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Lay
(@)
Lay
symbol Interpretation Examples
— Lay parallel to the line representing the surface 4_;>
—_— to which the symbol is applied — \ {:
—
Lay perpendicular to the line representing the |||||ml||||
_I_ surface to which the symbol is applied \ { i
—/
X Lay angular in both directions to line representing %%
the surface to which symbol is applied 2 \ fX
)
P Pitted, protuberant, porous, or particulate
nondirectional lay \ {p
(]
Figure 4.2

(a) Standard terminology and symbols used to describe surface
finish. The quantities are given in um. (b) Common surface-lay
symbols.
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Digitized data

Surface profile Center (datum) line

Figure 4.3
Coordinates used for measurement of surface roughness, used in Egs. (4.1) and (4.2).
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‘k‘— Stylus path

\ Actual surface

Workpiece

(@) (b)
0.5 um (20 in.) 0.6 um (2511 in.)
X X
A AN A AN TN N
(“ + — T
0.4 mm (0.016in.)
(c) Lapping (d) Finish grinding

3.8 um (150 in.) 5 um (200 in.)
7 .

X
A,
v T
(e) Rough grinding (f) Turning

Figure 4.4
(a) Measuring surface roughness with a stylus. The rider supports the stylus and guards against damage. (b) Path of the stylus in measurements of surface roughness

16 (broken line) compared with the actual roughness profile. Note that the profile of the stylus' path is smoother than the actual surface profile. Typical surface profiles
produced by (c) lapping(POLISHING); (d) finish grinding; (e) rough grinding; and (f) turning processes. Note the difference between the vertical and horizontal

scales.
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Roughness Average, R, — Micrometers pm (Microinches pin.)

50 25 12.5 6.3 3.2 1.6 080 040 020 0.10 005 0025 0.012
Process (2000) (1000) (500) (250) (125) (63) (32) (16) (8) (4) (2) (1) (0.5)

Flame Cutting
Snagging

Sawing

Planing, Shaping
Drilling

Chemical Milling
Elect. Discharge Mach.
Milling

Broaching

Reaming
Electron Beam

Laser

Electro-Chemical
Boring, Turning
Barrel Finishing
Electrolytic Grinding
Roller Burnishing

Grinding

Honing
Electro-Polish
Polishing

Lapping
Superfinishing
Sand Casting

Hot Rolling
Forging

Perm. Mold Casting
Investment Casting

Extruding

Cold Rolling. Drawing
Die Casting

The ranges shown above are typical of the processes listed [ Average Application
Higher or lower values may be obtained under special conditions 1 Less Frequent Application
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(Adhesion theory of friction) S lae! jo Fodwws )90

™19 Egezme () JS0) witn oled 55 K00S0 b plawled (6,0l 4l 5l (58 )0 el oals (5SSl

Ded oo 48,5 Jlai 0 (A) wled 28lg ddlais flgie 4y yuled o

N

e,
\_{ Elastic
=3 o
S —
(a) (b)
Figure 4.5

(a) Schematic illustration of the interface of two contacting surfaces, showing highly loaded asperities; and
(b) illustration of the proportion of the apparent area to the real area of contact.
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K= Hardness
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Figure 4.6 Normal Force, N
Schematic illustration of the relation between friction force, F, and normal force, N. Note that as the real area of contact approaches the
24 apparent area, the friction force reaches a maximum and stabilizes at that level. At low normal forces, the friction force is proportional to

normal force; most machine components operate in this region. The friction force is not linearly related to normal force in metalworking
operations because of the high forces involved.
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(Abrasion theory of friction) Sl jo Wl 694
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Figure 4.5
(@) Schematic illustration of the interface of two contacting surfaces, showing highly loaded asperities; and
26 (b) illustration of the proportion of the apparent area to the real area of contact.
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Good lubrication Poor lubrication

C T T )t

(a)

Figure 4.7

(a) The effects of lubrication on barreling in the ring compression test. (a) With good
lubrication, both the inner and outer diameters increase as the specimen is
compressed; and with poor or no lubrication, friction is high, and the inner diameter
decreases. The direction of barreling depends on the relative motion of the cylindrical
surfaces with respect to the flat dies. (b) Test results: (1) original specimen, and (2—4)
the specimen under increasing friction. Source: After A.T. Male and M.G. Cockcroft.

(b)
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Charts to determine friction in ring compression tests: (a) )
coefficient of friction, x; and (b) friction factor, m. Friction is ‘Qﬁf o )1)_25 oolawl 3,g0 @5‘5 ojL_g‘ L &g ‘LQ&LA}\ Q—"
determined from these charts from the percent reduction in

height and by measuring the percent change in the internal “ Ce . s .. . ae L] &
diameter of the specimen after compression. FSzs5 sladiges [ bl 15 0,90 53 Vb slos 50 oS5l K
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Solution:
First, the new ID needs to be determined; this diameter is obtained from volume constancy as follows:
I[A T
Volume = 1(302 —152)10 = Z(B‘)2 — ID?)5

From this equation, the new ID is found to be 13 mm. Thus,

15 —13
15

Change in ID = X 100 = 13% (decrease)

For a 50% reduction in height and a 13% reduction in ID, Fig. 4.8 yields u = 0.09 and m = 0.4.
30
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Figure 4.9
Schematic illustration of (a) asperities contacting, (b) adhesion between two asperities, and (c) the formation of a wear particle.
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Table 4.1 Approximate order of magnitude for the wear coefficient, k, in air

Unlubricated k Lubricated k
Mild steel on mild steel 10 2t0 103 >2100 Stzfele?n 22100 107 to 1010
60-40 brass on 3 Aluminum bronze on —g —9
hardened tool steel 10 hardened steel 10 " 10 10
Hardened tool steel on 10—4 Hardened steel on 10=9
hardened tool steel hardened steel
Polytetrafluoroethylene 10=5
(PTFE) on tool steel
Tungsten carbide on 106
mild steel

Conw Gl o¥e8 G (goais (o) S0lg ) mlaw (g9, (g B0 L o FeFe i sl ool aiSle alle SO sleal (Lo
aleo 51 MM? (o sl 6l 35 Cdlacs s Gl Ggllas ol Fo o MN/M? iy e ol 353 b 0 o0
Solution: Ol il b x5
The parameters in Eq. (4.6) for adhesive wear are as follows:

V=10mm3=1x10""m3; k = 1073 (from Table 4.1); N = 500 N; p = 400 x 10® N/m?.
Therefore, the distance traveled is obtained from Eq. (4.6) as

L _3p_ () x 107%)(400 x 10°)

kN (10-3)(500) 24 m.
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Figure 4.10

Schematic illustration of abrasive wear in sliding. Longitudinal
scratches on a surface usually indicate abrasive wear.
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Rolling element Inner raceway

Fretting
corrosion
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