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Development of Incremental Forging Process for
Manufacturing Large Aluminum Cylinder and Flange

Nam, Ji Won

Department of Mechanical Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

With the fourth industrial revolution, interest in environmentally friendly
energy is increasing. In the case of an electric car, there is a demand for
a weight reduction technique for reducing the weight of the whole parts,
and various researches are being carried out to reduce weight in various
product groups such as raising the fuel efficiency. In addition, researches
for lighter weight are being actively carried out in aerospace and
medium-range launch vehicles. Most of the researches for lightweighting
have been focused on manufacturing products using non-ferrous metals
such as aluminum and magnesium.

Forged products by die forging have many advantage, but they have a
disadvantage that high forging loads are required and can only be made in
the factory with large capacity forging presses. For this reason, we applied
the mandrel forging, which is advantageous for manufacturing the cylinder
shape. In this case, since the cylinder product has a conical cylinder shape
having a slope, the preform having the same volume is designed in
consideration of this. Through simulations and lead experiments, it was
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confirmed that the diameter was reduced due to longitudinal deformation
by forging the large diameter part at the beginning of the process. The
preform design was modified by compensating the volume. The modified
preform effectively solved the diameter reduction problem. This was
verified through prototype production.

In case of a flange product, an incremental forging process with the
rotating die was developed. The novel rotating die was suggested th reduce
the forging load and to prevent the sticking with workpiece and die in hot
forging. Therefore, it is expected that the design process can be available
in factories without large-capacity forging presses. Further, the material
recovery rate can be improved as compared with the machining process.

KEY WORDS: Incremental forging H3 ©@=, Forging load ©&X 3}3, Mandrel

forging Wl=d G X, Preform design ¥ A3 A,

Aluminum forging &¢FvF 94X
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Fig. 1 Target shape of a cylinder
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Fig. 2 Target dimensions of a cylinder
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Fig. 3 Target shape of a flange
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Fig. 4 Target dimensions of a flange
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: Mandrel

Preform

(a) Initial position (b) 1st stage

(0) 2nd stage (d) Final stage

Fig. 5 Schematic diagram for cone shell manufacturing process
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Fig. 6 Shapes of product and preform
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Fig. 7 Preform design using equipment end sections
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Table 1 Chemical compositions of AL-2014

Element Compositions (wt. %)

Si 0.5-1.2

Fe 0.7

Cu 3.9-5.0

Mn 0.4-1.2

Mg 0.2-0.8

Cr 0.1

/n 0.25

Table 2 Mechanical and thermal property of AL-2014

Tensile strengh (MPa) 469

Yield strengh (MPa) 414

Shear strengh (MPa) 285

Thermal conductivity W/mK 180
- 16 -
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Table 3 Boundary conditions of mandrel forging process
. Workpiece : Plastic
Object type . .
Anvil, Mandrel : Rigid
. . Workpiece : 400C
Initial temperature of object ,
Anvil, Mandrel : 150C
Anvil speed 30 mm/s
Pressing depth 210 mm

Table 4 Relationships of each objects

Objects relationship Friction factor Heat transfer coefficient
Preform-Anvil 5

0.7 5 W/m™C
Preform-Mandrel
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() Depth 180 mm (k) Depth 200 mm (D Finish
Fig. 9 Simulation results of cone shell
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Fig. 10 Main dimensions of cone shell

Table 5 Main dimensions of cone shell by simulation

Position Target (mm) Simulation (mm) Error (%)
ts 123 123 0.0
He 942 1078 14.4
Ds 1208 1193 -1.2
Dy 1824 1493 -18.1
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Fig. 13 Simulatign2 L{e_sults of cone shell
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Table 6 Main dimensions of cone shell by simulation

Position Target (mm) Simulation (mm) Error (%)
ts 123 123 0.0
He 942 1059 12.4
Ds 1208 1264 4.6
Dy 1824 1665 -8.7
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Fig. 14 Forging loads of mandrel forging process

_25_




33 ¢ AdS % 48 74 AF
AAGE b AFAZE A7 dxE 5E Y A
S8l AZFsIATE 2y AAZR AFS AFskeE A §4 Age g2 e
HY F 9onz Z4 Ads A sk Ao] nigAsith A AF7E o] 83}
1/10 S4 v&Y F AdS 9 9tk A AgrIe A" obl A3A 1/10
HEo W A, W=y AARE AMEStY d AEE Y gk W=y

A
AAYE gk L2 8 2409 SCM440S AL-8-5)

ox
tlo
fot
27
1]
o
32
rir
N
Ho
ol
fo
B
ol
>

g 499 A9 Fde Fig 15180 UEGior] A% ATHE Table 70
Helaldnh, Al A9 Ave a4 Asel FAsl Dol B A5t 2k
CREREED = Gud A7 4FIU T8 avkre] Hge 4

3} S|

Bl -1
F
Lo

Aol g7 BE vz Yung Pl A =g 32 sk ok 4 =A3)
HA AGoNM WERS] AT Aozt @) BFolga BErEel Ak A 2AL
Wedo] AR sl e Aol FHES P FU B /A
HUAT, & APl TE HEe W Fob Weddq FHol AT, ol

Qo] ApRoA M4 Aokt ARo] Mede Fo) 3] £AY FAiel

ARIAAE Ao oy Ak

Table 7 Main dimensions of cone shell experiment

Position Target (mm) | Pb test (mm) Error (%)
ts 12 12 0.0
Hg 100 105 5.0
Ds 120 116 -3.3
DL 180 160 -11
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Fig. 16 Deformed shape of 1st cycle forging

_28_

Collection @ kmou



Fig. 17 Deformed shape of mid stage
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Fig. 18 Deformed shape of final stage
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Fig. 19 Preform shape of prototype
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(a) Initial position
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(b) Mid stage

Fig. 21 Manufacturing cone shell prototype (continued)
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(d) Bottom view of cone shell final shape

Fig. 21 Manufacturing cone shell prototype (continued)
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(e) Dimensions of cone shell final shape

Fig. 21 Manufacturing cone shell prototype

Table 8 Main dimensions of cone shell by prototype

Contents Target (mm) Prototype (mm) Error (%)
ts 123 136 10.6
Hg 942 941 -0.1
Ds 1208 1210 0.2
Do 1824 1795 -1.6
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Top Die

Preform

Bottom Die

Fig. 23 Schematic diagram for rotating-multi step forging
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Fig. 24 Preform design for flange
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Table 9 Chemical compositions of AL-7075

Element Compositions (wt. %)
Cu 1.20 - 2.0
Mg 21 -29
Mn 0.3
Si 0.4
Fe 0.5
Cr 0.18 - 0.28
/n 51 -6.1
Ti 0.20
- 40 -

Collection @ kmou



Table 10 Mechanical and thermal property of AL-2014

Tensile strengh (MPa) 524
Yield strengh (MPa) 462
Shear strengh (MPa) 317
Thermal conductivity W/mK 130

Table 11 Boundary conditions of mandrel forging process

Workpiece : Plastic

Object type . .
Anvil, Mandrel : Rigid
. . Workpiece : 400C
Initial temperature of object .
Anvil, Mandrel : 150C
Anvil speed 30 mm/s
Pressing depth 305 mm

Table 12 Relationships of each objects

Objects relationship

Friction factor

Heat transfer coefficient

Preform-Anvil

Preform-Mandrel

0.5

5 W/m*C
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Fig. 25 Flow-stress curve of AL-7075 at 250C
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Fig. 26 Flow-stress curve of AL-7075 at 400C
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(a) Initial position

(e) Pressing depth 400 mm (f) Pressing depth 500 mm

Forged
product

Forged target

Machined
target

(g) Process finish (h) Section of final shape

Fig. 27 Simulation results of rotating-multi step forging
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Fig. 28 Main dimensions of flange

Table 13 Main dimensions of flange by rotating-multi step forging
Contents Target (mm) Simulation (mm) Error (%)
Hc 460 508.8 10.6
tr 143 144.9 1.3
Dr 1380 1443 4.6
Dp 886 865.7 -2.3
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Fig. 29 Forging loads on rotating-multi step forging
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Cone die

Preform

Bottom die

(@) Cone die process (b) After cone die forging

(c) Change top die (d) Final stage

Fig. 30 Rotating-multi step forging with upper cone die
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(a) Initial position (b) Deformed shape

(d) Pressing depth 100 mm

(e) Pressing depth 150 mm (f) Process finish

Forged
product

Forged target

Machined
target

(g) Section of final shape

Fig. 31 Simulation results of rotating-multi step forging with cone die

_48_

%)Collection @ kmou



Table 14 Main dimensions of flange by forging process

with cone die

Contents Target (mm) Simulation (mm) Error (%)
He 460 455.9 20.9
te 143 142.7 0.2
Dr 1380 1350 99
Dr 886 860 229

Cone die
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Fig. 32 Forging loads on rotating-multi step forging with cone die
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(a) Initial die position (b) Preform for prototype

Fig. 33 Forging process of flange prototype (continued)
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(d Top view for flange prototype

Fig. 33 Forging process of flange prototype (continued)
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(e) Bottom view for flange prototype
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(f) Dimensions of forged flange prototype

Fig. 33 Forging process of flange prototype

_52_

Collection @ kmou



Table 15 Main dimensions of flange by prototype

Contents Target (mm) Prototype (mm) Error (%)
H; 460 489 6.3
lr 143 150 4.9
Dr 1380 1320 -4.3
Dp 886 820 -74
- 53 -
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