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Abstract- Conductive Polymer Composite (CPC) based enclosure was designed and developed to replace the existing 
aluminium enclosure of 8 channel RS 422 FCS data recording unit (LRU) for supersonic aircraft. As a first step, based on the 
requirement, the enclosure specifications were drawn. To validate the design, a prototype was developed and characterized for 
mechanical shock (Arrestor landing Shock), Electromagnetic Interference Shielding Effectiveness (EMISE), and Radiation 
Emission (RE). Various crucial parameters like lightning & galvanic corrosion were also addressed.   The results of these 
investigation revealed that light weight CPC LRU enclosure can replace the existing avionic metal enclosures with a weight 
saving of approximately 50% and cost saving around 30%. The futuristic research work envisages the certification of the 
component and the induction of the product to the Indian Air Force sector.  
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I. INTRODUCTION 
 
In the modern aircrafts, the number of electronically 
controlled tasks are increased and there by the number 
of avionics are increasing significantly. 
Electromagnetic interference (EMI) shielding has 
become one of the major concerns in the modern 
scientific world due to the increase in production and 
subsequently the broad utility of electronic and 
communication systems. The performance reliability 
and health of these systems significantly get affected 
by EMI. Hence, these systems need to be shielded 
from electromagnetic interference. To prevent the 
interference between the performances of two 
individual units, these electronics are housed in 
metallic enclosures. Generally, these enclosures are 
made of aluminium because of the well-known 
electromagnetic properties and the comparatively 
cheap manufacturing costs. In recent years, the aircraft 
design is targeting the development of   high 
performance structures which are lighter and with 
sophisticated payloads and instrumentation. Therefore, 
the development of lighter electronic enclosures with 
similar electromagnetic interference shielding to that 
of aluminium that meets the challenging requirements 
has become very crucial. In this context, conductive 
polymer composites (CPC) were explored. These 
CPCs were evaluated initially for their 
electromagnetic interference shielding effectiveness 
(EMISE) in the frequency zones where aircraft 
avionics usually get affected (predominant resonance 
frequencies of aircraft will fall in the range of 1MHz–1 
GHz). Later the composite’s EMISE was also 
evaluated in higher frequency zone (2-20GHz). 
Further, the mechanical properties and thermal 
conductivity of these composites were also evaluated. 
An innovative   design of composite enclosure was 

derived and validated through FEA. Subsequently, a 
prototype LRU enclosure was developed. Solutions 
for crucial parameters like lightning & galvanic 
corrosion were also addressed. The design was 
verified by subjecting the enclosure for vibration, 
thermal shock and EMI/EMC tests.  
This development of light weight CPC LRU enclosure 
is promising the replacement of existing avionic metal 
enclosures with a weight saving of approximately 50% 
and cost saving around 30%. Weight reduction of the 
aircraft due to the incorporation of composite LRU 
enclosure results in the form of increased fuel 
efficiency. This reduces operational costs of the 
aircraft. This paper highlights the design and 
development aspects of lightweight CPC enclosure for 
avionics. 
 
II. DESIGN & ANALYSIS 
 
The design and analysis of composite enclosure for 8 
channel RS 422 FCS data recording unit (DRU) of a 
supersonic aircraft was validated through FEA. The 
dimensions of the existing metal enclosure were 
considered as reference. Since the avionics have to be 
accommodated within the inner space, this dimension 
was maintained same as that of metal enclosure. The 
outer wall thickness was arrived through FEA which 
will be discussed in the following sections.  
 The analysis has been carried out in MSC Nastran 
2014.1 and post processing MSC Patran 2014.1 .2. 
 
A. Description of the Enclosure 
The inner dimensions of aluminium LRU enclosure 
was 62mm x128.5mm x 50mm with wall thickness of 
2mm & 9mm (Helicoil insert places). The mounting 
base thickness was 3mm and the weight of the 
enclosure without electronics was 570gm. 
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B. Mechanical Design and Thermal Design 
The material properties selected for the mechanical 
and thermal design are as shown in table 1 below 

Table 1: Composite Material Properties 

 
 
The mechanical design and analysis included 
Sinusoidal Vibration, Random vibration, and Arrestor 
landing shock load in all three axes.  
For Sinusoidal vibration the box was analysed for a ‘g’ 
force of 15g under all the modal frequencies of the 
LRU enclosure. The actual stress levels experienced in 
the analysis results was 8.15 MPa which is well below 
the allowable value of 250MPa considering a factor of 
safety of 3 on the tensile strength. Figure 1 shows the 
stress plot for the LRU box when vibrated in z 
direction. 

 
Figure 1: Stress (Sinusoidal Vibration Z) _15g 

 
For Random vibration the box was analysed for a 
power spectral density (PSD) as shown in table 2 and 
plot of figure2 below. The actual stress levels 
experienced in the analysis results was 9.9 MPa which 
is well below the allowable value of 250 MPa 
considering a factor of safety of 3 on the tensile 
strength. 

Table 2: PSD curve Input 

 

 
Figure 2: PSD Cure for Random Response with 7.71 Grms 

Figure 3 shows the stress plot for the LRU box when 
vibrated in z direction. 
 

 
Figure 3: Stress (Random vibration) 

 
For Arrestor landing shock test the enclosure was 
analysed for a ‘g’ force of 20g for 11ms. Figure 4 
shows the saw tooth wave form for the shock loading 
of the LRU enclosure. The actual stress levels 
experienced in the analysis results was 2.5 MPa which 
is well below the allowable value of 250MPa 
considering a factor of safety of 3 on the tensile 
strength. 
 

 
Figure 4: Saw tooth curve for 20g for 11ms 

Figure 5 shows the stress plot for the LRU box when 
vibrated in z direction. 

 
Figure 5: Stress for (Shock Loading Z) 
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For Arrestor landing shock, the enclosure was 
analysed for a ‘g’ force of 30g for 30ms. Figure 6 
shows the half sine wave form for the arrestor landing 
loading of the LRU enclosure. The actual stress levels 
experienced in the analysis results was 3.8 MPa which 
is well below the allowable value of 250MPa 
considering a factor of safety of 3 on the tensile 
strength. 
 

 
Figure 6: Sine Cure for 30g for 30ms 

 
Figure 7 shows the stress plot for the LRU box when 
vibrated in z direction. 
 

 
Figure 7: Stress for (Arrestor Landing Z) 

 
 The thermal analysis included thermal shocks at 
-55°C and +65°C. The actual stress levels experienced 
in the analysis results shows that these are well below 
the allowable value of 250MPa considering a factor of 
safety of 3 on the tensile strength. 
 
Figure 8 shows the stress plot for the LRU box for 
thermal shocks at -55°C. 

 
Figure8: Normal Stress(σ1)` 

 
Temperature rise inside the enclosure was estimated 
by considering an expected heat dissipation of 3.5W 
from the avionics under steady state condition.  Figure 

9 shows the temperature distribution at the wall of the 
LRU enclosure. From the figure it is seen that an 
average temperature of 77°C is experienced on the 
enclosure which is well below the glass transition 
temperature of the material of 115°C. 
 

 
Figure 9: Temperature distribution over Inner wall 

 
III. EXPERIMENTAL 
 
Light weight polymer composite test coupons were 
prepared by using vacuum bag moulding processing 
technique. A prototype was fabricated using an 
in-house developed mould. The design was verified by 
subjecting these coupons to arrestor landing, EMISE, 
electrical resistance measurement and the prototype to 
EMI shielding and radiation emission respectively.  
C. Arrestor Landing Test 
Since the bottom skin of the LRU enclosure is the 
most critically stressed area during mechanical 
loading, a representative coupon with actual 
dimension of skin was fabricated and loaded with 
equivalent dead weights (to that of the actual CPC 
enclosure with avionics) was prepared and tested 
according to MIL STD 810F. The test was done for 
30g for 30ms for 5 shocks in each axis. The inspection 
of the specimen after the test revealed that there is no 
delamination or damage to the coupon. Figure 10 
shows the Arrestor landing test on sample coupon. 
 

 
Figure 10 (a-d): Arrestor landing test on CPC skin coupon 

 
D. EMI Shielding Effectiveness (EMISE) 
The EMI shielding effectiveness of the CPC in the 
range of 2-20GHz was evaluated. Further the shielding 
effectiveness in the frequency range was also. Figure 
11 shows the EMISE of CPC in the 
frequency1-1000MHz evaluated by following ASTM 
D4395-10 
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* 20dB corresponds to 1% Power Transmission 

Fig11. EMISE of CPC in the frequency1-1000MHz 
 
From the figure it is seen that the CPC is having more 
than 99% of reflection throughout the frequency range 
tested. Further the EMI shielding effectiveness of the 
prototype was evaluated and compared with metallic 
enclosure. Fig 12 shows comparison of EMISE of 
CPC enclosure with metallic enclosure. From the fig, 
it is evident that CPC enclosure followed similar 
shielding pattern to that of metal enclosure. 

 
Fig 12 comparison of EMISE of CPC enclosure with metallic 

enclosure 
 
Further, the shielding efficiency was proven by   
conducting the radiation emission (RE) test on the 
prototype in accordance with MIL-STD-461E. Fig 13 
shows the RE pattern of the prototype. From the figure 
it is seen that the RE is well within the allowable limit 
in the frequency range of 2-20GHz. 
 

 
Fig 13. RE pattern of the prototype 

E. Electrical resistance 
The requirement for bonding resistance calls for the 
establishment of electrical conductivity throughout the 
box. The maximum electrical resistance between any 
two points should not exceed 2.5mΩ. Specimens of 
300mmx100mmx2mm were prepared and few 
specimens were coated with conductive paint. The 
measured electrical resistance for both coated and 
uncoated coupons were tabulated in table3. From the 
table it is seen that the CPC painted with conductive 
paint can meet the requirements of maximum value of 
resistance below 2.5mΩ.  

 
Table 3: Resistance of Laminates 

 
 

F. Solution for lightning protection 
To address the lightning protection a copper mesh 
cage is planned. The copper mesh having 0.0022-inch 
diameter wire with 50 mesh in plain weave was used.  
 
Fig 14 shows the prototype CPC Enclosure developed. 

 

 
Fig 14 CPC Enclosure for 8 channel RS 422 FCS data recording 

unit 
 
CONCLUSION 
 
The CPC based LRU enclosure designed for avionics 
under the broad guidelines of MIL STD 810F fulfilled 
the criteria of the strength, stiffness, thermal, and 
EMI/EMC. The design was validated by fabricating 
and testing a prototype. This development can replace 
the existing avionic metal enclosures with a weight 
saving of approximately 50% and cost saving around 
30%. The futuristic research envisages certification 
and commercialization of the product. 
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