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Hot-Coiled
Springs

General Data

Mast springs with material diameters under three-
aighths inch are cold coiled. Almost all springs using
over [ive-eighlhs in. bar slock are hot coiled. There is an
overlapping area from threg-gighths in. 1o five-eighths in
material size in which the springs may be either cold
coiled or hat coiled.

The transoortation industry is the largest user of hat-
colled springs. Agrcultural implement manufacturers and
construction equipment buildars make up the next largest
segment,

Hat-coled springs that are to be subjected 1o elevaled
tormperabyres o operale inoa coresve anvironmeant re-
quire the use of heal-lrealable exolic alloys such as In-
conel ¥ 750, precipitation hardening stainless, and even
lungsten bearing tool steals. However, mest hot-coiled
springs are made from bars of carbon or alloy steel.
These bars are produced 1o fine grain praclice and are
ardered as specizl bar quality 10 insuré minimum surface
imperfections. Surface imparfections can be prevented
complelely oy cold finishing or centerless grinding the
bars. Since a large portion of the cost is in the malerial,
hoveever, this can significanlly increage the cos! of hot-
coiled springs

The finished hardness requirement for most hol-coiled
springs is in the range of Rockwell C 44-49, In cases
invalving special materials ang improvad surfaces, final
hardness as high as Rockwell C 53 may be necessary ta
withstand the design stresses. It should be natad that as
hardness increases above Rockwell C 48 duslility and
toughness of the steel falis off rapidly. Speings made lo s
hargness of Rockwell C 53, for example, have been
known o shatler under & constant lcad, A spring manu-
facturer should e consuliad for the best andg most readily
available alloy and optimum hardness for each apolica-
tian,

Hol-colled springs are usually preset. They are wounz
10 a length greater than the finished length, heat treated,
then compressed solid one or mare limes o bring them o
the specilied ienglh. Preselting infroduces beneficial re-
sidual slresses which allow lhe springs 1o support greater
loads than would ctherwise be possicle. This does not
incregse service lile, Actually, since it allows higher
stresses, presetting can matenally decrease the service
life

Service lile is mcreased by shot peaning, which is
particularly effective whan bath the hardness and working
stress are high, Hotrivled barss, evan wnan ordered ag
special bar guality, can have seams and significant de-
carburization, Making the malerial acceplable requires 90
percent minimum surface coverage and high peening in-
tensities, usually in the range of 006 -.010 C. Turned or
centerless ground bars reguire less intensive peening,
typically in the range 012 - 020 A, bl slill with 90
percent coverage.

Rust leads to pilting and pilting to early failvre, so
some form ol prolective finish is recommended. The kind
of coating required will depend on the enwvironment wiich
Ine springs are expecled o encountar in storages and
service. Gommonly used coatings include oil, grease,
paint, varicus gropriatary coatings, and, in some in-
stances, cadmium or zinc plating.

Springs whiah must be extremealy reliable usually re-
quire magnetic garticle inspection and may have o meet
a specification thal 'na true indications of defects shall
g found, " There should e a clear understanding be-
twean supplier and purchaser on this point, for there can
often be “indications” which will not sigrificamly alfec
cerfarmance in a specilic high-duty application.

Design Formulas

The same design formulas and procedures that apply
o cold-coled springs also apoly 1o hot-colled springs
with Ihese two ditterences:

1, The elfective modulus of rigidity for hat-coiled
springs is reduced oy 5 to 10 percant, Hot-rolled
bars use a madulus of 10.5:10%psi, Il wmed or cen-
terless ground bars are used, the apparent medulus
can be increased to 11x10%081

2. The calculated height of hot-colled compression
springs is lower than for comparable colé-cailed
springs beczuse the taper forging operation ore-
duces a thinner end section. The solid height, which
is one hall a wire diamelsr smaller than for cold-
coiled springs, is calculated as follows: H =
AN -z}

When spring rate 15 specified, it should apply only in
the deflection range from 20 to 60 percent of total deflec-
tion. The lelerance on spring rale should not be less than
= 10 percent.

The magnitude of allowable stress for hot-coiled
springs 18 limiled by the grade anc condition of material
used, the mechanical properties developed by heat treat-
mant, and the kind of serdice the spring must provide, For
static lpading ar wariable but infrequent loading at rela-

Figure 1.
SOLID DESIGN STRESS (UNCORRECTED) FOR
HOT-COILED COMPRESSION SPRINGS
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tivaly low stress ranges, the impartant considerations are
the solid stress and the maximum werking stress, Figure

1 shows recommendad maximum uncorrected solid stress
for Inese low duty applicalions. For nighly variable,
shook, and dynamic leading, consult a spring manulac-
turer instead of using this chart,



