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1994. In an effort to address the changing needs of its users, 
ISO again updated its standard in 2000 and 2008 and again in 
2015. The newest version is known as ISO 9001 2015. 
 
The ISO 9001 quality management standard applies to areas 
such as manufacturing, processing, servicing, printing, 
forestry, electronics, steel, food processing, legal services, 
financial services, trucking, banking, retailing ,drilling, 
recycling, aerospace, construction, exploration, textiles, 
pharmaceuticals, oil and gas, pulp and paper, publishing, 
petrochemicals, shipping, mining, energy, 

telecommunications, plastics, metals, research, health care, 
hospitality, utilities, aviation, machine tools, agriculture, 
government, education, recreation, tourism, fabrication, 
sanitation, software development, consumer products, 
transportation, instrumentation, computing, biotechnology, 
chemicals, consulting, insurance etc. 
 
ISO has two kinds of quality management 
standards: requirements and guidelines. Together these two 
kinds of quality standards make up what is known as the ISO 
portfolio of quality management standards. [6]

 

 
 

Figure 1: The first ISO 9001 standards produced in 1987

 
One has to wonder what occurred on the quality horizon 
�E�H�W�Z�H�H�Q�� �6�K�H�Z�D�U�W�¶�V�� �Z�R�U�N�V�� ���3�'�&�$�� �P�R�G�H�O���� �S�X�E�O�L�V�K�H�G�� �L�Q�� ����������
and the first ISO 9001 standards produced in 1987 as 
represented above in Figure 1. When we review ISO on the 
internet a pictorial following the attributes of the ISO Standard 
was found. 
 

 
Note that improved quality is on only one of the 10 badges 
shown,  while Dr. Deming, highlights Quality attributes of a 
successful company  is only listed in point 5 of 14. It should 
�E�H���X�Q�G�H�U�V�W�R�R�G���W�K�D�W���³�T�X�D�O�L�W�\�´���L�V���S�D�U�W���R�I���D���E�X�V�L�Q�H�V�V���S�O�D�Q���� 
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Figure 2: Business rational for adopting ISO 

ISO TS 16949 
ISO/TS 16949 (1st edition) was originally created in 1999 by 
the International Automotive Task Force (IATF) with the aim 
of harmonizing the different assessment and certification 
systems worldwide in the supply chain for the automotive 
sector.  Other revisions were created (2nd edition in 2002, and 
3rd edition in 2009) as necessary for either automotive sector 
enhancements or ISO 9001 revisions.  ISO/TS 16949 (along 
with supporting technical publications developed by original 
equipment manufacturers and the national automotive trade 
associations, introduced a common set of techniques and 
methods for common product and process development for 
automotive manufacturing worldwide. [7] The objective of 
ISO TS 16949 is to develop a Quality Management System 
that provides continuous improvement, emphasizing the 
prevention of errors and the reduction of variation and 
waste generated in the production of supplies used in the 
automotive sector.  

The Essence of Quality: Reducing and Monitoring 
Variation in Heat Treatment 
CQI9 was published by AIAG (Automotive Industry Action 
Group) to serve as a uniform Heat Treatment management 
Audit system that provides for continual improvement, 
prevent defects, and reduces variation and waste in the supply 
chain. Driven by the number of very public recalls in the 
automotive industry over the past few years, there is definitely 
a heightened view on quality in the supply of components in 
the Automotive Industry. [8] 

Section 2 of CQI9 consists of process tables that seek to 
identify the key variables as defined by the process. Table D 
for example defines the variables to monitor in an Induction 
heating process. Relevant tables exist for most all Thermal 
treatments of material used in the automotive sector.  It is also 
noted that any process that does not affect the final 
characteristics of the part are exempt from conforming to 
CQI9.  
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Figure 3: Process table snapshot Table D of CQI9 Standard 

Figure 4: Graphical representation of real time process data  (courtesy Inductoheat Inc.)

Signature analysis is shown which monitors the process with 
real time data and signals the operator if the actual cycle has 
differed significantly from the developed run parameters 
(Figure 4). In order to identify a difference to the norm, 
confidence bands are set as high (USL) and low (LSL) 
specification limits.  Specification Limits are derived from the 
customer requirements, and they specify the minimum and 
maximum acceptable limits of a process. 
Should the process be normally distributed in many cases the 

upper and lower control limits are 6 �6�L�J�P�D�¶�V�� �H�D�F�K���� �� �7�K�H��
definition of a Sigma (statistically speaking) is defined as the 
frequency of results that occur around the Mean. 

Mean is the arithmetic average of a process data set. 
Central tendency is the tendency of data to be around this 
mean. 
�6�W�D�Q�G�D�U�G���'�H�Y�L�D�W�L�R�Q�����D�O�V�R���N�Q�R�Z�Q���D�V���6�L�J�P�D���R�U���1�� determines 
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As shown in Table 1 below, the higher the Sigma value the 
fewer defects are predicted to occur. 

Table 1: Six Sigma Institute™ 2019 

It seems intuitive that not all parts of an automobile require the 
�V�D�P�H���W�R�O�H�U�D�Q�F�H�V�������7�K�H���O�H�Q�J�W�K���R�I���D���V�X�Q���Y�L�V�R�U���G�R�H�V�Q�¶�W���V�H�H�P���W�R���E�H��
as critical as the length of a piston rod. In a Six Sigma 
environment the USL and LSL specifications should consider 
the function, required reliability, safety and marketability of 
the item. Authors Dr. Genichi Taguchi, Dr. Subir Chowdhury 
and B.S. Yuin Wu published firs�W���L�Q���������������³�7�D�J�X�F�K�L�¶�V���4�X�D�O�L�W�\��
�(�Q�J�L�Q�H�H�U�L�Q�J�� �+�D�Q�G�E�R�R�N�´�� �L�Q�� �&�K�D�S�W�H�U�� �� they introduce a 
mathematical driven basis for setting tolerances.  This work 
has gained �Z�R�U�O�G�Z�L�G�H�� �D�F�F�H�S�W�D�Q�F�H�� �D�Q�G�� �L�V�� �N�Q�R�Z�Q�� �D�V�� �µ�7�D�J�X�F�K�L��
�4�X�D�O�L�W�\�� �/�R�V�V�� �3�U�L�Q�F�L�S�O�H�V�¶����The output of the model quantifies 
the amount of quality that generates the greatest return for the 

company in factors such as customer acceptance, risk 
avoidance, and product price. 

Monitoring Process Control 
�*�R�L�Q�J�� �E�D�F�N���W�R���W�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �D�Q�G���'�U���� �'�H�P�L�Q�J�¶�V�� ������ �S�R�L�Q�W���S�O�D�Q��
for transforming �E�X�V�L�Q�H�V�V�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V���� �R�Q�F�H�� �D�J�D�L�Q�� �O�H�W�¶�V�� �Y�L�V�L�W��
�S�R�L�Q�W�� �������� �K�H�U�H�� �L�Q�� �S�D�U�W���� �� �³Eliminate slogans, exhortations and 
targets for the work force asking for zero defects and new 
�O�H�Y�H�O�V���R�I���S�U�R�G�X�F�W�L�Y�L�W�\���´�����'�U�����'�H�P�L�Q�J���L�V���E�D�F�N�H�G���V�R�P�H�������� �\�H�D�U�V��
later by Dr. Taguchi and the rational of the Quality Loss 
Function where some defects are cost effective in the total 
customer solution. Still although some defect parts can be cost 
justified, it is rare to find the individual that feels comfortable 
producing a defective part. 

The �4�X�D�O�L�W�\�� �(�Q�J�L�Q�H�H�U�� �Z�D�Q�W�V�� �W�R���E�H�� �I�U�H�H���R�I�� �G�H�I�H�F�W�V���� �\�H�W���G�R�H�V�Q�¶�W��
want too tight of tolerances because he would like to have 
room for a practical process within the six sigma regime. 
Working in hand with quality is repeatability. A stable process 
repeats in a predictable way.  

A repeatable process outcome will have low variation around 
the mean 𝑋̿   and the amount of variation  𝑅̅remains low.  In
the graph courtesy of Inductoheat Inc. below the Trend line, is 
flat meaning 𝑋̿   is stable. Over time the induction Coil Energy 
remains constant.  Normal maintenance occurrences such as 
quench filters, coil change outs can be scheduled when the 
trend or  𝑅̅ moves out of limits.

Figure 7: Screen shot of Inductoheat Inc. QAS System 2019 
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Notice in the top graph, Figure 7, the right margin has two 
indicator lines above and below the mean green line. The top 
one called UCL or Upper Control Limit (synonymous with 
Upper Specification Limit) and then Upper Working Limit 
(UWL) which is stricter than the allowable process deviation. 
The same is true in the lower tail section of the allowable 
process deviation distribution. This limit is marked LWL or 
Lower Working Limit. 

The set value for RBar ( 𝑅̅) is chosen so that if the process
changes by this amount the UWL or LWL will not be reached. 
This measure of stability allows the operator to judge if there 
are erratic fluctuations in energy that should be addressed 
before a process deviated part is produced. 

The trend line is also quite valuable in predicting a pending 
maintenance occurrence.  The most common example is 
quench flow. Over time quench holes in the shower head 
begin to scale and the flow is slightly reduced over time and 
gets progressively worse.  The trend line would then show 
greater deviation to the bottom side of the mean line 𝑋̅ for the 
quench flow value. 

The Inductoheat QAS system has 8 channels available to 
monitor the critical parameters for Induction Heating as found 
in CQI9 table D. This means that it is possible to monitor the 
process and PREDICT corrective actions well inside of the 
allowable process range of outcomes. 

Conclusion 

Predictive control of Heating Processes is achievable.  The 
Quality Engineer guided by the principles of TS16949 and 
CQI9 and aided by modern data analysis such is available 
from the Inductoheat QAS (Quality Assurance Signature) 
system can successfully manage in a Six Sigma environment 
and beat the odds of ever producing a non-conforming part 
without the burden of artificially decreasing the tolerances to a 
level that adds cost to the component. 
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