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The Steel Rule

There is a difference between a scale and a rule: a scale is
graduated in proportion to a unit of length; a rule is the unit of
length, its divisions and its multiples. One unit on a scale may
represent one mile in the “real world”; and a scale allows
engineers and draftspeople to depict small or large items at a
convenient size, not actual size. A 6-inch rule, on the other
hand, represents 6 one-inch divisions (multiples of one inch),
12 half-inch divisions, 24 quarter-inch divisions, and so forth.
Although they vary in some features, steel rules are all narrow
steel strips with one set or more of graduated marks. These
marks are referred to as a scale. Steel rules represent lengths
from a fraction of an inch to several feet, but the most popular
size of rule still seems to be one that you can fit in your pocket.




The Steel Rule

The number of subdivisions of a unit of length on a rule is called its
discrimination, and the discrimination of rules is as varied as rules
themselves.

When you measure with a rule, you use the interchange method of
measurement because you observe both ends of the part feature at
the same time. Of course, some people argue that you are using the
displacement method because your eye “displaces” from end to end.
Whichever method of measurement we are actually using, the rule
you are using is the standard for measurement. You also read the
measurement directly from the rule, so measuring with a graduated
standard or rule is commonly called direct measurement.

The Steel Rule

Rules and Scales
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FIGURE 5-4 The architects’ scale is read in feet and inches, the engineers’ in decimals of feet, but the
machinists’ steel rule reads directly in units of length. These may be in either SI (metric) units or English
and may be in either decimals or fractions and decimals for English.




The Steel Rule

The Steel Rule

You must consider three factors when using a steel rule:

Which style of rule will do the best job

Which measurement divisions (scale) should be used

Which method of holding both rule and part allows us to obtain the
most precise measurement




The Steel Rule

Discrimination

Finest Division: 2 mph
Drscrimination: 2 mph

Finest Division: 1116 Inch
Discrimination: 1116 Inch
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Odometer

Finest Division: 110 Mile
Discrimination: 1710 Mile
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1. Discrimination is the fineness of the scale
division of an instrument
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2. Itis the smallest division of the scale that
can be read reliably

3. Itis related to but is not a measure of
precision or accuracy.

Finest Division: 1/64 Inch
Discrimination: 1/84 Inch

FIGURE 5-5 Anyone who has argued with a police officer knows that the assumed discrimination of the
speedometer is not considered proof of its accuracy.

The Steel Rule

Steel Rule Scales
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FIGURE 5-6 Many scales are available. The four scales shown above are the most popular in the United

States. The decimal-inch is standard

in many plants.




The Steel Rule

Reference Points Alignment
== Very difficult to line up end of
4, rule with shoulder part.
Worst
Bath rule and part rounded
abgnment very difficult.
Better
Part has good edge but
rule is rounded
ke Knee provides positive reference paint Better
Right 7_’" — —l Rule has good edge but
“r part is rounded
— — Hook provides reference point Good
‘-_#'d Knee piece aligns both
Right . part and rule.
. Best
—— Aelerence point aligns with an inch line. Good edge is easy to align
\ ] with graduation

Right ' —

_— FIGURE 5-8 Use of the end of a rule invites error
FIGURE 5-7 The right way to use a rule is usually the Examination with a magnifying glass will usually disclose
easiest, fastest, and most reliable. wear.

The Role of Error

Discrimination and Precision
Wrong Right

1 2 Use 02 Scale 1 2

Use “—5 Scale 1 2
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FIGURE 5-10 The only excuse for not using an instrument of the proper discrimination is not having
ane. Unfortunately, this happens often and carefully considered compromises must be made.




The Role of Error

End to Graduation

003 width or graduation

1/64 1/64 1164 =— .0015 potential observational
Di 4 | error either side of the
¥ (Perfect Part) T dimensions
Mote: Greatly magnified graduations g -
are seen as sharp Vs on g
quality instruments. =

I—'—n.mensm — Dimensicn less one .003 graduation

FIGURE 5-11 The maximum observational error that can be caused by the graduation widths
is one-half graduation for an end setting, and one graduation for a setting between two grad-
uations. With decimal-inch scales, the margin of safety is greater because 0.02 in. is approxi-
mately 28 percent wider than 1/64 in.

Dimension plus one 003 graduation

The Role of Error

Reterence points
Measurad poants

~=— Dimension

Parallax Error {Visual Error) Wron,

L.
wiong M/
Rule is not along line 2 _
‘ f of measurements. / ‘/
B R Z Right
I \ ;l Light force holds rule
against suitable surface
N for alignment with ling
| of measurement.
gt sttt
. Right . 7
Properly sized auxdiary ’_.,

support holds rule
1o line of measuremeant.

FIGURE 5-12 There are many different types of obser- [ ————

vational or visual errors. One that must be recognized Wrong s s /
o -. 4 7)), |
nimised by having the line of messurement of the iy Usea 4// o

rule as close as possible to the feature being measured.

FIGURE 5-13 These potential errors are exaggerated. In
practice, they may be much less obvious.




Scaled Instruments

Depth Gages
Aod Type Blade Typo
Note that refence on blase
| and measured points
: are reversed Head
Relence pont B Measured
A poirtt
Measured
point B A Rafence pont

Line of measurement must
e perpendicular 1o head

Transber of —— Equivalent pont

maasuament /s

o steel e Equavalent
point

Use of hooked rule 1o
measure through holes

Direct measurement of blind
holes, slots. recesses

FIGURE 5-16 Types of depth gages. (Courtesy of Scheerr- —
Turnico, Inc. and Brown & Sharpe Mfg. Co.) FIGURE 5-17 The depth gage is frequently used to check the progress when machining holes and
recesses. When close to the finished size a mere precise instrument is substituted,

Scaled Instruments

Combination Sets

Center Protractor Square
Head Head Head

“Eyaball” it
Very poor reliability.

Use reference block
Poor reliability.

(The Lufkin Rule Co) g ipar
. / Detail of Turret

' Fiek-tichroi- o

FIGURE 5-18 A combination square improves reliability.

FIGURE 5-19 The steel rule and square head are called
a combination square, Adding the center head and pro-
tractor head changes the name to combination set.




Scaled Instruments

Squareness and Height

Measurement
- A B
5
| — e — Measured
g Point
3
=
-3
E
2 Referance
- E—— —  Point
3
Check squareness and Measure inaccessibla point
measure height. with right angle attachment
o Attachment might

Blade might nol —————s=r
e against plate D

Base of parl might
nol be squane o hight

Head might not —={&, Surface plate
be square. might not
be flat

FIGURE 5-20 Combining squareness and length mea-
surement in one instrument may combine errors or elim-
inate errors. It is up to the skill of the measurer.

Scaled Instruments

Depth Measurement

Line of measurement ———e=|

This angle does not matter

This one does

A & C-Right
B & D-Wrong

FIGURE 5-21 The combination square can be used like a depth gage. Being larger, it magnifies its range
and the errors. Overhang is always a problem.




Scaled Instruments

FIGURE 5-22 The protractor head with sliding blade
forms a versatile instrument for the measurement of

angles.

Scaled Instruments

Diameter Measurement

Hald 17 point at the relerence point

Swing rule for maximum
raading that will
be the measured point.

Ends are ground for locating
diamaters on large pans,

Shete Bade so that inch graduaton
coincides with reference point.

Measured point
/ s used directhy.

FIGURE 5-23 The center head speeds the measurement
of diameters and improves reliability.

Caer Hoad and Square Head
fro: Exarly Patien

A

c

FIGURE 5-24 The center head was corsidered early
in the development of the combination square by LS
Starrett as the patent drawing shows. In the circles, B
would be a more reliable center than A, whereas Cis an
average for an irregular shaft
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Scaled Instruments

Scale is covered bayond Reading a Combination Square
meaguted poirt on this
side.

Thes sige requires sighting, which is not refiable

1/32 scale erect
and reliabie.
Blade Position 1

1464 not reliable
to sight across

E 1B scale Irverted
é 1116 scale eract
and rehable.

1/64 scale inverted.
Raliable if corrected

1132 scabe
ot reliabie to
sight across.

1/8 scale erect.

FIGURE 5-25 When a blade has
only two positions by four scales, a
little judgment improves reliability,
When reading near the center of the
scale, particular care is required.

Scaled Instruments

Right angle rule clamg is usetul tor measuring
large diameters.

Riude clamp couples two
rules of same oo diffgrent
sizes.

Key seat clamps align rule with axis of cylindar,
peevanting skew condition a1 right

*

Height gage attachment provides blade for
use 8% Pointer of scriber.

FIGURE 5-26 Use attachments when their added con-
venience improves reliability more than their added
chance for errors decreases it. (Courtesy of the LS.
Starrett Co.)
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Calipers: The Original Transfer Instruments

Caliper Defined

Distance
' Measured I
Simple Caliper Instruments
Rederence Point " Measured Poims

A gircle can be approximated with a graduated scale
if sufficient measured points are plotted.

Divider Inside Caliper
b——i

If the distance is made into a radius bar, an infinite
numbaer of measured points can be swung around any
reference point.

Hermaphrodite
—— - Calipar
Qutside Caliper It, instead of a solid radius bar, the poinis
are adjustable, then a range of radii
I e — can be selected.

FIGURE 5-28 These are all simple calipers, although the
dividers have their own name. They all have ends that
are adjustable to transfer a measurement from part to
standard, usually a scale.

FIGURE 5-29 A caliper is an instrument for mechani-
cally duplicating a measurement. Unless otherwise spec-
ified, it is an adjustable instrument. Not all calipers are
termed that; dividers are an example,

Calipers: The Original Transfer Instruments
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Calipers: The Original Transfer Instruments

Types of Calipers

Relerence —= (== Measured

Pomnt Point
Dividers
Line

—&

Outside Calipers
End Measurement

Inside Calipers
— End Measurement

‘ Hermaphrodite Calipers
Line to End Measurement

Line of

FIGURE 5-30 All caliper instruments transfer measure-
ments, These are the basic types. Other versions bear little
resernblance, except in principle of operation.

Calipers: The Original Transfer Instruments

Double calipers for inside
and outside measurement

7

Combination calipers provide for a
large range of inside and outside
measurements,

Extension beam trammels have
Reversible calipers for inside capacity up to 36 inches.
and outside measurement.

FIGURE 5-31 Many types of calipers have been devised.
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Calipers: The Original Transfer Instruments

Transter of Measursmant with Dividers

From Fediability
m
g H
AL
y A Excellent
/
Ling 1o Line
B Good
Famale Ecge io Line Ling to Ling
- @
Ling 15 inside Male Edge Famale Edge io Line
- ﬁ
Inside Male Edge to Inside Male Edge Ling to Inside Male Edge

A

Insidse Male Edge o Outside Male Edge  Insice Male Edge 2 Inside Male Edge

FIGURE 5-33 The important thing to remember in the transfer of mea-
surements is that two, not one, measurements are involved. Each con-
tributes errors.

Calipers: The Original Transfer Instruments

Errors Add
For Added or Substracted Measurements

Example:

Reference Measurement It a circle is divided into 20 spaces
Point Point by "stepping off" with a divider whose setting is
Any true measurement 0.003 in. large. . .
is atfected by: and it is begun and it is begun from but if begun at 4
the part, from one point, opposite sides, the quadrants, the eror
the Instrument, and the error is BIror is is reduced to
the observer.
1 1 1
) 16 32 64
It may be increased . — - |
or decreased.
" s
For reliability we must
assume the worst. J.
|=——Value when substracted —-—T
from other measurements
Bad Fair Good
=—— Value when added to other ———=| Reliability

measurements

FIGURE 5-34 A group of measurements, each of which begins where the previous one left off, are known
as serial measurements. Obviously their errors interact. The accumulation of errors is easily demonstrated

by stepping off spaces around a circle of dividers. The results can be startling.

14



Calipers: The Original Transfer Instruments

Advantages of Dividers
No Parallax Error -
P Lines of Sight
— Line of Sight
)
l - _! Line of
Unless a rule can be placed on

the edge, its thickness causes "g 4 The sharp points of the

unrediability dué to parallax Qg}'i? q?qé»&' divider legs go into the
measurement lines with
minimurm parallax.

Computional Convensence ? ? E %
- translerred 1o a scale for

L=" easy measurement from

The shoulder is 31/54 in The dividers are sel o - -
from the reference line duplicate the dimension - - - - and then -* the 1 in. graduation.
NO convenient rule graduation

can be aligned satting

/ dividers 1o . - == any number can be laid
;4 it sothat -= out with the dividers.

;
Manipulative Convenience layingit
- = OUt Once K
Laying out the same dimansion _______ oo eee"T ST I
marny limes requires maore time
i q f 3 Ii 3 [ Y [ ¥ [ ¥ [ ¥ ¥

FIGURE 5-35 Properly used, dividers can save time without decreasing reliability.

Calipers: The Original Transfer Instruments

|
Path of Bullet i
& ™
o Line of Sight f

The path of the bullet is represented by the barrel. The rifle is
aimed by making that line coincide with the visual line from the
eye to the target, allowing for trajectory. The accuracy depends
on the skill with which the lines coincide

|

Lot oot o /\l
:-.:“ § f |
The line of measurement is the shortest line across the
L part. The accuracy of measurement results from the 1

l skill with which the edge of the rule is aligned -"'IT
In a slingshot there is no physical embodiment A caliper, like a singshot, i
of the Bullet path, Having no references. skill has no buill-in reference surtaces
alone determines accuracy. to align with the part, Accuracy depends on skill

FIGURE 5-36 Calipers have more in common with slingshots than rifles.
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Calipers: The Original Transfer Instruments

Line of Measurement = Quiside Caliper

The smallest caliper opening The smallest caliper opening The smallest caliper opening that will
that will pass the longest over- that will pass the eylinder. A plane pass the surfaces. it is along the
al ling through the sphere. perpendicular to the axis line farmed by any two
Mo clues for finding it comMains the shortest imersecting planes both of
distance. which are perpendicular

1o the relerence

surfaci.
Sphere
Cylndor Rec!anguln_K
Bast Parallalapiped
Poorest ey Poor

FFEURII_E 5:3]" S-eelé_thc smal.lesl (.aliper cpeni;\g that will ;;ass-the“par.t-:

PREY

FIGURE 5-38 Greatest reliability is achieved when a shoulder or recess on the part restricts the line of
measurement to a plane perpendicular to the part.

Calipers: The Original Transfer Instruments

Line of Measurement - Inside Caliper

Cylinder Rectangular
Parallelepiped
The largest caliper opening T
is easy to find for a spherical The largest caliper opening - -
1.D. but unless transfer calipers is simply found for an 1.D. The largest caliper opening for
are used the measurement an inside rectangular parallelepiped
cannot be removed. Best is easier o find than the smallest
Good opening for an outside one.

Not Bad

FIGURE 5-39 With calipers, inside measurements are somewhat easier to take than outside.




Calipers: The Original Transfer Instruments

§J 42
{

From a moe noa scrmlar Surtace,

Jp

From a cylindnical surface to a flat surlace such as
an inside micromater. Similar feel on both

From a cylindrical surace to a rule. No
feel with rule 10 compare with cylinder.

FIGURE 5-41 For greatest reliability with outside
calipers, the feel an the work should duplicate the feel
on the instrument,

Calipers: The Original Transfer Instruments

S50mm

17



Calipers: The Original Transfer Instruments

SLIDE CALIPER

Advantages 1. Combines rule, inside, and outside calipers in one instrument.
2. Provides positive contact with reference and measured points.
3. Substitutes line-to-line for line-to-edge readings.
4. Has built-in memory.

Disadvantages No wear adjustment.

1
2. Subject to misalignment.

3. Limited discrimination.

4. Cannot caliper inside to outside part features.

FIGURE 5-54 Although slide calipers are handy, careful measurement practices must be applied.

Calipers: The Original Transfer Instruments

TOOL
HOLDING
CLAMP

SPINDLE '

TILT
SCREW SPINDLE

*~  CLamp

BASE




Calipers: The Original Transfer Instruments

MeTRoL DaTa FOR SCALED INSTRUMENTS ReuApiLTY
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Bin. 02in 002in 002in £003 in
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4in, a0lin 00 in 001 000034 002 in
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3in nore 008 n
3in none none +0.08 in
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metnc 130 mm 0.5 mm 05mm 05mm 0.005/mm +0.5 mm 0.5 e
oeor i anm [EUR 00l m 007 in 002 in
frationakinch 5in B4 in 164 154 11 164 in +1.321n
FIGURE 5-55 Note that although the caliper instruments have relatively good itivity, their reliability is low
for a skilled operator and very low for manufacturing applications because two transfers are required for each

measurement,

Calipers: The Original Transfer Instruments

ReuasiuTy CHECK LisT FOR SCALED INSTRUMENTS

Inspection of
Instrument:

Set up penadic system for mnspection, depending on use

Inspect contact surfaces with magnifier for wear or abuse.

Remove burrs from shiding and contact surfaces

Compare readngs against an instrument of higher precision, greater accuracy, and wath known calibration.
Check all mechanical actions for proper functioning

Clean and lubricate internal parts.

Check alignment against square of known calibration

Y T ST A

Use: 1. Never use a measuring instrument for a hand 100 (scraper, chip digger, burring tool, mallet, screwdriver cr
shedge-hammer).
Never use beyond intended size range (do not force open).
Never use beyond discrimination or recommended precision.
Keep contact force 10 a minimum.
Ayoid BXCESSIVE MOVEMents Causing wear.
Clean both part and mstrument before using
Substitute mechanical support for hand support whenever possible
Guard against parallax when reading
Have entire setup rigidly supported.
Do not overtighten anything
Care: Lubricate instruments before replacing in case
Keep away from moisture.
Do not pile instruments together or with other objects
Do not mark tools in any way that interferes with use
Do not hesitate 1o throw away a worn ar defective tool

— LA L R

[=RT-N-)

[ ST -

FIGURE 5-56 Some of these suggestions seem self-evident. Carelessness can cause an expensive part to be scrapped
or a careful experiment to yield incorrect results,
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