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U-HT 1-6
NORMALIZING AND ANNEALING OF STEEL FORGINGS
tiithoperationen an Stahlschmiedestiicken

]
Thies precess standard defines the acceptsabie processes sniiahle for the
norm2lizing, stress-relieving, soft-annealing or isothermsl annealing of
cleel forgings, to obtain specific mechanical properties and
eicrostructures for optimum mechanibility.

£.Methods
Hormalizing or annealing may be performed in gas, oil-fired or
eiectrically heated batch or continuous furnances. For optimum results and
censistency of product, multi-zone continuous furrances ere preferred,
since more precise cortrol of cooling rate is possible. fnnealing in batch
furnances is feasible, but strict control of loading weights is eseseniial,
tn permit use of the sensible heat of the charge to retard and control the
reoling rale. Isothermal annealing normelly requires a continuens furnace,
hut has been performed successfully, using two batch furnances with
stack—tranefer. Selection of & particular process is primerily dependent
uponr the {ransformation characteristics nf the ckeel and the size nf the
riwaings. In general, an increase in alloy content of the cieel recuirss
higher austenitizing temperatures, longer periods at temperature and more
retarded cooling rales. Recommended austenitizing temperatures are aivan
in naragraph 3 and most suitable methods in paraaraph 4.

.1 Mormalizing
Hormalizing is usually applied ta plain carbon steel forgings, bui it may
he applied to low-carbon, alloy grades.
Frigings shall be uniformly heated to austenitizing temperasture ard heid
st thet temperature for an adequate period (30 - 60 minutes). Uraught-free
caeling then fallaws. : : .
I hardness and structure in accordance with Paragraoch 5 are not echieved,
fiest treatment in accordance with Faragraph Z.2 shall follow.

2
2.2 fAonesling for machinability
Y
anpsaling for ma:ﬁinability is generally =pplied to fargings of 51leved
stgel. It may, however, alsoc be employed for unalloyed steals, if heat
{reatment in sccordance with Section 2.1 is not adequata.
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faryinas shall be heated to austenitizing kemperztuwre whon being annsaled
for machinegt:ility and held at this temperalure for & sutficient peried (50
- AU minutes). Controlled cooling to 50090 - 47090 then folTewe, with
fradher conling in air or forced 2ir {(blowsr). Fate of casling tn ihs
nulding temperature chall be adapted to the carbon and alloy ceortent of
the sieel. Bunerally, as allay content incrsases, raie of coeling in ths
hoirding tesperature decreases.

N Iming muiti-zone, continuecus furnances the tsmperalure of zanes i1s stepped
down from the austenitizing zone to the discharge zone. For carbwrizing
stemls, such as SAE B&2C continuous cooling from $20°C to S30°C would
require two hourd.

[ Comparable cecling rates in accordance with 2.2 a) may be obtained in
batch furnances by using a closely packed load of 2 to 3 tennss and
removing from the furnace and cooling in drzught—free conditions.

2.2.1 Incduction Annealing

Trduction annealing may be used on cold formed paris, where brief healing
in_the AC1 - _ACI range_is_reguired.

=1 Tsothermal Annealing

I=otliermel annealing is generally applied to high-carbon or 2l]av sieel
forgings to give mores precise control of microstructures than carn normslly
ki ohtained by centinuous conling processes. The forginae sust he
uniformly heated to the austenitizing temperature, held at heat for a
minimum of nne hour, rapidly cooled to the pearlite fransformation
temperature and held until completely transformed and then fresly cooled.
bhen cooling to the transformation temperatuwre. care shouid be taben,
particularly with more highly alloved steels, to prvent excessive
under-cooling. The pearlite transformation temperature musi be centrolled
to + 109C, the optimum temperature being selected within the range of
&208C - 7009C.

2.4 Iscthermal transformation_into the pearlitic_stape from_forgina-heai

Forgings can be heat treated directly out of the last forging operation,
for good utilization of the foraing heat. After the last forging
cperatinn, parts sre cooled to pearlite transformstion temperature a3
describsd in Section 2.3 and held gt this temperature until transformstion
ig cumplete. Free cooling in air tham follows.

{onling conditions down to pearlite transformation and Lhe

branstormation-temperature are depbndant uson material and the vari aod
can he taken from the relevant TIT diagram, or datermined oy trizls.
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