[image: image1.png]Derived units

square meter
cubic meter

hertz

kilogram per cubic meter
meter per second

radian per second

meter per second squared
radian per second squared
newton

newton per sq meter

sq meter per second
newton-second per sq meter
joule

watt

coulomb

volt

volt per meter
ohm

farad

weber

henry

tesla

ampere per meter
ampere

lumen

candela per sq meter
lux

m?
mJ

Hz (s™"
kg/m’

m/s

rad/s

m/s?

rad/s?

N (kg/ms)
N/m?

m?/s

N-s/m?

J (N/m)
w (I/s)

C (A/s)

\ (W/A)
V/m

Q (V/A)
F (A/s/V)
Wb (V/s)

H (V/S/A)
T (Wb/m*)
A/m

A

Im (cd/sr)
cd/m?

Ix (Im/m?)




[image: image2.png]INSPECTION AND TEST 18.¢

ns of Fundamental Units of the SI Svstem

Detinition

L7 T

et o ~1/630 763.73 Wax'e}ength§6in vacuo of the unperturbed

transition 2,,0—3d; in YK

~Mass of the international kilogram at Sc'/re;. France
[/31 336 923 974 7 ot the tropical vear at 120 ET g Januarv

S e ol / 1900. supplementariiv de:ine;l _in 1964 in terms of the cesium

_ F.4 M. OtwF. 3: M. 0. transiuon, the frequency assigned
being 9 192 631 770 Hz
. Cenned in the thermodvnamic scaje by assigning 273.16 K to the

Kelvinm = i7iple point of water (freezing point. 273,15 K = °C)

The constant current which. if maintained ig UWO siraight paraile!
conductors of infinite length. of negiigiple CIFCUIar sections.
and placed | m apart in a vacuum. will producs between these
conductors a force equal 1o 2 X 107" mks unit of force per
meter ot length.

Cewdely —1/60of the intensity of [ cm® of 5 periect radiator at the

temperature of freezing platinum.
o ie — Anamount ofsubstancea whose wei‘ght in grams aumerically
equals the molecular formula werght,

14;\05 Ll ide

/-\m'p.L e -





[image: image3.png]Chapter 9

Measurement System and Gage Capability

B. Measurement Terms
and Definitions

Accuracy is the deviation of the measured or ob-
served value from the true value.

Precision of a measurement is related to its re-
peatability in terms of the deviation of a group of
observations from a mean value.

While the terms accuracy and precision are often
used interchangeably, they could be distinguished
as accuracy being the measure of the approach to a
true value, while precision is a measure of consist-
ency or repeatability. (See Harris in Background
References.)

Repeatability is often used to describe measure-
ment variation obtained when one person meas-
ures the same dimension or characteristic several
times with the same gage or test equipment (some-
times referred-to as ‘‘equipment variation™’).

Reproducibility is a term popularized in the auto-
motive indusiry as representing the variation in
measurement averages when more than one per-
son measures the same ension or characteristic
using the same measuring instrument.

Stability refers to the variation in-the measure-
ment averages when the measuring instrument
values are recorded over a specified time interval.

Other terms used to describe certain properties of
gages include: sensitivity, resolution, calibration
accuracy and amplification, and others. See
sources such as Farago listed in the background
references for additional explanations of terms.

C. Gage Capability

When referring to gage capability, we are gener-
ally looking at the accuracy, repeatability, repro-
ducibility and stability combined into a single
value.

These capability elements have been depicted
graphically by Charbonneau and Webster. (See
Background References).

At the left is shown the repeatability or the ex-
pected variation in one person’s readings. The av-
erages for three different people are shown as X,
Xs, and X, and the reproducibility distribution
represents the average variation. Accuracy would

be calculated by averaging X4, Xu, Xc, and taking
the difference between this figure and the true
value. Stability appears as a distribution in the
second time period and again is represented as a
variation in average values. The capability is de-
picted as the difference between the extremes en-
countered over the time period.
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D. Gage Capability
Studies (cont’d)

2. Formal Gage Study

A more comprehensive gage study can identify
the proportion of variation contributed by both the
gage repeatability and reproductibility, commonly
referred to as a gage R & R study.

For example, poor reproducibility would indicate
aneed for operator training in use of the gage ora
requirement for better readability. A lack of re-
peatability would suggest the need for gage main-
tenance, gage redesign or selection of another
type of measuring device.

This complete gage study could be performed
with several different operators (inspectors or
testers) each performing several different mea-
surement trials.

To illustrate, we can use a form similar to that
presented by Charbonneau and Webster for up to
three trials for each of three different operators.
The average range (R) is used to estimate the
equipment variation (repeatability), and the ap-
praiser variation (reproducibility) is derived from
the differences in averages (X onr)-

For both repeatability and reproducibility, varia-
tion is based on 2.575 standard deviations (99% «
the normal distribution). The combined variabil-
ity is determined by adding the variance of both
and the R & R is determined.

Using this method, the generally recognized crite
ria for gage acceptabifity and capability (R & R
divided by the specification tolerance) is:

= Under 10%: acceptable gage

* 10% t0 30%: may be acceptable

« Over30%:  gage is unacceptable and should
. be corrected or replaced.
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Va:}ahle Gage Study

(Short Method) 1 Part fnspector A Inspector B Range (A—DB)
1 /A 2 =2
2 3 4 /
3 4 7 /
4 5 7 L
5 7 7 /
Sum of Ranges: 7 -

(Al numbers in tenths of an inch).

R Z
Average Range (R) = % =3 = 4
Gage Error = 4.33 (R) 4.33 (/4) = 6!
_ GageBrror 6/ 1525
Specification Tolerance 40 - B
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Measurement System/Gage Capability
Calculation Worksheet

Itany individual range exceeds this fimit, the measurement or reading should be reviewed
repealed. corrected or discarded as appropriate. and new averages and ranges should be computed

Measurement System/Gage Capability Analysis: N S
o PP, 05 /S s j

Equipment Variation (“Repeatabifity) - K& - _,3:05 /.5 .| 4 58 Repeatatitly
where: K, ~ 4.56 for 2 trials or 3.05 for 3 trials. e 27 _—

: - e . 70 /. -
Operator Variation (“Reproducibility”) = KX = __ 7% . .5‘ 70 Reproducibity
where: K, = 3.65 for 2 operalors or 2.70 for 3 operalors
Xais the difference between the max; and min,

Total “Repeatabiity” and “Reproducibility Variation (R&R) - V' (Repeatability)* + (Reproducibility)” Gage Capabiy

V(HIE (37 S 0.9 7367 3447 { 59

ParvAsm. Name  Shaff GageName A cromefer PaiNo // 3456
Charactecislic  Dra e for GageNo.  Mode/ # 599 Measurement Unit . 000 /
Specification .375 L . ooa Gage Type  / /izch ZeoEquals . J7 xx
Operator A 8 c
:a;\.;ﬂe No | 1st Trial 2nd Trial 3rd Trial Range 1s! Trial 2nd Trial 3rd Tna; Range sl Trial 2nd Trial 3rd Trial Range
1 74 55 57 2 57 585 s6 | R | se 57 =6 I
2 63 | e | 42 4 ¢ | é¥ | 64 | o | 62| &4 64 | 2
3 56 sY | 55 -2 57 s5 | s6 -2 55 55 | s o
‘ 57 | 55| st | 2 | sc | 57| 55| a 56 | 57| 55 | a2 |
s & | 58|y | 4 | 57| o o | 1 |57 | eo | 60 | 3 B
s e 55 | sY 2 so 24 S7| 3 S5 | 57 | se 2
|7 st 55 | s¢ d SE | se | s | 2 S5 | 55 | 57| w2 |
8 S7 | 857 Sé /| s7| 57 =7 ’ &7 | ¥ ST /
a £ | es | & 4 e e | 65 | s | es | é¥ | es | s
10 | 57 L S57 57 / 4/ o é0 / 58 59 | éo oz
Totals s582 S73 | S 4 593 | 59/ S5 /5 576 S | sS85 V74
' a |t | a | es | A | e
sun | /729 | sun| /770 | sun | /747 |
% |57 “ 570 “ [s223
Test for Control:
Upper Contral Limit, UCL, - DA - /58 /5 = 357
where: Ristheaverageot. A,  Re v R - #% /5 . /¢ . 45 15
D. = 327 for 2 trials or 2.58 for 3 trials B 3

Gage Acceptability Determination: . Total Gage Capabikty (R&R) _  poo5g [, ,7,‘}7 .
Specification Toterance ooy L

Hotes -

Analysis performed by ) Date
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