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Abstract. In the precision forging industries, improving product quality and reducing product cost are important cases. Enclosed-die
forging is one of the precision forging processes. In this paper, the cold forging process in the enclosed dies by using kinematical
mechanism to create precision parts is considered. The numerical simulation techniques by using the rigid-plastic finite element
method (FEM) as software QForm 2D have been applied to investigate defect as a folding defect in this paper. Based on the finite
element simulations, forming characteristics such as deformation patterns (gridlines distortion), distributions of effective strain and
stress at several stages of process as single-ended and double-ended with different forming parameters to avoid folding defect in cold
forging process have been investigated. The lower die velocity vs. geometric ratio by using this numerical simulation method has
been determined.
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Introduction

In recent years, metal forming processes play an important role in manufacturing industries. Forging is on of the
main metal forming processes having industrial applications for producing different parts with various shapes. Product
quality, cost and time to market are three overriding issues in metal forming industry. Defects occurring as folding
defect during metal forming processes sometimes are caused. It is very important and necessary to control material flow
during the process to avoid the formation of folding defect. There are several basic categories of forging processes
including cold, warm and hot. Computer aided design, manufacturing and engineering techniques have been gradually
applied to design and analysis of metal forming processes such as the cold, warm and hot forging processes. On the
other hand computer aided simulation techniques in metal forming reduce the cost and time of process design. Finite
element method (FEM) to design and analysis processes has been actively introduced in metal forming. By using this
method can been observed theoretical results such as material behavior, distribution of stress and strain and etc.
In the production of industrial parts with complex geometries, the cold forging process provides both economical and
technological advantages compared to other metal forming processes. Near net shape quality, excellent surface finished
and improved mechanical properties are the most important advantages by using cold forging process. Enclosed die
forging with room temperature is type of precision cold forging process and also an effective process in reducing
manufacturing costs. In this process, the cylindrical solid or tubular billet is located in the die cavity and is squeezed by
multiple rams. The billet is compressed with one or two opposite rams movement and the billet material fills the die
cavity [1-14].

Method of Analysis

Numerical solution and method such as finite element (FE) is an important method to analysis material behavior
and stress-strain state in metal forming processes especially in enclosed die forging process. In this study, a rigid plastic
finite element program QForm 2D was used to investigate folding defect for cold forging process in enclosed dies.

Purpose of Investigation

In this paper, to create precision parts in cold forging process, enclosed dies have been used. Based on the finite
element simulations, forming characteristics such as deformation patterns (gridlines distortion), distributions of
effective strain and stress at several stages of process with different forming parameters and also to predict and avoid
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folding defect in cold forging process have been investigated by using this theoretical simulation method.

Cold Forging Process

The die scheme, die geometries, billet dimensions and the formed part for cold forging process with enclosed
dies are shown in Fig. 1. A cylindrical billet is considered. The die geometry parameters, billet dimensions and power
mode parameters are as follows: Ry — the radius of billet (R= 20mm), R;= 15mm, Ry= 27.5mm, R;= 31mm,
Ly — the billet height (Ly=30mm), L;=8mm, L,= 15mm, L;=7mm, L,=2.5mm, Ls=5mm, L= 15mm, L;= 6mm,
Lg= 26mm, r — the punch, lower die and mandrel tip radiuses (r=1mm), V — punch velocity (V=1mm/s), P — punch load,
The friction factors between the billet and tools are constant (Zibel's law, u=0.08).
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Fig. 1. Scheme of cold forging process with enclosed dies (a) and formed part (b),
1 — punch, 2 — billet, 3 — lower die, 4 — mandrel, 5 — formed part

Material Property
In this study, the material used for the simulation is AA 6060 aluminum alloy. The relationship between flow
stress and effective strain for AA 6060 aluminum alloy can be approximated by [15]:

o =191.55¢""22 (MPa) (1)

Analysis of Cold Forging Process

The accurate design of cold forging process to create a precision part is very necessary and important in
manufacturing processes. In this investigation process some tools such as punch, lower die, mandrel and also billet have
been used. Simulation based on the finite-element (FE) method is considered. The finite element software is used a
direct iteration and Newton-Raphson methods to solve the nonlinear equations. During the simulations by QForm2D, it
is seemed that the billet is rigid-plastic body and punch, lower die and mandrel are all rigid bodies. In the cold forging
process, billet and tooling temperatures are room temperature. Material flows and dies cavity filling are very important
in this process. The material flow behavior and the influence of various factors involved in the process were explored.
During the cold forging process with an axisymmetric billet, a movable punch applies force on billet material and the
material flows to form the formed part in dies cavity. A finite element simulation is developed to study the defect
formation mechanism. Fig. 2 shows the material behavior in cold forging process. It is observed that in the forming
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Fig. 2. Folding defect in cold forging process: die scheme (a), formed part (b),
1 — upper section, 2 — lower section, 3 — folding defect
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process appears a defect as a folding defect on the material flow (Fig. 2). In this study, the material flow behavior has
been included with combined behaviors as forward, backward and radial flows. There are two major stages for filling
dies cavity. First stage, when the punch presses the billet, the material under the punch moves down and up. Die cavity
in lower section faster than upper section fills. After that the material flow under punch completely moves up, second
stage begins. In second stage a critical inner curved surface in upper section appears. The punch movement continues
down and the flow pattern further develops a defect as folding defect that shown in Fig. 2. In this process study to
predict and avoid defect as a folding defect is very important and necessary to create precision parts.

Based on the revealed folding defect, it is therefore necessary to design a kinematical mechanism by using finite
element simulation to avoid defect as a folding defect. In this investigation in order to avoid folding defect and to make
new material flow and to create a precision part without folding defect has been used a movable lower die in dies
component. Fig. 3 and Fig 4 present the simulation results of material flow behavior. Deformation patterns (gridlines
distortion) (Fig. 3), distributions of effective strain and stress (Fig. 4) with the movable punch and the movable lower
die in single-ended and double-ended cold forging processes are shown. In these figures present two forming stages in
the deformation process based on velocities of movable punch and lower die. The first stage (Fig. 3, 4 — a), the punch
moves down and presses the billet with a certain and constant velocity (V=1mm/s), the punch stroke reaches 15.7 mm.
The material flow moves in backward, forward and radial directions. The second stage (Fig. 3, 4 — b), when the stroke
of punch reaches this position (S=15.7mm), the punch and lower die together move. The punch moves down and the
lower die moves up. In this stage punch velocity is previous velocity (V=1mm/s) and the lower die velocity is a certain
and constant velocity (V'=0.75mm/s). Based on these stages and design a kinematical mechanism a precision part
without defect as a folding defect is observed. The influences of the high positions (parameters h) in Fig.5 to create
different precision parts are studied. It is observed from these figures that with different lower die velocities can be
created precision parts with different geometric parameters.

.,

Fig. 3. Deformation patterns (gridlines distortion) in single-ended (a) and double-ended (b)
cold forging processes
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Fig. 4. Distributions of effective strain (a), stress, MPa (b) in single-ended (1) and double-ended (2)
cold forging processes
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Conclusions

In this study, the cold forging process in enclosed dies by using a numerical simulation as software QForm 2D
based on finite element method to investigate defect as a folding defect is considered. The material behavior by
kinematical mechanism to avoid folding defect is investigated. Deformation patterns (gridlines distortion), distributions
of effective strain and stress with the movable punch and the movable lower die in single-ended and double-ended cold
forging process are shown. The lower die velocities vs. various geometric ratios as determined from the finite element
simulations. It is observed from these diagrams that with different lower die velocities can be created precision parts
with different geometric parameters.

YncjieHHOEe MOIeJIMPOBAHUE MPOIECCA X0JI0AHOI 00beMHOI IITAMIIOBKH B
3aKPBITHIX MATPULAX [IVISl YCTPaHEeHUd 1e(eKT000pa3oBaHus NPHU
bopmonsmenennun

IL.b. Aoxapu

Annomayun. BadxcHolmu sneMeHmamu moyHou 06beMHOU WIMAMNOSKU 6 NPOMBIUIEHHOCIU ABNAIOMCA NOBbIUEHUE KAYecmed
NPOOYKYUY U CHUMCEHUue cmoumocmu npooykma. ILLImamnoska 6 3aKkpeimuvlX MAMpuyax s61aemcs OOHUM U3 Memooo8 MOUHOU
0b6veMHoU wmamnogku. B amoii cmamve paccmampusaemcs npoyecc Xon100HOU 06beMHOU WMAMNOBKYU 8 3aKPbIMbIX MAMPUYAx ¢
UCNONb306AHUEM KUHEMAMUYECKO20 MeXAHUIMA Ol CO30aHUs NPeyusuoOHHbIX Oemanell. Memod YucienHo2o MOOeruposanus, ¢
UCNONL30BAHUEM MEMOOd JHCECMKO-NAACMUYECKUX KoHeunwlx snemenmos (MKD), na ocnose npocpammuozo obecneuenus QForm
2D, Ovin npumenen 015 UCCAE008AHUA MaKko2o Oepekma Kak 3adxcum. Ha ocnose modenuposanus KoHeUHbIX 21eMEHMOos,
copmuposanbl XapakmepucmuKky, makue Kak oeopmayuu (Uckadxicenue OeIumenvHoU Cemku), pacnpeoenenue UHmMeHCUsHOCmu
Odeghopmayuil u HANPsANCEHUU HA HECKONbKUX IMANAX npoyecca npu 0OHOCMOPOHHEU U O08YXCMOPOHHEl NoOa4ax ¢ pasiuyHbLMU
napamempamu npoyecca Osi YCmpaneHusi 0epekma 6 eude 3adcuma 8 npoyecce XonooHou obvemHou wmamnosku. Ha ocnoge
Memooda  HUCTEHHO20 MOOEIUPOBAHUS NOCMPOEHbL  2PAPUKU  3ABUCUMOCTNU  CKOPOCU  HUNCHEU Mampuybl Npu  PA3HbIX
2e0MEMPUYECKUX COOMHOUEHUAX NAPAMEMPO8 NPoyeccd.

Kniouesvie cnosa: xonoonas wimamnosxa, 3aKpblmas Mampuya, medeHue MAmepuand, 3adCuM, YUCTEHHOe MOOenuposauue,
HAnpANCeHHo-0ehpopMuposantoe cocmosnue

YuceabHe MOACJIOBAHHS MPOLECY XOJOAHOI0 00'€MHOI0 ITAMIIYBAHHS B
3aKPUTUX MAaTPULAX JJIA YCYHEeHHS 1eQeKTOYyTBOPeHHsI NpH (popMoO3MiHi

I1.B. Aoxapi

Anomauia. Badciusumu enemenmamu mouHoi 00'c€MHO20 WIMAMNYBAHHA 6 NPOMUCIOBOCMI € NIOGUWEHHS AKOCMI NpOOYKyii ma
3HUdICEHHS 6apmocmi npodykmy. Llmamnysanns 6 3axpumux Mampuysax € oOHuM 3 Memooie mounoi 06'emnoco wmamnyeanus. V
yiti cmammi po3ena0aemovcs npoyec XoN00H020 00'EMHO20 WMAMNYEAHHSA 6 3aKPUMUX MAMPUYAX 3 GUKOPUCHIAHHAM KIHEMAMUYHO2O0
Mexanizmy Ons CmeopeHHs npeyusitinux Oemaneil. Memoo uucenbHo2o MOOeN08aAHHA, 3 SUKOPUCIAHHAM MEMOoOy HCOPCHKO-
nnacmuynux cxinuennux enemenmie (MCE), na ocnosi npoepamnozo 3abesneuennss QForm 2D, 6y6 3acmocosanuil 0is 00CHIOHCEHHSA
maxoeo deghexmy sk 3asxcum. Ha ocHoei MOOeno8ants CKIHUEHHUX eleMenmis, CPOPMOBaAHI XapaKkmepucmuxu, maxi Ax oepopmayii
(8UKpuBNeHHs: OLIUTbHOI CcIimKU), po3nooin IHmMeHcugHocmi Oeghopmayiti i HANPYICeHb HA OeKiIbKOX emanax npoyecy npu
O0OHOCMOPOHHIL | 080CMOPOHHITI NOOAYAX 3 PISHUMU NAPAMEempamu npoyecy 015 YCYHeHHs OeeKkmy V 8uesoi 3axcumy 8 npoyeci
X0M00H020 00'emHo20 wimamnyeanus. Ha ocnogi memody uucenvbnozo moodenosants noby0osari epagiKu 3aiesicHOCmI weuoKoCmi
HUICHbOT MAmpuyi npu Pi3HUX 2e0MEeMPUYHUX CRIGEIOHOUIEHHSX NApaMempie npoyecy.

Kniouosi _cnosa: xonoona wmamnoeka, 3akpuma Mmampuys, meuis Mamepiany, 3aJiCuM, YUCEIbHe MOOeNIO8AHH S, HANPYICEHO-
dehopmosanuii cman.
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