Testing Measurement Methodology

There will always be a degree of variability in hole diameters of the MFT table - yet the placement of holes should be accurate from a CNC router/mill that made them, so the positioning of the hole matrix is the "precision" inherent in the system, and not necessarily the hole diameter. 

Dogs will still register on the sides of the holes, no matter what the clearance is.... and precision is preserved. Now - if the user has to modify the hole diameter for dogs that are too snug - then inaccuracy is actually introduced to the table surface... it is difficult for a user to precisely (and concentrically) ream all table holes by the same amount. So - a bit of a double edged sword here - we can make them as snug as we want - but it will not add accuracy...

It has concerned me to read where people have had to modify MFT holes to get accessories to fit - and we sure want to avoid that. We recognize the utility of the precision matrix afforded by the table surface, and wanted to respect that - which is one reason we have no "toothed" shaft accessories for the MFT, as we do for regular benches (like the Bessey plates).... we don't want to wear the sides of the holes.

Then too, we want to ensure forward compatibility with other possible Festool items - and did not want to vary significantly from what Festool themselves do on similar products. “

Of course, we don’t expect everybody to take those statements at face value, and said we would back up our assertions with data. 

Here’s what we did:
1) A brand new MFT surface was taken from stock

2) In order to fit on our CMM (coordinate measuring machine). We cut the surface into two equal size pieces, with the cut line parallel to the axis the saw would run along. We had to “waste” one row of holes (a vertical row – parallel to the cut line) as the second piece would not otherwise fit on the CMM
3) Each piece has two datum pins installed, to provide an absolute reference for the orientation of the piece. The piece was bolted to the CMM table to ensure it did not move during measurement)
4) Hole diameters were measured and entered on a spreadsheet (multiple measurements on the perimeter of each hole define the center, and diameter)
5) Hole location deviation from a common axis was measured (perpendicular and parallel to the axis of saw travel) 
6) Angular variance from 90 and 45 degrees to a chosen line of holes, using different hole pairs, was measured

7) Measurements for angular accuracy (based on hole pairs) was measured for different diameters of dogs, and dogs with differences in diameters 

8) Direct measurement for each surface section (two sections per piece) were plotted and detailed on PDF’s

9) Relative positional data (stitched using fixed reference points) was entered on a spreadsheet

Test Measurements
We took pictures of the test equipment, and testing in progress, that you can see here:

http://www.leevalley.com/home/temprl/CMM1.jpg (Half of a table, showing datum pins, and CMM)
http://www.leevalley.com/home/temprl/CMM2.jpg (Trapping measurements with a probe)

http://www.leevalley.com/home/temprl/dogs.jpg  (testing accuracy with dog/pin pairs)

http://www.leevalley.com/home/temprl/angular.jpg (testing angular Accuracy)

A spreadsheet located here (http://www.leevalley.com/home/temprl/MFT_analysis.xlsx ) shows six separate tabs of test data, organized as follows(use link after each tab if Spreadsheet won’t open):
“Holes Sizes” Tab  http://www.leevalley.com/home/temprl/MFT_analysis1.pdf 
This tab plots the size of each hole in inches. The size was calculated by taking 8 measurements of each hole (4 top and 4 bottom).

“ Hole Locations“– Metric” Tab http://www.leevalley.com/home/temprl/MFT_analysis2.pdf 
This tab presents a table of the absolute (X,Y) location of the holes and the spacing between a hole and the adjacent holes, based on the derived center of each hole. The X and Y axes were defined by the holes 1, 7 and 29 for sheet 1. Hole 1 is co-ordinate (0,0). For sheet one, cumulative variance from ideal matrix position is shown in column F. On the sheet, the dark cells represent  the holes, the numbers are the distances between holes for that direction. All dimensions are in mm.

“Angle Tests” tab http://www.leevalley.com/home/temprl/MFT_analysis3.pdf 
The top table presents the measurements of the sizes of the dogs tested. We used 5 different pairs of dogs:

· The anodized dogs sold in the Veritas MFT Clamping Kit, both small and large heads.

· Un-anodized dogs manufactured by Veritas to diameter of 0.782”, both small and large heads

· Precision gauge pins used within our QC group to measure hole diameters

The lower table presents the result of measuring the angles of sets of 3 holes, without dogs and with the 5 different dogs. We tested both at 90 and 45 degrees to determine the variance created by using dogs, vs directly measuring the holes. For tests with the dogs, a precision bar was pressed against the dogs to load them and simulate use before measurements were taken against the head of the dogs. Note that we observed slightly different numbers each time we measure the dog holes, yet we used the same holes. These small variations can be attributed to measuring the inside of a hole drilled in MDF, which is an inherently rough surface.

“Angular Variance Table” Tab http://www.leevalley.com/home/temprl/MFT_analysis4.pdf 
This is a good one to hang onto. It is a derived table of accuracy implicit for two perpendicular axes, given a variance in thousands, expressed a given distance from the baseline. In essence – it says that for a given variance (like a pin variance, hole diameter, or hole location) – the resulting angular deviation diminishes the farther away you are from an axis. So – a 4.2 thou variation (which is large!) between pin placements taken 7 holes apart results in an angular error of one one-hundredth of a degree. Much better than wood movement!
“ Horizontal Alignment” Tab http://www.leevalley.com/home/temprl/MFT_analysis5.pdf 
This tab presents the variation of each center point in inches off a horizontal line between the left and right holes on each row (note “rows” are vertical on the spreadsheet – perpendicular to the saw cut). Negative numbers are below the horizontal line, positive are above. 
“Vertical Alignment” Tab http://www.leevalley.com/home/temprl/MFT_analysis6.pdf 
This tab presents the variation of each center point in inches off a horizontal line between the top and bottom holes on each column (note “columns” are horizontal on the spreadsheet – parallel to the saw cut).. Negative numbers are to the left of vertical, positive are to the right.

Data for the above are also graphically represented on PDF files below:

http://www.leevalley.com/home/temprl/mft1s1.pdf (side 1, hole location)


http://www.leevalley.com/home/temprl/mft1s2.pdf (side 1, hole spacing)


http://www.leevalley.com/home/temprl/mft2s1.pdf (side 2, hole location, angular accuracy using given hole)


http://www.leevalley.com/home/temprl/mft2s2.pdf (side 2, calculated angular accuracy)


http://www.leevalley.com/home/temprl/mft2s3.pdf (side two hole location)


http://www.leevalley.com/home/temprl/mftholesdogs.pdf  (angular accuracy by dog pair)

A further spreadsheet here shows manual measurements taken from three older (1 ½ years) MFT’s we had in various departments here. Measurements were taken with precision machine shop gauges. 

http://www.leevalley.com/home/temprl/OLD_MFT.xls
If above doesn’t work, use http://www.leevalley.com/home/temprl/OLD_MFT.pdf 
Our Conclusions from measurements
Ideally – we’d like all of you to take these at face value – but it’s not realistic that you’ll all do so, and that’s OK too… but please keep reading!

1) Registration accuracy is NOT dependent on pin size*
2) Registration accuracy is dependent on pin/head tolerances

3) Registration is dependent on hole location accuracy

4) Registration is dependent on hole diameter tolerances

5) Registration accuracy is dependent on pin spacing

6) Festool does an excellent job of maintaining hole locus relative to vertical and horizontal axes, even if axis spacing varies
‘*’ - Note that we have only tested pins within 5% or so of nominal hole size.

So – the upshot here is that any pair of precision machined dogs will register as accurately as any other equally precision machined dogs when used in the same holes, no matter what the root diameter of the pin is. Essential, the “tightness” of the pin is irrelevant, and has no bearing on registration accuracy. 
Surprises
During the course of this measurement, we discovered a few things we had not expected to find.

1) Kudos to Festool  - The MDF FMT surface is accurate to a surprising degree (for something not made of metal). While there is understandable variation among hole diameters, and hole placements, the overall accuracy of the grid is superb for its size, and material. The overall accuracy is beyond the capability of most people to reproduce without CNC equipment. A compelling reason to at least buy the Festool surface, if not an MFT! (PS – we have a good price on two MFT halves….)
2) Almost didn’t want to print this one…..but our measurements showed that pins that fit loosely had a tendency to register ever so slightly better than tight fitting pins (but not by an amount as to make a practical difference). We suspect (but have not tested) that this observed effect could be due to a) the pin not staying perpendicular to the surface or b) the pin has a higher probability of picking up any defect present in the hole, and expressing it. Really! Based on only a few data points, and to only a very small degree. Kinda self-serving conclusion – but it is what it is.
