
Techniques for 
Reliable Product Design5

White Paper



White Paper  |  5 Techniques for Reliable Product Design2

www.minitab.com

Table of Contents

1.	 Introduction 								        03 

2.	 Technique 1: Define Reliability Objectives		 	 	 04

 
3.	 Technique 2: Identify and Assess Key Reliability Risks	 	 06

 
4.	 Technique 3: Estimate Baseline Reliability		 	 	 09

 
5.	 Technique 4: Validate and Improve Reliability	 	 	 12

 
6.	 Technique 5: Sustain, Monitor and Control Reliability	 	 16

 
7.	 Conclusion	 	 	 	 	 	 	 	 19 

8.	 About Minitab	 	 	 	 	 	 	 20

 
9.	 Sources and Additional Materials	 	 	 	 	 21

https://www.minitab.com


White Paper  |  5 Techniques for Reliable Product Design3

www.minitab.com

It’s a common expectation for equipment and appliances to function properly. In fact, we depend on our 
devices to be reliable, especially for our everyday tasks and responsibilities. What happens when these 
products fail? We are left disappointed, frustrated and question the brand’s reliability and credibility.

Reliability is the probability that a product, equipment or service will perform satisfactorily for a 
defined period, under normal conditions of use. Reliable products provide a consistent experience for 
customers who might eventually become loyal brand advocates.  

Product failure, warranty costs and liability claims, all have a significant impact on customer satisfaction 
and a brand’s reputation. Organizations that repair or replace their equipment only after it fails 
spend more time, money, and resources, compared to those that design a reliable product from the 
very beginning. If companies want to maintain product excellence and customer loyalty, they must 
consistently work toward reducing the level of product, equipment, and service deficiencies. 

According to an article published by Berkley Global Product Recall, the 10 greatest U.S. product recalls 
of all time have cost companies over $70 billion in damages, and the companies impacted are still 
recovering as a result of faulty products1. Though only a portion of those recalls were reliability-related, 
this shows how product design plays a crucial role in delivering a dependable product to the market. 

Some of the top implications of equipment and product failure result in:

•	 Downtime, repairs, unplanned maintenance and recalls
•	 Liability claims
•	 High warranty costs
•	 Lack of compliance
•	 Costs associated with poor quality
•	 Damaged brand reputation
•	 Customer churn

To proactively address these implications, it is imperative to design reliable products early in the 
development stage, rather than finding out later in the hands of the customer. The ideal solution is to 
implement Design for Reliability techniques throughout the development stage to create robust and 
compliant products, components, and equipment. 

Design for Reliability (DfR) describes a set of techniques and tools that support product and process 
design from the concept stage through product end-of-life. This method ensures that customer 
expectations for reliability are fully met throughout the product lifecycle, while maintaining overall low 
cost for an organization. 

In this white paper, we provide insight into the Design for Reliability methodology and how it supports 
successful product development. We also highlight five techniques and ways to implement them 
with Minitab Solutions AnalyticsTM, where we provide our software and service solutions to empower 
organizations to make better business decisions. 

https://www.minitab.com
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Technique 1: Define Reliability Objectives 
The first step toward successful product development is to define your reliability objectives.  

Depending on product or industry, setting reliability requirements to prevent failure while a product is 
in use may be based on:

•	 Cost of Non-Quality (CoNQ)

•	 Safety

•	 Compliance with regulatory warranty period

•	 Voice Of the Customer 

•	 Original equipment, component, or material manufacturer recommendations

•	 Competition

•	 �Usage conditions including stress, not meeting expectations for normal product usage  
or the environment

To help you effectively monitor product reliability, the following metrics can be utilized: B10, Mean Time 
Between Failure (MTBF), warranty costs, and unplanned maintenance costs. These metrics are based 
on financial impact, customer downtime and failure rates.  

To further illustrate this technique, we will begin by highlighting an example of warranty prediction, 
where a reliability engineer uses Minitab® Statistical Software to predict warranty claims caused by 
defective refrigerator compressors. 

Example: Warranty Prediction2

Overview: The engineer collects and analyzes monthly failure data for the previous year and knows 
that the future production schedule is for 1000 units to be shipped each month. The failure data can be 
modeled using a Weibull distribution. 

Reliability Tool Used: After reformatting the pre-process warranty data, the engineer uses warranty 
prediction to forecast future warranty claims.

MTBF B10 € MTTF $

https://www.minitab.com
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Results: The results in the Summary of 
Current Warranty Claims table indicate that, 
of the 12,000 compressors in the field during 
the data collection period, 69 compressors 
failed. Based on the estimate obtained using 
a Weibull distribution, approximately 69 
compressors were expected to fail during 
this time.

Using the Table of Predicted Number of 
Failures and the Predicted Number of 
Failures Plot, the engineer can conclude 
with 95% confidence that the number 
of additional compressors expected to 
fail within the next five months is within 
the interval from approximately 62 to 98 
compressors.

To forecast future warranty claims or returns 
based on historical warranty data, use 
Warranty Prediction. A warranty analysis 
uses information about past warranty claims 
to predict the number and cost of warranty 
claims in the future. By fitting a distribution 
to your warranty data, you can estimate 
the number of expected failures in the next 
month, year, or other period of time. Using 
the results of the analysis, you can better 
allocate resources to address future product 
failures adequately. 

After defining reliability objectives, the next 
step for product reliability analysis is to 
identify key risks.

https://www.minitab.com
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Technique 2: Identify and Assess Key Reliability Risks 
With reliability requirements come changes to the product, materials, components and/or 
manufacturing process. Next, we want to ensure that we identify and assess key risks that may result 
from these updates.

You can estimate reliability risks by verifying any of the critical checkpoints below:

•	 �Failure modes of all functions (failed hardware or software, failed interface, degradation of materials, 
etc.) Failure mode is defined as the way a component, (sub)system could fail to meet the design 
intent and customer requirements.

•	 Warranty data from prior designs

•	 Component or material change

•	 Whether new application of existing components adds stress and risks

•	 Industry expert collateral/materials 

•	 Whether shelf life will be a realistic target for the new design

•	 Supplier analysis on materials and components

•	 Degradation estimate

To demonstrate one of the checkpoints, we highlight how an engineer assesses the reliability of a 
redesigned compressor case for jet engines with the help of Minitab® Statistical Software. 

Example: Regression with Life Data3

Overview: To test the design, engineers use a machine to throw a single projectile into each 
compressor case. After the projectile impact, engineers inspect the compressor for failure every  
twelve hours.

The engineers perform regression with life data analysis to evaluate the relationship between case 
design, the projectile weight, and the failure time. They also want to estimate the failure times at which 
they can expect 1% and 5% of the engines to fail. The engineers use a Weibull distribution to model  
the data.

 
Reliability Tool Used: Regression with Life Data

https://www.minitab.com
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Results: In the regression table, the p-values for design and weight are significant at an α-level of 
0.05. Therefore, the engineers conclude that both the case design and the projectile weight have a 
statistically significant effect on the failure times. The coefficients for the predictors can be used to 
define an equation that describes the relationship between the case design, the projectile weight, and 
the failure time for the engines.

The table of percentiles shows the 1st and 5th percentiles for each combination of case design and 
projectile weight. The time that passes before 1% or 5% of the engines fail is longer for the new case 
design than the standard case design, at all the projectile weights. For example, after being subject 
to a 10-pound projectile, 1% of the engines with a standard case design can be expected to fail after 
approximately 101.663 hours. With the new case design, 1% of the engines can be expected to fail after 
approximately 205.882 hours.

The engineers can say with confidence that the reliability of the redesigned compressor case of jet 
engines is better than the old one.

https://www.minitab.com
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In addition to Minitab® Statistical Software, Minitab offers another solution to support your product 
design needs for reliability. Minitab Workspace® enables you to move work forward with powerful 
visual tools, brainstorming diagrams and forms all in one intuitive interface. 

Design Failure Modes and Effects Analysis (DFMEA) is one of those tools, used to identify failure 
modes and considers all the requirements, customer usage and operating conditions of a product 
or process. The output can inform Physics of Failure (aging, possible damages), System Analysis, 
Reliability Prediction, Life Testing and Accelerated Life Testing and Packaging (storage, environmental 
conditions in store, manipulations, or unintended use from purchase to consumption).

Together, these Minitab solutions can efficiently address your reliability needs. 

After assessing key reliability risks, we want to evaluate baseline reliability. 

The probability plot of the standardized residuals shows that the points follow an approximate straight 
line. Therefore, it can be assumed that the model is appropriate.

https://www.minitab.com
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Technique 3: Estimate Baseline Reliability  
Estimating baseline reliability will help us focus the reliability analysis to be run, identify the necessary 
failure prevention, and determine possible costs and gains.

Goals for this technique:

•	 Verification (or validation) of meeting the requirements

•	 Improving the understanding of the product, process, failure modes and mechanisms

•	 Identifying shortages (deficiencies)

•	 Detecting areas for design improvement

The reliability of a product results from the reliability of its subsystems, components, and materials:

system reliability = f(component reliability)

In order to implement this technique, there must be a clear understanding established about the 
system and its functions, usage conditions and requirements.

We could compute the baseline reliability of subsystems and components based on field data 
(if reliable and traceable), or knowledge on physics of failure, reliability predictions documented 
for similar products, simulation models, warranty and test data from comparable subsystems and 
components. 

To successfully accomplish your baseline reliability evaluation, we recommend any of the following 
tools found in Minitab® Statistical Software:

•	 Test Plans

•	 Repairable System Analysis

•	 Regression with Life Data

•	 Probit Analysis

In the example to follow, we illustrate the use of an Estimation Test Plan to develop a new type of 
insulation. 

https://www.minitab.com
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Example: Estimation Test Plan4

Overview: Engineers want to determine the sample sizes necessary to estimate the 10th percentile 
when the distance from the lower bound to the estimate is within 100, 200, or 300 hours. The 
engineers will perform reliability tests on small specimens for 1000 hours. They use the following 
information for the test plan:

•	 Approximately 12% of the specimens are expected to fail in the first 500 hours of the test.

•	 Approximately 20% of the specimens are expected to fail by the end of 1000 hours.

•	 �The failure times for the insulation follow a Weibull distribution.

https://www.minitab.com
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Reliability Tool Used: Estimation Test Plan

Results: To calculate the sample sizes, Minitab uses a Weibull distribution with a scale of 6464.18 and a 
shape of 0.8037. With a censoring time of 1000, hours and a target confidence level of 95% for a one-
sided confidence interval, the calculated sample sizes for each precision value are as follows:

•	 354 units must be tested to estimate a lower bound for the 10th percentile within 100 hours.

•	 61 units must be tested to estimate a lower bound for the 10th percentile within 200 hours.

•	 15 units must be tested to estimate a lower bound for the 10th percentile within 300 hours.

Use an Estimation Test Plan to determine the number of test units that you need to estimate 
percentiles or reliability values with a specified degree of precision.

An estimation test plan can be used to answer questions such as:

•	 �How many units should be tested to estimate the 10th percentile with a 95% lower confidence 
bound within 100 hours of the estimate?

•	 �How many cables does an engineer need to test until failure to predict the survival probability of the 
cables at a force of 5000 pounds? 

Now that we know how to estimate our baseline reliability, we need to validate the actual reliability of 
our product and improve it.

https://www.minitab.com
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Technique 4: Validate and Improve Reliability  
In this step, multiple components or subsystems are being acquired or built, and prototypes are being 
assembled. Most of the ‘traditional’ testing and analysis takes place during this phase, including 
continuous sampling of components and subsystems acquired from suppliers for Accelerated Life 
Testing and Regression with Life Data in Minitab.

When reaching the manufacturing stage, DfR efforts should focus primarily on reducing or eliminating 
problems that could occur during the manufacturing process. Manufacturing introduces variations in 
any of the following: material, processes, manufacturing sites, human operators, and contamination. 
The product’s reliability should be re-evaluated considering these additional variables. To improve 
robustness, design modifications might be necessary.

Critical checkpoints to successfully implement this step:

•	 ��Verification (or validation) that requirements are being met, based on experiments planned and run 
in a structured way as determined by Design of Experience (DOE) techniques

•	 Improving understanding of the product and process

•	 �Understanding the effect (and interactions) of critical use, design, and environmental parameters as 
determined by an analysis of the results of the experimental runs

•	 Identification of shortages (deficiencies) and areas for design improvement

•	 Reliability test on products from semi-industrial line

Let’s look at an example, where we use the Accelerated Life Testing to model product performance at 
extreme stress levels and extrapolate the results back to normal-use conditions.

Example: Accelerated Life Testing5

Overview: A reliability engineer wants to investigate electrical current leakage between transistors in 
an electronic device. When current leakage reaches a certain threshold value, the electronic device 
fails. To accelerate failures for testing, the devices were tested under much higher-than-normal 
temperatures, and devices were inspected for failure every two days.

Reliability Tool Used: Accelerated Life Tests

The engineer performs an Accelerated Life Test to estimate the time until failure for the device under 
normal operating conditions (55° C) and worst-case operating conditions (85° C). The engineer wants 
to determine the B5 life, which is the estimated amount of time until 5% of the devices are expected  
to fail.

https://www.minitab.com
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The probability plot based on the fitted model can help you determine whether the distribution, 
transformation, and assumption of equal shape (Weibull) at each level of the accelerating variable are 
appropriate. For these data, the points follow an approximate straight line. Therefore, assumptions of 
the model are appropriate for the accelerating variable levels.

Results: Based on the results in the table of percentiles, the engineer can conclude the following:

•	 �At the design temperature (55° C), 5% of the devices will fail after approximately 760 days (slightly 
over 2 years).

•	 At the worst-case temperature (85° C), 5% of the devices will fail after approximately 81 days.

•	 These results are also displayed in the relation plot below.

https://www.minitab.com
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By using a harsher working environment, in this case increased temperature during testing, the 
engineer was able to quickly obtain life data. The results are induced by fitting a physically reasonable 
statistical model, to obtain estimates of lifetime or long-term reliability at lower, normal levels of 
operating conditions or stress.  

Now that the product is sent to mass production, the manufacturing and assembly processes could 
impact its reliability performance, which takes us to our final step: to sustain, monitor and  
control reliability.  

https://www.minitab.com
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Technique 5: Sustain, Monitor and Control Reliability   
To ensure that reliability is controlled and sustained properly, factory audits are essential to avoid any 
shift in the manufacturing process. Inspections, supplier control, routine tests, storing finished products, 
Measurement System Analysis and records are monitored accordingly. To create a list of visual inputs 
and outputs to monitor, a Control Plan template, found in Minitab Workspace, is an ideal solution to 
execute this technique successfully. 

https://www.minitab.com
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Beyond continuous monitoring, field data analysis is necessary to observe the behavior of the product 
in its operating conditions, to calculate the actual reliability performance.

As you start to get data from the field, you may end up with a reliability data set with no failures, 
because no product has failed yet. When few or no failures exist, Weibayes analysis is particularly 
useful to compare a redesigned component to an existing component. We use Bayes analysis to 
answer questions such as “Has a certain mode of failure been eliminated or improved on a redesigned 
component?” or “How does the lifetime of the redesigned component compare to the lifetime of the 
existing component?”

Example: Weibayes Analysis for Data Set Returned from the Field with No Failures5

Overview: A thermostat on a diesel engine determines when the oil temperature has risen to the point 
where the oil must be cooled. The thermostat has been redesigned and engineers want to determine 
if the redesigned unit has a 5th percentile of at least 421 hours. The demonstration test plan requires 
six thermostats be placed on test for 1,400 hours each. The failure times of the original thermostat fit a 
Weibull distribution with β = 1.9 and η = 2010.

The first four thermostats passed the 1,400 hour test. The last thermostat failed after 994 hours due 
to a malfunction of the testing device. The 6th thermostat was successfully tested for 1,806 hours 
(an additional 406 hours) to “make-up” for lost time. The goal is to determine whether the reliability 
standard was met using this modified demonstration test.

With no failures, we must specify the shape parameter (Weibull) or the scale parameter (other 
distributions) in the analysis. This analysis is referred to as a Bayes analysis because you are 
incorporating prior information in the analysis. In the case of the Weibull model, this technique is more 
commonly called Weibayes.

Reliability Tool Used: Parametric Distribution Analysis

https://www.minitab.com
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Results: Examine the 5th percentile in the Table of Percentiles. The lower bound exceeds 421 hours. The 
reliability standard has been met and the redesigned thermostat has passed the demonstration test.

The survival probability at 421 hours is found in the table of survival probabilities. The lower bound 
exceeds 0.95. The reliability standard has been met and the redesigned thermostat has passed the 
demonstration test.

https://www.minitab.com
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Conclusion
The Design for Reliability methodology is the ideal solution for organizations that want to stay 
competitive in their field, proactively bring a reliable product to the market, and exceed customer 
satisfaction. Achieving your organization’s reliability goals requires a strategic vision, proper planning, 
sufficient organizational resource allocation and the integration of reliability practices into your 
development projects.

Minitab Solutions AnalyticsTM, backed by a customer-focused team of experts, can help your 
organization apply the techniques in the most efficient and operational manner to make the best 
business decision.
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About Minitab   
Minitab has spent the past 50 years helping companies and organizations drive cost containment, 
enhance product and service quality and boost customer satisfaction with our comprehensive, easy-to-
use, best-in-class suite of data analysis and process improvement tools. Thousands of businesses and 
institutions worldwide work with Minitab because of our unique and integrated approach of solutions 
analytics, empowering you to make better decisions that drive business excellence.

Interested in accessing additional guidance regarding tools and skills to support your reliability 
initiatives? Contact us to get help from our expert statisticians, consultants and world-class technical 
support today. 

If you are interested in expanding your reliability knowledge, please visit our reliability learning track.

https://www.minitab.com
https://www.minitab.com/en-us/training/learning-tracks/product-reliability/
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