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ABSTRACT-The demand for lightweight structures made of sandwich panels is ever increasing in many Industrial sectors. 

Numerous research efforts have been taken by various researchers in this area in terms of weight and cost reduction. Sandwich 

panel is a composite structure and it is an excellent alternative material in place of weight reduction without sacrificing its strength 

and stiffness characteristics. Necessity of using a light weight materials in aircraft, navel and other applications, honey comb 

sandwich panels are used because of its strength to weight ratio, high bending stiffness, fire retardant, insulating and sound proof. 

In honeycomb panels different configurations are feasible.  In this paper, macro examination of adhesive in different configuration 

of Butt and Tee joint is carried out in aluminum honeycomb sandwich panels. Qualities of each configuration are discussed and 

best combinations of configuration are recommended for manufacturing purpose. 
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INTRODUCTION 

Sandwich structures consist of a lightweight core material which is covered by face sheets on both sides. Although these 

structures have a low weight, they have high flexural stiffness and buckling strength. Hence, sandwich structures are an essential 

part of modern lightweight construction. Resin impregnated woven fabrics or other carrier materials can be used as face sheets. 

Core materials include rigid polyurethane foams, honeycombs, nap cores, and corrugated thermo-plastic cores. The basic properties 

of sandwiches, like flame retardance, mechanical properties, and surface quality, are adjusted by selecting appropriate face and core 

materials according to the desired application. In recent times, sandwich structures have been widely used in load-bearing structures 

due to their high specific stiffness and high specific strength [1, 2].  Honeycomb sandwich structure possesses high specific rigidity 

and it can reduce vibrations, isolate sound, maintain temperature, retard fire, besides possessing extremely low density.  Therefore, 

its application is significant in space, automobile, marine and packaging industries. A typical honeycomb structure consists (Fig. 1 

and Fig. 2) of two high strength thin sheets called face sheets sandwiching a soft, light and relatively thicker layer termed as core 

which ensures the two skins to work together. The honeycomb core is manufactured from a single sheet of aluminum by successive 

in-line cutting, bending, folding and gluing [3].  This allows for continuous production resulting in high speed and low cost of 

production. Furthermore, production line can be extended to a continuous sandwich panel production by adding a skin bonding 

step. Secondary processing of sandwich panels like cutting, forming and jointing have been dealt with extensively in the literature 

[4].  In this paper, macro examination of adhesive used to secure butt and tee joints with different configuration details will be 

investigated. 

 
Fig 1:  Schematic of Al hexagonal core sandwich panel 

 
Fig 2: Geometric details of Al hexagonal core sandwich panel 
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GEOMETRIC CHARACTERISTICS OF AL HONEYCOMB SANDWICH PANELS 

Sandwich panels made of aluminum hexagonal core with aluminum face sheets are commercially available in cell sizes ranging 

from 6.25 to 25 mm and thickness ranging from 10 to 50 mm.   In this work, sandwich panel with 20 mm thickness and core cell 

size of 12.5 mm was obtained for joint trials with various configurations.  

The density of the core can also be theoretically computed using the expression as given below [5]: 

 

Density of honeycomb core ρc  = ρAl × (
8 × C

3 × D
)              = 37.44 kG/m3 

 

The density of the sandwich panel can then be computed as per the following equation: 

 

ρsw = ρAl (
2tf

h
) + ρc (

C

h
) = 303.7 kg/m3 

 

 
Fig 3: Geometrical characteristics of Al / Al honeycomb sandwich panel 

 

MACRO EXAMINATION OF DIFFERENT CONFIGURATION OF JOINTS 

The configuration ‘A’ to ‘I’ along with parent material is investigated pertaining to each of the joint along with the schematic 

diagram and the photographic views are given in sequential way. The prediction of the various elements of the cross section of each 

configuration with the aid of magnified views (1X and 10X) is used to ensure the effective joining of the panels. The macroscopic 

investigation is performed for the samples of all the joint configurations of ‘A’ to ‘I’ along with the parent material (Al Honeycomb 

sandwich panel) for comparison. The finding of the investigation with regard to various joint configurations with schematic diagram 

and photographic views are presented in the next subsections. 

Configuration ‘A’:In this configuration, the two faying faces of the panels are filled with small pieces of Polyurethane foam 

impregnated with resin AV 138 and further the resin is applied.  Once the resin is applied the two specimens are joined together 

and the joint is tightened using a clamp as a supporting device. This set up is then exposed to the normal atmosphere for 4 to 5 

hours. Later the clamps are removed and the joined specimens are heated in the oven at a temperature of 80C for one hour. The 

joint details and the macro photograph of the joint are given in Fig. 4. 

 

Configuration ‘B’:In this configuration, the edges of the panel are deformed and Al sheet is inserted.  The two faying faces of 

the panels are filled with Polyurethane foam impregnated with resin AV 138 and further the resin is applied.  Once the resin is 

applied at the bonding locations, the two panels are joined together as per the procedure described in Configuration ‘A’. The joint 

details and the macro photograph of the joint are given in Fig. 5. 

 

Configuration ‘C’:In this configuration, the edges of the panel are deformed and Al C-Channel is inserted. The two faying faces 

of the panels are filled with Polyurethane foam impregnated with resin AV 138 and further the resin is applied.  Once the resin is 

applied at the bonding locations, the two panels are joined together as per the procedure described in Configuration ‘A’.  The joint 

details and the macro photograph of the joint are given in Fig. 6. 

 

 

 
(a)                                                                                           (b) 
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(c) 

Fig 4: (a) Schematic of butt joint–configuration ‘A’; (b) Macro photograph of butt joint -configuration ‘A’; (c) 

Exploded view at Location P (10x) 

 
                              (a)                                                                   (b) 

 
(c) 

Fig 5: (a) Schematic of butt joint –configuration ‘B’; (b) Macro photograph of butt Joint-configuration ‘B’; (c) 

Exploded view at location P (10x) 

 

Configuration ‘D’:In this configuration, a transverse cut is made only along the face sheet in each of the panels to be joined and 

the edges are deformed to almost middle of the panel. Once the resin is applied at the bonding locations, the two panels are joined 

together as per the procedure described in Configuration ‘A’. The joint details and the macro photograph of the joint are given in 

Fig. 7. 

 
                                      (a)                                                         (b) 

 
(c) 
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Fig 6: (a) Schematic of butt join –configuration ‘C’; (b) Macro photograph of butt joint -configuration ‘C’; (c) 

Exploded view at location P (10x) 

 
                                  (a)                                                                   (b) 

 
(c)  

Fig 7: (a) Schematic of butt joint–configuration ‘D’; (b) Macro photograph of butt Joint-configuration ‘D’; (c) 

Exploded view at location P (10x) 

 

Configuration ‘E’:In this configuration, the edges are deformed to almost middle of the panel without any transverse cut. Once 

the resin is applied at the bonding locations, the two panels are joined together as per the procedure described in Configuration ‘A’. 

The joint details and the macro photograph of the joint are given in Fig. 8. 

 
                                     (a)                                                                          (b) 

 
(c)   

Fig 8: (a) (a) Schematic of butt joint–configuration ‘E’; (b) Macro photograph of butt Joint–configuration ‘E’; (c) 

Exploded view at location P (10x) 
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Configuration ‘F’:In this configuration, an Al sheet is inserted transversely.  Once the resin is applied at the bonding locations, 

the two panels are joined together as per the procedure described in configuration ‘A’. The joint details and the macro photograph 

of the joint are given in Fig. 9. 

 
(a)                                                                  (b) 

 
(c) 

Fig 9: (a) (a) Schematic of butt joint-configuration ‘F’; (b) Macro photograph of butt joint- configuration ‘F’; (c) 

Exploded view at location P (10x)  

 

 

Configuration ‘G’:In this configuration, two Al face sheets are joined together like inverted ‘T’ joint, once the resin is applied 

at the bonding locations, the two panels are joined together as per the procedure described in configuration ‘A’. The joint details 

and the macro photograph of the joint are given in Fig. 10. 

 
(a)                                                            (b) 

 
(c)  

Fig 10: (a) Schematic of butt joint–configuration ‘G’; (b) Macro photograph of butt joint-configuration ‘G’; (c) 

Exploded view at location P (10x) 

 

Configuration ‘H’: In this configuration, two Al face sheets are bonded together like configuration ‘G’ but between the 

specimens Al C-clamp is placed.  Once the resin is applied at the bonding locations, the two panels are joined together as per the 

procedure described in Configuration ‘A’.  The joint details and the macro photograph of the joint are given in Fig. 11. 
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Configuration ‘I’: In this configuration, an Al face is inserted transversely.  Once the resin is applied at the bonding locations, 

the two panels are joined together as per the procedure described in Configuration ‘A’.  The joint details and the macro photograph 

of the joint are given in Fig.12. 

CONCLUSIONS 

Adhesive joining procedures for securing Butt and Tee joints with nine different configurations in A3003 aluminum honeycomb 

sandwich panels have been investigated.  The edging and configuration details need careful consideration and also the joint locations 

require filling with resin impregnated polyurethane foams to achieve thorough adhesion. 

 

 
                                               (a)                                                                                      (b) 

 
(c) 

Fig  11: (a) Schematic of butt joint–configuration ‘F’; (b) Macro photograph of butt Joint-configuration ‘F’; (c) 

Exploded view at location P (10x) 

 

 
                                     (a)                                                                      (b) 
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(c) 

Fig 12: (a) Schematic of butt joint–configuration ‘I’; (b) Macro photograph of butt joint-configuration ‘I’; (c) 

Exploded view  at location P (10x) 
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