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Introduction. 

The surface finish of engine or machine parts plays an important role in 
mechanical engineering, and is closely related to factors such as wear, 
friction, lubrication, fatigue of material etc. 
In the case of an ordinary screw-connection or other simple static couplings 
the requirements to be met with regard to the surface finish are not very 
strict. However, wherever fast moving parts such as rotating axles, pistons 
running at high speeds etc. are involved the finishing plays an important role, 
ancl great care must be taken to obtain the correct surface roughness . 

a 

Fig. 1. a) T heoretica/ surface . 
b) Actual sur face. 

b 

X 

Fig. 1 shows the difference between a theoretical (ideal) surface and an 
actual surface. To characterize practically obtainable surfaces, which differ 
greatly from each other depending upon the production method employed, 
it has been found necessary to introduce certain standard definitions. 
Some of the most important are given in the follo,wing (ASA B46.1-1955). 

Surface. The surface of an object is the boundary which separates that 
object from another object or substance. 

Nominal Surface. The theoretically accurate design, the shape and extent 
of which is usually shown and dimensioned on a drawing or descriptive 
specification. 

Surface Irregularities. Deviations from the nominal surface including rough
ness and waviness. 

Profile. The contour of a section perpendicular to a surface unless some 
other angle is specified. 
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Roughness. Relatively finely spaced surface irregularities, the height, width, 
and direction of which establish the predominant surface pattern. Irregulari
ties produced by cutting edges and machine tool feed may be considered 
roughness. The height is rated in microinches arithmetical average deviation 
from the mean line ; the symbol AA being used as the descriptive abbrevia
tion . 

\\7aviness. Irregularities of the nominal surface which are of greater spacing 
than roughness. These irregularities may result from such factors as machine 
or work deflections, vibration', heat treatment, or warping strains. The 
height is rated in inches as the peak-to-valley distance. The width is rated 
in inches as the spacing of a~jacent waves. 

Roughness-\\7ldth Cut-off. The maximum width in inches of surface irre
gularities to be included in the measurement of roughness height. Roughness 
may be considered as superposed on a wavy surface. 

Lay. The direction of the predominant surface pattern, produced by tool 
marks or grains of the surface ordinarily determined by the production 
method used. 

Flaws. Irregularities which occur at one place, or at relatively infrequent 
intervals in the surface, e. g. a scratch, ridge , hole, peak, or check. 

Microinch. Qne millionth of an inch. (0.000001 inch.) 
Fig. 2 and 3 illustrate the meaning of the definitions with regard to an actual 
surface. 

WAVINESS 
HEIGHT 

ROUGHNESS WIDTH --t-~ 

ROUGHNESS HEIGHT 
WAVINESS 

WIDTH 
~---+--ROUGHNESS - WIDTH CUTOFF 

Fig. 2. Drawing illustrating the meaning of the Standard definitions 
(from A.S.A. B 46. 1-1955, fig. 11, p. 8). 

A surface such as the one shown in fig. 2 may be viewed in a microscope. 
However, to be able to give an indication of the surface finish which can 
tell the work-shop or laboratory personnel how fine the finish is with respect 
to other surface finishes actual measurements should be carried out. 
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Different, more or less convenient and accurate measuring methods are 
employed to serve this purpose. Basically the known methods can be grouped 

in thre~ groups: 

Arithmetic average deviation 
Mean surface 

Fig. 3. Example of a "practical" surface with indication of the mean surface 
and average deviation. The magnification in the vertical direction is approx. 

50 times that in the horizontal direction. 

1) Measuring methods based on optical investigations and photographing 
the result. 
2) Measuring arrangements equipped with mechanical pick-up and indicating 
instrument. 
3) Measuring arrangements equipped with mechanical-electrical pick-up and 
electronic amplifier and indicating instrument. 
Optical measuring equipment is best suited for laboratory development work 
and the relatively slow way in which such an equipment operates makes it 
inconvenient for use in production control systems. Also the use of purely 
mechanical measuring methods; in such systems are inconvenient because they 
normally require a p ermanent m easuring set-up and specially cut samples. 
Mechanical-electrical measuring arrangements , on the other hand, are well 
suited for production control of surface roughness. Here the surface can 
be investigated with the aid of a hand-held type of pick-up, connected to 
the indicating instrument by means of a screened cable only. This instru
mentation is flexible and can be conveniently used almost anywhere in a 
workshop or factory. 
The Roughness Meter Type 6100, which belongs to the mechanical-electrical 
group of instruments , is designed primarily for the production control of 
machined surfaces , but is also well suited for laboratory investigation work. 
It enables relative as well as absolute measurements to be taken, and the 
only operation to be carried out when relative measurements are made is to 
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move the pick-up along the surface being checked and make sure that the 
meter indication lies within some predetermined and specified tolerance limits. 
The instrument can thus be operated by untrained workshop personnel after 
only a few minutes of instruction. 
When it is desired to take absolute measurements the arithmetic average 
value of the roughness is indicated directly on the meter. 
Calibration of the instrument is made by means of the Reference Specimens 
MA 0014. 
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Description 
of Roughness Meter Type 61 00. 

General. 
The Roughness Meter Type 6100 consists of a mechanical-electrical pick-up 
for tracing the surface and an electronic amplifier with indicating meter. 

Fig. 4. Drawing of tlze Roughness Meter Type 6100- in wooden cabinet and 
with the normal accessories placed in the lid . 

The deflection of the meter indicates the aritmetic average value of the surface 
roughness directly in micrometres ( 1 micrometer= 1 millionth of a meter= 
1 ftill = 10-6 m = 10-3 mm = 0.001 mm) or microinches (1 microinch == 
1 millionth of an inch), and to be able to separate the wavil)ess of a given 
surface from its roughness a three position roughness width cut-off switch 
is included in the circuit. 
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Description of the Pick-up Arrangement. 
The stylus type pick-up of the Roughness Meter Type 6100 fulfils the require
ments for a general purpose pick-up and is shown in fig . 5. It is capable of 

Skid 

stylus 

Spherical cavities for 
snap lock arrangement 

Fig . 5. Drawing of the Pick-up. 

exploring bores with diameter down to 6.35 mm (1/4"), and when mounted 
in the Handle the tracing of flat and convex surfaces is easy to carry out, see 

fig. 6. 

Fig. 6. Mounting of the Pick-up in the Handle. 

Furthermore, two Wire Guides which can be mounted on the Pick-up Handle, 
facilitate manual measurements on circular rods of small diametres and on 
thin wires. The Wire Guides are shown in fig. 7. 
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Fig. 7. Drawing showing the Wire Guides and how they are mounted on 
the Handle. 



fhe Pick-up itself consists of a diamond stylus, a mechanical transmission 
system transferring the up and down movements of the stylus to a piezo
electric transducing element, a liquid clamping system, and the necessary 
electric terminals for connection to the electronic amplifier with indicating 
meter, see fig. 8. 

Fig. 8. Sketch showing the principle of operating of the Pick-up. 

A standard stylus tip radius of 12 micrometres (500 microinches) has been 
chosen to compromise the necessary mechanical strength of the stylus with its 
ability to follow even finely spaced surface irregularities, and to provide a 
reference surface for the Pick-up the housing is supplied with a skid, the 
radius of which is 10 mm. 
When the Pick-up is moved along the surface being investigated only the up 
and down movements of the stylus with respect to the pick-up housing is 
measured, and the radius chosen for the skid is therefore of the utmost 
importance. The value of 10 mm is approx. 13 times greater than the highest 
roughness width cut-off value available, and inaccuracies in the measured 
result caused by vertical movements of the Pick-up head itself are thus 
minimized. 
The spring marked A on fig. 8 provides the necessary static pressure on the 
stylus. The pressure will depend on the actual position of the stylus with 
respect to the housing, but is of the order of 1 gramme, see also fig. 9. 
By means of the liquid clamping arrangement it is possible to avoid any 
static bending moment to act on the piezo-electric bender type transducing 
element during measurement. However, the arrangement will also determine 
the lowest traversing speed which can be used for the Pick-up. 
This can be readily seen from the following: 
The traversing speed of the Pick-up determines the frequency of the up and 
down movements of the Pick-up stylus. To obtain a correct electric output 
from the piezo-electric transducer this must act as a bar clamped in one 
end and driven by the up and down movements of the stylus in the other. 
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Stylus Pressure 
Grammes 

1.5 

1,0 

0,5 

PP 
j 
I 

1,0 1,5 

Fig. 9. Curve showing the relation-ship between mean stylus position and 
static stylus pressure. 

At very low frequencies, i.e. at very low traversing speeds of the Pick-up. 
the liquid clamping arrangement will not actually clamp the bender, the 
friction block M trying to follow the movements of the stylus. The output 
from the transducer will thus not be correct. By increasing the frequency of 
the stylus movements, i. e. by increasing the traversing speed of the Pick-up, 
a frequency is reached at which the friction block M cannot follow the move
ments of the stylus any more, but will clamp the bender to the housing. Above 
this frequency a correct electric output is then obtained from the transducer. 
The traversing speed of the Pick-up should for this reason not be lower than 
approx. 3 mm/sec. (l/s inch/sec) during practical measurements. 

Fig. 10. Sketch illustrating the effect of applying a small horizontal force to 
the Pick-up stylus. 

10 



The upper limit for the traversing speed, which still ensures correct output 
to be obtained! is determined by the resonance of the small spring marked 
B in fig. 8. This spring is normally used as a "shock-absorber". When the 
Pick-up is placed on the surface to be investigated the stylus is pressed up
wards in the Pick-up housing, and if the pressure is applied suddenly the 
friction block M in the clamping device cannot follow the stylus movement. 
The transducer would then, in the absence of the spring B, be subjected to a 
shock-force, and might break. 
During the design of this spring the utmost care has been shown to obtain 
maximum efficiency and the first spring resonance will occur at approx. 
1300 c/s. The highest speed at which the Pick-up should be moved along any 
surface will then be of the order of 10 mm/sec. (% inch/sec.). 
To ensure the output from the transducer to be independent of forces applied 
to the 'stylus in the horizontal direction the spring A is chosen to be insensi
tive to forces acting in its length-direction. The point C, see fig. 10, then 
works as a "bearing", and only tensile forces will be applied to the bearing 
arrangement marked D as long as the horizontal forces act in the length 
direction of the Pick-up. 
If the Pick-up is moved sideways along the surface a torque will be developed 
at D. The beating arrangement itself, however, is designed to take up this 
moment and riot transfer it to the piezo-electric 'bender. The measurement 
accuracy is therefore independent of the traversing direction of the Pick-up. 
During operation the Pick-up should be mounted in the Pick-up Handle, 
which greatly facilitates manual measurement. The Handle itself is supplied 
with a spring-loaded steel ball for accurate location of the Pick-up, and 
can be used both when flat or convex surfaces are traced, as well as when 
measurements are taken in bores. Further instructions as to the use of the 
Handle are given on page 19. 
Also the Handle is supplied with skids, the skid-radius in this case being 
8 mm. All skids are polished to provide the smoothest possible reference 
surface during measurements. 

Description of the Amplifier. 

The electronic amplifier contains two stages and is supplied with a negative 
feedback of approx. 20 db to ensure stable operation and high input im
pedance. 

The output voltage from the Pick-up is fed to a resistive-capacitive network 
in the input circuit of the amplifier. This network determines the low
frequency cut-off of the amplifier and thus the maximum roughness width 
to be included in the measurement. By means of the roughness width cut-off 
switch three different resistance values can be chosen for the network, 
corresponding to cut-off frequencies of 5, 15 and 45 c/s (or roughness widths 
of 0.75, 0.25 and 0.075 mm). 
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The sensitivity of the instrument is varied by means of a 2 X 5-position 
...:apacitive attenuator, providing a constant input capacity of 70 pF to the 
input terminal of the instrument. 
Calibration of the Roughness Meter is carried out employing the Reference 
Specimens MA 0014, and possible sensitivity deviations are corrected by 
means of a potentiometer in the feedback circuit of the amplifier. The 
potentiometer is accessible through a hole in the rear plate of the instru
ment marked "Sensitivity Adjustment". 
The output voltage from the amplifier is rectified and fed to the indicating 
meter circuit. This circuit is designed in accordance with the requirements of 
the Standard, and the meter indicates the average value of the amplifier input 
signal. · 

Two adjustable tolerance pointers on the meter make it possible to indicate 
the desired production tolerances directly on the meter, thereby facilitating 
routine checks during production, see fig. 11. 

Meter Po1nter 

• 

Tolerance Pointer Adjustment , 

Fig. 11. Drawing of the instrument meter with the adjustable tolerance pointers. 

To enable the connection of recording or analyzing instruments to the Rough
ness Meter the unrectified amplifier output voltage is furthermore fed to a 
set of output terminals. 
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The tip radius of MP 0001 is, however, approx. 2.5 ,umetres (100 ,uinches) 
and the stylus pressure is smaller than o.5 grammes. 
When external instruments are connected these should not load the output 
of Type 6100 with a smaller impedance than 10 kohm because a heavier 

. load will influence the negative feedback in the amplifier, and thereby the 
frequency response. 
The power supply contains a selenium rectifier and the necessary filtering 
components. By means of a switch, operated with the aid of a screwdriver 
through a hole in the rear plate of the instrument, operation at line voltages 
of 115- 127- 150- 220 and 240 volts is possible. 
Because of the great amount of negative feedback employed correct operation 
of the instrument can be maintained even with mains voltage variations of 
up to ± 20%. 
The use of printed circuits have been adapted for the electronic part of the 
equipment, utilizing all the good properties of this type of "wiring". 
The amplifiers, indicating meter and power supply are contained in a casP 
the outer dimensions of which is 21 X 27 X 21 em (81/4 X 103/4 X 81/4 inch.) . 
The case lid also contains three holders, one for the Pick-up with Handle. onP. 
in which the operating instructions are placed and one for the ReferencP 
Specimens MA 0014. 
The total weight of the instrument is 5 kg ( 11 lbs.) and a convenient strap 
handle for carrying is mounted on top of the cabinet. 
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Accessories. 
Motor Drive. 
The Motor Drive Type 3910 is designed to automatically drive a pick-up 
when surface roughness measurements are carried out with the Roughness 
Meter Type 6100. The instrument enables unskilled operators to make 
precision surface roughness measurements at a production rate. It consists 
of a small motor, an electro-magnetic drive, and an adjustable supporting 
mount for the pick-up. 

Moto r Drive Type 3910 

fo• 

Roughness Meter 

BrUel & KjCI! r 
Coo•~ llo9'" 

3910 

Start . 

Fig. 14. Drawing of the Motor Drive Type 3910. 

An illustration of the mechanism in the Motor Drive Type 3910 is shown in 
fig. 15. The motor is a 4.5 watt, single phase synchronous motor with a small 
gear box between the motor shaft and the electromagnetic drive. This reduces 
the motor speed from 3ooo to 2 RPM. 
The electron1agnetic drive consists of a unique arrangement of two steel 
plates and twO electromagnets constructed in such a way that their magnetic 
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force is concentrated on the cylindrical pole pieces of each unit. The electro
magnets are mounted on the output shaft of the gear box. 
When one of the electromagnets is energized the steel plate is tightly held 
against the pole pieces causing it to roll on the electromagnet. The linear 
motion of the plate is ih turn directly coupled to the fast traverse pick-up 
arm (3 mm/sec.- 1h inch/ sec.) and through a pantograph type linkage to the 
slow traverse arm ( o.6 mm/ sec. - 1/40 inch/sec.). 

Fig. 15. Principle of the Motor Drive. 

Since the two steel plates are mounted in diametrically opposite positions on 
the electromagnets they need only be alternately energized to drive the pick
up' arms back and forth. When an electromag:qet is not energized the steel 
plate remains in contact with the pole pieces, however, it slides with very 
little friction. This arrangement ensures a constant traversing speed, a very 
short reversing time and vibrationless operation. 
An adjustable disc placed on the fast traverse 

1 
arm controls a microswitch, 

which switches the exciting current from one electromagnet to the other. 
The traverse direction of the pick-up is thus reversed. 
The pick-up itself may be mounted in a pick-:up adapter, which is easily 
pressed onto the pick-up mount on the traverse arms, or mounted in an 
extension rod, which fits in the adapter. More extension rods may be coupled 
together if desired. The pick-up mount enables the axis of the pick-up 
housing to be pl~ced at right angle to the traverse arm. In this way the 
pick-up can be used for cross-measurements in small notches , grooves, etc. 
The Motor Drive also has three adjustable legs by means of which the height 
of the pick-up over the measuring plane is continuously variable from 
40- 70 mm . 

Fine Surface Pick-up MP 0001. 
All machined surfaces with roughness values greater than o.5 ,.urn (20 
,.uinches) can be measured correctly by means of the pick-up MP 6100 
normally supplied with the "Rougness Meter". 
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Finer surfaces obtained by grinding, lapping or polishing can also often 
be measured with the sufficient accuracy with this pick-up provided that 
the roughness value is greater than o.1 ,urn (4 ,uinches). 
When comparison measurements are made, still finer surfaces may be 
checked with the MP 6100. · 
However, when absolute measurements of very fine surfaces are to be 
taken, the Fine Surface Pick-up MP 0001 shoulc} be used. 
The overall mechanical dimensions of MP 0001 are exac tly the same a s for 
the MP 6100. This means that the Pick-up handle , the Wire-Guides etc . for 
MP 6100 directly fit the MP 0001. 

1..,, ,,.1,.. .... 
n rT ~ ,\,I 

·"' ·r 
I 1 r I'\ 
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I I , .... 

I I \ I 
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_ 11 ., 

I 'It'\ 
- f--- \--- - - H--1-- 1---- 1\--11-

- ~F 1----\. -fd 1---- ~\ +1-- - I I "' - I-- -V " I -v 

J: - .... 

---
n ~ 

- _.., u 

559030 

Fig. 12. Measured profile of the 6 ,um reference surface. Ratio of vertical to 
hor~zontal amplification 10: 1. 

Movement of Stylus 

6 p meter Reference Surface 

R ~ 12 p meters 
( 500 )J inches ) 

~ 
~~ement of Stylus 

559027 
0,4 pmeter Reference Surface 

Fig . 13. Sketch showing measurements on the Reference Specimens by means 
of a stylus with finite tip radius. 
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Reference Specimens MA 0014. 
The Reference Specimens MA 0014 consist of two reference surfaces with 
roughness values 0.4 and 6 ,umetres, see also fig. 12. When calibrating the 
Roughness Meter + Pick-up, the instrument reading should be 6 ,umetres 
(240 ,uinches) when the coarse surface is measured by means of both Pick-ups 
MP 6100 and MP 0001. 
The fine surface, however, is intended for checking the tip radius of the 
diamond stylus. When it is measured by means of MP 0001, an indication 
of approx. 0.4 ,umetres (16 ,uinches) should be obtained, and when measured 
with MP 6100 the meter reading should be approx . 0.25 !.tmetres (10 ,uinches). 
This can be understood on the basis of fig. 13 which shows the effect of 
using a finite stylus radius on the Specimens . 
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Operation 
of:the Roughness Meter Type 6100. 

The operation of the Roughness Meter is extremely simple, and should be 
carried out according to the following scheme: 

1} Make sur.e that the instrument is adjusted to the correct mains voltage. 
If not turn the pilot disc marked "Volts A. C." on the rear of the instru
ment until the desired voltage is indicated ( 115- 127- 150- 220 or 240}, 
fig. 16. 

Volts A.C. 

Adjustment. 

Fig. 16. Drawing of the Roughness Meter Type 6100. 
Viewed from the rear. 

2) Connect the pow~r cable to the mains and turn the toggle switch marked 
"Power" to "On". 

3} Allow 1 minute warm-up time. 
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4) Select the correct pick-up combination. See also p. 20, " Choice of Pick-up 
Combination". 

5) Turn the switch marked "Cut,off" to the desired setting. Normally the 
position "0.75" mm ("0.03" inch) is used. For further information see 
p. 22, "Roughness Width Cut-off". 

6) Turn the switch marked "Range" to a value corresponding to the expected 
roughness value of the surface. 

7) Wipe clean the surface to be measured so that it is free from abrasive 
material. This is necessary in order to ensure accurate readings and to 
reduce wear on the skids. 

8) Place the Pick-up on the surface to be measured. By doing so the meter 
pointer will deflect to maximum because of the relatively large force 
acting on the piezo-electric transducer at the moment the Pick-up touches 

the surface. 
After a couple of seconds, however, the pointer will return to its zero 

position. 

9) With a smooth steady movement of the Pick-up trace the surface to be 
measured a:t a speed of approx. 3 mm/sec. ( ljg inch/sec.) until a stable 
deflection is obtained on the indicating meter. (The traversing speed of 
the Pick-up, should be within the limits 3 mm/sec. (ljg inch/sec.) and 
10 mm/scc. (% inch/sec.)). 

10) Read the m~asured surface roughness value off the meter using the proper 
meter scale. The meter scale to be used is determined by the setting of 
the switch marked "Range", which indicates full scale deflection on the 
meter. 

The meter is provided with two adjustable, red tolerance pointers. When the 
Roughness Meter is used for production control of the surface roughness 
the pointers cari be set by the test department. 
The operator then just has to see whether the meter deflection is inside or 
outside the range determined by the position of tbe red pointers, i.e. inside 
the predetermined tolerances. 

Normally only one of the pointers need be used because in most cases an 
overfinish of the surface will be no reason for rejecting the work-piece. The 
avoidance of overfinish is then purely a question of economy. 
In cases where a certain degree of self-lubrication is desired, however, even 
technical considerations point at rejection of overfinished workpieces, and 
for the sake of application versatility it has been found convenient to supply 
the meter not only with one, but with two tolerance pointers. 
Caution: Care should always be taken not to damage the diamond stylus. 
During measurement the stylus should not be pulled over the edge of the 
workpiece being checked, as this can snap it off the Pick-up. When not in 
use the safest place to keep the Pick-up is in the instrument cover, see also 
fig. 4. 
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Choice of Pick-up Combination. 
To enable measurements to be taken ,on a wide variety of surface shapes 
different standard accessories to the Pick-up are supplied with the instrument. 
The accessories should be applied as follows: 
1) Measurement of surface roughness in small bores: 
In this case the Pick-up should be used without Handle, or mounted in the 
Handle in the way shown in fig. 18. Measurements can then be taken in bores 
with inside diametres down to 6.35 mm (1/4") and depths of 50 mm (2"}, see 
fig. 18b. 

r!!~------------------,~~~~~~~~q----~ 
sq 

a 

b 

Fig. 17. Sketch showing the Pick-up when used for the measurement of surface 
roughness in small bores. 

a 

b 

SOmm 

Fig. 18. a) Pick-up with Handle. 
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b) Measurement of surface roughness in bores with diametres down 
to 6.35 mm and depths of 50 mm. 



When correctly mounted the "snap-lock" mechanism will ensure the Pick-up 
to h e kept in a fixed position with respect to the Handle. During mounting 
care should be taken to keep the Pick-up stylus approximately in the middle 
of the small sli~ in the Handle, and the use of extreme force be avoided. Do 

not try to screw the Pick-up in the Handle. 
2) Measurement of surface roughness in bores with inside diametres ranging 
from 18 mm (3/4") to 100 mm (4"): 

a 

'min = Smm( 23/SL ") 

--
b 

Fig. 19. Pick-up with Handle ,when used for measurements in bores with 
inside diametres down to 18 mm. 

The Pick-up should be mounted in the Handle as shown in fig. 19a, the 
chamfered edges of the Handle facilitating measurements on concave work
pieces. 

a 

b 

Fig. 20. a) Pick-up with Handle. 
b) Measurement on convex or flat workpieces. 
c) Measurement on flat or concave wirkpieces. 
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3) Measurement of surface roughness in bores with inside diametres exceed
ing 36 mm (1 1/2

11
) or on flat surfaces: 

Mount the Pick-up in the Handle as shown in fig. 20a. 
4) Measurement of surface roughness on convex surfaces with outside diu
metres down to 8 mm (0.316" ): 
The same combination of Pick-up and Handle as described in item 3) is used, 
see fig. 20a. 
5) Measurement of surface roughness on convex surfaces with small outside 
diametres and on wires down to 1 mm 0 ( o.04" 0): 

In this case it is necessary to employ the Wire Guides. The Guides are screwed 
onto the Pick-up Handle, and the Pick-up mounted as shown in 'fig. 21. 

a 

b 

~ {r . O.Smm ~ m'" 
rmax • Gmm (!/.12 ") 

Fig. 21. Mounting and use of the Wire Guides for measurements on rods 
and wires . 

To measure the surface roughness of rods or wires on which the direction 
of lay is tangential the Pick-up is moved along the rod in its axial direction. 
However, using the Wire Guides measurements can also be made on drawn 
wires where the direction of lay is axial. 
The Handle (with Pick-up and Wire Guides mounted) is then affixed to a 
table or in a vice, and the rod or wire placed in the Wire Guides. 
The rod (or wire) is now slowly turned and the surface roughness value read 
off the instrument meter. 
When desired the Pick-up may also be adapted to motor tracers, extension 
handles or special jigs. 

Roughness Width Cut-off. 
The correct setting of the "Roughness Width Cut-Off" switch should be 
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specified by Uie designing engineers according to the following basic con
siderations: 
1) If the contact area between two mating surfaces is important the switch 

should be set to 0.75 mm (0.03 inches) during measurements on the two 
surfaces. 

2) If the finished product is subject to fatigue failure the proper setting of the 
switch will be 0.075 mm (0.003 inches) or 0.25 mm (0 .01 inches). 

The functioning of the switch is the following: 
The theoretical difference between surface roughness and waviness are shown 
in fig. 22. However, no such "ideal" surfaces will normally be met with in 
practice. 

a 

b 

10x I c 

X 

Fig. 22. Sketch showing the difference between roughness and waviness 
a) Surface Roughness. 
b) Surface Waviness. 
c) Roughness superimposed on waviness. 

An actual surface will most probably be of the type shown in fig. 23a, and 
from fig. 23b, c and d the effects upon the measured result, when different 
settings of the Roughness Width Cut-off switch are used, are clearly noticed. 
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Fig . 23. Sketch showing the effect of different settings of the Roughness Width 
Cut-off switch. (From A.S.A. B 46. 1-1955, fig. 17, p. 17). 

Calibration of the Roughness Meter. 
Employing the Reference Specimens MA 0014 an accurate calibration of the 
Roughness Meter Type 6100 is possible. The following procedure should be 
adapted: 

1) Make sure that the instrument is adjusted to the correct mains voltage. 
If not turn the switch marked "Volts A.C." on the rear of the instrument 
until the desired voltage value is seen through the hole in the chassis 
(115-127-15o--220 or 240), see fig. 16. 

2) Connect the power cable to the mains and turn the toggle switch marked 
"Power" to "On". 

3) Allow 1 minute warm-up time. 

4) Mount the Pick-up Handle as shown in fig. 20, or use the Motor Drive. 

5) Turn the switch marked "Cut-off" to the position "o.75 mm" ("o.03 
inches"). 

6} Set the switch marked "Range" to "10 ,um". 

7) With a smooth, steady moement of the Pick-up trace the patch marked 
"6 ,urn" ("240 ,uinches" on the Reference Specimens MA 0014 at a speed of 
approx. 3 mm/sec. ( lJs inch/sec.) until a stable reading is obtained. 

8) Read the surface roughness value off the meter. The meter indication 
should be 6 ,um (240 .,uinches) . If it is not, the screwdriver control on the 
back of the instrument marked "Sensitivity Adjustment", fig. 16, should 
be turned until the correct reading is obtained. This calibration will hold 
on all the roughness ranges of the instrument. 
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Check ou the Diamond Stylus. 
To check the tip radius of the exploring stylus of the Pick-up, which should 
be 12 .fA-metres (500 flinches), proceed as follows: 

1) Calibrate the Roughness Meter as described in the preceeding chapter. 

2) Turn the switch marked "Cut off" to the position "0.075 mm" ("o.003 
inches"). 

3) Set the "Range" switch to "o.3 .ftm" or " 1 ftm". 

4) Smoothly and evenly move the Pick-up across the Reference Specimens 
on the patch marked "o.4 ftm" at a speed of approx. 3 mm/sec. ( 1;8 inch/ 
sec.) until a stable reading is obtained. 

5) Read the surface roughness value off the meter. The meter should deflect 
to a value of approx. o.25 ftm ( 10 fA-inches). 

If, after correct calibration of the apparatus, surface roughness values outside 
the above range are obtained from measurements on the Specimen patch 
marked "o.4 ftm", the Pick-up should be returned to the factory for replace
ment of the stylus. 

Operation 
of the Motor Drive Type 3910. 

Operation of the Motor Drive can be carried out according to the following 
procedure: 

1. Make sure that the Motor Drive is adjusted to the correct power line 
voltage. If not, turn the screwdriver operated switch marked "Volts AC" 
on the botom plate of the Motor Drive until the desired voltage is in
dicated (115- 127 - 150 - 220 or 240). 

2. Push the micro-plug of the pick-up into the extension rod so that the 
position of the diamond stylus is lined up with the slit in the rod. (See 
fig. 24). 

3. Place the shielded cable inside the ex tension rod. 

4. Push the pick-up adapter into the extension rod so that the slit in the 
adapter and the slit in the arm are in opposite positions to each other. The 
end of the shielded cable is then led out at the adapter. 

5. Insert the free end of the pick-up adapter in the fast traverse pick-up 
mount (speed 3 mrn!sec.). 

6. Place the pick-up on the surface to be measured . The surface should be 
parallel to the axis of the traverse arr:1s. 
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7. Adjust the height of the pick-up over the surface to be measured, by 
means of the pick-up mount and the three adjustable legs, so that the 
pick-up arm is parallel to the surface. 

8. Connect the Motor Drive to the power line. 
9. The Motor Drive may be switched on when the push button on the top 

of the instrument is depressed. 
10. Adjust the stroke length of the pick-up by means of the adjustable disc 

placed on the fast traverse pick-up mount. 
11. Switch off the Motor Drive by releasing the push button. 
12. Connect the shielded cable to the Roughness Meter. 
The Motor Drive is now ready for use. 
Caution: Care should always be taken not to damage the diamond stylus. 

During measurement the stylus should not be pulled over the edge 
of the workpiece being checked, as this can snap off the diamond. 

Ty~l910 

Fig. 24. Sketch showing the mounting of the pick-up on the Motor Drive. 

Use of the Two Traversing Speeds of the Motor Drive. 
The Motor Drive Type 3910 is supplied with two moving arms, one of which 
moves with a speed of 3 mm/sec. This traversing speed is the most commonly 
used one, and the Roughness width cut-off values marked on the front 
panel of the Roughness Meter are all referred to this speed. 
The second arm moves with a speed of o.6 mm/sec. and · is normally used 
only when measurements are taken on extremely smooth surfaces by means 
of the Pick-up MP 0001. 
The reason for introducing the second speed has mainly been to avoid 
incorrect measurements due to excitation of the pick-up resonance. A 
serious risk of resonance excitation only exists when the Fine Surface 
Pick-up. MP 0001 is used because the stylus of this pick-up is able to follow 
even very fine roughness patterns. 
When the lower traversing speed is used, the roughness width cut-off values 
stated on the front panel of Type 6100 should be divided by five (the lower 
traversing speed ~s ¥5th of the "normal" speed). This again means that only 
that part of the roughness having smaller roughness widths than one fifth 
of values stated on 6100 is measured. 

26 



For the practica1 use of the two traversing speeds (3 mm/sec. and o.6 mm/ 
sec.) the followi{lg rules of thomb can be given: 
1. Both traversing speeds can be used in connection with the "normal" 

pick-up supplied with the Roughness Meter (MP 6100) as well as in 
connection with the Fine Surface Pick-up (MP 0001). 

2. The 3 mm/sec. speed can always be used on finishes greater than o.5 
.urn (20 .uinches). 

3. When finer finishes than o.5 ~tm (20 ~tinches) are being measured-down 
to approx. o.1 fliD (4 .uinches)-check with the 3 mm/sec. speed first. If 
the meter rea:ding is the same with the "Roughness Width Cut-off" 
switch both in position o.75 mm and o.25 mm, respectively, use the 
o.6 mmjsec. speed. 
If the meter readings are not the same, the 3 mm/sec. speed is 
appropriate. 

4. Finishes finer than o.1 .urn should always be measured with the o.6 
mm/sec. speed. 
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Applications. 

Surface Roughness Measurements. 
A set up is illustrated in fig. 25 for m easuring the surface roughness of a 
gear-box shaft. The pick-up handle is mounted on the pick-up to prevent the 
the pick-up from sliding o~"f the object. 

8100 

Fig. 25. Set-up used for measurement of the surface roughness of a machined 
surface. 

Measurement of the Roughness Width. 
When the surface roughness of a machined surface is measured, it is often 
of interest to know whether the roughness is due to a periodic irregularity 
distribution or a random distribution. A periodic distribution is a roughness 
condition where the surface flaws occur with a certain degree of regularity, 
whereas in a random distribution the surface is rough without showing any 
regularity. A first approximation may be obtained by proper use of the knob 
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Fig. 26. Recording showing the surface roughness levels obtained for 
different settings of the "Cut off" control of Type 6100. 



marked "Cut off" on the Houghness Meter. Using the 3 mm/ sec. traverse 
speed of the Motor Drive, the "Cut off" knob settings indicate the greatest 
roughness width to be measured. If measurements are carried out on a 
surface with a roughness width greater than that indicated by the switch 
position, the reading on the instrument will be too low. That is, if the 
reading obtained when measuring a surface with a certain "Cut-off" setting 
is higher than the reading obtained with a smaller "Cut-off" setting, the 
measurements should be made with the larger of the two "Cut-off" settings. 
In fact , if a surface with a roughness width of exactly o.25 mm is measured, 
the reading on the indicating instrument will be about 30 percent below the 
correct value when the "o.25" mm cut-off setting of the Houghness Meter 
is employed. If the setting marked "o.75" is used the reading will be correct. 
If "o.07f>" is used , the reading would be considerably below the correct 
value. A recording of the levels m easured on a specimen using the three 
different "cut off" settings is illustrated in fig. 26. It is seen that the level is 
decreased about 30 percent using the "o.075" mm cut-off width. This means 
that the roughness width of the measured surface is approx. o.075 mm. 
The set-up used for performing this measurement is shown in fig. 27. The 
recording was made on a Level Hecorder Type 2304. 

8100 3910 

Fig. 27. Set-up used for the recording shown in fig. 26. 

Frequency Analysis of Roughness Meter Output. 
If the Spectrometer Type 2110 is used with the Houghness Meter and the 
Level Hecorder, a more detailed recording can be made as in fig. 28. By 
means of the Spectrometer the output voltage of the Houghness Meter 
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amplifier is frequency analyzed, and the frequency distribution is auto
matically recorded on preprinted, frequency calibrated recording paper. The 
result obtained by measurements carried out on the same specimen as before 
is illustrated in fig. 29. The frequency distribution is shown to be centered 
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Fig. 28. Set-up for frequency analysis of the Roughness Meter output. 
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Fig. 29. Frequency analysis of a surface roughness with pronounced 
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at 40 c/s. With a traverse speed of the pick-up of 3 mm/sec. , the 40 c/s 
corresponds to a wavelength or roughness width of 3/40 (o.075 mm). 
The roughness width is a function of the cutting tool feeds employed, whereas 
the roughness height is a function of cutting tool shape. 
A recording of the surface roughness of a ground surface, which does not 
show any pronounced regularity, is illustrated in fig. 30. 
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Fig. 30. Frequency analysis of a surface roughness with no regularity . 
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Appendix. 

"Scratching" caused by the Pick-up. 
A common objection to the use of stylus type instruments for measurement 
of surface roughness is that the stylus scratches the surface being checked. 
Because of the principle of operation of this type of instrument it must scratch 
the surface. 
However, the magnitude of the scratch will depend greatly upon the static 
pressure on the stylus , and on the stylus tip radius. With a stylus pressure of 
the order of 1 gramme and a stylus tip radius of 12 ,umeter (500 ,uinches) the 
scratch on a metal surface will be almost negligible. 
Some experiments have shown that no scratch from the stylus could be 
detected on workpieces made from steel and brass, even in a measuring 
microscope with a magnification of 315 times . 
The Vicker's hardnesses of these workpieces were all greater than 90 kg/mm2

• 

On Aluminium alloy with a Vicker's hardness around 85 kg/mm2 a scratch 
the maximum depth of which was of the order of 0.05 ,umeter could just be 
measured in the microscope. 
All these experiments were carried out on workpieces with surface roughness 
values between 3 and 7 ,umeter average. 
Finally, measurements were made on a lead alloy the Vicker's hardness of 
which was of the order of 30 kg/mm2• 

A scratch with a depth of approx. 0.05 ,umeter was found on a shaped work
piece having a surface roughness around 8 ,umeter average. 
By increasing the roughness of the surface to a value around 25 ,umeter the 
depth of the scratch was found to be of the order of 0.1 ,umeter. 
It should furthermore be mentioned that if the Pick-up is pressed hard against 
the surface scratches caused by the movement of the skids may be found on 
the workpiece. 
It is therefore of importance, by hand held operation of the Pick-up, not to 
press it against the surface with a greater amount of force than is necessary 
to ensure a steady movement of the Pick-up head. 

Correction for Stylus Type Measurements. 
From fig. 13 is seen that a certain measuring error, caused by the finite tip 
radius of the Pick-up stylus, will be present when measurements are taken on 
very smooth surfaces. 
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A correction curve, b ased on the typ e of surface u sed on the Refer en ce 
Specimens and ~alid for the Roughness Meter T yp e 6100 is shown in fig. 31. 
For the sake of convenience curves a r e a lso plotted for othe r s tand a rd values 
of the s tylus tip r adius than the 12 ,um eter (500 ,uinch es) stylus u sed in 
Type 6100. 
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Fig. 31. Correction Curve for stylus type measurements. Valid for surfaces of 
th e type used on th e R e feren ce S pecimen s. 

-Some Notes on Surface Roughness Control. 
It has been m entioned previously that surface roughness control is important 
in connection with the production of fast moving machine parts. However, 
different methods may be employed to obtain the desired surface finish and 
fig. 32 shows a table indicating the surface roughness available by common 
production m ethods. 
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Fig. 32. Surface Roughness available by common production methods. 
Information obtained from Professor R. V. Olsen of the 

Technical University of Denmark, Copenhagen. 

Roughness value obtainable by rough finish opera
tions . 
Roughness values obtainable by normal finish opera-
tions. · 
Roughness values obtainable by careful treatment of 
the surface and when precision finishing methods 
are employed. 
Roughness values obtainable by turning and boring 
using diamond (or hard metal) tools . 



Because a small change in one or more of the factors affecting the surface 
roughness during production can have a marked effect on the surface 
produced the values shown in the table should be considered flexible and not 
hard and fast limits. 
With regard to the production economy of producing a specified surface 
roughness a curve, based on investigations carried out in the United States, is 
shown in fig. 33. 
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Fig. 33. Curve showing a rough average relationship between production cost 
and surface roughness of the finished product. 

In the figure is shown the relationship between production cost and the 
surface roughness obtained. 
When only small quantities are produced the economic considerations may 
not be of the utmost importance. However, large scale production will normally 
call for an effective surface roughness control, and the use of Roughness 
Meter Type 6100 will then be of invaluable assistance. 
In such cases , not only the test department should be supplied with one or 
more units of the type 6100, but the instrument should also be applied directly 
at the production machine. 
Many costly rejections can then b e saved, and the effectivQ production rate 
increased. 
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Surface Texture. 
The desired roughness value of a surface should be stated on the drawing of 
the workpiece considered. Unfortunately, the surface symbols used in dif
ferent countries are also different, and even the meaning of the same symbol 
might differ from country to country. In the following a brief summary of 
commonly used definitions and surface symbols will be given, a summary 
which may be valuable in connection with the use of Roughness Meter 
Type 6100. 
To give a numerical value describing the surface roughness of a given work
piece three different methods can be employed. The number given may be : 

1. The peak-to-valley rating, 
2. The r.m.s. (root mean square ) rating, 
3. The have (arithmetic average ) rating. 

Fig. 34 shows a practical surface, and the meaning of the three different 
ratings are indicated on the drawing. 
The meaning of the peak-to-valley value is clearly seen from the figure. How
ever, because of the variation in height of the different peaks and valleys, 
standards which describe the surface roughness by means of the peak-to-valley 
value normally also prescribe exactly how this value should be found. 
T o find the r.m.s. and arithmetic average value it is necessary to construct 
the "mean surface" or "Center Line" (C.L. ) see also fig. 3 and fig. 34. This 
line is drawn in such a way that the area of the "valleys" underneath the 
Line equals the area of the "peaks" above the line. 

Center line ( C.L.) 

1 
y 

dLR LR 

Fig. 34. Actual surface with indication of hpeak. h r.m.s. and have· The magni
fication in the vertical direction is approx. 10 times greater than in the 

horizontalt direction. L R ==Reference length of the surface . 

The r.m.s. value is now defined as 

Vl 
h - -r.m.s. - LR 

0 
where y is the distance from the actual surface to the Center Line. 
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fhe arithmetic average value is given by 

LR 
have = -

1
- ~ IYI dLR 

LR 
0 

and is for obvious reasons also named the C.L.A. (Center Line Average) value . 
In America the surface roughness was previously rated in r.m.s. values. How
ever, these ratings are now changed into arithmetic average (C.L.A. ) values , 
and also in other countries steps toward the use of arithmetic average 
designations are at present being taken. 
The indication of the desired surface finish on the drawing itself are made in 
different ways, which can be seen from fig. 35. 
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Fig. 35. Table showing the relationship between commonly used surface 
symbols and the meter reading of Type 6100. For further informa
tion on surface texture reference should be made to the specific 
standards. 

In the figure a relationship is given between the different surface symbols and 
the arithmetic average roughness values. It should thus be possible from any 
'SUrface texture on a given drawing by means of this figure to relate the 
texture to results obtained from measurement with the Roughness Meter 
Type 6100. 

• Information obtained from Professor K. V. Olsen of the Technical University of Denmark, 
Copenhagen. 
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Specification. 
Rougness Meter Type 6100 

PICK-UP MP 6100 

Skid Radius: 10 mm (0.4"). 

Exploring Stylus of Piek-up: Diamond , tip radius 12 ,umetres (500 flinches). 

Stylus Pressure: Approx. 1 gram. The maximum stylus force at any point 
within the displacement range of the stylus is approx. 1.5 grammes. The 
minimum is approx. 0.5 grammes. 

Transducing Element: Zirconia Multimorph. 

Temperature Range: Ambient temperatures ranging from -20° C (-4 oF) to 
60° C (140° F) do not affect the correct function of the pick-up. 

Humidity: Relative humidities of up to 100 % will not influence the measure
ments . 

Recommended Traversing Speed: 3 mmjsec. ( 1fs inches per s-ec.). 

Weight: 7 gms. 

PICK-UP MP 0001 

Skid Radius: 10 mm (o.4 inches). 

Exploring stylus of Pick-up: Diamond, tip radius approx. 2.5 ,umetres (100 

,uinches). 

Stylus Pressure: Smaller than o.5 grammes. 

Transducing Element: Ceramic (PZT). 

Temperature Range: Ambient temperatures ranging from -20°C (-4 °F) 
to 60°C (140°F) do not affect the correct function of the Pick-up. 

Humidity: Relative humidities of up to 100 % will not influence the measure
ments. 

\Veight: 7 grammes. 

PICK-UP HANDLE AND WIRE GUIDES 

Skid Radius: 8 mm (0.32 inches). 

Surface Finish: The skids and Wire Guides are made of chrome plated brass. 

Weight of Handle: 50 gms . 
.Both Pick-up Handle and Wire Guides are ~tandard accessories to the 
Roughness Meter and should, when not in use , be placed in the instrument 
cover. 
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AMPLIFIER AND INDICATING METER 

Roughness Range: Full scale deflection for surface roughness values of 0.3-
1-3-10-30 t-tmetres and 10-30-100-300-1000 t-tinches arithmetic 
average. 

Scales: Illuminat~d scales graduated 0-10 and 0- 30. The meter is equipped 
with adjustable tolerance pointers. 

Roughness ·width Cut-off: 0.75-0.25-0.075 mm (0.03-0.01-0.003 inches) at 
a traversing speed of the pick-up of 3 mmjsec. ( lfs inch/sec.). 

Accuracy: Comparison measurements: ± 3 %. Overall accuracy of "normal" 
measurements: ± 10 %. Absolute measurements when calibrated with the 
Precision Reference Specimen: ± 5 %. 

Output Impedance: When used with external recording or analysing equip
ment the output of Type 6100 should not be loaded with impedance smaller 
than 10 k.Q. 

Warm-up Time: Approx. 1 minute. 

Tubes: 2 X EF 86. 

Power Supply: 115-127-150-220 Volts a.c. 40-400 cjs. Consumption 
approx. 12 Watts . 

Dimensions: Height: 21 em (8 1.4 inches), width: 27 em (10% inches), depth: 
21 em (8 1.4 inches). 

Weight: 5 kg (11 lbs .) 

REFERENCE SPECIMENS MA 0014: 

Roughness Values: o.46 t-tmetres (18 t-tinches) CLA. 6 t-tmetres (230 
t-tinches) CLA. 
The specimens are delivered in a small plastic case and can be placed in 
the cover of the Roughness Meter. They are not delivered with the in
strument and must, when desired, be ordered separately. 

Dimensions of Plastic Case: Height: o.4 em (o .16 inches), width: 12.6 em 
(5 inches), depth: 7.1 em (2.8 inches) . 

Note: 
It is very important that the sensitivities of the pick-up and the amplifier 
correspond to each other. 
To avoid any mistake, every pick-up is supplied with a number (f. inst. 13) 
on the circular endsheet which is nearest the diamond stylus. 
Above the lable on the rear plate of the electronic amplifier the correspond
ing number is found (f. inst. "Pick-up: 13"). 
When ordering extra pick-ups this numbe; must be specified. 
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MOTOR DRIVE TYPE 3910: 

Traverse Speed: 3 mm/sec. (1/8 inch/ sec.). o.6 mm/ sec. (1/40 inch/sec.) . 

Traverse Length: Adjustable between 1.5 mm (1/50 inch) and 40 mm 
(tl;~ inch). 

Height of Pick-up Adapter: Adjustable over the plane of the surface being 
measured from -25 mm to + 130 mm (-1 inch to + 5 14 inch.). 

Power Consumption: 8 watts . 

Voltage Supply: 115 - 127 - 150 - 220 - 240 volts. 50 c/s or 60 c/s. 

Dimensions: Height: 7.5 em (3 inches) , length: 20 em (8 inches), width: 

11.5 em (4% inches). 

Weight: 2.8 kg (6 lbs) . 
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