SURFACE QUALITY
(Surface Texture)

There are two principal reasons for surface finish control:

1. To reduce friction
2. To control wear

Surface texture. This term refers to
repetitive or random deviations from the
nominal surface, which form the pattern
of the surface. Included are roughness,
waviness, lay, and flaws



Whenever a film of lubricant must be maintained between
two moving parts, the surface irregularities must be small
enough so that they will not penetrate the o1l film under the
most severe operating conditions. Bearings, journals, cylinder
boxes, piston pins, bushings, pad bearings, helical and worm
gears, seal surfaces, machine ways, and so forth, are the types
of items for which this condition must be fulfilled.

Surface finish is also important to the wear of certain pieces
that are subject to dry friction, such as machine tool bits, thread-
ing dies, stamping dies, rolls, clutch plates, and brake drums.
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Roughness. Roughness is the relatively

finely spaced surface irregularities that
are produced by the cutting action of
tool edges and abrasive grains on sur-
faces that are machined.

Roughness height. Roughness height
Is the average (arithmetical) deviation

from the mean line of the profile. It is
expressed IN micrometer

Roughness width. Roughness width is
the distance between successive peaks
or ridges, which constitute the predomi-
nant pattern of roughness. Roughness
width Is measured 1IN millimeter



Roughness width cutoff. This term
indicates the greatest spacing of repeti-

tive surface irregularities to be included
in the measurement of average rough-
ness height. It is measured in mm.

Waviness. Waviness is the surface un-
dulations that are of much greater
magnitude than the roughness irregu-
larities. Waviness may result from ma-
chine or work deflections, vibrations,
warping, strains, or similar causes.

Waviness height. Waviness height is_

--— g — = -———

"the peak-to-vallev distanc |t is rated in mm.



Waviness width. Waviness width (rated

in mm ) is the spacing of successive
wave valleys or wave peaks

Flaws. Flaws are irregularities, such as
cracks, checks, blowholes, scratches,
and so forth, that occur at one place
or at relatively infrequent or widely
varying intervals on the surface

Lay. Lay is the predominant direction
of the tool marks of the surface pattern



Designation of Surface Characteristics

A surface whose finish is to
be specified should be marked with the
finish mark having the general form of a
check mark (/) so that the point of the
symbol shall be on the line representing
the surface, on the extension line, or on a
leader pointing to the surface. Good prac-
tice dictates that the long leg and the ex-
tension shall be to the right as the draw-
Ing is read.
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Table 1.1 — Evolution of drawing indications of surface texture requirements

Editions of ISO 1302

1971 (recommendation) @

1992 (3rd edition) P

2001 (4th edition) ©

Example illustrating

Raw

/-08/Ra 16

1974 (1st edition) @ pnndl
1978 (2nd edition) 2
V| W s R R Ra 16 Ra only — *16 %-rul"
b) Rybt,2 / Ryk,2
(Ry = 4,2) / Rz L2 Parameter other than only
U4 O_ I a
Ryb.2 Ra 16 %-rule
¢) ; Ramax16/ RamaxM Ramax 16 ‘ )
. e “Max-rule’
d) 1,6/ 0,8

Ra plus sampling length




16% rule

All roughness parameters without the “max” suffix represent the mean value

measured within the five sampling lengths:

16% of the measured values may exceed the limit.

Step-by-step method:

1.1t the first measured value is below 70% of the limit, this is considered to comply.

2.Failing this, take two additional measurements at other points on the surface; if al
three measured values are below the limit, this is considered to comply.

3.Failing this, take nine additional measurements at other points on the surface; if
a total of not more than two measured values are greater than the limit, this is
considered to comply



/ 0,008-0,8 / Ra 3,1

The process shall remove material, unilateral upper specification
limit, transmission band 0,008-0,8 mm, R-profile, arithmetic mean
deviation 3,1 um, evaluation length of 5 sampling lengths (default),
“16 %-rule” (default).

/ -0.8 /Ra3 31

The process shall remove material, unilateral upper specification
limit, transmission band: sampling length 0,8 mm (/s default
0,002 5 mm) according to ISO 3274, R-profile, arithmetic mean
deviation 3,1 um, evaluation length of three sampling lengths
(default), “16 %-rule” (default).




SURFACE CHARACTERISTICS ARE
SPECIFIED ABOVE THE HORIZONTAL
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MACHINING ALLOWANCE IN MILLIMETERS

2mm EXTRA METAL
ALLOWED FOR MACHINING

Indication of machining allowance.
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Symbol

Meaning

(a) -

Basic Surface Texture Symbol. Surface may be produced by any method except when the bar
or circle, (b) or (d), is specilied.

(b)

Material Removal By Machining Is Required. The horizontal bar indicates that material
removal by machining is required lo produce the surface and thal malerial must be provided
for thal purpose.

(c)

Material Removal Allowance. The number indicates the amount of stock 1o be removed by
machining in millimeters (or inches). Tolerances may be added 1o the basic value shown or
in a general note.

(d)

Malerial Removal Prohibited. The circle in the vee indicates that the surface must be produced
by processes such as casting, forging, hot finishing, cold finishing, die casting, powder metal-
lurgy or injection molding without subsequent removal of material,

(e

Surface Texture Symbo!. To be used when any surface characteristics are specified above the
horizontalline or to theright of the symbol. Surface may be produced by any method except
when the bar or circle, (b) or (d), is specified.

(f)
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PREFERRED SERIES OF
ROUGHNESS AVERAGE VALUES
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:_Recnmmgndeﬂ Rﬁughness-ﬂmght ! '

Yale 000 N Serles ot'
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2000 50 15
1000 25 N 11
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250 6.3 N 9
125 3.2 N 8
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- Roughness height rating micrometers, um (microinches, s in)aa
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Rt: Max. Roughness Height
Ra: Arithmetical average of roghness height

Rz: Average of 5 regions

Ra , Ra

Rt Ry
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Table 2 — Indication of surface lay

Graphical "
it e Interpretation and example
A . . " = . .
Parallel to plane of projection of view in which symbol is used

Perpendicular to plane of projection of view in which symbol is used

Crossed in two oblique directions relative to plane of projection of view
in which symbol is used

Multi-directional

Approx. circular relative to centre of surface to which symbol applies

Approx. radial relative to centre of surface to which symbol applies

U | O | AN X X |-

Lay is particulate, non-directional, or protuberant

If it is necessary to specify a surface pattem which is not clearly defined by these symbols, this shall be achieved by the

addition of a sutable note to the drawing.
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‘The ranges shown above are typical of the processes listed.

Higher or lower values may be obtained under special conditions.




Typical surface roughness-height applications.

Microinches
 AA Rating

Micrometers
AA Raﬁng

Apphca ication

100\(y

25\:7

Rough, low-grade surface resulting from sand casting, torch or saw cutting, chipping, or rough
forging. Machine operations are not required as appearance is not objectionable. This surface,
rarely specified, is suitable for unmachined clearance areas on rough construction items.

S(W

Rough, low-grade surface resulting from heavy cuts and coarse feeds in milling, turning, shaping,
boring, and rough filing, disc grinding, and snagging. It is suitable for clearance areas on machin-
ery, jigs, and fixtures. Sand casting or rough forging produces this surface.

25\(y

Coarse production surfaces, for unimportant clearance and clean-up operations, resulting from
coarse surface grind, rough file, disc grind, rapid feeds in turning, milling, shaping, drilling,
boring, grinding, etc., Where tool marks are not objectionable. The natural surfaces of forgings,
permanent mold castings, extrusions, and rolled surfaces also produce this roughness. It can be
produced economically and is used on parts where stress requirements, appearance, and conditions
of operations and design permit.

The roughest surface recommended for parts subject to loads, vibration, and high stress. It is also
permitted for bearing surfaces when motion is slow and loads light or infrequent. It is a medium
commercial machine finish produced by relatively high speeds and fine feeds taking light cuts with
sharp tools. It may be economically produced on lathes, milling machines, shapers, grinders, etc.,
Or on permanent mold castings, die castings, extrusions, and rolled surfaces.

o/

A good machine finish produced under controlled conditions using relatively high speeds and fine
feeds to take light cuts with sharp cutters. It may be specified for close fits and used for all stressed
parts, except fast-rotating shafts, axles, and parts subject to severe vibration or extreme tension. It
is satisfactory for bearing surfaces when motion is slow and loads light or infrequent. It may also
be obtained on extrusions, rolled surfaces, die castings, and permanent mold castings when rigidly
controlled.

0.5/

A high-grade machine finish requiring close control when produced by lathes, shapers, milling
machines, etc.., But relatively easy to produce by centerless, cylindrical. or surface grinders. Also,
extruding, rolling, or die casting may produce a comparable surface when rigidly controlled. This
surface may be specified in parts where stress concentration is present. It is used for bearings
when motion is not continuous and loads are light. When finer finishes are specified, production
costs rise rapidly; therefore, such finishes must be analyzed carefully.

A high-quality surface produced by fine cylindrical grinding, emery buffing, coarse honing. or
lapping. It is specified where smoothness is of primary importance. such as rapidly rotating shaft
bearings, heavily loaded bearings, and extreme tension members.

A fine surface produced by honing, lapping. or buffing. It is specified where packings and rings
must slide across the direction of the surface grain, maintaining or withstanding pressures, or for
interior honed surfaces of hydraulic cylinders. It may also be required in precision gages and
insaument work, or sensitive-value surfaces. or on rapidly rotating shafts and on bearings where
lubrication is not dependable.

A costly refined surface produced by honing, lapping, and buffing. It is specified only when the
requirements of design make it mandatory. It is required in instrument work, gage work, and
where packings and rings must slide across the direction of surface grain, such as on chrome-
plated piston rods, etc., Where lubrication is not dependable.

Costly refined surfaces produced only by the finest of modern honing, lapping, buffing, and
superfinishing equipment. These surfaces may have a satin or highly polished appearance
depending on the finishing operation and material. These surfaces are specified only when design
requirements make it mandatory. They are specified on fine or sensitive instrument parts or other
laboratory items, and certain gage surfaces, such as precision gage blocks.




Profilometer is a measuring instrument used to measure a
surface's profile, in order to quantify its roughness. Vertical
resolution is usually in the nanometre level, though lateral

resolution is usually poorer.

« Contact profilometers

A diamond stylus is moved vertically in contact with a sample and then moved
laterally across the sample for a specified distance and specified contact
force. A profilometer can measure small surface variations in vertical
stylus displacement as a function of position. A typical profilometer can
measure small vertical features ranging in height from 10 nanometres to 1
millimetre. The height position of the diamond stylus generates an analog
signal which is converted into a digital signal stored, analyzed and
displayed. The radius of diamond stylus ranges from 20 nanometres to 25
um, and the horizontal resolution is controlled by the scan speed and data
signal sampling rate. The stylus tracking force can range from less than 1
to 50 milligrams.

* Non-contact profilometers

An optical profilometer is a non-contact method for providing much of the
same information as a stylus based profilometer. There are many different
techniques which are currently being employed, such as laser triangulation
(triangulation sensor), confocal microscopy and digital holography.
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PORTATIF YUZEY PURUZLULUK OLCUM SISTEMLERI
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Marsurf PS1 Portatif Piiriizliiliik Olcme Ekipmant

@ Kolay kullamm

® Hizh di¢iim sonuclan Kalay Kolay
Genis LCD ekran parametre programlama
® Yiikseklik ayar ayaklan secimi tusu

® Entegre kalibrasyon mastan
® USB kablo baglantisi

@ Sarj edilebilir pil ve sarj oril Entegee
’ s d et adapto ‘ Kalibrasyon USB girisi
® Tasima cantasi mastan
® Pikap koruyucusu
@ Opsiyonel ug secenekleri
® Ol¢me stendine baglanabilir
® Yaziaya baglanabilir
Aksesuar
Ollim ucu baglantis icin
0,7mN bask: vida yataklan

kuvveti SAG ve SOL el icin
Siirilci Unitesi START butonu
(hareketli)



Teknik Ozellikler:
Birim : mm /inch cevrimli
Pikap » 2um u¢ radyuslu 6l¢iim ucu, 0,7mN bask: kuvveti
350um olc¢iime kursu
Parametreler : Ra, Rp, Rz (Ry), Rmax, Rpm, Rpk, Rk, Rvk, Mrl, Mr2,
Al, A2, Vo, Rt, R3z, RPc, Rmr, RSm, R, Ar, Rx.
Goziinurlik : 32nm profil ¢oziinurlugi
Filtre : DIN EN ISO 11562 (Gauss);
DIN EN ISO 13565; DIN EN ISO 3274
Kesme boyu : 0,25-0,8 - 2,5mm (otomatik secim)
Tarama boyu : 1,75-5,6 - 17,5mm (ISO)
:1-2-4-8-16mm (CNOMO)
Kalibrasyon : Dinamik kalibrasyon

Patentli Tarama ucu

Bellek : 15 profil; 20.000 6lciim sonucu
Guvenlik : Ayarlan saklama ve sifre ile koruma
Diger islevler : Saat/tarih ayan EEW :
Boyutlar  : 140x50x70mm; 400gr Uretim hattinda portatif ve
Baglanti - USB ve R$232 akisi Seri dlctimlerde kullanmma
uygundur.
Olciim stand1 i Yiikseklik ayaklan Genis LCD ekran, Yazic1 (opsiyonel) Tasima cantasi
(opsiyonel) 5 (standart) hassas sonuclar (standart)
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Marsurf Perthometer M Serisi Portatif Pirizlialiik Olciim Ekipmanlan

» DIN ISO, CNOMO parametrelerinin seri 6lcliimleri
» Otomatik ve dinamik kalibrasyon 6zelligi
Otomatik tarama boyu se¢imi
1,75 / 5,6 /17,5mm tarama boyu
» Profil ¢cézunlirligi 0,012pm
» Entegre termal yazia
» Ic ve dhs cap Slcimleri
Bellek karti ile sonucglann saklanmasi
RS232 baglantisi ile data transferi
Ozel cantasi icinde komple set
Stend ile kullanma opsiyonu ve genis aksesuar secenegi
Turkge kullanma kitapgad

Object
am

Date 29S/das 2002

Lt 5.68@ mm

Le 2.80@ mm

Ra 2.834 um

Rq 3.308 um

Rz 16.6 um

Rmax 18.7 um

Rp 7.5@ um

Rpk 2.40 um

Rk 8 .66 um

Ruvik 4.1@ um

Rt 18.9 um

RPc(@®.5,.-9.%5) 128 /c

RSm 112 pm

S 45 um e — - - R .

g 11.6 um
r 227 um |

2 19.3 um | Perthometer M1 Perthometer M2

Rmr curve |

Le 2.800 mm

VER 12.@ um

HOR 20 x

2.80@ mm
2.2 um

- = 3 4 temel parametre DIN-ISO-JIS ve
Ra / Rmax / R2 / Rpc CNOMO parametreleri
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Knurling is a process of impressing
diamond-shaped or straight indenta-—
tions on the surface of work. The pur-
Proses of knurling are to improwve the
appcarance of the work and to provide
a better grip. It is dome bw forcing a
knurling tool containing a set of hard-
cened cwvlindrical pattermed rolls against
the surface of revolving work. IDia-—
mond and straight pattern rolls in three
stywles—fime. medium., and coarse-

Aligning the center of the
floating head with the lathe center point.
(Courtesy Kostel Enterprises Ltd.)

Diamond- and straight-pattern : -
“ne, medium, and coarse knurling rolls. . ;
' ey A knurling tool with one set
"
Courtesy J. H. Williams & Co.) >f rolls in a self-centering head.






Rt=Tolerance/3

Rz=Tolerance/2
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f Kesici takim

Kesici takim ug¢ kavisi ve ylzey plruzitligine gore; 1 devirdeki ilerleme (f) mm

Talasg cinsi

Kaba talas Orta talas ince talas
Ortalama puriz ylksekligi
T 2 E Rz =100| Rz =63 Rz = 25 Rz = 16 Rz=6,3 | Rz=4
Ortalama puruizlilik degeri
Ylizey sinif numarasi Fm Ra = 25 Ra=12,5 Ra=6,3 Ra = 3,2 Ra=1,6 Ra =0,8
Kesici takim ug kavisi N11 N10 N9 N8 N7 N6
0,4 mm 0,57 0,45 0,28 0,2 0,14 0,1
0.8 0,80 0,63 0,43 0,3 0.2 0,16
j [ 1 0,8 0.5 0,4 0.25 0,2
1,6 113 0.9 0,6 0,45 0.3 0.23
2,4 1,4 1,3 0,7 0.55 0,35 0,28
z= 2 a= iy Rz> 25 =0,032
0,008.R (0,032- 0,040).R gt
[

Rz<16 =0,040

Talasgh liretimde kesici takim ve pdriiziiiliik iliskileri




MECH 114

Home Exercises
D
§ X 2.5 KEYSEAT
Make a working drawing of the cross slide shown in By
e . . . . SIDES
Fig. Scale 1:1. The following information is to

be added to the drawing:

® The dovetail slot is to have a maximum roughness

value of 3.2 pm and a machining allowance of 2mm.
¢ The ends of the shaft support are to have maximum < 5

and minimum roughness values of 1.6 and 0.8 pm o W

and a machining allowance of 2 mm. %/—»
® The hole is to have an H8 tolerance. Crossislide, ROUNDS ANDIHLIETS RS
2)

Draw the necessary views, show the dimensions, surface quality symbols, geometrical tolerances. (Scale:1:1),

Object Name: Swing Bracket, Material: GG 30,
Unless otherwise speci-

fied, surface finish to be 63 win (1.6 pm) with a machin-
ing allowance of .06 in. (2 mm).

ROUNDS & FILLETS RS

Swing bracket.



