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� .��Instruction 
 
Please read carefully this guide before unpacking and installing. In order to ensure 
the instrument accuracy, please unpack in accordance with the sequences specified in 
the following. 
 

� �

Unpacking sequences�  

1.Remove the 4 screws (12
�

),and take out the Abbe-type device (13
�

) (see Fig.2). 

2.Open the front cover of the Abbe-type device (13
�

),remove 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 (10
�

) and 

take out of (5
�

)
�

(6
�

)
�

(11
�

) as a whole(see Fig.2). 

5.Hold out the base from the box and install the 3 foundation bolts 

6.Remove the 3 screws (16
�

) (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
�

 and remove the 18
�

 as a whole(see Fig.3). 

9.Put the Abbe-type device and the tailstock on the base. 

                    

            Fig. 1                                 Fig. 2 
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Fig. 3  
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EX-100   
Manual for Universal Length Instrument with 

Digital Processing 
1. Application 

The universal length instrument is applied for absolute and relative measurement. It 
features in high accuracy due to adopting Abbe comparative theory and a high precision 
measuring system. It is mainly used in measuring office of factories and various level 
measuring departments in metal machining industry, specially in machine manufacturing, 
bearing manufacturing, gauge manufacturing as well as precision tools manufacturing 
and instrument manufacturing etc industries. 

Comprising with the traditional ones, the instrument adopts raster digital display 
technology, and it is a high technical product integrating optical, mechanical and electric

�

computational algorithm� , improving its accuracy and work efficiency greatly. It also 

adds several auxiliary accessories to improve its universal applications. 

main subjects to be measured�  

1. Shaft, hole, plug gauge, ring gauge, clip gauge, length bar, cone, cylindrical 
workpiece, lower-grade block gauge, workpiece with parallel planes etc. 

2. Pitch diameter of internal thread, thread, thread ring gauge, thread plug gauge 
EX-100 instrument is equipped with a data processing system. This system consists 

of a computer and data processing software, digital display hardware. The 
measuring results can be output by a printer.  

2. principal 

  2.1. The instrument is a contact-type measuring system, using scale as the 

measuring reference. According to Abbe theory, it is fixed in the center-line of the 
Abbe measuring shaft and the shaft is rectangle, there is no rotation during 
movement. The worktable has 5-axis freedom motions, with special accessories 

such as the inner measuring accessories�  the electrical measuring accessories to 

measure workpiece internal/external dimensions. These functions are as same as 
traditional length instrument. 
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Fig. 1  Raster measuring system 

2.2  raster digital display system 

    It includes a raster measuring system and a digital display system�  

 
2.2.1 the raster measuring system consists of a scale and a reading head(Its theory is 
shown as Fig.1). 

 
    a) Lighting system 
The raster reading head adopts an infrared light emitting diode as a light source. The 
light becomes parallel light on the scale surface with scales by a condenser. The 
infrared light emitting diode owns a high luminous efficiency with extremely low 
temperature and can work at low voltage and small current. It is compact, with long 
life and high reliability. 
 
    b) Photoelectric translation 
 The scale is a black-and white raster with 100 scales at each 1mm. The indicating 
raster is a tetrad division phases. When adjusting the former scales to parallel with 
the latter ones, the light gate (Mohr fringe) will occur during the both raster moving 
relatively due to light transmission effect and light screening effect. The silicon 
photocell at back of the indicating raster receives periodic change light flux which 

transfers into electric signals with 0� , 90, 180� and 270� phase differences. Then 

these signals are sent into the digital display system. 
 
2.2.2 The digital display system is supported by an EDS100 fine digital display 

hardware and corresponding software
�

ED101 � . 

3. Specification 

3.1 Measuring range
�

mm �  
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a � External dimensions 

  Absolute measuring range                       0� 100 

  Relative measuring range                        0� 700 

b � Internal dimensions 

Using small-size measuring accessories (maximum penetrating depth 12, maximum 

wall thickness 50) 10� 430 

Using large measuring accessories (maximum penetrating depth 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                      0.5� 6 

b) Internal thread pitch diameter measuring 

Using small-size measuring accessories
�

small diameter 13� 30 �  

  Using large measuring accessories [small diameter from 31�

�

70- wall 

thickness�

�

2] 

Pitch                      1� 6 

 

3.2 Reading mode and display value� digital display � display value 0.1� m  

   

3.3 Measuring force
�

N �                     0
�

1.5
�

2.5 

 
3.4 Display value variability 

    a � For external dimensions                2� � 0.3� m 

    b � For internal dimensions                2� � 0.5� m 
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3.5 Instrument accuracy 

 For external dimensions, accuracy better than�     0.5� m
�

20� � 0.2� �  

 For internal dimensions, accuracy better than�    1� m 

 
3.6 Universal worktable 

    a �  Installation area                    approximately 160
�

160 mm2 

    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 measuring cap-shaped accessories    

�

6H7 

 
3.8 Outer diameter for the rod fitting with the inner diameter of the measuring 

cap-shaped accessories            
�

6g6 

 

3.9
�

mm � instrument size 

    Length� width� height                     990� 390� 450 

4. Structure 

4.1 Base (See Fig.2) 
   It is used to bear and install the instrument and all 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 right side to ensure the universal worktable 
lifting different weight workpiece. Operate the balance device by using a knob (3) 
in the base right side. The base is supported by 3 foundation screws (4)on the pads. 
Level the base by the 3 screws and level-meter (33). 
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4.1.2 Universal worktable(see Fig. 2) 

There is a hand-wheel (6)in front of the universal worktable with a 0.5 mm of scale 
(10)to adjust the worktable height. The screws (8) and (9) is used to limit the height 
adjustment range of the worktable. The screw (8) is to control the upper limit, and the 
screws (9) for lower limit. The button (7) is used to lock the worktable to avoid from it 
moving in vertical direction. 

 
Fig. 2  Instrument main body structure  

1. Base         2. Universal worktable       3.Balancing knob for worktable 
4.5.Foundation screw      6.Lifting hand-wheel for worktable         7.Locking 
hand-wheel for worktable Lifting     8.Top limit screw 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     12� T
�

- slot               

13. Locking knob for worktable tilting 
14. Adjusting knob for worktable rotating    15. micro-active hand-wheel for worktable 
16. Locking hand-wheel for siding carriage on the tailstock 
17. Abbe measuring device             18. Dragline block for outer measuring force      
19. Measuring spindle  
20. Locking screw for the measuring spindle      21. meshing micro-active hand-wheel 

for the measuring spindle   
22. micro-active hand-wheel for the measuring spindle 
23. Dragline block for inner measuring force          
24. Front locking  nut for the measuring spindle   
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25. Back locking  nut for the measuring spindle      
26. Locking hand-wheel for Abbe measuring device      
27. Locking screw for the gate of balance weight adjustment 
28.29 adjusting screw of the fixing shaft for measuring cap-shaped accessories on the tail 

stock  
30. Locking hand-wheel for tailstock         31. Siding carriage on the tailstock 
32. tailstock spindle 
                             

 
The universal worktable (2) is a basic worktable. We can put various auxiliary 
worktables on it. During installation, insulating worktable, center carrier, tilting 
worktable or round floating worktable can be fixed on it by using a tilted surface in 
the two sides of the universal worktable. There are two T-shaped slots in the universal 
worktable to fix a pressing board, single V-shaped rack, double V-shaped rack or a 
cross-shaped rack. According to the requirements, the universal worktable may carry 
out the following motions: 

   a) The universal worktable can be adjusted within 100 mm in vertical direction by 
using the hand wheel (6) and scales (10) or to be preset a limited position and locked 
by the button (7). 

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

   c) The universal worktable can deflect � 3� around Y-axis by adjusting the operating 

rod (11). Then lock the worktable in a desired position with the locking rod (13). 

   d) The surface of the universal worktable may rotate � 4� around the vertical axis by 

turning the handwheel (14). 
   e) The X-direction of the universal worktable surface moves on the spherical guide 

with a stroke of 18mm to make the workpiece to be measured positioning freely  
without any restriction. 
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Fig. 3  Back view for the base 

 

4.2 Abbe measuring device
�

See Fig.2�  

The Abbe measuring device (17) includes a measuring spindle (19) and a raster 
measuring system. This system takes a glass scale as the reference for length measuring 
and works under transmitted lighting. The scale gap of the scale is 0.01 mm. the scale 
has a zero mark to be used as a absolute measuring start-point.  

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

base to suitable for � left-handed person
�

. The measuring spindle (19), supported by the 

low friction bearing without gap, can move inside the Abbe measuring device. The 
locking screw (20) is used to lock the spindle at a position. The measuring spindle can 
move within 100mm. The raster reading head is fixed with the measuring spindle and 
move in axis-direction together .The scale is fixed on the frame without any motion. 
 
Nuts (24 and 25) are used to fix the connection seat of the measuring cap-shaped 
accessories. Hold the nut(25) to push or pull the spindle. During inner measurement, the 
end of the dragline for measuring force shall be mounted on the clamping head (23); 
during outer measurement, it shall be mounted on the clamping head (18). There is a set 
of pulley inside the measuring head. The tension dragline is hung by these pulley. The 
rubber cushion is used to avoid the spindle to be impacted when it moves toward the end 
of the stroke. 
 
The micro-active hand-wheel (22) is used to make the spindle move slightly in axial 
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direction. If the red mark in the turn-over button (21) points upward, the micro-active 
hand-wheel may turn. The micro-active hand-wheel has a large transmitting ratio to make 
the spindle move extremely slowly. The circumferential motion of the handwheel is 
converted into the axial motion of the spindle through the friction device. This system is 
used to measure a hole during using the electrical measuring accessories. During using 
the system, the inner/outer tension force dragline shall 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 the datum (location plane). Its sliding carrier (31) 
may move on the base right track and to be locked at any position with the 
handwheel(16). The measuring rod, which is equipped with cap-shaped measuring 
accessories, can be adjusted by screws (28 and 29) to make the spherical measuring 
accessories concentric or the plain cap-shaped measuring accessories parallel with each 
other. 
 
4.4 Electrical measuring accessories (See Fig.4, 5 and 12) 
It includes an insulting worktable (Fig.5) with an infrared light emitting diode (34), the 
measuring accessories (Fig.4), and a measuring rod with a ball at its end. This device is 

mainly used to measure a hole with a diameter within(1 � 60)mm. It can be used to 

measure a hole with a diameter within
�

14 � 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 diameter to be measured 
The surface (35) of insulting worktable (Fig.5) is separated by insulting block (36) to 
make it insulate with the worktable base (37).there is a notch in the surface to let the a 
measuring ball end rod insert into the hole to be measured. The workpiece is put on the 
insulting worktable. Small size parts can be placed on the insulting worktable with a 
central ring (38 crossing through the hole. 
 

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

                 

                        
    Fig.4 Electrical measuring accessory   Fig.5 Insulating worktable for the 

and measuring head              electrical measuring accessories 
     
 
4.5 Inner measuring system 
     
Shown as Fig.6 and 9: it includes a pair of small-size measuring accessories, a pair of 
large-size measuring accessories, a special arbor for small-size measuring accessories and 
two standard ring gauges. The both pairs of the measuring accessories are used to 
measure internal diameter and depth with different sizes. It is recommended to use the 
large-size measuring accessories as possible during measuring. The small-size measuring 

accessories can be used to measure a hole diameter within 
�

10 � 430 � mm, and their 

maximum penetrating depth is 12mm. They are fixed on the spindle and on the special 
arbor respectively; then locked with button. The large-size measuring accessories can be 

used to measure a hole diameter within 
�

30 � 400 � mm, and their maximum penetrating 

depth is 50mm. They are fixed on the spindle and on the tailstock shaft respectively. The 
ring gauges, with two kinds of 14mm and 50mm, are used to set a datum during internal 
measuring by using small-size measuring accessories. There are scale marks for actual 
dimension and effective measuring direction on the ring gauges. 
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Fig.6 Inner measuring accessories 

 
4.6 Universal measuring accessories 

The universal measuring accessories (Fig.7 and 10) can be used to measure the 
external micrometer. It includes a pair of measuring accessories 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 rods can be fixed on the 

measuring accessories at 25mm interval within 200mm. The maximum distance of 
the measuring accessories is 230mm along the spindle direction. For large ring 
workpiece requiring bigger penetrating depth, the universal measuring accessories 
can be used together with the electrical measuring accessories. 
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                  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-shaped measuring accessories 
     
For contact-type universal length instrument, it can avoid from the bigger measuring 
errors to select and adjust the cap-shaped measuring accessories reasonably. 
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Selection principle: minimize the contact area between the cap-shaped measuring 
accessories and the workpiece as possible. 
The disadvantages are as follows if the contact area is too big: 
     
Bring with error in adjustment. For example: During measuring a cylinder diameter with 

1.5� 8 cap-shaped measuring accessories, if there is a slight non-parallel between the two 

planes of the cap-shaped measuring accessories, this will make the measuring results 
variable at different points of the cap-shaped measuring accessories. In addition, it also 

cause the results unsteady if there is dirty and greasy between contact area during the 
�

8 

plain cap-shaped measuring accessories contacting with the workpiece surface. If the 
spherical cap-shaped measuring accessories is applied, dirty and greasy will be removed 
provided that the both moves relatively. 
    
For different shape workpieces, the recommended measuring accessories are as follows: 
 

Workpiece type Cap-shaped measuring accessories recommended 
Measure the distance 

between parallel 
planes 

Spherical cap-shaped measuring accessories 
 

Cylindrical parts Spherical cap-shaped measuring accessories (move the 
worktable to find the “turn-over point” as the highest 

point of the cylinder) 
 

Ball workpiece �

2 or 
�

8 parallel cap-shaped measuring accessories 

(depend on ball size) 
 

Thread pitch diameter 
with 3-pin 

�

8 (when a pitch >5mm, using � 14mm plain 

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 connection line between spherical centers of the 
two cap-shaped measuring accessories crossing through the measuring axis. First, mount 
a pair of spherical measuring accessories respectively on the tailstock and on the 
measuring spindle, and make them contact with each other. Watch the reading on the 
display during adjusting the screw (36 and 37) with the edge of a screw driver. Screw 
shall stop at the position with maximum reading (i.e. “turn-over point”). After adjustment, 
pull the measuring spindle to make these two measuring accessories impact slightly in 
order to let the mechanism steady. 
 b) Adjustment for cutter-edge and spherical measuring accessories 
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Target: to make the measuring surfaces of two spherical measuring accessories parallel. 

First, adjust approximately by using the method to search for the "turn-over point” 
to find the minimum reading point; then replace the workpiece to see if the 
readings are same at different positions. Finely adjust the screw according to the 
reading differences. 

5.1.2 Selection of measuring force 
  
In order to ensure the measuring tip contact well with a workpiece, a measuring force will 

impose between spherical cap-shaped measuring accessories and workpiece due to 
the contact-type mode. However, the measuring force may result in elastic 
deformation of measuring tip and workpiece. This will bring with error in 
measurement, and it will recover by itself when the measuring force is eliminated. 
The measuring force may be selected depend on the workpiece tolerance and 
deformability. For workpiece with strict tolerance and easy to deformation, the 
measuring force shall be minimized as possible. The measuring force is produced 
by the weights (2.5N and 1.5N). Turn the button (31) shown in Fig.2 and open a 
door to fetch weights. During measuring a large-size workpiece or using large-size 
measuring accessories, apply a measuring force of 2.5N; during measuring a 
small-size workpiece or using small-size measuring accessories, apply a measuring 
force of 1.5N. 

 
5.1.3 Selection of auxiliary worktable 

 
In addition to the basic worktable, the EX-100 instrument has various worktables 

to suit for different parts. The application range for various worktables is as follows: 
 

Worktable type Workpiece type Drawing 
No. 

Basic worktable block gauge, square part, stub inner/outer 
cylinder 

Fig.9 

Single V-shaped carrier plug gauge, short shaft without central hole  Fig.11 
Double V-shaped carrier slender bar, ID micrometer standard bar Fig.8 

Center carrier plug gauge, arbor, step shaft etc. with central 
hole 

Fig.17 

Round floating 
worktable 

ball, thread ring gauge Fig.18 

Insulating worktable for 
electrical measuring 

accessories 

measuring a hole with electrical measuring 
accessories  

Fig.12 

Tilted carrier  External micrometer Fig.10 

Cross-shaped carrier calipers 
 

Fig.19 

A pair of strip underlay sheet disk, ring diameter, internal /external Fig.9 
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dimension for sheet part 
 
5.1.4 How to find a “turn-over point”  

 
The workpiece is mounted on the worktable. If the dimension to be measured is not 

coincident with the measuring axis, it is needed to align the workpiece by finding the 
“turn-over point”. For horizontal instrument, it is always needed to find the “turn-over 
point”. 

 
Operate the worktable knob to make the workpiece move or rotate; the reading will 

change with the knob turning. If a reading repeats at a point, we call it “turn-over point” 

or� break point
�

. The workpiece has been aligned if it stops at the “turn-over point”. 

 
For most cases, it is needed to find a “turn-over point” twice by using different 

knobs. For example: shown as Fig.13, to measure a cylinder, first adjust the knob 
according to Fig.13a to make the worktable tilt to left and right; find the minimum 
reading (i.e. the first “turn-over point”) and the state. Then move the transversal 
handwheel to make the measuring axis cross through the cylindrical diameter to find the 
biggest reading (i.e. the second “turn-over point”). 

 
Operate the knob slowly, in particular during approaching a “turn-over point”. It is 

better to find some points in several times and compare them to confirm the “turn-over 
point”. 

    

a. Make the worktable tilt to left and   b. Move the transversal handwheel to 
right to find the minimum reading    make the measuring axis 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 is at 20�  ambient. Make workpiece 
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and instrument stay in the same ambient to make them with the same temperature. 
Temperature shall be not variable considerably during measurement. If temperature 

deviating 20�  and workpiece/instrument with different temperature, this will result in 

error of measurement. 
 
If above mentioned condition can’t be met, the error in length will be: 

�

�� L � [ �

w
�

(tw � 20) �

�

i
�

(ti � 20)]
�

L 

      Where: 

     �

w �

�

i :  linear expansion coefficients for workpiece and instrument scale; 

         tw � ti   :  actual temperature for workpiece, actual temperature for instrument 

          L, 
�

L :  normal length of workpiece, error in measurement due to different 

temperature 
       

Linear expansion coefficient for scale: 10� 10-6 1/�  

During measuring large-size high precision workpiece, we shall check temperature of the 
workpiece and instrument and find out the linear expansion coefficient for workpiece. 

Then calculate 
�

L according to the above formula and correct the measuring results. the 

workpiece and instrument temperature can be checked with a attached thermometer. With 
regard to our EX-100 instrument, the error in measurement 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 measuring methods (absolute and 
relative). 

First adjust the cap-shaped measuring accessories, the measuring force according to 
�

5.1 

and take attention for temperature. Then select and mount a appreciate worktable, and fix 
the workpiece on the worktable. 
    
   Procedures for absolute measurement: 
   a) First make the two cap-shaped measuring accessories contact, record the reading 
Lo and reset the display by pressing a key;  

b).Move the workpiece between the two cap-shaped measuring accessories and make 
them contact to find the “turn-over pint” and record the reading L1; c).Workpiece actual 

dimension L =L1 � L0 
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Procedures for relative measurement: 
a. )First move the standard sample between the two cap-shaped measuring accessories 

and make them contact to find the “turn-over pint” and record the reading L0 or reset 
the display by pressing a key; 

b). Move the workpiece between the two cap-shaped measuring accessories and make 
them contact to find the “turn-over pint” and record the reading L1; 

c). Workpiece actual dimension L =L1 � L0 + Ls    (Ls : actual dimension of the standard 

sample) 
 
In order to ensure the measurement, repeat a) after b) is carried out to see if the value L0 
changes. If not, the value L0 will be effective. To find shape error of the workpiece, repeat 

b) several times, change the workpiece position to be measured and measure out  L2 � L3 �

L4� � . 

 
For dimensions less than 100mm, we can use resolute measurement or relative 

measurement but the former is easier. However, for dimensions bigger than 100mm, it is 
necessary to use relative measurement and the size difference between workpiece and 
standard sample shall be less than 100mm. 

 

 

 
 
                 Fig.8   Double V-shaped racks for measuring a slender bar 
 
5.2.2 Measuring a cone 
 

Support the cone using the center carrier, the coning K and cone angle can be calculated according to 

the following formula: 
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tg�

�

2= � / � =
L

dD
2
-

 

           Where� D
�

d � large end diameter, small end diameter; 

                  L:  axial length between D and d; 

                  �
�

2:  included angle between conical generatrix and central line 

 “D and d ” shall keep a distance from the end-face. The measuring method is same with 
�

5.2.1. “L” can be read out from the transversal handwheel (see No.15 in Fig.2) of the 

worktable. To make the calculation easier,  “L” is better to be rounded to an integral 
number.  
 
5.2.3 Inner dimension measurement using double measuring accessories 

 
The internal measuring accessories are divided to two kinds: the large-size ones are used 
for measuring a hole bigger than 30mm (Fig.9, Fig.10); the small-size ones are used for 
measuring hole bigger than 10mm. For measuring a hole less than 10mm, it is necessary 

to use a electrical measuring method. (See 
�

5.2.4) 

This is a relative measurement. The standard samples are small-size and large-size standard ring gauges (No.53, No.52 in Fig.6). 

Their actual dimensions are written on their end-faces and the calibrated positions are indicated by scale. 

 
The large-size measuring accessories are fixed on the measuring spindle and the shaft of 
�

28mm on the tailstock. When using small-size measuring accessories, it is necessary to 

change the shaft into a special one and make its mark align with the tailstock mark. The 
measuring accessories are mounted on the fixed shaft of the cap-shaped measuring 
accessories. Open the front cover of the special shaft and adjust the four screws to correct 
axiality (Note: it is better for the user not to adjust the axiality because it has been 
calibrated before ex-factory.) If required, it can be adjusted by mounting the plain 
measuring accessories. The four screws shall be locked after adjustment. 
   
Procedures for measuring a internal dimension with double measuring accessories: 
a) Mount the measuring accessories and make the weight for the outer measuring relieve 

from the measuring spindle and replace weight  for outer measuring; 
b) First mount the standard ring gauge on the worktable and let the mark line parallel 

with the measuring spindle. Lift the worktable to make the two measuring accessories 
penetrate into a hole and contact with the hole wall to find a “turn-over point” and 
record the reading L0 or reset the display by pressing a key; 

c) Remove the ring gauge and replace the workpiece. Lift the worktable to make the two 
measuring accessories penetrate into a hole and contact with the hole wall to find a 
“turn-over point” and record the reading L1; 
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d) Workpiece actual dimension L =L1 � L0 + Ls    (Ls: actual dimension for the standard 

ring gauge); 

e) L2 � L3 � L4� � � Repeat operation b) to see if the value L0 changes. If not, the value L0 

will be valid. To find shape error of the workpiece, repeat c) several times, move the 

worktable and change the workpiece position to be measured and measure out L2 � L3 �

L4� � . 

 

 
 

 
Fig.9 Strip underlay for sheet workpiece 

 
5.2.4 Measuring a hole using electrical method 

 

This method is used to carry out internal measuring with rob without measuring force. 
The infrared light emitting diode (i.e., a LED on the insulating worktable) is applied to 
indicate the contact state. It owns high precision and 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 in the center (No.33 in Fig.3); 
b) Mount the worktable for electrical measuring accessories (Fig.5) and adjust the 
knob for tilting worktable (No.11 in Fig.2) to make the worktable level bubble in 
the center (No.42 in Fig.5); 
c)Relieve the weight for measuring force and loose the screw for locking the 
measuring spindle (No.20 in Fig.2) and engaged micro-active mechanism (No.21 
in Fig.2);  
d)Mount the electrical measuring rob (Fig.4). For small diameter through-hole, the 
beam of measuring accessories may be under the measuring spindle to easy to 
watch the contact state;  
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e)Mount workpiece and lock it. For workpiece less than 
�

20mm, it is needed to 

put a center ring under it (No.38 in Fig.5); 
f)Turn on the measuring circuit to check if the LED (No.38 in Fig.38) is work in 
order.  
 

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

 

    Fig.14   Principle for electrical measuring a hole 
 
Turn the transversal micro-active handwheel for worktable to make the hole center offset 
slightly from the measuring spindle. Move lightly the measuring spindle to make the rob 
approach the workpiece until the LED flashes, and record the reading (A1. Turn the 
transversal micro-active handwheel to make the rob leave from the workpiece until the 
rob approach the hole wall again. Record the reading (A2) while the LED flashes. 

Calculate the average: A=1/2
�

A1 + A2 � .Turn the handwheel to the reading (A) and now 

the hole center is coincident with the measuring spindle. 
  
Measuring steps: 
Turn slightly the measuring spindle to make the rob approach the hole wall at one end 
until the LED flashes and record the reading (L1) of the measuring spindle. Then turn 
slightly the measuring spindle in reverse to make the rob approach the hole wall until the 
LED flashes and record the reading (L2) . Now, let the reading return back to (L1) to 
check if the reading is changed. If not, take the average of (L1, L2) as L1. 
  
The measuring result for hole diameter is: 

                       D = L + d = L2 �  L1   +  d 

                       Where� d is the actual diameter of the rob;  
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The above method is called a “2-point method”. The other one is “2-chord method” 
for electrical measurement and the principle is shown as Fig.14 (see the right scheme): 

Measure any two chord L1 � L2  near the diameter. The distance (H) between the two 

chords can be read from the transversal handwheel for worktable. 
     

Measuring steps for� 2-chord method
�

 

a
�

 According to the LED indication, collect two points (a1 � a2) at two ends of 

“chord 1” ; 

b
�

Make the transversal handwheel move a distance (H ); 

c
�

 According to the LED indication, collect two points (a3 � a4) at two ends of 

“chord 2”; 

d
�

Calculate� L1 = a2 � a1   L2 = a4 � a3  

e
�

 The hole diameter is calculated according to the following formula: 

 

D = d + { L2
2  + [ ( L 1/2 ) 2 - ( L 2/2 ) 2 + H2 ] 2/H2 } 1/2 

 

Where � ”d” is the actual diameter of the rob 

 
Note: the accuracy is optimum when the distance (H) is equal to 1/20 ~ 1/40 of 
the hole diameter. 

 
 
 

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

� The single measuring accessories, i.e. “universal measuring accessories” (No.58 in 

Fig.7), are used for measuring large internal dimension. They can be used together with 

the worktable for electrical measurement and the measuring method is similar to 
�

5.2.4. 

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

 

 
Fig.10  An example for using universal measuring accessories and tilted rack 

 
5.2.6 Measuring a pitch diameter with 3-pin (Fig.17)  
      Measuring Principle (see Fig.15) . 

 

�

�

�

�

�

 
 

Fig.15   Measuring principle for pitch diameter with 3-pin  



 25  

 

        d2 � actual pitch diameter   P�  pitch    � /2 �  tooth type angle  

        D �  3-pin diameter   M�  distance between the two outer enveloping planes of 

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

Metric thread      Metric thread Metric thread 

Pitch 

P
�

mm �  

3-pin 
diameter 

  d
�

mm �  

 

P
�

mm �  

3-pin 
diameter 

  d
�

mm �  

Pitch 

P
�

mm �  

3-pin 
diameter 
 

  d
�

mm �  

0.2 
0.3 
0.35 
0.4 
0.45 
0.5 
0.6 
0.7 

0.118 
0.142 
0.201 
0.232 
0.260 
0.291 
0.343 
0.402 

0.75 
0.8 
1.0 
1.25 
1.5 
1.75 
2.0 
2.5 

0.433 
0.461 
0.572 
0.724 
0.866 
1.008 
1.157 
1.441 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 

1.732 
2.020 
2.311 
2.595 
2.886 
3.177 
3.468 

 
     Imperial thread      Imperial thread Imperial thread 

Number 
of teeth 
per inch 

3-pin 
diameter 

 d
�

mm �  

Number 
of teeth 
per inch 

3-pin 
diameter 

 d
�

mm �  

Number 
of teeth 
per inch 

3-pin 
diameter 

 D
�

mm �  

24 
20 
18 
16 
14 
12 

0.572 
0.724 
0.796 
0.886 
1.008 
1.157 

11 
10 
9 
8 
7 
6 

1.302 
1.441 
1.591 
1.732 
2.020 
2.311 

5 
4.5 
4 

3.5 
3.25 
3 

2.886 
3.177 
3.580 
4.091 
4.400 
4.773 

 
     Step thread Step thread Step thread 

Pitch 

P
�

mm �  

3-pin 
diameter 

Pitch 

P
�

mm �  

3-pin 
diameter 

Pitch 

P
�

mm �  

3-pin 
diameter 
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 d
�

mm �   d
�

mm �   d
�

mm �  

2 
2 
3 
3 
4 
4  

1.047 
1.302* 
1.553 
1.732* 
2.071 
2.217 

5 
5 
6 
6 
8 
8 

2.595 
2.886 
3.106 
3.287 
4.141 
4.211 

10 
12 
16 
20 
24 
32 

5.176 
6.212 
8.282 
10.353 
12.423 
16.565 

 
                       

Note: the values with � *
�

are used for go-gauge. 

 
Adjusting the instrument: 
Select the plain cap-shaped measuring accessories and use a method for finding a 

“turn-over point” to calibrate approximately the parallelism of the cap-shaped measuring 
accessories. Then use one pin to check cap-shaped measuring accessories. If required, it 
is needed to check the parallelism accurately. Mount the center carrier to support the 
workpiece. Fix the tailstock position to make the worktable in the middle of stroke. 
Remove the workpiece and make the two cap-shaped measuring accessories contact to 
reset and return the instrument back to the measuring spindle. Move the worktable up or 
down to make the axial line of the center and the measuring axial line coplanar. Mount 
the 3-pin carrier and make the cap-shaped measuring accessories contact with the 
workpiece. Insert the 3-pin into the thread hole according to Fig.16. Adjust the worktable 
and make it rotate around the vertical axis to find the minimum reading “turn-over point” 
(M). Remove the workpiece and check if the zero point moves. 
 
Depend on the thread length, we normally measure the pitch diameter in several radial 

section and check each radial section at two directions with 90� interval to find shape 

error in workpiece pitch diameter. 
     
The result is calculated for pitch diameter 
 

d2 = 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 diameter (Fig.18) 
 

For measuring an internal pitch diameter, the used method is a relative measurement. The 
standard sample is combined of a pair of measuring block with standard tooth type and a 
block gauge. The measuring principle is shown as Fig.16. The mathematical model is:  
 

d2 = E - P/2
�

� �
�

Ctg( �
� �
� /2)+(a + b) 
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- P2/{8 
�

� �
�

[d2 + P/2 
�

� �
�

 Ctg(�
� �
� /2) - d/Sin(�

� �
� /2)]} 

 

�

� �

�

� �

� �

  

 
 

Fig.16  Measuring principle for internal thread 
 

Metric thread 

Pitch p
�

mm �  

Imperial thread 

Pitch p
�

 

Ball diameter 

d
�

mm �  

� 2 �

8
5

 0.8 



 29  

Where � E � block gauge dimension 

     d2 � normal pitch diameter 

      P � workpiece pitch 

� /2 � workpiece tooth radius  

a + b � measuring block dimension 

(marked on the non-working 
surface) 

    d � the recommended diameter for rob according to the right table. 

 
 
 
 

 
The recommended table for the rob is not applied to the stop gauge with tooth cut 

short. If other kind of rob needed, please contact with the manufacturer for special 
requirements. 

    
Before measuring, it is needed to calculate the dimension (E) for underlay between 

the measuring blocks: 
 

E = d2 - P/2 �
� �
�  Ctg(�

� �
� /2) - (a + b) 

+ P2/{8 
�

� �
�

[d2 + P/2 
�

� �
�

 Ctg(�
� �
� /2) - d/Sin(�

� �
� /2)]} 

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

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

is not a integral number), and the difference value is considered as 
�

E 

        

For example� for measuring a thread ring gauge M52
�

1f� T
�

, the measuring block 

dimension is M52� 1f � T
�

and the rob diameter is 0.8mm.  

2 � 2.5 
8
5

�

4
3

 1.35 

3 � 3.35 
8
7

� 1 
1.8 

4 � 4.5 1
8
1

�

2
1

 2.3 

�

5 
 3.1 

 1
2
1

 3.75 
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We can find “S” in the manual, and the normal pitch diameter is 51.329+0.014 in (M52
�

1f

� T
�

). The block gauge dimension is calculated: 

E=51.329+0.5
�

1.732+
)732.15.05.0/8.0329.51(8

1
´+-X

-6.171=46.026
�

mm �  

 
In practice, select and combine block gauges (40 and 6). According to the certificate of 

conformity, the correction is -0.5� m for 40mm block gauge, and -0.3� m for 6mm block 

gauge. The total correction is:  
 

�

�� E=-0.026-0.0005-0.0003=-0.0258
�

mm �  

 
In order to improve the measuring accuracy, the “E” (actual dimension for block gauge) 
shall be close to “Eo” (dimension calculated by the software). 
 
   Place the block gauge and the measuring block into the block clamper to clamp them 
tightly. Note: the bottom spherical surface of the measuring block shall be contacted well 
with the location surface of the block clamper. Then put them together with the 
workpiece on a plate to let them with the same temperature. 
   b).Adjustment of the instrument: 
Mount the round worktable, internal measuring accessories and thread measuring rob 
according to Fig.19. Mount the workpiece and press it tightly with a spring bearer plate. 
Move the rob to approach to the workpiece hole. The worktable shall have enough space 
for floating. Lock the spindle and the tailstock after their locations are defined.  
   c).Standard sample calibration: 
      
Remove the workpiece and place the standard sample on the worktable. Make the 
measuring accessories insert into the “V”-shaped slot of the standard sample. The 
worktable shall have enough space for floating. Otherwise, it is needed to adjust the 
workpiece position on the worktable. Turn the micro-active knob for tilting the worktable 
to find the reading at “turn-over point”. Then lock the micro-active knob and record the 
reading L1. 

   d).Measuring�  

 
Remove the standard sample and mount the workpiece and press it tightly with a 

spring bearer plate. Note: the worktable shall have enough space for floating. Operate the 
worktable and the measuring spindle. Make the measuring accessories enter into the 
thread one by one at a interval of 1/2 pitch. Lift the worktable to find the reading at 
“turn-over point” and record the reading L2. In 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. Repeat operation c) and 

check if L1 changes. If not, take the average as L1. 
   f).Data processing: 

  Pitch diameter deviation 
�

d2 = L2 �

L1+
�

E 

     For example: the reading difference is L2 �

L1=0.060
�

mm � in the previous example. 

     
�

�

�

d2=0.060-0.0268=0.0332
�

mm �  

     the actual pitch diameter� d2=51.329+0.0332=51.3622
�

mm �  

 
 

  
 
 
                            
     Fig.18  Measuring an internal pitch diameter  
    

6.Maintenance 

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

source. The ambient temperature shall keep within 20� 0.5� . 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, measuring accessories and other 
auxiliary devices with gasoline. Then apply some vaseline without any acid. 

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

alcohol
�

30� � and ether
�

70� � . 

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

 
 
 


