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Course: Technology II     

Training course topic: Metrology 
 
 

Following problems and tasks will be solved during the first two weeks of the training courses 

of Technology II. Detailed information about the topic, about the necessary number of solved 

tasks, the form of the final report and the dates of handing over the reports will be scheduled 

by the practicer. 

 

This material for solving the problems is available on dept. website:  

http:// u12134.fsid.cvut.cz 

 

 

 

List of tasks:    

1. Profile projector measurements 

2. Cylindrical plug gauge control on microindicator 

3. Cone measurement on a laboratory microscope 

4. Angle measurement with an optical bevel 

5. Frontal run-out measurement 

6. Run-out measurement of rotary part 

7. Thread measurement using a three wire method 

8. Measurement with laboratory microscope 

9. Gear measurement – dimension across the teethe 

10. Machine operational accuracy 

11. Run-out measurement of a spindle 

12. Diameter measurement of cylindrical parts 
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Task no.1  

Profile projector measurement 

 

Problem: 

Measure the spacing R (distance between center points) and hole diameters D1 

and D2 of clamping holes in the spring plate. Use the profile projector for the 

measurement. 

 

Instructions for measuring:  

Place the measured part on the glass workspace if the profile projector. Set the position in that 

way so you will be able to reach all measured holes within the range of measuring table 

movements. The table can be moved in both axes X and Y in range of 25 mm.  

Measure and write down the coordinates of tangents of measured holes in spring plate.  

Calculate the the diameters from tangents (D1x,D1y) and make mean value D1. Repeat for D2 

Calculate the coordinates of center points and then calculate the spacing distance.  
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Task no.2 

Cylindrical plug gauge control on microindicator. 

 

Problem: 

Decide about the applicability of the GO and NOT GO ends (good and bad ends) of a 

workshop cylindrical plug gauge for hole diameter control. Use the microindicator for 

measuring. 

Measurement instructions: 

Plug gauge is intended to measure the hole of diameter 015,0

020,040  mm 

 

Dmin 39,980 mm Lowest limit of hole diameter 

Dmax 40,015 mm Highest limit of hole diameter 

T 0,035 mm Tolerance field range of the hole 

ZS  Nominal diameter of the NOT GO end 

DS  Nominal diameter of the GO end 

MO  Wear limit of the plug gauge 

z 6 μm Variation of the middle of the tolerance field for making the GO end 

y 5 μm Allowed wear of the GO end of the plug gauge 

H 4,0 μm Manufacturing tolerance of the plug gauge 

Calibrate the microindicator with a gauge block with nominal length of 40 mm. Then place the measured 

cylindrical plug gauge under the measuring point of the microindicator and by moving it forward and back 

check the maximum value on the microindicator scale. This is the biggest cylinder diameter. Repeat the 

measurement at least 3 times and write down all measured values. 
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Task no.3 

Cone measurement on a laboratory microscope.  

 

Problem: 

Measure the cone on given part. Set the peak angle α and the conicalness (taper 

ratio) 1: k by measuring diameter in specified distance. 

Decide if it is one of normalized fastening arbor cones. 

 

Measurement instructions: 

Place the arbor between the tips of a laboratory microscope. Check if the axis of the arbor is 

parallel to the longitudal movement of the microscope table, correct the possible error. Place 

the intersection point of the microscope ocular crosshair on the cone edge. Write down the 

coordinate value. Move the crosshair with a lateral movement to the other side of the cone a 

write down the coordinate again. The difference between these two coordinates is the diameter 

of the cone in selected place. 

Repeat the diameter measurement in another place at known distance. Calculate the requested 

angle and taper ratio. 

D1, D2 – diameters of the cone in position 1 and 2 

L – Distance between positions 1 and 2 

     L – distance of measurements 

 

 

     D2     D1 

 

 

 

 

 

Note: You can select any place for measurement along the cone. Only prevent to measure at 

the edges! 
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Task no.4 

Angle measurement with an optical bevel 

 

Problem: 

Measure all four vertex point angles with an optical bevel. 

  

Measurement instructions: 

Draw the outline of measured part in your notes. Mark the angles in drawing. 

Place the measured part between the blades of the optical bevel. Lock the blade position and 

read the angle value. Check if you measure the included or complementary angle.  

Summarize measured angle values and compare it to theoretical value. Discuss the difference 

between measured and theoretical value in comparison to the measurement accuracy. 

Advice! Read carefully the angle division of the bevel.  

 

Q: What the size of the smallest division? 

Q: What are then the possible measured sizes of angle in range between 0° and 1°? 

 

 

 

      δ 

                          γ  

 

    

                                      α      β 

 

 

 

 

 

 

 

 



 
Department of machining, process planning and metrology.  

 Course: Technology II        Training course topic: Metrology  

       

Task no.5 

Frontal run-out measurement 

 

Problem: 

Measure the frontal run out of a universal clamping head used for workpieces 

clamping in both small and big part clamping state. 

Write down the values and express them by using a column chart. (measured 

values in columns, separate columns for different places of measurement). 

 

Measurement instructions: 

Measure the clamping head by an indicator placed in tool holder. Set the initial measuring 

position of the indicator in the middle of measuring range. The measuring contact point of the 

indicator should be in contact with the clamping head. 

Measure all clamps on head. For control purposes measure the first clamp one more time after 

finishing the four measurements. The value should be the same. If not, repeat the measurement 

and check the holder and range of measurement. Do not forget to lock the magnetic holder! 

Write down the measured values in a table. 

 

Measure in closed state (part tightened inside) and in open (part loose) state. 

 

4 clamps + (1 repeated) x 1 step of measurement = 4 measurement for one state x 2 states 

(open/close) = 8(10) measurements total. 

 

 

        Place of measurement 
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Task no.6 

Run-out measurement of rotary part 
 

 

Problem: 

 

Measure the radial and axial run-out of part placed in clamping arbor. 

 

Express the results with a polar chart and mark the maximum run-out value in 

this chart. 

 

Measurement instructions: 

Measure the part by an indicator placed in tool holder. Set the initial measuring position of the 

indicator in the middle of measuring range. The measuring contact point of the indicator should 

be in contact with the part. 

Radial runout is to be measured on the largest diameter. Axial runout on the surface next. 

Warning! In axial setup set the position of the indicator contact point carefully so that the point 

will not enter the gaps (holes) on part. Mark the beginning of measurement on arbor surface. 

Write down the values, create a table of deviations and calculate the run-out value. 

 

You are measuring two sets of values! Radial and axial runout. 

 

 

       Measurement points  

(According the drawing) 
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Task no.7 

Thread measurement using a three pins method 
 

Problem: 

 

Measure the nominal diameter of thread. Compare the measured values with 

nominal values from standard thread table(d2nom). Postulate the allowance of 

thread. 

Discuss the results. 
  

Measurement instructions: 

 

According to the lead (pitch of two adjacent grooves) choose correct measuring pins. Use the 

micrometer and measure the distance over the pins (M). Calculate the nominal diameter of the 

thread. d2. Thread allowance is difference between measured and nominal value of thread 

diameter. 
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      M 

       

 

    

Use following equations: 

 

M  = 2 . X  + d2 

2 . X = 3 . dD – 0,866 . s 

 

 

s – Thread lead (pitch)     dD – pin diameter   M – distance over pins  
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Task no.8 

Measurement with a laboratory microscope 
 

Problem: 

 

Measure the tip radius of given replaceable inserts. Draw schematic picture and 

draw the dimension. 

 
 

Measurement instructions: 

 

Place the insert on the glass measuring plate and orient so you are able to align the measuring 

crosshair with the real tip radius. To align the insert to the measuring crosshair use the moving 

table – do not move the part on glass table! 

 

After aligning the insert with the crosshair read and write down the value of radius. 

 

Draw a schematic sketch of insert.  

 

Repeat procedure for all given inserts. Measure only one tip on each insert.  
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Gear measurement – dimension across the teeth 
 

Problem: 

 

Measure the deviation of the dimension across the teeth (gear clearance) EM and 

kinetic accuracy (dimension across the teeth variation) VM. 

  

Measurement instructions: 

 

Measure the dimension across the teeth Mi using a plate micrometer. Measure it across the 

correct number of teeth (use the table). Repeat the measurement at least five times across the 

full diameter of the gear. Calculate the average value of this parameter - Mavg. 

Calculate the gear clearance EM as a difference of calculated average value and nominal value 

from the table. Calculate the kinetic accuracy of gears VM as a difference between the biggest 

and the smallest value of the across the teeth distance. 

 

Advice for solving the problem: 

 

Across the teeth dimension deviation (gear clearance): 

 

EM = Mn - Mavg           (Mn = Mj . Modulus – see note bellow) 

 

Kinetic accuracy (dimension across the teeth variation) 

 

VM = Mmax - Mmin 
 

Image and table of nominal dimensions across the teeth of the given gear is available at the 

exercise. 

  

Attention: Measurement picture is just for information. The number of teeth measured depends 

on the number of teeth of the gear z and it is written in the table as the value z,.  

Measured gear module is not 1. Therefore you need to multiply the value Mj from the table by 

the actual value of modulus to get the Mn – nominal value across the teeth. The leading angle 

of gear is 20°. 

 
 

Count the number of teeth, measure the head circle and calculate the modulus of the gear (no correction on gear).   
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Task no.10 

 

Machine operational accuracy and the economical inaccuracy 

indicator 
 

Problem: 
 

By measuring the given taylor made drills and by comparision with the nominal 

value set the dimenison deviation. Calculate using the PC the mean value X , 

sample variance s2 , sample standard deviation s, Machine operational accuracy 

L and economical accuracy indicator V. 

Discuss the result and decide about machine accuracy. 

 
Measurement instruction: 

Measure the diameter using the caliper. Send each measured value to PC by pushing the red 

button on caliper. Read the values from table in PC. 

 

Don’t forget to write down the value of Tollerance field. 

 

Sample standart deviation s characterizes the machine operational accuracy. In relation to 

predefined size of tollerance field T of given dimension on measured part is the economical 

accuracy indicator defined by following formula: 

T

L
V 

 

 

Where L = 4.s for normal distribution curve. 

 

If the machine operational accuracy is smaller than the given measured dimension tolerance, 

then  V < 1 and thus when machine tool will set in the mean value at the middle of the 

tolerance, then it will be machining more precise then required and the machine accuracy will 

not be completely used. 

 

If the machine operational accuracy is similar given tolerance L=T, V=1 then if the machine 

will be set correctly it will reach the required tolerance. 

 

In the case that the machine operational inaccuracy is bigger than the given tolerance L>T, 

then V>1 and the machining is operating with smaller precision than required and the 

machine tool is not able to maintain the required dimension tolerance. 
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Task no.11 

 

Runout measurement of a spindle. 
 

Problem: 
 

Measure the values of radial runout on three different diameters of a spindle and 

compare them with values demanded in the drawing of the part. 

 

Measure and write down the values – reapeat the measurement two times for 

different place at each diamaeter  six measurements total. 

 
Measurement instruction: 

 

Use the indicator clock placed in the stand to measure the runout of spindle clamped in the 

center holding device. Move the stand and adjust the position of the indicator clock so that is 

in the contact with measured surface. 

 

Rotate the part several times to recognize the smallest and biggest deviation of surface. Write 

down the values. Repeat the measurement for all recommended places. 

 

Discuss the measured values with values in the drawing. 
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Task no.12 

 

Diameter measurement of cylindrical parts 
 

Problem: 
 

Identify the precision and accuracy of given gauges and recommend the best 

gauge for these measurement. 

 

Use given measuring gauges to prove that the cylindrical parts were made 

according the vanted precision (tollerance field) from the drawing. 

 
Measurement instruction: 

Measure all give cylinders with measuring gauges several times so that the measured value 

will be reliable.  

 

Do not move the passameter thimble!!! It is calibrated to exactly 20 mm. Only push the button 

to enlarge the gap between measuring touches. 

 

 
 

Recommendation – it is good to rotate the measured part a little before reading the value so 

you can be sure that the measuring faces of gauge are at close contact with the surface of 

measured part and measured value is stable. 

 

Write down the measured values of all part (numbered) and point out the values out of the 

given criteria. 

 

Compare the prescribed accuracy of diameter with accuracy archived by different gauges and 

decide about the best gauge for the task. 


