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Abstract 

Inserts are preferred choice to transfer concentrated loads into honeycomb sandwich panels. Such panels with 
inserts are used widely in spacecraft structures due to their high bending stiffness to weight ratio.  There are 
numerous insert joints in a structure designed to integrate payload electronic packages, solar array and structural 
decks to central thrust cylinder.   Structural integrity of these inserts is essential for ensuring alignment of 
payloads, proper deployment of solar arrays, relative position of antenna reflector and feed. Often during or after 
assembly of the structure, occasions arise to assess the health of suspect inserts in comparison to adjacent inserts 
or a pre established database. Essentially health of the insert joint is required to be assessed in-situ.  The basic 
tenet of the work proposed   here is that frequency response of the suspect insert under dynamic excitation gets 
altered in relation to its residual strength. This has been verified by tests on coupons with varying insert potting 
process parameters and results are explained here.  The outcome of this work is a methodology for health 
diagnostics of insert joints at the spacecraft assembly level.   A full-field, non-contact technique, Speckle Shear 
Interferometry, is employed for measuring shift in frequency signature by measuring strain and displacements 
under resonant condition. The test equipment being portable, this method can be used for similar applications in 
aerospace field. 

Keywords: Health Monitoring, Diagnostic technique, Insert joint, spacecraft structure, dynamic excitation, 
resonance, Shearography.  

1. INTRODUCTION 

Honeycomb sandwich panels are extensively used in spacecraft structures due to their high 
specific bending stiffness.  Inherently such panels cannot take high concentrated loads. A 
local reinforcement of the core, usually in the form of metallic inserts, is required where a 
joint is to be made. Inserts are bonded in the core using an adhesive potting compound. There 
are numerous such insert joints in a structure that are used to integrate payloads to the 
structure. For example horizontal decks are connected to central cylinder through rings and 
inserts, solar arrays have insert interfaces to vertical decks, spacecraft handling inserts,   etc.   
Often after assembly of the structure, occasions arise to assess the health of suspect inserts in 
comparison to adjacent inserts. Suspect inserts may have been accidentally overloaded due to 
wrong assembly or wrong handling.   

In this work a non contact measurement technique has been applied to make such an 
assessment. Basic tenet of the concept is that frequency response of the suspect insert gets 
altered in direct relation to its residual strength. This has been verified by tests on coupons 
with varying process parameters and results are explained here.  

In order to study the sensitivity of the insert pull-out load and its resonant frequency, three 
process parameters were identified to effectively create insert joints of varying strengths and 
resonant frequency.   
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1.1. Methodology for Health Monitoring 

The three parameters are namely the geometry of the potting compound close to the insert, 
resin and hardener mix ratio in the adhesive and the micro-balloon content in the adhesive. 
Micro-balloon is a low density material added to the adhesive in order to bring down the 
weight of the adhesive. The correlation between insert resonant frequency and pull-out load is 
determined experimentally and a database is created.   

Shearographic technique was used to determine the frequency shift.    

The objective of the work is to study the sensitivity of the insert joint resonant frequency and 
insert pull-out load by varying one parameter at a time. This enabled availability of insert 
joints of varying stiffness, hence of varying resonant frequency and of varying strength 
capacity. Also, several insert joints of nearly same strength and stiffness were made under 
normal tight process control. Measurements on this set of inserts provided frequency changes 
due to statistical variation that anyway has to be expected among insert joints made with tight 
process control.  It is only the frequency shifts, over and above this variation, that are of 
practical interest.   

The outcome of this work is a methodology for health diagnostics of insert joints at the 
spacecraft assembly level by a non contact technique capable of determining shift in 
frequency signatures. 

2. Test setup 

Speckle Shearography is the technique employed in this work. This technique, depending on 
optical setup, can pick up out- of- plane displacement gradients of sub micron range. This 
setup is being used for detecting surface or sub surface defects in spacecraft propellant tanks 
during pressurisation for static deformations [1] .   For the current work, a setup is made to 
measure the dynamic deformations. This   technique is insensitive to environmental 
disturbances - which are leveraged in the current proposed work- It is not easy to have a 
vibration free environment in an assembly shop of structure. 

The working principle of shearography [2]  is as follows: The test specimen containing the 
insert joint in honeycomb sandwich is illuminated by laser light and observed by a CCD 
camera. A shearing element introduces required shear. Consequently the camera sees the 
usual and a sheared speckle image of the object. These two images interfere on the sensor area 
and result in another speckle field, which carry the gradient in the shear direction. This is 
useful information in experimental stress analysis since this is proportional to strain. 

                         

Fig.1: Optical Shearography test set up 

 

Laser source & 
camera 

Insert Joint in honeycomb 
sandwich panel. 

Piezo Actuator for 
dynamic excitation 



3 
 

Shearography requires the component to be stressed by one of many means such as: vacuum, 
pressure, heat or mechanical or vibration [3] . In the present work dynamic excitation for 
stressing is employed in keeping with the already stated objective of detecting frequency shift. 

The test specimen is kept in a vibration free table which is shown in Fig.1 and a vacuum cup 
with piezo electric actuator is connected to the rear of the test specimen. The vacuum cup is 
used to hold the piezo electric actuator with the test specimen during the test.   The frequency 
input to the piezo electric actuator is controlled by ISYS software. The frequency sweep can 
be setup to be in auto or manually controlled. 

During the process of health monitoring, the deformations or motion of vibrating test 
specimen is captured by CCD camera. Specifically w- deformation gradient w/x is captured 
by the laser light reflected from the specimen and the same is super-imposed with the sheared 
(x) speckle pattern. This manifests on the PC screen in the form of black and white fringes 
as real time speckle shear correlation fringe pattern. The corresponding input frequency in 
which white and black ‘fringes’ appears is the resonant frequency of the insert.  

2.1. Details of Experiments 

The M4 insert is put in an aluminium plate of dimensions 100*100*20mm with 12mm dia and 
15mm deep hole in the center. By introducing the insert in aluminium plate and having 10% 
of resin as micro-balloon in all the test specimens, the parameters geometry and micro-balloon 
content are eliminated from the sensitivity study and the parameters are influenced only by the 
mix ratio of the resin and hardener. The different mix ratios used in the test specimens are 
listed in table 1 below. 

The adhesive used for potting insert in sandwich or aluminium plate has the following 
constituents. 

Hardener         :  CAT43 
Resin               :  STYCAST 1090SI 
Micro-balloon: 10% of resin in all test specimens. 

Similarly test coupons with insert joints of varying stiffness due to variation in the other two 
parameters of mix ratio and micro balloon content are also fabricated and excited on the test 
bench to determine their frequency [4] . 

2.2. Test results 

During the test, the frequency is swept automatically up to 40 KHz with a sweep rate of 25Hz. 
Once the input frequency given in the form of electrical signal to piezo electric actuator equals 
the frequency of the plate or insert, white and black fringes will appear in the screen. Using 
manual sweep option the excitation is fine tuned to 1Hz accuracy. The mode shapes of insert 
and plate can be distinguished from the fringe pattern of the shearograms. Only the insert 
mode shapes are captured and the corresponding frequencies are listed in table 1 below for 
various test specimens fabricated under controlled process parameter changes. 

2.3. Identification of natural frequency 

Once the input frequency equals the natural frequency of the plate or insert, white and black 
fringes will appear in the screen. This image is further processed by filtering and 
demodulation [5] . The 3D animation of the mode shape was also studied.  The shearography 
pictures showing the mode shapes of the insert are given below in Fig. 2a & b.   
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   Fig.2a. Shearograph of  insert mode shape.                Fig. 2b. 3D Visualisation showing  
             insert under resonance. 

Table 1: Resonant frequency and insert pull-out load of various test specimens. b Parameter # 
1 : Aluminium coupon Mix ratio, c Parameter #2 : Sandwich Micro Balloon (MB) content 

variation, dParameter #3: Sandwich mix ratio (MR). 

2.4. Sensitivity analysis 

As seen from Table 1, this work involved fabrication of several test coupons of varying 
strength and stiffness with controlled process parameters. Frequencies of each such insert 
joint was determined by Shearography  The Table-1 also shows, when the amount of  
hardener per 100grams of resin  is reduced by 5g from the nominal value, the resonant 
frequency falls by 1.69 KHz and insert pull-out load falls by 96 Kgf from that of nominal 
values. It is seen, as expected, dynamic and strength are sensitive to resin and hardener mix 

Test Specimen 
name 

Parameter 
number varied 

Variation  
In % 

Insert resonant 
frequency (In KHz) 

Insert pull-out 
load (In Kgf) 

TS-1 #1 b 10 24.860 320 
TS-2 1 8 24.740 302 
TS-3 1 6 23.480 245 
TS-4 1 5 23.170 224 
TS-5 MB #2 c 5 6.922 182 
TS-6 2 8 7.320 174 
TS-7 2 10 7.275 170 
TS-8 2 15 7.692 169 
TS-9 2 20 7.893 167 
TS-10 MR#3 d 8 7.136 183 
TS-11 3 10 7.275 170 
TS-12 3 12 7.505 159 

TS-13 to TS-38 
(26 inserts) 

Normal process  9.650-9.660 170 to 171 

TS-39 
Very poor 

potting 
compound 

 2.150 38 

TS-40 
Parameter 1 & 

2 combined 
100:5:5 

 8.690-8.700 158 to 172 
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ratio & other chosen parameters.   The normal expected dispersion in measured frequencies of 
many inserts of equal strength made under strict usual process control is also indicated and 
small compared to the tested insert coupon dynamics and strength [5] .  

Fig.4 captures the correlation between parameters vis-a-vis frequency and pull-out strength of 
the insert.  
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Fig. 4: Correlation of insert resonant frequencies and insert pull-out failure loads with 
parameters micro balloon content and mix ratio 

                       

Fig.5: Processed image showing resonance of inserts of equally good strength. 
Fig a) Raw image b) Image showing strain pattern. 

Fig.5a & b shows the ability of Shearography to determine the frequencies of 4 adjacent 
inserts of nearly same stiffness and strength. 

3. CONCLUSION 

A viable method of health monitoring of insert joints in spacecraft structural assembly has 
been experimentally verified. Basic tenet of the work proposed here is that frequency response 
of the suspect insert under dynamic excitation gets altered in direct relation to its residual 
strength. This has been verified by tests on coupons with varying process parameters and 
results are explained here.  The outcome of this work is a methodology for health diagnostics 
of insert joints at the spacecraft assembly level.  
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