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Abstract: With the development of layered manufacturing, thermally conductive molds or molds embedding conformal
cooling channels can be directly fabricated. Although P21 tool steel is widely used as a mold material because of its
dimensional stability, it is not efficient for cooling molds owing to its low thermal conductivity. Hence, the use of
functionally graded materials (FGMs) between P21 and Cu may circumvent a tradeoff between the strength and the
heat transfer rate. As a preliminary study for the layered manufacturing of thermally conductive molds having FGM
structures, one-dimensional P21-Cu FGMs were fabricated by using laser-aided direct metal tooling (DMT), and then,
material properties such as the thermal conductivity and specific heat that are related to the heat transfer were measured
and analyzed.
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Fig. 1 Modeling of 1-dimensional P21-Cu FGM : (a)
heterogeneous solid model, (b) discretization of
the composition function, (¢) discretized solid
model
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Table 1 Chemical compositions of P21 (AISI B 1112)

Material| Fe | Al C Cr | Mn | Ni | Si \Y

wt(%) 9345| 12 | 02 | 025 | 03 | 4.1 03 | 02

50mm

50mm,

CuBOwt%+P2120w% _|125mm
Cu60wtt+P2140w% __|125mm 0
Cud40wt%+ P21 60 w% 125mm 100mny
Cudowto+ P21 80w% |125
P21 100 wt% A5mm
Substrate P21100 wi%
100mm
(a)

pitch

(b)

Fig. 2 Fabrication of a P21-Cu FGM part by DMT : (a)
detailed dimensions of the specimen , (b) laser
path on a layer, (c) fabricated FGM part

O
Cu 80 wit% + P21 20 wt% g
Cu 60 wi% + P21 40 wi% N
Cu40 wt% + P21 60 wi% 6\@
Cu 20 wi% + P21 80 wi% N -
P21 100 wi% @

Fig. 4 Preparation of specimens for the measurement of
thermal conductivity
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Table 2 Material properties of P21 and Cu

Property P21 Cu
Density p (g/cm’) 7800 | 8.940
Specific heat C, 0.460 0.385
(J/g-K)
@ ®) Thermal conductivity k& | 38 401
s, (W/m-K)

Table 3Material properties of specimens

..o | Density | Cp | Diffusivity | Conductivity
Composition(wt%) (gem’) | (U/eK) |  (mm?s) (W/m K)
P21
100 wt% 7.758 0.462 6.768 24.258
(d) P21 80 wt%
Cu 20 wt% 8.192 | 0.432 7.498 26.535
P21 60 wt%
Cu 40 wt% 8.462 0.415 11.255 39.525
P21 40 wt%
Cu 60 wi% 8.563 | 0.408 | 14715 51.408
P21 20 wt%
Cu 80 wit% 8.606 0.402 19.955 69.037
y Cuf] 7|3 BAAE HolFa Slth Table 3 4
Fig. 5 Optical images of FGM layers: (a) P21 80- Z2g 7+ =29 "9y Hd 3RS 2 dAEE
Cudow%, (b) P21 60-Cud0 with, (o) P21 a0 00T S EE P MEAAE S S
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Fig. 6 Density of FGM layers
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Fig. 7 Thermal conductivity of FGM layers
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