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ABSTRACT

The quality evaluation shall be the primary objective of acceptance testing of forgings for crankshafts. This paper presents technological
issues concerning the production of crankshafts. It also characterizes and presents the scope of application of free forging and discusses
the properties of steel used in crankshafts. The research part of the paper includes the analysis of selected test methods for determining

the quality of forgings intended for crankshafts.

1. Introduction

Quality management is one of the most important
management areas in an enterprise that wants to stay
on the market and be competitive. Manufactured pro-
ducts as well as offered services should be qualitatively
adapted to the clients’ requirements [2, 7, 13]. When de-
fining the term quality, it can be stated that it is a set
of features of products or services that make the custo-
mer satisfied. For this reason, companies take various
actions to meet customer requirements and deliver what
they need at a given moment, eliminating products that
are not compliant, as well as eliminating compatibilities
in production processes [1, 11].

The requirements placed on the crankshafts requ-
ire the use of appropriate production technologies, in-
cluding the smelting and casting of steel, forging, qu-
ality heat treatment and mechanical treatment. Given
the complex shape as well as the high requirements in
terms of dimensional accuracy, the most difficult stage
of the production process is the final mechanical treat-
ment. The course of this stage of the production pro-
cess largely depends on the parameters obtained by the
product in the stages preceding mechanical treatment.
These product parameters include the size of the forged
product after forging, the dimensional variations during
pre-treatment and quality heat treatment, during shaft
straightening operations, and the residual stresses in
the machine-to machine shaft [8]. The complexity of the
causes of discontinuities in forgings makes their diagno-
sis very difficult. One of the methods of testing finished
castings is destructive — strength testing, which is the
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basic source of information necessary to make a decision
on acceptance of the tested object.

The free forging process consists in a deformation
of the metal between the tools, which allows to flow in
several arbitrary directions (Fig. 1a). If the flow of me-
tal is partly restricted by tools, then forging is called
semi-liquid (Fig. 1b). For this type of forging, suitable
shaping anvils and various tools are used to shape the
piece of product (e.g. crankshafts or crankshafts) [9].
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Fig. 1. Diagram of forging [12]: a) free, b) semi-liquid.

2. Characteristics and scope
of application of free forging

The above forging methods shall be distinguished
from die forging in which the material takes on a consi-
stent shape with the forging method due to a complete
restriction of the material flowing through the sidewalls
of the tool used [10].
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Free forging is used in the production of small bat-
ches or when making heavy forgings. Using this method
makes it possible to produce a forged part of any we-
ight. Small forgings are made from previously rolled
batches, while large forgings are made from ingots. The
maximum weight of ingots for open die forgings is 500
megagram [9].

Free forging is used in the following cases [14]:

e in unit production, where it is not cost-effective to
make matrices,

e for the pre-forming of ingots of alloyed steel or alloys
with special forged and slab properties,

e forgings whose weight and dimensions exceed the
production capacity of the heaviest matrix units ava-
ilable,

e for the refurbishment of workshop tools and equip-
ment,

e in the manufacture of forged bars of alloy steel or
alloys with special properties, and of steel of the
normal grades, where the section of the bar to be
ordered is not covered by the rolling program,

e when making spare parts and for repair purposes.
Forgings weighing up to several kilograms are for-

ged by hand or on compressor hammers. Free forging of
medium forgings is performed on steam and air ham-
mers. Free-forging heavy forgings are made on hydraulic
presses [9].

3. Free range shoeing TR

In 1978-1982, the Institute of Plastic Processing in
Poznan developed a new method of crankshaft forging
— Method TR (from the name of the inventor Tadeusz
Rut). This method combines two processes that were
previously separate and consists of simultaneous sha-
ping of the metal vertically and horizontally using a spe-
cial press. The TR method combines two previously
separate processes: metal swelling and bending at the
same time. The shaping of the finished product (crank-
shaft) takes place in one process, saving energy and
time [4, 5].

Among the advantages of the TR method are [15]:

e high quality of products (correct course of fibres),

e material saving,

e possibility of forging large crankshafts on presses of
relatively low pressure,

e reduction of labour intensity.

4. Objective of the survey

The aim of the study is to diagnose the crank-
shaft freely forged with the TR method in the range
of strength correctness tested during the static tensile
test and to test the impact strength by Chary method.
The tests shall be carried out at ambient temperature.

The tests of the crankshaft will be carried out in
a specialized factory laboratory of forging plant Stalo-
wa Wola.
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5. Subject of the study

The subject of the study was a crankshaft forged
freely by the TR method. The product was made of
stainless incandescent chromium steel with the addition
of molybdenum (designation: X22CrMoV12-1; 1. 4923)
according to EN 10269.

The crankshaft is an element of the piston-
crankshaft system. A crankshaft is a mechanical part
able to perform a conversion between reciprocating mo-
tion and rotational motion.

The crankshaft inspection model is shown in Fig. 2
and is manufactured in one of the factories in southern
Poland.

Fig. 2. Diagram of test crankshaft [16].

6. Alloy characteristics X22CrMoV12-1

The alloy of the crankshaft being analysed is a sta-
inless steel chromium-plated alloy with the addition of
molybdenum. This type of steel is used in the structural
parts of steam turbines as well as in heavy-duty bolts.
X22CrMoV12-1 steel achieves an increase in temporary
strength thanks to the addition of vanadium [17].

Due to the relatively low chromium content of the
alloy, corrosion resistance is limited under natural con-
ditions. X22CrMoV12-1 is a steam resistant species.
The chemical composition of X22CrMoV12-1 steel is
shown in Table 1.

Table 1. Chemical composition of X22CrMoV12-1 steel [6].

Element | min [%] | max [%)]
C 0.18 0.24
Si - 0.50
Mn - 0.90
P - 0.025
S - 0.015
Cr 11.0 12.5
Mo 0.80 1.20
Ni 0.3 0.8
\% 0.25 0.35

The analyzed steel is characterized by excellent he-
at resistance, which is why it is successfully used in
working with high temperatures reaching up to 600
degrees Celsius. X22CrMoV12-1 belongs to the group
of weldable steels, which gives it an additional indu-
strial character and significantly increases its scope of
application. This is also due to the fact that this ty-
pe of steel has a high degree of resistance to fatigue
stress [17].
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Physical properties of X22CrMoV12-1 steel:
Density: 7.7 [kg/dm3],
Modulus of elasticity: 200 [GPal,
Heat conduction coefficient 27 [W/(m x K)],
Specific heat: 460 [J/(kg x K)],
Appropriate resistance: 0,6 [ x mm?)/m].
Physical properties such as density, modulus of ela-
sticity and specific heat determined at temperature
20°C.

The mechanical properties of X22CrMoV12-1 are
shown in Table 2.

Table 2. Mechanical properties of X22CrMoV12-1 steel [6].

Mechanical properties parameter
Yield strengthRe (Rp0.2) min. 600 [MPa]
Strength tensile (Rm) 800-950 [MPa]
Elongation at break(A5) min. 14%
Hardness (HB) max. 270 HB

7. Test methodology

HSW — Smithy Stalowa Wola has a specialized qu-
ality control laboratory. The tests are aimed at checking
whether the activities performed during the production
process meet the standards and expectations of custo-
mers.

The strength properties of the crankshaft were dia-
gnosed on the Zwick 250 testing machine (Fig. 3). The
range of tests included a static tensile test conducted
at ambient temperature.

Fig. 3. Strength test machine — Zwick 250 [16].

Static tensile testing is one of the fundamental me-
thods for testing the mechanical properties of materials
used in technology. During the test, the dependence of
the tensile force on the increase in the specimen length
is recorded. At the end of the test, the strength proper-
ties shall be determined. In accordance with the scope
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of application of the PN-EN 10002-1 standard, the fol-
lowing values will be determined on the basis of the
results recorded during the test:

e original diameter of the sample — dg,
area of the original cross-section of the sample — SO0,
linear deformability module (Young’s modulus) — E,
apparent yield strength at disproportionate
prolongation- Rp,
tensile strength — Rm,

e percentage elongation at break — As,

e percentage narrowing — Z.

In addition, crankshaft diagnostics will also inclu-
de dynamic impact testing — the material’s resistance
to cracking under dynamic loading. This test makes it
possible to determine the mechanical properties of the
material which cannot be detected by static testing.

The impact test is particularly important for the
steel being tested, which has been improved in terms of
its physical properties, as the hardness and strength in-
crease will result in a harmful increase in the brittleness
of the material.

The test was carried out with a Zwick RKP 450
impact hammer (Fig. 4). The scope of the study inc-
luded a Chary impact test at ambient temperature. In
accordance with the scope of application of the PN-EN
10045-1 standard, the determination of impact strength
— energy consumed for fracture of a specimen expressed
in [J] with a standard test with a V notch was perfor-
med.

Fig. 4. Impact test machine — Zwick RKP 450 [16].

8. Results of tests

The 720, 175 x 80 size specimens used in the tensile
test were taken crosswise from the thermally improved
product. The results of the crankshaft tensile test are
shown in Table 3.

Table 3. Crankshaft tensile test parameters obtained [16].

do So E Rpo,2 Rm As VA
Requirements| [mm]| [mm?]| [GPa]| [MPa]| [MPa] | [%]| [%]

> 700 |900-1050|> 11> 35

Result 9.99 | 78.38 | 186 943 1225 |10.4| 56
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Fig. 5. Chart of steel specimen X22CrMoV12-1 [16].

In the tensile test the initial force was 20 MPa, the
velocity of the E-module was 45 MPa/s and the velocity
of the test was 0.008 1/s.

As shown in Table 3, the tensile test results show
that not all of the resulting is within the specified stan-
dard. The coefficient of tensile strength (Rm) was 1225
megapascal i.e. 175 megapascal higher than the stan-
dard. The As parameter for the percentage elongation
at break is 0.6 per cent below the reference period of
the standard.

The tensile test procedure is best illustrated by the
tensile diagram (Fig. 5) obtained from the testing ma-
chine. The shape of the graph obtained in the study
depends on the type and condition of the tested mate-
rial.

The crankshaft material does not have a clear yield
point and there is no material flow. In order to find out
the results of the tensile test from the cross-section of
the tested specimen, a system of coordinates was ap-
plied which illustrates the relation between the stress
and the accompanying elongation of the product speci-
men..

The results of the impact test are presented in Ta-
ble 4. 3 V-Notch specimens were checked in this test.
During the impact test the nominal stored energy was
300 J and the impact velocity was 5.234 m/s. The test
was carried out at an ambient temperature of 20°C.

Table 4. Parameters obtained from the impact test [16].

Height Impact
Width | to bottom S resistance
Requirements | [mm] of notch [mm?] (work)
[mm] [J]
10 8 80.00 > 20
1 10 8 80.00 12
10 8 80.00 12
10 8 80.00 12

As shown in Table 4, the width and height of each
sample shall be the same as the width and height of
the notch and the area of original cross-section of the
sample. The value of the impact (operating) parameter
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in each of the three specimens reached too low a value
-12 J.

9. Additional tests

During the assessment of the results of the tests car-
ried out in accordance with the requirements of the bin-
ding standard, it is probable that the results obtained
by the ordering party and the contractor will differ from
each other. In the case of strength tests, the tests shall
be repeated on twice the number of specimens. The ge-
neration of incorrect results in repeated tests on one
sample makes it necessary to carry out a heat treat-
ment and a new test. The result of these trials shall be
considered as definitive. If the result is inconsistent, the
forging shall be disqualified [3].

In the case of disputable results, other additional
tests may be performed, e.g. forging structure, chemi-
cal composition or non-destructive tests, e.g. penetra-
tion tests, ultrasonic tests or eddy current tests. If the
self-tensioning of the forgings still does not meet the
requirements, the product shall be disqualified.

10. Summary

The crankshaft is a component of the crankshaft
piston system whose function is to convert the reci-
procating motion into a rotary motion. The crankshaft
is subject to bending, compressive, shearing, torsional
and tensile forces. In addition, the member is loaded
with stresses resulting from elastic deformations due to
vibrations. For this reason, product quality tests are
extremely important and are aimed at failure-free and
safe operation.

In this paper, the validity and significance of crank-
shaft control tests, such as static strength tests and
dynamic impact tests, was demonstrated.

The strength test revealed a significant exceeding
of the required tensile strength parameter, the value
of 1225 megapascal was reached. In addition, by using
a product strength test, a non-conformity was detected
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— insufficient percentage elongation after failure of the
specimen.

The dynamic impact test showed that the sample

did not meet the customer’s requirements. The achieved
impact strength value was 12 J with the requirement of
values higher than or equal to 20 J.

The results obtained make it necessary to reheat

and retest the product.
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