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Currently digital transformation has a huge impact on human lives. Digital transformation does not just mean a
transformation of a (non-) physical element to a digitally identifiable element. It focuses on the utilization of digital
technology for transforming (improving) procedures or routines of business and operation. The manufacturing industry has
been adopting the most recent digital technology, and lots of digital data are being created. To utilize the stored data, data
analysis is essential. Because the manufacturing data is created in a different format at every manufacturing step, the
integration of the data is always the bottleneck of the data analysis. Querying of the right data at the proper time is
fundamental for high-level data analysis. The digital thread is introduced to provide the inter-reference of digital data based
on a context. This paper proposes a digital thread framework for the machining process. The context of the proposed
framework consists of the questions of how the product will be machined, how it is (was) being produced, and how it was
made. A prototype software was developed to verify the proposed framework by implementing the creating, storing, and
querying modules for simulation, monitoring, and inspection data.
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Fig. 3 Verification of estimated cutting force with measured cutting
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Fig. 6 Integration of virtual machining data with sensor signals
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v
#492=CIRCLE(",#812,6.5);

Fig. 8 Reference system for 3D model definition in ISO 10303-
AP242

Table 1 Entities in ISO 10303-AP242 for obtaining geometrical
tolerance

Geometrical tolerance

Type with datum system without datum system

ANGULARITY_TOLERANCE  CYLINDRICITY_TOLERANCE
CIRCULAR RUNOUT TOLERANCE  FLATNESS_TOLERANCE
COAXIALITY_TOLERANCE  LINE_PROFILE TOLERANCE
Entity CONCENTRICITY_TOLERANCE  POSITION_TOLERANCE
PARALLELISM_TOLERANCE = ROUNDNESS_TOLERANCE
PERPENDICULARITY_TOLERANCE STRAIGHTNESS TOLERANCE
SYMMETRY_TOLERANCE  SURFACE PROFILE TOLERANCE
TOTAL_RUNOUT_TOLERANCE
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Fig. 9 Data structure of CAD, GD&T information and inspection
result relative to json format
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Fig. 10 GD&T inspection procedure via on-machine measurement
for the digital thread
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Project Info

croll = 3D Viewer DRQA -+
CAD || e ]

b4

~ Detailed information
GD& - (Virtual machining)

00060
000%2 00618
00027 00512

asured
Goordinates

Calculation of GD&T
results and transmission to
digital thread module with

json format

GD&T setup on the 3D
model of a test piece
and generation of
measurement path

Measurement of
straightness and angularity
of eight test pieces

Fig. 12 Test steps and result for measuring straightness and
angularity of test pieces

Project Info

Detailed information
(inspection data)

Fig. 13 Digital thread viewer (Inspection data)
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