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Abstract 

Honeycomb sandwich panels are widely used in aerospace structural applications due to its high bending 

strength to weight ratio. But such sandwich construction is very weak in transferring concentrated loads. To 

overcome this, insert joints are used as a preferred choice of transferring such loads to honeycomb sandwich 

panels. Structural integrity of these insert joints are very important for the functional requirements of satellite 

sensors, reflectors, solar panels, electronic packages, battery, payloads such as camera, scientific instruments, 

etc. There are occasions such as assembly, transportation, etc., where these insert joints are accidentally 

overloaded which calls for the requirement of in-service inspection and condition monitoring in order to ensure 

the structural integrity of the insert joint. 

 

Keywords: In-Service Inspection, Condition Monitoring, Shearography, Insert Joints, Honeycomb Sandwich 

Panels. 

 

1.  Introduction 
 

Honeycomb sandwich panels are widely used in aerospace structures due to its high bending 

strength to weight ratio. But they are very weak in taking concentrated loads which requires a 

local reinforcement which is by means of insert system. Insert system consists of insert, 

sandwich structure and potting compound or adhesive [1]. Typical insert system is shown in 

figure 1. 

 

 
Figure 1. Typical insert joint in honeycomb sandwich construction 

 

 There are many such insert joints in a structure that are used to assemble the secondary 

structure to the primary structure, integration of sensors, reflectors, solar panels, electronic 

packages, battery, payloads such as camera, scientific instruments, etc. to the spacecraft 

structure. Even the fully assembled spacecraft also has to be handled through handling insert 

joints which are in the spacecraft honeycomb sandwich deck. The structural integrity of these 

insert joints are very important as it provides the functional requirements of various systems 

in the spacecraft structure. There are occasions where these insert joints are accidentally 

overloaded which calls for in-situ inspection to assess the structural integrity of suspect insert 

joints. 
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It is well recognised that the insert joint frequency has definite correlation to its integrity. 

From a nominal value, frequency is expected to be lower for a damaged insert. This paper 

proposes Shearography Non-Destructive technique as an inspection tool to assess the integrity 

of the suspect insert joints by measuring the shift in its frequency. Test coupons are made 

with controlled process parameters and with intentionally induced defects in the insert joints. 

Insert joint frequency of test coupons are established using Shearography. Finite Element 

models are developed for the test coupon configurations with process controlled and 

intentionally induced defects. The coupon level insert joint frequency is validated using Laser 

Vibrometer which follows different working principle when compared to Shearography 

technique. The Finite element results and Laser Vibrometer measurements are compared with 

Shearography test results.   

 

2.  Test setup  
 

Shearography is the inspection technique adopted in this work. This technique works on the 

principle of Michelson interferometry. It is a real time, non-contact and whole field 

measurement technique [2]. Basically, it measures the first derivative of the out-of-plane 

deformation of the test article surface in response to the loading. The test article is illuminated 

with laser light and observed through a Charge-Coupled Device (CCD) camera. The CCD 

camera is equipped with shearing optics which projects the object image onto the CCD 

camera chip twice; Laser light reflected from two points on the object surface is made to fall 

at one point on CCD camera and results in interference depending on the relative phase of two 

laser light rays. When the test object deforms under load, the laser light, reflected by the 

component, changes which results in change in interference pattern. As the reference state is 

generated real time by the test set up itself, this technique is insensitive to the external 

vibrations.  

 

 
Figure 2. Shearography test setup 

 

This inspection technique requires the stressing or excitation of the component surface such 

as dynamic excitation (such as Piezo shaker systems, acoustic sources such as loud speakers, 



etc.,), thermal loading (such as lights, hot air guns, heating plates, etc.,), vacuum loading 

(such as vacuum hood, vacuum chambers, etc.,) and loading by mechanical means. Dynamic 

excitation with piezo shaker system is adopted in this work as a method of loading with shift 

in insert joint frequency as a signature of defect. 

 

The test setup is shown in Figure 2. The dynamic excitation system consists of a function 

generator, which is connected to the Piezo electric shaker. The piezo electric shaker with 

vacuum cup is connected to the rear of the test specimen where the front side is illuminated 

with laser light. A vacuum pump is connected to the vacuum cup which is used to hold the 

shaker with the test specimen during the test. The frequency input to the piezo electric shaker 

is controlled by ISI-SYS software. The frequency sweep control can be automatic or manual. 

 

During the in-service inspection, the test specimen surface is illuminated with laser light. The 

light reflected by the surface contains the gradient of the out-of-plane displacement (  

of the surface in the form of phase difference [3]. This reflected light is projected on the CCD 

camera and the ISI-SYS software carries out the required image processing to display the real 

time speckle pattern on the monitor. Using a Function Generator, frequency is swept from 

1Hz onwards and it is observed for the interference pattern. The frequency at which the 

interference pattern appear is the resonant frequency of the insert. 

 

2.1.  Details of Experiments 

 

There are many insert joints used in spacecraft structures. They can be classified as per the 

size, depth of potting, etc. In this work, M4 insert with partial potting is considered. 

 

In an Aluminium honeycomb sandwich panel of dimensions 410 X 115 X 25.5mm, 4 no’s of 

M4 inserts are potted with the pitch of 100mm. Out of 4 inserts, 3 inserts are made with 

process controlled parameters whereas the 4th insert is made with intentionally induced defect; 

The insert is installed without potting compound (adhesive) and only the insert flange is 

bonded to the factsheet. The potting compound used for the installation of inserts consists of 

the following constituents. 

 

Resin                : STYCAST 1090SI 

Hardener          : CAT43 

Micro-balloon  : Small glass balloons added to the potting compound to reduce its weight. 

 

The potting compound is prepared with the manufacturer recommended mix ratio of 100 :10 

:10 (resin: hardener: micro balloon) with room temperature curing. Inserts are installed in 

honeycomb sandwich panels using standard insert installation procedure. 4 test coupons are 

prepared from the above said honeycomb sandwich panel with each coupon size of 100 X 100 

X 25.5 mm. 

 

2.2.  Test Results 

 

During test, the coupon is kept in a vibration isolation table. Using Function Generator, the 

frequency is swept automatically from 1Hz to 20KHz with the sweep rate of 10Hz / sec. 

During this automatic sweep, it is observed for the interference pattern in the real time 

display. Once the frequency range is known from the automatic sweep, it is further fine-tuned 

with manual sweeping with the accuracy of 1Hz. When the excitation frequency in the 



Function Generator equals the insert joint natural frequency, it results in the interference 

pattern at the corresponding location of the insert joint and the same can be seen in the real 

time display. The Shearography images showing the mode shapes of the insert joint are given 

below in figure 3 a, b and c. 

 

 
Figure 3. Shearography images showing the interference pattern at insert joint location. a) Real time image, b) 

Processed image, c) 3D visualization of insert joint mode shape at its natural frequency  

 

From test, it is found that the natural frequencies of 3 well-made insert joints are 7890Hz, 

7470Hz and 7620Hz. And the natural frequency of the 4th coupon which is of insert joint with 

intentionally induced defect is 2150Hz. From this test, it is very evident that the natural 

frequencies of the insert joints of well-made and with intentionally induced defects are well 

separated (Separated by 5320Hz). This shift in the frequency is the basic concept of in-situ 

and in-service inspection for assessing the structural integrity of suspect insert joints. 

 

3.  Finite Element Analysis (FEA) 

 
Finite element analysis is carried out to find out and correlate the natural frequency of the 

well-made insert joint and insert joint with intentionally induced defects similar to that of test 

configurations. 

 

3.1  Geometry parameters of insert joints 
 

The potting compound geometry for the Finite Element Models (FEM) is as per the accepted 

instructions followed in industry for the installation of insert [1]. As per this instructions, 

when a hole is drilled, on average, it removes half of the cell on the circumference of the hole 

and the remaining half of the cell is filled with potting compound. Therefore, the diameter of 

the potting compound (Dp) is considered to be equal to the diameter of the insert flange (Di) 

plus one honeycomb cell size. Instructions for insert installation also dictates to fill cells 

under any partial height insert so that the bottom of the insert is bonded to the honeycomb 

core. So, the height of the potting compound (hp) is equal to the height of partial insert (hi) 

plus one honeycomb cell size. The insert joint geometric parameters are shown in figure 4. 

 

 
Figure 4. Typical insert joint (with partial potting) geometry 



3.2  Modelling Philosophy  
  

The dimensions of the test configurations are considered in the FEM of the insert joint in 

Aluminium honeycomb sandwich coupon. The coupon has overall dimension of 100 X 100 X 

25.5 mm and an Aluminium insert of size M4 is potted in the centre of the panel. Face sheet is 

of 0.25mm thick and made of Aluminium and core is made of Aluminium honeycomb cells of 

25mm height with cell size of 6mm. 

 

Face sheet is modelled with 2D shell elements and with isotropic properties. Insert and 

potting compound are modelled with 3D solid elements with isotropic properties. Core is 

modelled with 3D solid elements with orthotropic properties. Average element size of 1mm is 

used in the modelling. The FEM of the insert joint is shown in figure 5. Correctness of the 

model is verified using standard verification procedures. HYPERMESH is used as pre and 

post processor. OPTISTRUCT is used as solver. 

 

        Figure 5. Finite Element model of the insert joint 

 

3.3  Boundary conditions 
 

During testing, an area of 100 X 15 mm either side of coupon is clamped. Similarly, on the 

FEM, nodes in the corresponding area are constrained with all translational degrees of 

freedom (DOF). The boundary conditions on the FEM is shown in figure 6.   

 

 
Figure 6. Boundary conditions on the FEM 

 

 



3.4  Mechanical properties 
 

Mechanical properties used for the FEA are listed in table 1 as shown below. The properties 

are extracted from the vendor documents. 

 

Table 1. Mechanical properties used for FEA 

 

Face sheet and insert 

Material : Aluminium 

Young’s Modulus = 72 GPa 

Poison’s ratio = 0.33 

Density = 2800 Kg/m3 

Core 

Material : Aluminium honeycomb cells 

Young’s Modulus (Ell & Ett) = 104 Pa 

Shear Modulus (Glt)= 104 Pa 

Shear Modulus (Glz & Gtz)= 0.14 GPa 

Poison’s ratio = 0.3 

Density = 32 Kg/m3 

Potting compound 

Resin : STYCAST 1090SI 

Hardener : CAT43 

Young’s Modulus = 4 GPa 

Poison’s ratio = 0.3 

Density = 1200 Kg/m3 

 

3.5  Modelling of damaged insert joint 
 

The above chapters discuss about the FEA of process controlled (well made) insert joint. It is 

also equally important to know the natural frequency of the insert joint with intentionally 

induced defects. The defect considered here is that the insert flange is only bonded to the face 

sheet of the honeycomb sandwich panel without any potting compound which is the 

maximum possible damage that can occur in an insert joint. This defect is simulated in FEM 

by means of localized reduction in material properties [4] of potting compound. As per this, 

very low (near zero) mechanical properties are applied for the potting compound. 

 

3.6  Results of FEA   
 

Normal modal analysis with test boundary conditions is carried out for the generated FEM of 

the test coupon configurations. The natural frequency of well-made and damaged insert joints 

are found to be 7794Hz and 2235Hz respectively. It is observed that there is a close match 

between FEA predictions and Shearography test results (difference of only few hundred Hz). 

 

4.  Measurements using Laser Doppler Vibrometry (LDV)  
 

Insert joint natural frequency is validated using LDV which follows different working 

principle when compare to Shearography. LDV is a non-contact vibration measurement 

technique [5]. The laser beam from the LDV is directed at the surface of interest and the 

vibration frequency is extracted from the Doppler shift of the reflected laser beam frequency 

which is due to the motion of the surface. The test setup is shown in figure 7. 

 

https://en.wikipedia.org/wiki/Vibration
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Doppler_effect


 
Figure 7. Laser Doppler Vibrometry test set up 

 

The insert joint frequency of one of the 3 well-made insert joint is also measured using LDV 

and it is found to be 7790Hz whereas as per the Shearography measurement, the frequency is 

7890Hz. Thus there is a close agreement between the measurements of Shearography and 

LDV (difference of only few hundred Hz). 

 

5.  Implementation of the Shearography technique on spacecraft insert 

joints 
 

During assembly and integration of one of the spacecraft programmes, the thruster bracket 

and plumb line routings which are connected to honeycomb sandwich panel through inserts 

are accidentally overloaded which caused excessive loading of the inserts.  This calls for the 

in-situ and in-service inspection of the structural integrity of those insert joints. Thruster 

bracket and plumb line routings assembled with spacecraft honeycomb sandwich panel is 

shown in figure 8. 

 

 
Figure 8. Spacecraft panel with assembled thruster bracket and plumb line 

 

Spacecraft panel is provided with 8 no’s of M4 inserts for thruster bracket assembly and 6 

no’s of M4 inserts for plumb line routing. Out of 8 only 4 no’s of M4 inserts are connected to 

the thruster bracket. Accidental loading of thruster bracket caused severe loading / damage to 



these connected inserts. In-service and in-situ inspection of these inserts are carried out using 

Shearography to assess the integrity of the joint. The test setup for the inspection is shown in 

figure 9 as below. 
 

 
Figure 9. Test setup for the in-situ inspection of suspect insert joints  

 

The insert joints numbered from 1 to 8 are meant for thruster bracket assembly in which only 

1, 2, 7 and 8 numbered inserts are used for assembly. Out of 6 inserts of plumb line routing, 

only 2 (No. 9 and 10) are severely loaded as they are very close to the thruster bracket which 

is accidentally over loaded. The natural frequencies of these insert joints are measured using 

Shearography and are listed in table 2 as shown below.  

 

Table 2. Results of in-situ inspection of insert joints 

 

Insert identification  No. Natural frequency (Hz) 

1, 2, 7 and 8 4200, 4180, 4220 and 4150 

3, 4, 5 and 6 7850, 7680, 7790 and 7740 

9 and 10 2650 and 2700 
 

The frequency of inserts numbered 3, 4, 5 and 6 (Which are not connected and so not loaded) 

is found to be between 7680Hz and 7850Hz. This is in very close agreement with the 

frequency of well-made inserts joint coupons discussed in chapter 2. By considering this as a 

reference value, the inserts numbered 1, 2, 7 and 8 which are connected to thruster bracket can 

be declared as damaged joints. And inserts numbered 9 and 10 which are connected to plumb 

line routings can be declared as severely damaged joints. Based on these results, it is proposed 

to carry out necessary repair procedures. Thus, the Shearography technique is successfully 

implemented in the in-situ and in-service inspection of the insert joints in spacecraft 

structures.  

 

 

 

 



6.  Discussion of results 
 

Summary of the results are listed in table 3 as shown below. 

 

Table 3. Summary of results 
 

Description 
Natural frequency  

(Hz) 
Comments 

Test Coupons with M4 

insert joint 

Well-made Inserts 

(3 no’s) 
7890, 7470 and 

7620 
Using Shearography 

Insert with defects 2150 Using Shearography 

Finite Element 

modelling 

Well-made Insert 7794 FEM 

Insert with defects 2235 FEM 

LDV Well-made Insert 7790 LDV 

In-situ and In-service 

inspection on fully 

assembled spacecraft 

using Shearography 

Inserts 3, 4, 5 and 6 
7850, 7680, 7790 

and 7740 

Inserts not connected,  

therefore no damage 

Inserts 1, 2, 7 and 8 
4200, 4180, 4220 

and 4150 
Partially damaged 

Inserts 9 and 10 2650 and 2700 Severely damaged 

 

Insert joint coupons are prepared for well-made and with intentionally induced defects and the 

natural frequencies are established using Shearography. From the test results, it is found that 

the well-made insert joints frequencies are well separated from that of insert joints with 

intentionally induced defects. This shift in frequency can be used to identify the damaged 

insert joints and the severity of the damage. 
 

7.  Conclusions 
 

The results of FEM and LDV measurements are well matching with the Shearography test 

results. Shearography technique is successfully implemented on fully assembled spacecraft 

for the in-situ and in-service inspection of the suspect insert joints.  
 

Acknowledgements 
 

Authors wish to thank Dr. P. Kunhikrishnan, Director, U.R. Rao Satellite Centre and Dr. 

Anand Kumar Sharma, Deputy Director, Mechanical Systems Area, U.R. Rao Satellite Centre 

for their kind permission to present this work. We also would like to thank H.A Venkatesh 

Prasad, T.S Govinda Raja of Structures Group for valuable suggestions. 
 

References 
 

1) ESA-PSS-03-1202 Issue 1, Insert Design Handbook, European Space Research and 

Technology Centre, Noordwijk, Netherlands, June 1987. 

2) Hung, Y.Y. "Shearography: A New Optical Method for Strain Measurement and Non-

destructive Testing", Optical Engineering, pp.391-395, May/June, 1982. 

3) Measurement of slopes and structural deflections by speckle shear interferometry, 

Experimental Mechanics, 14,281-285, 1974. Hung, Y.Y and C.E. Taylor.  

4) Test Verification of Finite Element Analysis for Honeycomb Panel Attachment Inserts, 

Analysis Methods Report - Honeycomb Panel Insert Strength by J. Black, Aug 2015. 

5) Laser Doppler Vibrometer and modal testing by Rok Prislan, University of Ljubljana. 


