Venkatesh Murthy.H.N.
Aerospace Engineering Department
Indian Institute of Science IISc,
Bangalore,Inda
Dattaguru.B., 11Sc,Bangalore
Ramamurthy.T.S, 11Sc,Bangalore
Nukaraju.R.,ISRO Satellite Centre,Bangalore
Srinivasmurthy.N.,ISRO Satellite Centre,Bangalore
Sudhakar.M.,ISO Satellite Centre,Bangalore

* Fatigue life estimation of multi-material solar cell Interconnector *
MSC A Software



AlM

e To perform the Elasto-Thermo analysis for
the solar cell.

 The displacement from these analysis Is an
Input to the solar cell interconnector.

« The linear static analysis Is performed and
the deformations of the solar cell
Interconnector Is observed, the critical nodes
IS extracted for fatigue life estimation.
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SOLAR CELL PANEL

The Fig: 1 show the cross section
view of the solar cell panel.
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Fig: 1 Cross section view of the solar cell interco nnector
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THERMAL LOADINGS ON SOLAR CELL

The Solar Cell will have a temperature of 100°
C facing the sun and a temperature of -180° C in
the shadow of the earth which we refer to as cold
condition. The Solar Cell panel In operation Is
estimated to experience a temperature difference
of 30 C between the top and bottom
surfaces.The temperature 100° C on top and 70°
C In the bottom of the Solar Cell panel is referred
as hot condition and -180° C in the top and -150°
C in the bottom Is referred as cold condition.
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MODELLING ISSUES OF SOLAR CELL AND
INTERCONNECTOR

The Solar Cell panel consists of solar cell
arrays In which each solar cell is connected to a
other using a special type of connectors or
Interconnectors. Solar Cell is a repeating element
when the Interconnector Is Ignored there are
several planes of symmetry , taking the
advantage of symmetry it is enough Iif the analysis
Is carried out only for one Solar Cell with the panel.
The size of the Solar Cell iIs iIn mm and that of
solar interconnector Is of few microns hence
the multi-scale approach is used Iin which the
Solar Cell and the Solar Cell interconnector are
analyzed separately.

Gaining Competitive Advantage through Engineering Productivity MSC ASoftware



FE MODEL OF SOLAR CELL PANEL

Solar Cell panel meshed using 8 noded
Hexa element using the pre-processor
MSC.PATRAN.The Solar Cell panel Is
shown in the Fig: 2 In the next slides where
the cells are arranged in series/parallel.
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Fig: 2 Distributions of temperature in hot case con dition.
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FE MODEL OF SOLAR CELL PANEL (Contd)

The Fig
Cell panel which
Hexa elements

—
@© .=
@)
;S
(b)
@ S
®))
m.m
Ll o
T =
QL O
£ 90
@
< O
o O
mm
)
W.|
O
AHV -
fe)
™

P et
T

ey
i
¥

-
]
i

.

83

NTS
MS&Software'

Productivity

ineering

-

IR S

=)
S T
I S
o ©°
(@) =
8
'l o
O I
") C
< B
%A

@
- >
E..U
o -
“
=l o
e <

-

Ga




THERMAL ANALYSIS FOR 3-D SOLAR CELL
FOR THE HOT CASE CONDITION.

The Fig: 4 show the temperature
variations in hot as well cold condition.

Fig: 4 Distributions of temperature in hot and col d case condition.
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THERMO-ELASTIC ANALYSIS

The thermo-elastic analysis IS
performed for the 3-D solar cell panel with
the necessary boundary conditions coupled
with the temperature inputs pertaining to the
type of case condition. The analysis Is
performed for both hot case condition and
the cold case condition with the respective
temperature inputs.



THERMO-ELASTIC ANALYSIS OF 3-D SOLAR CELL

| PANEL |
The Fig: 5 show the displacement

distributions pattern of the 3-D solar cell
panel In the cold and hot case condition
analysis when the thermal boundary

conditions are applied.

Fig: 5 The deformation diagram in cold and hot case condition.



OBSERVATION FROM THERMO-ELASTIC
ANALYSIS

The results from two solutions Iindicate the
maximum displacements are in the corners of the
solar cell and are highly localized.

Because of this deformation in the solar cell
panel witness a expansion filing up the gap
between the consecutive cells In the hot case
whereas in the cold case condition the solar cell will
be contract towards its own centre.



SOLAR CELL INTERCONNECTOR

The solar cell interconnector Is a special
type of interconnector used for transmitting
the power one solar cell to the other. The Fig:

6 shows a typical solar cell interconnector
along with the cross section.

Fig: 6 Cross section view and FE mesh of interconne  ctor.



FE MODEL OF SOLAR CELL INTERCONNECTOR

_ Contd ..
The Fig: 7 srgoyvn t)ne position of the

Interconnector on the solar cell element.

Fig: 7 The position of solar cell interconnector.



BOUNDARY CONDITIONS TO THE SOLAR CELL
INTERCONNECTOR

« The displacements got from the thermo-
mechanical analysis for the hot and the cold
condition are imposed In to the solar cell
Interconnector.

 Linear interpolation is used to calculate the
displacement if the interconnector nodes are
In between the nodes of the solar cell.

« The solver MSC.NASTRAN Iis used for the
analysis of the interconnector.



LINEAR STATIC ANALYSIS OF MULTI-MATERIAL
SOLAR CELL INTERCONNECTOR
The linear static analysis Is performed

after imposing the displacements from the
respective case conditions. The Fig: 8 show
the deformation pattern for the hot case
condition.

Fig: 8 The deformation pattern for the hot and cold case condition.



POST PROCESSING THE RESULTS TO GET
FATIGUE LIFE

After solving in MSC.NASTRAN the result
file Is Imported In to the post — processor to
see the maximum stress value. In this the
post — processor used iIs MSC.PATRAN. The
critical nodes are identified Iin both, the hot
and cold condition. Their respective von
Mises stress are obtained.

The result file I1s prepared In such a way
that it has two columns one the node number
and other the von Mises stress in MPa.



MULTI-MATERIAL SOLAR CELL INTERCONNECTOR

When the critical node Is at the interface of two
materials one has to follow the special procedure.
Interface nodes can be at the interior (A) or at the free
edge (B) as shown in the Fig: 9.

Fig: 9 The critical nodes in various locations in t he interconnector and a
typical mutli interconnector.



MULTI-MATERIAL SOLAR CELL

INTERCONNECTOR (Contd)

* In the position A, which is at the interface

surrounded by 8 elements. Four in the top

layer (MAT 1) and four in the bottom layer
(MAT 2).

 To evaluate the stress cycle in each of the
material the stress averaging Is done over
the elements In the particular material. Then
the fatigue Is estimated as explained earlier
based on the properties of the specific
material.

 For the critical node B, which at the free
edge Is surrounded by 4 elements. The
stress averaging Is done over the two
elements in each of the material.




CRITICAL NODES FROM THE ANALYSIS
The top percentage of critical nodes from

each of the analysis Is extracted. Table 1
show the node numbers and the respective
von Mises stress for the hot and cold case

condition.
Serial No. Node No. von Mises MPa.
1. 86450 (A) 67.599
2. 86084 (A) 63.614
3. 86462 (A) 63.445
Serial No. Node No. | von Mises MPa.
1. 86116 ( A) 43.942
2. 86117 ( B) 42.691
3. 86755 ( B) 46.121
Table 1 The stress cycle for the hot and cold case condition.




APPROXIMATE S-N CURVE

The material chosen for the interconnector In
the analysis is molybdenum and the silver for which
the S-N data is not available. In which the S, Is
taken as the S, / 3. The Fig: 10 show the
theoretical S-N curve used for calculating the

fatigue life of interconnector.

Molybdenum Silver

Sy 324 MPa 56 MPa
Sy 570 MPa 150 MPa
Se=S,/3 190 MPa 50 MPa

Fig: 10 Theoretical S-N curve for the Molybdenum an  d Silver material.




STRESS CYCLE

he location of maximum stress In hot
case be ‘I and the location of maximum
stress In cold case be ‘). The union of | and |
of maximum von Mises stress values for
both hot and cold case will give us the stress
value In the stress cycle. The mean stress
and the amplitude for the each case Is
obtained.




STRESS CYCLE

The Table 2 gives the range and the amplitude

of a node no.86450 which at the interface.
MATERIAL 1 : MOLYBDENUM

Node No. Case 1l Case 2 Range Mean Fatigue
Stress Status
86450 109.86 82.914 26.94 96.38 INFINITE
LIFE
MATERIAL 2 : SILVER
Node No. Case 1 Case 2 Range Mean Fatigue
Stress Status
86450 25.337 19.09 6.247 22.213 INFINITE
LIFE

Table 2 The range and the amplitude of the node at

the interface.




FE ANALYSIS FOR MUTLI-MATERIAL
INTERCONNECTOR

From the analysis we know that mean stress is
not equal to zero. The Goodman’s correction IS
used for calculating modified endurance limit S_,.
First estimating the fatigue life for the molybdenum
material (MAT 1). From the equation S, IS
calculated.

The value of S_,, = 157.87 MPa for S, = 96.38
MPa .The stress amplitude (S,) from the
molybdenum material i1s 13.473 MPa and which is
less than S_,, hence it Is having infinite.



FE ANALYSIS FOR MUTLI-MATERIAL
INTERCONNECTOR (Contd)

The silver Is the second material (MAT 2)
used In the Interconnector its fatigue life Is
estimated for the same node no.86450 which
IS at the interface. The calculated S, = 42.59
MPa for S, = 22.213 MPa. The stress
amplitude (S,) from the silver material I1s 3.12
MPa and which is less than S, hence it is
having infinite life.




SUMMARY

The solar cell interconnector is analyzed
and its fatigue life is evaluated. The finite
element method Is wused for thermo-
mechanical analysis and multi-scale
analysis I1s performed. For the example
case studied it i1s found that for both the
types of interconnectors the fatigue life Is
Infinite. In estimating the life the effect of
mean stress Is accounted for by using
Goodman’s equation.
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