
Results of the holistic approach in 
advanced screw thread metrology

� e evaluation algorithm performs a non-linear least 
squares approximation for 3D datasets in a Cartesian co-
ordinate system gathered by a CMM in which the initial 
model is based on two parametrized ideal helical sur-
faces [1]. Fig.5 shows residuals between measurements of 
an M64×6 external metric screw thread gauge and eval-
uation results. A selection of determined thread param-
eters and uncertainties is listed in Tab.1 and 2.
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Determinant CMM I CMM II Deviation

Phz in mm 6.000012 6.000000 -1.2∙10-5

β1 in ° -29.9679 -29.9700 -2.1∙10-3

atan(C/2) in ° -0.00165 -0.00172 -0.7∙10-4

Screw thread 
determinant

Numerical simulations
Combined 
uncertaintyVCMM-Tool

Scanning 
accuracy

Phz in mm 1.30∙10-5 3.00∙10-6 1.33∙10-5

β1 in ° 9.80∙10-5 2.42∙10-3 2.42∙10-3

d2 in mm 9.53∙10-4 1.50∙10-4 9.65∙10-4

Tab.1 Results of the 3D best-fi t thread determinants.

Tab.2 Measurement uncertainty of thread determinants with k=2 using 
numerical simulations with 2000 runs.

Fig.5 Residuals of a M64×6 thread gauge evaluation.

[1] Schädel et al 2019, Meas. Sci. Technol., 
doi.org/10.1088/1361-6501/ab1501
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3D parametrization and properties of 
a screw thread 

Areal measuring strategy

� e inspection of screw threads within the scope of pre-
cision engineering requires measurement uncertainties 
which are di�  cult to achieve with the standardized meas-
uring procedure de� ned in the current EURAMET cg-10 
calibration guide.  
As the conventional measuring strategy and evaluation 
method for calibrating screw threads refers to speci� c lines 
along two axial sections, the complexity of the 3D work-
piece is not considered (Fig.1).

Aiming to achieve a 3D speci� cation of screw thread gaug-
es, the PTB developed a holistic approach with the follow-
ing aspects:

• Parametrization of the 3D thread geometry
• Concept of an areal measuring strategy
• 3D evaluation of the point cloud
• Determination of the measurement uncertainty by 

means of Monte Carlo Method

� e holistic approach1 requires a precise de� nition of a 3D 
screw thread form element for the application in all three 
stages of a manufacturing process: speci� cation, manufac-
turing and inspection.  
Following aspects have been considered to get a holistic 
spatial description of thread geometries (Fig.2).
� e de� nition and fomulation of the functional surfaces S1 

and S2 on a thread with four geometry parameters p11, p12, 
p21 and p22 for i=1,2 in polar coordinates ui und vi [1]:

Si(ui, vi, pi1, pi2) = (ui cos(vi), ui sin(vi), vi pi1 + ui pi2) 

All thread determinants α, β, γ, C, d2(z), Pz1, Pz2 and Phz

can be derived from S1, S2 and the thranslational degrees of 
freedom tz1 and tz2 [1]. 

1 The respective activities were carried out within the scope of a project 
in cooperation with DECOM Prüfl abor GmbH & Co. KG, Emuge-Werk 
Richard Gimpel GmbH & Co. KG and LMW Schmalkalden GmbH (all 
from Germany).

Areal measurements are performed on a modern indus-
trial bridge-type CMM with an integrated rotary table 
(RT) in contact scanning mode and a high degree of au-
tomation (Fig.3). � e strategy is based on the following 
steps [1]:
• Determination of the base system
• Calibration of the RT-axis position and orientation for 

high accuracy (Fig.3)
• Helix scans on both thread � anks (Fig.4)
• Traceability to the SI-unit is ensured by means of sub-

stitution standards
It is recommended to measure evenly distributed points 
on the screw thread surface for a uniform weighting dur-
ing data evaluation.

From 2D to 3D measuring strategy 
and evaluation

Fig.3 Setup for a M64×6 external metric screw thread measurement 
on the CMM’s integrated RT and two precision spheres for the calibra-
tion of the RT-axis.

Fig.2 Drawing of an external tapered single-start screw thread with an 
asymmetric profi le and thread determinants in an axial section. 

Fig.4 Stacked pictures of probing fi ve di� erent helices.

Fig.1 Drawing of calibrating an external screw thread using the two-ball-
method on a coordinate measuring machine (CMM) in an axial section.


