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. Instruction

Please read carefully this guide before unpackimdjiastalling. In order to ensure
the instrument accuracy, please unpack in accoedaiib the sequences specified in

the following.
Unpacking sequences
1.Remove the 4 screws (13,and take out the Abbe-type device (1B(see Fig.2).

2.0pen the front cover of the Abbe-type device (33emove 2 3 .Then close

he front cover (see Fig.1 and 2).

3.First Loose slightly the left/right (4),then Loose slightly the left/right (7).

Then remove the left/right (4) and left/right (7 ). Note: carry out at same step

during removing (4 and 7 ).

4.Lock (1 ) and hold the 13) by your hands. Remove the 4 screws (}Gand

takeoutof (5 ) (6 ) (11 ) as awhole(see Fig.2).

5.Hold out the base from the box and install tfieuhdation bolts

6.Remove the 3 screws (19 (see Fig.3).

7.Remove the 3 screws (17 and cover the screw holes with cap of screw (see
Fig.3).
8.Loose 14 15 andremove the 18 as a whole(see Fig.3).

9.Put the Abbe-type device and the tailstock orbtimse.

Fig. 1



Fig. 3



EX-100
Manual for Universal Length Instrument with
Digital Processing

1. Application

The universal length instrument is applied for dligoand relative measurement. It
features in high accuracy due to adopting Abbe @raijve theory and a high precision
measuring system. It is mainly used in measuririgeofof factories and various level
measuring departments in metal machining induspggially in machine manufacturing,
bearing manufacturing, gauge manufacturing as a®lprecision tools manufacturing

and instrument manufacturing etc industries.
Comprising with the traditional ones, the instrutnadopts raster digital display
technology, and it is a high technical productgnéting optical, mechanical and electric

computational algorithm , improving its accuracy and work efficiency grgatt also
adds several auxiliary accessories to improvenigausal applications.

main subjects to be measured

1. Shaft, hole, plug gauge, ring gauge, clip gaugegth bar, cone, cylindrical
workpiece, lower-grade block gauge, workpiece \piinallel planes etc.

2. Pitch diameter of internal thread, thread, ttinélag gauge, thread plug gauge
EX-100 instrument is equipped with a data processistem. This system consists
of a computer and data processing software, digitaplay hardware. The

measuring results can be output by a printer.

2. principal

21. The instrument is a contact-type measuring systa#sing scale as the

measuring reference. According to Abbe theors fiXxed in the center-line of the
Abbe measuring shaft and the shaft is rectanglereths no rotation during
movement. The worktable has 5-axis freedom motiont) special accessories

such as the inner measuring accessorigbe electrical measuring accessories to

measure workpiece internal/external dimensions.sé&Heanctions are as same as
traditional length instrument.



Fig. 1 Raster measuring system
2.2 raster digital display system

It includes a raster measuring system anditatijsplay system

2.2.1 the raster measuring system consists ofla and a reading head(lts theory is
shown as Fig.1).

a) Lighting system
The raster reading head adopts an infrared lighitiamdiode as a light source. The
light becomes parallel light on the scale surfacth scales by a condenser. The
infrared light emitting diode owns a high luminoefliciency with extremely low
temperature and can work at low voltage and smatkeat. It is compact, with long
life and high reliability.

b) Photoelectric translation
The scale is a black-and white raster with 100escat each 1mm. The indicating
raster is a tetrad division phases. When adjustiegormer scales to parallel with
the latter ones, the light gate (Mohr fringe) veiticur during the both raster moving
relatively due to light transmission effect andhtigscreening effect. The silicon
photocell at back of the indicating raster receipesgodic change light flux which

transfers into electric signals with,000, 180and 270phase differences. Then

these signals are sent into the digital displayesgs

2.2.2 The digital display system is supported byEVS100 fine digital display

hardware and corresponding softwareD101
3. Specification

3.1 Measuring rangemm



a External dimensions
Absolute measuring range H(()]0)
Relative measuring range 700

b Internal dimensions
Using small-size measuring accessories (maximuretpging depth 12, maximum
wall thickness 50) 10 430

Using large measuring accessories (maximum pemgfrdepth 50, maximum wall
thickness 85)
Using electrical measuring accessories

a Electrical measuring accessories 1 60

b Universal measuring accessories 14 112

Thread measuring accessories
a) Thread pitch diameter measuring
Max. 200mm

Pitch 0.56
b) Internal thread pitch diameter measuring

Using small-size measuring accessorissnall diameter 13 30
Using large measuring accessories [small diamieten 31  70- wall
thickness 2]

Pitch 16

3.2 Reading mode and display valudigital display display value 0.1m

3.3 Measuring force N 015 25

3.4 Display value variability

a For external dimensions .3 m

b For internal dimensions D5 m



3.5 Instrument accuracy

For external dimensions, accuracy betterthan 0.5m 20 0.2

For internal dimensions, accuracy better than 1 m

3.6 Universal worktable

a Installation area approximatef 160 mnt
b Height adjustment range 0 100 mm

c Transversal stroke 25 mm

d Tilting around Y-axis 3

e Worktable rotation 4

f Admitted load 10

3.7 Fitting dimension for inner diameter of the s@éng cap-shaped accessories

6H7

3.8 Outer diameter for the rod fitting with the @mndiameter of the measuring

cap-shaped accessories 696

3.9 mm instrument size

Length width height 99390 450

4. Structure
4.1 Base (See Fig.2)
It is used to bear and install the instrumermt alh accessories. It consists of base (1)
and universal worktable (2).

4.1.1 Base (See Fig.2, Fig. 3)
There is a balance device in the base riglg 8 ensure the universal worktable

lifting different weight workpiece. Operate the &ate device by using a knob (3)
in the base right side. The base is supported floy@dation screws (4)on the pads.
Level the base by the 3 screws and level-meter (33)



4.1.2 Universal worktable(see Fig. 2)

There is a hand-wheel (6)in front of the univemsatktable with a 0.5 mm of scale
(10)to adjust the worktable height. The screwsg®) (9) is used to limit the height
adjustment range of the worktable. The screw (& isontrol the upper limit, and the
screws (9) for lower limit. The button (7) is usedlock the worktable to avoid from it
moving in vertical direction.

Fig. 2 Instrument main body structure
1. Base 2. Universal worktable 3.Balag knob for worktable
4.5.Foundation screw 6.Lifting hand-wheelviarktable 7.Locking
hand-wheel for worktable Lifting 8.Top limitrsev for lifting the worktable
9.Bottom limit screw for lifting the worktable
10.Height figured scale for lifting the worktable

11. Adjusting knob for worktable tilting 1P - slot

13. Locking knob for worktable tilting
14. Adjusting knob for worktable rotating 15.omu-active hand-wheel for worktable
16. Locking hand-wheel for siding carriage on téstock

17. Abbe measuring device 18. Dragfiloek for outer measuring force
19. Measuring spindle
20. Locking screw for the measuring spindle . Agéshing micro-active hand-wheel

for the measuring spindle
22. micro-active hand-wheel for the measuring deind
23. Dragline block for inner measuring force
24. Front locking nut for the measuring spindle



25. Back locking nut for the measuring spindle

26. Locking hand-wheel for Abbe measuring device

27. Locking screw for the gate of balance weiglustthent

28.29 adjusting screw of the fixing shaft for measy cap-shaped accessories on the tail
stock

30. Locking hand-wheel for tailstock 31di8g carriage on the tailstock

32. tailstock spindle

The universal worktable (2) is a basic worktablee \8an put various auxiliary
worktables on it. During installation, insulatingoktable, center carrier, tilting
worktable or round floating worktable can be fixaal it by using a tilted surface in
the two sides of the universal worktable. Theretae T-shaped slots in the universal
worktable to fix a pressing board, single V-shapack, double V-shaped rack or a
cross-shaped rack. According to the requiremehngsunhiversal worktable may carry
out the following motions:

a) The universal worktable can be adjusted wiffi0 mm in vertical direction by
using the hand wheel (6) and scales (10) or torésep a limited position and locked
by the button (7).

b) The universal worktable can move within 25 mim Y-direction by turning the
hand-wheel (15) with scales of 0.01mm.

c) The universal worktable can deflec8 around Y-axis by adjusting the operating
rod (11). Then lock the worktable in a desired posiwith the locking rod (13).

d) The surface of the universal worktable mawteo 4 around the vertical axis by

turning the handwheel (14).

e) The X-direction of the universal worktablefage moves on the spherical guide
with a stroke of 18mm to make the workpiece to lEasured positioning freely
without any restriction.



Fig. 3 Back view for the base

4.2 Abbe measuring deviceSee Fig.2

The Abbe measuring device (17) includes a measwpigdle (19) and a raster
measuring system. This system takes a glass ss#fe aeference for length measuring
and works under transmitted lighting. The scale gathe scale is 0.01 mm. the scale
has a zero mark to be used as a absolute meastaingpoint.

The Abbe measuring device can move on the leftegafdhe base and be locked in any
position by the locking handwheel (26). It can dsoinstalled on the right side of the

base to suitable forleft-handed person The measuring spindle (19), supported by the

low friction bearing without gap, can move insidee tAbbe measuring device. The
locking screw (20) is used to lock the spindle goaition. The measuring spindle can
move within 100mm. The raster reading head is fingith the measuring spindle and
move in axis-direction together .The scale is fisadhe frame without any motion.

Nuts (24 and 25) are used to fix the connectiont séahe measuring cap-shaped
accessories. Hold the nut(25) to push or pull hedie. During inner measurement, the
end of the dragline for measuring force shall baumted on the clamping head (23);
during outer measurement, it shall be mounted erctamping head (18). There is a set
of pulley inside the measuring head. The tension draglineursy by theseulley. The
rubber cushion is used to avoid the spindle tontqgacted when it moves toward the end
of the stroke.

The micro-active hand-wheel (22) is used to male gpindle move slightly in axial

10



direction. If the red mark in the turn-over butt(21) points upward, the micro-active
hand-wheel may turn. The micro-active hand-whesldkarge transmitting ratio to make
the spindle move extremely slowly. The circumfei@ntnotion of the handwheel is
converted into the axial motion of the spindle tigb the friction device. This system is
used to measure a hole during using the electneglsuring accessories. During using
the system, the inner/outer tension force dragihmal be relieved, so is the locking screw
of the measuring spindle.

4.3 Tailstock (See Fig.2)

The spindle of the tailstock is used to fix theusiat(location plane). Its sliding carrier (31)
may move on the base right track and to be lockedargy position with the
handwheel(16). The measuring rod, which is equippéith cap-shaped measuring
accessories, can be adjusted by screws (28 ando2®gake the spherical measuring
accessories concentric or the plain cap-shapedumegsaccessories parallel with each
other.

4.4 Electrical measuring accessories (See Figahd512)
It includes an insulting worktable (Fig.5) with arfrared light emitting diod€34), the
measuring accessories (Fig.4), and a measuringvithda ball at its end. This device is

mainly used to measure a hole with a diameter m{thi 60)mm. It can be used to

measure a hole with a diameter withid4 112 mm if the universal measuring
accessories are applied.
Dmax 60 K W mm

Where: wall thickness of hole

diameter of measuring ball

Dmax maximum hole diametebéomeasured
The surface (35) of insulting worktable (Fig.5)sisparated by insulting block (36) to
make it insulate with the worktable base (37).thera notch in the surface to let the a
measuring ball end rod insert into the hole to masared. The workpiece is put on the
insulting worktable. Small size parts can be plaocadthe insulting worktable with a
central ring (38 crossing through the hole.

The insulating worktable is mounted on the univiergarktable and fixed in the
wedge slot with screws (39 and 40). The long leweter on the insulating worktable
base(37), is used to adjust accurately the worktédlel. The insulating worktable is
powered by a 6V transformer. The press plate, foxedhe workpiece to be measured, is
put into the slot(41). When the probe contacts wiite workpiece, the infrared light
emitting diode will light. The measuring accesser@ee mounted on the spindle (Fig.12)
and locked with a button (43). ball end rod is ¢ixe the hole (44) of the measuring
accessories and locked with screw (45). Both badl ed (46 or 47) and the electrical
measuring accessories are used to measure a helesc@le on the measuring rod shows
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effective ball diameter. When the ball contactshwvitte workpiece, the circuit is on and
the infrared light emitting diode will light

Fig.4 Electrical measuring accessory Figdulating worktable for the
and measuring head electrical meagwatessories

4.5 Inner measuring system

Shown as Fig.6 and 9: it includes a pair of smak-sneasuring accessories, a pair of
large-size measuring accessories, a special asbanfall-size measuring accessories and
two standard ring gauges. The both pairs of thesmméay accessories are used to
measure internal diameter and depth with diffeser¢s. It is recommended to use the
large-size measuring accessories as possible donéaguring. The small-size measuring

accessories can be used to measure a hole diawgier 10 430 mm, and their

maximum penetrating depth is 12mm. They are fixedhe spindle and on the special
arbor respectively; then locked with button. Thegéasize measuring accessories can be

used to measure a hole diameter withi80 400 mm, and their maximum penetrating

depth is 50mm. They are fixed on the spindle anthertailstock shaft respectively. The
ring gauges, with two kinds of 14mm and 50mm, aeduto set a datum during internal
measuring by using small-size measuring accessdriesre are scale marks for actual
dimension and effective measuring direction onrthg gauges.

12



Fig.6 Inner measuring accessories

4.6 Universal measuring accessories
The universal measuring accessories (Fig.7 andcaf) be used to measure the
external micrometer. It includes a pair of meagyiaccessories 58, a 4mm diameter

ball end rod(59) penetrating depth 5mm, a 12mm ball end rod(60)penetrating

depth 8mm , and a rod(61) with a 100mm stylus. These rodsheafixed on the

measuring accessories at 25mm interval within 200fine maximum distance of

the measuring accessories is 230mm along the spididéction. For large ring

workpiece requiring bigger penetrating depth, timversal measuring accessories
can be used together with the electrical measwaatgssories.



61

Fig.7 Universal cap-shaped measuring accessories

5. Application and operating method

5.1 Key points fore application
5.1.1 Selection and adjustment for the cap-shapsabuning accessories

For contact-type universal length instrument, ibh @void from the bigger measuring
errors to select and adjust the cap-shaped megsagcgessories reasonably.

14



Selection principle: minimize the contact area lestw the cap-shaped measuring
accessories and the workpiece as possible.

The disadvantages are as follows if the contaet &réoo big:

Bring with error in adjustment. For example: Durimgasuring a cylinder diameter with
1.5 8 cap-shaped measuring accessories, if therelight son-parallel between the two

planes of the cap-shaped measuring accessorigswithimake the measuring results
variable at different points of the cap-shaped meag accessories. In addition, it also

cause the results unsteady if there is dirty aedsyr between contact area during th@

plain cap-shaped measuring accessories contactitngte workpiece surface. If the
spherical cap-shaped measuring accessories isdpgirty and greasy will be removed
provided that the both moves relatively.

For different shape workpieces, the recommendedunes accessories are as follows:

Workpiece type Cap-shaped measuring accessoriesineended
Measure the distance Spherical cap-shaped measuring accessories
between parallel
planes
Cylindrical parts Spherical cap-shaped measuricgsgories (move the

worktable to find the “turn-over point” as the hegt
point of the cylinder)

Ball workpiece . :
2 or 8 parallel cap-shaped measuring accessories

(depend on ball size)

Thread pitch diametef 8 (when a pitch >5mm, using14mm plain

with 3-pin cap-shaped measuring accessories at one side

Adjustment of cap-shaped measuring accessories:
a) Adjustment of spherical measuring accessories

The target of adjustment is to make the connedim@nbetween spherical centers of the
two cap-shaped measuring accessories crossinggthtbe measuring axis. First, mount
a pair of spherical measuring accessories resgction the tailstock and on the
measuring spindle, and make them contact with edlear. Watch the reading on the
display during adjusting the scregi86 and 37) with the edge ofsgrew driver.Screw
shall stop at the position with maximum reading. (fturn-over point”). After adjustment,
pull the measuring spindle to make these two méagwaccessories impact slightly in
order to let the mechanism steady.

b) Adjustment for cutter-edge and spherical meaglaccessories

15



Target: to make the measuring surfaces of two gmlameasuring accessories parallel.
First, adjust approximately by using the methodearch for the "turn-over point”
to find the minimum reading point; then replace therkpiece to see if the
readings are same at different positions. Finejysidhe screw according to the
reading differences.

5.1.2 Selection of measuring force

In order to ensure the measuring tip contact wih & workpiece, a measuring force will
impose between spherical cap-shaped measuringsacassand workpiece due to
the contact-type mode. However, the measuring far@ey result in elastic
deformation of measuring tip and workpiece. Thidl viaring with error in
measurement, and it will recover by itself when tieasuring force is eliminated.
The measuring force may be selected depend on thkpigce tolerance and
deformability. For workpiece with strict toleraneed easy to deformation, the
measuring force shall be minimized as possible. Measuring force is produced
by the weights (2.5N and 1.5N). Turn the button) (8iown in Fig.2 and open a
door to fetch weights. During measuring a large-siorkpiece or using large-size
measuring accessories, apply a measuring force.5;2during measuring a
small-size workpiece or using small-size measuaiccessories, apply a measuring
force of 1.5N.

5.1.3 Selection of auxiliary worktable

In addition to the basic worktable, the EX-100 iinstent has various worktables
to suit for different parts. The application rarigevarious worktables is as follows:

Worktable type Workpiece type Drawing
No.
Basic worktable block gauge, square part, stub riooger| Fig.9
cylinder
Single V-shaped carrief  plug gauge, short shafiauit central hole Fig.11
Double V-shaped carrier slender bar, ID micromstandard bar Fig.8
Center carrier plug gauge, arbor, step shaft eithh eentral| Fig.17
hole
Round floating ball, thread ring gauge Fig.18
worktable
Insulating worktable for, measuring a hole with electrical measurjngFig.12
electrical measuring | accessories
accessories
Tilted carrier External micrometer Fig.10Q
Cross-shaped carrier calipers Fig.19
A pair of strip underlay| sheet disk, ring diameterternal /external Fig.9

16



\ dimension for sheet part

5.1.4 How to find a “turn-over point”

The workpiece is mounted on the worktable. If tiraehsion to be measured is not
coincident with the measuring axis, it is neededlign the workpiece by finding the
“turn-over point”. For horizontal instrument, it @ways needed to find the “turn-over
point”.

Operate the worktable knob to make the workpieceenw rotate; the reading will
change with the knob turning. If a reading repeata point, we call it “turn-over point”

or break point. The workpiece has been aligned if it stops atiine-over point”.

For most cases, it is needed to find a “turn-ova@nt) twice by using different
knobs. For example: shown as Fig.13, to measurgliader, first adjust the knob
according to Fig.13a to make the worktable tiltleét and right; find the minimum
reading (i.e. the first “turn-over point”) and treate. Then move the transversal
handwheel to make the measuring axis cross thrthelylindrical diameter to find the
biggest reading (i.e. the second “turn-over point”)

Operate the knob slowly, in particular during agmiuing a “turn-over point”. It is
better to find some points in several times and game them to confirm the “turn-over
point”.

‘ ——]
Y e
a. Make the worktable tilt to left and b. Move thartsversal handwheel to
right to find the minimum reading make the mesmguaxis cross through

the cylindrical diameter to find the
biggest reading

Fig.13 How to find a “turn-over point”

5.1.5 Temperature affect and correction

For length measurement, the ideal condition isOat 2ambient. Make workpiece

17



and instrument stay in the same ambient to makm thith the same temperature.
Temperature shall be not variable considerably ngumeasurement. If temperature

deviating 20 and workpiece/instrument with different temperatuhis will result in

error of measurement.

If above mentioned condition can’t be met, the reimdength will be:

L [ w (tw 20) i (ti 20)] L

Where:
w i - linear expansion coefficients for workpiece amgtrument scale;
tv t : actual temperature for workpiece, actual terajure for instrument
L, L : normallength of workpiece, error in measuratdue to different

temperature

Linear expansion coefficient for scale: 1@° 1/

During measuring large-size high precision workpjege shall check temperature of the
workpiece and instrument and find out the linegpagsion coefficient for workpiece.

Then calculate L according to the above formula and correct thasueng results. the

workpiece and instrument temperature can be cheskbd attached thermometer. With
regard to our EX-100 instrument, the error in measent will be corrected by the
software.

5.2 Measuring a typical workpiece
5.2.1 Measurement of workpiece outer dimensions

For workpiece outer dimensions, there are two nmaagumethods (absolute and
relative).

First adjust the cap-shaped measuring accesstireesjeasuring force according t®.1
and take attention for temperature. Then selectnamaht a appreciate worktable, and fix

the workpiece on the worktable.

Procedures for absolute measurement:

a) First make the two cap-shaped measuring saxdes contact, record the reading
Lo and reset the display by pressing a key;

b).Move the workpiece between the two cap-shapeasmeng accessories and make
them contact to find the “turn-over pint” and red¢dhe reading L c).Workpiece actual

dimension L=l Lg

18



Procedures for relative measurement:

a. )First move the standard sample between the twesbaped measuring accessories
and make them contact to find the “turn-over pitt record the reading br reset
the display by pressing a key;

b). Move the workpiece between the two cap-shapedsnring accessories and make

them contact to find the “turn-over pint” and retde reading L,

c). Workpiece actual dimension L £L Lo+ Ls (Ls: actual dimension of the standard

sample)

In order to ensure the measurement, repeat a)l@fiercarried out to see if the valug L
changes. If not, the valug Wwill be effective. To find shape error of the wpidce, repeat

b) several times, change the workpiece positidmetsneasured and measure out L3

La

For dimensions less than 100mm, we can use resohgi@surement or relative
measurement but the former is easier. Howeveifoensions bigger than 100mm, it is
necessary to use relative measurement and thediegeence between workpiece and
standard sample shall be less than 100mm.

Fig.8  Double V-shaped racksrf@asuring a slender bar

5.2.2 Measuring a cone

Support the cone using the center carrier, thengpKiand cone angle can be calculated according to

the following formula:
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t 2= | =—_—
d 2L

Where D d large end diameter, small end diameter;
L: axial length between D and d;
2: included angle between conical generatrix ardral line
“D and d ” shall keep a distance from the end-fadee measuring method is same with
5.2.1. “L” can be read out from the transversaldvameel(see No.15 in Fig.2) of the

worktable. To make the calculation easier, “L"bistter to be rounded to an integral
number.

5.2.3 Inner dimension measurement using double meaaig accessories

The internal measuring accessories are divided/dokinds: the large-size ones are used
for measuring a hole bigger than 30mm (Fig.9, Eijy.the small-size ones are used for
measuring hole bigger than 10mm. For measuringe lbss than 10mm, it is necessary

to use a electrical measuring method. (Sée2.4)

This is a relative measurement. The standard sanapéesmall-size and large-size standard ring ga(id@53, No.52 in Fig.6).

Their actual dimensions are written on their entkfaand the calibrated positions are indicateccbies

The large-size measuring accessories are fixeth@measuring spindle and the shaft of
28mm on the tailstock. When using small-size meaguaccessories, it is necessary to

change the shaft into a special one and make itk algn with the tailstock mark. The
measuring accessories are mounted on the fixed siahe cap-shaped measuring
accessories. Open the front cover of the specét ahd adjust the four screws to correct
axiality (Note: it is better for the user not tojut the axiality because it has been
calibrated before ex-factory.) If required, it che adjusted by mounting the plain
measuring accessories. The four screws shall ledoafter adjustment.

Procedures for measuring a internal dimension datlble measuring accessories:

a) Mount the measuring accessories and make thghtver the outer measuring relieve
from the measuring spindle and replace weight otder measuring;

b) First mount the standard ring gauge on the vabitkt and let the mark line parallel
with the measuring spindle. Lift the worktable take the two measuring accessories
penetrate into a hole and contact with the hold teafind a “turn-over point” and
record the readinggdor reset the display by pressing a key;

c) Remove the ring gauge and replace the workplattethe worktable to make the two
measuring accessories penetrate into a hole artdatomith the hole wall to find a
“turn-over point” and record the reading. L
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d) Workpiece actual dimension L £L Lo+ Ls (Ls actual dimension for the standard
ring gauge);

e)l, L3 La Repeat operation b) to see if the valgehanges. If not, the valug L
will be valid. To find shape error of the workpiecepeat c) several times, move the

worktable and change the workpiece position to basured and measure out L3

La

Fig.9 Strip underlay for sheet workpiece

5.2.4 Measuring a hole using electrical method

This method is used to carry out internal measuwiith rob without measuring force.
The infrared light emitting diode (i.e., a LED dmetinsulating worktable) is applied to
indicate the contact state. It owns high precisiod can be used to measure a small hole
due to its not using the measuring force.

It shall be adjusted as follows before measuring:
a) Check if the level bubble in the base is indbeter (N0.33 in Fig.3);

b) Mount the worktable for electrical measuringessories (Fig.5) and adjust the
knob for tilting worktable (No.11 in Fig.2) to malklee worktable level bubble in
the center (N0.42 in Fig.5);
c)Relieve the weight for measuring force and lodse screw for locking the
measuring spindle (No.20 in Fig.2) and engaged avactive mechanism (No.21
in Fig.2);
d)Mount the electrical measuring rob (Fig.4). Foadl diameter through-hole, the
beam of measuring accessories may be under theurmeaspindle to easy to
watch the contact state;
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e)Mount workpiece and lock it. For workpiece lelsart  20mm, it is needed to

put a center ring under it (N0.38 in Fig.5);
f)Turn on the measuring circuit to check if the LEN0.38 in Fig.38) is work in
order.

Before measuring, it is required to check the wi&e position and make the internal
hole center coincident with the measuring axis. ethod is as follows (see left scheme
in Fig.14 ):

Fig.14  Principle for electrical measuringaeh

Turn the transversal micro-active handwheel forktadsle to make the hole center offset
slightly from the measuring spindle. Move lighthyetmeasuring spindle to make the rob
approach the workpiece until the LED flashes, aacbrd the reading (A Turn the
transversal micro-active handwheel to make thelealie from the workpiece until the
rob approach the hole wall again. Record the repdiy) while the LED flashes.

Calculate the average: A=1/2A1+ A, .Turn the handwheel to the reading (A) and now
the hole center is coincident with the measuringdip.

Measuring steps:

Turn slightly the measuring spindle to make the apiproach the hole wall at one end
until the LED flashes and record the reading) (&f the measuring spindle. Then turn
slightly the measuring spindle in reverse to mdigrbb approach the hole wall until the
LED flashes and record the reading)(L Now, let the reading return back to;)Llto
check if the reading is changed. If not, take therage of (L, L,) as L.

The measuring result for hole diameter is:

D=L+d3 L, L |+ d

Whered is the actual diameter of the rob;
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The above method is called a “2-point method”. ®tieer one is “2-chord method”
for electrical measurement and the principle iswshas Fig.14 (see the right scheme):

Measure any two chord;L L, near the diameter. The distance (H) between the two

chords can be read from the transversal handwbeeldrktable.

Measuring steps faz2-chord method

a According to the LED indication, collect two poirs &) at two ends of
“chord 17 ;

b Make the transversal handwheel move a distance (H)

¢ According to the LED indication, collect two poirss a) at two ends of

“chord 27”;
d Calculate Li=| & a | Lo=| & & |

e The hole diameter is calculated according to thieviang formula:

D=d+{ L% + [ (Ly2 )% (L2 )2+H ]¥H* }*?

Where "d” is the actual diameter of the rob

Note: the accuracy is optimum when the distanceigt¢ual to 1/20 ~ 1/40 of
the hole diameter.

Fig.12 Measuring a hole using electrical methods
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5.2.5Measuring internal dimension with the single meeguaccessories

The single measuring accessories, i.e. “universsuring accessories” (N0.58 in
Fig.7), are used for measuring large internal dsi@n They can be used together with
the worktable for electrical measurement and thasmeng method is similar t05.2.4.

They also can be used together with the tiltediera(Fig.10). During the robcontacting
with each side of the workpiece, it is needed sc@lweight in different direction. It is
better to use a measuring force of 1.5N.

Fig.10 An example for using universal measuringeasories and tilted rack

5.2.6 Measuring a pitch diameter with 3-pin (Fig.1y
Measuring Principle (see Fig.15) .

Fig.15  Measuring principle for pitch diameter wa&-pin
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@ actual pitch diameter P pitch /2 tooth type angle

D 3-pindiameter M distance between the two outer enveloping plahes o

the 3-pin
Selection of 3-pin diameter:
In order to minimize the error in measurement @ fgitch diameter resulting in the
semi-angle error of tooth type, the selected 3efpmeter shall make the contact point
between the 3-pin and the tooth approach the mitameter as possible. The optimum
3-pin diameter is selected according to the foltayable:

Metric thread Metric thread Metric thread
Pitch 3-pin 3-pin Pitch 3-pin
diameter diameter diameter
P mm P mm P mm
d mm d mm
d mm
0.2 0.118 0.75 0.433 3.0 1.732
0.3 0.142 0.8 0.461 35 2.020
0.35 0.201 1.0 0.572 4.0 2.311
0.4 0.232 1.25 0.724 45 2.595
0.45 0.260 15 0.866 5.0 2.886
0.5 0.291 1.75 1.008 55 3.177
0.6 0.343 2.0 1.157 6.0 3.468
0.7 0.402 2.5 1.441
Imperial thread Imperial thread Impettakad
Number | 3-pin Number | 3-pin Number | 3-pin
of teeth| diameter | of teeth| diameter | of teeth| diameter
per inch 4 mm per inch 4 mm per inch D mm
24 0.572 11 1.302 5 2.886
20 0.724 10 1.441 4.5 3.177
18 0.796 9 1.591 4 3.580
16 0.886 8 1.732 35 4.091
14 1.008 7 2.020 3.25 4.400
12 1.157 6 2.311 3 4773
Step thread Step thread Step thread
Pitch 3-pin Pitch 3-pin Pitch 3-pin
diameter diameter diameter
P mm P mm P mm




d mm d mm d mm
2 1.047 5 2.595 10 5.176
2 1.302* 5 2.886 12 6.212
3 1.553 6 3.106 16 8.282
3 1.732* 6 3.287 20 10.353
4 2.071 8 4,141 24 12.423
4 2.217 8 4.211 32 16.565

Note: the values with* are used for go-gauge.

Adjusting the instrument:

Select the plain cap-shaped measuring accessamguse a method for finding a
“turn-over point” to calibrate approximately theralelism of the cap-shaped measuring
accessories. Then use one pin to check cap-shapasunng accessories. If required, it
is needed to check the parallelism accurately. Mabe center carrier to support the
workpiece. Fix the tailstock position to make therktable in the middle of stroke.
Remove the workpiece and make the two cap-shapedurieg accessories contact to
reset and return the instrument back to the maagepindle. Move the worktable up or
down to make the axial line of the center and tleasuring axial line coplanar. Mount
the 3-pin carrier and make the cap-shaped measwaaogssories contact with the
workpiece. Insert the 3-pin into the thread holeocading to Fig.16. Adjust the worktable
and make it rotate around the vertical axis to timel minimum reading “turn-over point”
(M). Remove the workpiece and check if the zermpwioves.

Depend on the thread length, we normally measweitich diameter in several radial
section and check each radial section at two dimestwith 90interval to find shape

error in workpiece pitch diameter.

The result is calculated for pitch diameter

d=M d[1+1/Sin( /2)]+P/2 Ctg( /2)
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Fig.17 3-pin measuring for thread pitch diameter

Fig.11  An example for using single V-shaped rack
5.2.7 Measurement of an internal thread pitch diameer (Fig.18)
For measuring an internal pitch diameter, the usethod is a relative measurement. The

standard sample is combined of a pair of measunliock with standard tooth type and a
block gauge. The measuring principle is shown gslbi The mathematical model is:

d» = E - P2 Ctg( /2)+(a + b)
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Metric thread

Imperial thread

Ball diameter

Pitchp mm Pitch p d mm
5 0.8
2 8

- P?/{8

[do+ P2 Ctg( /2) - dISin( /2)]}

Fig.16 Measuring principle for internal thread

28




. , 5 3 .
Where E block gauge dimension 2 2.5 3 2 1.35
& normal pitch diameter 3 3.35 g 1 18
P workpiece pitch 4 45 1% % 2.3
i i 3.1
/2 workpiece tooth radius 5
a + b measuring block dimension 1% 3.75

(marked on the non-working
surface)

d the recommended diameter for rob according toigie table.

The recommended table for the rob is not appliethéostop gauge with tooth cut
short. If other kind of rob needed, please contaith the manufacturer for special

requirements.

Before measuring, it is needed to calculate theedsion (E) for underlay between
the measuring blocks:

E=d,-P/2 Cig( /2)-(a+bh)

+ P8 [da+P/2  Ctg( /2) - dISin( /2)]}

Measuring steps for internal pitch meter:
a) Combined Standard Sample:

According to normal pitch diameter, calculate timaehsion (E) for underlay with the
above formula. For a standard sample, it is onded to round to 0.1mm (normally, “E”

is not a integral number), and the difference vaumnsidered as E

For example for measuring a thread ring gauge M32 T , the measuring block

dimension is M521f T and the rob diameter is 0.8mm.
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We can find “S” in the manual, and the normal pitiiimeter is 51.328§%%in (M52 1f

T ). The block gauge dimension is calculated:

E=51.329+0.51.732+ L -6.171=46.026 mm

8X (61.329- 08/05+05" 1.732

In practice, select and combine block gauges (40 and 6). Accordthg tertificate of
conformity, the correction is -0.5n for 40mm block gauge, and -0r@ for 6mm block

gauge. The total correction is:

E=-0.026-0.0005-0.0003=-0.0258nm

In order to improve the measuring accuracy, the “E” (actual diimerigr block gauge)
shall be close to “Eo” (dimension calculated by the software).

Place the block gauge and the measuring block into the HiTiper to clamp them
tightly. Note: the bottom spherical surface of the measuiiockishall be contacted well
with the location surface of the block clamper. Then put them hegewith the
workpiece on a plate to let them with the same temperature.

b).Adjustment of the instrument:

Mount the round worktable, internal measuring accessories aradthmeasuring rob

according to Fig.19. Mount the workpiece and press it tightly wgprang bearer plate.

Move the rob to approach to the workpiece hole. The worktabletshad enough space

for floating. Lock the spindle and the tailstock after their locatavesdefined.
c).Standard sample calibration:

Remove the workpiece and place the standard sample on th¢aler Make the

measuring accessories insert into the “V’-shaped slot of thedaih sample. The
worktable shall have enough space for floating. Otherwise, rieedded to adjust the
workpiece position on the worktable. Turn the micro-active knotilforg the worktable

to find the reading at “turn-over point”. Then lock the micro-ackmeb and record the
reading Ls.

d).Measuring

Remove the standard sample and mount the workpiece and pigkfyitwith a
spring bearer plate. Note: the worktable shall have enough spdtmatorg. Operate the
worktable and the measuring spindle. Make the measuring accessotex into the
thread one by one at a interval of 1/2 pitch. Lift the worktablén the reading at
“turn-over point” and record the reading. ln order to find the shape error, it is better to
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measure the thread at several different positions.
e).Reset
Remove the workpiece and replace the standard sample. Repestoope) and

check if Ly changes. If not, take the average as L
f).Data processing:

Pitch diameter deviationd,=L, L;+ E
For example: the reading difference 4s L;=0.060 mm in the previous example.
d>=0.060-0.0268=0.0332mm

the actual pitch diameterd,=51.329+0.0332=51.3622mm

Fig.18 Measuring an internal pitch diameter

6.Maintenance

6.1 The room for mounting the instrument shall be free of dustatidn, corrosive gas,
moist, and away from the production site as possible asawelivay from the heat

source. The ambient temperature shall keep withirDZ) . The relative humidity

shall be not more than 60, otherwise, the optical elements will become mildewy.
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6.2 After application, clean all surfaces of worktable, measuringsaories and other
auxiliary devices with gasoline. Then apply some vaseline withouaedy

6.3 During cleaning the optical elements, if required, first vaffehe dust by using a
brush with absorbent fine soft hair, then wipe lightly them (atssorbent and clean)
fine soft cloth or a piece of absorbent cotton dipping with some reixiointaining

alcohol 30 and ether 70

6.4 When the instrument is not used, the body shall be coverednviiimti-dust mask
and the accessories shall be put into boxes or dry cylinder.
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