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Manufacturing is one of the fundamental and broad process in the industry. The final products made of metallic materials,
polymers or composites are obtained from simple geometries by various and complex steps. Two main processes of metal shaping
industry are forging and machining. Forging involves changing the shape of the material by plastic deformation. On the other hand,
machining is the process of removing material from the workpiece to bring the final shape of the product.

In this chapter, forging and machining processes are compared considering the crucial aspects, namely geometric complexity of
the final product, cost, performance, materials to be processed and environment. The design and selection of the metal shaping
route of a particular product can be tailored according to these parameters. For instance, forging generally offers cost reduction
for mass production. In addition, forging allows a higher level of structural integrity. However, compared to forging, more
complex-shaped products can be obtained by machining with better dimensional accuracy. Considering the environment, due to
significant amounts of materials removed from the workpiece and the energy consumption, forging offers advantages compared
to machining. Therefore, depending on the final products to be obtained, shaping process should be selected considering the
parameters discussed in this chapter.

METAL SHAPING PROCESSES
Forging

Forging can be defined as the manufacturing process based on plastic deformation of materials by applying sufficient load through
various dies and tools. There are various classification methods that can be applied to forging. In this chapter, forging is classified
according to type of die set and temperature. Depending on the die type, forging can be examined in two classes, i.e. open die
forging and closed die forging. Open die forging, which is the simplest forging operation, is carried out between flat dies or dies of
simple shape. It is usually performed for multi-step forging operations to prepare the workpiece for the next production process.
Due to the friction, barreling is observed during open die forging processes (Kalpakjian & Schmid, 2014). Due to the friction, barreling
is observed during open die forging processes (Kalpakjian & Schmid, 2014). Compression testing can be considered as an example
of open-die operation (See Figure 7).
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Fig.1 Open die forging process; a) workpiece between two flat dies, b) compression test without friction
effect, c) compression test with friction effect.

In closed die forging, the workpiece is deformed with dies, to have the final shape. The workpiece flows completely between the
upper and lower dies and then takes the final shape. Closed die forging is used to obtain the highest dimensional accuracy of
products in complex geometries. In this method, design of the dies becomes more crucial and directly affects production efficiency
(Capan, 2010). However, if the initial set-up or design of the dies are not accurate, the flash formation may occur in the process as
a disadvantage. A schematic representation of flash formation in closed die forging is also given in Figure 2.

Upper die

Workpiece
Flash
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Fig. 2 Closed die forging with flash; a) before deformation, b) after deformation.

Lower die (a) (b)
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In addition to type of die, forging processes can be classified according to the working temperature as cold forging, warm forging
and hot forging (See Figure 3).

Metal Forming Processes

| Cold Forging Warm Forging | Hot Forging |

Forming below the Forming below Forming above the
recrystalization or around the recrystalization
temperature recrystalization temperature

temperature

Fig. 3 Metal forming processes.

Cold Forging

Cold forging can be described as plastic forming under the recrystallization temperature of the materials to be forged. Compared
to warm and hot forging, simpler geometries can be obtained by cold forging. The main reason for this limitation is the operation
temperature. Since the plastic deformation takes place under recrystallization temperature, the microstructure will be changed, so
that in most of the cases the material will strain hardened or work hardened leading to increase in hardness and the load required
toinduce plastic deformation. As a consequence, if the forgeability limit is exceeded, there will be crack formation leading to failure
and fracture. On the other hand, cold forging has also some advantages such as mass production compatibility, precise product
tolerances and high mechanical properties (Aygen, 2006).

Warm Forging

Warm forging can be defined as the combination of hot and cold forging in a single production process. In this process, the
billet is heated up to the recrystallization temperature which is lower than the conventional hot forging range. Warm forming
necessitates lower forging loads compared to cold forming, and this is the main advantage of the process. By employing warm
forging, a particular product can be produced with better tolerances and surface conditions compared to hot forging with less
energy consumption (Sarag, 2007).

Hot Forging

Hot forging is performed above the recrystallization temperature of the material to be processed. Therefore, the warkpiece
experiences plastic deformation and recrystallization simultaneously, which prevents material to be strain hardened. In addition,
owing to high temperatures, the forging loads are significantly lower compared to cold forging. On the other hand, the surface of
a hot formed metal is covered with an oxide layer, however it can be reduced to a minimum by controlling the furnace atmaosphere
(Kilingdemir, 2016). In addition, vast amount of energy is used during the process to reach the high recrystallization temperatures
and the duration of the process is higher compared to cold forging. Regarding of these facts, it should be noted that the cost of
hot forging is higher than the other forging operations.

Machining

Machining is the process of removing material from the workpiece, so that the final product geometry can be obtained. It is
a complex process that takes place under various strain rates and temperatures. Although metal forming processes cause
plastic deformation in all processes, the cutting mechanism varies greatly from material to material. There are different fracture
mechanisms for ductile and brittle materials. In addition to these, surface roughness and tool wear estimations are very significant
for this process (Dixit & Dixit, 2008). Turning, milling and drilling can be considered as the three main methods of machining.
Besides these, broaching, reaming, and planing are also used in the industry.

A Comparative Study Of Metal Shaping Processes Between Forging And Machining



NORM ARGE MAKALE KiTABI 2018 N

Turning

Turning is the process of removing chip from the workpiece to form an axisymmetric surface. As the workpiece rotates on a shaft,
the cutting tool moves perpendicular to this point. Turning is carried out on a machine called lathe. Cutting speed (v), feed (f) and
depth (d) are critical parameters in this process (See Figure 4.)

—[+— Feed, f

Fig.4 Turning process.

In order to carry out the machining operation, a relative movement between the tool and the workpiece is required. The primary
movement is carried out with a certain cutting speed. Besides this, the tool must be moved on the workpiece. This movement is
slower and it is called as feed. The distance between the first surface of the workpiece and the surface obtained after cutting is
depth (Groover, 2010).

Milling

In the milling process, the rotating tool which has multiple cutter edges, moves on the workpiece to form a plane or straight
surface. The direction of the feed motion is perpendicular to the rotation axis of the cutting tool. The primary movement and the
cutting speed are provided by the rotating milling cutter. There are two main types of milling namely surface milling and lateral
milling (See Figure 5).

Rotation
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Milling cutter Milling cutter _ )Speed motion
Y

Feed fiz Feed
motion 5 motion

“Workpiece “*Workpiece

(a) (b)
Fig.5 Milling process; (a) peripheral, (b) face.
Drilling
The drilling method is used to create a hole with a round cross-section. It is usually carried out with a rotating tool which has

two cutting edges. The cutting tool is moved to the workpiece in a parallel direction to the axis of rotation to form a round hole.
Machine used in the process is called drilling machine. The schematic view of the process is shown in Figure 6.

A Comparative Study Of Metal Shaping Processes Between Forging And Machining
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Fig.6 Schematic view of the drilling process.

Other Machining Methods

The broaching is carried out by using a multi-threaded cutting tool, moving the tool linearly towards the workpiece in the direction
of the tool axis. It is a critical production process and can produce a good surface quality and dimensional accuracy of the parts.
Reaming is a process that used to make the size of an existing hole more accurate and precise. Planing involves the use of a single-
point cutting tool that moves linearly relative to the workpiece. A flat surface is obtained at the end of the process.

COMPARISON BETWEEN FORGING AND MACHINING

Complexity

Determination of the suitable metal shaping process relies on critical factors such as size, tolerances, material, cost and geometry
of the part. To produce simple parts with high precision and production rate, which are used in the major equipment of military,
aerospace and automotive fields, forging is generally preferred. When designing complex parts, there are many key factors to take
into account in order to obtain the final shape. Depending on the geometry and tolerances, the products are generally produced
either by forging or by machining. However, in order to fabricate complex parts, forging generally requires a secondary operation
like machining, which is complementary to obtain the final complex-shaped products. For example, considering the product shown
in Figure 7, only rough preform of ball stud can be obtained by forging. In order to achieve precise final complex-shape of ball stud,
forging process should be combined with machining.

() (b)

Fig.7 (a) Preform by cold forging, (b) final form by machining.
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Cost

There are many factors influencing the cost calculation of the forging and machining processes. Considering forging, the initial
investment and tooling costs appear to be high, however, the cost per unit is reduced as the amount of production increases. As
given in Figure 8, relative tooling cost decreases as the amount of pieces increase (Kalpakjian & Schmid, 2014). On the other hand,
unit cost does not significantly change with the amount of production in machining process.

1000
3
‘B, 100 Tooling cost Total cost per piece
g
@ \
8
)
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)
~

Material cost
1 T .
10 100 1000 10000

Number of pieces

Fig. 8 Typical cost per piece in forging.

Another factor that affects the cost of the forging process is the size of the product. Increasing in the part size require high die
costs, thus extending the recycling time of the initial investment cost. Although the cost of the forging process depends on
the part size, the most important criterion is the production amount. In the case of machining, process duration depends on
the part size. Another factor that constitutes the cost in the forging process is the direct financial effects of the die service life
during forging. This situation is proportional to the shape and size of the product. Correct adjustment of the station designs and
balanced distribution of the forging loads between the stations allows increase in the die life and better productivity with lower
costs. Reduced tool consumption allows faster initial investment costs, thereby increasing profitability. Similarly, one of the most
important factor affecting the cost item in the machining process is effective usage of metal cutting toaols. Sometimes breaks
occur early due to miscalculation of the amount of chips to be taken with the cutting inserts. This leads to increased costs per
product.

Mechanical Performance

The formations of the material flow lines reveal a fundamental difference between forging and machining. Forging of the material
provides continuous flow lines. On the other hand, during machining, the material flow lines turn into a cut-off form, which
makes the parts more susceptible to weakening. In addition, the risk of crack formation is lower for forging owing the grain flow.
Continuity of the material flow lines ensures the structural integrity of the material leading to longer fatigue and wear life. In
Figure 9, material flow lines in the forging and machining processes are compared. It can be seen that there is a discrete flow in the
machining process while the flow lines are continuous in the forging process.
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a) Machining b) Forging

Fig. 9 Grain flow; (a) machining, (b) forging.
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Material

Forgeability, known also as workability or formability is one of the important characteristic features of metallic materials to be
produced by metal shaping processes. Forgeability can be defined as the ability of materials to flow, i.e. deform without cracking
and fracture. The process conditions (such as temperature, rate of deformation, applied stresses and stress distribution) and
metallurgical characteristics or history (such as defects, grain size and grain orientation) plays a critical role in terms of forgeability
of a particular material. If a complex-shaped part is to be produced by forging, the material may be cracked before the final
geometry is obtained, which makes impossible for that part to be produced by forging unless the material is changed. In addition to
forgeability, the forging pressure, i.e. the load or pressure required to deform the material is also important. If the required forging
pressure is too high to be obtained by conventional forging machines, that part cannot be produced by forging. As a conclusion,
the forgeability and forging pressure have to be considered together in terms of deciding the use of forging for a particular metal
shaping operation. For instance, if a particular part to be produced has to be made from hastelloys, i.e. nickel based alloy used
generally for marine applications (low forgeability and requiring high forging pressure), and have a complex shape, it may not be
feasible or even impossible to obtain by forging, in which case machining has to be considered as a metal shaping process.

Environment

Due to increase in demand, consumption of fossil fuels has significantly increased the carbon dioxide concentration, which is
the primary contributor of the global warming and climate change. With the increased consciousness, the carbon footprint is
also becoming an increasingly important issue for manufacturing industries. Therefore, management of carbon-based resource
draws attention in manufacturing methods. Energy consumption can be considered as a dominant resource for carbon emission.
However, as also can be seen in Figure 10, not only emissions from electricity use, but also lubricant oil, cutting oil, disposal of
waste material are important factors contributing carbon footprint in the production of part with machining (Li et al., 2015).

Energy / €0

Inputs

/,COZ l
Material Products
Inputs |~ Machining .

Disposal of €O,
I Waste /

Auxiliary
Inputs
(Lubrication Co;,
oil, cooling S
fluid, etc.)

Fig. 10 Inputs and outputs in machining with the aspect of carbon emission.

Efficient material consumption and waste disposal are particularly critical issues on environmental impact of manufacturing
methods. If a complex-shaped metallic component is not suitable to be produced by forging, machining is generally preferred
method. However, significant amounts of waste materials can be produced due to nature of the process. For instance, considering
the product shown in Figure 11, approximately 181 gr of material can be saved, if the product is to be produced by cold forging
process. Therefore, carbon emissions occurred from disposal of chip and material processing system are less for forging compared to
machining. Compared to forging, energy consumption per unit is higher for machining. (Sun & Zhang, 2012) states that, unit energy
consumption is nearly 50 % greater for numerical controlled machining process. In other words, the machining process requires
more electricity generated from burning fossil fuels and other sources causing significant impact on the environment. Therefare,
considering the energy required to produce a unit and produced waste, it can be concluded that machining has significantly higher
effect on environment compared to forging.

A Comparative Study Of Metal Shaping Processes Between Forging And Machining



Fig. 11 M6 bolt with 30 @ head diameter.

Forging and machining are the two fundamental metal shaping processes having different advantages and limitations. As
introduced in this chapter, it may not be possible to obtain very complex shapes by employing forging. On the other hand, in terms
of overall structural integrity, forged parts offer better performance owing to continuous flow lines. In terms of cost, forging is
more suitable for mass production due to high initial cost of punches and dies. Machining is not only consuming more energy but
also creates more waste compared to forging. Based on the requirements from the final part and production line, the most suitable
method has to be chosen after a thorough evaluation. Especially in the increasing global competition conditions, employing both
processes is also a common practice in industry to get benefits of each production methods. Hence, it can be concluded that both
processes offer different superiority and the design of the complete manufacturing route depends on material to be processed and
requirements of the final products. For this reason, itis necessary to carry out a detailed examination considering the requirements
and determine the metalworking process.
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ABSTRACT

Cold forging process provides to produce high quality components with complex geometries and near net shapes.
However, tools in cold forging operations are exposed to high mechanical stresses and extreme tribological
conditions due to high normal stresses. The tribological condition of tool and material is so effective on the tool
life and surface quality of the product. One of the parameters that affects the tribological conditions in cold forging
is coating of the work-piece. The zinc phosphate-soap coating is mainly used in the cold forging industry however
that coating includes heavy metals and leads to generation of hazardous waste. Polymer based coatings are
designed to avoid of the above-mentioned disadvantages of zinc phosphate-soap coating. In this paper, 23MnB4
forging steel was coated with zinc phosphate-soap and polymer and flow behavior were compared by conducting
cold forward extrusion tests. Numerical models of extrusion tests were also prepared in simufact.forming finite
element software to determine the friction coefficient between the work-piece and tool. The results showed
that the tribological performance of polymer coating is very close to traditional zinc phosphate-soap coating.

Keywords: Cold forging, Lubrication, Tribology, Friction, Friction Coefficient.
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Introduction

Cold forging parts provide high mechanical properties like high fatigue strength and deformation resistance. Work-piece material
in cold forging operations is subjected up to nearly 3000% expansion, 2500 MPa pressure and nearly 200 °C tool temperature
(may be 600 °C locally) [1]. High expansion level, pressure and the temperature lead to extreme tribological condition. High
friction increases wear on tools, forming force, energy consumption and decrease the tool life and surface quality of final products
[2, 3]. In general, zinc phosphate-soap/oil coating is used to reduce friction to the range changing between 0.02-0.07 in cold
forging process [4]. However, zinc phosphate-soap/oil lubrication has disadvantages huge water consumption and generation
of hazardous wastes including heavy metals. Also, residual zinc phosphate may diffuse into the surface of the workpiece
during heat treatment process and may cause surface embrittlement [5]. Several types of coatings like polymer based, wax
based and molybdenum disulphide based are developed to avoid these kinds of disadvantages. In this paper, 23MnB4 forging
steel was coated with zinc phosphate-soap and polymer coatings separately, and tribological performance of these coatings
were revealed by terms of friction coefficient that occurs between work-piece and tool in cold forward extrusion. The samples
were cut from coated work-pieces and extrusion tests were conducted at ram speed of 5 mm/min on a Zwick Z400 Red
model test machine. The finite element models of extrusion tests were prepared in simufact.forming finite element software.

Conclusions

Coils of 23MnB4 forging steel was coated with zinc phosphate-soap and polymer coatings separately. The coating procedures
starts with the cleaning the surface of steel coil with water. Then the coil is moved to acid bath which cleans the surface
contaminants then neutralization is conducted in the following tank. After this stage polymer and phosphate-soap coating are
separated. Figure 1 shows the coating procedure of coils. Extrusion test specimens were prepared from these coils. Extrusion
tests were conducted at 5 mm/min with an extrusion die having 55% area reduction. To unsure reproducibility of the results,
at least 3 tests were conducted. Numerical model of the extrusion test is shown in Figure 2. The model includes elastic WC-
Co (G40) die and stress ring (made of H13 tool steel) and rigid punch. The specimen is modeled as elastic-plastic material.

chcmng|| ‘o [ Soap coating

Hotwater | W) | AcidBath | W) | Neutratization

Polymer .

coating Drying

Figure 1. Coating procedure of coils of 23MnB4 forging steel.
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curves of samples.

Coulomb friction model was defined as friction model and friction constant was determined with a parametric study for each
test. Friction coefficient was varied to obtain the experimental curve in an error range of %5. The comparison of experimental/
numerical curves of both zinc phosphate-soap and polymer coated work-pieces are given Figure 3. According to experimental
and numerical findings, polymer-based coating offers similar lubrication performance between specimen and die. As seen in the
figure, the coefficient of friction of both coatings (0.05 for polymer and 0.06 for zinc phosphate-soap) are very close to each other.
The study showed that polymer-based coating can be an effective alternative to traditional zinc phosphate-soap coating in
cold forging.
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ABSTRACT

In this study, the effect of socket depth on failure types of fasteners were investigated in detail. Socket depth
plays a vital role in structural integrity of fasteners particularly in weight reduction studies. Therefore, experimental
studies were carried out by cold forged bolts having various socket depths. Fatigue and torgue-tension tests were
conducted to examine the critical socket depths under different loading types. Finite element analysis were also
performed using SIMUFACT FORMING software. According to experimental and numerical investigations, it was
shown that the socket depth has significant influence on failure mechanism of fasteners. Depending on the depth
of sockets, the locations of the failures were shifted from the threads to the head of fasteners. The main reason
for this type of shift was associated with the higher stress levels due to decrease in cross-sectional area of fastener
heads. Consequently, it was shown that the critical socket depth is very important parameter in terms of structural
integrity of fasteners and it has to be taken into account in the design stage of the every fasteners.

Keywords: Fastener; socket depth; failure; weight reduction
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I. INTRODUCTION

The importance of weight reduction in transportation industry has become very crucial considering the increase in crude oil prices

and enforcement in CO, emission (35 g/km) in Europe, which will be implemented in 2020. One of the main components of
automotive, fasteners have been also affected from this weight reduction efforts. Considering the structural integrity and strict
standards defined for the thread region, most of the weight reduction studies are concentrating on the head region. There are
various parameters investigated in the literature having effect on fatigue and failure behavior of fasteners. One of the parameters
investigated in the literature is the thread pitch. According to the study of Majzoobi et all conducted to ISO fasteners having 10
and 24 mm diameters, the fatigue life of fasteners were affected from the thread pitch. It was shown that fasteners with coarse
thread pitch had better fatigue life compared to fasteners with fine thread pitch. Another parameter investigated in the literature
is the bolt length. M24x3 fasteners were employed with different length and it was revealed that increase in bolt length improved
the fatigue resistance (Sandro Griza et). Grimsmo investigated the fracture behavior of bolts under axial loading and found that
depending on the bolt length the failures were observed either at the thread region or at the head region leading to fracture.In
this this study, cold forging experimental studies and finite element simulations were carried out in order to determine the limit
of the bolt socket depth. The critical socket depth is very important parameter since it is desired to be as deep as possible to have
maximum weight reduction without any sacrifice from mechanical performance.

Il. Material and Methods

2.1. Test sample specifications

In this study, half tread M8x1,25x50 DIN 912 fasteners were investigated in detail. The technical drawing of the fastener is
introduced in Figure 1. 23MnB4, widely used steel material in cold forging, was used and the elemental composition is given in
Table 1. In order to determine the critical socket depth at the head region, five different head configuration were determined and
are presented in Table 2. After cold forging, all the samples were heat treated to obtain 10.9 quality.
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Figure 1. DIN 912 Bolt specification

Table 1

Chemical composition of 23MnB4 (EN10263-4:2003)
C% Si% Mn% P% S% Cr% Cu% B%
0.20-0.25 0.30 0.90-1.20 0.025 0.025 0.30 0.25 0.0008

Effect Of Socket Depth On Failure Type Of Fasteners



Table 2

Test sample specifications

Test samples Fastener Standard w value (mm) k value (mm) tvalue (mm)
1 M8x1.25x50 HT 10.9 DIN 912 1.90 7.8 5.85
2 M8x1.25x50 HT 10.9 DIN 912 2.05 7.8 5.75
3 M8x1.25x50 HT 10.9 DIN 912 2.25 7.8 5.55
4 M8x1.25x50 HT 10.9 DIN 912 2.35 7.8 545
5 M8x1.25x50 HT 10.9 DIN 912 2.65 7.8 515

2.2. Finite element analysis

Finite element numerical simulations were carried out by using Simufact Forming software. The simulations were conducted
in three stages. First and second stages were modelled as axisymmetric and the final stages was built in 3D. All the dies were
defined as rigid body, only workpieces were introduced as elastic-plastic. Hexahedral mesh type was used in all simulations. All
the workpieces obtained after each stage are given in Figure 2. All the simulation stages were repeated for various socket depth.
According to simulations, the critical depth was determined as w=1.90 mm, beyond which the flatness of the bottom edge was
started to be out of tolerance, which is given in Figure 3. The simulation results were taken into account while determining the
socket depths as given in Table 2.

Effective plastic strain
5.00
450
4.00
3.50
3.00
250
2.00
150
1.00
0.50
0.00

Workpiece Station 1

Station 2 Station3

Figure 2. Cold forming simulation results (Effective plastic strain)

.

‘v

W:2.25 mm

W:1.85 mm

Figure 3. Cold forming simulation results with various socket depth (Effective Plastic

Strain)
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2.3. Experimental procedure and setups

Torgue-tension and fatigue experiments were conducted for all the sample types. Axial fatigue tests were carried out by mounting
fasteners on the test device with a locking length of 30 mm. The schematic representation of the test system is shown in Figure
4(b). The load applied during the tests were obtained with reference to the proof load value of the bolt M8 10.9 according to
DIN 8398-8. Accordingly, mean load values were taken as 70% of the fasteners proof loads and fasteners were subjected to an
alternating stresses, corresponding to 10%, 15% and 20% of the proof load values which were 21,1 kN (proof load), 4 kN, 6 kN
and 8 kN (alternating loads) respectively. Each set of experimental procedure was repeated five times. In the Torque-tension
tests, instantaneous detection of the change in the clamp load occuring on the fasteners during the torqueing operations were
detected. The schematic representation of the torque-locking load test is given in Figure 4(a). During the experimental tests, 25 +
2 Nm torque value was applied on the fasteners and the clamping force-torgue graph was obtained as the result of the tightening
operation. Three experiments were carried out for each socket depth value.

a)
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Figure 4. (a) Fatigue test setup; (b) Torque-Tension test setup

I1l. Results and Discussion

The fatigue test results including number cycles were shown in Table 3 and the force amplitude-cycle curves for each sample are
shown in Figure 5. As a result of the fatigue tests, no fracture was observed in the head region, where the material was removed
for the sake of weight reduction. The main reason for this type of fracture behavior is that the tooth region is weaker in strength
compared to the head region. The fatigue results indicated that the depth of the sacket regions were not too deep to cause failures
from the head region. Therefore, fasteners with all these socket depths can be used for weight reduction.

Table 3

Test sample specifications

Test samples Mean Load  Alternating Load Test 1 Test 2 Test 3 Test 4 Test5

(kN) (kN) (Cycle) (Cycle) (Cycle) (Cycle) (Cycle)

1 (w:1.95) 211 kN 8 12760 13582 12471 15196 14741
2 (w:2.05) 211 kN 8 15141 14402 11092 13597 14981
3 (w:2.25) 211kN 8 9667 13324 1462 12661 9365
4 (w:2.35) 211kN 8 9877 9929 12421 9219 13483
5 (w:2.65) 211kN 8 12326 12550 10762 13896 9145
1(w:1.95) 211kN 6 24035 33835 24324 24409 27621
2 (w:2.05) 211kN 6 25571 29457 29907 27841 29547
3 (w:2.25) 211kN 6 34196 33252 36923 32478 35689
4 (w:2.35) 211kN 6 30925 32407 26632 22178 25041
5 (w:2.65) 211kN 6 20266 26119 44138 35671 29345
1 (w:1.95) 211 kN 4 145632 127985 131274 98385 12631
2 (w:2.05) 211 kN 4 115019 90819 143778 97491 107562
3 (w:2.25) 211kN 4 164811 128294 139943 157635 133875
4 (w:2.35) 211kN 4 134020 113656 104244 130005 127953
5 (w:2.65) 211 kN 4 135673 212006 157548 175215 139814
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As a result of the torgue tension tests, all bolts were broken from the thread region and no fracture was observed in the head
region. The thread region of the bolt still plays a critical role in fracture, although increasing the socket depth in the head region
has reduced the strength of the head. The Torque-clamp loads obtained as a result of the tests are given in Figure 6 for each socket

depth.

IV. Conclusion

In this study, effect of socket depth at the head region of M8x1,25 10.9 DIN 912 fasteners was investigated for the sake of weight
reduction. Finite element simulations as well as fatigue and torgue-tension experiments were obtained. Accaording to experimental
tests, fasteners with socket depths determined according to simulations verified to meet the dimensional tolerances were failed
from the thread region. Therefore, experimental results suggest that all the socket depths investigated in this study can be used
in real applications for weight reduction. Further investigations will be carried out for different metric fasteners and gualities.
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OZET

Bu calisma kapsaminda otomotiv sanayinde kullanilan baglanti elemanlari icin agirlik azaltma yéntemleri ele
alinmistir. Bu kapsamda soguk dévme yontemiyle elde edilen metalik baglantielemanlarive bu triinlerdeki hafifletme
calismalarina yer verilmis ve NORM Holding biinyesinde ortaya konulan ¢6zimlerden 6rnekler sunulmustur.
Gerceklestirilen calismalar, malzeme degisimi, tasarim giincellemesi ve dzel baglanti elemani kullanimi gibi farkl
yaklasimlar olmak tizere (i¢ ana baslik altinda incelenmistir. Verilen érneklerle de desteklendigi tizere farkh stratejiler
uygulanarak baglanti elemanlarinda agirlik azaltmanin mimkin oldugu bu ¢alisma kapsaminda ortaya konmustur.
Ozellikle 2020 yilindan itibaren Avrupa'da gecerli olacak CO, misyon sinirlamasi, ham petrol fiyatlanindaki artig ile
musterilerin yakit ekonomisi yiksek olan araclara egilimi ve elektrikli araclarda yasanan menzil dar bogazi gibi
otomotiv sanayini ¢ok yakindan ilgilendiren konular nedeniyle agirlik azaltma caligmalar son yillarda ciddi 6nem
kazanmistir. Bu kapsamda otomotiv sanayinden kullanilan baglanti elemanlariicin hafifletmeye yonelik calismalarin
onuimdizdeki donemde daha da 6nem kazanacagi 6ngdriilmektedir.

Anahtar: Baglanti elemanlari, agirlik azaltma, CO, emisyonu

ABSTRACT

In this study, the weight reduction methods employed for automotive industry were investigated. Within this
scope, metallic fasteners obtained by cold forging method and weight reduction methods for these products are
introduced and the applications from NORM Holding are presented. The examined weight reduction methods can
be categorized under three main headings: change in materials, design update and special fastener solutions in the
assembly strategy. As supported with the examples, it was shown that weight reducton in fasteners is possible
owing to applied different strategies. Weight reduction efforts related to the automotive industry have gained
importance in the recent years, particularly due to the CO, emission limitation that will be valid from 2020 in Europe,
the increase in crude oil prices and the tendency of customers to vehicles with high fuel economy and the limited
range of electric vehicles. Therefore, it is envisaged that efforts towards weight reduction for the fasteners used in
the automoative industry will gain more importance.

Keywords: Fasteners, weight reduction, CO, emission
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l. GIRIS

Baglanti elemanlari otomotiv sanayinde en yaygin kullanilan emniyet parcalarindandir. Uygulama alanina gére standartlarda
belirlenmis civata ve somun kullanilmasinin yaninda bijon, rotil ve burg gibi cok degisken geometriye sahip Grlnler de baglanti
elemani sinifinda degerlendirilmektedir. Bir binek aragta yaklasik 3500 ile 7000 arasinda baglanti elemani kullanildigi bilinmektedir.
Bu kadar yogun kullanilan bilesenler icin yapilabilecek her tirlii iyilestirme ara¢ bazinda kayda deger etkiye yol acabilmektedir.
Ozellikle Avrupa genelinde 2020 yilindan itibaren uygulanacak 95 gram CO,/km’lik emisyon sinirlamasi [1], agirlik azaltma basta
olmak tizere emisyona etki edecek tiim alanlardaki mevcut calismalara 6ncelik verilmesine neden olmustur. Bunun yaninda ham
petrol fiyatlarindaki yerel ve global artis, misteri egilimlerini ciddi oranda etkileyerek otomotiv treticilerini daha hafif ve dolayisiyla
yakit tiiketimi agisindan daha ekonomik arag tretimine yonlendirmistir [2]. Ayrica, elektrikli araclardaki mevcut menzil uzatma
calismalari kapsaminda pil teknolojisinde yapilan ¢alismalarin yaninda daha hafif araglar sayesinde daha uzun menzil elde edilmesi
de agirhk azaltma calismalarninin hizlanmasini saglamaktadir. Bu baglamda, 6zellikle otomotiv ve havacilik sanayinde kullanilan
baglanti elemanlarinda agirlk azaltma calismalar son yillarda global anlamda hiz kazanmustir.

Mevcut baglanti elemani ¢dztimleri diisinildigiinde, agirlik azaltma temelde (¢ yontemle yapilabilmektedir. Uriinde kullanilan
malzemenin tamamen veya kismen yogunlugu daha disik bir malzeme ile degistirilerek hafifletilmesi bu yéntemlerden bir
tanesidir. Ancak bu durumda dretim maliyeti ve farkli malzeme kullanimindan dolayi ortaya ¢ikabilecek galvanik korozyon riski
ve arayiiz varsa yapigsma/tutunma gibi problemler degerlendiriimesi gereken konularin basinda gelmektedir. Otomotiv ana sanayi
firmalarmin beklentileri dogrultusunda ele alinan bir diger agirlik azaltma yéntemi de baglanti elemani geometrisinde hafifletme
temali revizyonlar yapilmasidir. Bu durumda hafifletilmis baglanti elemaninin montaj kosullarinda kendisinden beklenen yapisal
biatunligin yani sira, mekanik ve fiziksel performans 6lcitlerini saglamasi cok dnemlidir. Ayrica, tekil Griin bazinda hafifletmenin
yani sira montaj yontemini degistirerek hafifleme elde etmek de mumkinddr. Farkh montaj ¢6zimlerinin tercih edilmesiyle
kullanilan parca adetinde elde edilecek sayisal kazanimlar ve/veya agirlik azalmasi nihai agirlik olarak ciddi hafifleme saglayabilecek
niteliktedir.

Bu yayinda baglanti elemani ¢6zimleri konusunda NORM Holding sirketlerinde yapilmakta olan agirlik azaltma calismalari
incelenmistir. Uriinde yapilabilecek malzeme degisimi, tasarimsal revizyonlar ve montaj cziimleri uygulamalarina yer verilmistir.

Il. BAGLANTI ELEMANLARINDA AGIRLIK AZALTMA COZUMLERI
2.1. Malzeme Degisimi

Baglanti elemanlarinda kullanilan malzemenin tamamen veya kismen degistirilerek agirlik azaltiimasi temel yontemlerden bir
tanesidir. Otomotiv sektérinde kullanilan baglanti elamanlar blyik oranda degisik tiirde celik malzemelerden Gretilmektedir.
Ozellikle soguk dévme yontemiyle elde edilen baglanti elemanlariicin istenen mekanik 6zellikler ve geometri géz éniine alindiginda
genelde borlu veya kromlu celikler kullanilmaktadir. Hafifletme calismalari kapsaminda celik yerine kullaniimasi degerlendirilen
malzemelerin basinda aliiminyum ve alasimlari gelmektedir [3]. Yogunluk agisindan aliiminyumun celige kiyasla yaklasik 3 kat daha
hafif olmasi sebebiile tercih edilen malzemelerin basinda gelmektedir. Ancak celiklere gére daha disiik gerilim seviyelerinde plastik
deformasyona maruz kalmasi, aliminyum alasimlarinin kullamim alanlarini sinirlamaktadir. Bu nedenle nispeten daha az yiike
maruz baglanti elemanlarinda aliminyum alasimlari tercih edilebilmektedir. Otomotiv sanayinde yer alan baglanti elemanlarinin
kullanim alanlariincelenmis ve Aliminyum baglanti elemani kullanilabilecek noktalar tespit edilmistir. Bu baglamda ilgili tGrinlerin
soguk sekillendirme ile tretilebilirlikleri incelenmig ve 6rnek bir burg Grind icin gerekli tasarim, similasyon ve retim faaliyetleri
NORM Holding blnyesinde gerceklestirilmistir. Aliminyum malzeme ile Uretim kapsaminda sayisal simtlasyon calismalari icin
gerekli malzeme akis egrileri deneysel olarak tespit edilmistir. Bu veriler kullanilarak simdlasyon calismalari yapiimis ve elde edilen
sonuclara gore istasyon ve kalip tasarimlar belirlenmistir. Simulasyon calismalarinda &zellikle Cockroft-Latham hasar olusum
degeri incelenmis, nihai triin formunda ¢atlak olup olmayacagi degerlendirilmistir (Sekil 1). Kullanilan aliminyum alasimin celige
gore farkli dovme karakteristigi oldugu hem similasyon hem de tretim caligmalarinda tecriibe edilmistir. Bu sebeple farkl kalip
kaplamalari ve sogutma sivilari kullanilmistir. Yapilan numerik ve deneysel ¢alismalar sonucunda aliminyum alasimdan soguk
dévme yontemiyle burc elde edilebilece&i ortaya konmustur (Sekil 2).
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Sekil 1 Simiilasyon calismalar sonucu nihai triin formunda Cockroft-Latham hasar olusumu.
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Sekil 2 Al6082-H13’den elde edilen aliiminyum burc.

Aliminyum alagimlarina ilave olarak titanyum ve magnezyum alasimlari ile kompozit malzemeler de baglanti elemanlarinda
kullanilabilen alternatifler arasinda yer almaktadir. Titanyumun yogunlugu celige oranla yaklagik %58 civarindadir. Titanyum
alagimlar ile soguk dévmede kullanilan celikler karsilastirildiginda benzer akma degerlerine sahip olduklari gorilmekle beraber
kafes yapilarindaki farkhliktan dolayi yik altinda daha az stnek davranis géstermektedir. Ayrica, titanyum alasimlarinin maliyeti
daha fazla oldugu icin genelde havacilik ile savunma sanayinde kullaniimaktadir. Kompozit malzemeler de yine havacilik sanayinde
kullanilan baglanti elemanlarinda tercih edilen malzemeler arasindadir. Ancak, 6zellikle yiksek yik altinda yorulmaya maruz
kalinan baglanti elemanlarinda kampozit daha distik performans gdsterebilmektedir.

2.2. Geometri Degisimi

Baglanti elemanlarinda hafifletme yontemlerinin bir tanesi de kullanim alaninda herhangi bir performans problemine sebebiyet
vermeksiniz driin tasarimlarinda revizyonlar yapiimasidir. Bu kapsamda NORM Holding olarak otomotiv sanayinde kullanilan
standart flanslicivatalarele alinmig ve agirlik azaltma calismalari gerceklestirilmistir. Sekil 3'teilgili Giriinicin soguk dévme prensipleri
g6z 6ninde bulundurulmaksizin olusturulan alternatif tasarimlara yer verilmistir. Bu kapsamda 15 farkli tasarim dretilebilirlik, kalip
omurleri ve verimlilik gibi kriterler gbz 6niinde bulundurularak degerlendirilmis ve C4 (Sekil 3) geometrisi nihai tasarim olarak tespit
edilmistir. Simulasyon calismalar sonucu belirlenen kaliplara gére deneme dretimleri yapilmistir. Yapilan prototip Gretimlerde
herhangi bir problem ile karsilasiimamustir. Uretim sonucunda elde edilen numunelerde mekanik ézeliklerin tespitine yonelik testler
gergeklestirilmistir. Yapilan mekanik testler ISO 898-1ve IS0 898-7 sartnamelerine gore yapilmis ve standartlarda kalite siniflarina
gore istenilen degerlerin saglandigi tespit edilmistir (Sekil 4). Yapilan testler sonucunda ilgili civatanin kafa formunda herhangi
bir deformasyona rastlanmamistir. Bu triin icin standartlarda belirtilmis olan 270 Nm minimum kirilma tork degerinin saglandigi
hatta 350 Nm mertebelerinde civatanin saft kismindan koptugu gozlemlenmistir. Calisma ile nominal élcllere gore yaklasik 45,7
gram gelmekte olan M14 sapkali civatanin kafa agirliginda yapilan tasarim degisikligi ile ortalama 35,4 grama disirilmus ve sonug
olarak %?23'lik bir agirlik azaltma saglanmistir.

Sekil 3 M14 sapkali civata hafifletme ¢alismalan kapsaminda degerlendirilen alternatifler.
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2.3. Ozel Baglanti Elemanlarinin Kullanimi

Baglanti elemanlar ¢cok genis kullanim alanina sahip bir makine elemanidir. Herhangi bir montaj noktasi icin bir cok farkl ¢cozim
ile paketleme gerceklestirilebilir. Konvansiyonel baglantilar genel olarak ele alindiginda civata-somun veya civata-disi parca olmak
Uzere ikiye ayrilabilir. Gelisen ve degisen beklentiler, artan rekabet kosullari 1si8inda baglanti elemanlarn ¢ok farkli noktalarda,
farkl amaclar g6z 6niinde bulundurularak kullanilabilir. Bu 6zel baglanti elemanlarina 6rnek olarak pres yardimi ile montaji yapilan
civatalar ve somunlar ile kendinden dis acan civatalar verilebilir. Standart baglanti elemanlarinin kullanim alanlarn dogru olarak
analiz edildikten sonra bu tip 6zel drinler kullanilarak paketlenen sistemde agirlik kazanglari saglanabilmektedir. Bu kapsamda
belirlenmis uygun montaj noktalarinda kendinden dis acan civatalar kullanilarak somun ihtiyaci ortadan kaldirlabilir ve saft boyu
daha kisa bir Grtin ile montaj tamamlanabilir.

Sekil 5'te konvansiyonel olarak montaji tamamlanmis baglantiile NORM Holding patentli triinii olan NormEST (kendinden dis acan
civata) ile montajlanmis baglanti karsilastirilmistir. Bu yontem ile paketleme icin kullanilacak baglanti elemani sayisinda, boyunda
ve agirliginda buyluk kazanclar saglanabilmektedir.

Standart Civata NormEST
(Kendinden Dig Agan Civata)
S =
- Ara Parga = [ -
SV /A 3/
!
Somun Dis Agilan
Parga
Dis Kesiti

Sekil 5 Konvansiyonel baglanti (solda) ve kendinden dis acan civata

" (sagda) ile montaji tamamlanmis baglant.
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Il. DEGERLENDIRME VE SONUC

Bu calisma kapsaminda, baglanti elemanlarinda uygulanabilecek hafifletme yontemleri ele alinmistir. Agirlik azaltma calismalari g
ana bashk altinda incelenmis ve NORM Holding biinyesinde yapilan calismalardan 6rneklere yer verilmistir. Bu 6rnekler neticesinde,
malzeme degisimi, geometrik iyilestirme ve 6zel baglanti elemani kullanimi ile agirlikta hafifleme saglanabilecegi gésterilmistir.

Baglanti elemaninda malzeme degistirilerek agirlik azaltma elde edilebilecegi burg tretimi ile kanitlanmistir. Konvansiyonel celikler
disindaki malzemelerden baglanti elemani tercih edilmesi durumunda montaj kosullari iyi degerlendirilmelidir. Farkli malzemeler
arasindaki elektro-kimyasal potansiyel farkindan dolayl galvanik korozyon olma ihtimali bulunmaktadir. Tasarimcilarin, montaj
kosullarinda farkh malzeme kullanirken bu gibi etkenleri g6z 6ntinde bulundurmalari gerekmektedir. Baglanti elemani ve montaj
noktasl tasariminda gtincelleme yapilirken dikkat edilmesi gereken kritik noktalardan birisi de herhangi bir performans kaybinin
yasanmamasidir. Ozellikle yorulma ve tork testleriile yapilan tasanim degisikligiincelenmeli erken cevrimde kirllma veya ¢éziillmenin

olmayacagi tespit edilmelidir. Sonug olarak, Avrupa ¢apinda uygulamaya girecek CO, emisyon sinirlamasi, ham petrol fiyatindaki
artis ve elektrikli araclarda menzil problemi gibi konulardan dolayr hizla 6nem kazanan agirlik azaltma calismalarinin baglanti
elemani ¢zelinde artarak devam edecegi 6ngdriilmektedir.
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OZET

Hibrit ve elektrikli araglarin populer olmasiile birlikte otomotiv sektoriinde énemihizla artan mihendislik konularindan
biri araclarin hafifletiimesidir. Buna paralel olarak otomotiv yan sanayi firmalar Grettikleri her Griin grubunda
hafifletme calismalarina 6nem vermeye baslamistir. Bu makalede ¢alisma yikleri diistik olan bélgelerde kullaniimak
Uzere aliminyum civata dretimiirdelenmistir. Prototip Griin olarak M10 x 25 E14 DIN34801 tipi civata secilmistir. Civata
tretimi AI6082 alasimi kullanilarak soguk dévme yontemi ile gerceklestirilmistir. Uretim asamasindan 6nce proses
sonlu elemanlar yontemi ile modellenerek dévme yiikleri, dévme sirasinda olusmasi muhtemel olan aliminyumun
kaliplara yapisma durumu ve catlak olusum riski incelenmistir. Similasyonlar simufact.forming sonlu elemanlar
programi kullanilarak olusturulmustur. Soguk dévme 6ncesinde yapilan ekstriizyon testleri ve similasyonlari ile
W(C-Co kalip malzemesi ile aliminyum alasimi arasindaki sirtiinme katsayisi tespiti yapilmis ve yapisma hadisesi
hidrostatik gerilme dagihminin belirlenmesi ile incelenmistir. Similasyonlardan elde edilen sekillenme, Gretim
denemeleriile karsilastinlmistir. Uretim denemesi sonunda simiilasyonlarda da tahmin edildigi tizere catlak olusumu
ve yapisma hadisesi g6zlenmemistir. Seri tiretime gecilmesi ile 10.000 adet aliminyum civata basari ile Gretilmistir.

Anahtar Kelime: Aliminyum, civata, simdlasyon, hafifletme, soguk dévme.

ABSTRACT

Light-weighting efforts in automotive industry became extremely important with the increasing popularity of
hybrid and electric vehicles. This leads to increase the number of light-weighting studies in all components used
in vehicle production not for just OEMs but also sub-suppliers. In this paper, aluminum bolt manufacturing was
examined experimentally and numerically for producing aluminum alloy bolts to use them in joints where working
forces are not high. M10 x 25 E14 DIN34801 bolts were selected for the investigation. Finite element simulations
were conducted to predict forging forces, sticking of aluminum alloy to cold forging dies and crack evolution before
manufacturing stage. All simulations were prepared in simufact.forming finite element software. In laboratory
experiments, extrusion tests were conducted with aluminum alloy workpieces and WC-Co dies to determine friction
coefficient and sticking phenomenon in terms of distribution of hydrostatic stress. Forming of the alloy in each
forging stage was compared to results of forging trials. Bolt production was completed without experiencing any
crack evolution and sticking as predicted in simulations. In serial production, 10,000 number of aluminum bolts were
successfully forged.

Keywords: Aluminum, bolt, simulation, light-weighting, cold forging.
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l. GIRIS

CO, emisyon miktarindaki yasal limitlerin her gecen yil dustrdlmesi ve hibrit/elektrikli araclara olan talebin artmasi ile araglarin
hafifletilmesi zaruri hale gelmistir. Bunlara ek olarak artan rekabet kosullarinda daha distk yakit tiketimi saglama amaci da
hafifletme calismalarinin nedenlerinden biridir. Hafifletme ile yukarida bahsedilen durumlarda iyilesme saglanirken siirts konforu
ve glvenliginde artis saglanmaktadir. Otomabil dreticileri hafifletme calismalar kapsaminda ortaklastirma, kompozit malzeme
kullanmimi, degisken kalinhkta sac kullanimi v.b. gibi yontemleri kullanmaktadirlar. Ayrica OEM'ler otomotiv yan sanayi firmalarina
Uretmis oldugu bilesenlerde agirlik azaltiimasticin yogun baskiuygulamaktadir. Baglanti elemanlarida agirlik azaltilmasi konusunda
dnem arz etmektedir. Uygun 6lctlerde ve 6zel baglanti elemanlarinin standart Grdnler yerine kullaniimasi ile binek araclarda 0,3-
1,0 kg arasinda hafifletme saglanabilmektedir. Celik baglanti elemanlari icin agirligr azaltilmis ¢zel tasarimlar bulunmaktadir.
Ancak bazi baglantilardaki calisma yukleri diistik olmasina ragmen bu kisimlarda celik baglanti elemanlari kullanilmaktadir. Distik
ylke maruz kalan baglantilarda aliminyum alasimi baglanti elemanlarinin kullanimi énem arz etmektedir. Aliminyum baglant
elemanlari, hafif olmasi, yiiksek elektrik iletkenligi ve galvanik korozyona olan dayanimindan dolayi celik baglanti elemanlari yerine
tercih edilebilmektedir. Ozellikle soguk dévme sonrasinda aliiminyum alasima uygulanan ¢ékelme sertlesmesi islemi ile mekanik
degerler oldukga arttinlabilmektedir.

Baglanti elemani dretiminde kullanilan yéntemlerden biri soguk dévme prosesidir. Soguk dévme islemi yatay preslerde oda
sicakliginda bulunan hammaddenin kaliplar arasinda deforme edilmesiyle gerceklestirilmektedir. Sicak dévmeye kiyasla soguk
dévme operasyonlarinda final parcanin elde edilmesi icin hammaddenin kademe kademe sekillendirilmesi gerekmektedir.
Kademelerin her biri istasyon (ST) olarak adlandirlmaktadir. Standart baglanti elemanlarinin tretimi malzemenin 3, 4, 5 ve 6
istasyonda sekillendirilmesi ile gerceklestiriimektedir. Standart alti kése civatanin istasyon adimlarn Sekil 1'de gdsterilmektedir.
Dévme islemi, hammaddenin pres icerisinde koparilmasi ile baslamaktadir. Kesilen parca tasiyici parmaklar ile 1. istasyona
verilmektedir. Birinci istasyonda civata kafasi armudi sekil ile hazirlanmakta, ST2'de kafa sisirme ile kafa kesmeden 6nceki son
haline getirilmektedir. Ugiincii istasyonda saftta bulunan rediiksiyon yapilmakta ve 4. istasyonda kafa kesme islemi ile alti kise
olusturulmaktadir. Dévme presi disinda 6zel kaliplar ile ug sivriltme islemi gerceklestirilmekte ve son olarak civata disleri ovalama
islemi ile aciimaktadir. Bazi baglanti elemanlarinda ise dévme islemi ekstriizyon islemi ile baslamakta, kafa sisirme ve rediiksiyon
islemleri ile devam etmektedir.

I |
1. Armudi 1 —

2. Kafa Sigirme || | ]
B =

3. Rediiksiyon

4. Kafa Kesme [ [ ]

5. Ug Sivrilme

=
6. Ovalama j:]m

Sekil 1 Standart alti kdse civatanin soguk ddvme istasyon adimlari.
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Celiklerin soguk dovme prosesi Uzerine oldukga fazla calisma olmasina ragmen aliminyumun soguk dovilmesi halen incelenmekte
olan karmasik bir islemdir. Aliminyum oda sicakhginda yiksek stineklige sahiptir ve stineklik dovme sirasinda ortaya ¢ikan sicaklik
ile artmaktadir. Bu durum dovme sirasinda malzemenin kaliplara yapisma egilimini arttirmaktadir. Ozellikle ekstriizyon gibi
ylksek basing altinda gerceklestirilen islemlerde malzemenin yapisma egilimi yikselmektedir. Aliminyum alagimlarinin soguk
daévilmesi ile ilgili detayh bilgiye Bay (1997) 'in yapmis oldugu calismadan ulasilabilir. Burada bahsedildigi sekilde 1000, 2000,
3000, 5000, 6000 ve 7000 serisi aliminyum alasimlar soguk dévmeye uygundur (Bay, 1997). Aliminyumun soguk doviilmesi
tzerine yapilan calismalar 1960’larda baslamistir. Austin ve digerleri (Austin continued, 1967) aliminyum ve bakir alasimlarinda
yaptiklari ¢alismalarda dévme hizinin ileri ve geri soguk ekstrizyon islemine olan etkisini belirlemislerdir. Dislk ekstrizyon
oranlarinda deformasyona giden enerjinin miktarinda 6nemli bir degisim olmazken ytksek ekstriizyon oranlarinda artan dévme
hizi ile deformasyona giden enerjinin arttig gordlmustdr. Ayrica ekstriizyona tabi tutulmus aliminyum parcalarda yapilan sertlik
dlcimlerinde 38 m/s dévme hizindan biyik hizlarda sertligin disttgi gorilmustdr. Bu durum yiksek deformasyon hizi ile ortaya
cikan i1sil yumusamaya baglanmistir. Wagener ve Wolf (Wagener and Wolf, 1994) ileri bar ekstriizyon, ileri tiip ekstriizyon ve bardak
akitma islemlerinde sirtinme katsayisinin degisimini incelemislerdir. Elde edilen sonuclara gére ekstrizyon sonundaki kalip
boyunun artmasi ile sirtiinmenin arttig ve ekstriizyon kuvvetinin yikseldigi belirlenmistir. Ayrica yikselen normal gerilme ile
siirtiinme katsayisinin azaldigi gorilmiistiir. Gouveia ve digerleri (Gouveia continued, 1999) ileri soguk ekstriizyon islemini lagranj ve
kombine euler-lagranjmetotlarinikullanarak sonlu elemanlar simulasyonlariolusturmuslardir. Simulasyonlardan elde edilen kuvvet-
ilerleme egrileri deneyler ile karsilastinlmistir. Deneylerde kullanilan malzeme tavlanmig celiktir ve ekstriizyon oranlari %30'dan
%60'a kadar degismektedir. Caligma sonunda her iki yénteminde deneysel kuvvetleri %13-%15 arasinda sapma ile tahmin ettigi
belirlenmistir. Kombine euler-lagranj metodunda kuvvet degerlerindeki osilasyonun daha az oldugu ve toplam hesaplama siresinin
%80 daha az oldugu gorulmustir. Tan ve digerleri (Tan continued, 2003) AAB082 aliminyum, W.No. 1.0303 orta karbonlu celik
ve W.No. 14301 paslanmaz celiklerin ileri soguk ekstriizyon islemlerini gerceklestirerek elde edilen sonuclarin Coulomb strtinme
modeli ile uygunlugunu incelemislerdir. Yaptiklar deneylerden elde ettikleri kuvvet-ilerleme egrilerini incelediklerinde prosesin 4
ana asamadan olustugunu tespit etmislerdir; i) elastik deformasyon, ii) kalip icerisinin malzeme tarafindan doldurulmasi, iii) plastik
deformasyon (ekstriizyon kuvvetinin maksimum degere ulasmasi) ve iv) homojen olmayan deformasyon. Yapilan hesaplamalar
Coulomb strtinme modelinin isleme ait sirtinme hadisesini gercege oldukga yakin olarak modelleyebildigi sonucuna ulasiimistir.
Azad ve digerleri (Azad continued, 2005) yapmis olduklar calismada Al 5154 alasiminin ekstriizyon isleminde kullanilan konik ve
kavisli kalip geometrilerinin ekstriizyon kuvvetine olan etkilerini incelemislerdir. Ayrica farkli ekstriizyon acilari denenerek optimum
ekstriizyon acisi bulunmustur. Yapilan sonlu elemanlar analizleri sonucunda optimum ekstriizyon acisi 30° olarak belirlenmistir.
Kavisli kaliplarin konik kaliplara gére yapiminin daha zor olmasina karsin, kavisli kaliplar ile yapilan ekstriizyon isleminde meydana
gelen kuvvet degerlerinin konik kalplar ile yapilan islemde meydana gelen kuvvete gdre %12 civarinda daha disik oldugu
gorulmustir. Benzer bir sekilde Sadollah ve Bahreininejad'in (Sadollah and Bahreininejad, 2011) calismasinda optimum ekstriizyon
agisi 30.3° olarak bulunmustur. Ma ve digerleri (Ma continued, 2010) altminyum ekstriizyon isleminde kalip yiizey durumunun
akis sirasinda meydana gelen kayma ve yapisma alanlarina olan etkilerini incelemislerdir. Kalibin yizeyi ptrizIldligd 0.2 pm oldugu
durumda malzemenin kalp icerisinde akig boyunca kaydigi tespit edilmistir. Yiizeyin pirtizIi hale gelmesi ve ekstriizyon acisinin
azalmasi ile strtinmenin arttig, kayma alaninin azalarak yapisma alaninin arttigi tespit edilmistir. Jin ve digerleri (Jin continued
2012) ile Kim ve digerleri (Kim continued, 2012) aliminyum civata dévme prosesine ECAP (Equal channel angular pressing) gibi
ylksek deformasyon ile malzemenin sertlesmesini saglayan bir prosesi ekleyerek yiiksek mukavemetli civata dévme islemini
incelemislerdir. Bu yontemin eklenmesi ile dovilen malzemedeki sertlik degerlerinin oldukca arttigr gbzlemlenmistir. Ancak ECAP
proses adeti uygun ayarlanmadigi takdirde dévme sirasinda civatada catlak olusumu gérilmuistir. Bu nedenle aliminyumun birden
fazla ECAP islemine tabi tutulmasi gerekebilmektedir.

Bu caligmada ilk olarak Al 6082-H13 alasiminin soguk ileri ekstriizyon testleri ve similasyonlar yapilarak yapisma durumu ve
WC-Co kalip malzemesi ile arasinda meydana gelen sirtiinme katsayisi tespit edilmistir. Simulasyonlar simufact.forming yazihmi
kullanmilarak olusturulmustur. Daha sonra M10 x 25 E14 DIN34801 civatanin istasyon tasarimlari modellenerek dévme sirasinda
meydana gelebilecek yapisma ve catlama durumlari incelenmistir. Similasyonlardan elde edilen bilgiler isiginda aliminyum alagimi
ile Gretim denemesi gerceklestiriimistir.
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Il. MALZEMELER VE DENEYLER

Al 6082-H13 alasiminin akis egrilerinin belirlenmesi icin ASTM ES-09 standardinda (ASTM, 2018) silindirik basma numuneleri
hazirlanmistir. Basma testi numuneleri 8 mm capinda ve 12 mm yiksekligindedir. Testler 20°C, 100°C ve 200°C sicakliklarinda 0,002
s-'gerinim hizinda gerceklestirilmistir. Farkli hizlarda yapilan basma testlerinde gerilme-gerinim degerlerinin deformasyon hizindan
etkilenmedigi gorilmistir. Alagima ait oda sicakhgindaki muhendislik gerilmesi-gerinim grafigi Sekil 2'de gosterilmektedir.
Alasimin akma gerilmesi 118 MPa, elastik modild ise 69 GPa olarak tespit edilmistir. Deneylerden elde edilen akig egrileri sonlu
elemanlar programina tanimlanarak malzeme davranisi modellenmistir.
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Sekil 2 Al 6082-H13 alasiminin gerilme-gerinim egrisi.

Aliminyum alasimi ile WC-Co kalip malzemesi arasinda meydana gelen sirtiinme katsayisinin tespiti icin ileri ekstriizyon testleri
yapilmistir. ileri ekstriizyon testlerinde kullanilan kalip Sekil 2'de verilmektedir. Bu kalibin ekstriizyon orani 0,494, ekstriizyon
acisi ise tek tarafli olarak 45°'dir. Testler Norm Civata ArGe merkezinde bulunan Zwick mekanik test cihazinda gerceklestirilmistir.
Deneylerde gercek islem kosullarini yansitmasi amaciyla preslerde kullanilan dévme yagi kullaniimistir. Testler 5 mm/dak hizinda
yapilmistir. Hazirda bulunan hammadde caplar 24 mm olup tel cekme islemi ile malzeme ¢api 21,65 mm'ye indirilmistir. Tel cekme
isleminden sonra hammadde testler icin 40 mm boyunda kesilmistir.
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Sekil 3 ileri ekstriizyon testlerinde kullanilan kaliba ait teknik resim.
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Aliminyum civatanin dretim denemeleri Norm Civata San. ve Tic. A.S. Uretim tesislerinde 4 istasyonlu dévme presinde
gerceklestirilmistir. Hammadde, Sekil 4'de gasterildigi gibi sarlmis durumdadir (Kangal). Ayni sekilde gosterildigi izere hammadde
makine icerisine makaralardan gecerek girmektedir.

Sekil 4 Al6082 hammaddesine ait kangal ve prese girme makaralari.

I11. SONLU ELEMANLAR MODELLERI VE KALIP TASARIMI

Sonlu elemanlar similasyonlari simufact.forming yazilimi kullanilarak olusturulmustur. Sekil 5'de ekstriizyon testine ait sonlu
elemanlar modeli gosterilmektedir. Model, aliiminyum numune, ekstriizyon kalibi ve iticiden olusmaktadir. itici ve ekstriizyon
kaliplar rijit gbvde olarak tanimlanmistir. Numune plastik malzeme modeli ile tanimlanmistir (Elastik deformasyonlar g6z ardi
edilmistir). Malzeme ile kaliplar arasinda Coulomb siirtinme modeli tanimlanmistir. itme hizi 5 mm/dak olmasindan dolayi
ekstrizyonda yiksek sicaklik olusmasi beklenmemektedir. Bu nedenle toplam CPU zamaninin azaltiimasi icin kaliplar ile malzeme
arasinda 1si transferi tanimlanmamistir. Aliminyum alagimin sonlu elemanlar aginda doért kenarh 2D elemanlar kullaniimis ve
eksenel simetrik kosullarda modellenmistir. Malzeme yilzeyinde gorilen yapisma olusumunu incelemek amaciyla bu duruma
etkili olabilecek degiskenler similasyon yardimi ile incelenmistir. Malzeme yiizeyinde olusan deformasyan miktarinin ve sinekligi
etkileyen degerlerin tespit edilerek yorumlanmasi gerekmektedir. Bu amacla ektriizyon bolgesinde olusan hidrostatik gerilme
dagihimlari incelenmistir. Hidrostatik gerilme su sekilde formulize edilmektedir;

o = TY3
" 3
Burada oi asal gerilmelerdir. Hidrostatik gerilme malzemenin siinekligini etkilemekte ve cekme yoninde oldugunda (pozitif)
catlak olusumuna neden olmaktadir. Hidrostatik gerilme pozitif degere gectiginde malzemenin stinekligi artacagindan yapisma
tahmininde kullanilabilir. Dévme sirasinda altiminyum alasiminda catlama/kirima olusumunun tespit edilmesi icin Cockroft-

Latham hasar modeli (Cockroft and Latham, 1968) kullanilmistir. Bu modelde hasar maksimum asal gerilme ve plastik gerinim ile
dogru orantilidir.
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Model legend
Numune
Ekstrizyon kalibi
itici

Sekil 5 Ekstriizyon islemine ait sonlu elemanlar modeli.

M10 x 25 E14 DIN34801 civataya ait dévme istasyonu tasanimlari Sekil 6(a)'da verilmektedir. Civata 4 istasyonda doviilmektedir. ilk
istasyonda ekstriizyon islemi gerceklestirilmekte, ikinci istasyonda kafa hazirlik yapiimakta ve tctinct istasyonda final kafa formu
ve flans olusturulmaktadir. Son istasyonda ise saftta bulunan kademe olusturulmaktadir. Her bir istasyonun 3B kalip maodelleri
hazirlanarak simtlasyon programina eklenmistir. Bu sekilde bir istasyonda dévilen malzeme, sirasiile diger istasyona girmektedir.
Simulasyon dogrulugunu arttirmak amaciyla dévme isleminden énce gerceklestirilen tel cekme islemi de ayrica modellenmistir.
Tel cekme islemi dévmeden 6nce hammaddelere uygulanarak kesitte olabilen ovalligin giderilmesi icin yapiimaktadir. Bu islem
hammadde ylzeyinde kalici deformasyona neden oldugundan simulasyonlara dahil edilmelidir. Tel cekme operasyonunun sonlu
elemanlar modeli Sekil 6(b)'de gdsterilmektedir. Model hammadde, tel cekme kalibi ve iticiden olusmaktadir. itici hammaddeyi 24
mm/dak hizinda cekmektedir. 10 mm olan hammadde capi Sekil 6(a)'da ki tasarimda gasterildigi sekilde 9,7 mm'ye indirilmektedir.

——— —————— ————
e - —— — ——— - ————

(a)
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Hammadde

(b)

Sekil 6 (a) Uriine ait istasyon tasarim, (b) ekstriizyon islemine ait sonlu elemanlar modeli

IV. SIMUOLASYON VE TEST SONUCLARI

Ekstrizyon test sonuclar ile sonlu elemanlar sonucu Sekil 7'de karsilastinimaktadir. Sekilde gorildigi tzere 3 adet test
gerceklestirilmistir. Deneylerden elde edilen kuvvet-ilerlerme egrisi ile similasyonlardan elde edilen kuvvet-ilerleme egrileri
karsilastirilarak gercek durumu en dogru sekilde yansitan strtiinme katsayisi tespiti yapiimistir. Ekstriizyon testi dévme hizindan
daha dustik hizda gerceklestirildiginden malzeme ile kalip arasinda efektif bir yag filmi olusmamaktadir. Ancak simdlasyonlarda
soguk dovme kosullarina oldukca yakin olarak 0,12 stirtiinme katsayisi tespit edilmistir. Bu sirtiinme katsayisiile yapilan similasyon
sonucunda malzemede olusan hidrostatik gerilme dagihmiile deneysel hammadde yizeyi ayni sekilde karsilastiriimaktadir. Sekilden
gorilecegi lizere saft baslangicinda yapisma meydana gelmis ve yizeyde dalgalanmalar olusmustur. Yapismanin olustugu noktada
(ok ile gosterilmektedir) olusan maksimum hidrostatik gerilme degeri belirlenmis ve bu deger yapismanin tahmin edilmesi icin sinir
olarak kabul edilmistir.
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Sekil 7 Deneysel ve niimerik ekstriizyon kuvveti-ilerleme egrileri ve hidrostatik gerilme dagilimi.

Sekil 8'de gosterildigi gibi 10 mm capindaki malzeme 9,7 mm ¢apa dusdrilmuistir. Haddeleme islemi sonunda dovmeye girecek
hammadde Uzerinde 3,5 ile 3,8 arasinda degisen artik plastik gerinim olusmustur. Ayrica gerinimin parca yiizeyinde homojen olarak
dagiimadigl goriilmektedir. Ozellikle is parcasi uglarinda gerinim degerlerinin yitksek oldugu tespit edilmistir. Olusan bu degerler
dovme sirasinda olusabilecek ¢atlama riskini etkileyeceginden dovme islemine tel cekilmis parca ile devam edilmistir.
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Effective strain

Gerinim=3.5-3.8

Sekil 8 Tel cekme islemi sonunda malzeme yiizeyinde meydana gelen efektif plastik gerinim dagilimi.

Sekil 8(a)'da istasyonlarda ara iiriinlerde meydana gelen efektif plastik gerinim dagilimlar verilmektedir. ilk iki istasyonda kafadaki
gerinim degerlerinde 6nemli bir artis olmadigi gériilmektedir. ST3'de torx olusumu sirasinda rediksiyon bélgesinde gerinim degerleri
6,0 civarina gikmaktadir. ST4'de ise kademe kisminda gerinim degerinin 5,8-6,0 civarinda oldugu gérilmustir. istasyonlarda
meydana gelen dévme kuvveti-ilerleme degisimleri Sekil 9(b)'de gosterilmektedir. Toplam dovme yiikii 13,85 ton'dur.
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(b)

Sekil 8 istasyonlarda meydana gelen (a) efektif plastik gerinim dagilimlari ve (b) dévme kuvvetleri.
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Sekil10(a)'da gosterildigi tizere saft yiizeyinde meydana gelen enyiiksek hidrostatik gerilme tespit edilen sinir degerinden distktr.
Bu nedenle malzemenin sekillendirilmesi esnasinda yapisma olmayacagl tahmin edilmektedir. ST3'de torx olusumu sirasinda
sivanan bolgelerde maksimum hidrostatik gerilme degerlerine rastlanmistir. Distik bir ihtimal olmasina ragmen bu istasyondaki
akis sirasinda malzeme yapismasi gordlebilir.

Yapigma riski
bulunan noktalar

(b)

Sekil 10 (a) ST1'de meydana gelen hidrostatik gerilme dagilimi ve (b) ST3'de rediiksiyon sirasinda meydana
gelen hidrostatik gerilme degisimi.
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Sekil 11(a)'da ST3'deki dévme islemi sonunda tiriinde meydana gelen Cockroft-Latham hasar parametresi dagihmi gosterilmektedir.
Aliminyum malzeme icin kritik catlak baslama siniri 0,9 ile 1,0 arasindadir. Bu deger araligi sinir kabul edildiginde en yiiksek
degerlerin torx koselerinde ve flagin kafa altina dogru olan kisimlarinda olustugu gordlmdstir. Tam dagihmin ortaya cikarilmasi icin
civata tepesinden baslayarak kafa altina kadar olan rotada hasar degerleri okunarak Sekil 10 (b)'de g6sterilen grafik olusturulmustur.
Grafikten goriilecegi lizere degerlerin torx koseleri haric diger bolgelerde hasar degerlerinin sinirlarda oldugu tespit edilmistir.
Sivama isleminden kaynakli olarak torx kisminda hasar degerleri yiiksek cikmistir ancak bu bolgede catlama olmasi olasi degildir.

1.3
1.2
111
1.0
0.9:
0.8:

CL Hasar Degeri

0.7
0.6
0.5

0 2 4 6 810121416 182022242628 30323436
(c)

Sekil 11 (a) ST3 islem sonunda meydana gelen hasar dagilimi, (b) hasar degeri 6rneklenen rota.

Simulasyonlarda tespit edilen risklerden sonra tretim denemesine gecilmistir. Sekil 12'de her bir istasyondaki malzeme sekillenmesi
gosterilmektedir. Ekstrizyonun yapildigi ST1'de similasyonda tahmin edildigi tzere yapisma hadisesi gerceklesmemistir. Torx
kenarlarinda da efektif yaglama nedeniyle yapisma meydana gelmemistir. ST4'de (riin kafasi son sekline getirilmistir.

Sekil 11(b)'de gosterildigi sekilde flans kisiminda ¢atlak riskiyiiksektir. Flans yiizeyi yakindan incelendiginde yiizeyin portakal kabugu
goriinimune geldigi gbrilmektedir. Bu durum malzemenin catlama sinirlarina geldigine isaret etmektedir. Ancak simulasyonlar ile
yapilan uygun tasarim sayesinde aliminyum malzemede gérilmesi beklenen yapisma ve catlama riskleri ortadan kaldirimistir.
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Sekil 12 Uretim denemesi sonucunda meydana gelen malzeme akiglar.

Literatirde yapilan calismalarda aliminyum ekstriizyon ve soguk dévme sirasinda meydana gelen siirtiinme katsayisinin tespiti,
proses sirasinda ortaya cikabilecek problemlerin 6nceden tespit edilmesinde kritik 6nem tasimaktadir. Literatlrde bu amacla ici
delik silindir basma ve geriye bardak akitma yantemleri ile strtiinme katsayilar tespiti yapiimaktadir (Velu and Cecil, 2012) (Wang
continued, 2012). Bu calismada da basma test cihazinda yapilan ekstriizyon testleri ve sonlu elemanlar simiilasyonlari ile soguk
dovme prosesinde kullanilmak tzere uygun sirtinme katsayisinin tespit edilebilecegi gorilmustir.

V. SONUCLAR

Bu calismada ilk olarak Al 6082-H13 alasiminin soguk ileri ekstriizyon testleri ve similasyonlari yapiimis, yapisma durumu ve
alasim ile WC-Co kalip malzemesi arasinda meydana gelen siirtiinme katsayisi tespit edilmistir. Daha sonra M10 x 25 E14 DIN34801
civatanin istasyon tasarimlari modellenerek dévme sirasinda meydana gelebilecek yapisma ve ¢atlama durumlari incelenmistir.
Yapilan calismalar kapsaminda elde edilen kritik sonuclar su sekilde siralanabilir;

« Aliminyum ile WC-Co kalp arasindaki Coulomb sirtinme katsayisinin 0,12 civarinda olacagi belirlenmistir.

* Bu katsayi ile yapilan civata dévme simdlasyonlarinda, olasi yapisma ve catlama bolgelerinin civatanin torx ve kademe kismi
oldugu sonucuna ulasilmistir.

» DIN34801 civatanin dretimi sonunda flansta olusan portakal kabugu gériniminden bu bélgenin catlak olusum sinirina yakin
oldugu gorilmustdr.

« Uretim denemesinde 10.000 adet aliiminyum civata hasarsiz olarak tretilmistir. Elde edilen bu tecriibe ile farkl tipteki baglant
elemanlarinin aliminyum ile dévilmesine devam edilecektir.

TESEKKUR

Bu makalede paylasilan calismalarin bir kismi 3160586 numarali TEYDEB projesi kapsaminda TUBITAK tarafindan mali olarak
desteklenmistir. Yazarlar TUBITAK'a ve Norm Civata San. ve Tic. A.S. tretim ekiplerine tesekkirlerini sunmaktadir.
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ABSTRACT

Shrink-fitting process of forging dies has a key role on forging die life. In the production of cold forging dies, used
in manufacturing of fasteners, shrink-fit method is applied under a press force. A typical cold forging die consists
of insert and stress ring. Inserts and stress rings of cold forging dies are assembled to each other by shrink-fitting
method. The aim of the shrink-fit method is to create compressive stresses on the insert surface which will act
against applied tensile loads to increase fatigue life resistance. In this study, required pressing operation force for
the shrink-fitting process was determined. Considering shrink-fitting process, many factors have an influence on
final die life, such as outer and inner diameter, die length, shrink-fit ratio etc. Therefore, shrink-fitting simulations
were conducted with different conditions and based on the results. As a result of simulations a general graph was
obtained so that the required pressing force can be determined before the process

Keywords: Shrink fit, cold forging die, cold forging, press force.
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I. INTRODUCTION

This study focuses on the press force estimation for the shrink-fitting operation during die manufacturing process. As known from
the literature that die service life depends on many factors [1-4]. Within the scope of the research, the effects of 5 different outer
diameter (50mm, 38mm, 32mm, 22mm, 18mm) and 7 different shrink-fitting ratios (%02, %03, %04, %05, %06, %07, %o8) with
ratio of core inner diameter to core outer diameter as 0.474, were examined. Numerical simulations were carried out to determine
required press forces for each combination. The dimensions which are critical for shrink-fitting operations can be listed as; d, inner
diameter of insert (mm); di, outer diameter of insert (mm); ds, outer diameter of stress ring (mm); |, die length (mm); R, shrink-fit
ratio (%o); z, distance of shrink-fit (mm) which are given in Figure 1. Numerical simulations were carried out by employing Simufact
Forming software. The material of inner core was chosen as G55 (Tungsten carbide with %27 Cobalt) and outer diameter material
was used as 1.2344 material according to DIN standards. The steps of shrink-fitting operation is shown in Figure 2. The results
obtained from the simulations were given in Figure 3.

R = 27
T Di
D
( Di
Ds

Figure 1 Schematic representation of cold forging die with shrink-fit.

-L00L.00

-LL0.00

Figure 2 Minimum principal stresses of shrink-fitting process obtained from different process steps.
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Figure 3 Press force results obtained by numerical simulations with different process parameters.

Conclusions

A generalized equation to estimate press force on shrink-fitting processes was obtained by using numerical simulations and
regression analysis. According to obtained results, the most dominant factor for shrink-fitting operation was found as the shrink-
fitting ratio, as can be seen from the results. The other important shrink-fitting process parameters were obtained as die length,
inner diameter of insert and outer diameter of insert.

References
[1] M. Aygen, “Die Stress and Friction Behaviour Analysis in Bolt Forming,” Master Thesis, Middle East Technical University, (2006).

[2] M.S. Joun, M.C. Lee, J.M. Park, “Finite element analysis of prestressed die set in cold forging” International Journal of Machine
Tools & Manufacture,42 (2002), 12013-1222.

[3] Peder Skov-Hansena, Niels Bayb, Jens Grunbfike, Povl Brundstedd, “Finite element analysis of Fatigue in cold-forging dies: tool
life analysis” Journal of Materials Processing Technology 95 (1999) 40-48.

[4] M.A. Saroosh, H.-C. Lee, Y.-T. Ima, S.-W. Choi, D.-L. Lee, “High cycle fatigue life prediction of cold forging tools based on workpiece

material property” Journal of Materials Processing Technology 191 (2007) 178-181.

Press Force Determination Of Shrink-Fitting Process Based On Numerical Analyses

NORM ARGE MAKALE KiTABI 2018 N

59






Residual Stresses in Forging:
Friend or Foe

The International Journal of
Forging Business e Technology

M. Burak Toparlit*
Sezgin Yurtdas
Emrah Kilingdemir
Banis Tanrikulu

'NORM Group, IAOSB, Cigli, Izmir, Turkey

“Corresponding author:
Email address:
burak.toparli@norm-fasteners.com.tr



N NORM ARGE MAKALE KiTABI 2018

62

o

THE INTERNATIONAL JOURNAL OF
FORGING BUSINESS & TECHNOLOGY

Residual Stresses in Forging: Friend or Foe

M. Burak Toparli*
Sezgin Yurtdas
Emrah Kilincdemir
Baris Tanrikulu

INORM Group, IAQSB, Cigli, Izmir, Turkey
*Corresponding author: Email address: burak.toparli@norm-fasteners.com.tr



NORM ARGE MAKALE KiTABI 2018 N

I. INTRODUCTION

Forging is one of the most-widely preferred production technique based on significant and non-homogenous plastic deformation.
As a consequence, residual stresses are inherently introduced to forged products, which influence structural integrity of load-
carrying parts. Therefore, it is very important to characterize and handle the residual stress fields in forged products.

Il. WHAT IS RESIDUAL STRESS?

According to continuum mechanics, when an external force is applied to a continuous body, internal forces are induced and
distributed through this medium. “The magnitudes of such forces are defined by their intensity, i.e. by the amount of force
per unit area of the surface on which they act. In discussing internal forces this intensity is called stress” [1]. Having said that,
continuous bodies or engineering materials may experience internal stresses, even there is no external applied forces. So-called
residual stresses are self-balanced and locked-in stresses present in materials without any external forces. Residual stresses may
superimpose with applied loads so that they have direct impact on performance and service life. Therefore, residual stresses play
avital role particularly for structural integrity of engineering products and they have to be taken into account for all manufacturing
methods including forging.

Residual stresses can be induced into materials inherently as in forging or can be deliberately introduced as in mechanical surface
treatments such as shot peening and laser peening. The main mechanism of residual stress generation is the any source of
“misfit” in the material. One of the sources of misfit is the non-uniform plastic deformation as observed in forging. Assume a
material in 2D with square shape. If it is plastically deformed by upsetting and made rectangular then there will be no macroscopic
residual stresses as long as the deformation is introduced uniformly. Therefore, it must be kept in mind that in order to generate
residual stresses, there should be a misfit in the material. In addition to plastic deformation after processes such as forging, the
source of misfit can also be originated from the difference in thermal expansion coefficient, yield strength and stiffness inside a
material [2], which is the case for almost all engineering materials including more than one constituent. Temperature gradient due
to welding, phase transformations and grain boundaries are also the other sources of misfits for residual stresses to be generated.
Schematic representation of most commonly observed residual stress generation mechanisms can be seen in Figure 1.

The most common classification of the residual stresses is according to the length scale. Type | residual stresses are the self-
balanced stresses across a large distance and they can occupy the whole or part of the component. Type Il residual stresses
can be described across grains and the cause for these stresses are the anisotropy and heterogeneity of grains in polycrystalline
materials. Type Il residual stresses are atomic level stresses formed due to crystalline defects like vacancies, interstitial atoms.
Type | residual stresses are also called macrostresses and the combination of Type Il and Type Ill is called microstresses.
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Figure 1. Most commonly seen residual stress generation mechanisms [3]

63

Residual Stresses in Forging: Friend or Foe



[I\ NORM ARGE MAKALE KiTABI 2018

64

Residual stresses can be obtained by numerical and experimental techniques. Forinstance, there are FE-based simulation programs
particularly developed for forging operations. However, use of such software requires substantial expertise, since it is very easy
to obtain misleading results, if the assumptions and parameters are not realistic. As NORM Group, we are employing numerical
simulations of forging since early 2000s and an example of the forging-induced residual stresses of a special nut is presented
in Figure 2. Considering the experimental technigues, on the other hand, they are classified generally, based on the nature of
their damage to the material during the measurement, as destructive and non-destructive techniques. All destructive technigues
are based on the elastic relaxation when a layer of material from a stressed sample is removed and hence residual stresses are
elastically relaxed. The resultant displacements are obtained and converted to strains from which residual stresses are back-
calculated. Hole drilling, slitting and contour methods are the most-widely used destructive measurement methods in academia
and industry. For non-destructive technigues, one of the material characteristic features such as atomic d-spacing, the distance
between crystallographic planes, or material response to magnetism or sound are employed. The residual stress determination
with these technigues usually requires measurement of the characteristic features for unstressed and stressed material. X-ray
diffraction, synchrotron x-ray diffraction, neutron diffraction and Barkhausen are the preferred non-destructive residual stress
measurement methods. The destructive and non-destructive measurement technigues have different resolution and penetration
depthup towhichresidual stresses can be obtained (Figure 3). Furthermore, each technique has its own advantages and limitations,
therefore, choosing suitable methods for a particular application is very crucial. It is a very good practice to compare experimental
residual stresses obtained from two different methods and numerical results to achieve reliable and accurate results. Detailed
information regarding the residual stress measurement methods can be found in [4].
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Figure 2. Special nut (left) and the residual stresses obtained by numerical methods (right)
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Figure 3. Measurement penetration vs. spatial resolution for various residual stress measurement
methods. Courtesy of Michael E. Fitzpatrick, Coventry University, UK
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Another key factor about macroscopic residual stresses is that material has to be deformed plastically in order to generate residual
stresses. In this respect, a clarification has to be made between residual stresses and pre-stressing by shrink-fit, particularly
applied for the dies of cold forging operations. Pre-stressing by shrink-fit is employed with minimum two dies without any plastic
deformation. The main intention of the shrink-fit is to induce a compressive stress field into the dies which will superimpose with
applied tensile loads. When the final stress levels are less tensile, the service life of the dies will be improved. However, as soon
as the die assembly for shrink-fit is separated, i.e. external forces are remaved, there will be no stresses in the dies. On the other
hand, residual stresses are permanent, even there are no external applied loads.

l1l. RESIDUAL STRESSES: FRIEND OR FOE?

Owing to nature of forging, significant amount of non-uniform plastic deformation is inevitably introduced into products. For
hot forging, the operation temperature has to be above the recrystallization temperature of the material to be forged. Therefaore,
plastic deformation-induced-misfit required for residual stress generation is minimized owing to reformed grains. For cold forging,
on the other hand, macro and micro residual stresses has to be taken into account. The residual stress distribution is crucial
for the products used in as-forged stage and characterization of the residual stresses is important to estimate the service life
particularly under fatigue loads. Any significant tensile residual stress field will accelerate crack formation resulting early failure
under operating conditions. Therefore, application of stress-relieving heat treatment can be considered for this type of products.
There are well-defined standards for stress-relieving procedure depending on material type and properties.

Most of the cold-forged products has to be heat-treated in order to meet the mechanical requirements (ductility, hardness,
yield strength and ultimate tensile strength) defined by the standards or users. Considering steel as the raw material, the most
commonly preferred heat treatment procedure will include guenching and tempering. The austenite phase transforms into highly-
stressed metastable martensite phase during quenching, followed by tempering during which the microstructure of martensite is
modified. Owing to tempering, in which the products are held at elevated temperatures, misfit required for macroscopic residual
stresses are minimized. Similar to steel products, aluminium, titanium and nickel-based superalloys are generally heat treated
after forging not only to obtain isotropic and desired mechanical properties but also to minimize residual stresses.

In addition to inherently-induced and mostly detrimental residual stresses, they can also be introduced in-purpose. For instance,
mechanical surface treatments like shot peening and laser peening are used to induce beneficial compressive residual stresses
to increase the fatigue life of engineering products. In the open literature, there are studies exploring the effect of shot peening
to service life of hot and cold forging dies. It was reported that the fatigue life of shot peened dies used in hot and cold forging
were increased by 2 and more than 3 times, respectively [5]. Furthermore, such surface treatments can also be applied to forged
products to increase service performance [6]. According to a study conducted for hot-forged connecting rods used in automotive
industry, the fatigue strength was increased about 50%, which was associated with the induced beneficial compressive residual
stresses after shot peening. Application of shot peening and laser peening for prolonged service life and higher fatigue strength is
a common practice particularly for safety-critical applications in aerospace, automotive and defence industries.

IV. CONCLUSION

Residual stress is one of the most important concept of structural integrity. The effect of residual stresses depends on their nature
(tensile or compressive), location and magnitude. Therefore, tensile residual stresses threating the structural integrity can be
very detrimental, particularly products used in as-forged condition. On the other hand, compressive residual stresses can serve as
a lifesaver, if tailored accordingly. Hence, numerical and experimental methods should be carried out to characterize the residual
stresses and they should be taken into account for forged products to prevent premature failure and to improve service life.
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