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1 GENERAL. Mechanical springs are used in a variety
of applications. The wires and bars used as the basis for spring
design are available in a variety of forms, but generally round
or flat wires, round or flat bars and sometimes sheet or strip
are employed. Materials are available in a variety of chemical
compositions, mechanical properties, and processes that
include cold drawing, hot rolling, various heat treatments, con-
trol of surface quality and surface coatings. Some of the
common types of springs include compression springs that are
generally open wound and provided with various configura-
tions on the ends of the spring. Extension springs are normally
close wound, usually with a specified initial tension to resist
pulling forces. They are generally provided with hooks or loop
ends that may be an integral part of the spring or specially
inserted forms. Other common springs include torsion springs,
single or multiple leaf springs, upholstery springs, clock and
motor flat springs, plus special types to meet unusual design
parameters.

1.1 Springs are employed under various conditions, which
include static loads and innumerable combinations of fre-
quency, deflection and stress. These operating conditions and
the desired life of the product control the type of material,
mechanical properties and surface quality required for the
proper design, which in turn effect the cost. Other factors that
influence the choice of spring material include temperature
limitations, electrical conductivity, corrosion resistance and
space limitations.

1.2 Table I is a listing of the spring materials covered by GM
standards including comparable materials, relative cost and
typical uses.

2 SPRING PERFORMANCE FACTORS.

2.1 SURFACE QUALITY. One of the most important fac-
tors in the fatigue life of a spring is surface quality. Seams,
decarburization, and pits are detrimental and must be at a mini-
mum for long life in such parts as engine valve springs or
other springs operating under highly repetitive stresses.

2.1.1 Valve spring wire and music wire are carefully pro-
cessed and inspected to insure excellent surface quality.

2.1.2 Surface quality is not an important factor in low
stressed springs or those operating under static conditions.

2.2 STRESS RELIEVING. Springs formed cold from hard
drawn or pretempered material should normally receive a
stress relieving operation. This benefits the spring in 2 ways:

(a) The forming stresses are reduced. This is particularly
necessary if the residual stresses are adverse to oper-
ating stresses.

(b) The elastic limits are increased considerably.A

2.2.1 Stress relieving temperatures for steel springs are usu-
ally either 230 C or 400 C. The higher temperature is more
effective in reducing residual stresses and is recommended for

applications involving fatigue or high heat resistance. The 230
C temperature is used for cold drawn wire springs and for high
static strength springs.

2.2.2 Engine valve springs usually receive a stress relieving
temperature of 375 to 400 C after coiling. After shot peening,
a further treatment of 230 to 245 C is used. Higher tempera-
tures will decrease the benefits of shot peening.

2.2.3 Brass or bronze springs are commonly stress relieved at
165 to 190 C.

2.3 PRESETTING. Springs are often preset after comple-
tion of all manufacturing processes and prior to use in order to
cause yielding in the very high stress areas and thereby pro-
duce favorable residual stresses. Presetting should always be in
the same direction as operating deflection.

2.3.1 Helical coil springs may be preset by compressing to
solid height. Torsion bars are preset by twisting. Leaf springs
are preset by loading to beyond the normal operating loads.
Coil type torsion springs are preset by the forming operation.

2.4 SHOT PEENING. Shot peening is often applied to
springs to secure long life under repetitive high stress condi-
tions. It is important that full coverage be obtained,
particularly on high stress areas such as the inside dia of coiled
springs. It is usval practice to heat springs to about 230 to 245
C after shot peening. Higher temperatures will diminish the
beneficial residual stresses set up by shot peening.

2.4.1 Shot peening is applicable to both steel springs and
non-ferrous springs.

2.5 EMBRITTLEMENT AND CRACKING. Pickling, elec-
tro-cleaning or electro-plating are likely to cause embrittlement
of springs due to hydrogen absorption. Therefore these opera-
tions should be avoided wherever possible. Heating at 150 to
200 C within 15 minutes after processing for 1 to 4 h may be
effective in reducing embrittlement.

2.5.1 Pickling may also cause cracks to occur in materials
having high residual tensile stresses. Stress relieving prior to
pickling will help avoid this cracking.

2.6 HEAT RESISTANCE. Springs operating at tempera-
tures higher than about 120 C will require special
consideration in design. Alloy spring steels such as chrome
vanadium or chrome silicon are more resistant to set under hot
conditions (150 to 190 C) than plain carbon steels. At 190 to
230 C chrome silicon steel is a good choice. At higher temper-
atures stainless steel (SAE 30302 type) or high speed tool steel
may be successful.

2.6.1 The amount of set under hot conditions will, of course,
be in proportion to the max working stress, hence lower design
stresses should be used for hot applications.

2.6.2 Shot peening does not help in reducing set under hot
conditions.
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2.6.3 Presetting will help in reducing set. Hot presetting is
especially effective.

2.7 HOT FORMED SPRINGS. Hot forming is normally
used on larger springs as it is not practical to use cold forming
due to equipment limitations.

2.7.1 Hot formed springs for automotive chassis suspension
applications have been made of alloy steels of the following
typical types:

SAE 9255, 9260, 5150, 5160, 4063, 4068

2.7.2 Hardenability should be proportional to section thick-
ness and dynamic stress.

2.7.3 Coil springs are usually hot formed and then oil
quenched from this temperature then tempered, shot peened,
and preset.

2.7.4 Leaf springs are usually heated on the ends for eye
forming, then the leaves are heated to hardening temperature
and form quenched. Tempering, shot peening (tension side
only) and presetting follows.

2.7.5 Problems commonly encountered in the use of heavy
section hot formed springs are poor surface quality and decar-
burization caused by heating.

3 PROCESSING.

3.1 Round or flat steel wire and strip steel are fabricated by
cold drawing from hot rolled rods and billets. The greater the

reduction in area the higher the tensile properties. Care is exer-
cised to obtain the desired surface quality.

3.1.1 This hard drawn wire may be supplied as drawn, tem-
pered to desired properties, annealed, spheroidized to a soft
condition or quenched and tempered to certain properties.

3.1.2 Soft condition is only specified when severe forming

operations are petformed. The formed part is subsequently -

quenched and tempered. It is more desirable to use hardened
wire than forming since post forming heat treatment causes
distortion and care must be exercised to avoid decarburization.
Springs formed from wire supplied in the hard condition are
formed in this condition and the only post treatment may be
stress relieving, shot peening, and presetting.

3.2 Round and flat steel bars are generally supplied in the hot
rolled condition. The surface quality and decarburization limits
may be controlled for certain applications. Since bar sizes are
generally larger than normal wire sizes they are hot formed
followed by a quench and temper operation.

3.3 Copper base and stainless steel alloys are generally avail-
able in the cold worked condition since they are not generally
hardenable. Beryllium copper alloys and certain stainless steel
compositions are however hardenable by thermal treatment.
Stainless steel is primarily used for corrosion resistance as is
copper base alloys, however the electrical conductivity or
lower temperature operation of the latter may also be a factor.

TABLE 1
Standard Numbe "
e Type of Material Relam.n Remarks
GM | ASTM | SAE Cost
29-M - g;gg Eﬁ;?glttg - Hot formed; quenched and tempered; coil suspension springs.
50-M - g} gg 23:’;{ gltl::: - Hot formed; quenched and tempered; leaf suspension springs.
Hard Drawn Highest quality drawn wire for small springs; resists hydrogen em-
58-M | A228 | J178 | Carbon Steel 370 brittlement; high mechanical properties; surface quality comparable
(Music) to valve quality; good fatigue properties.
59-M _ _ | Soft Carbon 115 | General use; medium stresses; soft condition for severe forming; heat
Steel treated after forming.
60-M | A227 | J113 $$02'§g| 100 Non-critical applications; static or low stresses; upholstery springs
(Table 1 - Continued)
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