Influence of temperature on CMMs with turntable
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The CMM is a measuring device in cubic meters volume. The temperature gradient of the measurement space therefore influences the local components (multi material) of the CMM and the probe systems used differently. It is therefore important to know the temporal temperature stratification (gradient) of the measuring chamber and not the temperature of the part itself. The picture shows the 5 temperature sensors, which allow an exact logging of the ambient temperature.

Heat radiation is also to be avoided
· Direct sunlight
· Cold light no warm light
· Electrical Equipment (e.g., CMM Controller, ...)

Part temperature
The measurement of the temperature of the part serves only to correct the linear expansion of the part and does not say anything about the actual temperature influence of the environment on the CMM and additional equipment (probe, device, ...).

CMM
The CMM has its own specific accuracy. The influence of temperature is compensated by
• measuring scales with linear expansion ~ 0.000 or
• scales alpha ≠ 0.000  compensation within the controller, temperature sensors at each scale

Therefore, the diameter remains constant in measurements without turntable, if the environmental conditions fulfilled.

Turntable
The turntable has his own specification
· Tangential
· Radial
· Axial

After turning on the CMM, the position and angle of the turntable are only approximately known
· New CMM zero-point
· The real CMM geometry is not known by the current environmental conditions

Coupling CMM and turntable
Coupling takes place using the first component (CMM). The CMM takes into account the influence of temperature (measure scales).

For coupling the data on the file are used
..\basesystems\rotarytableaxis
Location	#Vector:				angle	#normVector:
#(						#(
#Vector						#Vector
#x:						#x:
#y: 						#y:
#z:)						#z:
referenceAxis: 3)
Intersection turntable axis and				direction vector (NormVector)
XY-Zero plane						turntable axis
CMM-Coordinate-system

Constant environment
Turntable axis measured at 20°C
Results e.g.
	X =  400.000					X =    500.000
	Y = -600.000					Y = -1000.000
	small CMM					bigger CMM 

If a basic system is measured at 20 °C, it will be connected to the turntable axis and the measured values will be correctly calculated. For this, the distance of the base system zero point (eccentric) and the angle between the turntable axis and the Z axis of the base system (wobble angle) is used.
If the diameter is determined in this condition without and with turntable the difference should be smaller than 1μm. If this is not the case, there is a systematic error (CMM, turntable, probe, measuring program) and the 4 components must be checked.

Note
Best results you will get if the mechanical eccentric is smaller than the control, working range of the probe head.

Hypothesis
During the measurement, the temperature changes by 0.25 °C to 20.25 °C and neither the rotary table axis nor the stylus are newly qualified.

The turntable is fixed in the granite, granite with linear expansion coefficient of 5 [μm / (m °K)]	
delta-X = 0.4*5*0.25 = 0.500µm		delta-X = 0.5*5*0.25 = 0.625µm
	delta-Y = 0.6*5*0.25 = 0.750µm		delta-Y = 1.0*5*0.25 = 1.250µm

Thus, the turntable is at a different position, than is stored in the rotarytableaxis.
The new temperature of 20.25 ° C and "old" turntable axis creates an additional eccentric, which can’t be charged.

The real impact of the temperature change is based on the short-term gradient of temperature variation and the CMM-specific behavior of the CMM (granite table, gantry, quill) and the real impact on these individual components of a CMM (expansion, bending, twist).

First approximation (estimation)
	delta-R = √(delta-X²+delta-Y²)
	delta-R = 0.901µm				delta-R = 1.398µm
	
The double value of this eccentric changes the diameter by 1,802μm or 2,796μm compared to the turntable circle.


Note
The additional eccentric has no influence on the roundness, since this is a relative evaluation

Consequence
· The important influencing parameters are therefore the size of the CMM and the temperature change.
· Small CMM's and a very good environmental condition are beneficial.
· If the turntable axis is re-measured at the new temperature, the fault has been eliminated.

Squareness CMM
[bookmark: _GoBack]If stored angle inside CAA file not fits to the real angle and the RT axis is defined in only one height (one ball or triple method) the RT angle isn’t well. Only diameter nearby base system zero will be fit. Section at 200mm distance shows a difference according to the wrong calculated eccentric shift.  Gage cylinder or 2 ball method get better results, because the actual squareness is part of RT definition.

Stylus
· The linear expansion of the probe also has an effect if it does not point towards the quill in the center of the -Z direction.

Extreme e.g.
Aluminium-Extension 100mm direction –X
dL = 0.1*0.25*23.3 = 0.5825  dR = 1.165µm

· Stylus-change (horizontally orientation and rotation)

Reality
Air currents increase the temperature on one side. The opposite surface (slipstream) reacts slower. The resulting gradient in the material causes a bending (Bi-material effect). The calculated error is therefore to be understood as a first approximation.
All these "disturbances" have an influence on the position of the turntable and thus on the measurement result diameter.

Activities
· squareness CMM OK, last maintenance?
· small temperature gradient air conditioning
· Protect CMM from air currents, shield heat radiation (doors, windows, electrical equipment, ...) 
· Indirect light sources, cold light, no sunlight, no heat radiation sources
· Temperature-stable stylus and extensions (CFK), as short as possible
· If possible, avoid probe change
· CMM worm up (CMM on - RT qualification - Measure Part  bad results)
· Measure the turntable before each component measurement
· Start Scanning at 0° or 180° (±X), 90° or 270° (±Y) get worster results
· Clean probe, without RT contamination ball "rolls" over surface, with RT contamination is rubbed off at touch point
· More than 180° arc, if circles are used inside RT qualification or basesystem
· Measure temperature critical elements first
· Temperature stable clamping device

Sometimes it is best to turn off the air conditioner and not throw ice balls at the CMM 
This I have had done at customer to show the influence of “standard” air conditioning 

Absolutely important
For CMMs with scales (Alpha ≠ 0.000), the temperature compensation must be activated for the rotary table axis determination and the component measurement.



Answers
· The turntable is usually OK
· Check the coefficient at CMM setup, Unequal zero  lock at “Absolutely important”
· No CMM manufacturer can specify an generell/global MPEe value for the 4-axis measurement e.g. diameter based on the explanations above
 Repeatability for the method measuring the turntable axis and the base system?

My opinion, the variation of the diameter is an effect due to the 3.5 cycle of the air conditioner, because the turntable axis is not measured at the beginning of the component measurement. 

Results
Temperature Range = 0.27°C Diameter Range = 3.6µm
Theoretical
Temperature Range = 0.25°C Diameter Range = 2.8µm

· The value nearly fits 


Practical experience
Within my job I had to handle some complaints. In extreme cases, also the design and installation of a "temperature-stable" measuring room and its verification. If all influences are minimized, the diameters are comparable with and without turntable.

Last Task
Yesterday I qualified a PRISMO ULTRA 12/24/10 with RT-AB at X = 600.000, Y = 2000.000

Stylus Ø = 5.000, L = 80.000, CFK-Extension L = 60.000, Orientation -Z
Qualify turntable by cylinder (Ø 35.000, H = 20.000) with 2 sections 0° und 180°
Base-System at same cylinder

Difference of diameter smaller than 0.5µm 
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