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ABSTRACT
This study investigates the closed-die hot forging process of a CuZn40Pb2 brass alloy water
valve cover using a traditional single-stroke forging press. Key factors affecting defect formation
in the material geometry include the cylindrical workpiece geometry and die temperature. The
finite element model (FEM) developed to optimize temperature effects on material flow behavior
was implemented using Deform® 3D software. The simulations considered geometry, filling
order, and force as inputs. Experimental trials showed that the coefficient of friction, which
decreases with lubricant use, significantly impacts material flow. This is because frictional
forces during forging heat the dies, reducing the coefficient of friction and potentially increasing
defect likelihood. Stress and strain analysis from the simulations indicated a complex interplay
between temperature and friction coefficient, influencing defect formation. The experimental
results aligned with the simulations, validating computational modeling as a tool for predicting
and mitigating defects. This study offers valuable insights into the closed-die hot forging of
CuZn40Pb2 brass alloy water valve covers, emphasizing the importance of temperature and
friction control. These findings can improve forging process design and operation, leading to
high-quality product production.

1. Introduction
Metal forming through hot forging is a prevalent manufacturing technique
characterized by subjecting the material to elevated temperatures, intense
pressures, and impactful forces within enclosed dies [4,9,10]. This versatile
process serves as the cornerstone for crafting intricate components with ex-
ceptional geometric accuracy, making it the bedrock of industrial production,
responsible for fabricating more than sixty percent of all industrial compo-
nents [18]. By harnessing the formidable combination of heat, pressure, and
controlled shaping, hot forging empowers industries to create a diverse array
of essential parts and components, ranging from automotive components to
aerospace hardware, underlining its indispensable role in modern manufac-
turing [2,11,22].

Temperature control, raw material geometry, and die design play pivotal
roles in mitigating production costs and elevating the quality of forged com-
ponents [3,23]. Nevertheless, relying solely on empirical knowledge to design
and manufacture these components can be an arduous and costly endeavor. To
address these challenges, researchers emphasize the importance of a system-
atic approach to optimize both the part and die design in hot forging processes
[21]. By leveraging advanced computational tools, such as finite element mod-
eling (FEM) software, they can precisely simulate and analyze the intricate
interplay of these factors, allowing for data-driven decisions and fine-tuning
of the forging process [24]. This shift towards data-driven optimization not
only enhances cost-effectiveness but also ensures compatibility with other
production processes, ushering in a new era of efficiency and quality in metal
forging industries.

Plastic deformation stands as a foundational pillar in the realm of metal-
working, serving as a fundamental process employed to reshape materials and
enhance their intrinsic properties [5]. Within the domain of industrial metal
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forming, numerous techniques harness this process to effect substantial changes in the geometry
and characteristics of metallic materials [5]. Prominent among these methods are rolling, forging,
extrusion, and drawing, each wielding the power of controlled plastic deformation to fashion an
array of components and products [8]. Whether it is the elongation and thinning of metal sheets in
rolling, the precision shaping of intricate parts through forging, the extrusion of intricate profiles,
or the elongation of wire and tubing in drawing, these processes exemplify the artistry of molding
metal to meet diverse industrial needs, all rooted in the transformative magic of plastic deformation
[13].

Forging represents a multifaceted manufacturing process marked by the imposition of formidable
stresses and deformation forces, resulting in a nuanced and intricate material flow during deformation
analysis [16]. The distribution of flow stress and strain within the material matrix is contingent
on a multitude of factors, including the applied strain, strain rate, and the temperature at which
the deformation occurs [6]. To elucidate and optimize these complex dynamics, physical model-
ing methodologies, exemplified by the deployment of specialized equipment like Gleeble® [20]
thermomechanical simulators, have become invaluable in industrial settings. However, while these
simulators offer valuable insights, their optimization poses challenges due to factors such as the
generation of frictional heat, which can significantly impact flow behavior, introduce unpredictability,
and contribute to non-uniformity in the overall production process [26], underscoring the need for
meticulous control and calibration in pursuit of optimal forging outcomes.

Traditionally, the industrial production process has relied on the expertise of designers and
trial-and-error experimentation, which can be costly and time-consuming. To address this, FEM
software applications, such as ANSYS, Abaqus, Deform® 3D [19], and Marc, have been increasingly
used to assess and improve the efficiency of metal forming processes [25]. This has led to significant
reductions in production costs and time. Researchers have used FEM simulation algorithms to
investigate various aspects of metal forming processes, such as deformation loads and metal flow
behavior [1,7,17]. In the present investigation, the Deform 3D finite element method simulation
software was used to model the hot forging process of a CuZn40Pb2 brass valve body cover using
closed-die forging. The aim was to elucidate the influence of temperature on forming characteristics.

2. Experimental procedure
This study employed a lead-reduced brass alloy of the CuZn40Pb2 composition. Lead-reduced
brass valves are generally preferred in water valves for the sake of human health. The chemical
composition of the brass alloy is detailed in Table 1 [14].

Figure 1a illustrates the technical drawing of the valve cover, the subject of this research. The
initial billet height prior to forging is 68.2 mm and the diameter is 50 mm. After forging, the height
is 42.50 mm and the diameter is 111.32 mm. Figure 1b also depicts the progression of the forging
process from beginning to end. For the traditional forging of the valve, a hydraulic press with a
capacity of 150 tons was used. The billet temperature was 700 �C and the die temperature was
350 �C. The press operated at a speed of 5 mm/s.

Figure 1c depicts the imperfections that arose following hot working in a closed die, which is
the focus of this study. The figure reveals a multiplicity of defects, including:

• Distortions of the mouthpiece of the cover: this can be caused by excessive forging pressure or
improper die design (Fig. 1c (1,2)).

• Failure to achieve the desired geometric accuracy: this can be attributed to factors such as
misalignment of the billet, wear on the dies, or improper forging conditions (Fig. 1c (3)).

• Excessive oxidation beneath the cover: this can be caused by high forging temperatures or
insufficient lubrication (Fig. 1c (4)).

• Deformations of the external surface of the valve cover: this can be caused by uneven heating
of the billet, misalignment of the dies, or excessive forging parameters (Fig. 1c (5)).

Table 1. Chemical composition of CuZn40Pb2

Element Cu Pb Fe Sn Ni Al Si Cd Zn
wt% 58.2 1.75 0.28 0.20 0.069 0.003 0.002 0.002 Balance
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Fig. 1. Technical drawing of the valve cover (a), forging of the brass body cover from start to finish (b), and defective parts formed during
the forging process (c).

• Incomplete filling of the four ears on the sides: this can be caused by insufficient forging
pressure or improper die design (Fig. 1c (6)).

• Adhesion between the die and the product after hot working: this can be caused by improper
lubrication or excessive forging pressure (Fig. 1c (7)).

• Incomplete filling of the two lower teeth: this can be caused by insufficient forging pressure or
improper die design (Fig. 1c (8)).

These imperfections can impair the design geometry of the valve cover, and may also lead to
leaks and other functionality problems. It is of critical importance to identify and address the root
causes of these defects in order to manufacture high-quality valve covers.

3. Finite element model
In this work, we shall not provide a comprehensive discussion of the finite element formulation for
the rigid-viscoplastic metalworking process in the DEFORM 3D software. Equation (1) presents the
general variational principle-based equation for solving the rigid-viscoplastic field equations.

Xi =
π
a
f8 §Y83E +

π
a
 §YEX §YE3E �

π
(�

�8XD83B = 0. (1)

In Eq. (1) above, Y8 and f8 represent the effective strain and effective stress, (� represents
the surface force, D8 represents the surface velocity components, �8 represents the traction stress,
§Y represents the volumetric strain rate, E represents the volume, and the variable  represents a
significant positive penalty constant. By means of a discretization process, Eq. (1) is transmuted
into a nonlinear algebraic equation suitable for finite element analysis. The solution to the resulting
simultaneous equations is obtained iteratively.

The geometric model created using the ZW3D CAD software system and the DRX [12] volume
fraction and constitutive model was input into the DEFORM 3D finite element software in .stl format
for simulation, as depicted in Fig. 2. A number of presumptions were made for the hot forging
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Fig. 2. Imported dies and meshed parts.

process; owing to the insignificant elastic deformation, the dies were modeled as rigid bodies. Since
the elastic deformation of a hot-forged material is very small and hence negligible, it is assumed
that the material undergoes complete plastic deformation. The shear friction model was selected as
the friction model, and its definition is as follows:

�B = ` ⇤ : , (2)

where �B is the frictional stress, ` is the friction coefficient, and : is the shear yield stress.
The upper and lower dies were modeled as rigid bodies. The upper die was assigned a velocity

of 5 mm/s, while the lower die was held stationary. The present investigation employed the finite
element method (FEM) to simulate the deformation process, accounting for the relevant physical
properties of the billet. Specifically, the billet was discretized into 84 462 tetrahedral elements and
18 184 nodes, with a refined mesh applied throughout the specimen volume.

This investigation used the DEFORM 3D v10.2 software to simulate the hot forging of a
cylindrical billet of CuZn40Pb2 brass, retrieved from the software database. The billet had the
dimensions of 50 mm in diameter and 68.2 mm in length. The experimental material of the valve
body is defined as CuZn39Pb2, corresponding to the DIN CuZn40Pb2 material classification in
the library, and the flow properties of the material to be used for the simulation at hot conditions
are given in Fig. 3. The experimental forging temperature of 700 °C falls within the temperature
range of 550–950 °C covered by the material model. The forging simulation was performed at
temperatures ranging from 600 °C to 750 °C, with a constant strain rate of 1B–1. This temperature
range is commonly used in industrial hot forging processes for brass.

The investigation adopted the assumption of shear friction between the billet and the die. A
coefficient of the friction value of 0.3 was used to represent graphite, a commonly used lubricant
between the die and sample, as reported in [15]. It is customary in deformation analysis to neglect
the elastic region, as the forging process typically involves significant deformations at elevated
temperatures.

The experiment was conducted under isothermal conditions, with the ambient temperature
maintained at 20 °C and the die temperature set to 350 °C. In this study, an environmental heat
transfer coefficient of 0.05 W/(mm2.°C) (equivalent to 50 W/m2.K) was used to estimate the heat
exchange between the die and ambient conditions during the forging process. This value, commonly
applied in simulations of high-temperature brass forging, is based on standard assumptions reported
in the literature. The coefficient of friction for the graphite lubricant was set at 0.3, aligning with
values reported in prior studies on forging applications. These parameters were implemented to
ensure that the simulation accurately reflected real-world forging conditions. The study employed a
Lagrangian incremental simulation approach with a direct method for iteration. The chosen methods
for the study were global remeshing, relative interference depth type, and a conjugate gradient solver.

4. Results
The FEM simulation of the complete forging process lasted for 3.80 seconds. Figure 3 depicts the
variation of the effective stress distribution and deformation with forging time. The valve cover
retains its billet shape at 1.80 seconds, with an effective stress of 7.05 MPa at the contact points
during deformation. At 3.37 seconds, the effective stress in the lower threads reaches 10.4 MPa. At
3.77 seconds, the lower teeth are fully filled, but the four lateral protrusions are not yet fully filled.
The effective stress at this time is approximately 11.6 MPa. At 3.80 seconds, the forging process is
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DPNQMFUF XJUI BO FяFDUJWF TUSFTT PG �� .1B BOE UIF EJF SFUSBDUJOH� 5IF WBMWF DPWFS SJN UIJOT XJUI
EFGPSNBUJPO SFTVMUJOH JO B MPXFS TUSFTT PG ��� .1B JO UIJT SFHJPO�

5IF IPU EFGPSNBUJPO QSPDFTT JT IJHIMZ JOёVFODFE CZ UIF GPSHJOH UFNQFSBUVSF QBSUJDVMBSMZ XJUI
SFTQFDU UP UIF NFUBM ёPX CFIBWJPS� "T TIPXO JO 'JH� � UIF FяFDUJWF TUSFTT EJTUSJCVUJPO JO UIF EFGPSNFE
CJMMFU JT OPO�VOJGPSN XJUI UIF SFHJPOT PG MPXFS TUSBJOT FYIJCJUJOH UIF IJHIFTU MFWFMT PG FяFDUJWF TUSFTT�
"U UFNQFSBUVSFT BCPWF ��� p$ UIF NBUFSJBM ёPX BOE TUSFTT EJTUSJCVUJPO BSF VOJGPSN� )PXFWFS BU
��� p$ BOE ��� p$ UIF TUSFTT ѐFMET BSF EJTUPSUFE BOE NBUFSJBM ёPX QSPCMFNT PDDVS� %JF BEIFTJPO
XBT JOJUJBMMZ BTTPDJBUFE XJUI MPX FяFDUJWF TUSFTT SFHJPOT 	CMVF�DPMPSFE BSFBT JO 'JH� �
 CBTFE PO
UIF IZQPUIFTJT UIBU JOTVђDJFOU CJMMFU IFBUJOH MFBET UP MPDBMJ[FE NBUFSJBM TUJDLJOH SFEVDJOH NBUFSJBM
ёPX BOE SFTVMUJOH JO MPXFS TUSFTT EFWFMPQNFOU� )PXFWFS UIF BQQBSFOU SBOEPNOFTT JO UIF DPMPS
EJTUSJCVUJPO PG UIFTF QMPUT TVHHFTUFE QPUFOUJBM NFTI�SFMBUFE BSUJGBDUT� 5P WBMJEBUF UIJT UIF TJNVMBUJPO
XBT SFQFBUFE VTJOH B ѐOFS NFTI� 5IF SFѐOFE SFTVMUT QSPEVDFE TNPPUIFS BOE NPSF DPOTJTUFOU TUSFTT
EJTUSJCVUJPOT FMJNJOBUJOH UIF OPJTF PCTFSWFE JO UIF JOJUJBM QMPUT� 5IJT DPOѐSNFE UIBU UIF MPX�TUSFTT
SFHJPOT BSF MPDBMJ[FE EVF UP UFNQFSBUVSF WBSJBUJPOT BOE VOFWFO DPOUBDU QSFTTVSF CFUXFFO UIF CJMMFU
BOE UIF EJF SBUIFS UIBO SBOEPN BSUJGBDUT� 5IF VQEBUFE ѐHVSFT JODMVEFE JO UIF SFWJTFE NBOVTDSJQU
EFNPOTUSBUF UIFTF JNQSPWFNFOUT BOE SFJOGPSDF UIF IZQPUIFTJT UIBU JOTVђDJFOU IFBUJOH DBO DPOUSJCVUF
UP MPDBMJ[FE EJF BEIFTJPO�

'MPX TUSFTT FYIJCJUT BO JOWFSTF SFMBUJPOTIJQ XJUI GPSHJOH UFNQFSBUVSF TVDI UIBU BO JODSFBTF JO
UFNQFSBUVSF SFTVMUT JO B EFDSFBTF JO ёPX TUSFTT BU B DPOTUBOU TUSBJO SBUF BOE WJDF WFSTB� 8IFO UIF
EFGPSNBUJPO UFNQFSBUVSF BOE TUSBJO SBUF BSF IFME DPOTUBOU UIF ёPX TUSFTT JODSFBTFT VOUJM JU SFBDIFT
B NBYJNVN WBMVF BU UIF QFBL TUSBJO QPJOU� "U QFBL TUSBJO ёPX TUSFTT PG B NBUFSJBM UIBU VOEFSHPFT
EZOBNJD SFDPWFSZ TPGUFOJOH TUBCJMJ[FT BT UIF TUSBJO DPOUJOVFT UP JODSFBTF� *O NBUFSJBM TDJFODF JU IBT
CFFO PCTFSWFE UIBU JO UIF DBTF PG EZOBNJD SFDSZTUBMMJ[BUJPO ёPX TUSFTT EFDSFBTFT BGUFS QFBL TUSBJO
BOE FWFOUVBMMZ SFBDIFT B TUFBEZ TUBUF�

'JHVSF � TIPXT UIF EJTUSJCVUJPO PG FяFDUJWF TUSBJO PO UIF EFGPSNFE CJMMFU� 5IF EFGPSNBUJPO JT OPO�
VOJGPSN XJUI UIF FEHF BOE TJEF BOHMFT FYIJCJUJOH IJHIFS MFWFMT PG EFGPSNBUJPO� 5IJT IFUFSPHFOFPVT
EFGPSNBUJPO JT BUUSJCVUFE UP JOUFSGBDJBM GSJDUJPOBM GPSDFT� 5IF FяFDUJWF FYQBOTJPO WBMVF JT QBSUJDVMBSMZ
IJHI JO UIF SFHJPO PG UIF MPXFS UFFUI JOEJDBUJOH TFWFSF JSSFHVMBSJUJFT JO UIF NBUFSJBM ёPX EVSJOH MPXFS
UPPUI GPSNBUJPO� 'PSHJOH BU B CJMMFU UFNQFSBUVSF PG ��� p$ BQQFBST UP NBLF JU EJђDVMU UP GPSN UIF
MPXFS UFFUI�
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Fig. 3.  Hot working strain curves at different temperatures and strain rates of 0.1 s–1 (a), 3 s–1 (b) and 100 s–1 (c).
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5IF %&'03. �% ѐOJUF FMFNFOU NFUIPE TJNVMBUJPO DPEF XBT EFWFMPQFE UP BOBMZ[F UIF DMPTFE�EJF
IPU GPSHJOH QSPDFTT PG UIF XBUFS WBMWF DPWFS XIJDI XBT PSJHJOBMMZ B DZMJOESJDBM CJMMFU� 5IF TJNVMBUJPO
BOBMZTJT DPNQBSFE TUSFTT BOE TUSBJO WBMVFT BDSPTT B GPSHJOH UFNQFSBUVSF SBOHF PG ��� p$ UP ��� p$
XJUI B �� p$ JODSFNFOU BOE B TUSBJO SBUF PG � Tɻ�� 5IF TUVEZ QSPEVDFE UIF GPMMPXJOH PCTFSWBUJPOT�

ʆ 5IF IPU GPSHJOH QSPDFTT SFTVMUT JO OPO�VOJGPSN EFGPSNBUJPO PG UIF CJMMFU XJUI UIF DFOUSBM
SFHJPO FYQFSJFODJOH DPODFOUSBUFE FяFDUJWF TUSBJO� 5IF TUSFTT BOE TUSBJO EJTUSJCVUJPO JO UIF
GPSHJOH QSPDFTT SFёFDUT UIF DPNQMFY JOUFSQMBZ PG NBUFSJBM ёPX EJF HFPNFUSZ BOE UIFSNBM
HSBEJFOUT� 8IJMF SFHJPOT XJUI SFEVDFE TUSBJO PGUFO FYIJCJU IJHIFS FяFDUJWF TUSFTT EVF UP
DPOTUSBJOFE NBUFSJBM ёPX UIJT JT OPU VOJWFSTBMMZ UIF DBTF� *O UIJT TUVEZ UIF DFOUSBM SFHJPO
PG UIF QBSU XIJDI TIPXFE UIF MPXFTU TUSBJO MFWFMT EJE OPU DPSSFTQPOE UP UIF IJHIFTU TUSFTT
MFWFMT� *OTUFBE UIF IJHIFTU TUSFTT MFWFMT XFSF PCTFSWFE OFBS UIF EJF�DPOUBDUFE SFHJPOT XIFSF
TJHOJѐDBOU EFGPSNBUJPO PDDVSSFE� 5IJT PCTFSWBUJPO IJHIMJHIUT UIF JOёVFODF PG MPDBMJ[FE DPOUBDU
DPOEJUJPOT BOE UFNQFSBUVSF HSBEJFOUT PO TUSFTT BDDVNVMBUJPO EVSJOH GPSHJOH� 5IF WBSJBCJMJUZ
PCTFSWFE JO UIF TUBOEBSE EFWJBUJPO QSPWJEFT BEEJUJPOBM FWJEFODF PG OPO�VOJGPSNJUZ JO UIF
GPSHJOH QSPDFTT�

ʆ 5IF TUVEZ EFNPOTUSBUFE B EJSFDU SFMBUJPOTIJQ CFUXFFO GPSHJOH UFNQFSBUVSF BOE NFUBM QBSUJDMF
ёPX SBUF� 4QFDJѐDBMMZ JODSFBTJOH UIF GPSHJOH UFNQFSBUVSF XBT GPVOE UP JODSFBTF UIF NFUBM
QBSUJDMF ёPX SBUF DPSSFTQPOEJOHMZ� 5IJT PCTFSWBUJPO TVHHFTUT UIBU IJHIFS GPSHJOH UFNQFSBUVSFT
SFEVDF SFTJTUBODF UP EFGPSNBUJPO� "DDPSEJOHMZ UIF ѐOEJOHT BSF DPOTJTUFOU XJUI UIF BDUVBM
JOEVTUSJBM GPSHJOH QSPDFTT JOEJDBUJOH UIBU DPNQVUFS TJNVMBUJPO DBO QSPWJEF B SFMJBCMF TPMVUJPO
GPS QSFEJDUJOH UIF ёPX CFIBWJPS PG UIF NFUBM CJMMFU EVSJOH UIF GPSHJOH QSPDFTT�
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Lõplike elementide simulatsioonimudel defektide uurimiseks CuZn40Pb2 
messingisulamist veeventiili katetes kuumsepistamise protsessis 

Mehmet Ceviz ja Isik Cetintav 

Töös uuriti CuZn40Pb2 messingisulamist veeventiili katte suletud stantsiga kuumsepistamist, kasutades tra-
ditsioonilist ühetaktilist sepistamispressi. Peamised tegurid, mis mõjutavad defektide teket materjali geo-
meetrias, on silindrilise tooriku geomeetria ja stantsi temperatuur. Materjali voolukäitumisele avalduva 
temperatuuri mõju optimeerimiseks töötati välja lõplike elementide mudel (LEM), kasutades rakendustarkvara 
Deform® 3D. Simulatsioonimudelites võeti sisenditena arvesse geomeetriat, täitmise järjekorda ja rakendatud 
jõudu. Eksperimentaalsed katsed näitasid, et hõõrdetegur, mis on määrdeainete kasutamise korral väiksem, 
mõjutab oluliselt materjali voolamist, kuna sepistamise ajal kuumutab hõõrdejõud stantse, mis omakorda 
vähendab hõõrdetegurit ja võib suurendada defektide tekke tõenäosust. Simulatsioonidest saadud pingete 
ja deformatsioonide analüüs näitas keerulist seost temperatuuri ja hõõrdeteguri vahel, mis mõjutab defektide 
teket. Läbiviidud simulatsioonid olid kooskõlas eksperimentaalsete tulemustega, kinnitades numbrilise mo-
delleerimise sobivust defektide prognoosimiseks ja vähendamiseks. Uuring pakub väärtuslikku teavet 
CuZn40Pb2 messingisulamist veeventiili katte suletud stantsiga kuumsepistamise kohta, rõhutades tempe-
ratuuri ja hõõrdumise kontrollimise olulisust. Töö tulemusi saab kasutada sepistusprotsessi projekteerimiseks 
ja töö optimeerimiseks, et toota kvaliteetseid tooteid. 

 


