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Introduction of Heat Exchanger Production Technique for Stirling Engine
Using Additive Manufacturing

B O M ZT O BT LT S S
Masahiko ASANUMA Tsuneo ENDO Hitoshi SAKAI
C= =1 ABSTRACT

PEkDONRIZ 2 =) v Ty YV EBAZ D ERREAT S
2R =) VLYYV ERETBHICNZD, NERISHIN O
T4V ERHRTr =2 EMMELZ. 7 — ZANEICRE S h
BYER N EZDT 4 v EET S ZOICHEIROE?Y S
NTEY, FMEPOEZ v &7 4 v OHMER <=9
EORESEREh S,

ING Eime T EMEFRIIMR A <, BEMBOZO0
TT4T4TY=aT70Fx) V7 0bdws 3D 7YV
AEMSTHIDTHEITEDZEDTHS. L2 LEGFOT
TATATY=Z2aT70F v ) VI ZDFEFEOHMTIIHE
RENBMAEW L OETE 2L, 207204 DHEL
fE7at 2 LD oy BB L 57,

MAREMEST 2 7L — FORIN, ERHICHET 2 H
WY v, BB NERIZ I - 72 B AR ER 2 D 728 D /R
OIMLER s g LTHEM -EIETFE
0.5 mm DWETH > TEELTE A Enbhr o7z,

A prototype case with thin internal fins was
created in the development of a Stirling engine with
performance that exceeds that of conventional compact
Stirling engines. Radial grooves are cut into the
pistons located inside the case in order to avoid these
fins, and high accuracy is called for to help prevent
contact between the pistons and fins during operation.

Since conventional manufacturing processes
are unable to satisfy these specifications, precise
manufacturing was realized for the first time through
additive manufacturing, that is to say, the use of a 3D
printer for metal materials. However, there are also
many locations where the needed specifications cannot
be satisfied simply by existing additive manufacturing
technology, so various manufacturing process know-
how was needed.

Selection of the blade used to laminate the powder,
use of reinforcing rings that are removed after
molding, machining of small holes to remove powder
remaining inside the structure before heat treatment,
and other techniques were obtained as know-how. In
addition, it was found that given sufficiently short
length, molding can be performed even with a plate
thickness of 0.5 mm.
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Fig. 1 Power piston

Fig. 2 Displacer piston
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Fig. 3 Upper case

Fig. 4 Lower case

Low temperature
heat exchanger
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Fig. 5 Water jacket and heat exchanger of lower case
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Fig. 6 Additive manufacturing device

(a) Preparation for recoating
of material powder

(b) Recoating of material powder

Table 1 Molding conditions
Device name EOSINT 270
Powder materials Co-Cr-Mo
Powder grain size [um] 30 -40
Laser output [W] 200

Spot diameter [mm] 0.1 (minimum)

Scan speed [mm/s] 800 (maximum)

Laminating thickness [um] 40

Blade Carbon brush

Building size [mm] 250X250X215
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material verification
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Fig. 7 Molding model

(c) Laser irradiation

Fig. 8 Molding process
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Reinforcing ring

Fig. 9 Reinforcing ring

Fig. 11
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Fig. 13

Reinforcing ring before machining (left) and
after machining (right)

Conventional metal and ceramic blades and carbon blade
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Fig. 15 Congealed powder remaining after machining
work to remove reinforcing ring

Direction of
accumulation

Opening for
powder removal

Sedimentation
of powder

Addition of
annulus ring

|

Base plate

Fig. 16  Section of lower case
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< BfEFr DY — MR ERT 2 x% % L7 (Fig. 17 -
Fig. 19).

removal hole

Fig. 177 Powder removal hole-1

modification

Fig. 18 Powder removal hole-2

45-degree incline 1

Fig. 19 Powder removal hole-3
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Fig. 21  Upper case

Lower case

Fig. 22

\[Constricted shape

Modification of boss shape
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Fig. 23 Shimazu Micro-focus X-ray CT System
(SMX-225CT-SV3)
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Fig. 24 X-ray measurement sections a - r
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Lower case sections (radial fins)

CASE,UPPER 3D Image

No processing area

Finish machining area

Fig. 27 Area where finish machining cannot be
performed

Table 2 Density of test pieces

Test piece V{c:)l;r;r}e M[ass Densi';y
gl [g/em?]
1 8.10 67.75 8.36
2 8.25 69.00 8.36
3 8.37 69.70 8.33
Average - - 8.35
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Fig. 28 Examination for dimension calibration
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Fig. 29 Comparison of test piece hardness (HRC)
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