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VERNIER CALIPERS




1. INTRODUCTION

A vernier caliper is a type of measuring tool that
incorporates a vernier scale and a pair of calipers. It is
said that the vemnier scale was invented by Petrus
Nonius (1492-1577), a Portuguese mathematician. Its
present sliding scale design bears the name of its
developer, Frenchman Pierre Vemnier (1580-1637).
Before vemnier calipers were introduced, parts were
measured with simple types of calipers (outside cali-
pers, inside calipers, hermaphrodite calipers, etc) and
steel rules. For example, when measuring an outside
diameter, the part is put between the two legs of the
calipers, and then the calipers are set to a rule to
transfer the reading. In another application the legs of
outside calipers are separated by a specific distance by
using a rule and parts are machined until the legs of the
calipers just manage to fit outside the machined sur-
face. Figs. 1.1 and 1.2 show an example of outside
measurement using outside calipers. Figs. 1.3and 1.4
show an example of inside measurement using inside
calipers.

o

Fig. 1.1 Measuring without-  Fig. 1.2 Reading the meas-
side calipers urement with a rule

oo
22227

These indirect-reading calipers require a great deal of
expertise in each measurement step. The vemier cali-
perwas developed to meet the need for a direct-reading
tool that can take a measurement easily in a single
operation. The typical slide caliper can take three types
of measurements; outside, inside and depth measure-
ments. Mitutoyo vemier calipers have an additional
function for taking step measurements.

Newer types of calipers employ different types of
readouts; a dial for the least count readout and elec-
tronic digital readouts. (The Mitutoyo digital readout
calipers are named Digimatic Calipers.) The digital
readout caliper is the newest development and is
becoming more popular these days. Typical discrimi-
nations, or resolutions, are 0.05mm and 0.02mm for
vernier calipers, and 0.0lmm for dial calipers and
digital calipers.

2. VERNIER
2.1 Types of Verniers

The vernier is an auxiliary scale that slides along the
main scale to permit accurate fractional reading of the
least division of the main scale.

There are two kinds of vemiers:

(1) Direct vemier

A vernier graduated into n equal divisions in the same
length as n - 1 divisions on the main scale. Both the
main scale and vemier scale are marked off in the same
direction. A fraction of 1/n of the smallest division of
the main scale may be read. (See Fig. 2.1.)

Vemniers on the standard metric calipers have either20
divisions that occupy 19 divisions on the main scale
graduated in 1mm increments, or 25 divisions that
occupy 24 divisions on the main scale graduated in
0.5Smm increments, providing discriminations of
0.05mm and 0.02mm, respectively.

6 7 8
Main scale ' |

0 ﬁs 10 Vemier

Fig. 1.3 Measuring with in-  Fig. 1.4 Reading the meas- Fig. 2.1 Direct vernier

side calipers urement with a rule



(2) Retrograde vemier

A vernier graduated into n equal divisions in the same
length as n + 1 divisions on the main scale. The main
scale and the vernier scale are marked off in opposite
directions. A fraction of 1/n of the smallest division of
the main scale may be read. (See Fig. 2.2.) The retro-
grade vemnier is rarely used in practical applications.

Vemier

Fig. 2.2 Retrograde vernier

2.1.1 Rows of main scale graduations

The main scale is graduated on one or two sides as
shown in Table 2.1. The M-type vemnier calipers usu-
ally have graduations on the lower side only. The CM-
.ype has graduations on both upper and lower sides for
outside and inside measurements. The M-type, which

is designed for both metric and inch measurements,
has two rows of graduations on the upper and lower
sides. One is a metric scale and the other is an inch
scale.

Table 2.1 Rows of main scale graduations

Type Number of rows | Unit/type of measurement
M-type caliper 1 Either mm or inch
M-type caliper 2 Both mm and inch

. Outside and inside
CM-typecaliper 2 measurements

2.1.2 Graduations on main scale and vernier

Table 2.2 shows different types of graduations on the
main and vernier scales. There are five types of gradu-
ations for the main scale and eight types for the vernier
scale, including the metric and inch systems.

2.1.3 Graduations on dial calipers
Table 2.3 shows different types of graduations on dial

calipers. There are five types of graduations, including
the metric and inch systems.

Table 2.2 Graduations of main and vernier scales

Metric Vemier readin, Inch Vemier
1eT Tea 1 i
Main scale division | Vernier graduations € Main scale division Vermier graduations € reading
0.5mm 25 divisions in 12mm 0.02mm 116in. 8 divisions in 7/16in. |  1/128in.
25 divisions in 24.5mm 0.02mm
50 divisions in 49mm 0.02mm 1/40in. 25 divisions in 1.225in. 1/1000in.
1mm 20 divisions in 19mm 0.05mm
20 divisions in 39 0.05mm 1/20in. 50 divisions in 2.45in. 1/1000in.
Table 2.3 Dial caliper graduations
Metric Inch
T - N
pe Division Dial graduations Displacement/ | 1y on Dial graduations Displacemeny/
. revolution revolution
100 divisions around . 100 divisions around
D- X . . X i
type 0.05mm c ference . Smm/rev 0.001in. cir erence 0.1 in.frev.
100 divisions around 200 divisions around
DT- 0.02mm . .001in. 21 .
type circumference 2mm/rev 0.001in circumference 0.2 in./rev
DE-type | 00lmm | 100 divisionsaround Imm/rev.
circumference




2.2 How to Take Readings on Vernier Scales

Direct vemiers are classified into two types, the stan-
dard vemier and the long vemier.

2.2.1 Standard vernier

This is the most commonly used vemier, which has n
equal divisions that occupy the same length as n - /
divisions on the main scale. In Fig, 2.3, let

S: Value of one main scale division

V: Value of one vemnier division

C: Discrimination of vemier

then, the value C is obtained as follows:

(n-1)S =nV

_n-1

' " Sl S
= =g_n- =
C=8S~V=S- - S= =

Main scale graduations

Vemier graduations l

o

Fig. 2.3 Relationship between main scale and vernier
graduations

Thus, each division on the vemier is smaller than one
main scale division by S/n. The fraction between the
main scale graduation immediately to the left of the
vemier zero index and the next graduation is repre-
sented by amultiple of S/n (the difference between one
main scale division and one vemier scale division);
this is determined by finding the graduation on the
vernier scale that is most accurately aligned with a
graduation on the main scale.
Fig. 2.4 shows an example of reading a main scale
graduated in lmm increments with a vemier that has
20 equal divisions in 19mm.
The difference between one main scale division and
one vemier scale division is as follows:

S

1
C-S-V-T-—ﬁmm

0 10 20 30 40 Main scale graduations

(Imm)

002 4680 Vemier graduations

Reading: 1.45mm

Fig. 2.4 Vernier having 20 divisions in 19mm on the main
scale

As shown in Fig. 2.4, the fourth graduation (numbered
2) after the zero index on the vernier scale is aligned
with a graduation on the main scale. Thus, the distance
between the 73mm graduation on the main scale and
the vemier zero index is:

1
20 mm x 4 = 0.20mm

The total reading is:
73mm + 0.20mm = 73.20mm

222 Long vernier

The long vernier is designed to make adjacent vemier
graduations more distinguishable. Forexample, along
vemnier that has 20 equal divisions in 39mm provides
adiscriminationof 1/20mm, which is the same asinthe
standard vernier example in 2.2.1. Because this vernier
has 20 divisions that occupy 39mm on the main scale,
the difference betweentwo divisions on the main scale
and one division on the vemier is given as: .

C=2mm - 32 1

- == mm=——
2

20
As shown in Fig. 2.5, the ninth graduation (next to the
graduation numbered 4) after the zero index on the
vernier coincides with a main scale graduation. Thus,
the distance between the 12mm graduationon the main
scale and the vemier zero index is:

1 —-—
—zammx9-0.45mm

The total reading is:
12mm + 045mm = 12.45mm

mm

One division on the long verniers can be expressed as:

(an-1)
n

where, a is a positive integer (1, 2, 3,...)



The discrimination of a long vemier that has » equal

divisions in the same length as an - I divisions on the

main scale is //n of one main scale division, as shown

helow:

et

S: Value of one main scale division

V: Value of one vernier division

C: Discrimination of vernier

a: Positive integer (1, 2, 3, ...)

then, the value C is obtained as follows:
(an-1)S=nV

C=a§_y-naS-naS+S _ S

V=

n n
Thus, each division on the vernier is smaller than a
times one main scale division by S/n.

30 40 50 60 70 Main scale graduations

! (Imm)

Vemier graduations
012345678 90 &

*39 1

T 1

Reading:30.35mm

Fig. 2.5 Vernier having 20 divisions in 39mm on the main
scale

2.2.3 Inch verniers

In Fig. 2.6, the vernier zero index is between the
second and third graduations after the lin. graduation
on the main scale. The vemnier is graduated in eight
equal divisions that occupy seven divisions on the
mainscale. Therefore the difference between one main
scale division and one vemier scale division is given
as:

=s-v=S -1 1L 1,
€=5-V= 6" T8 T8 "
4 8
lll ] l 111 I Vemier graduations
T T I T T T T T [ e
] 2 (1/16in.)

Fig. 2.6 Vernier having 8 divisions in 7/16in. on the main
scale

Fig. 2.6 shows that the fifth graduation after the zero
index on the vemnier graduation coincides with a main
scale graduation. Thus the fraction is calculated as:

L inxS=-2—in.

128 128

The total reading is:
in+-2 in+—>—in =1 —2L i
lm+16 m+128 in =1 178 n.

3. CLASSIFICATION OF CALIPERS BY SIZE
AND TYPE

3.1 Small and Large Calipers

Calipers are available in many diffcrent sizes, with
measuring ranges from 100mm to 3m (4in. to 120in.
for inch calipers). Generally, calipers that have a
measuring range of 300mm (12 in.) or less are classi-
fied as small calipers, and oncs with larger ranges are
classified as large calipers.

3.2 Standard Type Vernier Calipers

JIS B 7505 specifies two types of standard vemicr
calipers, the M-type (Fig. 3.1) and the CM-type (Fig.
3.2).

3.2.1 M-type vernier calipers

Fig. 3.1 shows a Mauser type vemier caliper (first
manufactured by Mauser, a German company). JIS
refers to this type of caliper as the M-type vemier
caliper (called the depth-bar caliper). The M-type cali-
per has a grooved slider and jaws for inside measure-
ment. A depth bar is provided for calipers that have a
measuring range of 300mm or less. Large calipers,
such as ones with 600mm and 1000mm measuring
ranges, have no depth bar. The vernier is graduated
into 20 divisions in 39mm for the 0.05mm rcading
type, or into 50 divisions in 49mm for the 0.02mm
reading type. The Mimtoyo M-type vemicr calipers
(Fig. 3.3) are designed to allow casy stcp measure-
ment; the inside jaws are close to the main scale beam
head as compared with the M-type vernier calipers
from other manufacturers and the end of the slider is
flush with the main scale beam head when the jaws arc
completely closed.
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Fig. 3.2 CM-type vernier caliper
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Fig. 3.3 Head of M-type vernier caliper

3.22 CM-type vernier calipers

Fig. 3.2 shows a CM-type vemier caliper (first manu-
factured by Mauser). This type is also called the
Mauser type or German type vernier caliper. As shown
in the figure, the CM-type caliper has a slider that
consists of a box and is designed in such a way that the
tips of the outside jaws can be used for inside measure-
ment. This type is usually provided with fine adjust-
ment for vernier movement. Unlike the M-type cali-
pers, the inside measuring faces of the CM-type are not
sharp-edged, so they have superior resistance to wear
and damage. The C-type caliper, which is a simplified
version of the CM-type, has no fine adjustment mecha-
nism, and a discrimination of 0.05mm.

3.3 Other Types of Vernier Calipers

The vemier calipers described above are standard
types and most widely used. There are, however



demands for speéial-purpose calipers and calipers that
are easy to handle and read. The following types were
developed for such demands.

3.3.1 M-type vernier calipers with fine adjustment

The M-type vemier caliper that incorporates the fine
adjustment mechanism of the CM-type is useful for
measuring small inside dimensions. Mitutoyo offers
three sizes of M-type vemier calipers with measuring
ranges of 130mm, 180mm, and 280mm. All three have
a vemier discrimination of 0.02mm.

3.3.2 M-type vernier calipers with a thumb clamp

The standard M-type vemier calipers have the main
scale’s reference surface (for guiding the slider) on the
side of the outside jaw, and a leaf spring and a slider
clamp screw on the side of the inside jaw of the slider.
The M-type vemier calipers with a thumb clamp (auto-
stopper) have the main scale’s reference surface on the
side of the inside jaw. The spring-loaded thumb clamp
on the slider is used to clamp the slider. By pushing the
knurled thumb hold on the thumb clamp to close the
jaw, theslideris unclamped and can be moved smoothly.
This eliminates the need for tightening and loosening
the clamp screw, thus improving the measuring effi-
ciency.

N
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1
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Fulcrum Spring
Lever

Clamp pin

Fig. 3.4 M-type vemier caliper with thumb clamp

3.3.3 Dial calipers

Dial calipers are now used extensively because they
provide easy and error-free readings when compared
with vernier calipers. The dial caliper uses the ampli-

fication mechanism of the dial gage. Measurements
are taken by adding the reading on the dial, which
indicates the fraction of the main scale reading with a
pointer, to the reading on the main scale. Since parallax
errors are not involved when taking readings from a
dial, the dial caliper allows quick and accurate meas-
urement without special skill. As showninFig. 3.5, the
dial caliper consists of a main scale to which a rack is
attached, and a slider to which the dial is attached.
Since the meshing of the rack and pinion mechanism
is of critical importance, the depth bar is covered to
protect the rack teeth from dust, cutting chips and oil.
Mitutoyo offers dial calipers in eight different sizes
with measuring ranges of 100mm, 150mm, 200mm,
300mm for the metric models, and 4in., 6in., 8in., and
12in. for the inch models. They are classified into three
types, the D-type (dial reading to 0.05mm or0.001in.),
the DT-type (dial reading to 0.02mm or 0.001in.), and
the DF-type (dial reading to 0.0lmm, metric type
only).

3.3.4 Digimatic Caliper CD

The Digimatic Caliper CD (Mitutoyo digital caliper,
Fig. 3.6) uses a capacitance type detector, which is a
new displacement detection system. It is almost the
same size and weight as conventional vemier calipers
of the same measuring range. The Digimatic Calipers
are now used extensively because of their advantages
— easy reading and operation and enhanced function-
ality — that were made possible by the digital system.
1) Sizes and types of Digimatic Calipers

Digimatic Calipers are available in a wide variety of
sizes with measuring ranges of 100mm, 150mm,
200mm, 300mm, 450mm, 600mm, and 1000mm. Some
small Digimatic Calipers have carbide-tipped jaws.
The Digimatic Calipers are divided into three types;
the M-type, the C-type, and the CN-type. There are
also Digimatic Calipers for special purposes (NTD
series). Standard Digimatic Calipers are provided with
a data output connector.

2) Features

The main features of the Digimatic Calipers are shown
below.

® Easy-to-read

Measured values are displayed on a five-digit LCD
(resolution: 0.01lmm) which is easy to read and free
from reading errors.
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Fig. 3.6 Digimatic Caliper CD

@ Compact, light weight, and low power consump-
tion

The Digimatic Calipers are as compact and light weight
as conventional vernier calipers. This was achieved by
adopting a capacitance type detector which is made
compact with a low-power, miniaturized circuit and
does not require substantial changes from the conven-
tional caliper structure. Since Digimatic Calipers
consume little power, long hours of service are pro-
vided by a small battery. (Battery life is about two
years under normal operating conditions.)
Reference data:
Weight: 170g (150mm measuring range)

200g (200mm measuring range)
Power source: Silver oxide battery (SR-44) x 1
® Zero-setting function
This function zeroes the display at any desired posi-
tion, allowing comparative measurement and other
types of measurements according to the workpeice

type.

@ Quick response speed

The detector’s response speed is high enough for
normal measuring speeds. (The maximum response
speeds are 6000mm/s when opening the jaw and
1600mm/s when closing the jaw.)

® Data output function

Digimatic Calipers can be connected to an externai
data processing device, such as a Digimatic processor
or personal computer. They can also be integrated into
an M-SPC (Mitutoyo Statistical Process Control)
system.

The data output button has two functions. It serves as
a data output switch when an external device is con-
nected, and as a data holding switch when no extemnat
device is connected.

Reference data:

Operating temperature range: 0°C to 40°C

Storage temperature range: -10°C to 60°C



3) Stucture

The Digimatic Caliper consists of a main scale and a
slider, as in conventional vernier calipers, and a dis-
placement scale unit and a reading unit. Fig. 3.7 shows
the structure of the Digimatic Caliper.

The displacement scale unit incorporates an accu-
rately aligned array of electrodes to provide a refer-
ence for the sensor position. The reading unit consists
of a sensor electrode that faces the electrodes of the
displacement scale unit, circuitry to process the signal
from the sensor into a displacement value, and opera-
tion buttons.

Fig. 3.7 Exploded drawing of Digimatic Caliper

4) Sensor performance requirements

The following are performance requirements for a

sensor to determine displacements in digital calipers:

« Low power consumption

« High resolution and large measuring range

« Must not respond to linear or angular displacement
in directions other than the measuring direction

» No wiring to the main scale

» Small size and low cost

The capacitance type sensor satisfies these require-

ments and is employed in Digimatic Calipers.

5) Detecting principle of Digimatic Calipers

The displacement sensor of Digimatic Calipers uses a

capacitance type linear encoder that detects displace-

ments based on the phase difference of induced elec-

tric current. As shown in Fig. 3.8, each sensor unit

consists of parallel-plate capacitors C, and C,, sender

plates P, and P,, and receiver plate R. When sine-wave

voltages V, (= sin wt) and V, (‘= cos wt) are applied to

sender plates P, and P,, respectively, the phase of the
electric current generated by the charge OR on plate R
is shifted from that of V,, in proportion to the displace-
ment of the sender plates. By detecting the phase
difference, the displacement, or measured value, is
determined.

As shown in Fig. 3.9, the displacement sensor of a
Digimatic Caliper contains six sets of eight sender
plates (providing eight different phases), or 48 sender
plates in all.

P,, P, Sender plates
R: Receiver plate
g: Clearance between

£

Fig. 3.8 Displacement detecting principle of Digimatic Cali-

per
Sender plates (8 x 6 = 48 plates)
00000 s e
_— eceiving se
R e

Fig. 3.9 Displacement sensor in Digimatic Caliper

3.3.5 Digimatic Mini-processor

1) M-SPC (Mitutoyo Statistical Process Control) sys-
tem
a) The M-SPC system is a comprehensive process
control system that integrates a wide variety of
measuring tools. It consists of Digimatic Mini-
processors that process data from Digimatic
measuring tools on shop floors, and a variety of
data transmission units that send measurement
data to a host computer for centralized data
management and storage. The desired system
can be configured to best suit the manufacturer’s
particular production system.

sender and receiver plates



b) Many powerful pieces of software are available, 2) Digimatic Mini-processors and examples of data
including the M-STAT program for creating his- processing
tograms and X-R charts, and making process ca- Figs. 3.10,3.11, and 3.12 show the DP-1HS, DP-2DX,
pability analyses. and DP-30, respectively. Fig. 3.13 shows data proc-
essing examples.

Fig. 3.12 DP-30
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34 Special-pul;pose Calipers

As mentioned above, calipers have a wide range of
applications. Some workpieces, however, have a
complex shape that is difficult to measure with stan-
dard types of calipers. Many special-purpose calipers
have been developed to solve these measuring prob-
lems. Descriptions of the principal types of special-
purpose calipers follow.

3.4.1 Calipers with carbide measuring faces

The measuring faces of calipers are subject to wear. In
order to increase abrasion resistance, some of the
Mitutoyo M- and CM-type calipers have carbide-
tipped inside and outside jaws. These types are suit-
able for measuring workpieces with rough surfaces,
castings, and grinding stones.

3.42 Offset calipers

This type of caliper permits the jaw on the head end of
the main scale to be vertically adjusted by loosening
the clamp screw (Fig. 3.14). This makes it possible to
measure dimensions on stepped workpieces, which
cannot be measured with standard types of calipers.

L e
e

Outside jaw

\Offset jaw

Fig. 3.14 Offset caliper

3.43 Swivel-jaw calipers

This type has a slider jaw that can be rotated by £90°
about an axis that is parallel with the line of measure-
ment (Fig. 3.15). It can measure stepped workpieces
and shafts having off-centered sections that cannot be
measured with standard types of calipers.
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J\L_%

Swivel jaw

Fig. 3.15 Swivel-jaw caliper

3.4.4 Long-jaw calipers

This type is a modified design of the C- and CM-type
calipers and has longer main scale and slider jaws than
standard types of calipers (Fig. 3.16). It can measure
inside diameters of deep holes and large outside di-
ameters that cannot be measured with standard types
of calipers. The standard jaw lengths of this type arc
90mm for a measuring range of 300mm, and 200mm
for a measuring range over 500mm.

Slider
Clamp screw

Vernier clamp screw
7/

{ |

»

Outside measuring

face
[FRANEC -

Re\ference surface
Vernier

N

Jaws Thumb hold

Inside measuring faces

Fig. 3.16 Long-jaw caliper

3.4.5 Constant-force dial calipers

Plastic materials are now extensively used formachine
parts and require accurate dimensional measurement.
Because these materials are soft, they can be deformed
by the measuring force of ordinary calipers and mi-
crometers, resulting in inaccurate measurements.
Constant-force dial calipers have been developed to
measure materials that are easily deformed. Fig. 3.17
shows a constant-force dial caliper.
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Fig. 3.17 Constant-force dial caliper

Stopper

As shown in Fig. 3.18, the constant-force dial caliper
is designed such that the main scale jaw and the main
scale beam are not one piece; the main jaw is attached
to the beam via parallel leaf springs, which apply a
constant measuring force to the workpiece being
measured. The main scale jaw is held by one end of the
parallel springs, the other end of which is fixed to the
main scale beam. When the workpiece touches the
main scale jaw, it displaces the jaw by a small amount.
The movement of the jaw is conveyed via the connect-
ing pin, which is attached to the jaw, to the sector gear
which rotates the pinion. When the pointer, which is
attached to the pinion, points to the index line on the
dial, a predetermined constant measuring force is
applied to the workpiece to measure it accurately.

Sector gear pinion Parallel spring holder
Parallel springs 7= 2 Main scale beam _!_
Reinforcing | ff |
plate it

Bottom cover-

Pointer of constant-

foree gage Main scale | Dial

reference surface

Stopper Main scale jaw

Fig. 3.18 Mechanism of constant-force dial caliper

The measuring operation is as follows:

Finely feed the slider by turning the thumb roller, the
same way as for ordinary dial calipers. Bring the jaws
into contact with the workpiece, and continue to tum
the thumb roller until the pointer of the constant-
pressure gage points to the index line. Then read the
measurement.

Table 3.1 shows the specifications of the constant-
force dial caliper.
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Table 3.1 Specifications of constant-force dial caliper

Measuring range 0 - 180mm
Dial reading 0.05mm
Readout method Dial
Measuring force (50 - 100gf) 05N -1IN
Maximum displacement

of main scalesjl')aw 0.2mm
Slider movement By roller

3.4.6 Offset calipers for hole distance
measurement

This type has cone-shaped jaws (cone angle: 40°) to
measure the centerline distances between holes with
the same or different diameters, between holes on dif-
ferent surfaces on a stepped workpiece, and the dis-
tance from a datum face to the center of a hole (Fig.
3.19).

Both the vemnier and dial types are available. The
measuring ranges are 10 - 150mm, 10-200mm, and 10
- 300mm.

———

3

1)

"\

V

Fig. 3.19 Offset caliper for hole distance measurement

Jaws

3.5 Construction of Main Scale and Vernier

Measurements on a vernier caliper are read by finding
the vemnier graduation that is aligned withamainscale
graduation. However, the alignment position may vary
depending on the viewing angle (parallax error). If a
caliper is used in an adverse environment where the
graduated face is exposed to cutting chips and dust, the
graduations may become hard to read due 1o scratches
or stains. Slider movement may become uneven also.
In order 1o cope with these problems, many different
types of main scale - vernierconstruction are availablc,
as shown in Figs. 3.20 - 3.25.



3.5.1 Standard construction

This is the most common type of construction. As
shown in Fig. 3.20, the edge of the graduated face of
che vernier is in contact with the graduated face of the
main scale. Parallax erroris minimal, but the drawback
of this construction is that the graduated face of the
main scale is subject to damage caused by the move-
ment of the slider.

-Graduated face of
main scale
Leaf spring

Slider
Main scale—"

s

Fig. 3.20 Standard construction

3.5.2 Grooved construction

The graduated face of the main scale has grooves, as
shown in Fig. 3.21. This construction allows smooth
movement of the slider by reducing the friction be-
tween the main scale and the slider, and allows dust
inside the slider to be collected in the grooves. A
modified version of this type has a thin vemier gradu-
ation plate, which has a graduated face that is parallel
with the graduated face of the main scale to minimize
parallax errors (Fig. 3.22).

Groovcs\

Main scale— Slider

%,

Graduated face of
main scale

Fig. 3.21 Grooved construction

Graduated surface of
main scale

7\

Fig. 3.22 Parallel graduated faces
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3.5.3 Recessed construction

As shown in Fig. 3.23, the graduated face of the main
scale s recessed by about 0.05Smm. In this construction
the edges of the vemier will not come into contact with
the graduated face of the main scale, thus minimizing
damage to the graduated face of the main scale. (This
type has measuring ranges of up to 1000mm.)

Graduated face of
main scale

N
/////)/7/2 %

Fig. 3.23 Recessed construction

3.5.4 Flush-fit construction (Parallax-free
graduated faces)

As shown in Figs. 3.24 and 3.25, the graduated faces
of the main scale and vernier are flush with each other.
The graduations of the two surfaces face each other.
This construction eliminates parallax errors. The flush
type 2 (Fig. 3.25) is sometimes referred to as the
diamond type because of its cross-sectional shape.

Graduated face of
| '}m scale ,Vemier

7\

7 %

Fig. 3.24 Flush type (1)

Graduated face of
vernier Graduated face of
main scale

Y
7.
Vi 4 ”/%

Fig.3.25 Flushtype (2)
(Diamond type)




4. MATERIALS OF CALIPERS

Two major quality requirements for the caliper mate-
rial are; (a) abrasion resistance on the measuring and
sliding faces, and (b) corrosion resistance.

To satisfy these two requirements, the caliper is made
from hardened stainless steel. Because hardened, high
carbon stainless steel is superior in hardness but infe-
rior in corrosion resistance to ordinary stainless steel,
the material generally used to construct calipers is
chromium13-based stainless steel with a 0.25 - 0.40%
carbon content. For the main scale and the slider,
materials such as SUS 420 J2 of JIS G 4303 and SK6
of JIS G 4401 or materials with equal or superior
performance are used.

S. JIS SPECIFICATIONS FOR CALIPERS

5.1 Hardness

The measuring faces of calipers should have a hard-
ness of not less than Hv 550, when stainless steel is
used, or Hv 700, when another material is used. The
hardness is measured either on the measuring face or
on a side face within 2mm of the measuring face.

5.2 Graduation Lines
The graduation lines on vemier calipers should have
the widths specified in Table 5.1. The width of all

graduation lincs on the main scale and vemnier scale
should not differ by more than 30um.

Table 5.1 Width of graduation fines

Discrimination Width of graduation line
0.05mm 80 - 200pm
0.02mm 80 - 150um

5.3 Instrumental Errors

Table 5.2 shows the permissible instrumental errors.
5.4 Straightness of Measuring Faces

The straightness of both the outside and inside meas-

uring faces of calipers should be within 0.0lmm per
100mm of the measuring face.

14~

Table 5.2 Permissible instrumental errors of vernier calipers

Unit:mm
Discrimination 0.1 0.05 0.02

Measuring range ’

0 002

Over 010 100 incl. 1005 | % | s00

Over 100 to 200 incl.

Over 200 to 300 incl. +0.08 +0.04

Over 300 to 400 incl.

Over 400 10 500 incl. +0.10 +0.10 +0.05

Over 500 1o 600 incl.

Over 600 to 700 mcl +0.12 10.06

Over 700 10 800 Tncl. +0.15

Over 800 10 900 incl. +0.15 +0.07

Over 900 to 1000 incl.

Values specified in this table are for a temperature of 20°C.

5.5 Gap Between Measuring Faces

When the jaws are closed and the two outside measur-
ing faces touch each other, the gap between the faces
should not exceed Spum (a gap that can be determined
by recognizing the interference color caused by the
diffraction of light).

5.6 Overall Errors of Calipers

The overall error takes every possible individual error
into account. Itis defined as the estimated error (uncer-
tainty in measurements) when a workpiece made of
metal or an equivalent material is measured under
conditions that are close to standard conditions, with a
caliper that has an instrumental error within a specified
tolerance. In other words, the overall error is the
maximum error when dimensions close to the maxi-
mum measuring range are measured. The overall er-
rors of calipers should not be greater than the values
given in Table 5.3.

Table 5.3 Overall errors

Unit: mm
Discrimination| o} 0.05 0.02
Measuring range
150 +0.1 +0.08 +0.05
200 0.1 +0.08 +0.05
300 +0.1 +0.10 +0.06
600 +0.15 +0.13 +0.08
1000 +0.20 +0.18 +0.11




5.7 Zero Point Error of Depth Bar

n calipers with a depth bar, the error at the zero point
.hould not exceed 0.02mm.

5.8 Step Between Graduated Faces

The distance (step) between the graduated face of the
main scale and the bevelled edge of the graduated face
of the vemier should not exceed 0.3mm.

5.9 Construction and Functions

(1) The maximum peak-to-valley height (Rmax) of
the surface roughness of the measuring face should
not exceed 1.6um.

(2) The parallelism between the outside and inside
measuring faces should be within the absolute

should not affect practical use.

(3) The distance between the planes of the outside jaw
of the main scale beam and the outside jaw of the
slider should not affect practical use.

(4) The slider should slide smoothly, free from loose-
ness, over the entire range of operation.

(5) It should be possible to securely clamp the slider
and fine feed device to the main scale beam with
the clamping device.

(6) The fine feed screw should operate smoothly. The
play felt in the screw should not affect practical
use.

6. MEASURING METHODS TO EVALUATE
CALIPER PERFORMANCE

The performance of a caliper is checked according to
the procedures in Table 6.1.

value of the permissible instrumental error, and

Table 6.1 Measuring methods to evaluate caliper performance

No. Item Measuring method Measuring instrument
Insert a gauge block between the two outside - Grade 1 gauge block
measuring faces. Measure it at the root and tip _ 1 | specifiedinJISB7506

1 Insu:mnmtal error of | of the measuring faces. Determine the instru- kr ] /—"
outside measurement | 151 error by reducing the dimension of the
gauge block from the reading on the caliper.
Measure the internal dimension which has been Grade 1 gauge block
set using a gauge block and accessories by the specifiedinJISB7506
inside measuring faces. Determine the instru- Holderand Type A flat
2 ?ns.l:mmental error of | mental error by reducing the dimension of the jawsareaccessories of
inside measurement | gayge block from the reading on the caliper. the gauge block and
are given in the Ap-
pendix of JIS B7506
Seta lever type dial indicator on a surface plate fglénm ﬁzz&m ?iu:}diﬂdi“mf Steel rule specified in
so that its contact point can move in parallel £ = v4 JIS B 7515
with the outside and inside measuring faces of L Grade 1 precision sur-
the caliper. Measure the straighmess of the face plate specified in
outside measuring faces by sliding the dial \ JIS B 7513
Straighmess of inside | indicator stand. Measure the straightness of the Lever type dial indi-
3 | and outside measur- | inside measuring faces in the same manner. \ N\ ‘J cator specified in JIS
ing faces s(;hs RSwel rule B 7533 (Graduation:
0 wraighted 0.002mm)
g VAF S *  |Grade A (or higher
£ grade) straightedge
g ot 00wy | specifiedin JISB7514
2 Steel rule reading Dial indicator stand
4 Clearal.lce between Visual test
measuring faces
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7. MEASUREMENT ERRORS OF CALIPERS

The following factors affect the measuring accuracy of
calipers:

(1) Errors inherent to the construction of the caliper
(2) Parallax error

(3) Environmental conditions and measuring force

7.1 Errors Inherent to the Construction of
Calipers

7.1.1 Abbe’s error

In 1890, Emst Abbe formalized what is now known as
Abbe’s principle, which states: “maximum accuracy
may be obtained only when the standard is in line with
the axis of the object being measured.” The construc-
tion of calipers does not conform to Abbe’s principle.
Fig. 7.1 shows a case where the graduations of the
main scale are on the extension of the line of measure-
ment. The diameter, L, of the workpiece is measured as
R, on the caliper. If the axis of the spindle makes angle
6 with the line of the measurement, the error in this
measurement is calculated as follows:

L-R=-3
L =R cos8
L

R= cos@

['H 1
~d=-L+L(Q+2-)=—102
+L 0+ ) ) 5

=L(1+9Tz)

R
TPl ddd e,
L 3
S

Fig. 7.1 Abbe’s principle

Thus, as long as Abbe’s principle is satisfied, the
measurement error, d, is negligible in many cases
because the value 62 is small enough.

Fig. 7.2 shows measurement using a caliper. The
workpiece is placed between the jaws on a line at a
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distance, k, from main scale A. Suppose that jaw B is
tilted by angle 6 due to the fitting clearance between
the slider and the main scale and that the diameter, L.
of the workpiece is read as R on the main scale. Note
that the value R includes an additional error, 3,, that
arises because jaw B touches the workpiece at a point
thatis a distance h’ below the diameter to be measured.
Thus, the error in this measurement is calculated as
follows:

L=R+3J,+9,

where,
§=m-h)tand =(h-h)6
h'=L8 o
82=L(1—cose)=L—2—

~L=R+(h-L6)0 +—1§— L6?
L-R=h8 -_;_x_e2

As the value 0is small, the value 82 may be ignored.
Therefore, the measurement error can approximately
be expressed as:
L -R=hé

This means that in order to increase accuracy in caliper
measurement, (1) the fitting clearance between the
slider and the main scale should be minimized to make
the angle @ small, and (2) the workpiece should be
measured in a position as close to the main scale as
possible.

JARNTERAY {1

Fig. 7.2 Abbe’s error for calipers



7.1.2 Error caused by flexure of the main
beam

scale

The main scale of vemier calipers may bend in two
directions, both of which affect measuring accuracy.

(1) Bends along the reference face
(2) Bends along the graduated face

7.1.2.1 Bends along the reference face

As shown in Fig. 7.3, a measurement error will result
if the main scale’s reference face (the side face that

serves as the reference to guide the slider) is bent.

This error can be expressed by the formula to deter-

mine Abbe’s error, as follows:

f=h0=h-la—

)

]

.10 20 30

e
® 2 %89 43508 v s 020

9 40 s0 .0 T0 0
gl |

gyl

St
S

Fig. 7.3 Emor due to bent reference face on main scale

7.1.2.2 Bends along the graduated face

Bent graduated faces of the main scale also cause
measurement errors. In this case, arc length, [, is
obtained, instead of the required linear length, L, as
shown in Fig. 7.4. The resultant error, E, is given as:
E=l-L .
e T

&+ 2
Rl=__2_da&
R,=R, +t

,=R,0=(R, + 18
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Example: If the straightness error of the slider motion,
caused by abent reference face, is 0.010mm/
50mm and a dimension of SOmm is meas-
ured by the tips of 40mm-long outside

measuring jaws, the resultant error, f, is
obtained as follows:

f = 40mm x 0.01 + 50 = 0.008mm

Thus, a bent reference face caused by careless han-
dling or improper use as well as wear on the reference
face significantly affects the measuring accuracy.
Measuring with a large-size caliper or long-jaw caliper
requires special consideration in supporting the cali-

per (e.g., calipers should.be supported as close to
Bessel points as possible).

! ®\ S
T )
i !
i |
H t
' |
| £ |
- !
£
L
Workpiece
l“//,__._--—---[5--_u\\w Graduated face
\

&,

\ 4

|
~

Fig. 7.4 Error due to bent graduated

face on main scale



Example: If the bend along the graduated face is
0.05mm/50mm and a dimension of 50mm
is measured with a caliper that has a 3mm
thick main scale, the resultant error, E, is
obtained as follows:

L =50mm d=0.05mm t=3mm)
R;=6250mm R,=6253mm 6=0.008 (RAD)
= 50.024mm

~E=L-L=0.024mm

When the formulas are applied to the neutral surface of
the beam, the error is calculated to be 0.012mm.

The calculation shows that a bent graduation face is
less significant, and indeed less likely to cause meas-
urement errors than a bent reference face. However,
sufficient care should be taken because the main scale
is more liable to be bent or deformed along the gradu-
ated face due to careless handling.

7.1.3 Wear on the jaws

Because the tip of the jaws on the M-type calipers are
thin (for measuring narrow grooves), they are subject
to greater wear. In order to minimize wecar, use the
portion of the jaws that is closest 1o the main scale
whenever possible.

7.1.4 Errors in inside diameter measurement

Measurements made with M-type vemier calipers,
which measure inside diameters with the inside jaws,
involve measurement errors that are inherent to the
design of the jaws. These errors are more significant
when measuring small holes. In this measurement,
dimension d, is obtained instead of the actual dimension,
d, as shown in Fig. 7.5. In this case, thicknesses ¢, and
t, of the inside measuring faces, and the clearance C
between the main scale jaw and the slider jaw greatly
affect the measuring accuracy. Table 7.1 shows the
errors calculated for different valuesof B (=¢, + ¢, +
C) between 0.3mm and 0.7mm in 0.1mm increments.
Graph 7.1 shows an error curve when B is constant
(0.7mm).

As shown above, when measuring inside diameters,
especially those of small holes, it is necessary to take
these errors into consideration and make necessary
compensations.

Graph 7.2 shows error curves with reference to differ-

ent jaw clearances and thicknesses when a hole diame-
ter of 10mm is measured.

Inside jaw
of slider
K- / V//J/ Inside measuring

/ " T'-' " face of slider
1
1 -4 o
- / !
LA
Inside jaw of /
main scale
Inside measuring
face of main scale

Fig. 7.5 ID measurement using inside jaws of M-type caliper

Table 7.1 Small hole measurement errors
{Relative to offset of measured points from hole center line)

Unit: mm

Hole Offset from hole center lineB (B =1, +1,+ C)
diameter| 03 04 05 0.6 0.7
1.5 0.030 0.050 0.090 0.12 0.17
2 ) 0023 0.041 0.060 0.09 0.13
25 0.018 0.032 0.050 0.07 0.10
3 0.015 0.027 0.042 0.06 0.08
35 0.013 0.023 0.036 0.05 0.07
4 0.011 0.020 0.031 0.045 0.06
45 0.010 0.017 0.028 0.038 0.05

5 0.009 0.014 0.026 0.033 0.047

6 0.008 0.013 0021. | 0.029 0.041

7 0.007 0.011 0.018 0.026 0.036

8 0.007 0.010 0.016 0.023 0.033

9 0.006 0.009 0.013 0.020 0.028

10 0.005 0.008 0.012 0.017 0.023
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Graph 7.1 Hole diameter vs. measurement error

Thickness of inside jaw edge  t=0.3mm
25 I N | | . ]
Clearance between inside jaws ¢=0.1mm
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Error (um)

Graph 7.2 Clearance between inside jaws vs. measure-
ment error when measuring a hole dia. of 10mm
(t: Thickness of inside jaw edge)
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7.2 Vernier Reading and Parallax

The following factors can produce errors in vernier

scale readings:

(1) Graduation error (one type of instrumental error)

(2) Theeye’s ability to recognize the alignment of two
graduations

(3) Parallax

7.2.1 The eye’s ability to recognize the alignment
of two graduations

The scale of vemier calipers must be read by the
human eye. There are three aspects that affect the eye’s
ability to read scales: recognizing power, visual acu-
ity, and resolving power (resolution).

Recognizing power: The ability to recognize the shape
of an object. (Multiple visual cells are stimulated)
Visual acuity: The ability to perceive existence of an
object without shape recognition. (A single visual cell
is stimulated.)

Resolving power: The ability to distinguish two proxi-
mate objects as two separate objects. (This is most
closely related to measurement.)

(1) Resolving power of the eye

The lens of the eye focuses unconsciously. When an
object is brought into focus at the distance of distinct
vision (250mm), the distance from the lens to the retina
is about 15.5mm (Fig. 7.6).

Lens Retina

H @ : A

-9
———

Fig. 7.6 Structure of eye

As mentioned above, the ability of the eye to distin-
guish two separate points or lines close to each otheris
called the resolving power. E. Hering, 2 German
physiologist and psychologist, explained the resolving
power of the human eye from the structure of the eye.
In order for the eye to distinguish separate points, the
two points must be far enough apart that between the
stimulated visual cells that sense the points, there is at
least one cell that is not stimulated. To meet this



condition, the distance, h, in Fig. 7.7 is required. The
average size of the cells located near the center of the
retina is about Spum. This corresponds to a visual angle

of 1', which is equivalent to 0.06mm at the distance of
distinct vision.

Visual cell

Fig. 7.7 Resolving power

Measurements on a caliper are taken by finding a main
scale graduation that is aligned with a vernier gradu-
ation. The ability to recognize whether or not two
proximate lines align with each other is called the
recognition power of two-line alignment. The rela-
tionship between distance &’, in Fig. 7.8, and distance
h, mentioned in section 7.1.2, is & = 2V3 /. Hence
distance #’, is calculated to lie between 0.012mm and
0.017mm for objects that are at the distance of distinct
vision. This explains why vemier instruments permit
a reading of 0.02mm. Thus the recognition power of
two-line alignment, or vernier acuity, is much superior
to the resolving power of the eye.

Visual cell

Fig. 7.8 Recognition power of two-line alignment

(2) Experimental data on recognition power of two-
line alignment

In 1960, W. Moser verified in his report contributed to

Microtechnic that a simple alignment of two lines (as

in a vemnier reading) can be recognized to an accuracy

of 0.02mm (Fig. 7.9 and Table 7.2).
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A
— A
0 10
Jinfrni,
B
(a)
1ISH)
(e
(a) Simple superposition  (b) Simple alignment
(c) Double alignment (d) Symmetrical division

Fig. 7.9 Types of alignment

Table 7.2 Alignment recognition power (by W. Moser)

Alignment recogni- | Required amplifica-
_ | tonpoweratdistance | tion for specific
:’g' of distinct vision measuring accuracies
) Length
sec 0.001mm | 0.01mm
(1m)
Simple
s sition| 2 +63 +80 80 8
Simple
alignment b +16 +20 20 2
Double
alignment c 8 *10 10 1
Symmewical | g | 5 | 465 65 | 065
division

7.22 Parallax error

Because the graduated faces of the main scale and
vernier of a caliper are usually not on the same plarne,
parallax can cause errors in finding the graduations
that are aligned with each other.

In Fig. 7.9, we consider the parallax error when there
is aheight difference, A, between the graduated face of
the main scale and the graduated edge of the vemnier. If
the eyes are at position A”, which is right above the
matching graduations, no parallax error will occur.



However, the eye position is usually shifted, to the left
or right, when taking a measurement with one eye
closed. In addition, most people have different visual
acuities between the left and right eyes. For these
reasons, a parallax error tends to occur. Referring to
Fig. 7.10, the parallax error, AS, is given by the
following formula:

__bh
AS--——a

This indicates that the smaller the value A, the smaller
the parallax is. However, the value 4 is limited by the
construction of the caliper. It is also difficult to posi-
tion the eyes right above the matching graduations. If
the graduations are seen at the distance of distinct
vision (250mm), assuming that the distance between
the left eye and right eye is 60mm, and the difference
in height between the vernier and main scale is 0.2mm,
then the parallax error is calculated as follows:

(b=30mm h=02mm a=250mm)

A'S =0.024mm
The above calculation supposes that the face is posi-
tioned directly above the caliper. The parallax error
will be greater when the face is shifted in either
direction. Parallax errors can be minimized through
experience.

Graduated surface of
vemier

“Graduated surface of main
scale

Fig. 7.10 Parallax error of caliper

7.3 Environmental Conditions and Measuring
Force

In addition to the causes of error mentioned above,
there are many other factors that can cause significant
errors, such as the environmental conditions and the
method of use. The major factors are discussed below.

Graduated surface of vemier
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7.3.1 Thermalexpansion

Objects will expand or contract with temperature
changes. Lengths of objects are determined at the
internationally adopted standard temperature of 20°C.
If the thermal expansion coefficients and temperatures
of the workpiece and the measuring tool are the same,
a measurement error will not result even if the meas-
urement is taken at a temperature other than 20°C.
If there is a temperature difference, Ar, between the
caliper and the workpiece, the measurement error, f, is
given by the following formula:
f=AtxaxL
where
o Thermal expansion coefficient (/°C)
L: Measured length
If the thermal expansion coefficients of the caliper and
the workpiece are different and there is no temperature
difference between the two, the following formula
applies:
f=(1-20°C)(@,-0o,)L
where
t: Temperature (°C)
o,: Thermal expansion coefficient of workpicce
o,: Thermal coefficient of caliper
If both the expansion coefficients and the temperatures
are different, the following formula applies:
f={t-20°C)o, - (1,-20°C)a) } L
where
t,: Workpiece temperature
t,: Caliper temperature
Example: Consider the case where a brass part is
measured on a shop floor where the tem-
perature is very high, and assume that the
temperatures of the caliper and the work-
piece are the same.
Letting
t=35°C, o, = 18.5x10%°C, 0,=11.5x 10 “/°C,
L = 380mm
Then,
f=15x(18.5-11.5) x 10 x 380mm = 0.04mm
This example shows that the temperature seldom pres-
ents a serious problem in ordinary measurement. .
Normal considerations will be sufficient; e.g. mini-
mize the temperature difference between the caliper
and the workpiece, and avoid extremely high or low
temperatures when measuring non-ferrous, metal
workpieces.



7.3.2 Measuring force

Unlike micrometers, vernier calipers are not provided
with a mechanism that ensures a constant measuring
force. Therefore, the measuring force will vary each
time a measurement is made (especially with different
users).
The degree of smoothness of the vernier motion along
the main scale greatly affects the measuring force of a
caliper. When measuring a workpiece using a caliper,
the workpiece is held between the jaws of the main
scalc and the slider with a certain force. The user’s
fingers hold the vernier with force, 0, whichis the sum
of forces, P and R, which are the force exerted on
workpicce by the jaws and the frictional force that
exists between the main scale and the vemier, respec-
tively (Q = P + R).
There is a clearance between the sliding faces of the
main scale and the vernier where a leaf spring (typi-
cally made of phosphor bronze) is installed. If an
cxcessive forceis applied tothe workpiece by the jaws,
the lcaf spring will bend, causing the slider jaw to tilt
and thus resulting in a measurement error. To mini-
mize crrors, the following precautions must be pb-
served:
(1) The slider must move smoothly.
(2) Do not apply an excessive measuring force.
(3) Mcasure the workpiece using the portion of the
Jaws that arc closest to the main scale.

8. MAINTENANCE OF CALIPERS

Although calipers arc often used under hostile envi-
ronments, their maintenance tends to be overlooked
because of the simple construction and low accuracy
requircments. In order to obtain the best possible
performance from calipers and to ensure economical
usc, it is essential to implement effective maintenance
control. As with other types of measuring instruments,
calipers should have standardized rules that govem
purchasing, training, handling, storage, maintenance,
and periodic inspection.

8.1 Purchase

An effective method of maintenance control for meas-

uring tools, such as calipers, that are frequently used on
the shop floor, is to limit the number of tools in the tool
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room and on the shop floor. Although calipers are not
very expensive, they are not consumables and should
not be treated as such. When purchasing a caliper, its
service life should be considered. The type, size and
accuracy of the caliper should be selected according to
your specific application. For example, if an applica-
tion requires a discrimination of 0.05Smm, and a vernier
caliper with a discrimination of 0.02mm is purchased,
it is uneconomical and increases the inspection time.
On the other hand, inspection procedures must be
standardized when the caliper is purchased.

8.2 Storage

Observe the following precautions when storing cali-

pers:

(1) Select a place where the calipers will not be sub-
jected to dust, high humidity, or extreme tempera-
ture fluctuations.

(2) When storing large-size calipers, which are not
frequently used, apply a rust preventive to the
sliding and measuring faces and separate the two
measuring faces.

(3) Atleast once a month, check the storage condition
and sliding movement of calipers that are seldom
used and kept in storage.

(4) Prevent vapors from chemicals such as hydrochlo-
ric acid or sulfuric acid, from permeating storage
rooms where calipers are stored.

(5) Lay calipers so that the main scale beam will not
bend and the vernier will not be damaged.

(6) Keep a record of calipers that are stored and lent-
out to the shop floor with check-out slips.

(7) Putaperson in charge of calipers that are stored in
tool boxes and on racks that are on the shop floor.

8.3 Periodic Inspection

Periodic inspections of calipers should be carried out
once or twice a year, depending on the frequency of
use. Inventory control methods should be implemented
to prevent inadvertent use of calipers in need of repair
and those to be disposed of. There are two systems of
making periodic inspections; one is to inspect the
calipers at each work site, the other is to collect all the
calipers, at certain intervals, and inspect them all at
once. All personnel who use calipers in the work place
should be informed of the inspection system.



9. PRECAUTIONS WHENMEASURING WITH
A CALIPER

Observe the following precautions when measuring

with a caliper:

(1) Before taking measurement, remove cutting chips,
dust, burrs, etc. from the workpiece.

(2) When measuring, slowly move the slider while
lightly pressing the finger hold against the main
scale.

(3) Measure the workpiece using the portion of the
jaw that is closest to the main scale.

(4) Do not use an excessive measuring force when
making inside measurements with CB- and CM-

type vemier calipers, which use the jaw tips for
inside measurement.

(5) Never attempt to measure a rotating workpiece.
(6) After using acaliper, wipe it clean and store it with
the outside jaws slightly opened.
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HEIGHT GAGE




(1) Metric

1. OUTLINE

The height gage, as its name may indicate, is a device
for measuring the height of a workpiece. It is also used
as a scribing tool. As the vemier caliper was developed
by combining a pair of calipers and a scale with a
vemier for quick and accurate measurement, the height
gage was developed by combining a rule, a rule stand
and a surface gage. The vernier height gage incorpo-
rates a vemier to provide accurate readings.

2. SCALE GRADUATIONS

The standard graduations of vernier height gages are
shown in Table 2.1 and Fig. 2.1. There is also a type
which has a main scale that is graduated in 0.5mm
increments, which is rarely used nowadays. The most
common vernier graduations of height gages are
0.02mm for the metric system, and 0.001" for the inch

system. Some height gages have both metric and inch
graduations.

(2) Inch (3) Inch
SOdivisionsind9mm  5Odivisionsin2.45in.  25divisionsin1.225in.
Discrimination: Discrimination: Discrimination:
0.(Rmm 0.0G1in. 0.001in.
Main scalej Vemicr  Vernier | Main scale  Main scale} Vemier-
3—
R WP — e
-xI= == e
49 45== 1=
v ZE s 0t m—w
=4 = — 99—
=7 30 =
—= s 8——
37— +6 I e el
=5 5= 6—_
2==_, 202! 5—— 10
= = =
=3 == =
| ZE = — =
=t 0= 2 5=
=1 == 1=
0 =+ 0 = 0 00— 0

Fig. 21 Graduation types
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Table 2.1 Height gage scale graduations

Graduation L.
Main scale Vermier Discrimination
1.0mm |50 divisions in 49mm 0.02mm
Metric | 1.0mm |20 divisions in 19mm 0.05mm
1.0mm |20 divisions in 39mm 0.05mm
Inch 0.025in. |25 divisions in 1.225in. 0.001in.
0.05in. |50 divisions in 2.45in. 0.001in.

3. TYPES OF HEIGHT GAGES

Height gages are classified into the following types,
according to the readout system:

* Vemier type

» Dial type

« Dial type with counter

« Digital type

Column

Main scale graduations

Clamp screw
Measuring face of scriber
/ Base
Refe face - A\
1 __ ]
\
Reference face of base

Fig. 4.1 Vernier height gage



4. CONSTRUCTION
4.1 Vernier Height Gage

Fig. 4.1 shows the basic construction of the vernier
height gage. It has 2 mechanism (Fig. 4.2) for verti-
cally feeding the scale and a fine feed mechanism (Fig.
4.3) for the slider.

Clamp nut

Fixed shaft Rack
Fine-feed gear
. Feed screy Clamp screw
I Feedroller
Guide shaft Nut

Fig. 4.2(a) Scale feed Fig. 4.2(b) New Scale feed

mechanism mechanism®
* Utility modei (pending)
Fine feed device
Fine feed roller al
amp screw
Fine feed screw

Fig. 4.3 Fine feed mechanism

4.2 Dial Height Gage

The main disadvantages of the vernier height gage are
that readings take time and involve parallax errors
because measuremenis are taken by finding a gradu-
ation on the main scale thatis aligned with a graduation
onthe vernier scale. The dial height gage (Figs. 4.4 and
4.5) solves these problems by incorporating the ampli-
fication mechanism of the dial indicator into the height
gage. Dial height gage measurements are taken by
adding the reading on the main scale graduation to the
reading on the dial, which indicates the fraction of the
main scale reading with a pointer. This minimizes
parallax crrors and allows quick and accurate meas-
urements. Fig. 4.6 shows the amplification mecha-
nism of the dial height gage (one rotation of the pointer
corresponds to a 2mm displacement).
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Fig. 4.5 Dial Indicator with counter

Large gear (2)

; G —)Spring
' ;
T4 ']>Arge gear (1)
Y
i

Fig. 46 Amplification mechanism

Center pinion

141§
1711

Intermediate pinion

1

Rack

4.3 Digimatic Height Gage

Like other Digimatic measuring tools, such as
Digimatic Calipers and Micrometers, many types of
Digimatic Height Gages (Mitutoyo digital height gage
series) have been developed and marketed. The
Digimatic Height Gages are broadly classified into
two types. One type (the HD and HDM series) uses a
rotary encoder for displacement detection and has a
double column, and the other type (the HDS and HDF
series) uses the capacitance type displacement detec-
tor — the same system adopted by Digimatic Calipers
- and has a single square column.



4.3.1 Rotary encoder type
4.3.1.1 Series names and outline

There are two types; the HD series (standard type) and
the high-performance HDM series.

(1) HD series

The HD series, which was the first Digimatic Height
Gage series to be developed, is the standard and most
popular type. Gages in this series have all the basic
functions, including zero setting, display holding,
presetting (for the uppermost digit), miscount error
indication, and battery check.

(2) HDM type

The HDM series Digimatic Height Gages are equipped
with many advanced functions, including data output
and ABS (origin restoration) functions. The data out-
put function allows printing, go/nogo judgments, sta-
tistical analyses, and histogram generation when con-
nected to a data processor such as a DP-1DX or a DP-
2DX, thus greatly increasing the efficiency of data
processing and recording. The ABS function permits
the absolute origin to be restored so that the distance
from the origin can be determined, even after zeroing
the display at any scriber position. For example, after
zeroing the display for a step measurement, the height
from the reference face can be instantly determined,
which greatly improves the measuring efficiency.

4.3.1.2 Specifications

The table below shows the specifications of the HD
and HDM series Digimatic Height Gages.

Column fixing beam

Main column\

Slider
\\

Fig. 4.7 Digimatic Height Gage HDM

Fig. 4.8 Two-directional touch signal probe

Table 4.1 Digimatic Height Gage specifications (HD and HDM series)

Measuring [Resolu- |{Zero Two-directional [Data [ABS  |Emor Battery | Power | Battery life
Order No.) Code No. | ange (mm)tion (mm)| senting | Prese¥ing |Data hold |, cional probe | output [function |indication| check | source | (a120°C)
192-601 |HD-30 0-300 0.01 O |of digiv o o) O |LR6x3| 500(h)
192603 {HD-60 0-600 0.01 O {O digiy o} o O |{LR6x3 | 500()
192-604 |HD-100 | 0-1000 | 0.1 O |0 digivy o (o] O |LR6x3| 500 ()
192-621 |HHD-30 | 0-300 0.01 O |o(Andigis)| © o o O [LR6x3| 900 (@)
192651 |HDM-30 | 0-300 0.01 O |O(aldigisy| © o o) o o} O |[LR6x3| 900(h)
192-653 |HDM-60 | 0-600 0.01 O |O(Audigis)} © o] o} o o O |[LR6x3| 900()
192-654 |HDM-100| 0-1000 | 0.01 © |O(andigis)| © o) o o) o) O |LR6x3|{ 900(m)

-28-



4.3.1.3 Nomenclature

Referto Fig. 4.7 for the nomenclature of the Digimatic
Height Gage.

4.3.1.4 Features

The HD and HDM series Digimatic Height Gages

have many features which vary depending on the

model. The following features are common to all
models:

(1) The measured values are digitally displayed so
quick, error-free readings can be made.

(2) They can measure and scribe to an accuracy of
0.01mm.

(3) The zero-setting function permits the datum point
1o be set where desired. This eliminates the need to
calculate the difference in height, which is particu-
larly convenient in step measurements.

(4) Cordless power allows carefree operation.

(5) The data hold function makes measuring opera-
tions convenient. For example, some measure-
ments must be taken in positions where it is not
possible to read the display. The display can be
held so that it is read from an amiable position.

(6) With the presetting function, any desired value can
be set on the datum plane.

(7) The slider feed wheel provides both coarse and
fine feeding, allowing easy positioning for scrib-
ing and efficient measurement.

4.3.1.5 Detecting mechanism

The rotary encoder converts the linear displacement of
the slider to a rotational motion of a slit disc. The
number of revolutions of the disc is then digitized to
determine the displacement. In Fig. 4.9, the pinion,
which is engaged with the rack on the main column,
tumns as the slider moves up or down. The rotation of
the pinion is transmitted via a gear to the center pinion
and turns the slit disc which is coaxial with the center
pinion. Any backlash between the rack and the center
pinionis removed by the torque of the spiral spring that
is provided between the anti-backlash pinion and gear.
The disc has 125 slits that are arranged radially close
to the circumference. As the disc rotates, the photoe-
lectricdevice receiveslight, which periodically changes
in intensity, through the slits and generates output
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signals of 125 cycles per rotation of the disc. Each
signal cycle is further divided electrically into four
pulses. Because the disc is designed to rotate once for
every Smm the slider is displaced, a resolution of
0.0Imm is obtained..

Main column

Slit disc
Pinion

Phol}electn’c device

Anti-backlash |
pinion -

Fig. 4.9 Displacement detection mechanism

4.3.1.6 Two-directional touch signal probe

(1) Application

The two-directional touch signal probe (Fig. 4.8) is
specially designed for use with the HDM series height
gages. In addition to ordinary height measurement, it
offers many other useful applications. For example, it
automatically compensates for the probe ball diameter
to allow direct measurements of inside and outside
widths without the need for calculating for the diame-
ter compensation after the measurement is taken. An-
other feature of this probe is that it has a constant
measuring force in both directions. These features
greatly improve the measuring efficiency of the height
gage.

(2) Detecting mechanism

Ordinary touch signal probes send a signal the moment
the stylus touches the workpiece. As shown in Fig.
4.10, when measuring inside or outside widths with
such probes, the actual width, L, is either greater or
smaller than the measured value, /, by diamezer, 4, of
the probe ball, and the difference has to be compen-
sated for by calculation. An automatic compensation
function eliminates any errors that might be made in
manual compensation calculations. The two-dircc-
tional touch signal probe makes this compensation in



a simple mechanical way. The probe body contains
two disc contacts and one ball contact. The electrical
circuit is closed and a signal sent the moment the
spherical contact touches one of the disc contacts. The
ball contact is normally positioned in the center be-
tween the two disk contacts at a distance of d/2 (probe
radius) from each of the disk contacts (Figs. 4.11 and
4.12). The ball contact and the probe ball are attached
to the ends of a lever arm at the same distance from the
fulcrum, so the ratio of their displacements is one to
one. When the probe ball is displaced by d/2 after
touching the workpiece, the ball contact touches a disk
contact to issue a detection signal. This has the same
effect as a fixed probe issuing a signal when the center
of the probe ball comes to the measurement point.
Probing in the opposite direction will work in the same
manner as described above, to determine the measure-
ment point. Thus, the probe ball diameter is automati-
cally compensated for, regardless of whether the
workpiece surface is probed in the upward or down-
ward direction. In addition, the disk contacts have a
certain amount of play to absorb probe overtravel,
which prevents the workpiece from going out of posi-
tion when the stylus is excessively displaced by com-
ing into contact with the workpicce.

i

Inside width Outside width

Fig. 4.:10 Measurement with ordinary touch signal probe

Disc contacts
Ball contact

Stylus ball Bearing

y

C>Signal

Fig. 4.11 Two-directional touch
signal probe

Measured surface where
signal is issued

Fig. 4.12 Operating mechanism of two-directional touch
signal probe

4.3.2 Capacitance detector type

The HDS series Digimatic Height Gages are popular
and economic type of gage suitable for shop-floor use.
They can be used for both measuring and scribing
work. Operation is very similar to that of a vernier
height gage. For simplicity, the number of switches is
minimized. For instance, zeroing the display is accom-

* plished by simply pressing a switch, instead of having

to move the main scale as with conventional mechani-
cal height gages. Another advantage is that most of the
accessory attachments for mechanical type height gages
can be used for the HDS series height gages.

4.3.2.1 Series names and outline

There are two types in the HDS series; the S-type
(standard type) and the M-type, which has data output
capability.

(1) S-type (Fig. 4.13)

The electronic unit of the S-type is the same one that is
used in the Digimatic Calipers. It has a robust con-
struction with a thick scale column in order to provide
accurate and repeatable measurements. The measur-
ing range is 200mm (8in.).

(2) M-type (Fig. 4.14)

The M-type is equipped with an output capability as
standard and uses the electronic unit that was specially
developed forit. It is easy to operate because the LCD
screen is horizontal and the graduated column face can
be used as a guide for measuring/scribing operations.
The measuring ranges of the M-type are 300mm,
600mm and 1000mm (12in, 18in, 24in and 40in).
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(1) Base

(2) Column

(3) Scale

(4) Slider

(5) Fine feed device

'(6) Clamp screw

(7) Display (LCD)
(8) ON/ZERO button
(9) Scriber
(10)Slider jaw
(11)Scriber clamp
(12)Inch/mm button

Fig. 4.13 S-type (standard type)
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(1) Base

(2) Column

(3) Scale

(4) Slider

(5) Fine feed device
(6) Clamp screw

(7) Display (LCD)
(8) ON/ZERO buiton
(9) Scriber
(10)Slider jaw
(11)Scriber clamp
(12)Inch/mm batton
(13)Power OFF button
(14)Output connector

Fig. 4.14 M-iype with data output capability

-31-

4.3.2.2 Features of the HDS series

(1) The column has a robust construction with a large
square cross section for shop-floor use.

(2) The HDS series uses the same type of capacitance
type detector that is used in Digimatic Calipers,
which is very compact and highly durable because
of the non-contact detection system.

(3) The high response speed allows the slider to be fed
quickly, providing increased measuring efficiency.

(4) The graduations on the column make it possible to
quickly read the approximate dimension.

(5) It has a low power consumption circuit that is
powered by a button-type battery for along period
of time. In addition, the built-in auto-power-off
function minimizes power wastage during idle
time.

Refer to Figs. 4.15 and 4.16 for battery replace-
ment.

Fig. 4.15 Replacement of slider and battery
(HDS, 200mm model)

- SR-44 (No. 938882)

Fig. 4.16 Replacement of slider and battery
(HDS, 300mm model)



(6) By connecting a Digimatic Mini-processor to the
data output connector (provided on 300mm and
largerrange models), measurements can be printed,
statistical analyses can be performed, and histo-
grams can be generated.

4.3.2.3 Functions

The main functions of the HDS series include: zero-
setting, auto-power-off, error alarm, low battery volt-
age alarm, and data output. (The data output function

isonly provided on models with a range of 300mm and
greater.)

4.3.2.4 Nomenclature

Referto Figs. 4.13 and 4.14 for the nomenclature of the
HDS series height gages.

5. CARE REQUIRED IN USING HEIGHT
GAGES

The height gage is a precision measuring tool used for
accurate scribing work and height measurement. To

ensure accuracy, special care must be taken when:

using it.
5.1 Zero-point Checking

As with other types of measuring tools, zero-point
checking is essential in measuring with height gages,
especially if the zero point can be moved, whether it is
a vemnier, dial, or digital readout type.

To check the zero point, first lower the slider until the
measuring face of the scriber gently touches the sur-
face plate, then secure the slider in that position with
the clamp screw. Do not press the scriber onto the
surface plate with excessive force when making con-
tact. If the scriber is pressed against the surface plate
too hard, the base of the height gage may be raised,
which will not allow accurate zero-setting. Check that
the proper pressure is applied by sliding the scriber off,
and then onto the surface plate. Repeat this a couple of
times. If a bump is felt, the measuring face must be
lower than the bottom of the base. If this happens, lift
the scriber and then lower it again to the surface plate.
In order to avoid this problem, clamp the fine feed
device and use the fine feed roller to bring the measur-
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ing face into contact with the surface plate, as in height
measurement.

For vemier height gages, with the scriber touching the
surface plate, use the magnifying glass to check that
the zero lines on the main scale and the vernier match.
If they do not match, adjust the main scale with the fine
feed roller that is at the top of the main scale beam. For
dial height gages, turn the bezel until the pointer is
aligned with the zero graduation on the dial.
Different zero-point checking or zero-setting proce-
dures are used for the Digimatic Height Gages. Differ-
ent procedures are used depending on whether a two-
directional touch signal probe is used or not. When the
touch signal probe is not used, simply press the zero-
setting button (this is equivalent to zero-setting by
adjusting the bezel on dial height gages). When the
touch signal probe is used, zero-setting is completed
by pressing the zero-setting button and then bringing
the probe into contact with the datum surface.

5.2 Avoid Knocks

As with any measuring instrument, knocks impair
measuring accuracy. In particular, when using alever-
type dial test indicator on a height gage, the zero point
may be changed by knocks or overtravel of the lever.
Exercise caution with scriber tip since it is very sharp.

5.3 Eye Position When Reading

Consider the height of the eyes and the direction of
sight when reading the vernier scale in order to avoid
parallax errors (see section 7.2 in Vernier, Dial and
Digital Calipers). When using a magnifying glass,
look at the graduations through the center portion of
the lens, otherwise a parallax error may result even
when the eyes are directly over the graduations be-
cause light through a portion close to a lens edge is
refracted significantly.

5.4 Use a Clean Surface Plate

The height gage is often slid on the surface plate to
perform measurements. Wipe the surface plate clean,
because dust, cil, or sweat contarninants may cause the
gage to stick on the plate, affecting measuring effi-
ciency and accuracy. Wear gloves when making
measurements as sweat greatly affects sliding smooth-



ness.
3.5 Do Not Over-extend the Scriber Arm

The scriber atm should not be extended longer than
necessary. As with caliper measurement, the line of
measurement must be as close to the main scale as
possible in order to minimize Abbe’s error.

It is also important to keep an appropriate and constant
measuring force as height gages are not provided with
a such a device.
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DIAL HEIGHT GAGE
WITH DIGITAL COUNTER




PREFACE

~ This chapter describes Mitutoyo’s original double-
column dial height gage with digital counter. For
general descriptions of calipers and height gages please
refer to the appropriate chapters.

1. FEATURES

(1) TheMitutoyodial height gage with adigital counter

is a low-price digital readout height gage which
allows zero-setting at any scriber position.
To keep it inexpensive, a mechanical counter is
employed. Since there is a limited number of digits
on the counter, a dial indicates fractions. To facili-
tate reading displacements in both directions, the
counter provides two directional readouts.

(2) The high precision racks increase measuring and
scribing accuracy and efficiency.

This height gage uses two round-bar columns
which have a rack on them. The clearance between
the sliding/engaged sections are minimized.

I R;cl;ked column

Column fixing beam Re
Feed wheel
Up-counter
Bezel /
S !/ Down-counter
™ B/
Scriber

Counter resct button

Dial indicator

Clamp

Base

Fig. 1 Dial height gage with counter
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Note: The HD and HDM series Digimatic Heigh*
Gages (described previously) were develog
as full-digital versions of this type by incorp
rating a rotary encoder in place of the mecham
cal counter.

2. PRODUCT OUTLINE

Fig. 1 shows the external view of the dial height gage
with counter. As the feed wheel at the back of the slider
is turned, the slider moves up or down via the pinion
which is attached to the feed wheel on its axis and
engaged with the rack on one of the columns. At the
same time, another gear on the axis of the feed wheel
drives the counter via a gear train in imm or lin.
increments. The pinion of the dial is cngaged with the
rack on the other column and rotates the pointer
through an amplification mechanism as the siider
moves up or down. Thus, slider displacements smaller
than 1mm or lin. are indicated on the dial.

Fig. 2 Scriber

=

Fig. 3 Base



3. MAIN SPECIFICATIONS

Table 1 Main specifications of dial height gage with counter

Model No. H730N H760 H7100 HH730 H712N H724 H740 HH712 -
Order No. 192-106 192-104 192-105 192-201 192-116 192-114 192-115 192-211
Measuring range 300mm 600mm | 1000mm | 300mm 12in. 24in. 40in. 12in.
Resolution 0.01lmm 0.001in.
Instrument error +0.03mm | #0.05mm { +0.07mm I 1+0.02mm | #0.03mm { $0.05mm | $0.07mm | 0.02mm
Narrow range accuracy 0.02mm 0.02mm
Return stroke error 0.01mm 0.01mm
Clamping error 0.01lmm 0.01mm
Parallelism between base and
0.01mm 0.01lmm
scriber face
Flatness of base 0.004mm 0.004mm
Scriber dimensions (6.35 x 12.7 x 30 x 60mm)
15 x 80mm

A.B,H,L (Fig.2) 9x9x15x 1/4% 1/2 x 118 x 2.36in.
Base dimensions

. 85x125 | 120x180 | 150x250 | 92x140 | 85x125 | 120x 180 | 150x250 { 92x 140
A x B (Fig. 3) mm
Column diameter 15mm 20mm 20mm 20mm 15mm 20mm 20mm 20mm
Distance between columns 33mm 38mm 38mm 38mm 33mm 38mm 38mm 38mm
Rack pitch Dial 0.5mm 0.02in.

Counter 1mm Imm
ispl eed 1

Disp! atfement per feed whee 2 2
revolution
Overall height 454mm 790mm 1195Smm 504mm 454mm 790mm 1195mm S04mm
Weight 34kg 8.4kg 16.6kg 6.0kg 3.4kg 8.4kg 16.6kg 6.0kg

4. CONSTRUCTION

The dial height gage consists of a main unit, a counter,
and a dial.

4.1 Main Unit

The main unit consists of a base, a main column (front
column with the rack for the dial), a sub-column (rear
column with the rack for scale feed and the counter), a
slider frame, and a column fixing beam. The column
fixing beam, provided at the top of the columns,
directly affects the overall accuracy and must not be
removed.

4.2 Counter

The counter is attached to the slider frame and has a
feed wheel shaft in it. The feed wheel is fixed to the
shaft with a box nut. When screwing or unscrewing the
box nut, hold the feed wheel (holding the slider may
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damage the column rack and gears). The gear on the
feed wheel shaft has twenty teeth and is engaged with
the column rack which has a Imm pitch. Thus, one
rotation of the feed wheel ventically displaces the
slider by 20mm. The rotation of this shaft drives the
counter through a gear train.

4.3 Dial

The same dial mechanism is used in both the dial
height gage and the dial indicator (No. 2046). As
shown in Fig. 4, the amplification mechanism of the
dial consists of pinion P1, amplifying gear G1, and
center pinion P3. Pinion P1 is engaged with column
rack R1. Amplifying gear G1 is fixed to the pinion
shaft and rotates together with pinion P1. The pointer
of the dial is attached to center pinion P3, which is
seated onthe base plate in the dial and engaged withthe
amplifying gear.

In order to remove backlash of the gears, another gear
train which is identical to that for the amplification



mechanism is provided. It consists of anti-backlash
pinion P2 and gear G2, and center pinion P3. Pinion P2
isengaged with the main column rack. Gear G2, which
is fixed to the shaft of pinion P2 and engaged with
center pinion P3, can tum in either direction but is
torqued in one direction by a spring.

The entire mechanism is fixed to the slider frame. The
dial face is attached to it and covered with a dust-
protection crystal. The crystal is fitted in the groove of
the bezel, secured by two springs in the groove, and
can turn with the dial.

Table 2 shows the number of the gear teeth. The
displacement of the slider that corresponds to one
rotation of the pointer is given as follows:

12x20
120

Inch model: 0.02in X%T:fo =0.lin

Metric model: 0.5mm x = 1.0mm

R1
~ G1 R1: Main column rack
P1: Pinion
P1 G1: Amplifying gear
P3: Center pinion

P2: Anti-backlash pinion
G2: Anti-backlash pinion

P2
G2

Fig. 4 Amplification and anti-backlash mechanisms

Table 2 Number of gear teeth of dial

Module (P) P1 Gl P3

Metric | 0.1592(0.5mm) 20 120 12

Inch 0.1617 (0.02in) 20 104 26
5. READING

5.1 Zero Setting

Both the dial and the counter must be set to zero at the
same scriber position.

5.2 Reading Measurements

As mentioned above, the counter indicates readings
down to 1Imm or 0.1" and the fractions are read on the
dial.

Because two directional readouts are available, read-
ing the measurements could be somewhat confusing
when the slider is moved up or down near the zero
point. Some practice using sample workpieces may be
necessary to become familiar with making such read-
ings. Special care must also be taken to avoid misread-
ing the lowest digit of the counter by one count when
the pointer is close to the “0” graduation. The lowest
digit moves continuously when the dial pointer tums.
This means that the lowest digit is almost in the same
position immediately before and after the pointerpasses
the zero graduation, although the readings of the
lowest digit differ by one count. For example, the
measurements in Figs. 5 and 6 should be read as
123.98mm and 124.02mm, respectively, although the
values on the counter appear almost the same.

+123.98

+124.02

Fig. 6 Reading = 124.02



6. CARE REQUIRED IN USING THE HEIGHT
GAGE WITH COUNTER

(1) Do not apply excessive force to the feed wheel
when moving the slider down to bring the scriber
into contact with the surface plate or datum sur-
face. Otherwise, the base will tilt up and inaccurate
measurements will result. Some expertise is re-
quired for this operation. To minimize operator
errors, the slider should be moved with the feed
wheel close to the surface plate or the workpiece
surface, and then the slider should be held until
the scriber touches the surface. Use of a touch
sensor, which has alamp that lights up the moment
the scriber touches an object, will ensure accurate
measurements.

(2) The maximum counter revolution is about 1000
rpm, which is equivalentto a feed wheel revolution
of 500 rpm. Moving the slider by hand may exceed
this speed limit due to acceleration. Therefore,
avoid this operation, unless the scriber is to be
moved a small distance.

(3) The anti-backlash mechanism cannot completely
eliminate backlash. In order to ensure high accu-
racy, perform measurement by moving the slider
in the same direction that it was moved for the
zero-setting operation.

(4) Do not extend the scriber arm more than necessary,
in order to minimize Abbe’s error. Measurement
errors are amplified when a non-standard long arm
scriber is used.

(5) Do not leave the height gage uncovered on the
shop floor. Cover the height gage to protect it from
damage and dust when not in use.

(6) Do not hold the slider when carrying the height
gage. Always support it by the base with one hand
when carrying it.
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| VERNIER AND DIAL DEPTH GAGES




1. OUTLINE

The depth gage is designed to measure the depths of
holes, slots, and recesses, as well as height differences
between steps or planes. It consists of a vernier with a
base, and a main scale. Its graduation systems and
construction are basically the same as those employed
in vernier calipers. It is widely used as a dedicated too!
for depth and height measurements, because of its high
measurement reliability and ease of operation.

Fig. 3 (c) Dial depth gage (DVD type)

Measuring face of base Clamp screw
\;-Q Main scale
Measuring face of
main scale -
" ) Measuring P
\ faces ;
Reference face of
Thumbhold \ ™ seale |
Vemier graduations Main scale )
graduations [
Fig. 1 (a) Depth gage without fine fead (VDS type) Hook o
-H
2. NOMENCLATURE . Fig. 4 (d) Hook type depth gage (VDS-H type)

Figs. 1 to 4 show the nomenclature of different types
of depth gages.

3. TYPE AND CONSTRUCTION ®

gages are available; with or without fine feed, hook

Asshownin Figs. 110 5, many different types of depth A | “ (] Mm I
8-

type, dial type, and Digimatic Depth Gages. j/
$ Clamp screw Fig. 5 (e) Digimatic Depth Gage (VDS-DM type)
Fine feed device
S 7
() Q i.ll |
= N (a) and (d): The VDS and VDS-H types do not have a
A : s de

Fine feed screw fine feed mechanism, and provide 0.05mm

¢ Fine feed roller accuracy. )
(b): The VD type has a fine feed mechanism and

provides 0.02mm accuracy.

(c): The DVD type dial depth gage provides 0.05mm
accuracy.

(e): The VDS-DM type Digimatic Depth Gages pro-
vide 0.01mm accuracy.

Fig. 2 (b) Depth gage with fine feed (VD type)
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Table 1 Depth gage types and graduations

Type Measuring Main scale grad. Discrimination/

range Vemier/Dial grad. Resolution
(@)VDS | 150-1000mm |lmm 20divisionsin 39mm| 0.05mm
®)VD 150-1000mm | lmm 50divisionsin 49mm| 0.02mm

Imm 5mm/100 divisions

(c)DVD | 150-300mm acound circumfereace 0.05mm
(d)VDS-H |150-300mm | Imm 20divisionsin39mm| 0.05mm
(€) VDS-DM; 150-300mm 0.01mm

Note:
150-300mm: 150, 200 and 300mm measuring ranges
150-1000mm: 150, 200, 300, 600 and 1000mm measuring ranges

4. EXAMPLES OF USE

As shown in Figs. 6 and 7, depth gages can measure
depths of holes and grooves, and height differences
between steps. If the hole diameter or the groove width
of the workpiece is too large for the measuring face of
the base to span the edges, attach an extension base to
the base, as shown in Fig. 8. Extension bases have two
mounting holes that align with the holes in the base. To
attach an extension base to the base, place the depth
gage and the extension base on a surface plate with
their measuring faces down so that the two faces are
flush with each other, then slowly clamp them to-
gether. When in use, check from time to time that the
measuring faces are flush with each other.

The hook type depth gage is used to measure the depth
of a projected portion in a hole or a groove, as shown

gt
L

Fig. 7 Example of use 2

Fig. 6 Example of use 1

Extension base
7

o |

Fig. 8 Using an extension base
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Fig. 9 Using a hook type depth gage

/7" 7} "\Surface being
measured

5. COMPARISON OF MEASURING
ACCURACY

Depth gages are designed to provide more accurate
depth measurements than calipers. An accuracy com-
parison made between a depth gage and a caliper with
a depth bar shown that measurements made with a
depth gage displays less variation than those obtained
using a caliper. Therefore, use depth gages for depth
measurcment whenever possible.
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