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Efficient Layered Manufacturing Method of Metallic Sandwich Panel with Pyramidal
Truss Structures using Infrared Brazing and its Mechanical Characteristics
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Metallic sandwich panels with pyramidal truss structures are high-stiffness and high-strength
materials with low weight. In particular, bulk structures have enough space for additional multi-
functionalities. In this work, in order to fabricate 3-D structures efficiently, Layered Manufacturing
Method (LMM) which was composed of three steps, including crimping process, stacking process
and bonding process using rapid infrared brazing, was proposed. The joining time was drastically
reduced by employing infrared brazing of which heating rate and cooling rate were faster than
those of conventional furnace brazing. By controlling the initial cooling rate slowly, the bonding
strength was improved up to the level of strength by conventional vacuum brazing. The
observation of infrared brazed specimens by optical microscope and SEM showed no defect on
the joining sections. The experiments of 1-layered pyramidal structures and 2-layered pyramidal
structures subject to 3-point bending were conducted to determine structural advantages of multi-
layered structures. From the results, the multi-layered structure has superior mechanical
properties to the single-layered structure.
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Fig. 1 The crimping process and unit pyramidal structure

(a) Dense structure

(b) Sparse structure

Fig. 2 The unit pyramidal structures
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(a) Perforated sheet
Fig. 3 Stacking process with perforated sheet

(b) Stacking process



BeEeZesx] H 273 8% pp. 76-83

August 2010 / 78

22 FHeM =go|FdE S8t FEt
221 FHLM J1H T2

gAY 717 F 53] J94 FA9 A
wE dHe 7172 49€A ded, ole
of EXe] dx AFol HH HAl Gl
AR 7 ghe] 2ldte] o 7](excitation)H 7] 7] oE
o2 d#A Jddlt =3 HeHd 71ge F(cold-
walT AR Wd3te ABHG 2AH Basie 714
AT, 71E 2HolAd ALHE AVAYE /HE
WAL Al (hotwal )T RLE 29 YHE AEE
7HE 3 Ude EXAlEZ AAE 2y 7hEE)
o =3 3 =9 W €58&S 7
°o]¥ olf=2 HIH 79uEe w2 dagy
100C/sec ©]4+e] $2o] 7}53ted Smm o5t gF
< 3% 9=, 948 544 HE, velazm
2 A 5ol gl A=Y gy

Efa FxA AS 7FES] Fol tiEel
A FZ71 Holx R Fz7 AH BAESE
EF & & 9o P29 FAN F mm o5 E
gFch. metd FHeld e o] 8% WE Hilo)
He@ Aoz Heoldle ol AEA =Yg

o

o] (e
T ™
W

O

2.2.2 FE u

Byo]ge] As EAY £F42ERT ¥ 2
29 AFEdfiller meta)WH-g AE o8 LG4
A okgdxez AFHA Hut AUAFHE 24
Je2 23 F ojgE YAV 5% F 39
A JERe 4% S 1 BNi-6 TF 2o wAA
Z(amorphous)’d T 38.1 ym ¢ (foil)F BN 2
MBF-60 & A}-&31lth. H9)X Beold 9 g
< 37 98 Fig. 29 @3 TE At
180mm(Zol) x 30mm(Z) x 0.5mm(F7A)I7]2
STS304 AjAe] THEAAE FEsld HIELS
gelstedn), 24 T 400 mesh SiC AFER ¢
upate] 4hslEg AASYL, ofHELR 5 &
S AH &, FHFE 10 B 29 AFsY
EES AASAT AMET FHgH JtdERE B
$71 2Fe] 7453 Fig. 4(a) ULVAC-RIKO A}¢] B
9 P30 ©]3 Fig. 4(b)} Fo] 12}3}o] E(graphite)
ATE o83ty AT AYSES AN F
skt

AR F4& vlasty] fJstd 71Eo gy A
£5+E VFS Abel 29 SP-WP-4 Mo001, A#4 A
712E ol83td FYE AANE FII £
71 A 2HolH AHE o&F -60TH

100% & &4 %171,

$ 1x10™ Torr. & W& AF ESVIZ HA3H9
n2oA AEEE AL BASGY. FEE &3
3 AE 2TolE I ML Fi

@
S
m\l_‘_l
£

(a) Infrared heating furnace
Graphite screws
[ / LJl [ L i
Specimens
(b) Graphite fixture

Fig. 4 Equipments of infrared brazing process
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Fig. 5 Temperature profile of infrared and conventional

brazing processes
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Fig. 6 Temperature profiles of slow cooling case and
quick cooling case during cooling step
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Fig. 7 Shear test configuration for strength testing of a
bonded joint by tension
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Fig. 8 Comparison of load curves of conventional brazing
with load curves of infrared brazing of quick
cooling and slow cooling
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(b) Slow cooling case
Fig. 9 SEM images of infrared brazed joints
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Table 1 3-point bending experiment sets

The number | Length | Width | Core height
No . ;
of unit layers | [mm] | [mm] [mm]
1 1 160 30 4.24
2 2 160 25.4 6.31

‘ Smm
(b) Bi-layered sandwich panel

(¢) Test specimen for 3-point bending
Fig. 10 Photographs of sandwich panels manufactured by
infrared brazing
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(a) Experimental result of the single-layered panel

Load of face yielding
0.8 -
0.7 A
~ 0.6
Gos
= 0.4
3
= 0.3 Measurement
0.2
0.1
0.0 . . . ‘
0 2 4 6 8
Displacement( nun)

(b) Experimental result of the bi-layered panel
Fig. 11 Experiment load-displacement curves with face
yielding load
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