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3.6 PROBES IN CMM 

A Coordinate Measuring Machine is defined by the ability of its probe. As with 

CMMs, there are several types of probes available. There is the contact probe, which 

measures the workpieces by making contact with them. The non-contact probe that 

employs lasers or machine vision probes which scan with optical sensors.  

Contact probes are a more accurate way of measuring. However, the laser or 

machine vision probes are far quicker to use, while still holding a high degree of accuracy. 

There are also multi-sensor probes which combine both touch and optical scanning, 

giving the benefit of both types in one probe. 

  

Fig. 3.38 PROBES IN CMM 

[source: https://www.slideshare.net/dharanimech/cmm-3?from_action=save] 

The probe is the main sensing element in a CMM. Generally, the probe is of 

‘contact’ type, that is, it is in physical contact with the workpiece when the measurements 

are taken. Contact probes may be either ‘hard’ probes or ‘soft’ probes. However, some 

CMMs also use a non-contact-type. 

A probe assembly comprises the probe head, probe, and stylus. The probe is 

attached to the machine quill by means of the probe head and may carry one or more 

styli. Some of the probes are motorized and provide additional flexibility in recording 

coordinates. 

https://eleymet.com/coordinate-measuring-machines/
https://www.slideshare.net/dharanimech/cmm-3?from_action=save
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The stylus is integral with hard probes and comes in various shapes such as 

pointed, conical, and ball end. As a power feed is used to move the probe along different 

axes, care should be exercised when contact is made with the workpiece to ensure that 

excessive force is not applied on the probe. Excessive contact force may distort either the 

probe itself or the workpiece, resulting in inaccuracy in measurement. Use of soft probes 

mitigates this problem to a large extent. Soft probes make use of electronic technology 

to ensure application of optimum contact pressure between the probe and the workpiece. 

Linear voltage differential transformer heads are generally used in electronic probes. 

However, ‘touch trigger’ probes, which use differences in contact resistance to indicate 

deflection of the probe, are also popular.  

 

Fig. 3.39 Probe Assembly 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-235] 

Some measurement situations, for example, the inspection of printed circuit 

boards, require non-contact-type probes. Measurement of highly delicate objects such as 

clay or wax models may also require this type of probe. Most non-contact probes employ 

a light beam stylus. This stylus is used in a manner similar to a soft probe. The distance 

from the point of measurement is known as standoff and is normally 50 mm. The system 

provides 200 readings per second for surfaces with good contrast. The system has high 

resolution of the order of 0.00005 mm. However, illumination of the workpiece is an 

important aspect that must be taken into consideration to ensure accurate measurement. 
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3.6.1 TYPES OF PROBES 

3.6.1.1 Contact Probes 

The two most common contact probes are Touch Trigger Probes and Analog Scanning 

Probes. 

a. Touch Trigger Probes: 

A touch trigger probe has a stylus that is attached to a bearing plate. This is then 

connected to pressure sensors inside the housing of the probe. Each time the probe makes 

contact with the workpiece, it generates an electrical signal. The signal is sent back to the 

CMM to create accurate measurements. 

 

Fig. 3.40 Schematic of the touch trigger probes. (a) One-stage type with an 

electromechanical switching transducer. (b) two-stage type based on a 

piezoelectric transducer. 
[source: https://www.researchgate.net/figure/Schematic-of-the-touch-trigger-probes-a-One-stage-

type-with-an-electromechanical_fig1_220410845] 

With a touch trigger probe, the head is mounted at the end of one of the CMM’s 

moving axes. The probe can be rotated either manually or automatically and can 

accommodate a variety of attachments and stylus tips. 

The advantage of touch probes is that they are versatile and flexible. By 

incorporating the piezo-based sensors, the effect of stylus bending was eliminated, while 

the strain gauge technology advancements have ensured that the probes trigger with 

constant force regardless off the angle of contact it has with the workpiece. These two 

https://www.researchgate.net/figure/Schematic-of-the-touch-trigger-probes-a-One-stage-type-with-an-electromechanical_fig1_220410845
https://www.researchgate.net/figure/Schematic-of-the-touch-trigger-probes-a-One-stage-type-with-an-electromechanical_fig1_220410845
https://en.wikipedia.org/wiki/Piezoelectric_sensor
https://www.omega.co.uk/prodinfo/straingauges.html
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things combined eliminate directional sensitivity which has given these probes a sub-

micron level of accuracy. 

 

b. Analog Scanning Probes 

Analogue scanning probes are another type of stylus-based probes that are used for 

measuring contoured surfaces such as sheet metal assemblies. Unlike digital probes, 

which touch individual points, the analogue probe keeps continual contact with the 

workpiece taking measurements as it is dragged across it. 

 

 

Fig. 3.41 Analog Scanning Probes 

[source: https://slideplayer.com/slide/13175950/] 

The continual contact which yields analogue measurements offers dramatically 

increased levels of data acquisition. The structure of the continuous analogue scanning 

(CAS) probes is based on continuous data acquisition rather than the point to point of a 

digital probe. 

Analogue scanning probes are extremely useful for collecting the measurement 

data for complex contoured shapes such as turbine engine blades, cams, automobile 

bodies, crankshafts and prosthetics. 

https://slideplayer.com/slide/13175950/
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There are two types of continuous analogue scanning, CAS, systems: 

1. Closed-Loop Systems: This probe automatically detects changes in the surface and 

direction of the workpiece and adjusts itself accordingly to ensure that it maintains 

contact at all times. The closed-loop system is particularly useful for digitising unknown 

and complex shapes. 

2. Open-Loop Systems: This probe gets driven along a specific path using dimensional 

information obtained from a data file. The open-loop system is particularly useful for 

high-speed data gathering on parts with geometry that has been well defined by surface 

points and vectors or by CAD data. 

Analogue probes can acquire up to fifty times more data than touch trigger probes 

in the same amount of time. The more data that is collected, the more confidence in its 

accuracy. If there are large gaps between data points the accuracy of the data may not be 

so assured. 

Another advantage of analogue scanning probes over digital probes is their ability 

to also be used as a touch trigger probe which gives its users more flexibility. An operator 

will be able to choose which features require a quick touch and which need more time 

devoted to them. A critical feature that is particularly complex would require continual 

contact. 

3.6.1.2 Non-Contact Probes 

A non-contact probe is essential for any workpiece that is likely to become 

deformed under the pressure of a contact probe. They are also useful for more complex, 

smaller and high-precision workpieces. A non-contact probe is either laser-based or 

vision-based. 

a. Laser Probes 

A laser probe works in a similar way to the touch trigger probe. Instead of using a 

stylus, it uses a concentrated beam of light to take readings. The beam of light acts as an 

optical switch. When the beam is projected onto the part, the position will then be read 

by triangulation through a lens inside the probe receptor. 
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Fig. 3.42 Analog Scanning Probes 

[source: https://www.sariki.es/en/measuring-equipment/3d-measurement/multisensor-

probes/laser-scanner-probe/] 

This technique is similar to the one used by surveyors when they want to find a 

position or location with bearings from a known distance between two fixed points. 

b. Vision-Based Probes 

Microprocessors and other very small parts require the use of vision-based probes. 

Rather than measuring the parts themselves, a mould is electronically digitised that will 

generate accurate dimensions for future workpieces. 

 

Fig. 3.43 Vision-Based Probes 

[source: https://www.renishaw.com/en/revo-2-rvp-vision-probe--35452] 

The Vision-Based Probes is a high-definition camera that is capable of generating 

multiple measurement points in one frame. This allows the features to be measured and 

https://www.sariki.es/en/measuring-equipment/3d-measurement/multisensor-probes/laser-scanner-probe/
https://www.sariki.es/en/measuring-equipment/3d-measurement/multisensor-probes/laser-scanner-probe/
https://www.renishaw.com/en/revo-2-rvp-vision-probe--35452


ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

Mr. P. Navin Jass, AP/MECH     ME 8501 METROLOGY & MEASUREMENTS 

compared to the electronic model by counting the pixels. A vision system lens only 

requires calibration once which is a huge advantage as other probes require recalibration 

more often. 

The key advantage of a non-contact probe is that it enables the user to collect data 

from a larger surface area in less time than is possible with contact probes. However, the 

downside is that the accuracy of the readings is not as great as the contact probes. If you 

want speed over accuracy, then a non-contact probe is ideal. If you have a particularly 

complex essential part, you would be better suited to using a contact probe. 

3.6.2 Probe Calibration 

A remarkable advantage of a CMM is its ability to achieve a high level of accuracy even 

with reversal in the direction of measurement. It does not have the usual problems such 

as backlash and hysteresis associated with measuring instruments. However, the probe 

may mainly pose a problem due to deflection. Therefore, it needs to be calibrated against 

a master standard. Figure illustrates the use of a slip gauge for calibration of the probe. 

Calibration is carried out by touching the probe on either side of the slip gauge surface. 

 

Fig. 3.44 Probe Calibration 

[source: “Engineering Metrology & Measurements”, N.V. Raghavendra., page-237] 

The nominal size of the slip gauge is subtracted from the measured value. The 

difference is the ‘effective’ probe diameter. It differs from the measured probe diameter 
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because it contains the deflection and backlash encountered during measurement. These 

should nearly remain constant for subsequent measurements. 

3.6.3 Major Applications 

 The CMM is a sophisticated equipment, which offers tremendous versatility and 

flexibility in modern manufacturing applications. It uses the fundamental principles of 

metrology to an extent that is not matched by any other measurement instrument. 

However, its use is limited to situations where production is done in small batches but 

products are of high value. It is especially useful for components of varied features and 

complex geometry. In addition to these factors, a CMM is a good choice in the following 

situations: 

1. A CMM can easily be integrated into an automated inspection system. The computer 

controls easy integration in an automated environment such as an FMS or a CIM. The 

major economic benefit is the reduction in downtime for machining while waiting for 

inspection to be completed. 

2. A CMM may be interfaced with a CNC machine so that machining is corrected as the 

workpiece is inspected. A further extension of this principle may include computer 

assisted design and drafting (CADD). 

3. Another major use (or abuse?) of CMMs is in reverse engineering. A complete 3D 

geometric model with all critical dimensions can be built where such models do not exist. 

Once the geometric model is built, it becomes easier to design dies or moulds for 

manufacturing operations. Quite often, companies create 3D models of existing critical 

dies or moulds of their competitors or foreign companies. Subsequently, they 

manufacture the dies, moulds, or components, which create a grey market for such items 

in the industry. 
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3.6.4 ADVANTAGES 

➢ The inspection rate is increased. 

➢ Accuracy is more. 

➢ Operator’s error can be minimized. 

➢ Skill requirements of the operator is reduced. 

➢ Reduced inspection fix Turing and maintenance cost. 

➢ Reduction in calculating and recording time. 

➢ Reduction in set up time. 

➢ No need of separate go / no go gauges for each feature. 

➢ Reduction of scrap and good part rejection. 

➢ Reduction in off line analysis time. 

3.6.5 DISADVANTAGES 

➢ The table and probe may not be in perfect alignment. 

➢ The probe may have run out. 

➢ The probe moving in Z-axis may have some perpendicular errors. 

➢ Probe while moving in X and Y direction may not be square to each other. 

➢ There may be errors in digital system. 

3.6.6 CAUSES OF ERRORS IN CMM 

 The table and probes are in imperfect alignment. The probes may have a degree of 

run out and move up and down in the Z-axis may occur perpendicularity errors. So 

CMM should be calibrated with master plates before using the machine.  

Dimensional errors of a CMM is influenced by 

➢ Straightness and perpendicularity of the guide ways. 

➢ Scale division and adjustment. 

➢ Probe length. 

➢ Probe system calibration, repeatability, zero-point setting and reversal error. 
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➢ Error due to digitization. 

➢ Environment 

➢ Other errors can be controlled by the manufacture and minimized by the 

measuring software. The length of the probe should be minimum to reduce 

deflection. 

➢ The weight of the work piece may change the geometry of the guide ways and 

therefore, the work piece must not exceed maximum weight. 

➢ Variation in temperature of CMM, specimen and measuring lab influence the 

uncertainly of measurements. 

➢ Translation errors occur from error in the scale division and error in straightness 

perpendicular to the corresponding axis direction. 

➢ Perpendicularity error occurs if three axes are not orthogonal. 

3.6.7 Comparison between conventional and coordinate measuring 

technology 

TABLE 3.1 Comparison between conventional and coordinate measuring 

technology 

CONVENTIONAL METROLOGY COORDINATE METROLOGY 

Manual, time consuming alignment of 

the test piece 

Alignment of the test piece not 

necessary 

Single purpose and multi-point 

measuring instruments making it hard 

to adapt to changing measuring task 

Simple adaptation to the measuring 

test by software 

Comparison of measurement with 

material measures, i.e., gauge block 

Comparison of measurement with 

mathematical or numerical value 

Separate determination of size, form, 

location and orientation with different 

machines 

Determination of size, form, location 

and orientation in one setup using one 

reference system 
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3.6.8 Features of CMM Software 

➢ Measurement of diameter, center distance, length. 

➢ Measurement of plane and spatial carvers. 

➢ Minimum CNC programmed. 

➢ Data communications. 

➢ Digital input and output command. 

➢ Program me for the measurement of spur, helical, bevel’ and hypoid gears. 

➢ Interface to CAD software 

➢ Generally, software packages contain some or all of the following 

capabilities: 

1. Resolution selection 

2. Conversion between SI and English (mm and inch) 

3. Conversion of rectangular coordinates to polar coordinates 

4. Axis scaling 

5. Datum selection and reset 

6. Circle center and diameter solution 

7. Bolt-circle center and diameter 

8. Save and recall previous datum 

9. Nominal and tolerance entry 

10. Out-of tolerance computation 


