
t' 
T . .  

UNCLASSIFIED ORNL 1051 

SURFACE F I N I S H  S P E C I F I C A T I O N S  SURFACE F I N I S H  S P E C I F I C A T I O N S  

AT 

OAK RIDGE NATIONAL LABORATORY 

J .  J .  Wal lace  I F .  R i n g ,  J r .  

OAK RIDGE NATIONAL LABORATORY 
OPERATED B Y  

CARBIDE AND CARBON CHEMICAL§ COMPANY 
A DIVISION OF UNION CARBIDE AND CARBON CORPORATION 

[I14 
POST OFFICE B O X  P 

OAK RIDGE. TENNESSEE 

UNCLASSIFIED 



UNCLASSIFIED 

This document consists of 
13 pages. 

Contract No, W-7405, eng. 26 

Engine e r ing Department 

SURFACE FINISH SPECIFICATIONS 

AT 

OAK RIDGE NATIONAL LABORATORY 

BY 

J, J, Hallace and F .  Ring, Jr. 

OAK RIDGJI NATIONAL LAEjORATORY 
operated by 

CARBIDE AND CAREON WDIICALS COMPANY 

Post  Office Box P 
O a k  Ridge, Tennessee 

A Division of Carbide and Carbon Chemicals Corporation 

UNCLASSIFIED 



UNCLASSIFIED 

INTERNAL DISTRIBUTION : 

1. 
2-3 

40 
5. 
6. 
7. 

8-9 
10-13 

4. 
15 . 
16 . 
17 

Go T. Felbeck ((XCCC) 18. A, M. Weinberg 
Chemistry Library 19. E. H. Taylor 
Physics Library 23, h. I). Shipley 
biology Library 21. A ,  H. Snel l  
Health Physics Library 22. F. C. VonderLage 
Metallurgy Library 23. R, C, Briant 
Training School Library 24. 
Central F i l e s  25. S. C. Lind 
C, E, Center 26. F, L. Steahly 
C. E, Larson 27. A, Hollaender 
W, E, Hues (K-25) 28. M. T, Kelley 
W, D, Lavers (Y-12) 29. G. H. Clewett 

J, A. Swartout 

EXTENAL DISTRIEUTION: 

43-54 
55 . 

56-61 . 
62 . 
63 

64-67 
68 . 
69 0 

70-73 
74-77. 

78 
79 o 

80-84 . 
85-88 
89-92 
93-94. 

95 . 
96 

97-98 
99-102 
103 -105 . 

106 

108 . 
1 1 2  . 
113 . 
1l.4. 

115-n6 
117 0 

11 8-120 . 

107 

109-111 

30. 
31. 
32. 
33 . 
34. 
35. 
36 . 
37. 
38. 
39. 
40. 
41 . 
42 

K. 2. Morgan 
J. S. Felton-:$_?\ 
A. s. HousehoUf&'-' 
C, s. Har r i l l  
C. E, Winters 
D. S, Billington 
D. W. Cardwell 
W. H, Pennington 
J, J. Wallace 
F. Ring, Jr. 
C. H. Marsh 
M. J. Skinner 
Central Files (0 .P . ) 

Argonne National Laboratory 
Armed Forces Special Meapons Project  
Atomic Energy Commission, Washington 
Eat te l le '  N3morial  I n s t i t u t e  
brush Eeryllium Company 
Erookhaven National Laboratory 
Bureau of  Medicine and Surgery 
bureau of Ships 
Carbide and Carbon Chemicals Company (K-25) 
Carbide and Carbon Chemicals Company (Y-12) 
Columbia University (J. R,  Dunning) 
Columbia University (G, F a i l l a )  
E, Io duPont de itemours and Company 
General E le  c tr i c  , R i  chland 
Idaho Operations Office 
Iowa Sta te  College 
Kansas City Operations Branch 
Kellex Corporation 
Kirtland A i r  Force Base 
Knolls Atomic Power Laboratory 
Los Alamos Scient i f ic  Laboratory 
Mallinckrodt Chemical Works 
Massachusetts I n s t i t u t e  of Technology (A. Gaudin) 
Hassachusetts I n s t i t u t e  of Technology (A. R. Kaufmann) 
Mound Laboratory 
National Advisory Committee f o r  Aeronautics 
lbational bureau of Standards (R. D, Kuntoon) 
Naval Medical Research I n s t i t u t e  
Naval Radiological Defense Laboratory 
New brunswick Laboratory 
New York Operations Office 

2 
UNCLASSIFIED 



UNCLASSIFIED 

External Distr ibut ion (Cont'd) 

r 

121, 
122 * 
123 
124, 
1250 

126-1.40 

l - 4 3 - U O  
4 5  o 

46-1500 
151-152 0 

153 o 

1% o 

155. 
160, 

165, 

167 , 
168 , 

4l-m 

156-159 

161-164 

166 

169-170, 
171 e 
172 . 
173 

174-175 0 

176-177 0 

178-187. 
188, 
189 , 

196, 

198 , 

190-194 
195 o 

197 m 

199-200, 

201-203 , 

204 e 

North American Aviation, Inc, 
Patent Branch, Washington 
RAND Corporation 
Sandia Corporation 
Santa Fe Operations Office 
Technical Information Service Oak Ridge 
U o  So Geological Survey (To bo Nolan) 
U, S, Public Health Service 
University of California a t  Los Angeles 
University of California Radiation Laboratory 
University of Rochester 
University of Washington 
Savannah River Operations Office 
destern Reserve University 
Westinghouse Elec t r ic  Corporation 
Yale University 
Atomic Energy J h J e c t ,  Chalk River 
Chief of Naval Research 
H, K O  Ferguson Company 
Harshaw Chemical Company 
Isotopes bivis ion ( M r ,  McComick) 
Library of Congress, Acquisition Department (J. W. C o r n )  
National Bureau of Standards 
National Research Council Ottawa 
Naval Research Laboratory 
Nevis Cyclotron Laboratories 
Oak didge I n s t i t u t e  of Nuclear Studies 
United Kingdom Scien t i f ic  Mission (M, Greenhill) 
USAFo Eglin A i r  Force Base (Technical Library) 
USAF, Wright-Patterson A i r  Force Base (Rodney Nudenberg) 
USAJ?, Wright-Patterson A i r  Force Base (CADO) 
U, so Army, Army Field Forces (Captain James Xerr) 
U,  So Army, Atomic Energy branch ( L t ,  Col, A, W. Eietts) 
U ,  s, Army, Director of Operations Research ( D r ,  Ellis Johnson) 
U, So Amy, Off i ce  Chief of Ordnance (Col, A, R. Del Campo) 
U,  S, Army, Office of the 

U, so Army, Technical Command (Col, J, H. Rothschild 

UT-AEC Agricultural  Research Program (Charles S, Hobbs) 

Signal Officer (Curtis T. Clayton 
thru Major George Go Hunt) 

Attn: Technical Library) 

3 

UNCLASSIFIED 



Surface finish control is  important from the standpoint of performance, 

appearance and cost. 

up t o  the craftsman, who 

ing  has been specified by the designer, 

In many cases the degree of finish has been left entirely 

the part. A t t b s , o n l y  the method of finish- 

The designer is most familiar with the performance and a p p e m e  required 

and to  a large extent responsible for cost. 

should control and specify finish degree. 

It is therefore i n  order that he 

This brings up the necessity of having available the same concept of finish 

degree i n  both the design and shop organizations. 

The literature on th i s  subject has been studied. Available scales and gages 

have been checked over. ASA Standard B116.1-1947 hss been eelected as our guide 

and General Electric Surface Scales, C a t .  Hos. 342x60 aad 342x61 are being 

used. These sane scales axe on hand in both our design and shop organizations. 

Each member of our design organization has been supplied with the following 

instructions. He is also supplied with a conapilation of related informstion 

and recomendations taken from varioua technical publications (see bibliography) 

dealing Kith surface finishes and their application. This is expected t o  serve . 
as a guide t o  his selection of surface finish. 

h 



I H S T R U C T I O H S  

1. Tbe symbol used should be that described in ASA Standard B46.1-1947. 

(Use only applicable parts of the symbol shown on page 60) 

Place these notes near the t i t le  block on each drawing. 

a. Finish symbols are i n  accordance with BSA Standard B46.1-1947. 

b. Roughness height values are the maximum m i t h e t i c a l  average 

2, 

deviation from the wan surface, expressed i n  microinches. 

c. For surfaces not otherwise indicated, roughness height values shall 

not exceed * . 
3. Avoid specifying waviness height, lay and roughness width except *re 

it is known that malfttnctioning w i l l  result fram uncontrolled valrres 

of these variables. (In every case, it is necessary t o  decrease the depth 

of cut and feed i n  order t o  obtain a swother finish, and as a result  

of t h i s  the waviness height and roughness width w i l l  decrease in 

proportion. ) 

4. Always specify roughness when specifying any other surf'ace property such 

as lay, waviness and/or roughness width, 

It is understood that when only one figure is used t o  specify a surf'ace 

property that figure is the maximum value and any lesser value is 

acceptable. In nearly every case it w i l l  be sufficient to  use only the 

roughness values shown on the General Electric Surface Roughness Scale. 

(These are stock items i n  ORlQL Stores.) 

5 .  

. 

+Designer shall specify this (In general 125 will be suitable for  t h i s  ) 

5 



6. 

7. 

8. 

9. 

Unless otherwise restricted, it is understood that for any earface 

whose finish is designated by a symbol, that finish appliers t o  the entire 

surface whose bomb w e  shown by i ts  dimensions. 

A l l  surfaces 63 microinches and/or smoother should be designated by 

synbols on the part detai l  (or by note t o  effect: 

surfaces 

Do not specify finishes finer than that required for proper functioning 

o r  aparance .  (See cost column of Application Table) 

The Application Table may be used as a guide i n  specifying the surface 

on a particular part. However, if the specifidi f inish proves tmsatierfactory 

then the remxks concern- the e9fect of surface finish on various 

i.e., "erachine all 

V )  

properties w i l l  indicate the direction of change. 

. 



D I s c u s s I o ~  
Effects of Surface Finish 

Since operating conditions are many and varied for  parts performing smlar 

functions i n  different machines, it is incorrect t o  propose that such parts 

should always carry identical surface finishes, So for the present at least, 

reason and experience must be relied upon. 

desirable froan the standpoint of one or more of the following factors. 

Surface finish control may be 

Wear is the tearing away of minute p@ticles of material at  the surface 

due t o  the abrasive action of one surface on another. This intimates 

mechanical interlocking of roughness and consequently initial mar is mini- 

mized by using a fine f inish,  Wear improves the surface finish, but in 

the case of a hard material rubbing on a soft naterial the roughness may 

remain almst unaltered on the hard material when the sof t  one is worn 

beyond w e r  (For example, a f i le . )  

Friction 

Friction is the force ( in  addition to  that required t o  overcome inertia) 

necessary to  move one body relative to  another when their surfaces we i n  

contact. 

fields of force that exist  a t  all surfaces. 

the  surface and or separating the surfaces by a film of material (such as 

oil) t ha t  shears easily and without damage t o  the surfaces, 

It can be attributed to  mechanical interlockin@; and the molecular 

It can be reduced by improving 
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Seizing, G r r l l i n g  and Fretting 

Seizing is the "cold welding" or joining of particles of mating arurfaces 

when brought into intiarate contact by high localized pressure and/or 

temperature. 

stronger than the parrent material and when relative mtion occurs, tear  

out a macroscopic quantity of the weaker raaterissl. 

88 galling and can result i n  quick deetruction of the surface. 

accelerated by abrading, fltllcing, etc., and can be prevented by separating 

the surfsces by a f i l s  of material that shears more easily than the 

parent ~ s t e r i a l .  

joints and shows up i n  p i t  foraaa;tiom. 

minute motion at  the surface due t o  s t ra in  action under alternating loads. 

Asezrming that  "cold welding" occurs and a tiny fragment is loosened 

due t o  the motion; this oxidizes rapidly and works its way t o  the &side 

under the influence of vibration. The removal of this particle exposes 

These mlecular forces causing the bond are s&i?ms 

This procehis is known 

It is 

Fretting, on the otherhad, occurs i n  supposedly tight 

It is believed to  be caused by 

a fresh surface subject t o  further cold welding and/or oxidation and a 

p i t  i e  progressively foriaed. 

Lubrication 

Lubrication is the procesa of maintaining a film of a third substance 

between two surface8 that have relative motion. 

would include solids, liquids and gases. 

as coolants. 

A l l  types of lubricants 

Some lubricants also serve 

Selection is usually based on operating pressures and 

temperatures. 

maintain the f i lm to  give absolute separation of the  surfaces. 

Generally, the finer the finish, the easier it is t o  

8 



Emissivity and Reflectivity 

Emissivity is the ratio of the thermal radiation emitted (or absorbed - since 
for thermal equilibrium these are equal) to the total radiation falling 

upon the surface. Reflectivity is the ratio of the radiation reflected 

to the total falling upon the surface, Tbeir sum is always one (1) for 

any surface. For a particular material, the rowher the surface, the 

better absorber it is and conversely the smoother the surface the better 

reflector it is. 

also by the geometry ofthe roughness. 

These are affected not only by height of mw#mess but 

Actual Contact Area 

This might be thought of as percent of bluing. This again is affected 

by both height and geometry of roughness. 

subject to high unit pressures and on electrical contacts. 

It is of importance on parts 

Closeness of Fit 

Wet seal faces aich depend on surface tension to prevent leakage require 

thin films and therefore smooth uniform surfaces. Also on close tolerance 

work, the surface roughness height must be a small  percentage of the 

tolerance in order to maintah the tolerance when in service. 

Fatigue Strength 

The fatigue strength of a part is many t m s  llnited by crack formation. 

A rough surface acta as a stress riser which may cause crack formation 

and premature failure of a part, 

9 



cost - 
Cost of production rises rapidly with refinePllent in finish and from this 

standpoint the finish should be no better than l e  necessary. 

Appearance 

Appearaace certainly does not add to perf'orprasce but in cases of precision 

or delicate deviceol a refined appearance encourages proper handling. 

Ease of cleaning may also be a factor. 

10 



COST COMF'ARISONS 
'Am 

SURFACE FINISH A F T L I C A T I ~  !TABU 
Roughness Typical Methods Appr~x. 

Height Value of R e l a t i v e  
(microinches ) Tgrpical Applications producing Finish C o s t  

1 Micrometer anvils, mir- Lapping, polishing, errper- 4 0  
rors, high grade gages finishing 

2 Shop gages, comgarator Lapping, polishing, super- 35 
anvils, metal to  m e t a l  
seal  faces 

finishing, micro-honing 

4 Vernier caliper faces, Grinding, micro-honing, 30 
sliding contact under heavy lapping, superf'inishing, 
loads, precision rol ler  and burnishing, polishing, etc. 
b a l l  bearings, seal faces 
moving relative t o  flexible 
seals retaining gases 

8 Sliding contact under high Grinding, honing, lapping, 
load such as cam faces and rolling, polishing, burnish- 
journal bearings, ing, etc, 
grade b a l l  and rol ler  bear- 
ings, seal faces moving 
relative t o  flexible seals 
retaining l iqu ids  and 
greases 

16 H i g h  speed shaft journals Grinding, rolling, lapping, 
under moderate load, com- honing, some nroulding and 
mercial grade ball and rol- exhxling, etc., 
ler bearings, ball and rol- 
l e r  bearing seats, *'Ow ring 
grooves f o r  s t a t i c  seals, 
valve plugs and seats, cyl- 
inder bores, geax teeth 

32 Sliding contact under l ight  G r i n d i n g ,  turning, milling, 
loads, splined shafts, key broaching, reaming, honing, 
seats, facing for f r ic t ion 
clutches and brakes, solid etc. 
metal gaskets, mating faces 
of precision parts, gear 
teeth, highly stressed 
parts, piston 0.D.s  

extruding, muing, bring, 

26 

20 

15 
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Roughness Typical Methods Approx. 
Height Value of Relative 

(microinches) Typical Applications Producing Finish cost 

63 Mating faces of machine Shaping, grinding, broaching, 10 
parts (no motion), for 
appearance on outside 
faces, t o  obtain size 
dimensions t o  decimal 
tolerances 

turning, milling, extruding, 
permanent mould casting, 
dril l ing,  boring, etc . 

125 For a great variety Shaping, t-ing, @ W Y  7 
of non-critical assemblies, 
such as housing pasts, rolling, extruding, drilling, 
facings on pipe flanges 
trueing up and stock removal, 
sizing to deem tolemace 

grinding, boring, forgin& 

permsnent piould casting 

250 Flange facing using soft 
gaskets, clearance dimen- 
sions (aidits), for 
rough machine parts, for 
stock remval, for trueing 
up or t o  obtain s i ze  t o  
fractional tolerances 

500 Primarily for  stock removal 
O d Y  

1000 For stock removal prior 
t o  finishing cuts 

2000 For stock removal prior 
t o  finishing 

-w, 
rough grinding, shearin& 
forging, boring 

5 

shaping, turning, milling, 3 -0 
sand casting, sawing, planing 

Rough turning, planing, 1.5 
milling, torch cutting, 
sawing, etc. 

V e r y  rough turning, plasing, 1 
milling, torch cutting, 
sawing 
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