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Abstract. The heat treatment after cold forming is used to decrease the residual stresses of springs,
but the mechanical characteristics of the spring steel wires alters, too. This presentation describes
the influence of the heat treatment technology (oven equipment, temperature, duration,...) to the
properties and quality of helical compression springs made from oil hardened and tempered spring
steel wire.

Introduction

Spring steel wires are made from very special manufactured high-tech steels with extremely high
tensile strengths Ry,. These spring steel wires are characterized by an extremely high yield point,
because they have to withstand high loads without plastic deformation. This specific spring wire
property is useful for the spring function, but it leads also to significant residual stresses after spring
cold forming due to high leveled spring-back.

These residual stresses have to be decreased significantly because residual stresses clearly reduce
the load limit, the relaxation behavior and the durability of cold formed springs. That’s why springs
have to be heat treated after cold forming.

A large number of material properties, spring parameters, furnace characteristics and technology
parameters should be considered when selecting the heat treatment temperature and time. Therefore
the seemingly simple heat treatment becomes a complex process. The research group “Wire and
springs” of Ilmenau Technical University conducted with a research project titled “Heat Treatment
of Cold Formed Springs” [1]. The most important aims of the project were:

— analysis and characterization of different furnaces,

— measurement of heating curves and cooling curves of different wire pieces and of springs,

— calculation of typical time constants and heat transfer coefficients from heating and cooling
curves,

— determination of convenient heat treatment temperatures as a function of wire material and
spring function,

— determination of reduction of residual stresses,

— determination of variation of spring wire mechanical properties caused by heat treatment.

Very high-stressed springs are made from oil hardened and tempered wires, e.g. VDSiCr. This

article describes the possible effect of heat treatment to the properties of springs made from
VDSiCer.

Residual stresses after cold forming (spring coiling) and after heat treatment

Cold forming leads to bending residual stresses in the wire of the spring. The residual stresses on
the inner spring side were determined by X-ray diffractometer, paticularly after cold forming
without heat treatment and after different heat treatments of the springs. The different heat
treatments varied in temperature and heat treatment duration (time).
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Typical heat treatment temperatures of springs made from oil hardened and tempered wires are
in a range of 350°C to 420°C. The bending residual stresses after cold forming determined at
springs made from oil hardened and tempered wire with d=6 mm and a spring index w=175,
(w =Dy, / d) were about 1100 MPa (Fig. 1). A rest of the residual stresses remained in the wire after
a heat treatment of 10 min up to 60 min even at high temperatures of 420°C.

In Fig. 1 is to be seen, that

— the rest of the residual stresses after heat treatment depends on heat treatment temperature,

— very small heat treatment duration of about 10 min (the wire has just reached the set
temperature) leads to a clearly reduction of residual stresses after a heat treatment with high
temperatures

— the reduction of the residual stresses increases clearly with the heat treatment duration,
especially with higher temperatures (300°C, 350°C, 400°C). Therefore the effect of heat
treatment with these temperatures depends on the heat treatment duration, too.
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Fig. 1. Reduction of residual stresses
on springs made from oil hardened
and tempered wire, d=6mm, w=5 and
n=6.5 after 22 different heat
treatments

Mechanical properties of oil hardened and tempered wire

The mechanical parameters of spring steel wires vary due to heat treatment. Investigation of this
fact was carried out by the research group “wire and springs” in several research projects [3, 4, 5]

with spring steel wires made from material described in [2].

2500
g oil hardened and tempered wire
£
Z
82000 o ====a_
£ — N
g n - N0
2 NN
Q .
< 1500
o o
g
7]
— ST e T —
.g 1000 TA = \\
8
K=
%]
o
E

500

0 100 200 300 400 500

heat treatment temperature [°C]

‘ ‘ ‘
= b 0 2 N ®
© © ©o o o o o o

elongantion before reduction of area [%]

o
[=}

Fig. 2. Qualitative changes of the
mechanical parameters as a function of
the heat treatment temperature,
Oil hardened and tempered wire:
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o-: Ag (elongation before reduction of

area)



18 New Developments in Wire Production and Processing

Fig. 2 contains the qualitative variation of the tension test values and the torsion yield point of oil
hardened and tempered wires as a function of the heat treatment temperature. At first tensile and

torsion yield points (Rpo.z, T4 ) @S Well as the tensile strength R increase up to temperatures

300°C...350°C. R_, Rp0.2 and 7, ., decrease after heat treatment with temperatures more than

350°C. Often this decrease is strongly pronounced on thin oil hardened and tempered spring steel
wires. The strain before reduction of area A, (proportional elongation) decreases with increasing
heat treatment temperatures at first and rises clearly with temperatures of more than 350°C.

Furnaces technology for heat treatment of cold formed springs

There are (portable) continuous furnaces with small capacity and chamber furnaces (box-type
furnaces) with large capacity which are used for heat treatment of cold formed springs. A chamber
furnace is defined as an oven with batch supply, springs in boxes and a closed chamber.

The velocity of heated air close to the spring is the most important determining factor of the
time, which is necessary to heat a spring to the set temperature [1]. Springs, heat treated in a
chamber furnace, lie in boxes. Size and type of the boxes depend on the geometry of the chamber
furnace (cylindrical, block-shaped) and the spring size. In most cases, the side walls and/or the
bottom plate of the boxes are perforated.

Fig. 3 shows the air flow velocity on a perforated plate in an air duct as a result of a simulation.
The perforated plate simulates the side walls or the bottom of a box. It is to be seen that the larger
part of the air flows aside the barricade. In this case, the heat transfer from air to spring is
significantly delayed.
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Fig. 3. Air flow velocity simulated: an air Fig. 4. Heating and cooling curves of springs in

duct with a perforated plate different boxes in a chamber furnace

A chamber furnace was loaded with 16 boxes filled with springs. Fig. 4 contains a diagram with
heating and cooling curves measured on this springs with the help of thermocouples. The springs
were arranged in different boxes on various places in the chamber furnace.

The heating curves of the different springs show large differences of up to 60 min until all
springs have reached 95 % of the set temperature. As to be seen in Fig. 4 the heat treatment
influences not only the residual stresses but also the mechanical properties of the wire material.

So the question is: How do these different heat treatments influence the properties of a helical
compression spring made from oil hardened and tempered wire? Or in other words: Did the heat
treatment be successful in spite of differences in the heating curves?
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Investigation of helical compression springs made from oil hardened and tempered wires

The aim was to investigate the influence of different heating curves on the spring properties.
That’s why the heating curves measured in an industrial chamber furnace (cp. Fig. 4) were
approximated by seven sampling points (Fig. 5) and were used for the heat treatment of sample
springs in a reference furnace. Afterwards the spring properties were tested.
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The circulating air-chamber furnace of the research group (reference furnace) was controlled
with these approximated heating curves. The set temperature was varied: 350°C and 420°C. The
heat treatment stopped after 120 min. The properties of the heat treated springs above-mentioned
were compared with springs heated 120 min on set temperature (these springs represent springs
situated directly in the warm air flow) and with springs, tempered 30 min on set temperature (these
springs represent prototype springs heat treated in a small chamber furnace).
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Fig. 6. Differences in the set heights of
springs (d=6mm, w=5 and n=6.5) after
different heat treatments at the same set
temperature

2600

d=6mm
w=5
T FDSiCr, DF120
2550 ¥
z
o~
w
8
5 2500
w m350°C
o
é m420°C
o
7

2450 -

2400 -
30min 120min  tau=25 min tau=40min
heat treatment

Fig. 7. Differences in the spring force F2 of
springs (d=6mm, w=5 and n=6.5) after
different heat treatments at the same set
temperature

Fig. 6 shows the set heights after the presetting manufacturing step determined on heat treated
springs with the described variation in the heat treatment procedure. The differences on the set
heights on the springs are much greater after heat treatments with 420°C set temperature (approx.
0.8 mm) as on springs after heat treatments with lower set temperatures (approx. 0.2 mm). The
variation of the spring force F2 is also much greater after a heat treatment with high set temperature



20 New Developments in Wire Production and Processing

(420°C) (approx. 60 N) then on with lower temperatures heat treated springs (approx. 20 N). But
nevertheless all springs met the requirements of quality grade 1 of DINEN 15800
(Ar (F2: Q1) =70 N). However, users of springs are increasingly demanding requirements of a half
grade 1. In summary, it must be said, that for springs made of oil hardened wire (and heat treated at
high temperatures) the heat treatment time significantly affects the spring parameters.

The success of a heat treatment can therefore be assessed only on the basis of required spring
properties. According to this, the heat treatment must be carried out on the basis of the product-
specific properties to be achieved. The heat treatment was successful, if all springs in the batch
fulfill the spring parameters in the required tolerance.

Summary

For many applications, the heat treatment process of cold-formed springs is a very robust process.
This means, that tolerances of heat treatment temperature and time (within the limits of the
respective tolerance grade) mostly have only a slight effect on the properties of the spring. In the
heat treatment of springs from oil hardened wire material with temperatures exceeding 400°C must
be noted, that the strength properties of the springs are significantly affected and the heat treatment
time greatly affects the spring properties. In addition, the reduction of the residual stresses is
dependent on the heat treatment time (and temperature).
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