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design and material properties of the microdrill play a critical role during the
machining. A composite microdrill composed of WC and polycrystalline

diamond combines the wear resistance, toughness, and hardness properties of the
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cutting tool. However, composite microdrills are fabricated through complex
processes which make them prone to geometrical errors. Hence, axial
straightness error of microdrills was investigated in this study as a geometrical
error. A computer vision algorithm was specifically developed for measuring
the axial straightness error of the microdrill. Subsequently, the ability of the
developed technique to perform precise and accurate measurement of tool

geometrical errors was evaluated in this study.
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(a) Geometry and specification of WC-PCD microdrill

Brazing
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(b) Principle of axial straightness error

Fig. 1 Geometry of microdrill and basic principle of axial
straightness error
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Image view software CCD camera
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Microscope

Microdrill placement &5

Fig. 2 Equipment utilized to acquire microdrill data for measuring
axial straightness error
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Load Video
Preprocessing Copy
video
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Morphological transformation
Detect & draw object contour
Compute object contour area
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Display live contour window

A4
Compute rotated bounding
box & each side midpoint

t Euclidean distance
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4

__ Incorrect
Validate ' :
Display live video with
object diameter
(a) Flowchart of CV algorithm for diameter
measurement
Upper midpoint

Lower midpoint
(b) Principle for measuringdiameter

Fig. 3 Diameter measurement for calibration
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Load Video

Preprocessing Copy

video

Thresholding frame

Morphological transformation

Detect & draw object contour

Compute object contour area

Display live contour window

Compute centroid (cX, cY) —

Construct axial line (fitline

Construct ideal centerline
based on cYcoordinate

Euclidean distance of cY &
end point of axial line, dB

Calibration pixel/ metric, p
Convert dB to metric

Display live video

Axial straightness
error (save to csv)

Fig. 4 Flowchart of CV algorithm for computing axial straightness
error
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Table 1 Comparison between actual diameter with measurement

through CV
Measured diameter (Lm)
Item
Actual (um) Measured through CV (um)
Pin gauge 450 450.03
Microdrill bit 431 431.19
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Table 2 Measured axial straightness error of microdrill at (a)
to (f) locations

Table 3 Measured axial straightness error of microdrill at (g)
to (1) locations

No Measured error of microdrill at (a) to (f) locations No Measured error of microdrill at (g) to (1) locations
(a) (b) (© (d) (© ® (2 (h) (@) 0 (k) M

1 1.92 0.96 0 0.96 0 1.92 1 1.92 1.92 1.92 1.92 1.92 0.96
2 1.92 1.92 0 0.96 0 1.92 2 2.88 1.92 1.92 0.96 1.92 0.96
3 1.92 0.96 0 0.96 0 1.92 3 2.88 1.92 1.92 1.92 1.92 0.96
4 1.92 0.96 0 0.96 0 1.92 4 1.92 1.92 1.92 0.96 1.92 0.96
5 1.92 0.96 0 0.96 0 1.92 5 1.92 1.92 1.92 1.92 1.92 0.96
6 1.92 1.92 0 0.96 0 1.92 6 1.92 1.92 1.92 1.92 1.92 0.96
7 1.92 0.96 0 0.96 0 1.92 7 2.88 2.88 1.92 1.92 1.92 0.96
8 1.92 1.92 0.96 0.96 0 1.92 8 2.88 1.92 1.92 0.96 1.92 0.96
9 1.92 0.96 0 0.96 0 1.92 9 2.88 1.92 0.96 1.92 1.92 0.96
10 1.92 0.96 0 0.96 0 1.92 10 2.88 1.92 0.96 0.96 1.92 0.96
11 1.92 0.96 0.96 0.96 0 0.96 11 2.88 1.92 1.92 1.92 1.92 0.96
12 1.92 0.96 0 0.96 0 1.92 12 1.92 1.92 1.92 0.96 1.92 0.96
13 1.92 0.96 0 1.92 0 1.92 13 2.88 1.92 0.96 1.92 1.92 1.92
14 1.92 0.96 0 0.96 0 1.92 14 2.88 1.92 1.92 1.92 1.92 0.96
15 1.92 0.96 0 0.96 0 1.92 15 2.88 1.92 1.92 1.92 1.92 1.92
1.92 1.15 0.13 1.02 0 1.86 2.56 1.98 1.73 1.60 1.92 1.09

0 0.40 0.34 0.25 0 0.25 0.47 0.25 0.40 0.47 0 0.34

0 0.70 0.59 0.44 0 0.44 0.82 0.44 0.70 0.82 0 0.59

** R computed based on 95% confidence level with 14 degree of
freedom, k = 1.761.
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