tenperatures to be
i ndi cated by pyronetric instrunments to which the thernocouples are
connected, thus causing | oss of process control.

Rapi d deterioration of thernocouple accuracy may sonetines be traced
to a defective (leaking) protection tube, or to contam nating

mat eri al which has been accidentally introduced into the tube or
carried in on the thernocouple itself.

Good heat treating control practice, therefore, requires regularly
schedul ed checki ng of both thernocoupl es and tubes in all heat
treating furnaces and auxiliary equi pnment (gas generators, etc.).

6.2 SCOPE: This procedure describes the practices and frequency of
checki ng of thernocouples and protection tubes according to the
foll owi ng equi pment categories:

a) Heat Treat Furnaces and Rel ated Equi pnent such as At nosphere
Gener at or s.
b) Mdlten Salt Baths used in Heat Treating Operations.

Al ternative plans for the assurance of thernocouple and instrunent

accuracy may be used provided they afford protection at |east equal
to this plan and have the concurrence of the affected Ford Supplier
Techni cal Assistance (STA) and/or the Quality Planning Team and are
docunented in a control plan.

6.3 EQUI PMENT FOR CHECKI NG SERVI CE THERMOCOUPLES:  Equi pnent used for
checki ng consists of a suitable verification instrunment, test
t her mocoupl es and so-called "primary standard" reference
t her mrocoupl es as descri bed bel ow

6.3.1 VERI FI CATI ON | NSTRUVENT: The verification instrunent shall be
calibrated and certified annually and shall be traceable to the
rel evant National/International Standards.

6.3.2 PRI MARY STANDARD THERMOCOUPLES: These are certified
t her mrocoupl es of precisely known calibration for specific
tenperatures and should be traceable to a Bureau of Standards
calibration. They should be confined to the | aboratory and
used only for calibration of test thernmocoupl es.

6.3.3 TEST THERMOCOUPLES: These are the working "standard”
t her mocoupl es used in checking those in service on the furnaces
or auxiliary equi pment. Such test thernocouples nmust be
honbgeneous and uncont am nated so that tenperature- e.mf.
rel ati onships are reliable.

Engineering Standards & Printed copies are uncontrolled.
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SOURCES FOR TEST THERMOCOUPLES: Test thernocoupl es may be
made by the user from new thernocouple wire properly matched,
but nust first be qualified against a primary standard and
tagged with the deviation prior to use. (Qualification should
be made at the approxi mate tenperatures at which the test

t hermocouple will be checking heat treating equipnent.

If a heat treating source does not have equi pnment and
techni que for preparing its own test thernocouples as
descri bed above, certified, calibrated and tagged

t hermocoupl es are available fromreliable suppliers of
pyronetric equi pnent.

RULES OF PROCEDURE | N CHECKI NG SERVI CE THERMOCOUPLES AND TEMPERATURE
| NSTRUMENTATI ON:

An i ndependent, portable verification instrunent shall be used.

The calibrated test thernocouple shall be placed adjacent to
the service thernmocouple with the two junctions within 50 nm
(2 in) of each other. Allow sufficient time after inserting
the test thermocouple for equilibriumconditions to prevail.

Servi ce Thernocoupl es shoul d be checked in place, at their
normal operating tenperatures. The check shall not be nade by
renovi ng the thernocouples fromthe nornmal operating
tenperature and checking it at a | ower tenperature. This
practice can result in an inaccurate nmeasurement of drift and
damagi ng t hermal shock.

ALLOMBLE TEMPERATURE DEVI ATI ON:  Service thernocoupl es nmust check
within +/- 5°C (+/- 10°F) fromtrue tenperature as determined by the
test couple calibration. Replacenent shall be nade when this
tolerance is exceeded at time of testing. Rechecking of the
installed replacenent thernocouple at that tinme is also required.

FREQUENCY OF CHECKI NG AND THE REPLACEMENT OF THERMOCOUPLE AND
PROTECTI ON TUBES | N FURNACES, SALT BATHS, AND RELATED EQUI PMVENT:

Calibrate the Heat Treatnent Thernocoupl es and instrunents
annual l y, or when necessary, to the rel evant
National /I nt ernati onal Standards.

At the tine of meking thernocoupl e checks (or changes), a

vi sual check of the protection tube condition shall also be

made. When an abnornmally large difference in reading of the
service couple vs. test couple is found (or brittl eness, or

di scol oration of the thernmocouples is observed), the tube is
suspect.
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6.6.3 Because of severity of attack on protection tubes in many
salt baths and because of difference in assenmbly, it is
suggested that the checks be made by imrersing a test
t her mocoupl e and tube assenbly into the bath al ongsi de the
servi ce tube and coupl e.

6.7 RECORDI NG OF TEST RESULTS AND REPLACEMENT DATES

6.7.1 TEST RESULTS: The test results of the instrunment,
t her mocoupl e, and protection tube checks shall be appropriately
| ogged.

6.7.2 REPLACEMENT DATES: The date that a given thernocouple or

protection tube is replaced shall be recorded.
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