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W-HT2-3
HARDENING AND TEMPERING

1. SCOPE:This process standard outlines the method of hardening and tempering of ferrous

pans.

2. APPLICATION: This standard applies to parts which are heated in a furnace with a
protective atmosphere or in a neutral salt bath., For certain parts of relatively thick cross-
section and with end uses which may permit some surface decarburization, an air
atmosphere may be permitted by the affected Ford SQA or Quality activity.

3.  REQUIREMENTS:

Note: A control plan as referenced in this standard is defined in Quality System

3.1

Standard Q-101, Appendix A.
Process: Austenitizing may be performed in a:
. continuous or batch-type muffle or radiant tube furnace or
. salt bath or

. {fluidized bed (if approved by the affected Ford SQA or Quality activity and
documented in the control plan).

Mutfle or radiant tube furnace hardening is the preferred method. The facilities
should be able to heat in the range of 815-9509C (1500-1750°F). There shall also be
facilities for quenching (refer to paragraph 1.6) and tempering.

3.2 Loading: The loading practice shall e as follows:

. Components must be thoroughly cleaned of oils, die lubricants, and related
materials prior to introduction to the austenitizing and tempering furnaces.

- For parts for which distortion must be :ninimized (such as certain gears and shafts)
appropriate fixturing shall be employed.

. The parts shall be suitably loaded to assure that every part is adequately heated
during austenitizing and is properly exposed to the quenchant., The rate of loading
must be within the thermal and weight capacity of the furnace. '

. With any continuous process there shall be adequate spacing between lots which

- require different austenitizing, quenching, or tempering times or temperatures to
ensyre that lot is processed as necessary to attain the specified metallurgical
properties,

Furnace Environment: Atmospherss suitable for neutral hardening normally consist of

a carrier gas (endothermic gas or nitrogen-base gas or a nitrogen-methanol blend*)

with additions of a hydrocarbon gas (such as methane (CHy) or propane (C3Hg). A
neutral furnace atmosphere carbon potential shall be utilized for the grade of steel
involved. The gas atmosphere must e circulated in the furnace chamber and be of
sufficient volume to ensure a positive pressure in the furnace. For parts with
adequate cross-sections and end uses for which limited decarburization and scaling are
permitted, an air furnace atinosphere is acceptable if approved by the affected Ford
SQA or Quality activity (and documented in the control pian).

* It is essential that nitrogen-methanol furnace atmospheres be blended so that the
mole ratio of the nitrogen to methanof is two to one in order that CO3, dew point,
or oxygen potential control is feasible. Consequently, such atmospheres are
permitted only when authorized by the affected Ford SQA or Quality activity and
are documented in the control plan,
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3.4 Temperature: The temperature shall be controllied within * 59C (*10°F) of the set
point, as evidenced by continuous recording pyrometers,

3.5  Austenitizing Time: The parts shall be held for such time to assure that the parts
have been completely austenitized.

NOTE:Certain alloy steels may require extra holding time to assure adequate carbon
dissolution in the austenite. .

3.6 Quenching: The parts shall be at a temperature of at least 25°C (45°F) above the
upper critical temperature (Ac3) at the time of quench. Direct quenching is
preferred and delayed quenching that forms austenitic decomposition products which
degrade the part is specifically prohibited.

Quenching systems must have provisions for maintaining both maximum and minimum
temperatures of the quenchant specified in the process. Forced agitation must be
provided in the quench system to assure uniformity of teimperature and efficiency of . .
quench, :

NOTE: In any of the quenching methods, parts must be cooled to a low enough
temperature prior to tempering so that no further detrimental transformation
of austenite to fresh martensite will occur upon cooling the parts to room
temperature following the tempering operation,

The following quenches have proven satisfactory, depending on the required surface

and core hardnesses and the amount of distortion which can be tolerated. Quenching

media other than those herein described are not permissible unless authorized by the -
afiected Ford SQA or Quality activity and documented in the control plan.

3.6.1 Direct Oil Quench: Quench directly into a suitable, well-agitated oil maintained at a
temperature of 45-80°C (110-180°F), '

3.6.2 Hot Oil Quench: Quench directly into a suitable well-agitated oil maintained at
temperatures of 80-175°C (180-3509F). This process requires that, for the best and
most economical results, the oil surface area be covered by a protective atmosphere.
This protection will prolong the life of quenching medium by preventing oxidation and
subsequent sludging of the oil. )

3.6.3 Marquenching: Quench directly into a suitable, well-agitated oil or molten salt
maintained in the temperature range 190-260°C (375-500°F). The estaslishment of
actual marquenching temperature must be based on the chemical analysis of the steel
being treated.

. Molten Salt Marguenching Precautions: This method, when used in conjunction
with a carbon-bearing atmosphere furnace, must not have a fully-enclosed quench.
The parts leaving the furnace atmosphers must come in contact with air before
being quenched in a marquenching sait. This exposure is necessary to remove
excess carbonaceous material before entering the strongly oxidizing quenching
salt. Although this Standard deals only with neutral hardening it is falt to be
appropriate to highlight the following caution. It cannot be toc strongly
emphasized that this method is not to be used for direct quenching from liquid
carbonitriding salts. Should this process be used with a liquid carbonitriding
operation, it is absolutely necessary that an intermediate high temperature
neutral salt bath be utilized to wash off the carbonitriding salts before entering
the marquenching (oxidizing) salt.
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