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Metrologies
• T-frame + 6 CF: to measure gap between CF in top and bottom.

• T-frame: 3 rows of 12 tabs (top, middle and bottom)

• CF: HP (“high precision”) and CF LP (“low precision”)
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T-frame + 6 CF (gap between CF)
• CF HP1 to CF HP6 mounted on T-frame

• Top gap measured next to T-frame edge.

• Bottom gap measured end of CF.

• CMM equipment has 600 um width. Pictures where taken when 
both CF where on frame. Gaps bigger than 600um do not have 
picture.
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T-frame + 6 CF (gap between CF)
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T-frame + 6 CF (gap between CF)
• GAP_CF2-CF3 // GAP_CF4-CF5
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T-frame + 6 CF (gap between CF)
• TFRAME_1_GAP_CF1-CF2 // TFRAME_2_GAP_CF1-CF2

• This pictures show the same gap (CF1 - CF2) and T frame edge.

• Left picture T frame edge is blurry: focus adjusted to CF borders

• Right picture T frame edge is sharp: focus adjusted to edge.
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T-frame + 6 CF (gap between CF)
• TFRAME_GAP_CF1-CF2 // TFRAME_GAP_CF2-CF3 // TFRAME_GAP_CF3-CF4

• TFRAME_GAP_CF4-CF5 // TFRAME_GAP_CF5-CF6
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T-frame + 6 CF (gap between CF)
Results

• Very inconsistent gap length and way bigger than nominal.

• Results are coherent with:

• CF smaller than nominal.

• CF not located with accuracy (rotated)
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T-frame
• 3 rows (identified as top, middle and bottom) with 12 tabs each

• Measured with a light setting to be able to see the chamfer on the top of the tab.
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T-frame
• Measuring 8 points per tab (every 45º angle).

• Fitting those 8 points to a circle least-squares method (Mitutoyo software does it).

• Pictures taken for every point measured.
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T-frame
• Pictures will be shared with you to take a closer look.

• 96 pictures of interest (8x12 = 96)

• There are 8 pictures of the points measured to define a PCS (Part Coordinate System): 
Origin (0,0) at first tab and CMM axes aligned with T frame.
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Title
Results: VLC-TFRAME_CMM_RESULTS.pdf // VLC-TFRAME_CMM_RESULTS.xlsx
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Title
Results: VLC-TFRAME_CMM_RESULTS.pdf // VLC-TFRAME_CMM_RESULTS.xlsx
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CF
• CF lying flat over CMM glass stage.

• Light coming from the stage (to identify borders) and from top.

• Pictures taken for every point measured.

• 5 points to define an horizontal bottom line: LH

• 8 points to define a vertical left line: LV

• Origin (0,0) set as intersection of LH with LV.

• 5 points measured on top border and distance calculated to LH.

• 8 points measured on left border and distance calculated to LV.
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CF
• C1 (left) measured with 8 points spaced 45º.

• C2 (slotted hole, right part) measured with 6 points spaced 30º.

• C3 (slotted hole, left part) measured with 6 points spaced 30º.

• C2-C3 distance measured as slot length.

• PMC defined as middle point between C2-C3

• C1 distance measured to LH and LV

• C1 to PMC distance measured
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CF
Circularity:

• Circularity controls the form of a feature.

• In QVPAK (CMM vision software), circularity is reported as the zone bounded by the two closest 
concentric circles within which all data points on the surface lie. When all points are at the same 
distance from the center, the circularity equals zero.

• Circularity is not the error of our measurement.

• Our measurement error is around 1 um - 3 um due to operator and CMM precision.
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CF
Before showing CMM results, lets see some of the holes without referencing them (very time 
consuming). These belong to HP samples.
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CF
Before showing CMM results, lets see some of the holes without referencing them (very time 
consuming). These belong to LP samples.
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CF
LP: low precision results



20

CF
HP: high precision results
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CF
Conclusions:

• I have to apologize. I haven’t been able to analyze the results in detail.

• The precision and quality of the carbon fibers is poor or very poor.

• I really do not know what manufacturing procedures has followed our provider to manufacture the 
low and high precision samples because all of them are out of spec in many dimensions (length, 
diameter, position of centers...)

• Next steps:

• Approach our CF provider with a report to:

• Try to make sense of the metrologies. Understand what manufacturing procedures did 
they use and if it makes any sense with our metrology. For example, even though the 
low precision holes have sharper and nicer edges, their circularity is bad.

• Depending of the reaction of the provider to our complain, we will decide to make more 
samples (for free of course).

• Nonetheless, I do not know if it makes sense to continue working with this provider.
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End
Thank you for your time.
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• T-frame: Ø6g6 (5,988 - 5,996)
• Carbon Fiber:  Ø6H7 (6,000 – 6,012)


