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ABSTRACT Model. According to test plans, Thermal Cycling is conducted

An Electronic Control Unit (ECU) is an embedded system in
automotive electronics that control one or more electro-
mechanical systems or subsystems in a vehicle. For a
sophisticated automotive will almost have 200 ECUs for
multipurpose. Optimal Accelerated Life Test (ALT) Plan of
Temperature Cycling (TC) and Mechanical Vibration (MV)
for ECU are developed. TC is carried out as per IEC60068-2-
14 (Nb) and MV was carried out as per IEC60068-2-64.
Failure data is recorded and fitted to Weibull Distribution
using Maximum Likelihood Estimation (MLE) in Minitab.
Coffin and Manson Model (CMM) has been used to observe
failures due to TC and Minor Fatigue Model (MFM) has
been used to observe failures due to Random MV. Reliability
and Life of the ECU are estimated and compared with
Sherlock Simulation.

Keywords— Electronic Control Unit, Accelerated Life Test,
Maximum Likelihood Estimation, Coffin and Manson Model,
Minor fatigue Model, Sherlock simulation, IEC60068-2-14,
IEC60068-2-64, Reliability and life cycle

1. INTRODUCTION

Now a day’s fully automated auto motives dragging great
attention of the world, which has to ensure safety for customers
with perfect integrity of the system. There should be reliable
Verification and Validation (VandV) methods for controls and
actions while operating the integrated system. Electronic
Control Unit (ECU) is a crucial component in the system for
integration and control. Each ECU has a dedicated set of tasks
for control action which activates system or subsystem. ECU is
considered as a black box for Reliability Testing (RT) and for
various other tests, it may be considered as a white box. Most
of the ECUs are engine mounted there is great concern towards
operating temperature and vibrations for which it has to
withstand. The field data is given in table 1. So failure data is
generated under stressed thermal and stressed vibration
condition for sampled units. Various stages of ECU production
is shown in figure 1.

Accelerated model is developed using Coffin and Mansion
(CM) [7] Model which is a type of Inverse Power Law (IPL)

© 2019, www.IJARIIT.com All Rights Reserved

as per IEC60068 standard [14] for a specified number of
failures. In a similar way, Mechanical Vibration test is carried
out using Miner’s fatigue modal [2] satisfying IEC60068
standard for a specified number of failures.

Design Requirement Analysis

I
Conceptualization of Design (Proposed Ideas)

I
Design

[
Component, IC, devices selection

[
Module Testing

Verification

Implementation, PCB Design Assembly
Solder
I

Testing of system

[
Electronic System

Fig. 1: Steps in production of ECU

Table 1: Field Temperature and Random vibration profile

Operating Environment
Specification
Underhood On Engine
ECU Sensor ECU
TemPperature | 4019125 |-40to 175 |-40 to 125
Range, °C
Vibration, g Upto3 Upto40 | Upto 10
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2. ACCELERATED LIFE TESTING

The time available for testing is often considerably less than the

expected lifetime of the component. In order to identify design

weaknesses during testing one or more of the following may be

necessary [12]

(@) Increase the number of units on test.

(b) Accelerate the number of cycles per unit of time
(Accelerated Life Testing) and

(c) Increase the stresses that generate failures (Accelerated
Stress Testing).

It is assumed that the number of cycles, stresses, hours, etc., to
failures on the test, is proportionate to the acceleration factor
that would be observed at a normal usage rate. The failures
modes and their effects are assumed to be mutually exclusive
[4]. Hence, combined reliability is simply the product of
individual reliabilities. The following tests are done at constant
stress and accelerated a number of cycles per unit time as per
naming accelerated life testing [3].

(@ Thermal Cycling and

(b) Mechanical Random Vibration.

2.1 Thermal Cycling

2.1.1. Optimum Device-Hours (DH) and Standard Error:
Optimum allocation of device-hours [13] for ALT plan is
obtained from Minitab-18 with 65% Confidence Interval (CI)
(well-known CI for early failures) furnished in Table 2. The
Three stress levels are 110°C, 150°C and 180°C with singly
failure censored at right. Each interval holds 100 cycles with a
duration of 150 hours with dwell time 30 minutes. Ramp rate is
10°C/m and low temperature is -40°C Standard error of the
parameter of interest is 4.07513E-222.

Table 2: Best Optimum Allocations ALT plan.

Test Last % % Sampl Ex
Insp. | Failur | Allocatio e =XP-
Stress . . Failures
Time e n units
110 2250 | 31.620 | 68.3333 16 5
150 1500 | 26.641 | 23.9583 5 1
180 1050 | 18.778 7.7083 1 1

Hence, the test is carried out for the same device-hours at the
stresses mentioned.

2.1.2. Thermal Cycling Profile: Temperature Cycling Profile
is obtained from IEC 60068-2-14-Nb as shown in Fig. 2 which
satisfies the field life environment. The profile can be
characterized by,

e High extreme temperature (Tmax),

Low extreme temperature (Tmin),

Temperature change AT, AT = Tmax — Tmin

Ramp rates,

Dwell times at extreme temperatures.

Profile loaded in the Thermal Cycling Chamber using iTools
Software for 100 cycles are loaded as shown in figure 3.

2.1.3. (a) Coffin Manson Model (MFM): Coffin-Manson
model [7] has mainly considered 2 factors, maximum
temperature Tmax, temperature change AT. It has been mostly
used for mechanical failure, material fatigue or material
deformation, expressed as

N = B.AT ™. A(Tmax) 1)
Where
N is the number of cycles to fail or Characteristic life of ECU,
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AT is the temperature range during a cycle,
B is propositional constant,
b is temperature range exponent, the typical value is around 2

(for metals),
Ea

A(Twax) = e[(?)(TL)] is an Arrhenius term evaluated at the
maximum temperature Tmax reached in each cycle,

K is Boltzmann’s constant 8.623 x 10-5 eV/K and

Ea is Activation Energy.

Activation Energy EA is the most critical parameter. It can be
determined by test.

Temperature
A
Test Duration
Tmax P
Ramp
/ Time \\
AT
.
V.
Tmin < > >€ > < >
Dwell i Ramp Dwell  Ramp
Time Time Time Rate

Fig. 2: Temperature cycle profile schematic

uommsnsmnn i 53 gges
-
1 2 3 4 5 § 7 8 ]

I'3 e[l ~|Profle(lf ~ Puofiell] v GoBack[ » Profiel] ~ Pofle(l§ + Pufiefl] v Peflefl] v ErdSegnent
Ustlat Deladk Test » Dbk Tt v Defeuk T » Defou Tk » Defdt Test + Defk Tl + Defeuk Teut ~ Defau Test » DeladtTest
Dusalon 0 n 0 n 0 1o 10 10
PP 110 110 4 4 110 110 5 & 5
PSPIHT CoaeBard~ O6(0) - FreBand(3~ OFD)  ~ CoamseBand~ OF(0)  ~ FireBand(3 - OA[D]

Uvat FD3Q < PDA < POTE) - PO2()
GbkSeg 1
GbkTye %
P00

Fig. 3: Temperature cycle profile loaded in TC Chamber
using iTools.
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2.1.3. (b) Acceleration Factor (Af) Calculation:
Calculation of As using Coffin-Manson Model [7]

Part 1 Part 2
. b a
v = o] AR @

Where

Part 1 of the equation denotes the effects of change in
temperature

Part2 of the equation shows the effects of the maximum
temperature

Nmin is the number of cycles to fail at the low-stress level
temperature cycle,

Nmax is the number of cycles to fail at the high-stress level
temperature cycle,

ATmax is AT of the high-stress level temperature cycle,

ATmin is AT of the low-stress level temperature cycle,

Tkmin 1S the maximum absolute temperature at the low-stress
level temperature cycle, in °K and
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Tkmax IS the maximum absolute temperature at the high-stress
level temperature cycle, in °K.

For this study, b=2 is used.

E. is the most critical parameter and specifically related to
certain failure mechanisms and failure modes. E. was
determined by correlating thermal cycling test data and the
CMM [5]. In this case, the following steps are used and
distribution plot data is presented in table 3.

As using test data from table 3

1980

As-Test TCavs. TCc = e - 3.77143 3)
As using Coffin-Manson model
b E. 1 1
Ar-Model-TCavs. TCc = [2722]" o) (7]
)

22072 [
- — 86.23 383 453
3.77143 [150] e [

Append equation (4) in (3), as above , then Activation Energy
is determined to be: E;=0.12.

Table 3: Distribution plot data.

TC Actual End . Mean
Profile | Failures | Time Cycle [Slope §| Lifev Life
TCa 4 2250 | 1400 | 1.57 | 2636.68 | 1980
TCs 2 1500 | 1000 | 1.94 | 1643.94 | 1275
TCc 2 1050 | 700 | 1.98 | 1041.57 525

2.2 Mechanical Random Vibration

In recent trends, vibration fatigue accelerated testing methods
have been vigorously under development. Moreover, the
vibration loadings are typically restricted to sinusoidal or
Gaussian random vibration, and the random vibration fatigue
harm figuring depends on the presumption of Gaussian
circulation. Fatigue test major concern is to generate Stress
versus Number of cycles to failure (SN) curve which is of the
form shown in figure 4.

A = c b
d & = & (2Np)*+ o/E(2Ny)

é -0.5<¢<-0.7 ; -0.05<b<-0.12
£
=
5 ¢

g 1 .
= Plastic Total Strain &,
% Strain &, /
o,/E}

Elastic

2 .

< Strain &,

o !

Q

- Transition Life Reversals to failure, 2N;

Log scale

Fig. 4: Stress Vs Number of Cycles to failure Curve

Relationship between unreliability, stress, and strength is given
in figure 5. Reliability is the overlapping area of stress and

strength  standard normal  distribution  curves  [10].
Mathematically the relation is given by

Pr= 20 [, f(S)dS)do ®)
Where

Pt is the probability of failure i.e., unreliability
© 2019, www.IJARIIT.com All Rights Reserved

f(c) is the probability density function of stress

f(S) is the probability density function of the strength

pdf

Overlapping Area

Stress, Strength
Fig. 5: Relation between Reliability Stress and Strength
Curve

2.2.1 Minor Fatigue Model (MFM): Through a series of
derivations based on random vibration fatigue theory described
in the literature [7], the fatigue damage under Gaussian random
vibration [10] excitation can be calculated by

vy 1)]@ 709

CFD = Cng[ 7 (6)
When CFD =1,
A6 ¢ O
Te= C [Ma(fl)] (7)
Where

CFD is cumulative fatigue damage, (Fatigue failure is generally
regarded to occur if CFD=1.)

C. is proportional constant,

Tg is the duration of random vibration excitation,

z is the constant fatigue parameter that depends on the material
of electronic components,

¢ is the equivalent damping ratio,

Ma(f1) is the magnitude of the acceleration PSD of the random
vibration excitation at f; and

f1 is the first-order natural frequency of electronic assembly.

Once the vibration excitation condition is determined, Ma(f1)
and BW,; are also determined and can be also regarded as
known parameters. f;, { and BW, can be obtained from the
sweep sine test. Thus, there are only two unknown parameters
(that is z and C) to be determined for the fatigue life prediction
model described by Egn. (6). The method to determine these
two parameters is discussed below.

Priory one can solve the parameters z and C; based on the
results of the random vibration fatigue test. As specified in Eqgn.
(7), the vibration fatigue consider two different Gaussian

random acceleration excitations which are furnished
respectively as:
) fI@—l)[ : ® .
dT Ma(f1)
fl(g‘l) ¢ 6] ©)
SRS Ma2(fl)]
Dividing (8) and (9) then,
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E _ [Ma2(fl)](%)

10
T  Ma(f1) -
Taking the logarithm on both sides of Eqn. (10)
Tgl _ z Ma2(fl)
Inz" = (E) In {3 (12)
—(Z 12
P= () @

Based on the test results shown in table 4 a series of values of
the group (P, Q) can be obtained and fitted to a straight line.
Then the value of parameter z can be estimated from the slope
of the line as 5.227.

Then the procedure to solve the parameter C; using the Eqn. (7)
but transformed to:

CiT, = fl(%_l) [ (13)

Ma(fl)

4
2

GivenR = fl( 1) [ﬁ](i) and S =T,

Egn. (13) is simplifiedto R = C;S

Accordingly, a series of values of the group (R, S) can be
obtained based on the test results and to be a straight line. Then
the value of parameter C; can be estimated from the slope of
the line as 1.27.

2.2.2 Acceleration factor (Ar) Calculation: Accelerated
Mechanical Vibration Test (AMVT) is carried out usina the
Eqn. 14 for Sine test and Eqn 15 for Random vibration tes (14)

for study nis 6.7.
Si n
A= (3)

(HN\z
m
A = (m(f);)Z

(15)

Where

Ags is Acceleration factor of sine test

Ayg is Acceleration factor of random test

sp is severity (RMS) at test condition,

Sy is severity (RMS) at in-service condition,
n valve is based on the SN curve as in Fig. 4
m(f) is PSD (g2/Hz) at test condition and
m(f)2 is PSD (g2/Hz) at in-service condition.

2.2.3 Test Procedure: Before the random vibration fatigue
tests, the transfer characteristics of the samples have been
tested by a sweep sine test. Accelerometer must be placed on
the unit under test. The profile loaded is a constant acceleration
of 10m/s; with a bandwidth of 450 Hz, lower and higher
frequency are 50 and 500Hz. Then determine the first-order
natural frequency fi is 250 Hz, damping ratio ¢ is 0.032
(Obtained from BWo = 2{f1), and the pass-band width of the
specimen BW, is 16 Hz.

Gaussian random vibration test is carried for the profile shown
in table 4 which is as per IEC 60068-2-64. Mounting of the unit
is the same as in field condition and the accelerometer position
should be on slip table for X and Y axis and on head expander
for the Z axis. A number of units dedicated for iteration is 3
and the failure time is mean of each individual unit failure time.
Details are furnished in Table 5. A Sweep sine test plot of ECU
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is as shown in figure 6 Random Vibration test plot for the 37-
row profile of ECU is as shown in figure 7.

Sweep Signal
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Fig. 6: Sweep Sine test plot of ECU

Table 4: Random vibration profile data

Iteration Lower Upper PSD PSD Grms
Number Frequenc| Frequenc| Bandwidt| Magnitud ©
y(H2) | yH2) | h(H2) | e(amHz)|
1 20 2000 1980 0.40404 | 20
2 20 2000 1980 0.32727 | 18
3 20 2000 1980 0.22727 | 15
Table 5: Failure Times of ECU

S No Number of Failure Times | Mean Times

T units (m)* (m) *

1 3 131, 114, 108 118

2 3 200, 183, 234 206

3 3 291,349,321 321

* rounded to a nearest higher integer

APSD
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Fig. 7: Random Vibration test plot for the 3"-row profile of

ECU

3. DISTRIBUTION ANALYSIS

Data is best fitted in Weibull Distribution with Anderson-
Darling Coefficient 49.266. Weibull Distribution is given by [6,
11]

¢
R(t) = el5] (16)
Where

R(t) is per cent succeeded (the probability of success) at “t”
number of cycles or hours.

¢ is shaped parameter or Weibull slope.

v is scale parameter or characteristic Weibull life.

MLE for Interval data is given by [8, 9]

L= nlF@y) - F@n] an
i
Where
i1s failure cycle number, i=1,23,....... L
F is cumulative Weibull distribution function,
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j is Inspection intervals and j = 100,200,.....,J
n is the Inspection Right Interval (RI).
n=150,300,.....H

4. SHERLOCK SIMULATION

Sherlock Automated Design Analysis Software is Reliability
Physics based electronics design reliability analysis tool that
disentangles new item improvement. It mechanizes thermal
cycling and mechanical vibration that democratizes the thermal
and mechanical examination of hardware through limited
component demonstrating and gives bits of knowledge which
wiping out test disappointments and configuration defects.
Sherlock fabricates emphases by for all intents and purposes
running thermal cycling, control temperature cycling, vibration,
stun, bowing, thermal derating, quickened life, characteristic
recurrence, one can change structures in close continuous and
accomplish capability at most speed.

4.1 Inputs Required

Archive uploaded for analysis is IPC 2581. That consists of
assembly, Bill of Materials (BoM), copper layers, drill and
fabrication details, etc. The major analysis is concentrated on
the life cycle which is loaded with Thermal Cycling and
Mechanical Vibration profile with reference to IEC 60068
standards. The number of cycles is limited up to the occurrence
of failures by iteration. The partial layout of the ECU is shown
in figure 8 this included a dominant list of parts.

Fig. 8: Layout of ECU

4.2 Life Cycle Analysis
Thermal Cycling analysis has been done with input profile as
shown in figure 9.

<
Y

Default Profile

Profile Name: | Defautt Profile

Time Units: | min ) 110 |
Temp Units: | C 52 oo |
. 20
|
Step Type | Time |Temp =)
70
Min Temp HOLD | 20.0 | -40.0 @
Ramp Up ravP [ 110 [ 1100 | 2 4
Max Temp HOLD | 300 1100 g Eil
Ramp Down RAMP | 100 | -20.0 z o
E
T
L ]
a
-10
-0
30
-0

0 5 10 15 20 25 30 35 40 4 50 55 60 65 70 75 HO 65
Time (min)

Apply m Reset Cancel
Fig. 9: Thermal cycling profile in Sherlock

Random vibration analysis is done with input profile as shown
in figure 10.
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Fig. 10: Random Vibration profile in Sherlock.

Output generated by the Sherlock is a CAE virtual model of an
ECU Board Assembly under vibration and thermal stresses and
durability simulation produced Pareto list of failed components.
Reliability of the ECU for both analyses is depicted in the
graph shown in figure 16.

List of the components which are under risk is produced as
Pareto list for thermal and vibration analyses shown in figure
11 and 12 respectively [1].

ReDes | Package PatType | Sice Msterial Weigt | MaxTemp |MaxDisp |MasSvse |TIF(ess) | CompCr |Scors
Re 12087 RESISTOR  TOP AL 1632 1100 @6E2  S0E4 n 00
RS 12087 RESISTOR 0P ALUMINA 18362 1100 1B 44E4 " 00
R 12087 RESISTOR  TOF ALUMINA 1632 100 99E2  36E4 " 00
Ll 12087 RESISTOR  TOF ALLANA 1862 1100 1B 4964 " 00
" 12087 RESISTOR  TOF ALUMINA 1662 100 V7B 7264 " 00
5 ELECTROMECH  JACK B CoPPER 1251 1100 1SE4 14Ed " 00
R sy RESISTOR  TOP ALUMNA 2070 100 M7E2 €3 Y 00
oR? SHELD. Unanow  TOP 000€0 100 11Er 2263 0
R0 12087 RESISTOR 0P ALUMINA 162 100 9262 4%E4 " 00
R12 12087 RESISTOR  TOP. ALUSINA 1662 100 B6E2  T4E4 L 00
R 12087 RESISTOR  TOP. ALUANA 16262 1100 90E2 2564 " 0
A1 i RESISTOR  TOP. ALUANA 2970 1100 62 7863 ¥ 0o
L 12087 RESISTOR  TOP ALLANA 162 1100 e4E2 9864 " 00
uns SOCAA MO0 IC 1o EFONVENCAPSULANT 14761 1100 81E2 1163 " 00
RS Py RESISTOR  TOP ALUMINA 2970 1900 S1E2  11E2 v 00
us soc-18. 1c oo 10E1 1100 S8E2 S4Ee " 00
s PLCC28 004 IC ToP EPOXYENCAPSULANT  0.266-1 1100 86E T 53
un PMCCAMOOE  IC Tor EPOXYENCAPSULANT 92651 1100 9362 e " o8
us PLCC28MO0L IC Tor EPOXYENCAPSULANT 92861 100 e1E2  S3E4 N 100
w SOICE MS012M) IC ToP EPOXYENCAPSULANT 42962 100 seE2 e+ " 100
u SOC8MB012M) IC Tor EPOXYENCAPSULANT 42062 1100 84E2 5864 N 100
s SOICE MS0128) IC o8 EPOXYENCAPSULANT 42062 1100 TIEY  d6E4 N 100
e 12087 CAPACITOR TOP BARUMTITANATE 26062 1100 1061 sEE4 N 100
c2 12067 CAPACITOR TOP. BARUMTITANATE 26062 1100 TIET 4264 N 100
(= 12087 CAPACITOR TOP BARUMTITANATE 26862 1100 96E2  27E4 n 100
ca 12087 CAPACITOR  TOP. BARUMTITANATE 20062 1100 1T asEs " 100
cs 12067 CAPACITOR TOP BARUMTITANATE 20862 100 s 0E4 " 100
cs 12087 CAPACITOR TOP BARUMTITANATE 20062 100 TOE2 4%E+ n 100
ez 12087 CAPACITOR TOP BARUMTITANATE 20862 1100 832 0E4 " 100
un PLCC28MO0-04. IC 80T EPOXYENCAPSULANT 92861 100 5262 44E4 N 100
uo PLCC28MO0¢ IC o EPOXYENCAPSULANT 92861 100 4262 84Es N 100
vz SOCE (MS0120) IC Tor EPOXYENCAPSULANT 42062 100 76E2  ase4 N 100
un PLCCZBMO04. IC BoT EPOXYENCAPSULANT 92661 100 T2 3564 100

Fig. 11: List of components under risk due to thermal
cycling shown in hot colour

Reos | Package PanTipe | Side Soider | MaxDisp  MaxSwain | CompCr. |Damage | TIF (ears) 4 Fadure Prod | Score
R2 o RESISTOR  TOP SAC305. 213 1€ W 1 00 1000 00
. ELECTROMECH  JACK. TP SAC305. €3 1223 W 1764 00 1000 00
uto PLCC28 (MO-04. IC TP 24C305 492 1063 W 2063 00 1000 00
w PLCC20 MO0 IC ToP el 1061 90E4 N 1663 00 1000 00
uis PLOC28MO-04 IC Toe 84C305 S4E2 S04 N 1463 00 1000 00
Ui PLOC20MC-04. IC. soT BAC308. 1261 84 N r7E2 00 1000 00
ue PLOC20(MO-04_ IC. TP 8AC30S. a€2  7TE4 W aae2 00 1000 00
uts PLCC2BMO0L IC soT 8AC305. 1261 74E4 N ez o1 1000 0o
u PLCC20MO04 . IC. ToP 84C205. BEE2  T4E4 W 2262 01 1000 00
us PLCC28MO-04. IC ToP SAC305. 292 704 W 21682 01 1000 a0
"o P9 RESISTOR  TOP 8AC305. S84 4TE4 N 3063 o7 1000 00
RS RESISTOR  TOP. SAC305. 8264 44 W 16ET 1 1000 00
u BOIC-14 (MO-046_ IC Tor 840305 2062 ssE4 N 1861 13 1000 00
un PLCC28MO-04. IC. BT 8AC305. 832 am4 N 7560 27 1000 0o
R aws RESISTOR  TOP BAC30S. 154 a4 N 2960 69 1000 00
u1s 20118 e ToP 2Ac305. 44E2 44 W 1260 105 34 00
ur Pccas S e Top SAC205. 62 &4 N 7361 273 226 00
us SOIC8 MS012A%) IC ToP 5AC205 1261 €4 N 1261 1682 02 100
U2 SOIC8 (MSD12A8) IC ToP 240308 TE1 4064 N 8362 >200 00 100
us PLCC28MO-04. IC ToP 34C305 ez 234 N 36e2 »200 00 100
us S0IC8 MS012A0) IC ToF 84308 erE2 334 N 1262 »200 00 100
R 12087 RESISTOR  TOP 24C308 1261 aTE4 N 1362 »200 00 100
us PLCC20MO04 IC ToP 840308 262 2064 N 1262 »200 00 100
2 12087 CAPACITOR TOP s4C208 1261 44 N 1162 >200 00 100
= 12067 CAPACITOR TOP 84208 1264 “E4 N 5063 200 00 100
R12 12087 RESISTOR  T0P 2AC305 6E2 4064 N 383 200 00 100
cr 12087 CAPACITOR TOP 540305 11E1 €4 N 333 >200 00 100
®e 12087 RESISTOR  TOP 34305 s9e2 a4 N 1963 »200 00 100
R10 12087 RESISTOR  TOP 840208 s7€2 64 N 1763 »200 00 100
ur S0ICa (US012AK) IC ToP 24C305 822 24 N 1582 200 00 100
RS 12067 RESISTOR  TOP 84205 osE2 4 N 1263 »200 00 100
ce 12087 CAPACITOR TOP 84305 99€2 24 N 7764 >200 00 100
c 12087 CAPACITOR  TOP 840305 7162 34 N 5864 »200 00 100

Fig. 12: List of components under risk due to random
vibration shown in hot colour

One can see both are similar but it won’t be the case all time
however if both are the same it would be easy to handle.

5. RESULTS

5.1 Result of Thermal Cycling

Reliability of the ECU for a life of 20 years that is for 8 cycles
per day of the vehicle will be 0.999854 with 65% confidence
interval is obtained. This result is only due to thermal cycling
stress during normal life where other causes are assumed no
effects on the component. Only a few effective read points were
available in this study since continuous monitoring was not
available as shown in figure 13. All parts needed to be removed

Page |460


file:///C:/omak/Downloads/www.IJARIIT.com

Ravi Kotekallu et al.; International Journal of Advance Research, Ideas and Innovations in Technology

from the temperature cycle chamber for the electrical test to be
performed.

Probability Plot
Weibull - 65% CI
Arbitrary Censoring - ML Estimates

Temp DeltaT
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it - e —m— 150 190
; / -4~ 180 220
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Fig. 13: Weibull plot of temperature cycle test data.
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Fig. 16: Graph for the ECU with aﬁ'expected life of 20 years
with 10% Probability of failure.

5.2 Result of Random Vibration

Reliability of the ECU for a life of 20 years that is for 8 cycles
per day of the vehicle will be 0.9989 is obtained. This result is
only due to mechanical random vibration stress during normal
life where other causes are assumed no effects on the
component.

© 2019, www.IJARIIT.com All Rights Reserved

The failures modes and their effects are assumed to be mutually
exclusive [4]. Hence combined reliability is simply a product of
individual reliabilities i.e., 0.999854*0.9989 = 0.998754.

6. CONCLUSION

The Accelerated life testing of the ECU is done in the
laboratory and the results are established and are compared
with Sherlock Simulation. The analysis is done for specified
device hours. Moreover the established results are based on a
few environmental parameters. Testing procedures have been
performed in the Laboratory. All data and test results presented
in the document the equipment's characteristics which have
been analysed and/or calculated at that specific point in time.
All test data and results presented are only a partial
representation of the total system which is tested. The results
should not be considered a true representation of the complete
system.
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