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Introduction
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Divisions and PBUs

Electrical/ Electronic Architecture

Electronics & S afety

Powertrain 

Steering

Thermal

Electrical/Electronic Distribution Systems
Connection Systems
Electrical Centers

Controls and Security
Entertainment and Communications
Safety

Gasoline EMS
Diesel EMS
Fuel management and Evaporative Canisters

Half Shafts
Steering Systems

Ventilation and Air Conditioning
Cooling Systems
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Electronics & Safety (DEG)

Powertrain
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Requirements Definition
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Project Life Cycle

Quote Plan & Design Validation Production

Customer seeks
for potential

product supplier

Initial requirements and 
project timing

Price, technical 
capabilities, production 

terms

Initial schematic, BOM, 
requirements, 

simulations and 
analysis (incl. DFSS)

Prototypes
Production 

documentation

Supplier B

Supplier C

Model Year changes, 
price reduction
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Design Constrains

• Extremal environmental conditions
– Thermal schoc: -40/+85.. +125 °C
– Overvoltages
– ESD
– Vibrations
– Humidity
– Drops (e.g. at car production line)

• High reliability
– Zero defects at End Of production Line
– Product lifetime: 10..15years

• Safety
– Behavior on failures
– Safe for people and for vehicle

• High volume
– 100k..1000k pcs./year
– Variants management
– Price competitive

No room for design
problem or error carry

over into mass production
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Philosophy of „Design for Six Sigma”
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Books on the Shelf
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Definition

DFSS (Design for Six Sigma) is a methodology by which 
product and process design requirements are specified and 

the capability to meet the requirements is optimized. 

Vision 

Designing balance between product and process requirements to 
obtain minimal costwhile maximizing customer satisfaction. 

A critical part of DFSS is a Robust Designwhere                           
output variation is desensitized to input variation.

Design for Six Sigma - Definition and Vision
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Definitions
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• A product and process produces 
results that have a distribution

• The distribution has three basic 
properties
– Shape

– Mean
– Variation

Shape: In this case,
the bell shaped or
normal distribution.

Achieving Competitive Quality

Target

Uniformity
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• Mean (Average) Weighted Average m
– Arithmetic average of a set of values
– Reflects the influence of all values
– Influenced by extreme values
– Called xbar for sample studies

• Median:"Middle Value" of a data set
– Less influenced by extreme values
– 50/50 Point

• Range:  
– Numerical distance between the highest and the 

lowest values in a data set

• Variance
– The mean of the squared deviation of each 

individual data point from the mean

• Standard Deviation:  =STDEV()
– Square Root of the Variance

n

n

1i
ix

 
�

==Mean

Note: Sample Space use xbar and s (Sample Statistics)       Population Space usesm ands (Theoretical or Population 
Calculation) 

Basic Statistics

1 2 3 4 5 

1 2 3 4 100
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y = f(x1, x2, x3… xn)y = f(x1, x2, x3… xn)

What can be expressed in a 
y = f(x) equation?  

What can be expressed in a 
y = f(x) equation?  

Focuse on Variation Prediction and Reduction

mmmm
Leverage variables 
which effect the
Mean and Variationssss

Variation of y

y = f (x 1 , ... , xN )

f (x)f (x)y =y =

The focus of 6 ssss

x1

x2

x3
yOutputInputs

xn

Or develop a new y=f(x) by 
changing the physics
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There is (6 * s ) Distance between 
the Mean and the Closest Limit

Process
Mean

What is meant by a “6s” quality?

1      2       3       4       5       6

Specification
Limit

Probability of a Defect =      
.000,000,001

1 PPB Single Sided
2 PPB Double Sided

Standard Deviations

Standard
Deviation

ssss

mmmm

Normal 
Distribution *No 1.5 Sigma Shift or 

Drift
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Measure DFSS Quality
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What is VOC?

Upper
Specification

Limit

Lower
Specification

Limit

VOC
Unacceptable UnacceptableAcceptable

VOC: Voice of the Customer
– Specification Limits stated by the 
Customer or internally Derived Limits 
(e.g. min and max supply voltage at the 
regulator output) 
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What is VOP? 

1       2        3

+/- 3 Sigma
6 Total Standard Deviation
99.7% of the Distribution

(AIAG: 5.15 Sigma = 99.0%)

3       2       1   

ssss

mmmm

VOP: Voice of the Process

Natural Process Variation +/- 3 s
Captures 99.73% of the Distribution

1       2        3       4        5        6

Normal
“Common Cause”

Variation
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Measuring DFSS Quality 

Upper
Specification

Limit

Lower
Specification

Limit

VOC

VOP
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s
m

3
-

=
USL

Cpu
s

m
3

LSL
Cpl

-
=

Define: Cpk

• Variation relative to the LSL and the USL, use these formulas...

• The minimum of Cpl and Cpu... is defined as Cpk...

),min( plpupk CCC =

1     2      3      4      5      6

USL

m

12 Total Standard Deviations

6     5      4      3      2      1

LSL
ssss

3=plC 1=puC

1=pkC
Target

Cp lower Cp upper

s

LSL

6

-
= USL

C p
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Capability vs. Sigma Level

3.400.00000022.006

23010.00005701.675

6200630.00630001.334

6700027000.27000001.003

309000470004.700000000.672

>50000032000032.00000000.331

PPM*
(long-term)

PPM
(short-term)

% defectsCpkSigma

Sigma Quality Level = (Minimum Width/Sigma) = C pk x  3 

*Long Term Shifted by 1.5 Sigma
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C
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=

=

1

1
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=

1

0

C
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pk

=

= -

1

1

LSL USL

LSL USL

LSL USL

Relationship between Cp & Cpk

• Cp and Cpk the Same and 
Positive

– Distribution is centered

• When Cpk is zero
– Yield is 50%

• When Cpk is negative
– Mean is outside of Specification
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Statistical Methods in Practice
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Engineering Tools: Variation Estimate

WORST CASE (WC)WORST CASE (WC)
High reliability required such High reliability required such 
as safety issuesas safety issues
Very conservative analysisVery conservative analysis

ROOT SUM SQUARES (RSS)ROOT SUM SQUARES (RSS)
Special case of Taylor Expansion Special case of Taylor Expansion 
method when math model is method when math model is 
linear with partial derivatives linear with partial derivatives 
equal to 1 or equal to 1 or --11
XX’’s are statistically independents are statistically independent

TAYLOR EXPANSION (Regression)TAYLOR EXPANSION (Regression)
Math model availableMath model available
1st order derivatives exist1st order derivatives exist
Small variation around nominalSmall variation around nominal

MONTE CARLO MONTE CARLO 
SIMULATION (MC)SIMULATION (MC)

Highly nonlinear math modelHighly nonlinear math model
Large variation range for XsLarge variation range for Xs
Many variablesMany variables
Y distribution unknown Y distribution unknown 
Effective for estimation of mean Effective for estimation of mean 
and standard deviation, shapeand standard deviation, shape

DESIGN OF EXPERIMENTS (DOE)DESIGN OF EXPERIMENTS (DOE)
Can be used with or without Math ModelCan be used with or without Math Model
Fit data with statistical modelFit data with statistical model
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Design Capability Analysis

Define
Requirements

Design to
Requirements

Analyze

Worst Case
Stack-up

Statistical
Analysis (**)

Does
design meet 

req.?

Design Ready
for Proto Build

•Customer requirements

•Legal and safety standards

•Design practices and know-how

•Manufacturing requirements

•Develop circuit equations

•Define functions and variables

•Evaluate functions over the full 
range of the variables

•New design

•Reuse

•Building blocks

•Design standards

B
as

ic
 D

es
ig

n 
A

pp
ro

ac
h

Does
design meet 

req.?

Yes

Yes

No

No (*)

(*) Attempt to redesign without 
adding cost first

(**) Consider the impact of 
producing product on customer 
and safety critical requirements
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Worst Case Stack-Up (WC/MMSU)

• Definition
– Evaluation of a function by using extreme, but realistic values for each 

variable
» Variables are typically spec limits from data sheets

• Variable manipulation
– In general extreme values are selected by “inspection” to increase or 

decrease the function to a max or min value
– It’s not common, but it may be possible that the extreme value result 

does not occur at the extreme values of inputs.

– Impossible combinations of extremes should not be included
» For example, components on a circuit will have nearly the same temperature. It doesn’t make sense to 

assume minimum temperature for one and maximum temperature for the other.
» If variables change with temperature in a predictable way they can be defined as dependent variables. 

The design equations can then be evaluated for for specific temperature conditions. This may lead to 

better over-all design capability results.
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Worst Case Stack-Up Example
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Worst Case Stack Up Example (Cont’d)

Review stack up 
combination and 

verify that it is 
realistic. 
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Root Sum of Squares Example

• Definition
» The total error due to all variables is found by taking the error due to 

each variable, squaring them, summing them, and taking the square 
root. 

• Example: Using the previous function:

Design capability as 
calculated by RSS is much 

more realistic than the worst 
case stack up 
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Root Sum of Squares Example (Cont’d)

Sensitivity analysis 
can help you find the 
biggest sources of 
error if redesign is 

necessary
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Monte Carlo

• Monte Carlo is a method for simulating the manufacturing 
process
– During manufacturing parts are randomly selected from a large quantity 

of parts and placed on a substrate 

– The Monte Carlo process for evaluating a function that defines circuit 
operation is described below:

» Define a distribution for each variable within a function
• Distribution is also known as Probability Density Function(PDF)

» Randomly select a value for each variable from within it’s distribution
» Evaluate the function using the randomly selected values

» Repeat many times

» Calculate the mean and standard deviation of the resulting 
distribution
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Monte Carlo (cont’d)

• Probability Density Functions (PDF’s) for component  tolerances
– Components are purchased based on tolerances defined in data sheets

– Little is documented about the process capability of the suppliers
– Most processes are normal and at or near 6 sigma quality

– Assuming that in-coming material is at 5 sigma is conservative

– Assuming that in-coming material is at 6 sigma is reasonable
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MathCad Example Using “Monte Carlo” Tools
Assumption: 

Component PDF’s are 
normal +/-6 sigma 
within the specified 

tolerances on the PD’s

Mean of the 
MC results 

is not 
centered at 
the nominal

The resulting 
distribution is some 

what skewed. A 
sigma is therefore 
created for both 

sides of the PDF.
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MathCad Example Using MC Tools (cont’d)
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Results Comparison

MC mean not 
centered at 

nominal

MC mean + 6s

RSS Max

WC max
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Pros and Cons

Worst Case Stack up Root Sum Squares Monte Carlo

Pro’s + Typically the fastest and 
easiest method
+ Leads to a very robust 
design (applicable for safety 
critical applications)

+ Yields a much more 
realistic result than WC.
+ Runs faster than MC
+ Sensitivity info.

+ Yields a much more 
realistic result than WC.
+ More accurate than RSS if 
input distributions are non-
normal or component 
interactions exist

Con’s - Results in a very 
conservative, possibly 
unrealistic result.

- There is some risk that in-
coming part distributions will 
be very abnormal resulting in 
production problems

- There is some risk that in-
coming part distributions will 
be very abnormal resulting in 
production problems
- Most computation required
- Because random trials are 
involved, results not exact.
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Product Reliability



For external release

Failure Rate

What is failure rate ( � )?
• Number of components failing per unit time

� (failure rate) =
number of failures

quantity tested * test time

• Failure rate is usually expressed in FITS (Failure in time standard)

1 FIT = 10-9 per hour

• In period Useful life the failure rate is 
constant i.e. failures occur randomly.

Fig.1. Bathtube curve
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MTBF, Reliability

What is MTBF? 
• Mean Time Between Failures

MTBF =
1
�

During the Useful life period assuming a constant failure rate, MTBF is the 
inverse of the failure rate:

MTBF value is given in hours or years

MTBF doesn’t indicate minimum, guaranteed time to fa ilure!!!
MTBF value also doesn’t indicate life time of produc t!!!

• Reliability 
If failures occur randomly then MTBF can be described by an exponential distribution and gives 
formula for reliability:

R(t) = e   = e 
-� t

-t
MTBF

After a certain time, t which is equal of the MTBF the reliability R(t) becomes :

R(t) = e   = 0.37 
-1

So in the case of exponential distributed lifetimes the
MTBF is the time that approx. 37% of items will run without random failure!!!



For external release

MTBF Calculation

Failure Rate Prediction

• The failure rate of the device is calculated by summing up failure 

rates of each components.

Assumption for the calculation:

• The design process of device is observed faultless

(no component operate out of the recommended maximum ratings)

• The prediction model uses a simple reliability series system of all 
components. 

The failure of any component is assumed to lead to a system failure

• Component failures are independent

• Component failure rates are constant for the time period considered
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Standards

Reliability prediction standards:
The reliability prediction can be done according few existing standards:

• MIL-HDBK-217F 
It provides failure rate date and stress model for parts count and parts stress prediction. The 
component database has not been updated since 1995!!!

• IEC 61709 ‘Electronic components-Reliability-Reference condition             
for failure rates and stress models for conversion’
Standard contains only stress model for failure rates conversion. The failure rate of 
components must be taken from suppliers or other data bases !

• IEC TR 62380 ‘Reliability data handbook-Universal model for reliability 
prediction of electronics components, PCBs and equipment’
It provides failure rate date and stress model for each group of electronic components and 
also for PCB.
One of the newest standard – first edition 2004 AUG. �����������	
���
�

�������
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IEC TR 62380

• The failure rate of the SJB (Smart Junction Module) module is calculated 
by summing up failure rates of each components

� = (A + B) * 10 -9/hour  A = sum of the failure rates of connection and components

B = failure rate of PCB

• It provides reference failure rate dataa for components
• There is separate formula for failure rate for each category component 

(resistors, array resistor, capacitor (ceramic, tantalum, electrolyte),     
semiconductor, connectors, fuses, PCB etc.)

• Formulas include stress factors:
- temperature

- electrical stress

- electromechanical stress related with package and driving cycles
(e.g. number of car crank per day)
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The example of formula for transistor in IEC TR62380
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Required Inputs

• Bill of material, PCB specification (surface, amount of
holes and connections, dominated width of tracks)

• Mision profile
- Ambient temperature cycles during life time of device
- Driving cycles (average usage per day/year, number of cranks per 
day/year)

• Operating conditions of components:
- for IC’s, semiconductors: Junction temperature
- for resistors: Operating power/Rated power 
- for capacitors: Voltage on the capacitor

All necessary information are listed under each formulas in IEC TR 62380
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Mission Profile

6No. of cold starts per day

25No. of starts per day

3,5 hours
14,6 %

Avarage usage per day
Sleep/awake relation

25 kmhAverage speed

88 kmKilometers per day

20000 kmKilometers per year

Driving cycle

100 (1%)80 to 85

300 (3%)70 to 80

600 (5%)60 to 70

1000 (8%)50 to 60

3000 (25%)40 to 50

6400 (53%)20 to 40

600 (5%)-40 to 20

Specified time in hours 
(%)

for the vehicle life

Ambient temperature in 
°C

Temperature cycle

In calculation only items marked in green
was taken into consideration from Driving cycle.
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Example:
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Summary
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DFSS
moves quality 
effort here...

Most quality 
improvement 

efforts are 
here...

“DFSS” vs. “Six Sigma”

Defects easy to see ,
Costly to Fix

$

Research Design Prototype Production Customer

C
os

t t
o 

C
or

re
ct

 Q
ua

lit
y 

an
d 

R
el

ia
bi

lit
y

$

Product Development Cycle Time

Defects hard to see ,
Easy to Prevent
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Product Mission and Reliability

Calculations
IEC/TR 62380:2004

MIL-STD

MTBF

Vehicle life-time

BOM and working
conditions

Components
reliability data
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Success Foundation

• People

• Right methodologies
• Modern and efficient tools
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Q&A

rekrutacja@delphi.com

• Open Days
• Internship and practice opportunities 

(over 200 students in 2008)
– How to apply?

» Web page
» Email contact
» Job fairs
» Job Career Agencies

• Master’s Thesis
– goals definition, mentoring
– technical support and supervision
– legal contract among stakeholders 

required

• Joint projects
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