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Abstract

In the present study, hot forging process for a lower arm connector of an automobile was
investigated. An FEM code, DEFORM-3D, was used to analyze the process and the process
parameters, such as temperature, strain and strain rate, were obtained. The microstructure of the
connector was predicted by applying the Sellars and Yada microstructure evolution models to the
process parameters. The method of microstructure prediction used in the present study seems to be
effective for the quality assurance of a forged automotive product.
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Fig. 1 Forged product of lower arm connector

a) with flash, b) after piercing and trimming
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Table 1 Specifications for hot forging conditions

No. Items | Specifications
Product
product lower arm connector (LH)
material S45C
billet temperature | 1200 ~ 1250. C

1 | elongation 15/1000

heat treatment quenching and tempering (Q/T)
hardness Hs 201 ™ 269
billet heating m/c|{ 500kW induction heater(coil : dia. 55)
billet size dia. 50 x 210(1)

Forging Press

machine 1600 ton mechanical forging press
2

SPM. 65
stroke 310 mm (12 in)
DIES
stages roll .-> .buster -> blocker -> finisher
-> tnmming
roll SKD61 (HRc52)
buster SKD61 (HRc44 ~ 46)
3 | blocker SKD61 (HRc44 ~ 46)
finisher SKD61 (HRcd4 ~ 46)
pre-heating temp.| about 150 ~ 200. C
lubricant white lube.

lubrication type | spray

I/H ROLL BUSTER
T T+w T
® s &,ec Ssec - T
3sec
BLOCKER FINISHER

T
2 — IR = a— IR
1.5sec 1.5seC

T : transfer, W : waiting
Fig. 2 Schematic of the hot forging process with
transfer and waiting times
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Table 2 Process parameters for FE-analysis
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Process parameter Value

. . SPM : 65
upper die speed(forging press) Stroke : 310 mm
friction factor(Shear friction,m) 0.3
initial temperature of workpiece 1250 C
initial temperature of dies 350 C
temperature of surrounding atm. 30 C
thermal conductivity of workpiece | 36.8 Ns'K'
thermal conductivity of dies 28.4 Ns'K'
heat capacity/vol. of workpiece, pc | 3.77 Nmm“K"
heat capacity/vol. of dies, pc 4.0 Nmm“K"
thermal con.ductmt.y at contact 04 N&'mm'K"
sueface during resting
thermal con.ductlwt)./ at contact 40 Ns'mm’'K"
sueface during forging
thermal f:onvecuon coefficient to 0.0029 Ns'mm'K"
surrounding atmosphere
emissivity, € 0.79
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Fig. 5 Results of the computer simulation
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Fig. 8 Temperature distribution at various locations
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Fig. 9 Strain distribution at various locations
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