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?iuﬂuﬂlil
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5.1 wuueNg naImAnNaaNNHa d1mTugIN (types of geometry

tolerances)

o

Ianngo i daydnu ol 'Ne']ﬂmmwnﬂmmmaiﬂmmmmmmmm AS 1100 Part101 anuaadlu
MINN 5.2

51.1  @rdwindngiiondios
Feature

Feature “HNWEJZN“ﬁHQT% ”1/176 ﬁ’J‘H»“ZIE]\‘I“ﬁ%Q']% Lﬂ%ﬁiﬂW%N]Lﬂﬂ’J“]VLNNﬂ’JTN‘I/‘i%']Li'IVI,N%“]JLTJ% feature NN
niguan, ia\‘laN ?iuﬂ’]%ﬁt‘ﬁﬂﬂu (N]LiEJ‘UﬂENN’J) Feagiuilu feature wagiaazi3oni features of

17N
UL

+0
D25 +0.08

~0.04
D25 1004

o

‘]Jﬁ 5.1: V]’JEJElNﬂ'J'lNNﬂWﬂ'lﬂVlE]'l?\Lﬂﬂ?lu o]
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Geometric ymbol Type of Tolerance Applications
Characteristic

Straightness

Flatness

‘| Circularity
Cylindricity
Profile of a line

Form For individual features

Profile For individual or related features

Profile of a surface

;Angularity

Perpendicularity
Parallelism

Orientation

For related features

Position including
concentricity and

symmetry Locat;on

Runout

Circular runout

Total runout

QN 4 RIHNDDRONQ] |

size

Maximum and Least material conditions, MMC and LMC

1uﬂ15n1wuﬂﬂ1ﬂawutwaﬂaﬂ features of size mmmﬂsmaunu (matlng parts) mauwmmmmua
%udmmmmmmiwmmﬂuummmwumammimﬂamn‘mam LLﬂ“ﬂﬂ%?ﬂﬂ%“}ﬂﬂ“NNauaﬂ i‘ﬂﬂﬂ
%uﬁ“ﬂuWﬂﬁlﬂmLLa”ﬁﬁ»l’]iﬂﬂi”ﬂﬁ]‘].lﬂ%ylﬂ Wouaag ?iuvl,uvlﬂNTIMTﬂ‘lﬂE]J’i/l’dﬂﬂﬂ“’ﬂ”lll’]iﬂﬂi”ﬂﬁ]ﬂﬂuvlﬂttu a
L‘JWWQWSMWW’JQ&Ni%Sﬂ‘W 5.3 AZUAWI MHULVUUED Lua“ﬁmmmﬁmmmﬂﬁlﬂmmaﬂ (Maximum Mate-
rial Condition, MMC) VNLWﬂ'ILLauiLWﬂ'l%C‘]ENNﬂ’NNL‘ﬂWVINﬂiu‘uﬁlﬂE)EJNE{NU'SW,N%ﬁ’mﬁﬂﬂ’iuﬂaﬂ
Lmnﬂﬂ (i‘ﬂ b) 1%W1ﬂﬂaUﬂ%ﬂi?jumuVNEI%NN“U‘IM@WHE{W (Least Material Condition, LMC) wWa1ag
ﬁ1N’]iﬂIﬂQvl,ﬂﬂﬁ 0.02 mm ﬂ”l:lil,wmL‘]J%‘I/]NﬂiEUE]ﬂE]EJNﬂNLIﬁm

i MMC %mm%ﬁtf:mmmnﬁqmvhﬁﬂsLﬂuvlﬂvléimmh@mmﬁa(tolerance)ﬁﬁmuﬂvmmmu Lag
i LMC %umuazﬁtﬁmmu’faﬂﬁqmﬁwﬁﬁmuﬂiﬂmmu

Virtual size

Virtual size \{iupmazesgsaanysot (perfect form) iansaasouauiunulined fodudaduna
gedanaiuauned myimsonhindaganldmuliioliszannsoldhwiwiold virual size
(Lﬂumiﬂigmmmwﬁfu)

1u§ﬂ17i 5.3 (c) WAMIDN virtual size 79UNWA UAL gﬂﬁ 5.4 a0 virtual size 299NN

Datum

Datum @9 30, ldW, 35U 130 ﬁuﬁaasmﬁuﬁ”lﬁblumiﬁwﬁﬂmﬁmi’umﬁmawmmme] dusumy
HAMITAzH071 Datum HaNuanysoinoaglin fo mmm“mumﬂmqm‘wm mumwmmam“wﬂw
fnuitfiguned limnsswn saedeanmentansedrdefussnitanysataesinnuil bilii
AT
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—~VIRTUAL
-] SIZE

e 0 &

LEAST
MATL
SIZE

A

$25-002

h-2
w
[=]

(8) tolerances

— MAX MATL SIZE

fdemle Y
| L]

I @25.00 ¢24.98

— @2500—

—HAX
MATL

(b) at maximum material condition

$20.

¢20.60

|

YA,

LD.DZ

(c) at least material condition

JUN 5.3: wanInvasmiadULa3IN

e——
—— -,.....—‘-‘_"

Rt
NN A

®20.50

JUN 5.4: 1W14a virtual size 79U
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0.05

1 5.5: lifimsivue MMC

o.ns@

1 5.6: mymmnaldiiaanaiiedl MMC

Datum feature

Datum feature Lil1h feature 709BUNU WU BB, TEUIL, UID JWa Al lumyase datum wioldlu
MIMUWBAMUUIYDN datum

Maximum material principle

<

Maximum material principle uaaeigdnyany ol ™ tousashmmadeiumumaliniletunuiiite

P~

\‘l'l%N'lm/lﬁ(ﬂ W]BU'NH”I{L?N"IMNW\‘I%

v

1. iuiﬂ% 5.5 Lﬂ%ﬂ?iﬂ?‘ﬁ%ﬂﬂﬂﬂLNE]"[I’ENT]J?W\TV]VLNVLQTﬁ MMC Tummﬁmmmtﬁaﬁm NHANN
o

auwuﬂm TTICUTRE RSN mmmmamiu%nwnqﬂumﬂawmm @uguialilldlddaanal
1993U19)

o
o

2. lugtit 5.6 s limnaanied MMC Wudeiiilonumnniigaiu dmanuiede 0.05mm

3. luguit 5.7 danuiedl MMC Aagud

4. blmﬂﬁ 5.8 1 Wnwaanaiiolt MMC ﬁyfuﬁaﬁtﬁmmmnﬁaﬂﬁ?ummmLﬁaﬁa 0.05mm 1tuie
mumuwﬂﬂuﬂﬂmw“mmmmﬂﬂmﬂelmﬂmﬂmwuaﬂwumLaumuﬂuﬂnawo 05mm AILLEAY
Tug1l () ummmmuamuuaﬂwamﬁamammmaumuﬂuﬂnaNﬁNaﬂ fMunisaguinaeag
Aldannmh deflgwhiy 0.05mm mnmmaﬂuﬂmmmmmaﬂamwman 0.1lmm Wiy 0.15
aluguit (o)

5. sLm’ﬂm 59 mnel,mﬂmmmumimwmﬁmamﬂu feature 91994 mummmﬂmaﬂmnmumm
memmemelﬂmmmmasflumﬁniyuanLaumuﬂuﬂﬂaw 0.05mm 39U UNUBDILWATDY
A duLan uuﬂamemLwawauiﬁmayﬂﬂulﬂlﬂiuLnu 0.025mm (0.05/2) dlolen fownm
A TULAN wmmauml,mmmewmmmmwﬂwmmmLLnuLwawauLaﬂ1ﬂ1uLnu 0.035 (=
(0.05+0.1+0.1)/2) ﬂaiwmmaﬂmmmmammﬂ
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T

i1 5.7: msmmualdiidanuiien MMC iflugu

+0,1
®3 0

| vo.0s @

10

(a .

TOL ZONE

®0.05
AT MMC

10

(®)

, rTOL ZONE~ !
@0.15 '
AT LMC

it 5.8: mslinu MMC d@wSudmumndagmm
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+0.01
®50 0

— O | d00s M) | A(M)

I—sz.o*g'o1

ﬂﬁ 5.9: m{lmm MMC @ UFUMUBUSIDAULN WA

52 MIMURAIRIAANNINETBITUT YR

mammuasmaanuiieuwuunyhldaesuie wuunyounw (frame method) UASUUUMIN WU
mainiinag 1o dosmumammaamaiiiesnnni 3 “ﬁﬂ“ﬂuvl,ﬂ Fusaghinandaludii drydni ol
@me‘]u,aummuammmumm‘um‘:mﬁumm@]mmmamawﬂiwu,ammﬁlumiwm 5.1 2N 5.7 1913y
o nsamnamlumnailitodiuihoga

mﬂﬁﬁaua
mﬂmauaummmwﬂumswm 5.1 (1) d@mFuualan mu,inLLammﬂawummmLwaiuﬂimw
mmucﬂmLmﬂmmiamauauuﬁlmauammmamu mwamu,amamaﬂwmwaﬁﬂﬂwmmmmi
Tieanuiiio ﬁawmuu,ammmwmaLLa"amanwmmimmma #99gAMYUANY datum feature i
Goamsli drmuniuwldiiua datum feature Mwsaunumﬂwmma
mMIM¥ua datum feature
MIMnua datum feature Wniaaddisdananalumsed 5.1 2) lasagWininnasnsammua datum 14
i1 feature #1199 16 1w Ui (2), HUILNUT (7), WWIUAUWAT (10) wag slot (18)
flatness
mmmLiﬂuuunmuﬂ%mumiw 51 (3) Li11ﬁﬂ’lﬂ%@]%%1ﬂﬁ€]ﬂN’Niuﬁﬁaﬂmil,ﬁaélﬁaijizij
i“m‘uaummaaqauwwnummummmLmammﬁuﬂ
annilwiduas (straightness)
Ao lanadluduaselumymuuwadanuiiodmsy

1. anuduiduasanoadu

2. anuiflndunaownulusswu

3. ﬂ’JTNL‘ﬂ%Lé’uﬂi\‘mENLLﬂH:;;‘]J‘VIiQﬂiS“UBﬂLL“]J“]JVi'N“] (solids of revolution)
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MINN 5.1 ﬂ13ﬁ1ﬁuﬂﬂ%’]ﬂﬂ]1uLﬁ@LLU‘U@iNV]
lSymbol Drawing Callout Interpremtlon .
frame 1. feature identification (i required) Kﬁekmeandgmmndenﬁﬁcaﬂonsmmt
'| required, the left-hand and datum compartments
2!“ \ A j—lnl«muwtol may be omitted.
i |
L;md.d N E ®
zum datum
0f required) fea
(i1 required)
feature 2. The surface is identified as datum feature A
g Either datum symbol may be used, but never
i. both on the one drawing.
or
—d*b- —ﬁ- - 2
flatness 3. The surface indicated must lie between two
s parallel planes 0.02 mm apart.
mi 7] 002 :
A T .
e
straightness 4, Any actual line on the top surface, parallel to the
e plane of projection in which the tolerance frame
]:n[ is shown must lie between two horizontal parallel
lines 0.02 mm apart.
¥
-Em ;

5. Any position of the generator of the cylinder
must lie between two parallel straight lines on
the surface 0.02 mm apart.

L e —
Too
6.

A

The axes of cylinder A only must lie within a
cylindrical tolerance zone of 0.02 mm diameter.

pu I

L——-——L__J-—-= . g gémz
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MINN 5.2: MIMUUADWIAANNINDLILIAI)
[symbol _"=Eb“r'a'iv‘in§“c"auii'bbi' o " interpretation
perpendicularity | 7. The axis of the threaded hole must lie between =
two horizontal planes 0.05 mm apart, normal to
b th le axis,
1“;_!- I_T_EI e hole axis, datum A
oo 70 [L]eos]4 ]
| cccn I :DATL‘I! A [AX1S OF HOLES)
E — = 1—0.05
T B
8. The axis of the upright member must lie between

the intersection of four vertical planes mu ually at
right angles to datum plane A.

A 0.2

DATUM A

o
- 925 -05

(L0044 ]

The axis of the cylindrical member must lie within
a cylinder; 0.04 mm diameter, the axis of which is
normal to the datum surface A.

—~

\ $0,04
DATUM A

The left-hand end of the part must lie between
two planes 0.05 mm apart which are normal to
the shaft axis, datum A.

DATUM A
(SHAFT AXIS)

The outside vertical face of the part must be
between two planes 0.04 mm apart which are
normal to the bottom surface, datum A.

DATUM A
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MINA 5.3: MIMUUATUIAANNHBLUUAINE

Symbol

fDrawing Callout

Interpretation

N¥e

12,

The axis of each hole must be contained within a
cyfinder 0.05 mm diameter through the thickness
of the material, each cylinder having its axis in the
true position specified by the dimensions.

b P
l=f 25

13.

The axis of each hole must be contained within a
cylinder 0.05 mm diameter through the thickness
of the material, each axis being in its true position
in relation to the datum plane A and datum

hole B.
HOLE
A o SIS
m-mu R100 £0.05
DATUM A

14,

[@]oos]sa]

The back vertical surface must lie between two
parallel planes 0.05 mm apart and be
symmetrically located about the true position of
the surface in relation to the datum axis A and the
datum plane B,

oS

SHAFT AXIS
DATUM A

END OF SHAFT
DATUM B

{concentricity)

The axis of the right-hand end of the shaft must
lie within a cyfinder 0.06 mm diameter which is
co-axial with datum A, the axis of the left hand
end of the shaft

Z AXIS OF SHAFT :

OATUM A& CYLINDER $0.06

The axes of the left-hand and right-hand
cylindrical ends of the shaft must lie within
a cylinder 0.06 mm diameter.

% p————
CYLINDER €0.06

The axis of the middle section of the shaft must

lie within a cylinder 0.05 mm diameter which is

Eomdalﬁwiﬁﬂwecmwnndah:ma:dsofﬁmmds
and

Z‘m - E‘Eauuun d00s

MON AXIS OF ENDS DATUMS C AND D
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MINN 5.4: MIMUUATUIAANNINDLILIAY)

f Symbol

Drawing Callout

R T R R s T e S S g e ey e g

Inierpretation

position
(symmetry)

The axis of the hole must lie between two
parallel planes 0.05 mm apart which are equally
spaced about the comman median plane of the
two end slots Cand D.

SPACED EITHER SIDE OF A

TWO PLANES 0.05 APART EQUALLY
J:connou DATUM

——

DATUM IS THE COMMON MEDIAN
PLANE OF SLOTS C AND O

The example is similar to the above except that
the hole axis must comply individually with each
of the two tolerances in two directions mutually
at right angles.

20.

The median plane of the tongue must lie
between two parallel planes 0.05 mm apart
which are equally spaced about the median plane
of the datum width A.

TWO PLANES 0.05 APART EQUALLY
SPACEDEITHER SIDE OF DATUM A

T——E ——
DATUM A IS THE ueoun

PLANE OF THE WIOTH SPECIFIED

The two median planes of the tongue on each
end must lie between two parallel planes
0.04 mm apart.

‘Envc PLANES 0.04 APART

cylindricity

g

22.

The cylindrical surface of the part must lie
between two cylindrical surfaces co-axial with
each other and a radial distance of 0.03 mm
apart.
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MINN 5.5: MIMUUATUIAANNIHBLUUUANE

Drawing Callout

Symbol Interpretation
profile 23. Theacma!pnoﬂenmhebetwcenmpﬂ:ﬁﬁleﬁ
(line) * : separated by a series of spheres 0.04 mm
E _ ‘diameter whose centres lie on the theoretical
[ f \ profile.
CIRCLES M.ﬁs
T - . - BILATERAL Tmrnxﬁé_ﬁ_s ' F i
(surface) 24, The curved surface must lie between two
surfaces separated by a series of spheres
w7\ 003 mm diameter having their centres on
Em BILATERAL TOLERANCES a surface of correct profile shape.
4%
PHERES #0.00
spherical surface profile
5. The actual profile must lie within the 1 mm
tolerance zone centred around the true profile.
y 1of{AlB
L
! - 2
shape profile
26. The actual conical profile must lie within an
0.4 mm diameter tolerance zone limited by the
&} q toleranced dimension.
noxma : -
o5 "
MAX MIN
conical feature profile
The actual hexagon profile must lie within the

polygon feature profile

0.5 mm tolerance zone centred around the true
profile.

One possgible
hexagon contour

Axis-Datum A

True profils

Entarged View




1/1/117'/ 5. GEOMETRY TOLERANCING

MINN 5.6: MIMUUATUIAANNE DU

 Drawing Callout

SE g s amr e s

Interpretation

Yot e g i

The axis of the inclined hole must lie within a* 'z
cylindrical tolerance zone 0.05 mm diameter _
which is inclined at 45° to the datum plane B in
one direction and normal to it in the direction
90° to the first

29.

The inclined surface of the part must lie between
two parallel planes 0.04 mm apart which is
inclined at 30° to the datum axis D in one
direction and normal to it in the direction $0°

to the first. :

30.

The inclined surface of the part must lie between

two parallel planes 0.06 mm apart which are

inclined at 30° to the datum plane A in one 3

direction and elements at right angles to this , |

direction are parallel to datum plane A g
aos

DATUM PLANE A

parallelism

b/
R A

3.

T

The axis of the left-hand hole must lie between ™ <
two sets of paraliel planes spaced according to

the dimensions given, mutually at right angles and
placed as shown in relation to the hole axis,
datum A

AN

32.

| gl

The axis of the left-hand hole must lie inside a
gylindrical tolerance zone 0.03 mm diameter
which has its axis parallel to the other hole axis,
datum A. TOL ZONE $0.3

HOLE Aﬁg
DATUM A

33.

FETLLTT ST T TS

A

The top surface must lie between two parallel
planes 0.3 mm apart and parallel to the hole axis,

datum A
4 %0.3
/<|ULE axisdatun
DATUM A




5.2, MIMUUATHIAANNANNYI NUKULIL

MINA 5.7: MIMUUATUIAANNEBULUAIE

51

Symbol Drawing Callout Interpretation
paralielism '34. The two top surfaces must each lie between two
parallel planes 0.3 mm apart, each set of parallel
g:_/é_ ko £ glanesl:irgparaﬂeltothebottomsurface.
' ~datum 0.3
YAA l ; ? 0.3
BOTTOM SURFACE
DATUH A
circularity 35. Any cross-section of the cylinder perpendicular
to the axis must lie between two concentric
O circles of radial distance 0.02 mm apart.
5] Ole=]
: - Note: The centre of the two concentric circles
need not lie on the axis of the cytinder.
36. Any cross-section of the sphere passing through
- the centre must lie between two concentric
i circles in the same as the section and of
radial distance 0.03 mm apart.
Note: The centre of the two concentric circles
need not coincide with the centre of the sphere.
runout a7. The runout of the centre portion must not
otk exceed 0.2 mm measured normal to the datum
2 axis at any point along the surface.
_ (ZEs]
4{ Za.n- - © -
total runout 38. The total runout must not be greater than
i 0.3 mm in any traverse of the surface during a
E series of rotations about the common axis of
7 A [Z7p.2]c-o] ends C and D.
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MINDN 5.8 MIMUUABUIAANNHDNDITUUUITIAE

YTOL ZONE FOR CENTRE
IS A SQ SIDE 0.2

~$8 +0.05

+-0.2828

TOL ZONE FOR
CENTRE IS ©0.2

15 0.1 @

(8) co-ordinate method {b) true position method

Tumsnit 5.1 @) Lﬂumﬂfj’mmLﬂmﬁumﬂﬁmuwmﬂmmLﬁ'aﬂamﬁumﬂmﬁam"lu‘s“muﬁ
ﬂmunm"mumwwmiﬂwmﬂmmmmmma dmsu 5) mlimmmaaududuasadnilile
mmumauLmuﬂmmetwaﬁmwummawmmman (6) MUUAUNKEIINTINTEUDN lwnTelitin
mmm{l‘ﬁmewmuuaﬂélumqmunanmuLﬁumuﬂuﬂnawmmummawnmuﬂ

m‘méfamn (perpendicularity)
anwdaarnansalilumsmmua
1. anudamnpaduiduieds
2. anudeanaounwiioufissws1ade
3. anndeaInToesE LW s fuLn U s
4. ANNSIAINTDTINUARENR DD AUTE IS5

Tumsail 52 (7) Ailoresunugindnas fosagssnissinuaosssmniidannugsnds waga
funhiuanie lunsdifideanliduielumsmmualiunumaroylussmnuiideanfusewindreda
Tooluiininlisswassgamnemnmuuaduieaasna 5.2 (8) Twasnd 5.2 (9) Muuaaay i
fulu (8) widunahiiddnealduihuguinaisdis lunsdiiindeamsliunumaagmulugingg
mmanwmaumuﬂuﬂnmqmmummmmawiw%

AUVUN (position)

dmfumsmmuadnionesdunis infigosunie AUTUUNUBBITINA wagiuin lumsnd 5.3
(12) uag (13) agtiAnn @hcfhLmulwmnwmﬁf’uﬁmmiﬂumau Tagdeuniaiiasnsaianaaldan
Amualsludniiode Wiwrenamduringuinars 0.05mm soumuUHIMnne T@mwmmwmimwum
witag ldsumisasaiiiianana lunndumiaiideanslivin 0.05/2mm Tunniiama witis§on
UV true position ﬂammmwmwamummmmtmmaiﬂuwnww wma‘mwmﬂnnﬂmﬂw 5.8
dUTUMANNIRD DL Tuammuummmmmmummmamﬂﬂuu WIMTagLW yiliian
fuiiossmunisiivensulifindmaoy Lﬁsmﬁ’uﬁuﬁLLUUNnaueim%’umﬂﬁmmtﬁauuu true position
mannsalddnitedmsuiiuinldduaadlumned 5.3 Fafluuuy tue position wuiu iudadm
anufonmainlifonndmunieiidosmsbiiuasmitaresdanuite



5.2, MIMUUATHIAANNANNYI NUKULIL 53

ANNIINGUD (concentricity)

Lﬁi“ﬁﬂ’ﬂﬂi]uﬂuﬂﬂ'}”ﬂiﬂ feature amauﬂnuvlﬂ ’JWNﬂ’NNLmﬂ@]NTJENLL%’JLLﬂ%E]EJNVli ﬂ’J'INi’JNﬂ%EJ
ﬂ?NWiﬂﬂ@ﬂLﬂ%ﬂ”ﬁiﬂﬂWﬂﬂNLN@]“[IENWTLLVI%QLL‘LIU“I/‘IH\? Wﬂ15m11%ﬂ151ﬂﬂ 5.3 (16) bl%ﬂim%l,ﬁ@l@\mii
Glfi/‘i LLﬂ%LWﬂ”I‘V]Nﬁ']E]LLaul,l,ﬂulfwmﬂ'luil’)']E]Eli%LLR’JLﬂEJ’Jﬂu Iﬂi]@ﬂLNE]LLﬂ@NﬂWNﬂ‘WﬂWﬂVlEJE]Ni“UVLﬂiE]‘UG]
Lmu‘nuu

ANNANNINT (symmetry)

msliaiienosnnuanmnasdeniiumsliduionesiumiaunnmiia

Tumsnii 5.4 (18) u,ammﬂﬁmLwammummuwawmmﬁmaqm‘s mwmmmmnmwu
WNUIINDDY datum feature C wag D IﬂﬂmmmﬂmmmLwammaqmﬂumummLmuﬂaﬁuuaﬂsumw
sumuﬁamuuwawwamLmummqnu Wagsemnewh fuaie 0.05mm "’lmﬂw (19) Naga
a9 TUUALIAAA LN D E DLW Taoudazuwninlifinunfu

ﬁlummw 55 (20) mmwmﬂmmmmau (tongue) uumaqaﬂmmmaaﬁvunmaﬂmmn
WNUNAN BT A AR A MUUAGY datum A Az IzIMUFEIsTIL R FuA D 0.05m-

m @ 21 ‘H%Li'WlENﬂWﬂ,‘VIW%N’J‘W\TﬁE]\'i‘LL%ﬁNNW]iLNEJL‘VIEJ‘Uﬂ‘]_ILLﬂHTJN
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Precision $tandards of Hardened Shaft with Outer Diameter Tolerance g6
Circularity and Straightness
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Motes on Hardness - Surface Treatment

Shaft end (thread effective length + about 10mm) may have
less hardness due to annealing.
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Precision Standards of Plated Shaft with Outer Diameter Tolerance 8
Circularity and Strmightness
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5.14: shaft support
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@ Applications subject to changing ® Applications where a moment load
load inertia is applied

# High accuracy positioning ®High accuracy positioning
applications applications using the hollow hole

3’1]171 5.15: motor stage applications
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@ Table Precision (at no load) unit = mm (in.)
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317 5.16: motor stage tolerance
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