Gage Repeatability and
Reproducibility

Gage Repeatability and Reproducibility(Gage R&R)
• What is Gage R&R?
– It is a statistical approach of determining if a gage or a gaging system is suitable for
the process under measurement.

• Purpose
– Measurement is an integral part of any manufacturing unit and is useful in
predicting the quality of the manufacturing process .
– The technique is very useful in predicting the inherent variation in the process, if
any, as too much in-process variations can cause serious problems.

• Terms in Gage R&R:
– Gage:
A gage is any device that is used to obtain measurements.
– Part:
A part is an item that is subject to measurement. Typically a part should represent
the entire operating range of the process under consideration.
– Trial:
A trial is a set of measurements on a part that is taken by an operator or a
computer.
– Measurement System:
A measurement system is the complete process of obtaining measurements. This
includes gages, people, procedures and operations.
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Types of Measurement System Variation
Bias:
Bias is the difference between the observed average of
measurement and the reference value. It is the systematic error that is an
indication of a measuring instrument. The reference value is determined
by averaging several measurements using standard measuring equipment.

Bias

Reference
value

Observed average
value

Bias Example
Consider the following ten measurements by an appraiser. The reference value
determined by layout inspection equipment is 0.80 mm.
X1 = 0.75
X6 = 0.80
X2 = 0.75
X7 = 0.75
X3 = 0.80
X8 = 0.75
X4 = 0.80
X9 = 0.75
X5 = 0.65
X10 = 0.70
The observed average is the sum of the measurements divided by 10.
X =

∑

X

10

=

7.5
= 0.75
10

Bias = Observed Average – Reference Value
Bias = 0.75 – 0.80 = - 0.05
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Repeatability:
Repeatability is the variation in measurements obtained with one
measurement instrument when used several times by an appraiser while
measuring the identical characteristic on the same part. It is also
commonly known as equipment variation.

Gage A

Gage B

In the above figure, the repeatability of Gage A is more than that
of Gage B as shown by their probability density functions.

Reproducibility:
Reproducibility is the variation in the average of measurements
made by different appraisers using the same instrument when measuring
the identical characteristic on the same part. It is commonly known as
appraiser variation.
Operator B

Operator C

Operator A

3

Repeatability and Reproducibility

Repeatability

+

Reproducibility

=

Stability:
Stability is the total variation in the measurements obtained with
a measurement system on the same master or parts when measuring a
single characteristic over an extended time period. Stability is sometimes
referred to as drift.

Stability

Time 2
Time 1
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Linearity:
Linearity is the difference in the bias values through the expected
operating range of the gage.
Reference
value

Reference
value
Smaller bias
value

Observed Average
value
(Lower part of Range)

Larger bias
value

Observed Average
value
(Higher part of Range)

Part Variation:
The Part Variation is essentially a measure of the variation of the
process. If a large number of parts made by a process are measured, 99%(5.15 σ)
of the parts would be within the variation limits. The Part Variation is always less
than or equal to the total variation. In most industrial processes the part variation is
large compared to the gage variation and so the assumption that the observed
standard deviation is approximately equal to the total population standard
deviation holds good.

Methods to determine Gage R&R
There are three basic and widely used methods for determining
the Gage R&R. They are:
•Range method
•Average and Range method
•Analysis of Variance method (ANOVA)
Let us see the Average and Range method in detail.
The Average and Range method is a statistical method that
provides an estimate of the following components.
–
–
–
–
–

Part Variation
Repeatability
Reproducibility
R&R
Total Variation

This method computes the total measurement system variability,
which can be separated into components like repeatability, reproducibility
and part variation.

5

The Average and Range method requires multiple parts, appraisers
and trials to quantify the repeatability and reproducibility. The following is a
typical Data sheet used in industries.

Average and Range Method(Example)
Consider the following example: (Taken from Measurement System
Analysis Reference Manual)

No. of Appraisers = 2
No. of Trials

=3

No. of parts

=5
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Repeatability – Equipment Variation (EV):

EV = R * K 1
= 2.5 x 3.00
= 7.5
Note:
•All calculations are based upon predicting 5.15σ (99% area under the normal curve)
•K1 = 5.15/d2 where d 2 depends on the no. of trials (m) and the number of parts times the no. of
appraisers (g). The value of d 2 is obtained from Table 1.
In our case m = 3 and g = 2 x 5 = 10. Looking up Table 1 we get d2 = 1.72.
Therefore K 1 = 5.15/1.72 = 3.00.
Reproducibility – Appraiser Variation (AV):

AV = ( X DIFF * K 2 ) 2 − ( EV 2 / nr )
= (0.6 * 3.65) 2 − (7.5 2 / 5 * 3)
= 1.0461
Note:
•If a negative value is calculated under the square root sign, the value AV defaults to zero.
•n = No.of parts and r = No.of Trials
•K2 = 5.15/d2 where d2 depends on the no. of appraisers (m) and g is 1, since there is only one range
calculation.
In our case m = 2. Looking up Table 1 we get d 2 = 1.41
Therefore K 2 = 5.15/1.41 = 3.65.

All the points are within limits(UCLR and LCLR) and so the measurement
process is under control and is said to be consistent.
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Repeatability and Reproducibility (R&R):
R & R = EV 2 + AV 2
= 7.5 2 + 1.04612
= 7.57

Part Variation (PV):
PV = R p * K 3
= 6.15 * 2.08
= 12.79

Note:
•K3 = 5.15/d2 where d2 is dependent on the no.of parts (m) and g = 1, since
there is only one range calculation.
In our case m = 5 and g = 1. Looking up Table 1 we get d2 = 2.48.
Therefore K3 = 5.15/2.48 = 2.08.

There are three points that fall outside the limits and so the
measurement process is not adequate to detect part-to-part variations.

UCLX = X + A2 R

LCL X = X − A2 R

For constant A2 look up Table 2.
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Total Variation (TV):
TV = ( R & R ) 2 + ( PV ) 2

= 7.57 2 + 12.79 2
= 14.86

Summary:

Table 1
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Table 2. Control Chart constants
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