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4.2 Flatness measurement 

 Machine tool tables, which hold workpieces during machining, should have a high 

degree of flatness. Many metrological devices like the sine bar invariably need a perfectly 

flat surface plate.  

Flatness error may be defined as the minimum separation of a pair of parallel 

planes that will just contain all the points on the surface. Figure 10.7 illustrates the 

measure of flatness error a. It is possible, by using simple geometrical approaches, to fit 

a best-fit plane for the macro surface topography. Flatness is the deviation of the surface 

from the best-fit plane. 

According to IS: 2063-1962, a surface is deemed to be flat within a range of 

measurement when the variation of the perpendicular distance of its points from a 

geometrical plane (this plane should be exterior to the surface to be tested) parallel to the 

general trajectory of the plane to be tested remains below a given value. The geometrical 

plane may be represented either by means of a surface plane or by a family of straight 

lines obtained by the displacement of a straight edge, a spirit level, or a light beam. While 

there are quite a few methods for measuring flatness, 

such as the beam comparator method, interferometry technique, and laser beam 

measurement, the following paragraphs explain the simplest and most popular method 

of measuring flatness using a spirit level or a clinometer. 

 

Fig. 4.3 Grid lines for flatness Test  

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 255] 
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4.2.1 Measurement of flatness error 

 Assuming that a clinometer is used for measuring angular deviations, a grid of 

straight lines, as shown in Fig. 4.3., is formulated. Care is taken to ensure that the 

maximum area of the flat table or surface plate being tested is covered by the grid. Lines 

AB, DC, AD, and BC are drawn parallel to the edges of the flat surface; the two diagonal 

lines DB and AC intersect at the centre point O. Markings are made on each line at 

distances corresponding to the base length of the clinometer. 

 

Fig. 4.4 Straightness plot for line AB 

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 255] 

The following is a step-by-step procedure to measure flatness error: 

1. Carry out the straightness test, as per the procedure described in Chapter 5, on 

all the lines and tabulate the readings up to the cumulative error column. Figure 10.9 

gives an example of line AB. 

2. We know that a plane is defined as a 2D entity passing through a minimum of 

three points not lying on the same straight line. Accordingly, a plane passing through the 

points A, B, and D is assumed to be an arbitrary plane, relative to which the heights of 

all other points are determined. Therefore, the ends of lines AB, AD, and BD are 

corrected to zero and the heights of points A, B, and D are forced to zero. 

3. The height of the centre ‘O’ is determined relative to the arbitrary plane ABD. 

Since O is also the mid-point of line AC, all the points on AC can be fixed relative to the 
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arbitrary plane ABD. Assume A = 0 and reassign the value of O on AC to the value of O 

on BD. This will readjust all the values on AC in relation to the arbitrary plane ABD.  

4. Next, point C is fixed relative to the plane ABD; points B and D are set to zero. 

All intermediate points on BC and DC are also adjusted accordingly. 

5. The same procedure applies to lines EF and GH. The midpoints of these lines 

should also coincide with the known midpoint value of O. 

6. Now, the heights of all the points, above and below the reference plane ABD, 

are plotted as shown in Fig. 4.5. Two lines are drawn parallel to and on either side of the 

datum plane, such that they enclose the outermost points. The distance between these two 

outer lines is the flatness error. 

 

Fig. 4.5 Plot of heights of all points with reference to the datum plane ABD 

[source: Engineering Metrology and Measurements, N.V. Raghavendra, Pg. No 256] 

 Some authors argue that the reference plane ABD that is chosen in this case may 

not be the best datum plane. They recommend further correction to determine the 

minimum separation between a pair of parallels that just contains all the points on the 

surface. However, for all practical purposes, this method provides a reliable value of 

flatness error, up to an accuracy of 10 µm. 

 


