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Quality ConceptsQuality Concepts

�� Zero Defects Zero Defects (no tolerance for errors)(no tolerance for errors)

�� Customer is next person in the processCustomer is next person in the process

�� DTRTFTDTRTFT
–– Easier & less costly to do work right first timeEasier & less costly to do work right first time

�� (CIP) Continuous Improvement Process(CIP) Continuous Improvement Process
–– Evaluate customer satisfactionEvaluate customer satisfaction

�� Process CapabilityProcess Capability
–– Ensure process capable of performing required Ensure process capable of performing required 

functions to achieve desired outcomefunctions to achieve desired outcome
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Customer Satisfaction (Def)Customer Satisfaction (Def)

The goal of a Product or company in The goal of a Product or company in 
it’s relationship with the customer, it’s relationship with the customer, 

from the initial contact through from the initial contact through 
delivery of the product or service.delivery of the product or service.
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Product Characteristics/Attributes Product Characteristics/Attributes 
“Nine“Nine--abilities”abilities”

�� ProducibilityProducibility
–– Ability to be produced/builtAbility to be produced/built

�� UsabilityUsability
–– Ability to perform intended function for specified Ability to perform intended function for specified 

user under prescribed conditionsuser under prescribed conditions

�� ReliabilityReliability
–– Degree to which P/S performs intended function Degree to which P/S performs intended function 

under specified conditions for a specified timeunder specified conditions for a specified time
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Product Characteristics/Attributes Product Characteristics/Attributes 
“Nine“Nine--abilities”abilities”

�� MaintainabilityMaintainability
–– Ability to be restored within a specified time to its Ability to be restored within a specified time to its 

performance capabilityperformance capability

�� AvailabilityAvailability
–– Probability for P/S being capable of performing a Probability for P/S being capable of performing a 

required function under specified conditions when required function under specified conditions when 
called uponcalled upon

�� OperabilityOperability
–– Ability for P/S to be operated for specified time under Ability for P/S to be operated for specified time under 

given conditions without significant degradation of outputgiven conditions without significant degradation of output
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Product Characteristics/Attributes Product Characteristics/Attributes 
“Nine“Nine--abilities”abilities”

�� FlexibilityFlexibility
–– Ability to be used for different purposes, at difference Ability to be used for different purposes, at difference 

capacities & under different conditionscapacities & under different conditions

�� Social AcceptabilitySocial Acceptability
–– Degree to which public accepts P/S for use (safety, Degree to which public accepts P/S for use (safety, 

environmental impact, appearance)environmental impact, appearance)

�� AffordabilityAffordability
–– Ability for a company to develop, acquire, operate, Ability for a company to develop, acquire, operate, 

maintain and dispose of a product over its lifemaintain and dispose of a product over its life
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Functional SpecificationsFunctional Specifications

�� Functions that the product will provide over Functions that the product will provide over 
its useful period of operation.  Relates to the its useful period of operation.  Relates to the 
type of function the product achieves.type of function the product achieves.

�� Must be converted into values that can be Must be converted into values that can be 
used to positively define the requirement of used to positively define the requirement of 
the customer.the customer.
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Detailed SpecificationDetailed Specification

�� Uses parametric values to describe the Uses parametric values to describe the 
requirement.requirement.

�� Developed by customer or jointly by Developed by customer or jointly by 
customer & seller.customer & seller.

�� Very precisely describes the product, Very precisely describes the product, 
involving size, functions, & assembly.involving size, functions, & assembly.
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��What Product phase most affects a What Product phase most affects a 
product’s reliability?product’s reliability?

ConceptualConceptual
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��What % of the extra costs of the What % of the extra costs of the 
Product can often be attributed to a Product can often be attributed to a 
lack of quality?lack of quality?

20%20%
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��Cost of a Quality Program should be Cost of a Quality Program should be 
budgeted at ______ of total Product.budgeted at ______ of total Product.

3 3 -- 5 %5 %



12
Jamshid Nazemi, productivity & quality Management

Cost of ConformanceCost of Conformance

�� PlanningPlanning

�� Training & IndoctrinationTraining & Indoctrination

�� Process ControlProcess Control

�� Field TestingField Testing

�� Product design validationProduct design validation

�� Process validationProcess validation

�� Test & evaluationTest & evaluation

�� Quality auditsQuality audits

�� Maintenance & calibrationMaintenance & calibration

�� OtherOther
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Cost of NonconformanceCost of Nonconformance
�� ScrapScrap

�� ReworkRework

�� ExpeditingExpediting

�� Additional material or inventoryAdditional material or inventory

�� Warranty repairs or servicesWarranty repairs or services

�� Complaint handlingComplaint handling

�� Liability judgmentLiability judgment

�� Product recallsProduct recalls

�� Product corrective actionsProduct corrective actions
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5 Major Cost Categories5 Major Cost Categories

�� Prevention CostPrevention Cost
–– Cost to plan & execute Product so that it’s error Cost to plan & execute Product so that it’s error 

free, free, notnot maintenance costs.maintenance costs.

�� Appraisal CostAppraisal Cost
–– Cost of evaluating the process & it’s outputs to Cost of evaluating the process & it’s outputs to 

ensure they’re error free.ensure they’re error free.

�� Internal Failure CostInternal Failure Cost
–– Cost to correct identified defect before customer Cost to correct identified defect before customer 

receives product.receives product.
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5 Major Cost Categories5 Major Cost Categories

�� External Failure CostExternal Failure Cost
–– All errors not detected & corrected before All errors not detected & corrected before 

delivery to customer.delivery to customer.

�� Measurement & Test EquipmentMeasurement & Test Equipment
–– Capital cost of equipment to perform prevention Capital cost of equipment to perform prevention 

& appraisal.& appraisal.
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Major Quality Cost CategoriesMajor Quality Cost Categories
(Actual vs. Should Cost Percentages)(Actual vs. Should Cost Percentages)

�� PreventionPrevention 10%10% 70%70%

�� AppraisalAppraisal 35%35% 15%15%

�� Internal FailuresInternal Failures 48%48% 10%10%

�� External FailuresExternal Failures 7%7% 5%5%

�� Equipment (Measurement & Test)Equipment (Measurement & Test)
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Product Life CycleProduct Life Cycle

10%

30%
60%

$

Time 

R & D

Acquisition

Operations & Maintenance
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Statistical Quality Control Statistical Quality Control 
Systems (SQC)Systems (SQC)

�� Process Control ChartsProcess Control Charts
–– Used for monitoring and evaluating Used for monitoring and evaluating variations in variations in 

a processa process

–– Can be used as tool to evaluate Can be used as tool to evaluate product product 
conformanceconformance

�� Acceptance SamplingAcceptance Sampling
–– Used to determine whether or not lot conforms to Used to determine whether or not lot conforms to 

specifications or standardsspecifications or standards

–– Acceptance or rejection of already produced lotAcceptance or rejection of already produced lot
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Normal Distribution (Bell) Normal Distribution (Bell) 
CurveCurve

average

-1s-2s-3s mean
(µ)

+1s +2s +3s

standard deviation
(σ)

68.26%68.26%

95.46%95.46%

99.73%99.73%
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Standard DeviationStandard Deviation

��A measure of the spread or A measure of the spread or dispersiondispersion
of a set of dataof a set of data

��Calculated by taking the square root of Calculated by taking the square root of 
the the variancevariance

��Symbolized by s.d or sSymbolized by s.d or s

��The more widely the values are spread The more widely the values are spread 
out, the larger the standard deviationout, the larger the standard deviation
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Process Control ChartProcess Control Chart

UCL

LCL

Mean

LSL

USL
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The Upper Control Limit The Upper Control Limit 
(UCL) & Lower Control Limit (UCL) & Lower Control Limit 

(LCL) are typically set...(LCL) are typically set...
�� 3 standard deviations from mean in each 3 standard deviations from mean in each 

directiondirection

�� 3 3 σσ (sigma) from mean in each direction(sigma) from mean in each direction

�� Inside the upper & lower spec limitsInside the upper & lower spec limits

�� To detect & flag when a process may be out To detect & flag when a process may be out 
of controlof control
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Control Charts as SQC ToolControl Charts as SQC Tool

UCL

LCL

Mean

USL

LSL

x
x

x

x

x

x

x

x

x
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When a process is set up When a process is set up 
optimally, the upper & lower optimally, the upper & lower 
Specification LimitsSpecification Limits typically typically 

are...are...

Set outside the UCL & LCL and set Set outside the UCL & LCL and set 
equal distance from the mean valueequal distance from the mean value
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Control Charts as SQC ToolControl Charts as SQC Tool

��Proven technique for improving Proven technique for improving 
productivityproductivity

��Effective in defect preventionEffective in defect prevention
��Prevents unnecessary process adjustmentsPrevents unnecessary process adjustments
��Provides diagnostic informationProvides diagnostic information
��Provides info about process capabilityProvides info about process capability
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Acceptance SamplingAcceptance Sampling

�� Beneficial when inspection cost is high & resulting Beneficial when inspection cost is high & resulting 
loss of passing nonloss of passing non--conformance products is not greatconformance products is not great

�� Necessary when destructive inspections are requiredNecessary when destructive inspections are required

�� Does NotDoes Not directly control the quality of a series of directly control the quality of a series of 
lots; specifies risk of accepting lots of a given Qualitylots; specifies risk of accepting lots of a given Quality

�� Not effective for inspecting small lots of customNot effective for inspecting small lots of custom--made made 
productsproducts

�� Better than 100% inspection, which is very tediousBetter than 100% inspection, which is very tedious
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Acceptance SamplingAcceptance Sampling

�� Sample size must be large enough to provide Sample size must be large enough to provide 
sufficient information about the larger lot of sufficient information about the larger lot of 
goods without costing a great dealgoods without costing a great deal

�� Establishing the limit on the number of defects Establishing the limit on the number of defects 
in the sample that will cause entire lot to be in the sample that will cause entire lot to be 
rejected is responsibility of managementrejected is responsibility of management
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��The risk of accepting a lot of poor The risk of accepting a lot of poor 
Quality, in Acceptance Sampling, Quality, in Acceptance Sampling, 
is referred to as…is referred to as…

Consumer’s RiskConsumer’s Risk
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��In Acceptance Sampling, if sample size In Acceptance Sampling, if sample size 
is kept the same but acceptance number is kept the same but acceptance number 
is increased, what happens?is increased, what happens?

Consumer’s Risk Increases & Consumer’s Risk Increases & 
Producer’s Risk DecreasesProducer’s Risk Decreases
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��Rule of SevenRule of Seven
–– Process considered out of control when Process considered out of control when 

7 consecutive data points fall all on 7 consecutive data points fall all on 
one side of the meanone side of the mean
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Pareto DiagramPareto Diagram

��Ranks defects in order of frequency of Ranks defects in order of frequency of 
occurrence to depict 100% of defectsoccurrence to depict 100% of defects

��Generally applied on a measure of Generally applied on a measure of 
relative importancerelative importance
–– (e.g., cost, failure consequences, impact on (e.g., cost, failure consequences, impact on 

customer)customer)

��AKA, AKA, JuranJuran DiagramDiagram
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Pareto DiagramPareto Diagram

��Used to determine what causes majority Used to determine what causes majority 
of problems in a processof problems in a process

��Guides corrective actionGuides corrective action
–– Fix cause of greatest number defects firstFix cause of greatest number defects first

��80/20 Rule (Pareto Law)80/20 Rule (Pareto Law)
–– Large majority of defects typically the Large majority of defects typically the 

result of relatively small number of causesresult of relatively small number of causes
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Cause and Effect DiagramCause and Effect Diagram

TimeTime MachineMachine MethodMethod MaterialMaterial

EnergyEnergy MeasurementMeasurement ManpowerManpower EnvironmentEnvironment

EffectEffect
PerformancePerformance



34
Jamshid Nazemi, productivity & quality Management

Cause and Effect DiagramCause and Effect Diagram

�� Provides structured means to analyze Provides structured means to analyze 
process inputs to identify cause of errorsprocess inputs to identify cause of errors

�� AKA, fishbone or Ishikawa diagramAKA, fishbone or Ishikawa diagram
�� Educational, getting ideas from as many Educational, getting ideas from as many 

people as possiblepeople as possible
�� Outlines methodology used to identify Outlines methodology used to identify 

major defects in a processmajor defects in a process
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Other Process Control ToolsOther Process Control Tools

�� Scatter DiagramsScatter Diagrams
–– Used to determine relationship between two or Used to determine relationship between two or 

more pieces of corresponding datamore pieces of corresponding data

–– Used to illustrate effect or no effect on one Used to illustrate effect or no effect on one 
variable when other variable is changedvariable when other variable is changed

�� Graphs (Bar Chart, Pie Chart, etc.)Graphs (Bar Chart, Pie Chart, etc.)
–– Used to compare values for analysis to determine:Used to compare values for analysis to determine:

��Frequency of occurrence of items in a groupFrequency of occurrence of items in a group

��Relationship of data over timeRelationship of data over time

��A course of action to address problemsA course of action to address problems
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Other Process Control ToolsOther Process Control Tools

�� Check (Tic) SheetsCheck (Tic) Sheets
–– Determine frequency of occurrence of defined Determine frequency of occurrence of defined 

activitiesactivities
–– Example: record how many times a machine stops Example: record how many times a machine stops 

for lack of raw materialsfor lack of raw materials

�� Check ListsCheck Lists
–– Structured list of items or actions that encompass a Structured list of items or actions that encompass a 

process or procedureprocess or procedure
–– Example: Pilot’s checklist to check critical aspects Example: Pilot’s checklist to check critical aspects 

of aircraft before flightof aircraft before flight
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��Subcontracting & production surveillance Subcontracting & production surveillance 
are identified by using the…are identified by using the…

Milestone ChartMilestone Chart
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��% of Responsibility for Quality to % of Responsibility for Quality to 
Management…Management…

85% of cost rests with 85% of cost rests with 
ManagementManagement
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��Who has total responsibility for Quality Who has total responsibility for Quality 
Control?Control?

Quality ManagerQuality Manager
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Who performs Q Control for Who performs Q Control for 
Product?  For Process?Product?  For Process?

�� Product Product 
–– Quality Control Department (conformance)Quality Control Department (conformance)

�� ProcessProcess
–– Production Management TeamProduction Management Team

“In either case, involves statistics, “In either case, involves statistics, 
sampling & probability”sampling & probability”



41
Jamshid Nazemi, productivity & quality Management

Direct responsibility for Direct responsibility for 
monitoring monitoring quality quality 
conformanceconformance is...is...

Quality ManagerQuality Manager
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���

        �� ا�� ���� ���� ����
�� ا�� ���� ���� �

��Key ingredients to a successful Key ingredients to a successful 
QM Program are…QM Program are…
–– Management’s quality philosophyManagement’s quality philosophy

–– Operational quality assuranceOperational quality assurance

–– Operational quality controlOperational quality control
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����� ������ �����        
����� ������ �����

Process capability analysisProcess capability analysis
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    ����    ��وع �� ������وع �� ��

داد� ه� را 
�� �ورى ������داد� ه� را 
�� �ورى ��������
����� و ����ت داد� ه� را ����� ����������� و ����ت داد� ه� را ����� ��������
��rangerange=(=(maxmax--minmin)/)/accuracy {accuracy {ieie.  ..  .01,01,..1,1,…}1,1,…}

�������� ���������� ) وه'� را �&�%$ � �#ل ز�  ������� ���������� ) وه'� را �&�%$ � �#ل ز�  �
��class intervalclass interval=(=(range+1range+1)/()/(nono. . of classesof classes))

��nono. . of classes { 7of classes { 7 -- 14 }14 }

ه�+*#) ام داد� ه� را �'�� ������ه�+*#) ام داد� ه� را �'�� ��������

 ا�- ا�-�26σ6σا.1 ���0 ات ��/�  .�%��- � ��,� %#د� و ���دل�2ا.1 ���0 ات ��/�  .�%��- � ��,� %#د� و ���دل��
�� �% -�� ��,� % ا%  ا -��%�. 34�5 �% -�� ��,� % ا%  ا -��%�. 34�5CpCp=={{uslusl--lsllsl}/ }/ 6σ6σ
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����� ������ �!"���         
����� ������ �!"���


 	���ار ����   ����

 	���ار ����   ا�����
ا���
 ��#�� ا�*:�ب ������ ��#�� ا�*:�ب �������22525ا.1 �2ا.1 ––

––������ $���%� ا�*=�د� از ) اف � ��ل ;���ارى را ����$ ������%� ا�*=�د� از ) اف � ��ل ;���ارى را �
ا�� داد� ه� ����ل ����� در ���� ����ل �
 �� را�� �����              ا�� داد� ه� ����ل ����� در ���� ����ل �
 �� را�� �����              ��

��� د  ��� د  

()ر  ()ر   [    [   ��اى � ارد��� داد� ����ل �%��� از دو روش ا�!��د� ��� د           ��اى � ارد��� داد� ����ل �%��� از دو روش ا�!��د� ��� د           ��
��اى   ��اى   .  .  و ��1دا ����ل � دن آ�!�ل ��� د           و ��1دا ����ل � دن آ�!�ل ��� د           ]  ]  ا*�اد و -,�ر�!+ ا*�اد  ا*�اد و -,�ر�!+ ا*�اد  

�8��5 �7ود��: و8���9 درا�8 �7-� ��ا��6 رم ��5 س ا��1م ��� د                     �8��5 �7ود��: و8���9 درا�8 �7-� ��ا��6 رم ��5 س ا��1م ��� د                     

––σσ��,آ �������� آ,��را ���را �

––������ ������ ��,� را � -��%�.������ ������ ��,� را � -��%�.6))σ(6σ(
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����� ������ �!"���         
����� ������ �!"���

������ 	���ار �����  ������ 	���ار �����  ��
 ز�  ) و� ا�*:�ب ������ ز�  ) و� ا�*:�ب �������22020ا.1 �2ا.1 ––

� �- ا�*���ارد @�- ������–– A� ارد @�- ������داد� ه� را در���*�� �- ا A� داد� ه� را در

��� ��#د� و ������C �ن را ––����� ��#د� و ������C �ن را ����� را در ه  ) و� �������� را در ه  ) و� �
��� آ,������� آ,������Average  RAverage  R

σσ ==AveAve((RR)/)/dd2 2 

––������ ������ ��,� را � -��%�.������ ������ ��,� را � -��%�.6 ) )σ6σ((
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����� ������ �!"���         
����� ������ �!"���


��� ا�� آ�     ���

��� ا�� آ�     و#�� "�!
� آ
 � د� و �� ������ه�ى ��
و#�� "�!
� آ
 � د� و �� ������ه�ى �

�ى را �%�ن ��
�ه�  

�ى را �%�ن ��
�ه�  *�� �� �� ه�()�ن '&
*�� �� �� ه�()�ن '&

 ��#�� �*#اDE ا�*:�ب ������ ��#�� �*#اDE ا�*:�ب �������22525ا.1 �2ا.1 ––

––������ ������ ك را �*� �������� ������.�ر �&�$ ��� ك را �*� �����Moving RangeMoving Range...�ر �&�$ 

��� آ,���––������� ه�ى %��- ���� را � ��C�������,آ ���������� ه�ى %��- ���� را � ��C����

σσ ==AveAve((RR)/)/dd2 2 

––������ ������ ��,� را � -��%�.������ ������ ��,� را � -��%�.6 ) )σ6σ((
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����� #$��    
����� #$��

��01 ��ا��� )/���� #��.
� ������ و -�ود )%,+� ���  ��01 ��ا��� )/���� #��.
� ������ و -�ود )%,+� ���  ��
..�2ا-� ا���2ا-� ا��

��CCpkpk==min{min{((UU--XX))// 3  3 σσ,,((XX--LL)/)/3 3 σσ}}


 5زم دارد     ��

� ��ارد  و�� '�6.��# 
��

 5زم دارد     �

� ��ارد  و�� '�6.��# 
��
�CCpkpk<1<1


� دارد  و)7��8 �
�ز ا��   ��.��# 
��

� دارد  و)7��8 �
�ز ا��   �.��# 
��
�CCpkpk==11


 از )%,+� �
%�� ا��     ����
� �

 از )%,+� �
%�� ا��     #��.��
� �
.��#CCpkpk>1>1
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Experimental designsExperimental designs
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(�ا)' �ز���%  (�ا)' �ز���%  

=ن ���� آ� * ا�� � @� ������? � �� اآ<� =ز�����ت ��             =ن ���� آ� * ا�� � @� ������? � �� اآ<� =ز�����ت ��              DOE DOEا�� ه�ف ا�� ه�ف ��
�� ���6 رو��و ��� ��               A���� يC��7�D و ��� ��              د-�� *�م���� ���6 رو A���� يC��7�D د-�� *�م

..� ��� ��� د داد� ه�ي آEF) ?F =وري � د          � ��� ��� د داد� ه�ي آEF) ?F =وري � د          ��

روش C��7�Dي     روش C��7�Dي     ��
––  ����� �� ���	 
و���� ��رد ارز���� را ����
 	��� �� �����  و���� ��رد ارز���� را ����

�ز���� را �
د ه� �� �ور�� و ��ا�� را ������� ���� –– �� �!"
�ز���� را �
د ه� �� �ور�� و ��ا�� را ������� ���� ا#
اد � �� �!"
����ا#
اد �
��د آ� ا�� ه�� ��� را در ��رد ������ 	�ا��
 ���زي 	� از������ ������د آ� ا�� ه�� ��� را در ��رد ������ 	�ا��
 ���زي 	� از���� ����  � ��   � �� 

––  $��"��0/ �.�ح ��ا�� ���,�� �' د+% *�رت ��
د "� ���)' ����& �$�% ��$  "��0/ �.�ح ��ا�� ���,�� �' د+% *�رت ��
د "� ���)' ����& �$�% 

���!��8 ا@� را دار�� و �GH �8��5 آ��                   �� ?Iا� * �J 8��5 آ��                   ه�ف او-�� =��6 آ�� GH� 8 ا@� را دار�� و��!��� ?Iا� * �J آ�   + آ�   ه�ف او-�� =��6 آ� +
��اي �!K��9 ��L ا��1د �����                      ���M���اي �!K��9 ��L ا��1د �����                     �9را�!� در �O� �Jاري ( اب  ���M��9را�!� در �O� �Jاري ( اب 
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        ��ز���% ��آ��ر�� آ���        �ز���% ��آ��ر�� آ��
��آ*#ر�1 آ�� 1��I#�J ا
 اي �ز����Gت ا�- آ� ه  �� K���ز�آ� ه   -���آ*#ر�1 آ�� 1��I#�J ا
 اي �ز����Gت ا K���ز�

��#5 L1 � آ��ا#I  ��� �% 1��I  ه M&���#5 L1 � آ��ا#I  ��� �% 1��I  ه M&�

�� -�ه  �  آ�L از I#ا�1 و �&#ح �ن %� ا�� روش .�%1 ا
 ا ا�- ه  �  آ�L از I#ا�1 و �&#ح �ن %� ا�� روش .�%1 ا
 ا ا
��P ���اد �ز����Gت %+��ر ز��د ��G#د��P ���اد �ز����Gت %+��ر ز��د ��G#د

���#Q % اي آ�هK �ز����Gت از دو �&M % اي ه  ��آ*#ر ���#Q % اي آ�هK �ز����Gت از دو �&M % اي ه  ��آ*#ر ��
ا�*=�د� ��G#دا�*=�د� ��G#د

��: و 8���9      –– QR� و 8���9      ا�8 دو را :�� QR� ا�8 دو را(High & Low) (High & Low)     ������ ?�    ������ ?�

��Rل ��@�  د�� و ز��ن %  .& ��Rل ��@�  د�� و ز��ن %  .& ��
––   8��@����  @����  77 و و33ز��ن ��8   ز��ن 

 در(� ���!�,�اد     در(� ���!�,�اد    120120 ��  �� 8080د�� د�� ––

Run A B 

1 3 seonds 80 C 

2 7 seconds 80 C 

3 3 seonds 120 C 

4 7 seconds 120 C 
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ا��اي �.�د�' �ز���,�ت      ا��اي �.�د�' �ز���,�ت      

ا�� ]�ض ����F+ آ� =ز���Y اول و دوم در �%Q و � م و �MJرم ��5از                    ا�� ]�ض ����F+ آ� =ز���Y اول و دوم در �%Q و � م و �MJرم ��5از                    ��
ر  ر  \�M ا(�ا � د و �!�C�� �1 =ن ���� آ� د�� � @� ا�� و �M!��8 ( اب د                       \�M ا(�ا � د و �!�C�� �1 =ن ���� آ� د�� � @� ا�� و �M!��8 ( اب د                       

ا��ا��  021021C  Cد��ي د��ي 
 در �0$ از  در �0$ از 120120 ��:
 ��د9 ا�% و �� �' د��8 ���' د��ي  ��:
 ��د9 ا�% و �� �' د��8 ���' د��ي 120120��� وا+�0 د��ي ��� وا+�0 د��ي : : ��2ال ��2ال ––


 ا@
ا �$9 ا�% و?�0% �0$از<=
 �>�/ ا�% ";�وت دا��' ���$ <=
 ا@
ا �$9 ا�% و?�0% �0$از<=
 �>�/ ا�% ";�وت دا��' ���$ =>
��   ���)' ر&�	� 	%� از $#� 	�"!� 	���   �)' ر&�	� 	%� از $#� 	�"!� 	�

��ا�8 � ��� ��� د آ� =ز�����ت �� � رت �[�د]? ا(�ا � د             �� �����ا�8 � ��� ��� د آ� =ز�����ت �� � رت �[�د]? ا(�ا � د              ���

اي ��رد #�ق �ز����Aت �
اي ���� د��ي   ––� CD�   اي ���� د��ي

اي ��رد #�ق �ز����Aت �� CD�120120 '� 
 در@' در *!E و�0$از<=
 �'  در@' در *!E و�0$از<=

��Hان �,�وي ا�)�م ��د��Hان �,�وي ا�)�م ��د

�� �[�د]? ا(�ا �F دن =ز�����ت ، ]�آ! ر       �� �[�د]? ا(�ا �F دن =ز�����ت ، ]�آ! ر       ��Noise Noise      ���� ?� Y��6ر آ�ه�     ���� ?� Y��6ر آ�ه�..
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���0 (�ا)' �ز���,�ت    ���0 (�ا)' �ز���,�ت    
Run Factor A Factor B Factor C  م اول�� 

 

 

Run Factor A Factor B Factor C  م دوم�� 

(1) - - -  

 

 

Run Factor A Factor B Factor C  م ��م�� 

(1) - - -  

a + - -  

 

 

Run Factor A Factor B Factor C  م ���رم�� 

(1) - - -  

a + - -  

b - + -  

ab + + -  
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(�ا)' �ز���% "� ��آ��ر      (�ا)' �ز���% "� ��آ��ر      

Run Factor A Factor B Factor C  ���� م�� 

(1) - - -  

a + - -  

b - + -  

Ab + + -  

C - - +  

Ac + - +  

Bc - + +  

abc + + +  
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� ���ري    ��� ���ري    ������

رو���ي ���ري ��اي ���
�� ا�� ه� ���
 �� ا
�س ���د�� ز�� رو���ي ���ري ��اي ���
�� ا�� ه� ���
 �� ا
�س ���د�� ز�� ��
���د� 
������د� 
���..


	 ا�� ه� ����      ––���

	 ا�� ه� ����      ����
�

��� ���� ا��ات ه� ����     ��� ���� ا��ات ه� ����     ––

��� ���� ا��ات ������ ��ا��        ��� ���� ا��ات ������ ��ا��        ––

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

a b ab c ac bc abc

effect

    ���� ���	
 �� �
�
 �����
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         �)����5ي ��4�3 ��2�� �1ا��         )����5ي ��4�3 ��2�� �1ا�

A+ A-

B-

B+

A+ A-

B+

B-

A+ A-

B+

B-

  ����	
ا�� 

   ����	
��ون ا�� 
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��ر"' ����6 �ز���%       ��ر"' ����6 �ز���%       

��Mean Square Mean Square و �� ار �ن ��اي !
�$ ا#��اف ا
! و �� ار �ن ��اي'&%�$ ا#��اف ا%&'error error 
!
��ا�� ا#��اف �)��ر ا
!��ا�� ا#��اف �)��ر ا

σ σ 
�� ����� ��	 
�� 
��� �	
�� �������� ������ ���� ��	 ����� ��	 
�� 
��� �	
�� �������� ������ ���� ��	

���� �� ��	 �
� 
���	 �	
��� ���  �
 ������ ��� !� 
"����� �� ��	 �
� 
���	 �	
��� ���  �
 ������ ��� !� 
"�

���� ��	 ��	�� #�����	 ������� ��	 ��	�� #�����	 �����::
––F0=MSA/MSE    , F0=MSB/MSE  , F0=MSC/MSEF0=MSA/MSE    , F0=MSB/MSE  , F0=MSC/MSE

����� ��� �	�� �
	�� !��
��� ��� �	�� �
	�� !��
error termerror term

––degree of freedom =abc(ndegree of freedom =abc(n--1)1)
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� وار���7        ��� وار���7        ��8��ت ������8��ت ��

���ه�ات داراي ��ز�� ����ل ه����      ���ه�ات داراي ��ز�� ����ل ه����      ��
.  .  داراي ����� 
��ر	��ي دو وار���� از ��ز�� ����ل ا��  داراي ����� 
��ر	��ي دو وار���� از ��ز�� ����ل ا��   F Fز��ا 
��ر	��ي ��ز�� ز��ا 
��ر	��ي ��ز�� ––

 ) )�
((��ز�� آ�ي ��
���ز�� آ�ي ��

���ه�ات ����� از ه! ه����    ���ه�ات ����� از ه! ه����    ��
� از دو    ––�� از دو    ا	� دو -��* �,#+* ���()' در &�%�رت ��
� �#"�� !��� ��آ���#"�� /�اه' �#"�� /�اه' ا	� دو -��* �,#+* ���()' در &�%�رت ��
� �#"�� !��� ��آ�

در ��رد ز�� دو ����� ��آ��
 از ه� ه����در ��رد ز�� دو ����� ��آ��
 از ه� ه����. . 
�د
�د

––Y=const+ a*Y=const+ a*A+bA+b*B     &     B=*B     &     B=const+xconst+x*A   *A    ل ���ل���

..���م )'�ح ��ا�� داراي وار���$ �#��ن ه����          ���م )'�ح ��ا�� داراي وار���$ �#��ن ه����          ��
5 در  5 در  ���4 (�د آ� 
)�����3'  در ��12* وار���� در0'د 
�ر�� وار���� ه,#�  ���4 (�د آ� 
)�����3'  در ��12* وار���� در0'د 
�ر�� وار���� ه,#�  ––

..���0ر���� در  وا;� ه'ف 
�ر�� ��9ان وار���� 
�6 ����6�7 ��ا�)'ه� ا�   �0ر���� در  وا;� ه'ف 
�ر�� ��9ان وار���� 
�6 ����6�7 ��ا�)'ه� ا�   

در 
�=���6 �+'ار &ن 
� ��9ان وار���� در آ>#��6 �+'ار      در 
�=���6 �+'ار &ن 
� ��9ان وار���� در آ>#��6 �+'ار       A Aا	� وار���� -��* ا	� وار���� -��* ––
   6�
-- , b , b}}وو { a, { a, abab} }�<�وت �>��' در&�%�رت 
�6   �<�وت �>��' در&�%�رت  �<�وت و�4د دارد  �<�وت و�4د دارد   { {
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Run Factor A Factor B Factor C=AB  

(1) - - +  

a + - -  

b - + -  

ab + + +  

 

 

  �(�ا)' ��آ��ر��  (�ا)' ��آ��ر� fractionalfractional

در ��ر'�.� �ز�����ت ه,�+� ز��دي دا�*� ���  �� ا�$ روش در ��ر'�.� �ز�����ت ه,�+� ز��دي دا�*� ���  �� ا�$ روش ��
..آ�ه2 در ') اد �ز�����ت �%01 /�اه  ��دآ�ه2 در ') اد �ز�����ت �%01 /�اه  ��د

�5Fractional factorialFractional factorialا�  �4ا�0 �ز�����ت�5ا�  �4ا�0 �ز�����ت��
--��ا�� ا.+- را �� �#���� �,+�ط         ��ا�� ا.+- را �� �#���� �,+�ط         –– confoundconfound --   �
�#�   �
�#�

--�� �0 ا�#�ن ��ا�� ا.+- را �� ��ا/� دو ���+- �,+�ط             �� �0 ا�#�ن ��ا�� ا.+- را �� ��ا/� دو ���+- �,+�ط             –– confoundconfound
--   �
�#�   �
�#�

--�� �0 ا�#�ن ه� ��ا/� دو ���+- را �� ��ا/� دو ���+- د��� �,+�ط                   �� �0 ا�#�ن ه� ��ا/� دو ���+- را �� ��ا/� دو ���+- د��� �,+�ط                   ––
confoundconfound --  �
�#�  �
�#�
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(�ا)'  �ز���,�ت   (�ا)'  �ز���,�ت    fractionalfractional

��اي �7ا0- 6ز���5 �����- ��ر)- ���د آ3 34 �2آ��ره��- �� �#����                      ��اي �7ا0- 6ز���5 �����- ��ر)- ���د آ3 34 �2آ��ره��- �� �#����                      ��
�,+�ط �8��    �,+�ط �8��    

––?@�?@�D=ABC D=ABC   �در �'ل AB�ر -��1�  در �'ل AB�ر -��1

::��ل �7ا0- 6ز���5 /�اه
! دا8=         ��ل �7ا0- 6ز���5 /�اه
! دا��Generator Generator          =8 �>��; ا�:�د آ���9      �� �>��; ا�:�د آ���9      ��
––I=ABCDI=ABCD

––A=BCDA=BCD

––B=ACDB=ACD

––C=ABDC=ABD

––D=ABCD=ABC

––AB=CDAB=CD

––AC=BDAC=BD

––AD=BCAD=BC
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�ز���,�ت و�09     �ز���,�ت و�09     

Latin square designLatin square design	�ا�� ��ص	�ا�� ��ص��
––��در �9 �ز���2 ��1ك ����# در �9 �ز���2 ��1ك ����#  noise noiseدو �*7��دو �*7

––��7*���7*�A , B A , B ��7*���7*�Noise Noise  ه:*+  و ه:*+  وX X  �� ���� 
��� �� ���� 
���
!

; ا�< ��7*�!

; ا�< ��7*�..A1 A2

B1 X1 X2

B2 X2 X1
 

 A1 A2 A3 

B1 X1 X2 X3 

B2 X2 X3 X1 

B3 X3 X1 X2 
 

 


