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5 1ia Applicability

12, keasuring objects of the same kind page 57 The Universal Horizontal Metroscope is an opto-mechanical length
13. Difference measuring equipment 57 measuring instrument for direct measurement and difference measure-
y Jo oy Unpacking and erﬁct;ng 57 ment. Its appliecability is extracordinarily wide due to the basic
112 aspo Aol Elng 58 bed of universal design and expansion for many measuring and check-
13.3. Inside measuring frames for the difference

measuring equipment 5 ing purposes. The following measuring operations are possible with
14. Thread charts &0 our Universal Horizontal Metroscope:
15, Iist of illustrations 67 I (1) QOutside measurement for
18. . list of reference numbears 59 cbjects with flat parallel measuring faces,

objects with spherical measuring faces,
Illustrations
AT T T cylindrical objects in vertical position,

cylindrical objects in herizontal position
(2) Inside measurement for

objects with flat parallel measuring faces,

bores by means of inside measuring frames,

bores by means of a measuring device with magic eye
i {3) Thread measurement for

internal threads,

external threads

2. Specification
equipment witrlequipmant with

Abbe measuring] difference
element measuring de-
vice

roduation value of measur=-
ing graauatiun ZEyupieae
reading) 1 }fm 1 Vi
apparent distance between
graauacion nes of measur-
ing graduation (eyepiece
reading), approx. Wailiid 1 mm

R measuring ranges Q+++100 mm + 100 um




applicability to outside
measurement

equipment with
Abbe measuring
element

equipment with
difference
measuring de-
vice

without slip gauges
with slip gauges

with center stand (cen-
ter height 100 mm) accor-
ding to length or di-
ameter of the test object

up to

applicability to inside
measurement

with small inside meas-

uring frames (depth of
insertion up to 12 mm)

with big inside meas-
uring frames (depth of
insertion up to 50 mm)

with measuring dewvice
with magic eye

in case of thin-walled
workpleces

applicability to thread
measurement

maximum ocuter thread
diameter

maximum inner thread
diameter

with small inside
measuring frames
(depth of inserticn
up to 12 mm, maximum
outer diameter 160),
from minor diameter
of

with big inside meas-

uring frames (depth
of insertion up to
50 mm, maximum cuter
diameter 160 mm),
from minor diameter
of

0...100 mm =
0... 450 mm

200 mm

10...200 mm

30, ..200 mm

‘1--!50 mm

1...60 mm

200 mm

14 mm

35 mm

s i e

data of the adjustable object
‘table

height setting range
setting range in
y-direction

tilt about y-axis
table plate rotation
maximum loadability

holding langths

equipment with
Abbe measuring
element

aguipment with
difference
measuring de-
vice

o

0...105 mm

G!IPEE mm

slip gauge holder no. 2
slip gauge holder no. 3

V-type slip gauge holder
no. 1

+3

+ 4°
12 kg

0,4 .100 mm
100, .. 200 mm

Dltiqm em

ﬁatrpa Blip
gauge holder no. 2

meas £
normally, approx.

for measuring device
with magic eye

maximum error of the in-
strument
for outside measurement

with measuring unit
with spherical zones
no more than

with measuring unit
with flat face
no more than

for inside measurement
no more than

weights
" instrument with Abbe
measuring element and
countersleeve, approx.

150 or 250 g

sC1vgggym
+(1.2e505yun”

+(1-Svgyun”

80 kg

HU.--ED‘D mm

200 g

e ey




8
equipment withjequipment with
Abbe measuringldifferance
unit measuring de-
vice
instrument with differ-
ence measuring device,
approx. 15 kg

dimensions, approx. 890 mm x 350 mm x 500 mm

N L = measured length [mm)
L
1,000"
b} If only one graduation line is used, i.e. in casze of differ-
ence measuremant, the error for outside measurement amounts
only to 0.8 pym or 1 pm, for inside measurement only to 1.3 pm.

a) If an error chart is used, the variable member is

2
) Prerequisite: No difference in temperate and expension coef-
ficient between test object and standard
3. Description
3.1, Principle of measuring

The prineiples formulated by Prof. Ernst ABBE in 1890 have strict-
ly been considered to ensure the required high accuracy of the
Universal Horizontal Metroscope.

These principles are as following:

{1) Any measurement, no matter whether by contact setting or by
setting the line of =sight, must always be based on a length
graduation with which the length to be measured is directly
compared.

(2) The measuring apparatus must be arranged so ‘that the length
to be measured i= the straightlihed continuation of the grad-
uation used as a scale.

{Z. Instrumentenkunde, vol. X [1890])
keasuring operations with the Universal Horizontal Eetroscope are
generally performed directly by comparing the test object with a

precision glass scale whose graduation lines are observed in a
microscope. The glass scale is positively connected to a measuring
sleeve and arranged in its longitudinal axis so that the glass
scale necessarily participatesany axial displacement of the sleeve.
These displacements are indicated in the microscope and read by

the operator as measured values.

s Design of the instrument
3 2471 Basic bed with adjustable ocbject table (Figs. 1, 2, 3)

The basic bed (15) carries the measuring devices. Its shape meets
all demands for the aveidance of deflections so that test objects
even with weight of 7 kg can be placed on the adjustable object
table (3) without any influence on the result of measuring.

“The basic bed is carried by three footscrews (8) resting in the
baseplates (9). These screws permit the instrument to be levelled
with respect to the box level (4). The tfront end of the basic bed
carries handwheel (12) for table height adjustment. The survey
geale (11) behind the handwheel has a graduation value of 0.5 mm.
Screws (10 and 14) serve for limiting the table height adjustment.
Screw (14) is used for limiting the upper table position, screw
(10) ror limiting the lower one. Clamping knob {(13) serves for
securing the adjusted height of the adjustable object table. The
lighting unit is switched eon and off with switeh (16). The small
handwheel (7) atuates a compensating unit in the basic bed (15).
This compensating unit warrants easy movability of table height
adjustment at different weight of test objects.

Bore (24) in the rear of the basic bed serves for locating the
carrying column of the magic eye or tailor-made completing units.
Clamping screw (23) serves for fastening the carrying columa.
Sockets (19, 20, and 21) are provided for connection to the mains
(21), to the lighting equipment (49}, and to the measuring device
with magic eye (20). Fuse (22) for the lighting equipment has been
arranged under the sockets.
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The left-hand section of the basic bed contains the transformer
for cun;;ctiun to 220 V a.c., the middle ene the transmission
elements for table height setting. The horizontal sliding faces

(1 and 5) serve for location of measuring element, measuring slide,
and sleeve slides. The vertical faces (2 and 6) are stops for
locking these elements. The sliding blocks of attached elemente
are running in the two oblique slots (17).

Ihe adjustagble object table (3) has two lateral slots (18) into
which the points of fastening screws of the electrically insulat-
ed table and of the center stand are screwed, and two slots (25)
for fastening the object clamps. The adjustable object table has
the following moving possibilities required for exact measurement:
Height setting 0--+105 mm

Handwheel (12) and survey graduation (11) serve for setting a de-

fined position which must be secured by tightening of clamping
knob (13).
Setting in y-diraati;n Q+=+25 om

This is possible by turning the setscrew (29) whose graduation
value amounts to 0.01 mm.

Tilt by + 3°

The table can be tilted about the horizontal y-axis which .runs

transversely with the measuring equipment. Lever (28) must be ac-
tuated for this purpose. Clamping lever (27) serves for securing
the table in its desired position.

Table plate rotation by + 490

Lever (26) serves for turning the table plate of the adjustable
object table (3) about the z-axis which is perpendicular to the
axes x and y.

Free travel in maaauriqg_(k) direction 18 mm

The table plate rolls on balls in x-directien whereby the test ob-

ject can set itself between the two measuring points (measuring
faces) with absolute freedom. In addition, the necessary contact
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betweern memsuring and countersleeve by the test object is always
warranted. This presupposes the table plate to be approximately
in middle positior for measuring operations. This table plate po-
sition is visible by the index lines (30).

3.2.2.  Abbe measuring element (Figs. 4 fto T)

The Abbe measuring element (116) contains the measuring sleeve (37),
the spiral microscope (49) as the ipdicating device, and the light-
ing equipment (36). The Abbe measuring element with its slide is
shifted on the left-hand sliding faces of the basic bed and clamped
with clamping knob (43) in any desired position. The housing (43)
of the Abbe measuring element is positively connected to slide 142)
by the hexagon socket head screws (54). The measuring gleeve (37) !
runs in the housing without backlash and with minimum fdction on
ball bearings. The lighting equipment (35) is serewed into the
small receptacle with internal thread. Clampscrew (47) serves for
locking the measuring sleeve in a defined position.

The measuring sleeve (37) contains the glass scale with milliceter
graduation along 100 mm. Capnut (39) serves for fastening spacing
elements on the measuring sleeve. The cord end of the applied
weight is fastened to holder (33) in case of inside measurement
and to holder (51) in case of outside measurement. An angular
sheet (55) carries the two rollers (5C and 53) over which the

cord of the weight is running. The messuring sleeve can be moved
if holder plate (52) is seized. 5leeve movement is limited by the
stop pin (46) which can be shifted and, by screw (44), locked.
Rubber cushions (41) reduce the hard shocks by the measuring
gleeve. Tangent screw (35) serves for sensitively shifting the
measuring sleeve in axial direction. This ftangent screw cannot

be actuated unless the red mark on switchknob (48) is upward di-
rected, i.e. toward the observer. Uue to the high scaling-down
ratio of the tangent screw, the measuring sleeve moves slowly on-
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ly. Friction gears transform the circular movement of the driver

plate into the axial movement of the measuring sleeve.

The lighting egquipment contains (36) the lampholder which is

screwed in with knurled ring (34). It carries a mniature lamp L

6.3 ¥ 0.3 A (33). The supply line (31) with plug (32) to be in-

serted into the socket in the basic bed connects the lighting

equipment and the transformer. The lighting equipment (38) serves

for lighting the glaes scale (40).

The spiral microscope (49) indicates the measured value so that it

can be read. Graduation lines and figures of the scale appear

black with light green background in the field of vision of the

spiral microscope. Three different graduations are visible in the

spiral microscope:

(1) the stationary horizontal tenth graduation numbered from the
left to the right from 0 to 10,

(2) the double line spiral (virtual concentric circles),

(3} the circular tousandth graduation.

The elements for quick (60) and slow (61) motion permit the spiral

and thousandth graduation to be turned together. The order of read-

ing will be found in paragraph 8. Drive knob (56) which can be '

locked with a clamping knob serves for zeroing. Turning the syepiece {

-

mount (59) permits the eyepiece to be adjusted according to the ob-

server's eye.

1.2.3. Countersleeve (Fig. 12)

The countersleeve (tailstock) offers a fixed measuring point (con-

tact face). It is shifted with ite glide (68) on the right-hand

sliding faces (5) of the basic bed and locked with clamping knob

(69) in any desired position. The sleeve tube (66) .can axially be

shifted in its holding bore and locked in any desired position by |
tightening eclamping knob (65). Turning of setting knob (67) moves

the measuring bolt (53) axially. The measuring bolt (63) which |
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helds the correspondingly required measuring attachment can be ad-
justed with the two screws (64 and T0) so that the measuring faces
are parallel to each other if meesuring attachments with flat face

are used.

3.2.4. Centar stand (Pig. 13}

The center stand (74) serves for the location of centered test ob-
jeets between the workholding centers (73). These centers have a
solid center (75) and a hollow center (76) each. The centers can
be shifted and locked in the desired position by clampscrews (72).
Knurled rings (71) warrant reliable shift. The center stand is
applied to the adjustable table and fastened in the lateral table
grooves with fastening serews (77).

3.2.5. Inside messuring device with magic eye

The inside measuring device with magic eye consists of the elec-
trically insulated table (Fig. 14), indicating unit with magic

eye (Fig. 15), carrying arm (Fig. 17), and measuring ball insets
(Fig. 16). The inside measuring device with magic eye serves for
measuring bores with diasmeters of 1+-+50 mm without measuring
force.

The electrically insulated table (Fig. 14) has a table plate (79)
which is electrically insulated against table carrier (85) by the
insulating plate (83). Table and insulating plates have a recess
(B2) permitting measuring ball insets to be approached to the ob-
ject bore even from below. The electrically imsulated table carries
the test object, smaller test objects via spacing ring (80). The
electrically insulated table is placed on the adjustable table and
fastened in the lateral table slots by stop and fastening screws
(85 and 87). The level (84) on the table carrier (86) serves for
precisely levelling the table. Receptacle (78) and pin plug serve
for connection between the electrically insulated table and the in-
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diecating unit. Object clamps for fastening the tested object can

be introduced inte the slots (B1).

The indicating unit with magic eye (Fig. 15) has a carrying column
(90) holding the housing (88) with the built-in mﬁgic eye (B9) and
located in the bore on the rear of the basic bed. Pin plug (91)

and a receptacle serve for the connection between indicating unit
and the electrically insulated table. Screwable plug (92) to be
serewed into a socket in the basic bed comnects the indicating unit
ts the transformer. (For replacing the magic eye, unplug the con-
nections and take the inﬂicatiﬂg upit from the basic bed. Loosen
the fastening screw, remove the base housing, and replace the mag-
ic eye by a new one of type Ei 11. The indicating will be ready for
use again after the base housing hae been fastened.)

The carrier arm (Fig. 17) must be fastened to the measuring sleeve
and carries the measuring ball insets. It is pushed with its bore
(99) to the long spacing element on the measuring sleeve and fas-
tened with clamping koob (100). The measuring ball insets to be in-
troduced into spacing element (97) are pulled by fastening screw
{94) into the conical holder bore {9B).

The measuring ball insets (Fig. 16) serve for bore measurine by
means of the measuring device with magic eye. The value engraved
on the insets is the effective measuring ball diameter which differs
from the actual measuring ball diameter by the thickness of the air
layer which permits the magic aye already to response during the
measuring operation. This effective diameter is determined by the
usze of caliiper block gauges in the same way as the diameter is
determined during & practical measuring operation. Contact between
measuring ball and test bbject closes a circuit which is indicated
by the magic eye lighting up.

1.2.0. Ingide measuring device with inside measuring frames

The inside measuring device with measuring frames consists of two
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small and two big inside measuring frames, a sleeve for the small
inside measuring frames, and two setting rirgs.

" The inside measuring frames serve for the necessary connection be-

tween test object and measuring device in case of inside measuriug
operations. The two different frame pairs (small and big) permit
various inside measuring operations in consideration of the depth
of insertion. The small inside measuring frames (128 Pig. 2B) have
been provided for inside measurement of 10+++200 mm at maximum in-
sertion depth of 12 mm. They are fastened with clampscrews (137) to
the measuring bolts of measuring sleeve (37) and adjustable counter-
sleeve (127). The big inside measuring frames (130 Fig. 29) serve

' for ineide mezsuring operations of 30+++200 mm at maximum depth of

insertion of 50 mm. They are fastened with clampscrews (132) to

the spacing element on the measuring sleeve and countersleeve.

The sleeve for small inside measuring frames (Fig. 38) is adjusteble
and used instead of the countersleeve (see paragraph 3.7.3.) for in-
side measuring operations with the small measuring frames. The small
inside measuring frame is then fastened on measuring bolt (151) of
the adjustable sleeve.

Setting rings (129 Fig. 28) have diameters of 14 mm and 50 mm and
serve as setting standards for inside measuring operations with
measuring frames.

o W [ External thresd measuring device

The external thread measuring equipment consists of messuring wire
holders, thread measuring wires with eyelets, and measuring attach-
menta with flat face of 8 mm and 14 mm in diameter.

The measuring wire holders (120 Pig. 33) are set to the big spac-
ing element (122) on the measuring sleeve or to the sleeve tube {65)
of the countersleeve. Holder bars (142) can be shifted in the hold-
ers and clamped by screws (141),

The thread measuring wires with eyelets (143 Pig. 33} are cylindrical
and have an eyelet with cord. This cord connects the measuring wire
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te a holder plate into which the wire diemeter has been engraved,
The holder plates are pushed on the holder bars (142) of measuring
wire holders that the measuring wires hang free.

3.2.8B. Internal thread measuring device

The external thread measuring equipment consists of an attachable
table with object clamp, V-type block gauge holders, and V-type
block gauges.

The attachable table (111 Fig. 37) is placed on the adjustable ob-
ject table and fastened in the lateral slots of the object table by
means of fastening screws (147). The attachable table carries an
object clamp for fastening the test object on the table plate. The
table plate is horizontally "floating" to all sides and permits the
measuring balls to position themselves in the thread without forced
action. -

The v-type gauge block holders (124 Fig. 32) serve for holding one
pair of V-type gauge blocks and one parallel gauge block which are
used as a setting gauge.

3,2.9. Other scceseories

Other accessories for the Universal Horizontal Metroscope are meas-
uring attachments, weight units, and spacing elements.

Measuring attachments (Fig. 18) with measuripg faces of different
shapes materialize the points or lines of contact between measuring
faces of test objects and device as required for all measuring oper-
ations. Selection of the measuring attachment depends on the shape

of test object surfaces to be measured.

test object meas- measuring attach-
uring face ment required

flat with spherical cap
eylindrical with knife-edge face
spherical with flat face

The measuring surfaces of all these measuring attachments are of
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carbide metal sc that wear is very low. The measuring attachments
are pushed on the measuring bolts of measuring sleeve, counter-
sleeve, dial indicator, or spacing elements. When the spherical
{contact) face of the measuring attachment has contact with the end
face of the measuring bolt, tighten with screw (105).

The weight units (121 Pig. 21) serve for generating the measuring
force of 150 p or 250 p. The cord of the weight unit must be fas-
tened to holder (51 Fig. & or 38 Fig. 5) of the measuring sleeve
according to the type of measuring (inside or cutside).

Spacing elements (122 and 123 Pig. 21) connect the measuring sleeve
and the correspondingly required measuring attachment in case of
cutside measuring or serve for fastening the big inside measuring

frames in case of inside measuring coperations.

3.3, Completi units d elements

s e e [ Difference measuring device

The difference measuring device serves - especially in case of se-
ries measurement - for determining a difference in length with re-
spect to a standard. It consists of a dial instrument MO 1/100
(with lighting and lifting units), end countersleeve to be changed
over, one measuring and one sleeve slide, two pairs of inside meas-
uring frames, two gauge block holders, and two measuring legs.

The dial instrument MO 1/100 (165 Fig. 41) operates according to
the principle of autocollimation and serves as a measuring element.
The graduation which can be wateched in the ayepiece (177) travels,
when the measuring bolt is moved, along a fixed index and thus per-
mits the deviation betwsen test object and rated value directly to
be read.

For outside measuring, the countersleeve to be changed over (171
Fig. 41) holds a measuring attachment, for inside measuring one of
the two small or big inside measuring frames whereby it forms the
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the fixed reference point required for measuring. The measuring

bolt of the countersleeve can be lifted by approx. B mm in inside
and outgide measuring so that the test objects can conveniently be
interchanged without varying the adjustment of the instrument.

The measuring slide (153 Fig. 41) carries the dial indicator HO
1/100 (165). This slide js arranged on the left-hand sliding faces
{1} of the base bed and locked with screw (173).

The sleeve slide (167 Fig. 41) carries the countersleeve to be
changed over (171). It is arranged on the right-hand eliding faces
of the basic bed and locked with clampscrew (185).

The inside measuring frames are fastened with clampscrews on the
shﬁnk of the dial instrument MO 1/100 and of the countersleeve to

be changed over. The big fixed inside measuring frame iz already one
part of the standard equipment of the Universal Horizontal Metro-
Bcope.

Gauge block holders and measuring legs, in conjunction with paral-
lel gauge blocks, are used as setting gauges for inside measurement.
Gauge blocks and measuring lege are composed in one of the gauge
block holders.

3.3.2. Pitch measuring device

The pitch measuring deviece permits the pitches of inside and out-
side threads directly to be measured. It can be used together with
all base beds of the Universal Horizental Metroscope having a manu-
facturing number above 1535,

Layout and use of the pitch measuring device are described in a sep-
arate instruction manual {leaflet no. 24-G 1/236-2).

3.3.3. Surface thermometer

The use of surface thermometers is advisable to detect temperature

differences between test object and metroscope and to maintain con- i
stant reference temperatures during measuring (detailed leaflet no.

24-120-2).
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4. Unpacki and erecti the instrument

The Universal Horizontal Hetfosuupa iz shipped in two special ship-
ping cases. One of them contains the base bed, the other one the
accessories {(Fig. 20).

Unpacking and erecting of the instrument require the followling op-

erations:

{1) Take off the covers of the two special shipping cases.

(2) Take the accessories (112 Fig. 20) out of the special shipping
cagse, deposit them on a table, carefully take off the protec-
tive paper (utmost care is required for optical elements in
particular), and use a clean linen cloth to remove the grease
from bright parts until only & very thin film is left.

(3). Screw the fastening screws out of the bottom of the special
shipping case containing the basic bed.

{4) Take out the basic bed and place it tramsversely on the special
gshipping caze (not on the ground or on a table).

(5) Screw the three footscrews (8 Fig. 1) in the special shipping
cage inte the free threaded holes of the base bed (15).

{6} Set the base bed with baseplates (9) on the provided table.

How remove the securing plate for the adjustable object table (3

Fig. 1) which has been marked with red colour as following (Fig. 19):

(7) Loosen fastening screws (210 and 213).

(8) Turn the eccentric rubber disks (209 and 214) that the table
plate can be moved.

(9) Entirely unscrew securing screws (203, 204, and 211).

(10) Entirely unscrew securing screws (202, 205, and 212} but hold
the small block which is held by the screws in position.

(11) Entirely turn out securing screws (206 and 217).

(12) Push the two knurled screws (207 and 216) upward with your
thumbs and 1ift the total securing plate from the basic bed.
Take care that the plate moved with knurled knob (216) does not
damage the level (4 Flg. 1) underneath.
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The securing plate is attached in the reversed order. Securing ele-
ments covered with red lacquer belong to the instrument and must
therefore be preserved carefully.

Complete the instrument by attaching the Abbe measuring element and

sleeve slide as . following:

{13) Attach the Abbe measuring element (118 Fig. 22) from the left
on the left-hand sliding face of the basic bed and take care
that sliding block (132) is in the slot (17).

(14) Bring the Abbe measuring element approximately inte the middle
of the left-hand portion of the basic bed.

{15) Tighten clampscrew (43).

(16) Push the sleeve slide (68 Fig. 12) from the right onto the
right-hand sliding face (5) of the basic bed. Take care that
the sliding block is in appropriate position.

{17) Tighten clamping screw (69).

{(18) Push in the sleeve tube (656) approximately to the middle.

(19) Turn the sleave tube that adjusting serew (64) is directed up-
ward and adjusting screw (70) to the front, i.e. to the ob-
EETVEr.

(20) Tighten clampscrew (65).

(21) Pasten the lighting equipment with its knurled ring (34) on the
reception of the Abbe measuring element and comnect its plug
(32 Fig.4) to socket (19 Pig. 2).

The instrument is ready for use after the instrument plug has been

connected to the 220 V a.c. socket (21 Fig. 2).

Make sure that the instrument is reliably grounded.

L Adjusting the measuring attachments

The measuring attachments must be adjusted to avoid heavy measuring
érrora. This is done after the Abbe measuring element and the coun-

tersleeve have been set up.

.
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Adjustment requires the following cperations:

{1} Fasten measuring attachments (Fig. 18) by clampscrew (105) to
measuring bolts (133 and &3 Fig. 23).

{(2) Hold the measuring sleeve (37) with your left hand in posi-
tion at holder plate (52) and loosen clampscrew (47).

{3) M¥ake the measuring sleeve slewly travel to the right until
the two measuring attachments are in contact.

{4) Check whether the measuring sleeve can raliﬂﬁly be moved back
in addition by the measuring distance (measuring size of the
test object).

If the measuring sleeve moved to the extreme right has not yet con-

tact, proceed as following: :

(5) loosen clampscraw (43).

(6) Carefully shift the Abbe measuring element to the right until
the measuring attachments touch each other and the millimeter
lines (0, 1, 2, 3, 4, 5, etc) appear in the spiral field with-
in the field of vision of tﬁe spiral miecroscope.

(7) Again tighten clampscrew (43).

If measuring is to be performed with the initial value 0.0000,

bring the measuring attachments to contact as following:

(1) Actuate the tangent screw (51 Fig. 7) to set the indexing ar-
row of the epiral microscope (49) to the value 00 of the cir-
cular thousandth graduation (see Fig. 8).

(2) Loosen clampscrew (47 Fig. 23).

(3) Slowly move the measuring sleeve to the right.

(4) Locosen clampscrew [43).

(5) Shift the Abbe measuring element to the right or to the left
until the zero line of the graduation in the spiral microscope
{49) is inside the spiral field.

{6) Again tighten clampscrew (43).

{(T) Actuate setting knob (67) until the zeroc line of the gradua-
tion coincides with 0 of the horizontal tenth graduation and
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is symmetrically in the double spiral (see Fig. 8).

Eals Adjusting the measuring attachments with

flat face or knife-edge fégn

To facilitate the adjustment of measuring attachments with small
flat face (diameter 2 mm) or with knife-edge faces, a gauge block
with measuring length of 1++:31 mm should be arranged between the
measuring faces of the abovementioned measuring attachments.
Obzerve one millimeter line in the spiral microscope eyeplece. If
the upwards directed adjusting screw (64 Fig. 12} of the sleeve
tube (66) i= turned, the millimeter line in the field of vision
travels from left to right or inm opposite directicn and changes
its direction of travel at a defined position in spite of constant
direction of rotation. Adjusting screw must no more be varied (64)
if this point of reversal has been found. Thus, the measuring at-
tachments have been adjusted im vertical direction parallel to
each other. Analogously adjust horizontally by turning adjusting
serew (70). ¢ '

B Adjusting the measuri attachments with spherical ca

The measuring attachments with spherical cap must be adjusted in
the horizontal and vertical planes that the two measuring attach-
ments touch each other approximately in the middle of their meas-
uriné faces.

For contact setting, first turn the upwards directed adjusting
screw {é4 Fig. 12) in the sleeve tube(B66) in clockwise or counter-
clockwise direction and watch the vertical travel of the contact
polnt from the front. Stop turning if the polnt of contact is ap-
proximately in the middle of the two spherical zones. Then perform
the same procedure in horizontal direction by turning the adjusting
gcrew [70) and obzerving from above.

s
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The adjusting procedure can be facilitated, even if a magnifier is
ugsed, by white paper held behind or under the measuring attach-

ments.
The measuring attachments with spherical cap can alsoc he adjusted

as specified in paragraph 5.1.

6. Setting the initial value

The initial value is that size tc be adjusted in the spiral micro-
scope which must be subtracted from the resd measured value for
calculating the measured lergth of a test object. This value must
newly be defined or determined prior to a measuring operation after
any variation in counter sleeve setting or shift of the Abbe meas-
uring element. Any resulting value or the value 0.0000 can be chos-
®n a5 initial values. The former one results from the correspond-
ing position of the Abbe measuring element relative to the counter-
sleeve position. The advantage i=s quick adjustment which is poseible
without shift of Abbe measuring element or countersleeve. However,
an initial value differing from zeroc has the result that the length
indicated in the spiral microscope is not directly the length of
the object but this length inereased by the initial value. If the
initial value is 0.0000, the spiral microscope will consequently
indicate the measured size of the object directly. Additionally,
cbjects of different lemgths (up to 100 mm) can be measured without
arithmetical operation if this imitial value is used.

After the initial value has been determined, do not shift the meas-
uring element and the countersleeve during a series of measurements
and do not vary the adjustments of drive knob (56 Fig. 7) or set-
ting knob (67 Fig. 12).

Before setting the initial value, turn driveknob (56) to make the
measuring head (58 fig. 7) and baseplate (57) coincide that the
travelling range of zeroing can be utilized entirely.
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B.1- Setting en arbitrary initial value

The following operations are necessary for setting an arbitrary

initial value:

{1) Actuate driver komob (60 Fig. 7) or driver plate (61) until the
00 1line of the ecircular thousandth graduation coincides with
the indexing arrow (watch the field of wision of the spiral
microscope [49] through the eyepiece).

This setting is used tc round the initial value to whole mil-
limeters. It is not urgently required but facilitates the fol-
lowing caleulation.

(2) Actuate the setting knob (67 Fig. 12) of countersleeve (66) to
take the millimeter line coarsely between the double line of
the spiral.

{31) Loosen clampscrew (62 Pig. 7).

(4) Turn driveknob (56) to bring the millimeter line symmetrically
between the double line of the spiral.

(5) Again tighten clampscrew (62).

(6) Eead and log the indicated initial wvalue according to para-
graph 9.1. j

(7) ERetract the measuring sleeve (37 Fig. 6) and tighten it with

clampscrew (47).

6.2, Setting the ipitial value 0.0000

The following cperations are necesgsary for setting the initial wvalue

0.0000 (Pig. B):

{1) Loosen clampscrew (47 Fig. 6).

{2) Slowly make the measuring sleeve (37) travel toc the right,

{(3) Loosen clampscrew (43 Fig. 5).

(4) Shift the Abbe measuring element until the measuring attach-
ments touch eamch other and the zere line of the glass scale (40)
is visible in the field of vision of the spiral microscope (49).

(5) Refasten clampscrew (43),
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(6) Turn driver knob (60 Fig. 7) or driver plate (61) to adjust
the circular thousandth graduation that its 00 line coincides
with the indexing arrow.

{7) Turn the setting knob (67 Fig. 12) on the countersleeve (66)
to bring the zero line of the millimeter graduation between
the double line of the spiral which simultaneously encloses
the O line of the horizontal tenth graduation.

{(8) Loosen clampscrew (62 Fig. 7).

{9) Use driver kmob (56) to bring the zero line of the millimeter
graduation symmetricelly between the double line of the spiral.

{{ﬂ} Again tighten clampscrew (62).

{11) Move the measuring sleeve (37 Fig., 6) back and clamp it with
scraw (47).

T Aligning the test object

The position of measuring faces of a test object relative to the
measuring axis influences the measured result. Consequently, the
tollowing demands must be met to avoid errors:

(1) The flat parallel measuring traces (inside or outside) of a
test object must horizontally and vertically be perpendicular
to the axis of measursment.

Therefore, find the point of reversal in the horizontal
plane according to paragraph 7.1.1. and in the vertical
plans according to paragraph 7.2.1.

(2) In cylinder measurements (inside or outside) the axis of
measurement must pass through the center of curvature and
the axis of the cylinder must be perpendicular to the axis
of measurement.

Consequently, find the point of reversal according to para-
graph 7.1.2. for vertically held cylinders and according to
paragraph 7.2.2. for horizontally held ones.

(3) In case of test objects with spherical measuring faces, the
axis of measurement must pass through the center or centers of
curvature.

Conseguently, align the test object horizontally and vertical-
1y according to paragraph 7.3. that the points of contact are
approximately in the middle of the flat faces of measuring at-

tachments.
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T-1. Point of reversal at horizenta sitioni
Teleta Test objects with flat parallel faces of measuring

and horizontally positioned cylinders

The following operations are required for aligning these objects in

the horizontal plane:

{1) Loosen clampscrew (47 Flg. 24).

{2) Make the measuring sleeve (37) slowly travel to the right (for
outside measurement) or to the left (for inside measurement)
until measuring sleeve and countersleeve touch the object.

(3) Actuate laver (26) to bring the adjustable object table (3) in
the horizontal plane to the right or to the left.

This. shifte the measuring sleeve (37) axially. This movement
becomes clearly visible by the travel of millimeter lines of
the glass scale in the eyepisce of the spiral microscope (49).

(4) 5Stop the movement when you find that point in the field of wvi-
sion at which the millimeter lines reverse their direction of
travel {point of reversal).

The measured faces of the test object are now horizontally perpendi
cular to the axis of measurement.

Talada Vertically positioned cylinders and bores

i

The following operations are required for nligniné these objects in

the horizontal plane:

{1} Locsen clampscrew (47 Fig. 24).

(2) Make the measuring sleeve (37) slowly travel te the right (for
outside measurement) or to the left (for inside measurement)
until measuring sleeve and ¢ountersleeve (65) touch the test
object.

(3) Turn setscrew (29 Pig. 26) to shift the adjustable object table
in y-direction until the measuring attachments touch the cylin-
der at its vertices (diameter) and the points of contact are
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in the middles of knife edges or flat faces.

The follewing operations are advisable since the point of contact

between cylindrical object and measuring attachment is not easily

visible if measuring attachments with small knife edge (107 Fig. 18}

or flat face with diameter of 2 mm are used:

(4) Turn setscrew (29 Fig. 24) while observing the movement of mil-
limeter lines of the glass scale in the eyepiece of the spiral
mieroscope (49),

{5) Stop the turning movement of the setscrew when the millimeter
lines stop (eylinder touches the knife edge or flat face of
the measuring attachments).

{6) Use the graduation of setscrew (29) to determine the length of
the distance within which the millimetier lines stand still.

(7) Turn the setserew by half the length of this distance in clock-
wise or counterclockwise direction.

The vertices of the cylindrical object to be measured now touch the

middles of the flat faces or knife-edge faces.

Tl Point of reversal in the vertical plane

R B Test objects with flat parallel faces of measuring,

cylinders in vertical position, and bores

The following operations are required for aligning these objects in

the verticsl plane:

{1) loosen clampscrew (47 Fig. 24).

{2) Make the measurinpg sleeve (37) slowly travel to the right (for
outside measurement) or to the left (for inside measurement)
until measuring sleeve and countersleeve (66) touch the object
to be measured.

{2) . Loosen clamping lever (27).

{4) Carefully move lever (28) while watching the travel of milli-
meter lines in the eyepiece of the spiral microscope (49).

{5) Stop to move lever (28) when the millimeter lines reverse their



28

direction of travel (point of reversal).

(&) Secure this position of the adjustable object table (3) by ac-
tuating the clamping lever (27).

The measured faces of the object are now wertically perpendicular

to the axis of measurement.

g A Cylinders in horizontal position

The following cperations are required for aligning these chjects in

the wverticael plane:

{1) loosen clampscrew (47 Fig. 27).

(2} Make the measuring sleeve (37) slowly travel te the right un-
til measuring sleeve and countersleeve touch the test object.

(3) Actuate handwheel (12) to set the adjustsble object table in
height until the measuring attachments touch the cylinder at
its vertices (diameter) and the points of contact are in the
middles of knife edges or flat faces.

The following operations are advisable since the point of contact

between cylindrical object and measuring attachment is not easily

vigible if measuring attachments with small knife edge (107 Fig. 18)

or flat face with diameter of 2 mm are used:

(4) hen turning handwheel (12 Fig. 27), watch the movement of mil-
limeter lines of the glass scale in the eyepiece of the spiral
mieroscope.

(5) Stop to turn the handwheel when the millimeter lines stop
(eylinder touches the knife edge of flat face of measuring at-
tachments).

{8) Use the survey graduation (11) to determine the length of the
distance within which the millimeter lines stand still.

(7) Turn handwheel (12) by half the amount of this distance in
clockwise or counterclockwise diresction.

The vertices of the cylindrical object to be measured now touech the

middles of the flat face or knife edge.
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T3 Aligning the test object with spherical faces of

measuring

The following operations are reguired for aligning these objecta:

{1) Loosen clampscrew (47 Fig. 23).

{2} Make the measuring sleeve (37) slowly travel to the right (hold
it by its holder plate [52]) until the measuring attachments
of the measuring sleeve and countersleeve touch the object.

{3) Actuate setscrew (29) until the adjustable object table (3)
has been shifted transversely to the direction of measuring
that the contact points between test object and measuring at-
tachments viewed from above are approximately in the middle
{axis of measuring) of the measuring faces of both measuring
attachments.

{4) Actuate handwheel (12) to 1lift or lower the test object until
the points of contact viewed from the front are again in the
middle of the measuring feces of both measuring attachments.

Operations (3) and (4) can be faciliteted if white paper is held be-

hind or under - the points of contact or a megnifier is used.

a. Measuring the test object

8.1. Spiral microscope indication

#hen the lighting equipment (386 Pig. 5) ir switched om, graduations
and fipuresz (Fig. 8+++11) mentioned in paragraph 3.2.2., "Spiral

.omicrescope”, are visible in the eyepiece of the spiral microscope

(Pig. 7). Por setting the spiral microscope tc the value of measur-
ing, the eyepiece has two graticules:
{1) a stationary graticule with
a) & thick horizontal double line in whose range the corres-
ponding scale line is symmetrically set between a double
line of the spiral and read,
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b) & tenth graduation numbered from left to right from 0 to
10 for indication of tenths of a millimeter,
¢) an indexing arrow for the ecircular graduationj
(2) a rotary graticule (axis of rotation outside the field of vi-
gion) with
a) a circular graduation of 100 intervals, numbered at every
ive graduation lines, for indicating the hundredth and
thousandth parts of a millimeter,
b) a double-lined Archimedes' spiral rotating with the eir-
cular graduations its ten double turns have a spiral lead
of the apparent size of 0.1 mm.
Twoe of the big, vertical, and numbered millimeter lines of the
scale graduation are always (except in case of zeroing and up to
approx. 0.4 mm) in the field of vision of the spiral microscope.
The'value to be read is indicated by the millimeter lime in the
gpiral field. This millimeter line must be set symmetrically be-
twaen the double line of the spiral by actuation of driver knob (&0
Fig. T) or driver plate (81). This symmetrical setting must always
be performed within the horizontal tenth graduation numbered from
0 to 10. The positien of the millimeter line withiﬁ the tenth gradu-
ation then informs about the value of tenths of a millimeter. Use
the smaller of the two values between which the millimeter line is
situated. In case of doubt, consider the position of the indexing
arrow for hundredths and thousandths.

a.2. Sequance of reading

Reading is possible after the millimeter line of the glass scale in
the spiral field has been set symmetrically between the double line
of the spiral, i.e. coarsely with driver knob (60 Pig. 7) and sen-
sitively with driver plate (61). The reading sequence is as follow-
ing:
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The total reading is equal te the measured size if the selected ini-
tial value was 0.0000 (in case of outside mezsurement) or the actua-
al value of the setting ring (in case of inside measurement).

In case of any other initial value, the measured size is the dif-
ference between total reading and initial value.

Several repetitions of the measuring operation with folleowing av-
eraging permit the measured size to be determined with higher pre-
cision. If a correction due to existing scale errors is necessary,

correct this average.

8.3. Considering scale errors

Every instrument is equipped with a test certificate for the glass
ecale. It informs about the tenthousandths of a millimeter by which
the graduation lines differ from their rated value (distance to
scale line zero).

fhen measuring with the initisl wvalue 0.0000, take the error listed
for the corresponding millimeter line in the spiral field from the
table of the iest certificate and add it to the total reading in
consideration of the sign.

Examples:

mean read error according to mean corrected
value test certificate value

{mm] [0.1 pm] [mm)

37.0008 + 3 37.0011
53.1755 + 10 53.1785
94,9993 i 94 .a9981

When measuring with an initial value differing from zero, arithmeti-
cal errors should be avelded by corracting-the read values according
te the test certificate before the differences are calculated.
Example:

mean read value error according to | mean corrected
test certificate value

[mm] [0.1 pm] [ mm ]

measured value |98.6439 |+ 9 98.6448

initial walue |13.2965 |- 11 13.2954

fference BE.3400
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Q. Outside measurement

Outside measurement requires the following equipment:
Bagic bed

Adjustable object table

Abbe measuring element

Countersleeve

Short or long spacing element

Weight unit for measuring force of 150 p or 250 p

2 measuring attachments with spherical zone
(for objects with flat parallel faces of measuring)

2 measuring attachments with flat face of 2 mm, 8 mm, or 14 mm in

diameter
(for objects with spherical faces of measuring)

2 measuring attachments with small or big knife edge
(for cylindrical objects)

4in case of need:
Clamps
Packing gibs

Gauge blocks
(In case of measured sizes above 100 mm, the glass scale of the
measuring sleeve is connected to the gauge block.)

9.1. Tast objects with flat parallel or spherical faces of
meagsuring and cylinders in vertical position

For measuring objects with flat parallel faces of measurement, ob-

jects with spherical faces, and cylindrical objects in vertical po-

gition, complete the equipment for the instrument erected according
to paragraph 4. as following:

(1) Fasten the short (123 Fig. 21) or long (122) spacing elewment
with cap nut (39 Fig. 5) to measuring sleeve (37). The long
spacing element is in general used for smaller sizes to be
measured since the measuring element need not be shifted to the
right so far during setting-up and the adjustable object table
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(2)

(3)

(4)

(5)
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can be brought into a higher position.
Clean measuring bolts (133 ard 83 Fig. 23) and measuring at-
tachments (Fig. 18) with benzine. (Take care that the front
faces of the measuring bolts and the spherical faces at the
bore end of measuring attachment are ahéolutely clean that
measuring errors due to non-reliable contact are avoided.)
S5lip on the required measuring attachments and fasten them
with clampscrew (105) on the measuring bolts.

Hang the desired weight unit (122 Fig. 21) for measuring forece
of 150 p or 250 p on holder (51 Fig. &),

Arrange the cord of the weight unit on rollers (50 and 53) and
allow the weight to hang free.

After having composed the required squipment, arrange the ocbject to

be measured:

()

(1)

(8)

(9)

{10)

Brio: the adjustable object table (3 Fig. 23) transversely to
the direction of measurement approximately into middle pogli-
tion. This means that setscrew (29) should be set between 10
end 15 (middle position = 12.50).

Use benzine to clean the table plate and the object faces to

be measured.

Arrange the packing gibs (131 Fig. 24) longitudinally or trans-
versely to the measuring direction on the table plate. (They
are required only in case of small lengths to be measured or
if the object is to be measured nearly up to the contact face.)
Rings (Fig. 25) are suitable as packing elements for balls,
prisms for cylindrical objects with epherical end faces.
Arrange the object approximately in the middle of the table or
on the packing gibs or on other packing elements.

Fasten the object by means of clamps (118 Fig. 24) which are
adjustable in the slots (25 Pig. 3). Lightweight objects must
be fastened particularly well while it is sometimes passible

to leave heavy objects unfastened.
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{(11) For unifdrmly getting the object table height even in case of

(12)

(13)

The f

uring
(14)

{15}
(15).:
{(17)

(18)
(19)

(20)

(21)
(22)
(23)

heavy objects (up to 7 kg), turn the small handwheel (7 Fig.

23) clockwise until the movement in height is easy and smooth

when handwheel (12 Pig. 1) iu actuated for 1lifting and lowering

the adjustable object table. Clampscrew (13) must be released

beforehand.

Adjust the table in height so that the measuring faces of “the
test object have the same height as the measuring attachments.

Lock this special height position of the ndjuntablé object

table (3) by turning clampscrew {14) in clockwise direction.

ollowing operations are nﬁccssafy for setting-up the Abbe meas-
element and the countersleeve:

Bring the teble plate into its middle position, i.e. shift it

in the direction of measurement that the upper line of index

mark (30 Pig. 24) is approximately in the middle between the
lower two lines.

Lock measuring sleeve (37) with clampscrew (47).

Loosen clamping knob (69 or 65 Fig. 12).

Shift sleeve slide (6B) or sleeve tube (66) or both until the

measuring attachment touches the right-hand measuring face of
the object,

Again tighten clamping kmob (69 or 65).

Turn handwheel (12) to lower the adjustable object table (3
Fig. 1) until the object to be measured is under the measuring
sleeve (37 Fig. 23). Take it from the object table if it is so

big that 1t is still in the range of adjustment of the measur—

ing sleeve even in the lowest position of the object table.
Loosen éi&mpacraw (47}, take holder plate (52), and make the

measuring sleeve (37) slowly run to the right.

Adjust the measuring attachments according to paragraph 5.

Set the initial value according to paragraph &.

Reattach and fasten the object according to operaticns (2) and
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(10) if it had to be removed according to operations (19).
(If possible, bring the object into its initial position.)
Measuring requires the following additional operations:
(24) Align the faces of measurement according to paragraph 7.
(25) Determine the size of measurement according to paragraph B.

g9.2. Cylindrical objects in horizontal position

The location of cylindrical objects in horizontal positions re-
quires the equipment to be completed by the center atand (FPig. 13).
This center stand permits centered cylindrical objects - maximum
diameter 200 mm, meximum length of cylinder BO mm, maximum center
distance 200 mm - to be held and measured. Measurement of cylindri-
cal cbjects requires the instrument erected according to paragraph
4. to be completed as following:

(1) Use handwheel (12 Pig. 1) to bring the adjustable object table
(3) into its highest position, Loosen clampecrew (13) befora-
hand.

(2} Insert workholding centers (73 Fig. 13) in the center stand
{74) and fasten them with clampscrews (72).

(3) Turn fastening screws (77) clockwise up to stop.

(4) Place the center stand on the adjustable object table faxis of
workholding centers transversely to the axis of measuring) and
tighten fastening screw (77).

(5) The center stand must easily be movable in the direction of
measuring after fastening.

(5) Fasten the short (123 Pig. 21) or long (122) spacing element
with cap nut (39 Fig. 27) on the measuring sleeve (37).

(7) Use benzine to clean the measuring bolts (133 and 63 Fig. 23)
and measuring attachments (Pig. 18).

(8) DNot applicable.

(9) Push a measuring attachment with big (106 Fig. 18) or small
knife edge (107) on each of the two measuring bolts that the

aT

knife edges are perpendicular to the cylinder jacket lines.

(10) Pasten the measuring attachments with their clampscrew (105).

(11) Suspend the desired weight umit (121 Fig. 21) for measuring
force of 150 p or 250 p from holder (51 Fig. 6).

(12) Arrange the cord of the weight unit on rollers (50 and 53) and
allow the weight to hang free.

After the equipment has been composed, locate the object to be

measured as following:

{13) Loosen clampscrews (72 Fig. 13).

(14) Shift the workholding centers (73) until the centered cylind-
rical object can conveniently arranged between the workholding
centars.

(15) Pasten the object between the solid (75) or hollow (75) centers.

(16) Shift the wnrkhaldingl¢entara together with the test object un-
ti1 the point to be measured on the cylinder is in the axis of
measurement . j

(17) Retighten clamping screws (72). Make sure that the object can
rotate about its axis easily t~t without axial backlash.

{18) For uniformly setting the object table height (and, thus, the
center stand fastened om it) even in case of heavy objects (up
to 7 kg), turn the small handwheel (7 Fig. 27) clockwise until
the movement in height is easy and smooth when handwheel (12)
is actuated for lifting and lowering the adjustable obja&t
table.

(19) Adjust the table height that the measured distance approximate-
ly passes through the center of cylinder curvature.

The following operations are fequirud for setting=-up:-the Abbe meas-

uring element and the countersleeve:

(20) Bring thé table plate into its middle positiom, i.e. shift it
in the direction of measuring that the upper line of index mark
(30 Pig. 3) is approximately in the middle between the lower
two linas.

NN i
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(21) Lock the measuring sleeve (37 Pig. 27) with clampscrew (47).

(22) Loosen clampscrews (69 or 65).

{23) Shift the sleeve slide (68) or sleeve tube (66) or both until
the measuring attachment touches the right-hand face of meas-
urement of the object.

(24) Retighten clampscrews (69 or 65). i

{25) Lower the adjustable object table (3 Fig. 1) by turning hand-
wheal (12) until the object is under the measuring sleeve (37
Fig. 27). The object must be taken out of the center atand
(T4) if it im 8o big that 1t 485 still in the range of adjust-
ment of the measuring sleeve even in bottom position of the
object table.

(26) Loosen clampscrew (47), take holder plate (52 Fig. 5), and
make the measuring sleeve (37) slowly run to the right.

{27) Adjust the measuring attachments according to paragraph 5.

(28) Adjust the initial value according to paragraph 6.

(29) Again fasten the object in the center stand if it had to be
removed according to cperation (26). If possible, bring the ob-
ject again into its initial poaition.

Measuring requires the following additiomal operations:

(30) Align the object according to paragraph 7.

(31) Determine the cylinder dismeter (size of measurement) accord-
ing to paragraph 8.

10. Iﬁg;ﬁa measursment

Inside measurements are posaible only as difference measurements
above 10 mm. This means that the measuring instrument must be set

up prior to measurement relative to a reference or setting standard.
This is done for the Universal Horizontal Metroscope with a setting
Ting whose bore diameter has been stated down to 0.1 pa{with poesible
measuring error or +-0.5 um).
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10.1. Objects with flat parallel faces of mﬂ&gg:nﬁent and bores

This kind of inside measurement requires the following equipment:
Basic bed

Adjustable object table

Abbe measuring element

Counterslesve (for big inside measuring fr&mes}.

Adjustable sleeve (for small inside measuring frames)

Setting ring, diameter 50 mm

Small inside measuring frames
(for measured lengths above 10 mm at maximum depth of insertion of

12 mm)

Big inside measuring frames
(for measured lengths above 30 mm at maximum depth of insertion of

50 mm)

Short apacing element (for small inside measuring frames)

long spacing element (for big or small inside measuring frames)

Weight unit for maasuring foerce of 150 p or 250 p

in case of need:

Clamps

Packing gibs

For inside measurement on objects with flat parallel faces of meas-

uring and bores, complete the equipment composed mccording to para-

graph 4. as following:

(1) Pasten the short (123 Fig. 21) or long (122) spacing element
with cap nut (39 Pig. 5) on the measuring sleeve (37).

(2) Slip the big inside measuring frames (130 Pig. 29) on the long
specing element at the measuring sleeve and the countersleeve
tube and fasten them with ¢lampscrews (13%).

Measurement with the small ineide measuring frames requires the fol-

lowing additional preparations:

{3) Ioosen clampscrew (65 Fig. 12).

(4) Extract sleeve tube (66) from sleeve slide (68).

(5) Arrange the adjustable sleeve (Fig. 38) for the small inside
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measuring frames in the sleeve Blide that index mark (149) is
upward directed. .

(6) 8lip the small inside measuring frames (128 Fig. 28) on the
measuring bolt of measuring sleeve (37) and on the measuring
bolt of the adjustable sleeve (127) that clampscrew (137) is
facing toward the observer and the frame opening is downward
directed.

{7) Align the inside measuring frames so that ncse (135) is in the
milled portion (136).

{8) Tighten clampscrews (137).

#e supply the adjustable sleeve for small inside measuring frames

with adjustment to the center of the corresponding instrument. The

adjustment must be checked or the sleeve readjusted only in case of
subsequent supply or after setting of adjusting screws (64 and TO).

This is done as following:

{(9) Loosen clampscrews (144 Fig. 35).

{10) Take measuring insets (145) out of frames (128). -

(11) Mutually approach the measuring frames as close as possible to
bring their bores to alignment.

(12) Fasten an arbour with diameter 1.5 mm h & in the bore of the
1urt;hand frame and slightly tip on the right*hhnd frame to
find the directior into which adjustment is necessary.

(13) Adjust the sleeve by actuating the four screws (150 Fig. 38).
Every two opposing adjusting screws (upper and lower for
height, frontal and rear for lateral dirsction) must be actu-
ated at the same time and in the same direction of rotation.

(14) Stop the adjustment if the mandrel fastemed in the left-hand
measuring frame can easily be introduced into the fres bore of
the right-hand measuring frame.

(15) Take out the arbour, again insert measuring attachments (145
Fig. 35), and fasten them by clémpacro'n (144).

Fore bore measurement, check the measuring frame adjustment by meas-
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uring two setting rings (first with diameter 14 mm, then with diame-

ter 50 mm). These two measuring operations require the temperature

to be considered. The réaultin& corrected measured value must not
differ from the wvalue engraved on the measured setting ring by more
than + 1.5 pm. Otherwise repeat the adjustment of measuring frames,

i.e. operations (9) to (15).

(16) Suspend the desired weight unit (121 Fig. 21) for measuring
force of 150 p or 250 p from holder (38 Plg. 5).

{(17) Arrange the cord of the weight unit on rollers (50 and 53 Fig.
6) and allow the weight to hang free.

Attach the setting ring after the required squipment has been com-

posed:

(18) Fasten packing gibs (131 Pig. 28) on the adjustable object
table.

(19) Apply the well cleaned setting ring (129) approximately io the
table center to the packing gibs (131) that index lines (1138)
peint into the direction of measuring.

(20) Fasten the setting ring with clamps (118).

(21) Por uniformly setting the object table in height even in case
of heavy objects (up to 7 kg), turn the small handwheel (7 Pig.
1) until the movement in height is easy and smooth when hand-
wheel (12) is actuated for lifting and lowering the adjustable
object table. Ioosen clampscrew (13) beforehand.

The following operations are required for setting-up the Abbe meas-

uring element and the countersleeve:

(22) Actuate handwheel (12) to bring the adjustable object table
(3 Pig. 23) into ite lowest poaition.

(23) Move the measuring sleeve (37) to the right that the inside
measuring frames are absolutely free to be 1naertéd in the bore
of the setting ring when the object table is 1lifted.

(24} Loek the measuring sleeve (317) with clampscrew (47).

(25) Turn handwheel (12) to bring the setting ring into the neces-
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sary height position. Secure with clampscrew (13 Pig. 1).This
height position must be selected so that the measuring opera-
tion is performed approximately in the middle of the setting
ring since the engraved value refers to the diameter in the
piddle third of the ring.

(26) Bring the table plate into its middle position, i.e. shift it
in the direction of measuring that the upper line of index
mark (30 Pig. 29) is approximately in the middle between the
the lower two lines.

{27) Loosen clampscrew (69 Fig. 12).

(28) Shift the sleeve slide with sleeve and inside measuring frame
tha¥ the measuring face of the right-hand measuring frame is
touching the right-hand bore wall of the setting ring.

{29) Retighten clampscrew {63).

(30) Loosen clampscrew (47 Fig. &), take holder plate (52), and
make the measuring sleeve slowly travel to the left until the
measuring face of the left-hand inside measuring frame is
touching the left-hand bore wall of the setting ring.

(31) Align the faces' of measurement of the setting ring (correspond-
ing to the test object) according tc¢ paragraph 7.

(32) Analogously adjust the actual walue of the setting riné (cor-
responding to the -initial value) according to paragraph 6.

After having adjusted the actual value of the setting size as ini-

tial value, the Abbe measuring element (116 Fig. 23) and the coun-

tersleeve (66) must no more be shifted during a series of measure-

ments and the driver knob (56 Fig. 7) and setting knob (&7 Fig. 23)

no more varied in position.

{33) Move the measuring sleeve (37) back and lock it with clampscrew
(47).

(34) Take off setting rimg (129 Fig. 28) and apply and fasten the
object to be measured in accordance with upar?tinna (19) to
(21).
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The fellowing additional operations are regquired for measuring:

(35) Align the measuring faces of the test object according to
paragraph T.

{36) Determine the size of measuring of the object according to
paragraph 8. in consideration of the actual value of the set-
ting gauge.

10.2. Bore measuring by means of measuring
equipment with magic eve

Inside measurement by means of the measuring equipment with magie
eye reguires the following equipment: :
Basiec bed

Adjustable object table

Abbe measuring element

Electrically insulated table

Measuring equipment with magie eye

Carrier arm with measuring ball insets

Conical inset for reducing the table bore
(for measuring very small rings)

For such inside measurement, erect the instrument according to para-
graph 4.. and complete it in the manner deseribed hereaftert

The sequence of operations depends on the fact whether the measur-
ing balls for measurements are introduced into the object bore from
above or from below.

measuring ball introduced oper- | measuring ball introduced
into the bore from above Ation | into the bore from below

Turn handwheel (12 Pig. 30) | (1) | Turc handwheel (12 Fig. 30) to
to 1ift the adjustable ob-
Ject table until the upper
end of its vertically slid-
ing slide hes approximately
the same height as the upper

bring the adjustable object
table into its lowest position.

end of the prismatic guide.
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measuring ball introduced
inte the bore from above

opar-
ation

measuring ball introduced
into the bore from below

Screw back the fastening
serew [87) of the electric-
ally insulating takble (Pig.
147},

(2)

Fasten the long spacing ele-

ment (122 Fig. 21) with cap nutf

{39 Fig. 30) on measuring
sleave (37).

Carefully apply the elec-
trically insulated table to
the table plate of the ad-
justable object table. Level
(B4) is directed to the

front.

(3)

Introduce the measuring ball
inset (Fig. 16) required for
measuring into the holder bore
(98 Fig. 17) of the carrier
arm and tighten it well with
fastening screw (96 Fig. 17).

Tighten faestening screw
(87). The points of screws
(85) must pass into the
slots (18 Fig. 2) of the
adjustable object table.

(4)

Fush the carrier arm with its
bore (99) on the long spacing

element that the measuring ball
is upward directed. Fasten with

clampscrew (100).

ing column (90 Fig. 15) of
the indicating device up to
gtop into holder bore (24
Fig. 2) and fasten it with
clampscrew (23) released be-
forehand in case of need.

Introduce the shank of carry- (5)

Screw back the fastening

screw (87 Fig. 30) of the elec-

trically insulated table (Fig.
14).

Push pin plug (91 Fig. 15)
into receptacle (78 Pig. 14)
in the electdcally insulated
table and the screwable plug
(92 Fig. 15) into esocket (19
Fig..2) and screw it.

(6)

Carefully - to protect the
measuring ball from damege -
apply the electrically insu-
lated table from above to the
adjustable object table. Level
(B4) 1s directed to thes front.

with clamping lever (27).
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measuring ball introduced oper- | measuring ball introduced
into the bore from above ation] into the bore from below
Fasten the long spacing ele-| (7) | Tighten fastening screw (87).
ment (122 Fig. 21) with cap The points of screws (85) must
nut (239 Pig. 30) on measur- pess into the slots (18 PFig.
ing sleeve (37). 2) of the adjustable object
table.
Introduce the measuring ball| (8) | Release table locking by actu-
inset (Fig. 18) required for ating clamping lever (27 Fig.
measuring into holder bore 30).
(98 Pig. 17) of the carrier
arm and tighten it well with
fastening screws (96 Fig.
17).
Push the carrier arm with (9) Actuate the lever for table
its bore (99) on the long tilt (28) to level the elec-
spacing element that the trically insulated table ac-
measuring ball is dewnward cording to level (84).
diréntad, and fasten with
clampscrew (100).
Release table locking by ac-]{10) Lock this table position with
tuating clamping lever (27 clamping lever (27).
Fig. 30).
Actuate the lever for table |(11) | Turn handwheel (12) to bring
tilt (28) to level the elec- the table into its highest
trically insulated table ac- possible position. Fastening
cording to level (84). screw (9% Fig. 17) must be
supported on the table plate
of the adjustable object table.
Lock this table position {12} Limit this movement in height

toward the upper end by tight-




measuring ball intreduced oper-| measuring ball introduced
into the bore from above ation| into the ball from below

ening clampscrew (14 Fig. 1)
to prevent the carrying arm
from running againat the table
plate if handwheel (12) is ac-
tuated later on.

Loozen clampecrew (47). {13) Introduce the shank of carry-
ing column (90 Fig. 15) of
the indicating device up to
stop inte holder bore (24 Fig.
2) and fasten it with clamp-
acrew (23) released before-

hand in case of need.

5hift measuring sleeve (37) ] (14) Push pin plug (91 Fig. 15)
into receptacle (T8 Fip. 14)
in the electrically insulated

end turn setscrew (29) un-
til the measuring ball is
spproximately in the middle table apd the serewable plug
of table plate (79} in the (22 Fig. 15) into socket (149
directions x ard y. Pig. 2) and screw 1t,

After the reguired equipment has been composed, attach and center

the ohject to be measured:

{15) Use benzine for thoroughly cleaning the test object, table sur-
face {79 Fig. 30), and measuring ball inset (Fig. 18) to war-
rant reliable elesctric contact when the measuring ball inset
is touching the test object.

{16) 4pply and coarsely center the test object (i.e. bring the meus-
uring ball approximately into the bore axis), and fasten it
well with clamps (118 Pig. 30).

{17) Actuate handwheel (12) to set the object in height that the
measuring ball is approximately on the level of half the bore
height.
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{18) Lock this position in height with clampscrew {13].

(19) Leo=sen clampserew (47).

(20) Actuate tangent screw (35) to make the measuring ball touch
the bore wall.

{21) The magic eye (B9 Pig. 15) indicates the contact: the four
light green wedges first bepin to flicker and grow when the
measuring bell is moved on.

{22) Turn tangent serew (35 Pig. 30) through a very short distance
into opposite direction until the light wedges have again be-
come smaller,

{231) Turn setscrew (29) until the magic eye responds, i.e. until
the measuring ball has contact with the bore wall. It is ad-
vigable to set only a very light contact between measuring ball
and bore wall (magic eye is flickering only) to avoid the risk
of shifting the test object or breaking the small measuring
ball.

{24) In this contact position, reed and log the wvalue indicated hy
setscrew (29).

(25) Carefully turn the setscrew into opposite direction until the
magic eye again responds (flickers).

(26) Read and log alsoc this value.

(27) Caleulate the mean value of the two readings.

(28) Adjust setscrew (29) to this value.

The test object has thus been centered. This means that the line of

measurement passes through the bore center. The very measuring op-

eration requires the following additional operations:

(29) Actuate tangent screw (35) to establish the necessary contact
between measuring ball and object wall (magiec aeye is brought
to response).

(30) In this position, set the spiral mlcroscope (49) according to
paragraph 8., read it, and log and correct the value.

{31) Turn the tangent screw (35) into opposite direction up to con-
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tact with the opposite end of the object bore, i.e. until the

magic eye responds again.
"12) Again set the spiral mlcroscope {49), read it, and log and

correct the value.
{33) Caleulate the bore diameter of the test object. It results

from the difference of the two corrected readings plus the

measuring ball diameter.
The following example serves for illustrating the operations (30),

(31), and (32)?

gatting | reading gcale error for corrected reading
line ()

1 85.3176 mm | (85) + 0.0002 mm B5.3178 oo

2 71.8742 mm | (71) - ©.0005 mm 71.8737 mm

difference betweeu corrected readings 13.4447 mm

digmeter of the measuring ball used 2.9438 mm

bore diameter of the measured ocbject 15.387% om

1. Thread measuring

11.1. External threads

The effective diameter of external threads is measured with the
"three wire measuring method".

In this case of measurement, flat parallel measuring faces are used
for measuring the distance generated by tangential planes which are
applied to the measuring wires and which are parallel to the axis

of thread and to each other. This distance iz the test size M or the
M-value. Our thread chart lesaflet 24-T 125-2 contains charts with
the M-values for the most commonly used standardized threads and all
theoretical fundamentals for the three wire measuring method as well
as instructions for calculating the required measuring wire dismeter
and M-values for threads which are not listed in the chart leaflet,
Por the Universal Horizontal Metroscope, thread measuring wires with
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eyelets (143 Fig. 32) ere used. The measuring wire diameter which
depends on the type and pitch of threads to be measured will be
found in the thread chart leaflet.

External thread measuring requires the following equipment:
Basic bed

Adjustable object table

Abbe measuring element

Counteraleeve

Long spacing element

feight unit for measuring force of 150 p or 250 p

Center stand "

Holder for measuring wires

teasuring attachment with flat face of 8 mm diameter

Measuring attachment with flat face of 14 mm dizmeter

Thread measuring wires with eyelets

Gauge blocks in case of need .
(In case of measured sizes above 100 mm, the glass scale of the
measuring sleeve is connected to gauge blocks.)

External thread measurement regquires the instrument to be erected

accnrding to paragraph 4. and to be completed as following:

(1) to (7): analogously to paragraph 9.2.

(8) Push the measuring attachment with flat face of 8 mm diameter
(103Fig. 33) on the measuring bolt of the long spacing element
(122) and the measuring attachment with flat face of 14 mm di-
ameter (102) on the measuring bolt of sleeve tube (66).

(9) Not applicable.

(10) to (29): analogously to paragraph 9.2.

Fastening of the thread measuring wires requires the following op-

erations:

(30) Wove the measuring sleeve (37 Fig. 23) to the left and tighten
it with elampscraw (47).

(31) Push holder bars (142 Fig. 33) into the corresponding bores of
measuring wire holders (120) and fasten them with clampscrews



(141).
{(12) Push one measuring wire holder each on the long spacing ele-
ment (122) at the measuring sleeve and on the sleeve tube (a6)

of the countersleeve.
Suspend the thread measuring wires with eyelets (143) required

S
Sk
T

for measuring from holder bars (142) on the measuring wire
holders so that the single measuring wire hangs close to the
measuring attachment with flat face of & mm diameter.

{14) Actuste handwheel (12 Fig. 1) to set the adjustable object
table that the threaded object is touched approximately by the
centers of measuring faces of the measuring attachments where-
by the line of measuring passes through the center ef curva-
ture.

{35) Move the center stand with object to be measured to the right
and bring the two thread measuring wires hanging in front of
the flat face of the 14-mm measuring attachment (102 Pig. 33)
into to adjacent thread gaps.

{36) Loosen clampscrew {47 Fig. 23).

{37) Make the measuring sleeve (37) slowly travel to the right.

{38) Introduce the single measuring wire into that thread gap of
the object which opposes the two others in the middle.

{39) Let the measuring attachment with 8-mm flat face and the meas-
uring attachment with 14-mm flat face touch the measuring wires
in the test object.

The following additional operations are required for measuring:

{(40) Align the test object according to paragraph 7.

{41) Determine the effective diameter = M-value (size to be measured)
according to paragraph 8.

In case of errorless effective diameter, the measured M-value must

correspond to the value found in the thread chart leaflet 24-T

125-2 and corrected. Deviations from the theoretical M-value can

normally be regarded with sufficient accuracy as deviations of the

]
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affective diameter from the rated wvalue if the errors of thread
angle and thread lead are in their normal limits.

11.2, Internal threads

The effective diameter of internal threads is measured as a differ-
ence with the two ball measuring method.

With this measuring method, the deviation of the test object from
the value "X" is determined. This "X-value" represents the distance
betwesen two outer thread angles cpposing each other with offset of
half the amount of lead. This value has an indirect relation to the
effective diameter,

Keasurement of internal threads requires an additional internal
thread measuring equipment. The initial value is set by means of a
setting gauge used as a reference and setting prototype and com-
posed of block gauges and V-type gauges.

The measurement of internal threads regquires the follewing equipment:
Basic bed

Adjustable object table

Abbe measuring element

Countersleeve

Short or long spacing element

Weight unit for measuring forece of 150 p

Small inside measuring frames

Sleeve for small inside measuring frames

Big inside measuring frames

Internal thread measuring equipment

consisting of

Attachable table for internal thread measuring with object
clamps

V-type gauge holder no. 1
1 pair of V-type gauges 55° (special order)
1 pair of V-type gauges 609
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§ paire of thread measuring balls for small inside measuring
frames, namely

1 pair, diameter 0.8 mm (short layout), only for difference
measurement relative to thread gauge rings with miner di-
ameters above 11 mm

1 pair, diameter 0.8 mm (long layout), for direct and dif-
ference measurement for minor diameters above 14 mm

1 pair, diameter 1.35 mm, for direct and différence measure-
ment with minor diemeter above 13 mm

1 pair, diameter 1.8 mm, for direct and difference measure-
ment with minor diasmeter above 16 mm

1 pair, diameter 2.3 mm, for direct and difference measure-
ment with minor diameters above 1B mm

& palre of thread measuring balls for big inside measuring
frames, namely

1 pair, diameter 0.8 mm (=hort layout), only for difference
measurement relative to thread geuge rings with minor di-
ameters above 31 mm

1 pair, diameter 0.8 mm (long layout), for direct and d4if-
ference measurement with minor diameters above 35 om

1 pair, diameter 1.35 mm, for direct and difference measure-
ment with minor diameters above 35 mm

1 pair, diameter 1.8 mm, for direct and difference measure-
ment with minor diameters above 35 mm

1 pair, diameter 2.3 mm, for direct and difference measure-
ment with minor diameters above 35 mm

1 pair, diameter 3.175 mm, for direct and difference measure-
ment with minor diameters above 38 mm

For the measurement of internal threads, erect the instrument ac-

cording to paragraph 4. and complete it as following:

(1) Place the attachable table for internal thread measursment
(111 Fig. 37) on the table plate of the adjustable object table.

{2) Tighten fastening screw (147) which must be directed to the
right.

(3) PFasten the short (123 Fig. 21) or long (122) spacing slement
(depending on the type of inside measuring framese, namely the
short or the long ones, which are used for measuring) om the
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measuring slesve (37 Fig. 37).

(4) Select the small or the big inside measuring frames (128 or
130 Pig. 21).

(5) Loosen clampscrew (144 Fig. 35) on the inside measuring frames.

(6) Substitute thread measuring balls (145) for standard measuring
ingets. The required measuring ball diameter will be found in
the thread charts (paragraph 14.) or can be calculated with
the following formula:
dy [om] = % [mm] cos %
wherein
P [mm] = thread lead
a [®] = thread angle

(7) Again tighten clampscrew (144).

(8) Push the small inside measuring frames on the measuring bolt
of the small spacing element and of the sleeve for small meas-
uring frames or the big inside measuring frames on the long
spacing element and on the sleeve tube of the countersleeve.
Clampscrews (137 or 139 Fig. 29) must be directed upward, the
frame openings to the front.

Compose and attach the setting gauge as following:

(9) Fasten one pair of V-type gauges (55° or 60° according to the
thread angle to be measured) and one gauge block with measur-
ing length of 20+--50 mm in a V-type gauge holder (124 Fig.j?j‘t

(10) Push the clamping portion of the holder to the right-hand V-
type gauge and welll tighten clampscrew (146 Fig. 35).

(11) Tighten the screw for pressing the gauge combination to the
left-hand contact face of the holder. This screw is situated on
the front of the V-type gauge holder.

1}
A gauge block combination with the value Ex' = X - (a + b), how=

ever, i1s preferably used for the following measurement (E_.' =
length of the gauge block combination; a, b = V-type gaug§ con-

stants engraved on the V-type gauges, X = rated value of th
e
thread diameter). :
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{(12) Bring the attachable table for internal thread measurement
{111) into its deepest position and arrange the thus composed
setting gauge on its table plate that the line limited by the
two Vees is approximately in the middle of the table.

(13) Tighten the setting gauge with object clamp (113).

The following operations are required for setting-up the Abbe meas-

uring element and the countersleeve:

(14) Loosen clamping knobs (43 and 69 Fig. 23).

{15} Move the Abbe measuring element (116) and the sleeve slide (68)
with the inside measuring frames (128 or 130 Fig. 21) together
until the distance between the two thread measuring balls (145
Pig. 35) is smaller than the length of the gauge block and
that it is spproximately in the middle of the table.

{15) Again tighten the clampscrews.

{17) Fasten the weight unit for measuring force of 150 p to holder
(38), arrange ite cord on rollers (50 and 53 Fig. 6), and al-
low the weight to hang free.

{18) Lift the attachable table for internal thread measurement (111
Fig. 35) until the Vees of V-type gauges (140) have the same
height as the thread measuring balls.

(19) Bring the horizontally carried and universally movable table
plate into its middle position, loosen clampscrew (47 Fig. B),
and make the measuring sleeve (37) slowly travel to the left.

[20) If required, shift the attachable table in y-direction with
sedgcrew (29 Pig. 35) to introduce the thread measuring balls
{(145) into the Vees.

{21) Slightly tilt the adjustable object table by actuating lever
(28) until the point of reversal is arrived at.

{22) Tighten clamping lever (27).

Thus, the plane generated by the two V-type gauges (140) is parallel

to the axis of measuring.

(23) Adjust the actual value of the setting gauge (corresponding to

55

the initial value) analogously to paragraph &.

To avoid arithmetical work, the center distance of the proto-
type Xy = Ex + a + b should preferably be set as the initial
value. If a gasuge block combination Exy' = X - {a + b) iz used,
take the value X from a chart (see paragraph 14.) and set it
as the initial value. The formula Xy = Ex + & + b is the basis
also for caleulation of X-values of the charts. Herein: E, =
measuring length of the gauge block; a, b = Vee-constants ep-
graved on the V-type gauges.

After the actual value of the setting gauge has been adjusted as

the initial value, do not shift the Abbe measuring element (116 Fig.

23) and the sleeve slide (6B) during a series of measurements and

do not vary the positions of driver knob (56 Fig. 7) and of setting

knob (67 Fig. 23).

(24) Move the measuring sleeve (37) to the right and tighten it with
clampscrew (47).

(25) Take the setting gauge from the attachable table for internal
thread measurement.

Weasuring requires the following additional operations:

(26) Lift or lower the attachable table (111 Fig. 37) until the dis-
tance between thread measuring balls and table plate amounts to
approximately half the outer diameter of the threaded ring
(test object).

(27) Bring the table plate into middle position and arrange the
threaded ring so that the measuring balle are inserted in the
threaded bors.

(28) Tighten the object to be measured.

(29) Loosen clampscrew (47 Fig. 6).

(30) Make the measuring sleeve (17 Pig. 37) slowly travel to the
left and shift the table plate with the test object that the
thread measuring balls are incorporated inte two thread gaps of
the test object which are opposing each other with offset by
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half the amount of lead. The threaded ring-must adjust without
any force.

{31) Slightly 1lift end lower the test object with handwhesl (12 Pig.
1) to find the point of reversal. The line of measuring thus
passes through the center of curvature of the thread, i.e. the
line passes through the diameter of the ring.

{32) Determine the thread diameter = X-value (size to be measured)
according to paragraph 8. Consider the actual value of the set-
ting gauge.

In case of errorless thread diameter, the measured X-value (Xp =

thread dimmeter of the object) must coincide with the X-value taken

from a chart (paragraph 14.) or calculated with the following for-

mula: 5 :
B, & VB, [mm]
X = D2+ 5 cot 2 +* 8 5 E .
Do+ 3" cot ST
sin %

wherein

Dy [mm] = thread diameter

P [mm] = lead

a [©] = thread angle

dg [mm] = dismeter of thread measuring bells used

In case of initial values of any size selected, scale reading A4
corresponds to the center distance of the prototype Xy = Ey + a + b
and reading A2 to the setting at test object Ip. The difference be-
tween the two readings Ap - Aq is then the amount B by which the
center distance of the object Xp differs from the center distance
of the prototype Xy: Xp = Xy + B = Ex + 2 + b + B.

If Xy has been set as the initial value, the measured value Xp cor-
responds to the amount ‘B which must then only be compared with the
chart value X.

If the chart value X hes been set as the initial value, the differ-
ence between test object reading and the initial value is equal to
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the deviation from the chart value X and, thus, of the thread di-
ameter from its rated value (while thread angle and thread lead must
have the specified walues).

12. Meaguring objects of the same kind

lleasuring objects of the same kind is possible with
outside measurement of any type,

inside measurement of objects with flat parallel faces of measuring
and bores,

external thread measurement.

Equal objects can be measured with the same setting (i.e. with the
gsame initial value). This is based on the following prerequisites:
No displacement of the Abbe measuring element (116 Pig. 23) and of
the sleeve glide (68) with sleeve tube (56),

no variaticn of the positions of driver kmob (56 Fig. 7), setting
knob (&7 Eig.-12}, and adjusting screws (64 and 70).

After havirg changed the object to be measured, set it and deter-
mine its size to be measured according to the corresponding para-
graph (9.1., 9.2., 10.1., or 11.1.).

The initial value must newly be determined if the measuring element
or the countersleeve must be shifted due to different size of an ob-
ject of the same kind. Adjustment of the measuring attachments, how-
ever, is maintained.

13, Difference measuri uipment
13. 15 Unpacking and erscting

The following operations are required for unpacking and erecting
the difference measuring equipment:

(1) Remove the cover of the special shipping case (160 Fig. 393,



]

{2) Unscrew all securing latches (e.g. 166) and carefully take out
the components,

{3) S5hift the measuring slide (153) approximately to the right-
hand end of the left-hend sliding face of the basic bed.

{4) Tighten clamping knob (176 Fig. 41).

{5) Push a precision dial instrument MO 1/100 (165) into the holder
bore of the measuring slide (153) and align it so that conve-
nient observation through eyepiece (177) is possible.

{6) Tighten clampscrew (180).

{7 Push the measuring attachment on the measuring bolt up to stop
and festen it with its clampscrew.

{8) Pasten the 1ifting unit (169) on the chucking shank of the di-
al instrument M0 1/100 so that the nose of feeler lever almost
touches the shoulder of the measuring attachment.

{9) Connect the lighting equipment (190 Fig. 42) to the socket on
the rear of the basic bed.

{10) Push the sleeve slide (167 Fig. 41) to the left-hand end of
the right-hand sliding face of the basic bed.

{11) Tighten clampscrew (185).

{12) Push the changeover countersleeve (171} up to the red ring
{182) into the holder bore of the sleeve slide.

{13) Tighten clampscrew (181).

{14) Place the measuring attachment on the measuring bolt of the
countersleeve up to stop and fasten it with its clampscrew.

{15) Adjustment of measuring attachments see paragraph 5.

13.2. Zero setting

The countersleeve to be changed over serves, in conjunction with the
difference measuring equipment, as & fixed stop especially for meas-
uring external and internal threads. Additionally, it permits the
measuring attachment on the sleeve to be lifted from the object
without varying the zero setting. The following c¢perations are re-
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quired for zercing the difference measuring equipment:

(1) 3Zring the setscrew (184 Fig. 41) of the changeover counter-
sleeve approximately inte the middle of its setting range.

(2} Turn the setting drum (183) of the countersleeve up to stop:
counterclockwise for outside measurement,
clockwise for inside measurement.

(3) Bring the prototype or the selected object to be measured be-
tween the measuring faces of the two measuring attachments.

(4) Set aswitch (15 Fig. 1) to "on".

(5) ﬁcéhaﬁp setscrew (184 Fig. 41) until the measuring graduation
watched through the eyepiece (177) is close to zero.

() Use tangent screw (179) to set the measuring greduation pre-
cisely to zero.

(7) Actuate the 1ifting device (169) several times and perform at
least one test setting (without object to be measured) with
setting drum (183),

(8) Torrect possible deviations from zero with tangent screw (179).

Setscrew (184) must no more be adjusted after the epd of this zero

‘setting operatiomn.

(9) Actuate setting drum (183) to 1lift the measuring attachment of
the countersleeve from the prototype or test object:
clockwise for outside measurement,
counterlockwise for inside measurement.

13.3. Inside measuring frames for the difference
measuring equipment

The difference measuring equipment includes one pair of big and one
pair of smell inside measuring frames. Two of them have been pro-
vided with a contact lever (192 Fig. 42). They are arranged and
tightened on the dial instrument MO 1/100, the other two on the
changeover countersleeve up to stop. Beforehand, equip the dial imn-
strument MO 1/100 with a measuring attachment with flat face of 2 mm
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in dismeter (without lifting device). If the inside measuring frame 61
{173) with contact lever (192) has been slipped on up to stop and
tightened, the two white line marks must coineide (193) if the meas- Metric ISO thread according to TGL 7907 (coarse thread)
uring graduation of the dial instrument MO 1/100 is close to zeroc nominal P dy Ds %
: < - diameter
¢ th s
{exact zero indication is not necessary). In other cases, use pin e e o = =
1 : t ijust the stop ri 194 ) correspondingly.
wrench (195 Fig. 43) to adju p ring (194) e 16 2.00 | 1.35 | 14.701 | 16.463
This unique checking operation can be facilitated by zero setting 18 2.50 1.35 16.376 18,590
. o 20 2,50 | 1.35 | 18.376 | 20.585
with any object to be measure = skn St e S The
Setscrew (191 Fig. 42) serves for regulating the measuring force. 24 3,00 1.8 22.051 24,702
p turni e reduction of the measuring force. The meas- 27 3.00 1.8 25.051 27 .696
i o : 30 3.50 | 1.8 27.727 | 30.816
uring operation is the same as for inside measurement. 11 1,50 1.5 30.727 33.810
G block used ag setti rototypes for indirect (preci- 36 4.00 2.30 33.402 36.928
Sanes Lot Gl 39 4.00 | 2.30 | 36.402 | 39.323
sion) measurements. Its combination is completed by wrung measuring 47 4.50 2.30 39..077 43.040
1d held in the gauge bloeck holder. The measuring legs are 45 4.50 2.30 42.077 46.035
e ey St Gl e 48 5.00 | 3.175| 44.752 | 49.154
symmetrically projecting whereby adjustment tc the defined middle 52 5.00 3.175| 48.752 53.149
i £ blocks is possible by measuring from both sides. 56 3.50 3.175] 52.428 57.265
R BN Ty o : o : 60 5.50 | 3.175| 56.428 | 61.260
B4 6.00 3.175] 60.103 65.375
&8 6.00 3.175] 64.103 69.371
14, Thread charts (internal threads)
Metric IS0 thread according to TGL 7907
#-values for (fine pitch thread with pitch P = 4 mm)
hMetrie IS0 thread TGL T907 (coarse thread) BEall diameter dy = 2.30 mm
Metric IS0 fine pitch thread TGL T907 (pitch 4 mm) nominal Ds x
Metric ISO fine pitch thread TGL T907 (pitch 3 mm) g;amt&r D £ 2
Ketric IS0 fine pitch thread TGL 7907 {pitch 2 mm)
£ itch thread TGL 7907 (pitch 1.5 mm) b 234025 | #2918
Wetrie IS0 fine pitch ea g p . 45 42.402 45.915
Metric ISO fine pitch thread TGL 7907 {(pitch 1 mm) 48 45.402 48.911
. - 52 49,402 52.907
#hitworth thread TGL 0=1 55 52.402 55.905.
Whitworth thread 2 TGL 0-240 56 53.402 56.904
58 55.402 58.903
60 5T7.402 B0 .902
62 59.402 62.300
64 &81.402 64.899
65 B2.402 65.899
T0 67.402 T0.896
i 69.402 T2 .895
75 T2.402 T5.894
76 T3.402 T6.894
20 TT.402 a0.89z2
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Metric IS0 thread according to TGL T907 ¥etric IS0 thread according to TGL 7907
(fine pitch thread with pitch I = 3 mm) {fine pitch thread with pitch P = 2 mm)
Ball diameter dg = 1.8 mm Dall dismeter dg = 1.35 om
nominal Do x nominal di-§ Ds x
diameter D ameter L
E[_n mm mm mm E m_m
30 28,051 30.691 18 16.701 18.455
33 31.051 33.687 20 18.7C1 20.451
16 34.051 36.693 22 20.701 22.458
39 37.051 19,680 24 22,701 24.456
40 38,051 40,679 25 £3.701 25.455
42 40.051 42.578 27 25.701 27.453
45 43.051 45,676 28 26.701 28.452
48 45.051 48.574 30 28.701 30.451
50 48,051 50.673 32 30.701 32.450
52 50.051 52.6T2 33 31.701 33.44%
55 53.051 55.671 35 34701 36.448
5& 54.051 56.570 i9 37.701 39.447
58 56.051 58,609 40 38,701 40.446
60 58.051 60.663 42 40.701 42.446
62 60.051 62.568 45 43.701 45.445
64 52.051 54.6067 48 45.701 48.444
65 63.051 | 65.667 : 50 48.701 50.444
68 66.051 | 6B.6%5 52 50.701 52.443
70 58.051 | 70.666 55 53.701 | 55.443
(3 70,051 72,665 56 54.701 56.442
75 73.051 75.655 58 59.701 58.442
76 T4 .051 T6.664 &0 58.701 60.442
a0 T8.051 B0.664 a2 B0.TO1 B2.441
64 62.TM 64.441
65 63.701 65.441
58 B6.T01 68.441
T0 68.T701 TC.440
T2 T0.701 T2.440
T5 T3.701 T9.440
T8 T4.701 Ta.440
T8 “T5.701 T8.440
80 78.701 B0.439
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Metric IS0 thread according to TGL 79507
Metrie IS0 thread amccording to TGL 7907

{fine pitch thread with pitch P = 1.5 mm (fine pitch thread with pitch P = 1 e
Bald dlamater dE = Ball diameter dK = 0,8 mm
- D Al
num: nalDdi- D, X :ﬁ:i::lndi - D, x ::::::1 Bdi 2 x ::::::lndi D, x
ameter
mm mm mm mm mm mm s — e mm mm mm
12.5 11,850 |12.727 &) 48 47,350 48, 219
13 12,026 13, g 4 L] 29,026 40,332 13 12.350 13.227 4) &0 49, 350 50, 219
13.5 12.526 [13.B48 &) 41 40,026 41,332 13.5 12,850 | 13.726 4) 51 50. 350 51.219
1 13,026 [14,347 &) 42 41,026 | 42,332 14 13.350 | 14,226 4) 52 51,350 | 52.218
15 14,026 [15.345 &) 4y 43,026 44,332 15 14.350 |15.225 4) 5k 53. 350 54,218
16 15.026 |16. 344 45 44,026 45.33 16 15.350 | 16,225 55 sk, 350 55,218
17 16.026 |17.343 46 45,026 46,331 17 16.350 | 17.224 56 55. 350 56,218
18 17.026 |18.342 47 46.026 47.331 18 17.350 |18.224 57 56. 350 57. 218
19 18,026 [19.3%1 48 47.026 48,331 19 18,350 |19.223 58 57,350 58.218
20 19.026 |20.340 49 48,026 49,331 20 19.350 |20.223 59 58, 350 59.218
21 20.026 |21.339 50 49,026 50.331 20.5 19.850 | 20.723 60 59, 350 §0.218
22 21.026 |22.339 | 50.026 51.331 21 20,350 |21.223 61 60, 350 £1.218
23 22,026 |23.338 52 51.026 52.331 22 21.350 |22.222 62 £1.350 £2,218
24 23.026 |24.337 e 54,026 55.330 23 22.350 | 23.222 63 62. 350 63. 218
25 24,026 |25.337 56 55.026 56.330 24 23,350 | 24.222 (18 £3.350 Bi, 218
26 25,026 |26.336 58 57.026 58.330 25 24,350 |25.221 65 64,350 65.218
27 26,026 |27.336 60 59.026 60.330 26 25.350 | 26.221 66 65. 350 66.218
28 27.026 |28.336 62 61,026 62,330 27 26.350 |27.221 67 66.350 67,218
30 29,026 30,335 63 E2.026 63.330 28 29,350 28, 221 &8 67. 350 8. 218
31 30,026  |31.334 Bl 63,026 64,329, 30 29.350 | 30.220 69 68. 350 69,218
32 31.026 |32.33% 65 64, 026 65.329 32 31.350 | 32.220 70 69. 350 70,218
33 32.026 |33.334 68 67.026 68,329 33 32.350 |33.220 71 70. 350 71.218
3 33,026 |34.334 70 69,026 70,329 34 33.350 | 34.220 72 71. 350 72,218
35 34,026 35,333 i 71.026 72.329 35 34.350 |35.220 73 | 72, 350 73.218
36 35.026 [36.333 T2 74,026 75.329 36 35.350 |36.220 24 73,350 74, 218
7 36.026 37.333 76 75,026 76,329 =8 37.350 38, 219 75 P, 350 75, 218
38 37.026 |38,333 78 77.026 78.329 39 38.350 |39.219 76 75.350 76.218
39 38.026 |[39.332 g0 79.026 80.329 40 39.350 |40.219 77 76.350 77.218
42 41.350 |42.219 78 77.350 | 78.218
44 43.350 14k.219 79 78.350 | 79.218
45 44,350 145,219 80 79. 350 80.218
4) Threads marked with 4) can only be measured by way of difference 4 45,350 |46.219
measuring. They require the instrument to be set according to ]
thread gauge rings.

4) Threads marked with &) can only be measured by way of difference
measuring. They require the instrument to be set according to
thread gauge rings.
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ahitworth thread sccording to TGL 0=11

nominal P d.;{ Do x
diameter
in mm mm mm mm

5/8 2.309 | 1.35 14.397 16,664

3/4 2.540 | 1.35 17.424 19,913

7/8 2.622 | 1.8 20.419 23.182
1 3.175 | 1.8 23.368 26.474
1 1/8 3.629 | 2.30 26.253 23,808
1 1/4 3.629 | 2.30 249,428 32.973
1 3/8 4.233 | 2.30 32.215 35,356
1. 1/2 4,233 | 2.30 35.3M 349,525
1 5/8 5,080 | 3.79 38.024 42,994
1 3/4 5.080 | 3.75 41.199 45.161
1 7/8 5.645 | 3.75 44 .012 49,529
2 5.645 | 2.75 47.187 52.699
2 1/4 6.350 | 3.75 51.086 59,2684
2 12 ©.350 3.75 59,436 65.623
2 1/4 7.257 | 3.75 85,205 72.281
3 7.257 | 3.7% T1.556 75.622
3 1/4 T.816 | 3.75 T7.548 | . 85.156
3 1/2 7.816 § 2.75 83.899 91.499
Whitworth thread 2 according to TGL 0-240
nominal | P dg Dz x
diameter
mm mimn mm mm mm
20 2.540 | 1.35_ ] 18.373 20.858
22 2,540 | 1.35 20.373 22.854
24 2.540 1.35 22.373 24 .851
27 2.540 | 1.35 25.373 27.845
30 2.540 | 1.35 28.373 30.842
33 2,540 | 1.35 31.373 33.83%9
35 3.175 | 1.8 33.9567 37.055
39 3175 ] 1.8 316.967 40,052
42 3.175 [ 1.8 35.967 43.049
45 2. 0TE 1.8 42.967 46.04T
48 3.175 | 1.8 45.967 49.045
52 3.175 1.8 49,967 53.043
56 4.233 2.30 51.290 57 .402
&0 4.2313 2.30 57.290 61.399
a4 4,233 | 2.30 &1.290 £5.396
&a 4,233 | 2.30 65.290 59,394
Te 4.233 2.30 69.290 T3.392
76 4.233 2.30 T3.290 T7.320
80 4.233 | 2.30 TT.290 81.388
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16.. List of reference numbers
reflerence
number designation Figures
1 left-hand sliding faces 1 41
2 laft-hand contact faces 1
3 adjustable object table 1 3 23 24
4 box level 1
5 right-hand gliding faces 112
B right-hand contact faces 1
T handwheel for compensating umit 1 23 27
a8 footscrews 1
9 baseplates 1
10 clampscrew handle for lower limitation
of table height 1
11 survey graduation for table height
adjustment LT B
12 handwheel for table height adjustment 1 3 23 25
20 20
13 c¢lampscrew handle for table height
adjustment 13 30
14 elampscrew handle for upper limitation
of table height 1
15 bagic bed 1
16 switch for lighting equipment (35) 1
17 slots for sliding blocks (132) 2 22
18 slots for table attachments 2
19 socket for lighting equipment (316) 2
20 socket for measuring equipment with
magic eye (115) 2
21 socket for mains connection 2
2z fuse for lighting equipment (3&) g
23 clampscrew 2
24 holder bore for carrying column (90Q) of 2

indicating device
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reference
aumber designation Figures
25 slots for object clamp (118) 2
26 lever for table plate tilt 3 24 30
27 clamping lever for table tilt 3 24 30 35
28 lever for table tilt 3 24 30 35
29 setscTew gﬁE;DE;E?E
30 index mark 3 24 25 29
31 gupply line 4
32 plug of lighting equipment (36) 4
i3 mipiature lamp 4
14 knurled ring 4
35 tangent screw 5 22 30 31
36 lighting equipment 56
37 measuring sleeve gﬂﬁjg_‘j;{# 27
iB holder for weight unit for inside 5 22 28 29

measurement 35
i9 cap nut 5_24 27 30
40 glass scale 5
41 rubber cushion 5
42 slide of Abbe measuring element (116) 5
43 clampscrew handle for Abbe meﬁuuring

element (116) 5 22 23 30
44 clampscrew for stop pin (46) 5
45 housing of Abbe measuring element (116) 5
46 stop pin 5
47 clampseresw for measuring sleeve (37) 6 22 23 24

27 30
48 control knob for tangent screw (35) 6 22 30
49 spiral microscope 56 T23 24
30 31

50 roller for weight unit cord [

™
reference
number designation Figures
5d holder for welght unit (121) for out-
side measurement &
52 holder plate 5 6 22 23
53 roller for weight unit (121) cord E
54 hexagonal socket screw B
55 angular sheet o
1) driver knob for zero setting T
5T slide on baseplate of spiral microscope
(43} T
58 measuring head of spiral microscope (49) | 7
59 eyepiece mount T
&0 driver knob (gquick action movement) T
61 driver plate (sensitive movement) 7
62 clampscrew for zeroing the spiral micro-
gEcope i
63 measuring bolt of countersleeve 12 23
64 upper adjusting serew for measuring
bolt (63) 12 28
65 clampserew handle for tube sleeve [66) 12
& tube sleeve of countersleeve 12 21 23 24
43
67 setting knob 12 23
68 sleeve slide for sleeve tube (58) 12 20 23 24
a5
&9 clampscrew handle for sleeve glide (&8) 12 23
70 lateral adjusting screw for measuring
bolt (563) 12 28
T knurled ring 13
72 clampscrew handle for workholding center
(73) 13
T3 workholding center 13 20 39
T4 center stand 13 20 27 39
75 golid centering point

13



referance

T2

numb er degignation Figures
T4 hollow centering point 13
77 fastening screws for center stand (74} 13 .27
78 receptacle for pin plug (91) 14
79 table plate of the electrically insulated

table 14 30
B0 spacing ring 14 21
a1 glot for object clamp 14
ge recess 14
83 insuleting plate 14
24 lavel 14 30
B85 stopscrews of the electrically insulated

table 14
Ba table carrier 14
BT fastening screw for the electrically in-

sulated table 14 30
88 housing of magic eye (89) 15
a9 magic eye 15 31
ao carrying column 15
a1 pin plug 15
9z gcrewable plug 15
93 measuring ball insete 21
94 megsuring ball inset, dizmeter 3 mm 15
95 measuring ball inset, diameter 0.5 mm 16
a5 fastening screw for measuring ball insets

(94, 95} 17
a7 spacing element 17
8 holder bore for measuring ball inset (94

or 95) 17
°g bore of carrier arm (125) 17
100 ¢lampserew handle for carrier arm (125) 1T 30
102 measuring attachment with flat face of

14 mm dismeter 18 33

T3

refarance
number designation Figures
103 measuring attachment with flat face of

8 ma diameter 18 25 33
104 measuring attachment with flat face of

2 mm diameter 18
105 clampscrew for measuring attachments 18 24
106 measuring attachment with big knife-edge

face 18 26 27
107 measuring attachment with small knife-

edge face 18
109 securing lateh 20
110 securing bleck 20
111 attachable table for inside measurements 20 32 35 ay

29

112 special shipping case for accessories 20
113 electrically insulated table 20 11
114 container for accesscries 20
115 measuring equipment with magic eye 20 30
116 Abbe measuring element 5 20 22 23
117 gecuring block 20
118 object clamp 21 24 2B 30
119 object clamp for attachable table (111) 21 35
120 measuring wire holder . 21 32 33
121 welght unit 21
122 long spacing element 21 24 33
123 short spacing element 21
124 V-type gauge holder 21 32 35
125 carrier arm d72130
126 container for some accessariess 21
127 adjustable sleeve for small inside meas-

uring frames (123) 21 28
128 small inside messuring frames 21 2B 35
129 setting ring 21 28
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reference
number designation Fipures
130 big inside measuring frames 21 29
131 packing gibs 21 22 28
132 gliding block 22
133 measuring bolt of measuring sleeve (37) 23 30
134 measuring attachment with spherical cap 18 24
135 nose on the small inside measuring frame
. {128) 28

138 milled portion 28
137 clampscrew for small inside measuring

frames (128) 28 15
123 clampscrew handle for big inside meas-

uring frames (130) 29
140 V=type gauges 32 35
141 clampscrew on holder (120) for measur-

ing wires 33
142 holder bar on holder (120) for measur-

ing wires 33
143 thread measuring wires with eyedets 32 313
144 clampscrew for measuring insets (145) 35
145 measuring insets, thread measuring balls 32 35
145 clampscrew handle on V-type gauge holder

{124) 35
147 fastenimg screw of attachable table (111) |37
148 sleeve shank 38
149 index mark 38
150 adjusting screws 38
151 measuring bolt of the adjustable slesve 38
152 protective sleeve ia
153 object to be measurad 31 35
150 special shipping case for difference

measuring equipment 39
161 container for thread measuring wires (143)] 39
152 connecting line 39

T5

reference
number designation Fipures
163 measuring slide for precision dial inp-

strument MO 1/100 (165) 3% 41
164 lighting equipment for scale of dial

ingtrument MO 17100 (165) 39
155 precision dial instrument MO 1/100 319 41
166 securing latch 39
157 sleeve slide of the difference measuring

equipment 319 41
165 container for accessories of the differ-

ence measuring equipment 40
149 lifting device 40 41
170 measuring leg 40
171 countersleeve to be changed over 40 4
172 inside measuring frame for countersleeve

(171} eorresponding to big inside measur-

ing frame (130) for counterslesve (B3} - 4C 42
173 inside measuring frame for dial instru-

ment KO 1/100 (145) 40 42
174 big gauge block holder 4c
175 small gauge block holder 40
176 clampscrew handle for me.suring slide

{183) 41
177 eyeplece of dial instrument KO 1/100 (155)] 41
179 sensitive setting knob 41
180 clampscrew handle for diasl instrument

MO 1/100 (1565) 41
181 clampscrew handle for countersleeve to

be changed over (171) 41
182 red ring 41
183 control drum 41
184 setscrew 41
185 clampscrew hand}n for sleeve slide (167) 41
190 lighting equipment for dial instrument

MO 1/100 (155)

42
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reference

number designation Figures
191 regulating screw for measuring force 42
192 contact lever 42
193 white line mark 42
154 stop ring 43
195 pin wrench 43
202 securing screw 19
203 securing screw 19
204 securing screw 19
205 securing screw 19
206 neanfing“anruw 19
2cT knurled knob 19
208 securing screw 19
209 eccentric rubber plate 19
210 fastening screw 19
211 securing screw 19
212 securing screw 159
213 fastening screw 15
214 accentri¢ rubber plate 19
215 securing screw 19
218 knurled knoob 19
217 gecuring screw 19
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