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Produced part with error
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The cenier of the partiis vague and not clear.
This manufactured shaft has 4 centers.

a5 S | lgaSiug g bl galel ol pls
SaS

SlgH 50 382 g0 1€ (il s yaRio
9SG 390c 5920 P SIS I P 6 Cuuws

Mg.fbaJL?bJ_l.c



G sl sl L5 glas] ol

Sl (505 aRio 10 Lalis a3 68l (e Siil 6l b buo ¢l I o9l (sl bl

i f
20+0.3 )
* 20.3 Max
'

Directly toleranced (plus/minus) dimension
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Produced part has variance. It 20.3 Max
is just a little bent. Is it pro-
duced within tolerance?




G Il ol L (glas] il

Cuwl

This application

~[os1A]

A
This on the
drawing [7]0.2
0.6 Profile zone - ‘
Means this 19. 7 Mm 1 20.3 Max




AAS oo JaiaS | lgaS jug g bl jl salsul sl 4Ls

This on the
drawing

Means this

0.2
Flatness

0.6 Profile J I— 20.3' Max
Zone — 19.7Min




www.sharifcadcam.ir

U.LulJLl_jl o>l Lwl wauumﬁsmaém&ul JAJSJLJUJ.U.UJl [Dbbleu..\a.lm ] 9o LJLJ.UJ)-]

.bJSél_}.le | 5 S Sl ]S miwaow 68 dgu (531 481 gl I g 31 Sg>g (5ol
Sz gz o oS dgy Gilgal g Gl jugal gawg E2> sie (ol i piew gbodo JoUs I —v
G L3S0 Joe s glaao 5 GSblec jLB s salesl sl )5 b gaod 6Sbw I gy p9> olg2
w1290 g Sl 03 arid Dlgsl pul cawlio uwdxe g 39 jl ol pase Usaoc Lg.'uT ade 0005 plxul

19vE Juw 53> ANSI Y14.5:

199K€ Jw ;5 ASME Y14.5M:

booq Jlw s ASME Y14.5M:

bolA Jus s ASME Y14.5M: 1 S35l 68 Sud (555U s S (5l JLw 5 S jIssliwl
8

a2l 39 1955 Juw s USASE Y145 s jlssliwl eslyl g GD&T



o/

www.sharifcadcam.ir

ASME Y14.5-2018 BS EN I1SO 1101:2017
(Revision of ASME Y14.5-2009) ~ - 5 B 3R T i
= Fe ‘.[ ;}.";':i \ e X
Y g l - gl ‘;‘ i ke ::‘.‘T“? = 3
r’ 0 " ., v

\‘.
e
¥

Dimensioning
and Tolerancing

BSI Standards Publication

Geometrical product yaio b g lds

specifications (GPS) —
Geometrical tolerancing —
Tolerances of form, orientation,
location and run-out (ISO osloiwl (5> jlasliwl
1101:2017)

Engineering Product Definition and
Related Documentation Practices

agjlﬁsgﬁ

AN INTERNATIONAL STANDARD

9?‘@ The American Society of .wg! n‘ oo 0

® Mechanical Engineers
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A Practical Guide to Geometric Tolerancing
per ASME Y14.5 - 2009

Location

Orientation  Position  Protha Runout Median Points

8 — e Ly <z ¢ o ZANe=

Indexer Assembly a

=it

Geometric Dimensioning

and Tolerancing
Applications and Inspection

FUNDAMENTALS
= of Geometric Dimensioning
| and Tolerancing

Third Edition

THIRD
Edition

Gary K. Griffith
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Examples of features of size
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Maximum Material Condition
MMC size 80.2

LMC size 79.6

3X $9+0.4

MMC size 25.06 ool s MMC oslo (g i b i

LMC size 25.02
i L oslo 4iSIa> Joldh suaiiso oS

LMC size 9.4
MMC size 8.6

+0.2
P80.0.4

1 25.06
¢25 02
16+0.25 ‘1__‘

LMC size 16.25
MMUC size 15.75

SDubb o0 ojlaol gl Cudgazo
L/ g ool U2 S ) i)
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Minimum Material Condition

MMC size 25.06 Ghul i LMC  oslo ¢ pinS b i

LMC size 25.02 ) - _
J3ls> Jobd suaxdwo gl > oS

MMC size 80.2
LMC size 79.6

3X $9+0.4

LMC size 9.4
MMC size 8.6

+0.2
P80.0.4

5.4

LMC size 16.25
MMUC size 15.75
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RFS g LMC (MMC o 63aasS glal

Position tolerance modified at RFS

The implied RFS modifier
in the feature control frame
invokes the RFS concept and

requires the features to be N
positioned with a 0.6 diameter
tolerance zone regardless of the
feature size. See table.
Implied RFS modifier

4X $12+0.3 4
p®06 |A|B|C

Diameter Diameter Position
Feature Size | Tolerance Allowed

11.7 0.6

11.8 0.6

11.9 0.6

12 0.6

12.1 0.6

12.2 0.6

12.3 0.6

A

10+0.1

(Regardless of Feature size) RFS

Y| P
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Position tolerance modified at MMC

The MMC modifier in the feature

control frame invokes the MMC _
concept and allows additional

position tolerance as the features

depart from their MMC. See table.

MMC modifier

4X $1210.3 /

Plp0o6M|A|B|C

n
-0 &

I |
P
o<

Fm
g

Diameter Diameter Position
Feature Size | Tolerance Allowed

11.7 0.6

11.8 0.7

11.9 0.8

12 0.9

12.1 1

12.2 1.1

12.3 12

2
A

—a |- 10401

(Regardless of Feature size) RFS

Y| P
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Zero position tolerance modified at MMC

The MMC modifier in the feature control frame
invokes the MMC concept and allows addition-
al position tolerance as the features depart from

their MMC. See table. %%

12.3
4XP 11 1

[@{eo@]A[B[C|

Diameter Diameter Position
Feature Size | Tolerance Allowed
L1Ed 0
11.2 0.1
11.3 0.2
11.4 0.3
11.5 0.4
11.6 0.5
11.7 0.6
11.8 0.7
11.9 0.8
12 09
12.1 ¥ 58
pall  Koemamn
aaC W\ 1) &/

(Regardless of Feature size) RFS

Y| P

21
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RFS g LMC MMC L 633 plLal

Position tolerance modified at LMC

The LMC modifier in the feature

control frame invokes the LMC \
concept and allows additional

position tolerance as the features

depart from their LMC. See

table.
LMC modifier
4x¢12¢o.3/
Nﬂ}]m.e@]A B|C
IR D\

+ +

B + a2
A | i

?—— [25 |l-—| 50 |—-l

Cc

Diameter Diameter Position
Feature Size | Tolerance Allowed

12.3 0.6

[2.2 0.7

12.1 0.8

12 0.9

11.9 1

11.8 1.1

17 1:2

N

—1—- p——

bA

— - 1040.1

(Regardless of Feature size) RFS

Y| P
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Diameter symbol

Reference dimension 7

i
Z Datum feature
symbol

All around symbol

Oos5[A|B

)
&
)
(3}
>
@

- 06

Square symbol

@ 50
: \ | 2x [45°]
(5] n R ) 3X
(36) 1) 3 @R\
1' :“‘ . 9_'1 %imension
; ’ (enclosed in a box)
: & xS oy
Qdi:s symbol "N J‘ Three Umcx
‘ this will occur
3X ¢£20.1 B
L1 ®11+0.2
T640.5 ®8+0.1

|_L]#0.1 @fﬂ

Counterbore symbol

Z |0 05M|A|B
D

epth symbol

/\/ ®9+0.3 X90°+1°
Countersink symbol

skl (5955 bl I Basic ool slsl
5 (gl o 65 ML (S848S (g3de
So Cuebgo L Liwly o jlasl o8
gl (50 odlLwl suaRiio L Crouwd

SO el euiugy s Ugaso ool slaul

. 35gul 50 031 (jliw (Juhiuuo
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i
|\< —69_ _€ T 0.2 Tol zone
P_ J 2 parallel lines
— 30403

Series of longitudinal checks

Means this

0.2 Tol zone

i
—
A
|

Each cross section must — 30.3 Max size
be within limits of size (Perfect form boundary) 25

29.7.530.3
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— 0.05
‘ JrAoS §lp 0390 pudiumo Gusl L
Uz S 2how 35S
¢20.00
19.75

Cutting plane through
nominal axis

Series of tolerance
zones 2 parallel —X/

lines 0.05 apart
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Means this The derived median line of the

feature must lie within the
specified dia tol zone.

J3ES 5l gagr Eadivo (ol 4L
adhio L gay Sy gg20 g3

o3l gl JSud o0 Sl L5

A combination of the size and
straightness tolerance requires that
the entire feature must lie inside of a
virtual boundary of 22.7

@ 0.6 Tol zone at MMC
The tol zon¢ increases as/the
size of the circular elements

departs front MMC
Straightness of an axis releases &

the perfect form at MMC S; . !
requirement defined by Rule #1, Feature Size | Tol Zone Size | Virtual
but still requires each local MMC @ 22.1 @ 0.6

cross-section to be within the

: 22.7
21.9/22.1 limits of size. ®220( @07 @

LMC @ 21.9 @ 0.8 29
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This on the drawing

olmgy o0 bgipo Sig iR
+ Application
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{ Seal surface —X
25+0.5 (
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o9 o2hd ojlssl b slaol )5 i35 gl s Gild imy S 61301 @5 iR usl L
Means this L. . " .
.mu.OJLSMbS&b.mLSQJOS.LAQM

Each cross section
must be within
24.5-25.5

_ﬂ 0.1 Flatness

tol zone

(Perfect form boundary)

0.1 Flatness tol zone
2 Parallel planes

Flatness of a surface is a form tolerance and
datums are not allowed. Since flatness controls
the surface, the material condition modifiers
MMC and LMC are not allowed.
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(Flatness) iy (ol Js | p5aS 6923

Leveling adjusters

Level part on surface plate using the three

adjusters and move indicator over surface.

The readings must not exceed flatness
tolerance. This is a good check but it may
be time consuming.

Feeler gage

Set part on surface plate and use feeler
gage: This 1s a‘quick check used for
largertolerances. It may miss concave
variations.

33
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(Flatness) sizs uol )l J oS o920

L ’:/r

Set part upside-down on gage blocks of
equal height, then indicate underneath.
This is also a precise check but cannot
indicate on surface resting areas.

Gage blocks

(&8

Indicate surface through a hole in the
surface plate while sliding part. This is
a good in proeess check. It may misread
Ofi COnvex parts.

34
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This on the drawing [__O

0.03
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Means this Series of cross
sectional checks

ulig> Jg20 o g0 S 3938 sl o

Produced part

) S50 P 6ul> g
8% ...IQJIJ.§ JS ": ha /

30 DG (50 ORI

b oo« 338 S0 oyl

/ 1 :' ( .M;:Il:l
—E 0.03 Tol zone (0.06 on dia)
2 congentric, gircles
’ ‘-..‘.-‘: 1 ¢ 9‘8 k/ilr‘ .
Circularity allows the shape of the feature to be waisted, ©®10.0 Max
barrelled, or tapered within the size tolerance. Circularity 36

controls only the circular elements of the feature.
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oS Sy o i gl solgiwl sl Ly

el oshd S, (5l 3lgiwl b 610l 62
‘ Al =l JolS solgiwl I solgs (Lo

Means this
0.005 Tol zone (0.01 on DIA)

2 Concentric cylinders O P2 ual b ool oLl el

ol 5 51580 L3S 30 oo oolgiwl g

Produced part

ol (50 0000 s
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85 335 o L (5l eulgiml sl 4L

Means this

el oshd S, (5l 3lgiwl b 610l 62
‘ Al =l JolS  solgiwl  jlI Solgigo

0.005 Tol zone (0.01 on DIA) ] o1 o5 15 AU ol
2 Concentric cylinders UL P22 (uwdl i ousl sl ellnls

ol 5 1580 U S jo e oulgiwl g
Produced part LJQM J9-b oo )_;,ul_.; o 03Ul [J-I-IRJ
Goll ol s 1 guolpls ol jldo

Cuwl oS oshd
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Means this

s | 880_>|
LMC cross : y 875 |

section min LMC cross
of 870 section max
of .880
i |
.874 Perfect form —w  rt— 875 Perfect form —»  la— 874
boundary at MMC : : boundary at MMC } i 0} 870
for a pin. b for a hole. L]

The limits of size define the size, as well as the form of an individual feature. The form of the
feature may vary within the size limits. If the feature is produced at its maximum material
condition, the form must be perfect. The feature may be bent, tapered or out of round as it departs
from thc maximum matcrial condition. 41
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i ol 5§ S s Wio 81 sy ol b g8 iy Jual Sy ASME s jlsstiawl 5> jgls Jool
P |y ausiad 035 «53lsul Gl 15 080 18,8 5 55 300 63 Cuss (il (Slieo oy 394 00 6380

S0 J S 9 3 S50 g

This on the drawing

The size tolerance applied to the pin also controls its form. If it is necessary to refine the form, a

form tolerance such as straightness, circularity, cylindricity or flatness is applied. Some of the
possible form variations for the pin above are shown below.

42
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Means this .870 Min

.870 Min

The pin can be tapered within .004.
The form can be refined with
cylindricity.

The pin can be waisted within .004.
The form can be refined with
straightness or cylindricity.

.870 Min
870 Min

The pin can be barreled within .004.

The pin can be bent within .004. The. form can be rc?ﬁnetd.wnh .
The form can be refined with straightness or cylindricity.

straightness or cylindricity.
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This on the drawing

Means this

median lin

Derived :
AN e

Variations in size - 498/.502 Spherical Dia, Local Size

The actual local size of an individual feature at each

cross-section shall be within the specified limits of size.
44

Variations in Form - .502 Maximum, Mating Envelope
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(Translation)

Datum Point

Three Translation Controls

X = Translation in “X” direction
Y = Translation in “Y” direction
Z = Translation in “Z” direction

Y (Translation)
(Rotation)

(Translation)

Three Rotation Controls

u= Rotation in “u” direction
v = Rotation in “v”’ direction
w = Rotation in “w’’ direction

Datum) DRF bt s wgoylz

w>lab wsigo s (Reference Frame

SIS Gt OlaiRe miuuw Sy
J> Pé&fw U2 H0go £640g0 (12l loluwo .ol
pieos Sl DRE O Lcwsl GD&T

&S uuw' buo g2 bz (gl — Gl Gwsie
g o;@-oJLﬁal 1 60 wsis lbaiio 6o
60U |wdID Sbaiw g o 6 ls5] pled (gluo

uwl bgu jo UT
45



-
& Cy (Datum)usl s (gluo

www.sharifcadcam.ir

Y (Translation)

(Rotation) DOF Gbljl- 0> ) il Jold DR Ee

OQ:,.LJ.'. .BUMSMUMSMLL!‘JO
Datum . . )
Axes u::l.ﬂbs C naadd D re 9 Cobw ‘U‘JIJ'b ng_l_o
Dgul dgda=2w0 L (59 0 L55|J.T S s

(Translation)

33197 (50 oawlzo 9 GBIy o5 aS oIl

Datum Point (Translation) / ; -
: : D gl rolz.vl
Three Translation Controls Three Rotation Controls
X = Translation in “X” direction u= Rotation in “u” direction
Y = Translation in “Y” direction v = Rotation in “v” direction
Z = Translation in “Z” direction w = Rotation in “w” direction
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Part shown with specified /— Primary datum feature (3 points of contact)

datum features /— Secondary datum feature (2 points of contact)
4X P 12+0.3

Sle0e6@[A]B]C

4 lertiary datum feature
(1 point-of contact)

10£0.1
48
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The order of the datum features in the rear compartment of the feature control frame mate
the DRF to the part.

PRIMARY

HARY N\

" SECONDARY

l‘la‘.l

& &
4 ,
Z TERTIARY DATUM PLANE
SECONDARY DATUM PLANE

PRIMARY DATUM PLANE TEATIARY DATUN
3 POINT MINIMUM S
CONTACT % ggg@rﬁlNIMUM CONTACT

In order to have interchangeable parts, it is mandatory to have a datum reference frame established
on the parts. The DRF is a 3D coordinate system where all dimensions and measurements
originate. If a part does not have a well-defined DRF, the product will not be well-defined, which
leads to misunderstandings, confusion and poor quality.

49
Note: Not all parts mate to the DRF with the 3, 2, 1 concept, as explained later in this unit.
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//|.005 (A ) .. e
T\ 6S MiS S0 yaiw ¢ (5)lgT ol Ly
! 62 U ghw S L hd Sy jl o S,
A 1.750+.005
.005 wide tol zone e i [O2=2 ¢ U*”"’IJL’ O‘DL’ ol \5)'9‘0
two parallel planes - ] —;.7h5bPerfi?t
parallel to datum plane A —~ oy pouncary x.S._; L; oS Cuwl \5)'9‘0 o010 9>
| et ®§ )/ DL 50 (5190 Lo 020
Datum plane A
; R~y
a4
Local size must be

within 1.745-1.755
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This on the drawing

A 4X M4 x 0.7

- | EQUALLY SPACED
| ON @40 BOLT CIRCLE
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(Angularity) eugl j usl )L

1 mm profile zone basically
located and oriented to the
DRF established by datum

features A, B, & C

0.2 angularity zone basically
oriented to the DRF. The zone
may translate back/forth and
up/down, but the zone must
remain at the basic angles
(oriented) to the DRF.

Datum
feature B

Means this

Datum reference frame
established in order by
datum features A, B, & C.

A
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Sample Inspection 3l L

To verify the angularity requirement, the part
1s mounted on datum feature A, centered on
datum feature B, and oriented with datum _— S
feature C, the pattern of four holes. The part is
then inclined at 20 degrees using a sine plate.
The surface to be measured should now be
near parallel to the surface plate. The ull
indicator movement on the surface slxould be
no more than 0.2. N

g

Angularity is a 3D control; the tolerance zone is two parallel planes. Angularity tolerance applied
to a plane surface also controls the flatness on the surface.
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Surface must be perpendicular when _ .

part is mounted on bottom surface. So b (5550 6280 (5l 0519wl

gl 63l Lwl jg=0
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Means this

The surface must lie between two
arallel planes 0.1 In additi LK o e
patalicl planes Uil apat. i addition, two parallel planes perpendicular
the feature must be within the
: . _ , to datum plane A
applicable limits of size or location.

Datum plane A
(Datum reference frame)

Perpendicularity 1s a 3D tolerance
and if applied to a plane surface, it
also controls the flatness. Thus, if
no flatness 1s specified, the flatness
tolerance will be equal to the
perpendicularity requirement.

Minimum
3 points contact

ol

ol
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(Perpendicularity) soles sl s

Surface must be perpendicular when part is
mounted on bottom surface and pushed tight to

the left face.

y
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(Perpendicularity) soles sl L

Means this

0.1 tol zone
two parallel planes oriented

to the datum reference frame

2 points contact

The tolerance zone is
perpendicular to this plane

-~ (oriented to the datum
reference frame established
by datum features A & B)

3 points contact

The tolerance zone is parallel to this plane
(oriented to the datum reference frame
established by datum features A & B)

Datum reference frame
established in order by
datum features A & B
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Sample Inspection

T/ 3 points contact

The part is mounted on datum
feature A and leveled to datum
feature B. The surface must
indicate within 0.1.

$ & "
- ." | y
_ ‘ : II. . |
' ; |
| |
— 1 I
" L\ | |
! N T |
~ ek L ! I | |
WL | o r | T
|1 RS ;0 | 1 | | ix§ il
—— ‘_-,_\-\ iy \_ I \ I'-, i’ 1 J 7
’ b ——r ! Y L, F J
I_." . ¥ - ..-_': .-“"' — F L W ' y ) r F,
A ) L \ y x’/ 4
E e ¢ N ) - y |
L - . CE -
o - b Fi o
Sy, - o

2 points contact -/
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Plod (59 2 63 MAS ;0 iy ei 1) (532 buw il Jgi ddhio Sy ( 2hw £gi0 ) 2bw Jubg sl L

1¢ drawing 06 |A|B
A-a—»B \
XRIE0 2 The profile tolerance is a total of 0.6. The
_r leader arrow points directly to the surface:
i 100 The tolerance zone is equally displaced
‘Y about the true profile. The in between
E‘_f A 50 i fsymb.ol under the ffiature control frame
555 identifies the extent of the tolerance zone.

B 63
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(Profile of a surface) abhu Judg yz yusl L5

2D View

Means this

0.6 tol zone
cqually displaced
about the true profile.

The arrow on the feature
control frame points to
area between points

A and B where the

tolerance is to apply.

1
100 Feature

,], height
99.7/100.3

Datum reférence frame
established in order by datum
features A and B.

Three dimensional 0.6
wide tolerance zone

equally disposed about
the true profile or 0.3 each
side.

€99 ) daw Jadg o yusl L
6S S o ey |y s
0 JI )8 oshs 2huw plod (59 1
6ihio ) Sos Ojle 6o .3 S
weseg Jgb  pled ol Jgs

.Mbbnuu.l.ug_l|JJlS&9b3
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Ul aed (oS iug (o igd

SUMMARY OF DEVIATION

PROFILE iy ezt i

S
LOCATION

ORIENTATION
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A 0.6 total wide profile of a surface zone . ol
equally disposed about the true profile e LY
within which lies a series of 2 dimen-
sional 0.2 wide profile of a line cross
sectional tolerance zones each of which

are oriented to the DRF. The surface | > 23S (50 Ly 4=
elements of the feature must lie in the The profile of a line feature control frame _

profile of a surface zone and series of was used to insure the series of profile of aS ;0 Jl ;8 IS
refining profile of a line zones Y line cross sectional tolerance zones are

oriented only, and not located to the Jgi 68hio JS:p

V' | referenced DRF.
D J9o LJSJ.U

Datum réference frame established ol
by datum features A and B.

u

simultaneously. \

Means this

68
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(Position) causdgo sl 4L

Tolerance

Position

2 Parallel planes
Cylindrical
Spherical
Conical

Boundary

61351 6> Ui 65 53S0 (puusi
S3lg5 50920 Sy by JSb Sy
395 202> 590 o0 Catud

gl L9 ju0

Application of
Feature Modifier
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(Position) glesl gibwl 6l L causbgo usl 4l

Application

Part mounts in assembly
on surfaces shown. The

holes provide clearance
for the bolts.

QO
QO

61351 6> Ui 65 53S0 (puusi
35195 50920 So by JSaib So
395 SR> LRG0 6 i

. 3gull L9 jJ20

71



&/C2

www.sharifcadcam.ir

(Position) causdgo sl 4L

61351 6> Ui 65 53S0 (puusi

Means this

[25]=—

Va

|

&
¢

[Ho]

4

-

/

Datum reference frame is
established on the part in order
by datum features A, B, & C

\

_‘

The axis of the hole must lie within
a @ 0.2 tol zone at MMC basically
located and oriented to the DRF.

33195 50390 Sy b JSab Sy

392 p918> Cuie8g0 o0 Kl

Because of the MMC modifier, the

on the size of the holes. See chart.

Feature Size | Tol Zone Size . 3gull L9 jJ20

mmce @ 11,92 ? 0.20

@ 11,94 @ 0:22

DAY.96 @ 0.24

| @ 12.13 | —@04]

[Lve @ 12.15 @043

size of the positional tol zone depends
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Means this

'\ e s
Rectangular e
* tolerance zone o
T
35 P
g 1
20
4X 0.2 wide tol
f zong/at MMC F_ A
C 4X 0.6 wide tol
zone at MMC
The axes of the holes must lie within the 0.2 X 0.6 rectangular tolerance zones basically located 74

to the specified datum reference frame.
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(Circular Runout) suago Sl sl L5

Means this

The theoretical datum feature simulator is the smallest circumscribed cylinder
that contacts the high points of the feature. Depending on the accuracy
required, this may be practically simulated by a collet, chuck, vee block, etc.

Datum axis A is the axis of the
datum feature simulator

Each circular element of the feature must lie between two
circles, one having a radius of 0.1 larger than the other,
perfectly concentric to the datum axis A. Additionally, the
feature must be within the limits of size (24.0/24.2).

Circular runout is a 2D
control and requires a series
of circular eross-sectional
checks0f the surface.

This controls cir¢ularity,
orientation, and location of
the feature for a maximum
of 0.1 full.indicator. move-
ment. It does not control
taper, straightness, or size.
On this part, the outer
boundary is 24.3. The inner
boundary is 23.9.

ab.ii.o éb.p.u S 390 35S oyl o
| OT S yljzo g IS sk |
61351 Lo 5920 Sy 6 s
G3wg> Ul ol .3 S50
9 Ll ¢ydgs glo uls g Sl

SIS0 J S 1 (5920 o
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The theoretical datum feature simulator is the smallest circumscribed cylinder
that contacts the high points of the feature. Depending on the accuracy
required, this may be practically simulated by a collet, chuck, vee block, etc.

Datum axis A is the axis of the
datum feature simulator

Total funout is a 3D)control
and requires a total sweep
of the surface. This will
control form, orieniation,
location,-and taper (but not
size) of the feature for a
maximum of 0.1 full indica-
tor movement (FIM). On
this part, the outer boundary
is 24.3. The inner boundary
is 23.9.

The feature must lie between two cylinders, one having a
radius of 0.1 larger than the other, perfectly concentric to
the datum axis A. Additionally, the feature must be within
the limits of size (24.0/24.2).
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Datum axis A is the axis of the
datum feature simulator

Circular runout is a 2D control. It

requires a series of circular checks of

the surface around the datum axis.
1’ This controls perpendicularity or

“wobble” of each circular element
but not the flatness on the overall
surface.

Means this

2 parallel

;ilﬁmcs | | I___ 0.2

Total runout is a 3D control. It requires a
total sweep of the surface. It controls
flatness and perpendicularity to the
datum axis. It is a refinement of the size
or location tolerance for the surface.

2D circular

/ check
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