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In this study, design for additive manufacturing (DfAM) of release agent injection manifold for hot forging has been
performed to achieve weight reduction and flow path optimization. The weight reduction of 63.5% was achieved, thereby
enabling the application of stainless steel 316L, which has high strength and corrosion resistance. Lightweight manifolds
using Al-Mg-10Si and SUS316L materials were fabricated by PBF-type metal 3D printer. The feasibility test showed that
mold life was improved by 14% by solving residual release agent problem. In addition, the flow path optimization results
suggested that the flow standard deviation of each outlet dropped sharply from 264 to 75 cm®/s. This approach
demonstrated that DFAM for release agent manifold could be applied to increase mold life and improve product quality and

productivity for hot forging.
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Fig. 1 Design for additive manufacturing of release agent manifold

Estimated Weight of manifold

lattice volume ratio
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Fig. 2 Estimated weight of the designed manifold as a function of
wall thickness and lattice volume ratio

Table 1 The volume and weight for original manifold and designed
one with Al-base and Fe-base powders

Weight [kg]

Volume [cm?]

Original design
manifold

DfAM manifold 500.5

1,081.6 2.91 (Al), 8.58 (SUS316L)

1.35 (A-Mg-10Si), (SUS316L)
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(c) Poor surface quality due to
improper laser parameter

(b) Weak binding between
part and build plate

Fig. 3 Additive manufacturing failure of manifolds
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(a) Al-Mg-10Si (b) SUS316L

Fig. 4 Additive manufacturing of manifolds
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Fig. 5 X-ray tomography image for manifold (Al-Mg-10Si)

(a) Manifold test (b) Installation of manifold

Fig. 6 On-site test of additive manufacturing manifold
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Table 2 Definitions of fluid channel

Fluid Inlet Outlet
channel index index
Channel 1 11 Ull, U31
Channel 2 12 Ul12, U22, U32
Channel 3 13 U13, Ul4, U24, U34
Channel 4 14 U21, U23, U25, U33, U43, US3
Channel 5 15 U15, U35
Channel 6 16 B11, B22, B23, B31
Channel 7 17 B21, B24
Upper Outlet
17 Ports

Inlet
7 ports \\

. Wall

Bottom Outlet
5 Ports

Fig. 7 Schematic figure of conventional manifold model
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Fig. 8 Index of inlets and outlets in model manifold
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Fig. 9 Finite element model for conventional manifold model
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Fig. 10 Result for CFD on conventional manifold model
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Table 3 Redefinition of in-out ports

Inlet Outlet index
index Conventional arrays Atrrays for DFAM
11 Ull, U31 U13, U23, U43, US3
2 Ul12, U22, U32 Ul1, U12, Ul4, U15
13 Ul13, Ul4, U24, U34 U31, U32, U34, U35
14 U21, U23, U25, U33, U43, U53 U21, U25, U33
I U15, U35 U22, U24
16 B11, B23, B24 B11, B22, B23, B31
17 B21, B22, B31 B21, B24
Outlet Outlet Outlet
u21 u33 u25
T ] wall
o
g
\ Non-design \ Non-design
Domain Domain

Fig. 11 Domain definitions
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Fig. 13 3D visualization of reference and optimized model

SS AT ATE 1209 ey sict

HET GBT ANAE Tl Ade] 27 Asel WEol
glomz, ekt 43S Sl8) Fig. 133 2o 71% fzelH %
AT BFE AL HREE FEo, EE Ao na)
o §% 54 ML Adstact 9Ae B4 W AA 20
71 iU B man SAsH] Aot

3 ) =28 Fu wEw A5 ndel f2 4

=

o

< Figs. 14()2} 14(b)oll “ER U}, #2js} e
et vjwste] f2 Aol g o] F4
2olek 4= Qlk 2 W 34 A Ae= L w
, 2|25} mdlo] 79 325 kPad FAIslo] F2e} w
el vwstol 2 o e skt 231 kPartkey
2l it Fig. 14(c)°ﬂ Zar ey 22 g} el
g FES veEdidlen, 4 244 Ekﬁﬂ%LOl
‘Ei_loﬂ*ﬂ 359 cm¥/s E—] o 7}4\; 3} ‘_]3].@11;]. Zy

_‘>ﬂ
e o K
o

2

lo

o) I g
o K

i

(o
2
£
K nE
Jo



680 / September 2021

504.3 -
205 9
~ 0 ¢
_ 205
410 B
[-615 8
-765.6

(a) Pressure field on reference model
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(b) Pressure field on optimized model
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(c) Flow rate by outlets

Fig. 14 Results for CFD on verification models
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