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The objective of this study is to investigate the impact of non-uniform flash land on material
redistribution during closed-die forging with flash, focusing on how the use of non-uniform flash
land can increase the fullering coefficient and thereby reduce the number of forging steps
required. The methodology combines theoretical analysis with finite element methods, varying
the geometries of both the flash land and the billet, and comparing the results obtained from
these different configurations. A comparison of forming results across four different billet
specifications reveals that as the initial billet cross-section increases, the material transfer rate
decreases. This is primarily due to the increased material volume in the region, which reduces
material transfer and enhances cavity filling rate. However, increasing the billet cross-section
also leads to a decrease in the fullering coefficient and an increase in the number of forging
steps required. The study also shows that non-uniform flash land, especially non-uniform flash
land 3, significantly improve the fullering coefficient, reaching 1.56, an 11.4% improvement over
the traditional flash land coefficient of 1.4. This enhancement reduces the number of forging
steps and improves the cavity filling rate. The forming load is positively correlated with the
fullering coefficient, and under identical conditions, non-uniform flash land result in a forming
load that is approximately 7.6% lower than that of traditional flash land. This reduction in forming
load contributes to lower energy consumption and greater process efficiency. Moreover, non-
uniform flash land demonstrate a distinct advantage in axial material redistribution and cavity
filling. The enhanced axial material redistribution associated with non-uniform flash land
promotes more uniform cavity filling, significantly reducing the occurrence of incomplete filling,
especially when the fullering coefficient exceeds 1.4. This highlights the ability of non-uniform
flash land to improve the quality of forged parts by minimizing the need for excessive forging
steps while optimizing material usage. In conclusion, the findings emphasize the effectiveness
of non-uniform flash land in optimizing axial material redistribution, improving cavity filling rate,
and increasing the overall efficiency of closed-die forging processes. These benefits contribute
to the production of higher-quality forged parts, with reduced energy consumption and fewer
forging steps.

Key words: Closed-Die Forging With Flash, Non-uniform Flash, Fullering Coefficient, Cavity
Filling Rate, Material Redistribution.

Inrtoducion

Closed die forging with flash is the most common method of bulk forming
processes. And the flash land directly affects the number of forging steps required and
the production cost [1-2]. The traditional flash land, due to its limited influence on
material redistribution during forging, is not well-suited for complex forgings with
significant cross-sectional variations. In contrast, the non-uniform flash land
demonstrates excellent material accumulation capability, enhancing the material
fullering coefficient while ensuring high forming quality [3].

The variable gutter technique, a novel approach to minimizing waste in closed-die
forging, was investigated by M. Pourbashiri [4] for parts requiring vertical material flow.
Case studies demonstrated up to a 50% reduction in waste, and finite volume method
(FVM) simulations confirmed its effectiveness, underscoring that gutter thickness had
the most significant impact on material flow. In another study, M. Sedighi et al. [5]
analyzed a “T-shaped” part, exploring techniques involving variable gutter width and
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thickness. These approaches reduced material waste by 12% and 14%, respectively,
with experimental tests aligning closely with simulation results for variable gutter
thickness. Klawitter et al. [6] successfully employed different values of gutter height
and width across different sections of a forged part, reducing the required forming force
and enhancing cavity filling. Additionally, Hu et al. [7] optimized a two-step forging
process for duplex forks, applying unequal thickness flash to prevent defects. Cracks
stemming from the complex geometry of the fork were analyzed via finite element
simulations, which identified non-uniform velocity distribution as a potential cause.
Sheikhbahaee et al. [8] utilized 2D finite element simulations and response surface
methodology to obtain the optimal dimensions for the dies and preform, including the
width and thickness of the flash gutter and the amount of flash at each major cross-
section.

Although non-uniform flash land has been applied in closed die forging with flash,
a clear understanding of its effect on material redistribution remains lacking, presenting
significant challenges for die design. Therefore, this research will investigate the
effects of non-uniform flash land on material redistribution during the forging process.

2. The design methods for traditional flash land

The main dimensions of the flash land are height (h) and width (b). Traditional
design approaches include the tonnage method and the calculation method. In the
tonnage method, the geometry of flash land is first determined based on the forging
and forming process characteristics, then the gutter dimensions are selected using an
equipment tonnage reference table. This method relies heavily on accumulated
production experience and lacks quantitative analysis. Another approach is the
empirical formula calculation method, where common calculation formulas are as
follows [9-11]:
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where h - the height of flash land,
b - the width of flash land,
An - the projected area on the parting surface of the forging,
D - the maximum diameter or width of the forging,
m - the mass of the forging.
The traditional flash land belongs to the category of uniform flash land,
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characterized by identical structural features around the die, with even width and height
often remaining constant. Uniform flash land generate consistent resistance around
the die, which limits their ability to regulate the axial distribution of material effectively.
Therefore, the cross-section of the forgings before and after forging cannot differ
significantly, leading to an increased the number of forging steps required.

In contrast, non-uniform flash land can effectively address this issue. By
introducing variations in resistance around the die, they enable better regulation of the
axial distribution of material. Therefore, studying the influence of non-uniform flash land
on the axial redistribution of material is of significant importance.

3. Methodology

The methodology used in this research combines theoretical analysis with finite
element methods, altering the geometries of both the flash land and the billets, and
compares the results obtained from these different geometries.

3.1. The design of billets specifications

In order to eliminate the influence of the billet, four different billets specifications
were designed for comparative analysis. the specifications of billets are designed, as
shown in Tab. 1:

Table 1
The specifications of billets
No. D/mm L/mm fullering coefficient
1 15.12 58.5 1.56
2 15.67 54.4 1.50
3 16.28 50.5 1.45
4 16.96 46.5 1.40

Where, D= Square billet side length; L= Billet length; F= fullering coefficient.

3.2. The design of non-uniform flash land

To better investigate the effect of non-uniform flash land on material redistribution,
three types of non-uniform flash land were designed: non-uniform flash land 1 (a), non-
uniform flash land 2 (b), and non-uniform flash land 3 (c), as shown in Fig. 1.
Specifically: The land width of non-uniform flash land 1 is various around its die. The
non-uniform flash land 2 features resistance grooves within the land. The non-uniform
flash land 3 incorporates resistance wall within the land.

~ Groove
a b C

Fig. 1 Non-uniform flash land:
a - flash land 1, b - flash land 2, c - flash land 3
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3.3. Material redistribution

By taking 12 sections at equal distances along the axial direction, it is found that
the material distribution of the forging specimen along the axial direction changes
dramatically, with the maximum cross-sectional area ratio as high as 2.4, which is
much greater than the difference in the other direction, as shown in the Fig. 2.
Therefore, it is essential to explore the axial redistribution of the material.
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Fig. 2 Axial distribution of forging materials

In order to facilitate the study of the axial material redistribution during forging, the
centerline of the forging along the axial length is divided into two parts. Define the
cavity axial centerline (red line) as the material transfer boundary for pats 1 and 2, see
Fig. 3.The material transfer rate obtained by comparing the changes in the amount of
material in the two parts before and after forging. Since the dead zone is located in
part 2, we mainly focus on the transfer rate of materials in the part 2 before and after
forging. The calculation formula is as follows:

0= (Vafter . Vbefore ) (5)
Vhefore x100%

where, V,qrer - The volume of material located in part 2 after forging, Vpefore — The
volume of material located in part 2 before forging.
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Fig. 3 Material transfer boundary

4. Results and discussion
4.1. Forming process analysis

As illustrated in Fig. 4, the forming process can be divided into three main stages.
The first stage is the free upsetting stage, characterized primarily by upsetting
deformation, during which part of the material begins to flow toward rib zone, keeping
the forming load relatively low. The second stage is the extrusion forming stage; by
this point, some material has already flowed into the flash land around the die,
increasing resistance and causing material to flow toward dead zone. This results in a
notable rise in the forming load.The third stage is the closure stage, when the upper
and lower die surfaces are in contact and the excess metal flows to the flash land.
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Fig. 4 Forging process analysis

4.2. Comparison of different billets

A comparison of forming results across four different billet specifications shows a
declining trend in material transfer rates in part 2 as the cross-section of initial billet
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decreases, as illustrated in Fig. 5 . This decline primarily results from the increased
initial billet volume positioned in part 2. Therefore, increasing the billet cross-section
boosts the initial material volume in this region, effectively reducing material transfer
and promoting complete cavity filling. However, the increase in cross-section of initial
billet is bound to cause a decrease in the fullering coefficient, and increasing the
number of forging steps required.

I N 1 M T M Ll

10 P A a B ' _ 99. 8

| H = 0Q
H YY.

| &

-
—

Material transfer rate/%
Filling rate/%

Billet No.
Fig. 5 The comparison of material transfer rate and cavity filling rate

4.3. The influence of the non-uniform flash land on the material redistribution

By comparison, it was observed that with the increase in the fullering coefficient,
the cavity filling rate showed a significant decline, as shown in Fig. 6. This phenomenon
is attributed to the differences in the axial material distribution between the billet and
the final forging. Consequently, a higher fullering coefficient results in a reduced the
number of forging steps required. At the same fullering coefficient, the cavity filling rate
of non-uniform flash land was significantly higher than that of traditional flash land. This
indicates that non-uniform flash land can effectively improve the axial redistribution of
material during forging, thus enabling an increase in the fullering coefficient. In terms
of the ability to redistribute axial material: Non-uniform flash land 3 > Non-uniform flash
land 2 > Non-uniform flash land 1 > Traditional flash land. The traditional flash land
had the least influence on axial material redistribution. When F > 1.4, the cavity began
to exhibit incomplete filling. Non-uniform flash land 1 and 2 slightly outperformed the
traditional flash land. However, non-uniform flash land 3 demonstrated a significant
improvement in axial material redistribution, ensuring 100% cavity filling even at F =
1.56. Therefore, adopting non-uniform flash land can effectively increase the fullering
coefficient and reduce the number of forging steps required.
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Fig. 6 Comparison of different flash land

4.4. Velocity field analysis

As shown in Fig. 7, the material flow velocity in zones 1, 2, and 3 around part 1 is
significantly lower, while the flow velocity of material in the direction of the flash land
near part 2 is noticeably higher than that around part 1. This indicates that the flow
resistance around part 1 is significantly greater than that around part 2. Such a
distribution facilitates the flow of excess material from part 1 to part 2 during the initial
forging stage, rather than toward the flash land.
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Fig. 7 The velocity field of non-uniform flash land 3(@stroke10.4mm)
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4.5. Load analysis

The analysis revealed that the forming load is positively correlated with the fullering
coefficient. Notably, under the same fullering coefficient, the forming load of non-
uniform flash land is generally lower than that of traditional flash land, as shown in the
Fig. 8. Under identical conditions, the forming load of non-uniform flash land is
approximately 7.6% lower than that of traditional flash land.
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Fig. 8 Load analysis

Discussion

The objective of this study is to investigate the impact of non-uniform flash land on
material redistribution during closed-die forging with flash, with a focus on how to use
non-uniform flash land to increase the fullering coefficient and thus reduce the number
of forging steps required. Through the preceding analysis, it was found that the material
transfer rate is negatively correlated with the cavity filling rate, and demonstrating the
significant impact of non-uniform flash land on material redistribution during the forging
process. Non-uniform flash land 3 effectively increased the fullering coefficient to 1.56,
representing an 11.4% improvement compared to the 1.4 achieved by traditional flash
land. This improvement significantly reduces the number of forging steps required.
Moreover, under identical conditions, the forming load of non-uniform flash land is
approximately 7.6% lower than that of traditional flash land.

5. Conclusion

1. The study demonstrated that non-uniform flash land significantly influence
axial material redistribution during the closed-die forging process. The use of non-
uniform flash land, particularly non-uniform flash land 3, effectively improved the
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fullering coefficient, reaching 1.56. This represents an 11.4% improvement over the
1.4 achieved by traditional flash land, which leads to a reduced the number of forging
steps required.

2. The forming load was found to be positively correlated with the fullering
coefficient. Under identical conditions, the forming load associated with non-uniform
flash land was approximately 7.6% lower than that of traditional flash land. This
reduction in forming load contributes to lower energy consumption and improved
overall process efficiency during forging.

3. Non-uniform flash land showed a clear advantage in terms of axial material
redistribution and cavity filling rate. With higher axial material redistribution, non-
uniform flash land promoted more uniform filling of the cavity, reducing the occurrence
of incomplete filling, especially when the fullering coefficient exceeded 1.4. This
highlights the potential of non-uniform flash land in improving the quality of forged parts
by minimizing the need for excessive forging steps while optimizing material usage.
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JocaigsKeHHs BIVIMBY HEPIBHOMIPHOTO 00J10/{HOT0 MiCTKA
Ha Mepepo3NnoaiJ MaTepiajy NpU TAMIYBAHHI B BIIKPUTHX
HITAMIIAX 3 00J10€M

MeTol UbOro AOCHIAKEHHA € BMBYEHHSA BMNNBY HEPIBHOMIPHUX OBMOWMHUX
MICTKIB Ha nepepos3noain matepiany nig 4yac wramMnyBaHHS Yy BiAKPUTUX LUITaMnax 3
06no€eM, 3 aKLLEeHTOM Ha Te, Ik BUKOPUCTaHHSA HEPIBHOMIPHUX OBMOMHMX MICTKIB MOXeE
30iNbWNTN KoedilieHT nonepeaHbOro PO3NIOLWEHHA Ta, BiAMOBIOHO, 3MEHLIUTU
KINbKICTb HeobXigHMX eTaniB wTamnyBaHHA. MeTogonoria noegHye TeOopeTUYHWUIA
aHania 3 MeTogoM KiHLEBUX €NeMEHTIB, Bapiloloun reoMeTpito sik 06nonHoro Mictka,
TaKk i 3aroToBaHKW, i MOPIBHIOE pe3ynbTaTh, OTPUMaHi 3a Pi3HUX KOHirypauin.
MopiBHAHHA pesynbTaTiB (POPMOYTBOPEHHA OMA YOTUPbLOX PI3HUX cneundikawin
3arotoBaHOK Mokasye, Wo 3i 36ifbleHHAM MNo4YaTKOBOro MnonepevyHoro nepepisy
3aroToBaHKM LUBUAKICTb MEpeHeCceHHs MaTtepiany 3MeHwyeTbes. Lle 3ymoBneHo
30inblweHHAM 06’eMy MmaTepiany B 06nacTi, WO 3HWKYE nepeposnoaisi Matepiany Ta
NMOKpaLLye 3anoBHEHHS NOPOXHUHW. OaHak 3i 30iNbLEHHAM NONepPeYHOro nepepisy
3arotoBaHkM KoediuieHT nonepegHbLOro PO3MIOWEHHA 3MEHLUYETLCS, a KifbKiCTb
HeoOXigHMX eTaniB wWTamMnyBaHHA 3pocTae. [oCnigkeHHs TakoX nokasye, Lo
HepiBHOMIpHi 0BNONHI MICTKW, 0COBNNBO HEPIBHOMIPHMIA 00NONHUI MiCTOK Ne3, 3Ha4yHO
NnoKpaLLytoTb KoeqilieHT nonepeHboro Po3nsoLLEHHS, focsAraoym 3HavdeHHs 1,56,
wo Ha 11,4% 6inbwe, HiX TpaguuinHun KoeduiuieHT obroa 1,4. Lle nokpalweHHsA
3MeHLUYE KiNbKICTb eTanis WTaMmnyBaHHs Ta NiABULLYE LWIBUAKICTb 3aNOBHEHHS piBYaKka.
dopmyBanbHe HaBaHTaXXEHHS MO3UTUBHO KOpPEere 3 KoedilieHTOM nonepeaHboro
PO3NJIOLLEHHS, | 32 O4HAKOBMX YMOB HEPIBHOMIpHMI OBNOMHMIA MICTOK 3abe3nevye
dopmyBanbHe HaBaHTaXeHHS MpubnM3HO Ha 7,6% HwkYe, HDK TpaguuinHUn
obnonHum  Mmictok. Lle  3HMKEHHs  HaBaHTaXEHHA  ChpuUsSe  3MEHLUEHHKO
€HepProcnoXmBaHHA Ta NigBULLEHHIO e(PeKTUBHOCTI Npouecy. KpiM Toro, HepiBHOMIpHI
0ONONHI MICTKM OEMOHCTPYIOTb ABHY NepeBary y 0CbOBOMY Nepepo3noaini martepiany
Ta 3anoBHEHHI piBYaka. NokpalleHnin oCboBUI Nepepo3noain matepiany, nos'a3aHum
i3 HEpPIBHOMiIpHUMM OBNONHUMK MiCTKamMK, cnpusie Binbll PiIBHOMIPHOMY 3aNOBHEHHHO
piBYaKiB, 3HAYHO 3MEHLUYOYM WMOBIPHICTb HEAO03anoBHEHHHA, OCOONMBO KoMK
KoequilieHT nonepeaHbOro posnsoweHHs nepesuiye 1,4. Lle nigkpecnioe 3gaTHICTb
HEepiBHOMIPHMX OBMOMHUX MICTKIB MOKpallyBaTuM SKICTb LITAMMOBaHUX JeTanen,
MiHiMi3ytoun noTpeby B HaAMIpHIA KINbKOCTI eTaniB LTamMnyBaHHS Ta OMNTUMI3YHOUM
BUKOPUCTaAHHA MaTepiany. Takum YMHOM, pesynbTaTu OOCHIAKEeHHS MigKPeCnioTb
€(EKTMBHICTb BMKOPUCTAHHA HEPIBHOMIPHMX OBGMOMHMX MICTKIB Ans onTumisauii
OCbOBOrO Nnepeposnoainy matepiany, NOKpaLLeHHs LWBUOKOCTI 3anoOBHEHHS PiBYaKIB i
niaBULLEHHS 3aranbHOl ePeKTUBHOCTI NPOLECIB WTaMMyBaHHA Y BIAKPUTUX LUTaMMNax.
Lli nepeBarn cnpusitoTb BUFOTOBMIEHHIO OiNbll SKICHMX LWTaMnoBaHWX AeTanewu,
3MEHLLEHHIO eHeprocrnoXnBaHHA Ta CKOPOYEHHIO KifNlbKOCTI eTariB LWTaMnyBaHHS.

Keywords: wramnyBaHHs y BiOKPUTMX LWITamnax 3 OBN0EM, HepiBHOMIpHUIA
06MOMHMI MICTOK, KoeilieHT nonepeaHbOro PO3nsOLWEHHS, WBWAKICTb 3aNOBHEHHS
piBYakiB, Nnepepos3noain martepiany.
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