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Process Planning and Die Design for the Super Hot Forging
Product, the Piston Crown Used in Marine Engine
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Abstract
In closed-die hot forging, a billet is formed in dies such that the flow of metal from the die cavity is restricted. Some

parts can be forged in a single set of dies, whilst others, due to shape complexity and material flow limitations, must be
shaped in multi sets of dies. The purpose of a performing operation is to distribute the volume of the parts such that
material flow in the finisher dies will be sound. This study focused on the design of preforms, flash thickness and land

width by theoretical calculation and finite element analysis, to manufacture the super hot forging product, 70MC type

piston crown used in marine engine. The optimal design of preforms by the finite element analysis and the design

experiment achieves adequate metal distribution without any defects and guarantees the minimum forming load and fully

filling of the cavity of the die for producing the large piston crown. The maximum loads obtained by finite element

analysis are compared with the results of experiments. The loads of the analysis have good agreements with those of the
experiment. Results obtained using DEFORM-2D enable the designer and manufacturer of super hot forging dies to be

more efficient in this field.
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Fig. 1 Diesel engine construction for marine engine
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Fig. 2 The manufacturing processes of the piston crown
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Table 1 The specification of 35ton air drop hammer

Maximum Energy 350 KJ
Efficiency during stroke 0.9
Mass 45 ton
Maximum Stroke 231 mm
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Fig. 4 Analysis result carried out without preform
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Fig. 5 Analysis result carried out with pancake preform

Table 2 Analysis results carried out according to the
height of preform

726

Diameter [mm] 672 616

Load [ton] 11000 10700 11000

1.0ad Prediction
¥ Lond N}
1054008

T T

s ot
10,700 ton

oy |

evpercor [

5300007

2wt |

0 _,,_,4__,———//

) w2 A §75 81 0
Stros )

(a) H395mm

t.0ad Prediction
Vioad i
1 desn

T T

1 17estin

i e |

romor | . :
3 " A/—r~// i

voe sap 8
Srutee fonm)

Bazestn?

(b) H450mm

Fig. 6 Deform simulation carried out according to the
height of preform
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2 10 29 15 13200 65
3 10 35 20 13000 64
4 13 23 15 11700 57
5 13 29 20 10500 51
6 13 35 10 13400 66
7 16 23 20 11600 57
8 16 29 15 11700 57
9 16 35 10 11800 58

Table 4 Analysis of variance for each variable

t 1.62 2 0.81 2.05
w 0.74 2 0.37 0.93
R 0.76 2 0.38 0.96

Error 0.79 2
Total 391 8
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Fig. 7 The analysis result carried out with the optimal
perform and the optimal die obtained from
simulatien results

(a) Initial material

(b} Preform

(c)Produt
Fig. 8 Photographs of the prototypes formed at each
process

Table S Comparison between analysis results and
prototypes

Table 6 Inspection data of prototypes

owl»

@708 [-2.0/+5.0] +1.7
0580 [-5.0/+2.0] -4.6
0330 [-5.0/+2.0] +3.7
55 [-5.0/+2.0] +0.2
220 [-5.0/42.0] -0.6
85 [-5.0/+2.0] +0.3
385 [-35.0/+10.0] +9.6
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