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Introduction

◦ Greetings ladies and gentlemen, I am Sanjai Keshavan from Nagel Precision 

◦ MS in Mechanical engineering and Thesis was on mechanism of material removal

◦ during polishing of glasses and  ceramics  

◦ - 25 Yrs experience in assisting customers with various surface finishing issue



Introduction 

◦ Surfaces are polished/superfinished/lapped/honed/ burnished primarily for 2 reason:

◦ 1. Desire to produce aesthetically pleasing surface – application example bathroom fixtures, golf club, stainless 
steel kitchen utensils, etc. 

◦ 2. Requirement to produce an engineered surface to enhance tribological characteristics in bearings and seals –
application examples include car crankshaft, cam shaft, engine block, aircraft landing gear, hip and spine 
implants, bearings, seals, host of other components that are subjected to sever load cycles. 

This presentation deals primarily with engineered surfaces. In order to control the manufacturing process or predict a 
component’s behavior during use, it is necessary to quantify surface characteristics by using surface texture parameters.



Introduction

◦ There are different ways that designers specify surface texture parameters for their 
parts. Some specifications are good, some not so good. 

◦ The most common parameters for surface texture roughness are Ra and Rz, and 
they are not very good for defining function. They are the parameters people are 
familiar with. 

◦ Best way to tolerance the surface is to consider the complete surface including 
waviness profile and choose the parameters and tolerances carefully to reflect how 
the component functions



SURFACE FINISH IS COMMONLY MEASURED BY 
RA,  IS IT THE WHOLE PICTURE?
Ra is average surface roughness. It is a stable mean parameter to 
measure but is not the full picture. 
Ra does not make the distinction between peak and valley 
parameters. Both surfaces illustrated have the same Ra but will 
perform vastly differently as a bearing. Based on the application it 
is important to consider  peak height, valley depth and bearing 
area ratio parameters while specifying the finish. 



What are commonly used surface finish parameters?

Surface finish parameters can be broadly classified into and requires a combination of these parameters to fully define a 
surface 

- Amplitude parameters

- Spacing parameters

- Hybrid parameters



Amplitude 
parameters 

◦ Defines the height of the peak and depth of the 
valley and are some of the commonly used 
parameters:

• Ra, Rq, Wa, Wq, Pa, Pq

• Rv, Rp, Rt, Wv, Wp, Wt, Pv, Pp, Pt

• Rsk, Rku, Wsk, Wku, Psk, Pku

• Rz

• R3z, R3y (R3z1max)

• Commonly used parameters



Spacing 
parameters 
◦ Defines the spacing 

between profile 
elements within a 
sampling length .

◦ Commonly used 
spacing parameters 
are”

• RSm, WSm, PSm – mean 
spacing

• RHSC – high spot count 

• RPc – peak count 



Hybrid 
Parameters
◦ Hybrid Parameters are 

combinations of spacing 
and amplitude 
parameters.

• R∆q, W∆q, P∆q, Rλq, Wλq, 
Pλq

• Material Ratio Rmr(c), 
Rmr, RSc

• Rpk, Rk, Rvk, Mr1, Mr2



What is the Beef?

◦ There are different ways that designers specify surface texture parameters for their 
parts. Some specifications are good, some not so good. 

◦ The most common parameters for surface texture roughness are Ra and Rz, and 
they are not very good for defining function. They are the parameters people are 
familiar with. 

◦ Best way to tolerance the surface is to consider the complete surface including 
waviness profile and choose the parameters and tolerances carefully to reflect how 
the component functions. 



Example 1: Ra =0.2 um to 0.4 um max , Rz = 2 um max. 

Roughly speaking, Rz = 7 to 10 x Ra. To achieve an Rz of 2 um, Ra has to be around .2 um, on the lower 
end of the tolerance. While Rz has to be maintained at the very high end of that tolerance to keep the 
part in spec. This creates unnecessary difficulty and excessive monitoring as Ra is teetering on the 
lower end of the tolerance while the Rz is on the higher end of the tolerance. 

Solution : Make Ra a unilateral tolerance 0.4um Ra max or increase Rz tolerance part design permitting. 



Example 2: Cpk of 1.67 or better is demanded on all the 
parameters without paying attention to tolerancing 

Roughly speaking, Rz = 7 to 10 x Ra. To achieve an Rz of 2 um, Ra has to be around .2 um, on the lower 
end of the tolerance. While Rz has to be maintained at the very high end of that tolerance to keep the 
part in spec. This creates unnecessary difficulty and excessive monitoring as Ra is teetering on the 
lower end of the tolerance while the Rz is on the higher end of the tolerance. 

Solution: Apply cpk to only one stable parameter such as Ra and ensure other 
parameters are in tolerance when Ra is centered



Example 3:  Ra .40/.90 Um, Rpk .3/1.0 Um, Rvk 1.0 / 3.0 Um
Rk 2.0 max Um, 1.67Cpk on all parameters 

As measured Part print mean 

Ra = .65 um, Rpk = .65 um, Rvk = 2 um 
Rk =2.0 um max

As you can see from the above example the process is centered for Ra, Rpk and Rvk but on the 
Higher end of the spectrum for Rk. Makes it impossible to get Cpk on all the parameters

Solution: Cpk on Ra and rest in print



Example 4:  Ra .2/.4 um & Rmr 60 to 80% . 1.67 Cpk on both parameters

As measured
Part print mean 

Ra = .3 um, Rmr – 70%

As you can see from the above example the process is centered for Rmr, Ra is on the lower limit. 
Makes it impossible to get Cpk on all the parameters

Solution: Cpk on Ra, eliminate Rmr as this is a seal surface and bearing area ratio in 
Unnecessary given the application  

Ra 0.216 um & Rmr 71.6%



Example 5:  Ra 0.25 um for a bearing surface 

This is a common specification seen on numerous bearing prints. As discussed earlier if the finish
is say achieved by hard turn or grind instead of polish , even though part is in spec it will fail in field 
As turned and ground surfaces have  lower bearing area ratio due to high peaks. 

Solution: Call out Rmr or specify polish operation on the print



Conclusions and Questions 

Care should taken when specifying the surface finish parameters so that they 
Do not conflict one another and they accurately reflect the functionality of the part 

It is possible to specify too few or too many parameters  and should be avoided
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