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Abstract
Grid stiffened structures supported by a grid lattice of stiffeners, 
have been researched for many decades as a possible replacement 
to monoque, skin-stringer, and honeycomb sandwich structures. 
In this paper, the Isogrid stiffening pattern is designed by 
using 3D modeling software to enhance the stiffness with least 
weight to achieve higher resonant frequencies for an Electronic 
Enclosure which houses the sensitive electronic sub assemblies 
include sensor module, Printed circuit boards and connectors. 
The design parameter of the Isogrid Rib pattern is optimized by 
using FEA Software. Modal analysis of the electronic package 
is carried out to get first few mode shapes and corresponding 
natural frequencies which are very critical to the performance of 
the package during vibration. The mechanical performance of the 
electronic package was studied through a finite element analysis 
for a given random vibration environment. Based on the results of 
vibration simulation, the random vibration response Grms levels 
coming onto the different sensitive locations of the electronic 
package which could be used for physical validation of the design 
for random vibration environment. 
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I. Introduction
Electronic packaging design is a process that requires optimized 
solutions based on designing trade-offs, which usually have 
complex relationships among multiple design variables. Designing 
enclosure aims at achieving ability to withstand vibration, shock, 
sustained acceleration, without any deterioration of performance 
in the environment; it is an airborne package so it has to have 
small size and less weight. The packaging should be such as to 
give serviceability, maintainability and ease of assembling and 
disassembling.The packaging requires light weight and rigid 
enclosure to withstand severe dynamic environment in its real 
time application. Isogrid is the integral, grid stiffened shell and 
structures in which the grids form an equilateral triangle pattern. 
This pattern causes the structure to display exceptional strength 
-to-weight and stiffness to weight characteristics for many 
applications. The important characteristics include Isotropic (no 
directional instability or weakness) and efficient in compression 
and bending. The main objective of this study is to stiffen the 
structure using isogrid pattern and meet the dynamic environmental 
requirements of the electronic package. 

II. Methodology

A. Isogrid Stiffening Methodology
The first consideration when laying out an Iso-grid is “greatest 
isogrid design involves a trade-off between triangle-node spacing 
and I-beam cross section. Node-to-node spacing should be as large 
as possible for minimum weight, but this spacing is limited by 
structural loading requirements. The I-beam supports the panel 

load, so its cross section is determined by peak edge-load intensity. 
Isogrid geometry is usually expressed as the ratio of node-to-node 
spacing to I-beam height. Typical ratios range from 9/1 to 16/1. 
Most often, some ratio within this range provides the best grid 
layout, with smooth transitions--and openings if required--and an 
adequate 1-beam cross section at lowest possible weight.possible 
strength with least possible weight.” 

Fig. 1: Isogrid Orientation

There are three types of Isogrid from weight and performance 
point of view.

Flanged Isogrid:•	  The cross section has the I-Beam form 
with one flange integral with skins.
Unflanged	Isogrid	(blade):•	  I-beam cross sections of flanged 
Isogrid are replaced by simple blades.
Open Isogrid:•	  In this case, I-Beam grid and node member 
cross sections of flanged Isogrid are retained. The skins are 
removed.

Fig. 2: Isogrid Rib Types

Among three types, Flanged Isogrid skins can buckle due to its 
lower skin buckling stress than allowable stresses. And moreover 
machining of the flanged Isogrid involves lot of difficulties. So 
Flanged type of Isogrid is not preferred. The unflanged or blade type 
of Isogrid is chosen for its advantages over other two types.

III.  Design description of Enclosure

A. Physical Dimensions
The physical Dimensions are governed by the space   constraints 
laid down by avionics. 
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2. Mounting Plane of the Sensors
The Mounting plane of the sensors should be orthogonal to each 
other up to an accuracy of 0.02mm over a length of 100mm.
The sensitive axes of the accelerometers, which are mutually 
orthogonal, should preferably pass through a Single point, 
which will be considered the origin of frame of accelerometer 
measurement.

3. Critical Frequency
The sensor module, which has sensors, is sensitive to some range 
of frequencies because of the sensors sensitivity to that range. The 
sensor module is mechanically dithered at the resonant frequency 
of the system in the range of 300-500Hz; it is therefore needed 
that the sensor block and sensor assembly should not have any 
resonant frequency in this range.

4. Mode Shapes and Frequencies
The package natural frequencies are extracted in the range between 
20-2000Hz to obtain mode shapes and corresponding natural 
frequencies. The first few mode shapes and frequencies are very 
important as these frequencies take major part in system vibration. 
Higher resonant frequencies of enclosure will help the system to 
avoid resonance between the components, thereby reducing the 
large displacement of sensitive electronic sensors.  

B. Random Vibrations 
The system should demonstrate the performance requirement 
specified while being subjected to the random vibration as shown 
in the figure below.

0
0.005

0.01
0.015

0.02
0.025

0.03
0.035

0.04
0.045

0 1000 2000 3000

A
cc

.P
SD

 G
2/

H
Z

Frequency(Hz)
  

Fig. 3: Graph 1 Random input curve

C. Material Selection
Material plays a very important role; its selection decides how 
the body will behave in static and dynamic conditions. Forged 
Aluminium alloy is used for the fabrication of Enclosure. The 
material property is given in the Table 1.

Table 1: Material Properties
S. 
No Material Young’s Modulus, 

M Pa
Poisson’s 
ratio

Density
Kg/m3

1 Aluminium 
alloy-24345 73084 0.3 2800

IV. Isogrid rib optimization
Isogrid weight is a function of grid member cross sectional area, 
node-node spacing, node corner and fillet radii, and allowances 

for bosses, access holes etc. most of these can be significant in 
optimizing isogrid design, depending on how they enter into 
strength-weight-stiffness relationships. The required grid cross-
sectional area would increase with node spacing. To overcome 
the above complexities the following optimization approach is 
used to obtain rib geometry for a given cross sectional area with 
minimum weight.

Fig. 4: Isogrid rib geometry

Where,
 t – Wall thickness, h-triangle height, a-leg of triangle 
(i.e. centre to centre of nodes.), b –rib thickness h-rib height.
 Non-Dimensional parameters
         δ = d/t ; C = λt ; α = bd /th ; µ = wc/th
Bending stiffness parameter

For unflanged isogrid, λ = µ = 0

Extensional stiffness

 Bending stiffness

The bending stiffness of different combination of rib design 
parameters are calculated and optimized the parameters which 
gives higher mode frequencies for the structure.

V. Electronic Enclosure
The electronic enclosure is designed using modeling software. It is 
a rectangular enclosure housing the sensor module and the PCB’s 
to process the desired information. Wall thickness maintained is 
minimum of 2mm at any point and maximum of 10mm. Empty 
chassis weighs around 3.3 Kg (approx). The total dimensions of 
the enclosure with top cover is 341mm x 200mm x 177mm (L 
x W x H).

Fig. 5: 3D Model of Enclosure



IJRMET Vol. 6, IssuE 1, NoV 2015-ApRIl 2016

w w w . i j r m e t . c o m InternatIonal Journal of research In MechanIcal engIneerIng & technology 73

 ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

VI. Modal Analysis of Electronic Package
The modal analysis of the block is being carried out with NX 
NASTRAN® FEA package.
Modal analysis is used to determine the vibration characteristics 
(Natural frequencies and mode shapes) of a structure or a machine 
component while it is being designed. It also can be a starting 
point for another, more detailed, dynamic analysis, such as a 
transient dynamic analysis, a harmonic response analysis, or a 
spectrum analysis. The natural frequencies and mode shapes are 
important parameters in the design of a structure for dynamic 
loading conditions.

A. Applying Boundary Conditions
The model is solved for ideal, free-free conditions and no constraints 
are applied in space. To optimize the element size of the FE Model, 
different element sizes are selected and convergence is established 
by reducing the size of the elements step-by-step.

B. Analysis of Electronic Package for Free-Free Boundary 
Conditions
The model is solved for the Modal frequencies with Lanczos 
iteration method using direct elimination method. All mode shapes 
up to 2000 Hz are expanded. Considering the deflections in the 
structure, only the first few frequencies have much influence under 
normal conditions. As the frequency increases, the stress levels 
in the structure also decrease. The sensor module is analyzed 
individually for natural frequencies and the assembled unit with 
all the subsystems is analyzed to study the mode shapes and 
natural frequencies. The structure is discretized with the 10 noded 
tetrahedral elements with quadratic polynomial shape function, 
which will be having 3 degree of freedom for each node. The 
total number of elements generated, where the weight of the FE 
model is found to be 5 Kg, which is same as that of the physical 
model. The model is solved for natural frequencies in the range 
20-2000Hz for free-free boundary conditions.

Table 2: Meshing Details

S. no Element type No. of 
elements No. of nodes

1 10-noded Tetrahedral 
second order element 254246 458707

VII. Random Vibration Analysis of Package
Random vibration is unique in that all of the frequencies within 
the bandwidth are present simultaneously at any instant of time 
for every frequency. When the frequency bandwidth is from 20 
to 1000 Hz, every natural frequency of every structural member 
between 20 and 1000 Hz will be excited at the same time. This 
includes every fundamental natural frequency, and every higher 
harmonic of every structural member within that bandwidth. Under 
random vibrations, the electronic packages are subjected to low 
amplitude and high cyclic frequency loads.

A. Assumptions
The total weight of the PCBs is calculated and accordingly the 
densities are found out for each PCB. The sensor module is taken 
as dummy mass which is equivalent to the physical weight of the 
sensor module. The analysis is carried out with rigid mounts at 
appropriate locations. Components like power supply modules, 
connectors are assumed as lumped masses.

VIII. Results and Discussion

A. Isogrid Rib Parameter Optimization
Comparing the bending stiffness, weight & subsequent modal 
analysis of different combination of Design parameters by 
using optimization software, the following Rib parameters 
were optimized for a given structure. Wall thickness: 2mm, Rib 
thickness: 3mm, rib height: 7 mm Node to node spacing: 40mm 
and triangle height: 34.6mm.

Table 3: Isogrid Optimization Parameters
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1 2 3 7 36 31.14 2610

2 2 3 7 37 32 2620

3 2 3 7 38 32.87 2630

4 2 3 7 39 33.74 2640

5 2 3 7 40 34.6 2650

6 2 3 7 41 35.46 2658

7 2 3 7 42 36.33 2667

8 2 3 7 43 37.19 2676

9 2 3 7 44 38.06 2683

From the above table, S. No. 5 design parameter gives the 
maximum stiffeness and least weight and at the sometime gives 
higher resonant frequencies for the structure.

B. Modal Analysis
The modal analysis of the package is carried out by using FEA 
Software. The mode frequencies were extracted between the 
ranges 20-2000Hz as these frequencies closely matches with the 
real time application of the package.

Table 4: Modal Frequencies
Mode no. Mode frequency(Hz)

1 465
2 471
3 528
4 573
5 642
6 673
7 677
8 772
9 813
10 931

The first ten modes and their frequencies are tabulated as shown 
above. The first two mode shape locations are shown in the fig. 
6.



IJRMET Vol. 6, IssuE 1, NoV 2015-ApRIl 2016  ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

w w w . i j r m e t . c o m 74   InternatIonal Journal of research In MechanIcal engIneerIng & technology

     First Mode: 465Hz         Second Mode: 471Hz   
Fig. 6: Mode Shapes and Their Frequencies

Results obtained from Modal analysis shows that the first two 
mode shapes are coming into the PCB assembly of package. 
The stiffness of the populated PCB assembly can be improved 
by choosing alternate stiffening method to improve the natural 
frequency of the individual PCB’s. Third mode shape is coming 
onto the sensor module and the displacement levels of the sensors 
are minimized by providing isolators in the appropriate locations. 
So from the results of the modal analysis, it was found that the 
structure is rigid enough to keep away the lower frequency coming 
into it during vibration.

C. Random Response Analysis
Random vibration of the package closely represents the dynamic 
environment in which the system is going to be operated. The 
analysis is being carried out giving the input acceleration level of 
1G in all three mutually perpendicular axes at the mounting lugs. 
The input random graph which is expressed Acceleration PSD vs 
Frequency is given as random vibration input to the package and 
the random vibration response at different sensitive locations of 
the system is obtained to check the amplification due to input 
Grms value of 7.58. The fig. 7 shows the random response of the 
package at various locations.

Fig. 7: Response Locations of Package

The response Grms values at the specified locations are tabulated 
to see the amplification or transmissibility of the package. 

Table 5: Random Vibration Response

Node no: Location
Grms 
Value
X-axis

Grms 
Value
Y-axis

Grms 
Value
Z-axis

13996 Housing wall front 9.32 9.40 10.63
23729 Power connector 16.36 12.71 8.51
93028 Housing bottom 7.4 22.45 7.42
102552 Front mounting lug 7.57 7.67 7.61
102643 Rear  mounting lug 7.58 7.60 7.59

203816 Sensor module Top 23.05 23.08 34.41
271110 PCB-1 48.15 7.54 7.38
276850 PCB-2 43.98 8.12 7.46
347265 Top cover 15.56 83.21 10.90

1. Random Response: X-Axis
The random response graph from X-Axis is taken on housing wall 
front and PCB-1.The response on housing wall front is good as 
there is no amplication due to input acceleration Grms. But the 
response on PCB Graph shows seven times the input Grms.so the 
care should be taken in the board level to reduce amplification.

0
0.005
0.01

0.015
0.02

0.025
0.03

0.035
0.04

0.045

0 500 1000 1500 2000 2500
A
cc
.	P
SD

	(g
2/
H
z)

Frequency(Hz)

Fig. 8: Graph 2 Response on Housing Wall Front
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Fig. 9: Graph 3 Response on PCB-1

2. Random Response: Y-Axis
The random response graph from Y-Axis is taken on housing 
wall front and PCB-1.The response on housing wall front is 
good as there is no amplication due to input acceleration Grms. 
The response on PCB Graph shows same the input Grms. so the 
response on the PCB is same as the input Grms. level.
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Fig. 10: Graph 4 Response on Housing Wall Front
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Fig. 11: Graph 5 Response on PCB-1

3. Random Response: Z-Axis
The random response graph from Z-Axis is taken on front mounting 
lug and PCB-1.The response on front mounting lug is good as there 
is no amplication due to input acceleration Grms. The response on 
PCB Graph shows same the input Grms. Level. So the response 
on the PCB is same as the input Grms. level.
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Fig. 12: Graph 6 Response on Front Mtg.Lug.

So from the responses of the packaging from three axes shows 
only PCB -1&PCB-2 is getting more  amplification  in X-Axis 
and top cover is getting more amplification in Y-Axis. As these 
two are individual part / assembly care could be taken to avoid 
large amplification. In general the amplification of 2 to 3 times is 
allowed for design validation.

IX. Conclusion
From the results of Modal and random analysis it was found that 
the Isogrid stiffened electronic enclosure is rigid enough to keep 
away the lower natural frequencies as the system requires higher 
natural frequencies to avoid resonance with the frequencies of 
sensor module .The resonance could cause large displacements 
during vibration. The sensor frequency should not match with the 
frequency of the enclosure.
Forward octave rule is followed to design the enclosure. The 
rule says that, the natural frequency of the enclosure must be at 
least one octave from the PCB assembly’s frequency to minimize 
dynamic coupling. From the modal analysis of enclosure alone, 
we obtained first frequency of 770 Hz which is two times of PCB 
assembly frequency.
Random vibration analysis results, the enclosure response due 
to input acceleration Grms has been good as there is not much 
amplification we get from the enclosure structure. Response levels 
on PCB-assembly could be due to stiffness. The response on PCB’s 
could be improved by testing individual PCB frequencies. The 
response level on the top cover can be ignored as there are no 
sensitive components mounted. The structure gives uniform 
response on all three axes due to the isotropic property of the 
isogrid stiffeners.

The optimized parameters of Isogrid Rib is only for the enclosure 
designed for the specific purpose of avionic applications. The 
natural frequency of the structure that we obtained was mainly 
due to the trade-off between stiffness- weight ratio. Increasing the 
stiffness to still higher levels would cause problems in random 
and shock environment. 
At least one proto type experimental dynamic testing of packaging 
is required to validate the design of the enclosure.    
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