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Study the Effect of Temperature and Thickness of Base Network
on Casting Capability and Properties of Honeycombs Produce

from St37 Steel Alloy via Investment Casting

Ali Delbari, Mehdi Divandari, Hoesein Arabi
School of Metallurgy and Material Engineering, Iran University of Science and Technology
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ABSTRACT

Honeycombs are known as structures which present special and unique properties. They are used in
various industries and in particular aerospace industry. The effect of casting temperature and inner
wall thickness of honeycombs on fillability and structural integrity of the samples were studied in this
research. Various honeycomb samples of 13mm height were prepared and pressed along their
diameters. Then the fracture sections were studied by a Scanning Electron Microscope. The results
showed that the higher the pouring temperature, the lower were the fillability of the mold and pressure
strength of the honeycombs. It is also found that as the inner wall thicknesses of honeycombs
increased their pressure strength increased too. Furthermore, the fracture mode in all of the fractured
surfaces was ductile and inclusions have a significant effect on the formation of such fracture surfaces.

Keywords: Honeycomb, Investment Casting, inclusion, st37 Steel
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Fig. 1: (a) 3D model and (b) Schematic view of the cross
section of honeycomb
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Tablel: Chemical composition average of St37 steel which
use in this investigation
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Fig. 3: (a) Test specimen and (b) specimen under
compression test
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Fig. 2: Final ceramic shell ready for casting
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Fig. 4: Various samples prepared at different casting (a) 2mm,1580°C, (b) 2mm, 1600°C, (¢) 2mm,1620°C, (d) 4mm, 1620°C
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Fig. 5: Filling percent at various base network thicknesses and Pouring temperatures
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Fig. 7: Compression strength of casting at various base
network thicknesses and pouring temperatures
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Fig. 8: Fracture surface of sample cast in 1580 °C (with
4mm thickness)
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Fig. 6: Compression strength of casting at various pouring
temperatures and base network thicknesses
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Fig. 9: Fracture surface of sample cast in 1580 °C (with 3mm thickness)

spectra: 1-1

Element Series  unn. C norm, C Atom. C
(we.=3)  [wt.-8) [at.-%]

Sulfur K series 35.08 M. 47.35

Mangane: K series  57.34  56.19  45.18

Iron K series 9.63 9.44 7.47

Total: 102.1 %
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Fig. 10: (a) Fracture surface of sample cast in 1580 °C (with 4mm thickness), (b) EDAX analysis of shown inclusion

Spectras 31

51 Element Series  unn. C norm. C Atom. C
(we.ed]  [we.ed]  fat.ed)

Oxygen K series 2074 26,26 39.3%
Magresium K series  6.04 1 X

Alsminiem K series 42,51  $3.84 47,84
iren K series  9.60 12,25 5.26

Total:  79.0 %
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Fig. 11: (a) Fracture surface of sample cast in 1620 °C (with 4mm thickness), (b) EDAX analysis of shown inclusion
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Fig. 13: Effect of Si content of molten metal on fluidity
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Fig. 12: (a) Metallographic image of sample cast in 1580 °C

(with 4mm thickness), (b) EDAX analysis of shown
inclusion
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Fig. 15: schematic of cracking mode in honeycomb arms
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Fig. 14: Schematic diagram showing sulphide formation in
various Al & C content of carbon steel
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Fig. 16: Schematic view of ductile fracture mechanism

G543 sla g edja¥ CunSy o I piule -V

3 051 p 5 oS 35 51 13T Vg iz I Sin, 5 e L e e Sy
-QQ;‘SAJ#SLQJB—“LL:*”?@ 29 O %Ji-“r*‘-‘u“)—a d w)sod‘.t“)

Ie ‘éiu&a).‘a))‘ dgod ‘GélS oslal 4y oo yals Sy

Ol s p2 a bg 0 S oo )8 HILE Consy S

DVflos 8 oo et s ools lano o

(&2l

1. M. He, W. Hu, “A Study on Composite Honeycomb Sandwich Panel Structure”, Materials and
Design 29, 2008, 709-713

2. R.K. Oruganti, A.K. Ghosh, “Fabrication of Nickel Honeycombs”, Acta Materialia 55, 2007,
6074-6083

3. D. Gay, S. V. Hoa, Stephen W. Tsai, “Composite Materials Design and Applications” , 2003,
CRC Press

4. C.C.Foo, G. B. Chai, Leong Keey Seah, “Mechanical Properties Of Nomex Material and Nomex
Honeycomb Structure”, Composite Structures 80, 2007, 588-594

5. L. Aktay, A. F. Johnson, B. H. Kroplin, “Numerical Modelling of Honeycomb Core Crush
Behaviour”, Engineering Fracture Mechanics 75, 2008, 2616-2630

6. F.C. Campbell , “Manufacturing Technology for Aerospace Structural Materials” , 2006,
Butterworth-Heinemann

7. M. Meoa, R. Vignjevic, G. Marengo, “The Response of Honeycomb Sandwich Panels under Low-
Velocity Impact Loading”, International Journal of Mechanical Sciences 47, 2005, 1301-1325

8. H. Zarei, M. Kroger, “Optimum Honeycomb Filled Crash Absorber Design”, Materials and
Design 29, 2008, 193-204

9. S.T. Hong, J. Pan, T. Tyan, P. Prasad, “Quasi-Static Crush Behavior of Aluminum Honeycomb
Specimens under Non-Proportional Compression-Dominant Combined Loads”, International
Journal of Plasticity 22, 2006, 1062-1088

10. C. W. Briggs, "The metallurgy of steel castings", 1946, McGraw-Hill

AR 3l AT 05lad e oman Lo o5 5 4isks by



11. R. W. Heine, C. R. Loper, P. C. Rosenthal, " Principles of metal casting", 1967, McGraw-Hill
Sl cro oy il slo> AYYA M gile oY 8" ( Sl5,8 Sgeme Y
s"AISI 9335 JYP u;iuljdo uo|9_> 9 Jl_‘>—‘ C;‘LQMM » u’_sl\))u).‘.ws‘ uus) )R " col.>)5)..$ G...:L».c duo AY
\YYA ‘U‘)”‘ Cevo 9 ﬁ,l.c Olim."\) ‘5))9Jl-ﬁd° 9 \)‘9.0 LSWWOIA&M«J‘\) ..\.w)l ‘S.ML»)ISO)B\)MLQ[)L:
14. M. F. Ashby, C. Ganhi, M. R. Taplin, "Fracture-Mechanism Maps and Their Construction for
F.C.C. Metals and Alloys", Acta Metallurgica, Volume 27, 1979, 699-729

oY AN 5l AY 0losd (i gaman JUo o5 ik



