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:Clearance Fit 3! (Ll

c_m\dljajh-dm\ﬁw G!A\JJ.LA.G 3o

:Interference Fit () (A3 Blb

‘Transition Fit (¢_se) e Sl

SR L o) B L A guae o

2506 #1.2519
QIZSOO i

12513

1
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_ 2506 «1.2509
4125% 4

)
0 o

2500 *1.2503

OSSN

(a) INTERFERENCE FIT

L

(b) TRANSITION FIT
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AN

Shaft tolerance = 1.248 - 1.247 = 001
v Hole tolerance = 1.251 - 1.260 = 001

Allowance = 1,250 - 1.248 = .002
Max clearance = 1.251 - 1.247 = 004

26



Fits L]

Shaft and Hole Fits

Clearance Interference

MIN Clearance e ALLOWANCE - MAX Interference
MAX Clearance Tolerance ~—— MIN Interference
4— Tolerance

(A}

(B)

(1.00- 1.003)




Fits SiLbif
Shaft and Hole Fits

Transition

ALLOWANCE e MAX Inlerferance
MAX Clearance ——, . '




Fits SldLbil
Standard Precision Fits: English Units

» Running and sliding fits (RC)

HHHHHHHHHHHHHHHHHHHHHHH

HHHHHHHHHHHHHHHHHHHHHHH

JJJJJJJJJJJJJJJJJJJJJJ

+ Force and shrink fits (FN)



Fits SldLbil
Basic Hole System or Hole Basis

+ Definition of the "Basic Hole System™:

The "minimum size" of the hole is equal
to the "basic size" of the fit

« Example: If the nominal size of a fitis 1/2",
then the minimum size of the hole in the
system will be 0.500"



Fits <tk
Basic Hole System

Clearance = Hole — Shaft
Cmax = Hmax — smin
Cmin = Hmin — Smakx

Both Cmax and Cmin =0 - Clearance fit
Both Cmax and Cmin <0 - Interference fit
Cmax > 0 Cmin <0 - Transition fit

system Tolerance = Cmax — Cmin

San

e

Smax

Huax

Hua

|
Allowance = Min. Clearance = Cmin \\\\_ |




Fits SldLbil
Basic Hole System — Example

Calculate Maximum and

Minimum Clearance

Clearance = Hole — Shaft Nt
A50

Cmax = Hmax — Smin — 1488 [
510

Cmax = .510 - . 485 = .025 505

Cmin = .505-.490 = .015 \\\I | k\\

Cmax > Cmin >0 Clearance




Fits <l

Basic Hole System

» (Clearance = Hole — Shaft
» Cmax = Hmax — Smin
« Cmin = Hmin — Smax

Both Cmax and Cmin =0 — Clearance fit

Both Cmax and Cmin <0 — Interference fit
Cmax =0 Cmin < 0 — Transition fit

« System Tolerance = Cmax — Cmin
» Allowance = Min. Clearance = Cmin

\\\




Fits <Ll

Basic Hole System — Example

Calculate Maximum and
Minimum Clearance

Clearance = Hole — Shaft

Cmax = Hmax — Smin

Cmax = .510 - 485 = .025
Cmin = .505 - 490 = .015

Cmax>Cmin >0 Clearance

490
485

510
2505
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Table 1 — Permissible deviations for lingar dimensions except for broken edges
lextarnal radii and chamfer helghts, see table 2)
Valyes In millimeatres

) | Parmissible deviationa for hasic size range
Tolerance class ' oVt over over over over aver aver
- I o o | @ | @ | @ | 1 | 200
Dosignation Description I.ID;'D up to up to up to up to up to up ta up to
b kl 12[I 400 1000 2000 4 ()
f fing i:{]l,E]E 10, IJE +0,1 +{, 15 +0,2 10,3 +0.5 -
m medium +0,1 +l]1 +0,2 iﬂ,E t0,b +08 1.2 +2
¢ coarse +0,2 +0,3 +05 08 +1,2 +2 13 t4
V VEry Coarss - llfIEn t1 116 tdb 4 LB iE_ )
1) For nominal sizes below 0,5 mm, thu dwmtmm shall be wm‘u:atad acjagant t the relavant nominal sizafs)

“J-‘S u_. 1B ol 3334 5 K 0310 Cyal B (s 12 oS ) )l D5 A JS13
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Limit Tolerance gs> .1,

/1

- ¢|.25|

(/11

(O) LIMIT DIMENSIONS

f

L

]

248

1/////

24T

| L
.

]

o
i

/////,

J

L

b T DMENSONS -METRIC

300

3167

=



a8

-—2-50i:884|
==

1

+.05
‘31'45-—.00

J

(a) UNILATERAL TOLERANCING

2, R

- |~ 21.05+.05

Jd

(b) BILATERAL TOLERANCING

®1.607 -

o
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i
Bel——taa- Size tolerance

7////’4/

Maxirnum limit of size

A
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s syes; TOlErance Chain

— aan" Hof — T —- 1.30" =001 =l —

il 200" 01 nr

What is the expected dimension and tolerances?

d=3.00-0.80-1.20 =1.00

t=x2(0.01+0.01+001)=x0.03
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) L : ,.f.ua/" Lol

b o3 TOlErance Chain

4
— B0 OO — T —-- 20 001 il —
Ll L0 0004 -

Maximum x length = 3.01 - 0.79 -1.19 = 1.03
Minimum x length = 2.99 - 0.81 - 1.21 = 0.97

Therefore x = 1.00 £ 0.03
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) L ﬂd’l,u'/

bl epew; TOlErance Chain

] c ]

B
l- 100 .01 —l L— 200 .01 ——-| L 300 2.0

e e

600.03




) L : ,.m' L)

b o3 TOlErance Chain

| —~ 78+0.25
TBtO 25.5+0.1
18+0.04




) L : ,.f.ua/" Lol

b o3 TOlErance Chain

115.54+0.3

4040.05

203x0.05 254+0.02 ha.s4+0.02

23.5+x0.1

49



) L ‘,f.'id'f,u'/

L ale Lad ga O ol pud SAS1AS = Lia 3) g 08 o300 - 2
Al ilala ¢ cuulie i ) DJ\J.\\JJLQLA umbh&na

ST (I L R 9N
Ay _
23:0 0% - - ———
15:008
10:0.05 r—
Y

X

Toly i il Y 5 X b o ol Sl

50



U.u'/J.L'r' : ,.f.ua/" Lol

dy Lad g (i Gl yued JASHas :ﬁﬁ"m(;\)egoj\ﬁ\-:s
ciala g 358 o J S Wabad Cy 0 311 () N0 dda g

o I—"-'—'_ 252 005

Lol ol Y 5 X sk On ol

51



1000 =

100 <

s Job

njj Lﬂn_.n.f-

g3 Job

4:-_;,.‘1 i

z9 J?]"'

II:I'J:I L.lll:l.d.'l'--

..-'51

< 1000

100

:@a...u ‘_]..35;4 Lgd.:g dodd B

Form 8 ¢l =
Waviness zso =

Roughness ¢,; =

52



b cudis
CL"'L}".EH':'L“]ﬁI‘E‘]‘F i
S b o 55 by o650 b s S 3 e 1 3 0l
J@@Wﬂ

Gyl 03l pila VLD g oolidagy 1 3 ige

353 03l g ot Jlgfean i ol i plade sl ol gt liateia il 2

:ﬁh"’ J.I_!J._I g):f aj].:u.ﬂ B
g 5y 8l s i 2 s sll
(CUt-01E) sgin 5,5 s5ll o gy pllan s | S i 37250
(CUt-011) sgin 5,5 s5hl s gy pllan s | S i 2255 8

Spien g3 Soren b ) 8ila Jobo alei 3 5305 9 00

53






TransrMmission

Roughness

Waviness

55



88

P sdan axe g (Ll A pladi ) ) i d g Claddia ) )
AN ga JEALw g sl 0l UL 9 S8
*» o Z e
‘Ra  zdaw s 0) (&l
Al 00l (58 001 Jsb 7 sha AS e andl Juala
ol * Z o
Rz gl s ) Gl
o (5 S o 1A sla L ) Ml (5 ) P AS gada asudl Juala

L W

Mean Line

Fr L

Lr = Sampling Length (Cut-aff)

56
BRRRRRRRRRRRRRRR R T~ -



!

57



O g T CuaTS slaoles pogie
g ’_' { |
= \/ C
1 pal L Y S B e
[:,.»,'J.-..y..),h..-m.;;,
)
B s g Ra 5 e
NG aite ey
.f{f,f"(/;;-(, ( / £
-~ .:} L — L k l ) SaspE ) Sl
— SnS8535 db 30,5 i b s
~J iy e Bl )l ) 5
e e
<y o gl

e 5,00 400 4 Jlude

mm e W (ad 57 Cgm) s S S
L < = o el ack g p IS w e S
- Shat o

LIS,




Y I

| I

T | e e ezt g gl R
g T g, g E Al gl
._-r"-":d-'-""il\_l:.-ll_!"' _-_.__'_? [ Ha— L .-..__-_r
o Sl e & [~1 g .:'h"" -
e EFL T . et IFFN e
J B gl e o b R L J"'-_';"'\—"- I—-:-'_"' e

-\_n_'H_;lI_HLI..J__:-\-\-_I_

-

g

a el
_'!-_|_'___|.F-I.ll|.._.-
. 5

—_— e e ieaaci- Rl

e

| #

il PR S b - _-'.E
Sl gl gl puad
.

S

.

'.jld_EIJ L

Syl ds ocp



m.v?fﬂﬁé
N

-
fffffff.f/

/i

At

;:»*’:'57"*”.%5*‘."1?’3




o'\

N 4

\ ¥

o

Y
e

=YD

1-B
i
s
4

S50 4

T

170




Ra
ﬁ
ey G, 5 P o> of Ay S
Hlelsln ]l - :1 -

.

N4
. A
\'F
et
Y

=10

SS50 J

J'J"‘"{ n‘&y)
"'.‘\:"L‘g t! J “-’




F&

Noeas Jors G+ Y= 4¥0 FF ¥¥ VF A T ¥

=

Yo YWl FoF F0F VF 0k =0 =0 =8 o 0ald a0

1 =
ol o L

L P

s fu o pals e b

ol 4 D 501s zals

en e

ek sledd Jul b oo F o dlse

Fe N gt ffe .
i i n¥eeien

ikl

.:-i-l.'l_Elle:Ji-lhlj_;-L':—'-lj'
oS ol
S o
i b el
e
el by | g ARl

o A 3 g

g

-
|.'ILIJI..I.||I'

._..!——..-.:_:15,-}




U A 4
K&
Feiers §ores @=+ TE= %8 #FF FTr “F &4 T ¥ palIEL ded ¥ 2 b
G- WO WYl FWFW TUT NF -ah =0T =0F =8 0= =-7+To L
ok b
e g A8 ] b
-..|||-_|]l .

N R L g




CudiS
V. A 4

Sadgh g9 yopm asRz =2i93 £3 ya pum < Ra
auled shai 3 K Jsane - SaB J sasa i
min. Sl.. G max. min B B max.
ST e, 25 s 4 10...100 160 — 0.8...30 -
g} s H3 IE 10 25...160 250 — 3.2...50 -
3 o 25 63...250 1000 - 12,5...50 -
b I T JRECPENF TN — 2.,5..10 — — 0,4..1.6 —
eade, IS C AT L - 1.6...7 — = 0,3..08 —
Sy 358 ,5S] 4 25...100 400 0.8 3.2..125 25
. oy G 10 63...400 10C0 0.8 2,5..125 25
ORIOTES 4 25...100 400 0.8 3,2._12.5 25
D G0 Bees 25 D.4 4,10 16 0.2 1.32 5.3
395 e 0.1 0,5..6.3 10 0.025 0.06...1.8 2
Solspast, s SIS Ll 0.8 2.8.._10 16 0,1 0.4...1 3,2
| s =sIt <= 5led 1.5 5..10 31 0.2 D.45 6.3
OO PSASIASS ¢ ghlad &y 16 40__100 1000 32 8. .16 50
Sord S — 10...100 — - 1...10 -
e ] - 6..280 — - 1...10 —
R - 10...63 - — 1.6_125 —
-t S 4 16...100 400 1.8 6.3..25 50
Silopedts . S iSElen: falS o IS5 0 16 40...180 250 1.6 | 63...12.,5 25
k) Ehs— 25308 0.1 2,5..25 40 0.05 0.4.3.2 12.5
o S5 e = 6,3 10.. 25 40 0.8 1.6..6.3 12.5
3 S5 R 0.4 4.10 25 0,2 0.8..2 5.3
e T 4..63 250 0.2 0.8..12.5 50
25 aS 2,5 10...63 250 0.4 1.6...12,5 50
S5 5 St G olo 1.6 10..63 160 0,4 1.6...12.5 25
NCSUEIS alys u;e5 0.04 0,1...1 2.5 0,006 0.02...0.17 0.34
aily S 0,04 1...11 15 0,006 0,13...0.65 1.6
S 0,04 | 025 16 10 0.006 0.025.0.2 0.21
o a — l0.04.025] 04 — _ 10.005..0.035] _0.05
N, 0,1 1.6...4 25 0.012 0.2..0,8 6,3

Al 20D 000 8y e DMl ade alls (Fa o) DIN 47661 s 81 o a3 )

Rz =73

0

L




Cud S

b

Rab ol g8 ol o] gt

0

\ia

FY

LU BT

AN

o | of+10

i ot R 1 u-‘-q

NI

N\

A

NY | NF | NO

NA

NY

NY [NT| N

|

e S

o0 by

Ngpiep J

A

I = -

| ot e b gl e SRR =T

i s ey b el ol gl m mes | % et el o

= e Ll (5 Fas % 4y D) Y

|

i

| g i i r-_fJ'-'L" o a
”5: c’h

| =i A

| — ey e pra

e s o o g B D i g riso




Cud S

” o

N .=
S L I S

e e A e e sl L Ra= s SYoum s
T _.;-'-_'ln.____"- Ja ._'_.?-r_,.'- L _'i-_j._,.:i-—_r,! _}l — 'r'E.'_-h._ih" alaz.h
- Y . .-I'F_Ih._ -ﬂul_ﬂg;’i[.‘ﬁ-ﬁfl_;:a;n}-lﬁ-r‘_’-_“

sae Ble =% pum laa. &

o

0,315

=T

0,16
0,125
0.1

00—
1L0E=

0,135
LI

[
OF%

203 —
[ I




.

68




et 4l gl gl ke J Rz Ra gl e ol bl shlans
ol ISl 5 45 s sy ol




direction of travel over surface

magnetic core

induction coil




Manufacturing Process

200
380
I60
340
320
300
280
2640
240
220
200
120
160
140
120
o - ———— -
S0 -
o)
40 -

20 —

I

|

==l

Matenal: steel

o o

Costs, %

|

|

| ' | L
20030 | =0.015 |=20010 | =0.005 | 0003 | =0.

e )
2. D005 =O.O00D02 S

3l

'
L
'
!
!
|
|

.l

{

Nomunal tolerances (inches )

Ii(),'IS (). 50 ={.50 lx().lZ?’-

Nomuanal wolerance (mmam )

—_cr

=0.063 1 =0.025

—

=0.012 1 20006

- - —

e e B
.-

e g Sema- Finmish -
ough tum Gnish LT Grand Hone

tum

% | ;n.chlnlng opcrations

i —_ 7



() ol o Lisa 4hadi » g¢da
(S.P) = Start Point

S ga AR SO o ciladad ) jE) Jae (el Ciga
430 S 9 ) AS by a0 Aua) glise 4 i Al
Cadle L AS ¢ 2l a0l el 10 ket
ﬁbéwcﬂgw (Sp) LSJL“:A‘

(C.L) = CarlLine

Ao (oa 0dllin) (CLL) OV suasd 3 Lae Jaa rinlad S
}ﬁdﬂ&a‘YJm\)éﬂw&ngéﬁ b o) 4 4
(2l (0 e 5l e 590 9 (Ssk s







(Olajad puitiga) (indid (] pl
L e o

i) laad (g s ) ST 9 6l RS ¢ Jale (n flaga
i) AL} G pdiga O S GD&T

thdﬂjﬂauc@\ﬁdwth

Engineering
Tolerance

Product Design

Quality Control

I Manufacturing 74




(Olajad puidiga) pudid ] o

Tractor Transmission Five-speed Manual Transmission



(Olajad puidiga) pudid ] o

Example — Fitfing beanings

Slot machine Worm gear box



(Olajad puidiga) pudid ] o

(2 R (mdiia alal a5l OV 250 Slen Bin g 5 0
Cladad ) oaldinl L aas (sla 4o gane Jlige g 4S (5 5ha 4
) ) a J e 4S Al 2 ga g 4 (6 saae CDISCIL pailad L AL
2 ad aladl

ol B sl 50 Chaa 3 (AU () Jale 4S 3 908 Gre Ll 0
D5 odiga sl




(Ol jad putiga) et (o] oL
1 LT o) 58 Q3 (QLadEl) Wil « Ko s Sl dagi b
S il
1944 Juud | 4 ) (oS ARl s 3 lailicd (5 pw S Gl Ll
Gla 1) (pdiga 7ok SO galag) Jull) QUS 1948 Juw )3 9 2l 4al
Cumd ga g I pudl N a) adlia AS 2 gy rala 3 plailud il o) Gl L3S
b £ S A ) ) maa

G (ANSI) Soal e slaa plailied Cpaad) ddu g 4y 3 lailicd Cpad of

«3Ald ANSI Y 14.5 Olsis 4 9 138 (ASA) crifola 48 ad

8 3l 2l Gl 1982 Jhuw U gt Al S Cl il L0
A gla 1994 Jlw 52 Y14.5

78



(e jad pstiga) eankit i o5
(JLASS\ M)GD&T AAAAJM

23 8 7 shae Cundge Gl B L 05 11945

528 it ASAY14.5 (S ol 2 lailinl 11956
A Mﬂ}m GA\.LJ @\4..4 L.my

D8 0 O )y e U‘ﬁj‘ Jed o s il 511977

B8 2323 ANSI b 58 (owia (sleasd) J5 3 lailind 11982
o

ASME 4 ANSI ) (min (slensil )l 3 ylailind 11994
RIRIPARETE

79



sl J )
u_um Lg\.@_..u\JL Al

it slendl OB ) el p s
—alida (glewa) Y5 e adal

) G G b GD&T
g\}ﬁw\é]d\uuuhjcﬂatgiu\jwdﬂ Lg‘.@_uubh
J)&ADJJJJ\SJMLJJLB.@JLAJM
Lg\.@_.u\‘)hﬂ\sg_u\@)\.ujuu\js ea)uc dﬁuub)uﬂ
C_\MJA\JA.,.LSJJLS\.AJ;.\SL_\.\:AJAJ L\.u“) eﬁ‘d\u‘

(2R e

80




(Olajad uitiga) it (] pLi
mawa 0L b GD&T

O b 85 ) pha AS Ca) griaua () el oudih (glgusd
cAdS il ADET 3 “adluae () ghila AS (o Jaad]” ) a8
Al (0 5 S gl b Ol bl

Slada 8 ¢ S 43 o) et ¢l g G pudid (glguad)
e IALS |y iyl g Al g LAl 8 bl )2

JAK g a6 (Al b slgdda Om mawa b)) GD&T
Jas ) (s omuitid (glguadl HIE 81 dilusa (oldila 31)
) g Lg)l&:u 03 ) 9 0dga di\.&aﬁ\ Ciladad A g% ¢ g

FunAK

81



(Olajad puidiga)  psntid ] fL0
: GD&T J) ushaia

A A o8 Ly AT (g I8 Ll HB 9 (5 138 0 1) aawa (g

a9 S 89 GD&T
aga O (6 s (A i L o Slas 3 cdadad ) Ly dadldia
sy
oLt Ua ) oSl 9 Cilas ¢ Atk g JSalas )

S gita
(A guiia oAl HAemals ) cdla g @\Jh BLE LIy

82



Slaiza 5138 il b Cias
Alaiia Ao CNILES

A RS g adala ol I Aal
o) Sl ) 5 Al

 Cinagi (aia ) s Waliza
s 50 e Jaal) s siaad

83



Slaia )13 Ll sl Cins

B XXX = XXX

MAXIMUM TOLERANCE
ALLOWED Q10 X |.4=014

Q010
(
i
= =005
~0I0™ 1oL ERANCE
e | D0 — INDICATED

84



J-u}r,;l_flﬁl_.aj._p_‘-Lﬁ'l_*:r}-n.F_pljﬂll |.i:l—4|.|l_._..._-|.__|.-l I..l.l;'l_..ll:l- "'I'h.l."'li.-l-'jl_u.l."

I..,__._.'JI_ azols '._d_'ll:-_tll ._r"'IJJ"-' i._._'l-l_ ;|_-...:| I_- 13 I_i:l.u_l'l-l._l H—I-IJIJL-F .;.L!_-._ :-I.-.-l FE a5 el -.-_-I ._'FEE" r I_Jnl.l-— I-.I:lj-_!;'_

0.25 6.5 SQUARE "
/ TOLERANCE ZONE "

Y. =

:

N

/ ~— 0.25 WL--l
|

I

| -
ST by \(o 0
< 10 = 9.76

0,25 el




J'ELF' al ....LI |_|,_|| U. I_,r.1l-|_;|.|_J| Limﬁl.lffjl. ".Jg.!-lq.uu..L'll.'

saf b p il 08 1300 wp S p bl Sl clant
§ gl g il p g i Pyt ol g Sk Sl o
il gl Bl i £ Flipe g Flagha dow ke L2 il il

Jubﬁ_’,..m_yhrﬂ.nhiﬁﬁl ._,_q.fl.ll.u.uLILiJi.lLllJllfn.vf



atin . ullee Min
i L llesMax

-|1I|£Ll-l. '-.l ‘}LM“

87



Slasia I35 Ll b Cins
Tolerdance Laonse Cormparisen

— B@O.1414 zons

4L

™,

U

.o, R —
{hypotenusea)

D05 (X and 1)

2 WARKT AT =& tolerance zone
Z %0058 + 0O = {00707 3=0.14914 ¢ tolerance zone

Mabke: X005 square zome =@ zomne of OJ149414

Mabke: Berners of chamngirng sguars zone o afiarmesesr
tolerance zonna =
Flnocregsess posiilon Salerance zome by SF 3
*AlGwsE s T MBC principls

] e lla 4y ) 0l Cila Gl s s 57 Gl "




ol sl cino

25 6)‘&?

<

' 'ii-.:'L; -I_l‘tﬂ-||
il 30

g 59

| |

O3l

b2da

J_:J-i s ..:-E 4k

3
3

22

o =

jiCe ot oyt o e 67 Ay

i

o

Wi F
(600 +
g/00 =

ro00 +

&R0 +

yEO00 +

1£00 +

£000 F

mm

|_I_-I

irn Lll'J_q-‘l—-..jL:-ulv;_-..l'll.i_,L-J_n

R T B L

89

[t Pl

0125







Slaiza 5138 il b Cias
IS0 5459-1981 (E) il e 510 Juallygios

(214
{ o fo

B = Primary datum
A, = Secondary daturm

A, = Primary datwurm
B = Sescomndary datum

SUREACE PLATE SURFACE PLATE

T his method for part — T his method for part
measurement’? measurament’?




4

Fart

Slaia )13 Ll sl Cins

ik ptre b Jaslygins

<+ 0T

Fart

Surface PFlate=

LL

e |

Surface Plate

92




93



Olalad s (55 03131 oo

o
|

= M1l + cotkoh +
b— W1 + cot R
= cotdl

-
|

94



Slalad s 5 0551 g

- A "
i i —rfee—— Y —— = _-|_ ¥ e
2 >
IElIll.-.' i Il'li
7 | 1 i
[V, -, B
£
n - . |
2 3

X = I+1R{i:=-|:u-: |:|-m=ﬂ.:-—|.|:|-+ l]
Forexample. iff R =050} Z=1534 @ =45 degrees, and g = 35 degrees,

[ n ] o] i-._ =]
= 1.B24 + l:l-i-':ﬂj){c:.cu a3 |]

x =2
1.8 + cocdlli " cox 5" 4+ 1

1.824 + 1. 5557 =0 09901G 4+ 1
18234 + 1550+ 1 = 4.374

N %

HOH OH R
Il



A
b
T-
|
|
r

e & = :;:'_;—_.l_-_ﬂ-;; +%‘r M oncmye gag=1g. Ha)
~ = ':Lﬂ-_ﬂﬂ-:'z S nvex gas=ITig. Hhl
Forexample: ForFae Em, et L. =17 B, 0 =3 Ml and ' = 5 _TF tHe=n
— = -
- @rs—szor sm_ gsem: ..,
T = %+E-Eﬁﬁ = 13=.=3

For Fig. B, leg I.= 22 28 agwd I = 3 0, them 96




GCD&T <& b

2R e dS Gl Jhle Heai jhla 4 GD&T Lok sbis)
Ao YU 1) Jpana sla Al ja owia (oI il T

1020 e ABTU ) a3 gl a8 (e ) dale 53 51 Ly o
D agd (oot QA AS ) (Gl San el AS ) (paeha (LA ()
QS S )

S ok ) S eSS Ly ol BIA 2 4S 4 gn ale

el abia 2 a8 )8 ealdiul 350 w04 GD&T A
aed b i (o IR (il B8 50 slig) 29d (o0 (5 4d
A e ok eaiSle 5 )k b s O i

ol S s 2 GD&T il s




GD&T /s
Gl i (51 e
o 938 Ll B 4l ddanl g4y 4akad 1)1 Al g3
il B Aals 3 Sl
SR it 1 o€ cdy g Alla) ciagin
A gdie
adaisl g4z 558 ol 5 Al 50 (5l ST ade S
A (et 5 g Wlise 28
AE e da (Fal g ) ol phan gt (Sl
A8l e O ol 3 il B g QLS 5 eas ) <
Ak e JAS 5 Gdla ol ph S b gl
AS e i ) Jsana () sk o
A2 e il 8 ) 2 55 sl il ¢

98

*.0

0

.0

4

4

®

m\‘




GD&T 3 s N ) i ) 6

D& - sl a -
e R N

_-,5_-,_-:- S .z-__-,__l1J- 5>

L -=|_i-"ﬂ_:_-..-.|-" =5

(D) splas sl a - U

Cye Al oala
e Al oala
o dlools
o Al oala
s Aleola
o Al oala

g




LJ:— Je i:]}

AARRARRRARR




Saleciad 35 Datun
for anether contred










8 -
& J Equl-Dlstant Tol, @2

Troe Prafile
'\ LX:
'
r \
’ Intermal ¥, 0,2
' Possitie Ferm







= =y

Ll ]eazjal]

y I

et po 2t

\\\\\\\




Datamw
13

1 Poraied

Fol,

~—=







Lommon Zang

. 1] o1

i

RN

1







CYLINDRICAL AXIS OF HOLE | -EXTREME ——EXTREME
TOLERANCE AT TRUE POSITION POSITIONAL ANGLILAR
ZOME (TOL OF VARIATION VARIATION
F’ﬂSlﬂUNh h‘-‘\

\

2N

oSS

4l

Y

ol

lal b)

DIAMETER

\—THLJE POSITION MZIS—/

MM HEL s e\

}AHS OF HOLE

Ic)






THIS OM THE DRAWING

Sg1.250 X 005

L

S @.030

A

>

010 UNG-2A
MAJOR 1A



MEANS THIS 30 SPHERICAL DIAMETER

TOLERAMNCE ZONE

_;a 1.255
1.245
SPHERICAL
FEATURE

1.225 |

DATUM PLANE A" —,

SPHERICAL SHAPED
TCLERANCE ZONE

DATUM AXIS "B
/ (MAJOR DIA OF THREAD)




Material Condition o4& &

dalsd o (058 g 2y osla (0205 b i by s sl by 8
MMC sl y3las by
LMC osla Jolam Ly

el gl o bl i Wil e mi glap saly L MMC sola Sl Lz p
S S olalo g dalad s ;)

Al ials ol bl ¢ 2o gyl a8l LMC ssla Jilis byis js

wilz5es ,I__-;lg.ﬂ'.;. PR ,I__,'_'L'..':r.}| ,I_-,]{_-.ubb ,I_-,u-.-_-p. F gase Lt Lj"-.[C s3la Llé’l"""" l-n‘.,w 5 B
| ol 2l dalad galal Wl s



N

Material Condition o4& &

fu |.i" 4_']'I.Li'l §rs Hﬂﬁ}-}l {J . ._.lﬁ'd}u:ij_,l:' 4_jll.i.i| ﬁll.q.] n.-'f; It vike J,’.'ﬁ'.|.|ul- lfr

el (] |i_|;.|.||.||.|ul-l_].|__rﬁu-f (gl uf]_iu-lii|.3-|d||.uﬁu_1 H-Ll_;.h-.d!}.:

M0:04

'I_: 'E...:- ‘_I.:...:I.'u.-..l L T -.:i
--.---I:I-I_,lniI .._|.J,.|""" _I||.'l;-.-l|l '-ili_J-' I-.:




Material Condition o4& &
MNMUC .sl 25lss Ly {,_J;E o
Sl | Jaol §liga @
(o oo 39 3l dad 5liiga lany) s S s A

-_'..-.-Jl I._J.I"'""l ,I__-J’J|JJ._II- .'_-..j|‘.|71 ]

Sgden yliy| dalad I )l |y 03l (32 2 & sl 35 i 4

LMC sl filae Lizsg5 @
(ol [Siia gyl oalp Sials ) coal lingga gylap el oS m
(655 g S J2a) 33n plonl GUIAING = ilin 5 Sl j3 m

11
7



Material Condition o4& &
LIMITS OF SIZE

ENVYVELOPE PRINCIPLE

S LMAC
! T CLEARANCE

ALLOWAMNCE —



Material Condition o4& &
LIMITS OF SIZE

The actual size of the feature at
any cross section must be
within the size boundary.




Material Condition

o.?&.éﬂ"

LIMITS OF SIZE

No portion of the feature may
be outside a perfect form
barrier at maximum material

condition (WMIMC).

FEATURE FORRM

EARRELED

TAFPERELD




Material Condition o4& &

f1.00£002
EHE 0 01 Q] & | B
™
L k_// Produced True Pos tol
1.00
* hole size @ @ @
R 0.97 out of diametric tolerance
|20 -
- MMC| (.98 001 005 0.01
0.99 0.02 004 0.01
1.00 0.03 0.03 0.01
The defqu'lt m;:-u:lifier for 1.01 0.04 0.02 0.0
1.03 out of diametric tolerance ¢
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Perfect Form at T
MMC Measurements

20.7 (+-)0.2 \
s 8
v O

T e

50T

Form Error
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Bonus Tolerance at LMG

W/%W A

W%W

—E]:—‘;-— 302 A
Toleranced dia Position
AME Tolerance zone dia
24 2 0.2
24 4 0_4
24 6 0.6
24 8 0.8

—— 3 20.4+0.4

Ninimum Wall
Thickness ?

[(24.2 -0.2)-20.8]%2=1.6



Material Condition o4& &
Modifiers b saas a8
el s 4o b5 0515l g Jlaia pas m

i el S i b S i

el sl ANST L, ISO s Projected g, il 4
el saal ANSI » Tangent ule. slb 4t
sl 80 ANSI L ISO s Free State o] —J
W Sl an b Soi) olabs g Sowl ileis cilalis gl w
- (FAF .3._'-_-..-.'-|_]_'|J~:-|...-..-:| Ry d.Tli-'.-_-_- Sy e didi ool =
| m.TMSIJaRFS I N .
Sl o Bls s :e't'*;wibl‘ Ll ®



Modifiers W suii #7Sal

M) Maximum material condition MMC
Regardless of feature size RFS
(L) Least material condition LMC

(P) Projected tolerance zone
G Diametrical tolerance zone
@ Tangent plane

(F) Free state

&> | v L MMC, RFS, LMC

MMC, RFS

” 7 (O RFS
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Iolerance
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— Tangent plang of the
\ toleranced surface must :
\\ De within the loierance ~— Parallelism tolerance zone is two
Zone '

e ——

parallel planes 0.1 apart

TP Y_Zone may float between the max
- & and min dimensional limits

E— Datum plane A

Flainess of surface is not
controflled by the parallelism confrol
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I'his on the drawing Means this

ARG
- (.1 Tolerance zone
[ \‘['nmrmlm surtace

B VA Y
e
—T1 |
[ angent plane

.Il Lt i g
) senerated by high

points
I Tangent plane modifier E
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¢ Feature Control Frame
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GEOMETRIC
CHARACTERISTIC
SYMEOL
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ERTIARY DATUM
REFERENCI

MATFRIAL CONDITION

MAMETER SYMARN R e 1 h :
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LONE DESCRIPTOR

SLCONDARY DATUM
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GEOMETRIC TOLERANCE .

LT

MATERIAL CONDITION SRIMARY DATUM
SYMBOL SEFERENCE

et AL L




GD&T (il g

Al asay ASME Y14.5 - 1994 ajlailia ya S oyeild ga

1 o

P S aseie S 905l e @Ol (S5 gl Ol sie 4n (5 Gl
48 ol (5 I 6 310l eaelE Sy ] o ailE L a5 I il
g e g an b 43 K o Il slaled 2€ e

o )il slad S (et aa ySlaa a5 (e S 4] 58 B

o ) slai SO aled as Jilas g sl o) MMC Jlasa gy
lad 52 Ll 2 gl padidie 4S8 (gl 0 .ol O MMC laie 3 sl
il MMC s 2l 58 (oo ) da ¢ 43 by 2 gl (e 5550 0 Lo i
S Anlae aa b




GD&T Js ¢sid

» JGs

IR e ) o S kg5 1 sl Ss

&l a8l JelS s i o)l aly sl MMC s Ja ol 8
Ol oo s Gl 3 cdalS aiin 5 03 8 iy JalS o oy had
O o))l &) 3 S Guhaia MMC Jldie byl ) s 5080 53 1)
DMe bl (e 8 sl (sl )l cadly gl MMC laie ) ieS

(L;A.\SS.MAA 9 Lgdjg Lg\.bi)_dﬁ wl e MMC ) ) il




‘ GD&T Jy osid

RULES

RULE #1 APPLIED TO AN EXTERNAL FEATURE OF SIZE

o 10.8

: 06

MBI SIZE AND FORM BOUNDASRY

. — @ 108 boundary of parfec
----- e tarmm at MBAC

Sire and form mest allcw the par to pass thru he Doundary

LMC SIZE LIMIT
~— & 10.6

L Each haT-pEaint measunement must
be waithin e spechad olerance

RULE #1 APPLIED TO AN INTERMAL FEATURE OF SIZE

] |- py

MIAC SIZE AND FORM BOUNDARY

— @ 14 Bouncary of
........ perfect form at MO

LMZ S1EE LIMIT

& 148

Easch tseo-pormi measorermen! rmoesd
E=m wirthim thes spEcifliesd [olararnos
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Rule #1 Boundary
10.8-0.6— | )
| i —10.8 Rule #1 boundar
'''''''''''''''''''''''''' | 10.21LMC
Part Height Ameount of Form Error part
Allowed

10.8 (MMC) 0

10.7 0.1

10.6 0.2

10.5 0.3

10.4 0.4

10.3 0.5

10.2 (LMC) 0.6
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™ 302" 1

30.6

i s S i e s s

(Veriliga part diametar doss not
suceed MMC size and Rule ¥
Soundary}

& 10.8

Go Gage

=g s=Taomn

(Varifies par diameler does
not violate MMC size and
Rule #1 boundary}

Part must fit over the gage

arl??

'I

,E
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Go Gauyge and No-Go Gauge : Shait

EIDEDﬁ

40.8-0.6

-

[ E'rauge Verifies part diameter does
not exceed MMC stze and
Go Gauge Rule #1 boundary

N\

\
i

210.8
i

f

. Part must

pass thru

40_8 MIN

the gauge

No-Go Gauge (verifies that any two-
point check 1s equal to
or greater than LMC)

Multiple
checks are
required

No-Go Gauge
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30.6-0.4

=

Go Gauge Verifies part diameter does
not violate MMC size and

Rule #1 boundary

WEP% {292

]
No-Go Gauge Verifies that any two- W I

point check i1s equal to Go Gauge
of less than LMC ——30.6 MIN———
. The No-Go gauge could be used at
%EEP % i 79 4 both ends of the hole. If a check
| mnside the part 15 needed , a
. I variable two-point measurement
e can be made

7772222

No-Go Gauge
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Reoale #F7

Rule Y [2.7.17)
Thee Lamits of Siree Comterol thwe FoOrm of thee Feoaatvare

4. Tho actwusal local sice at cach cros s soection shall bae wwithinm tho
lismits of sise.

= The SLrTac= OFr sSurtaces OFf & Teature sShall Mot OO e ypworwt &
Dosancary,. or envelope, of pestTeoct form at thvwe MPMCOC size of the
foatwure.

Full formm gage at
rMaNC

= | - — -
= 5 S | GO 29 0LAIAC ) — Local checks
(Theon ) (Proctice) L =stLMc

The ASME Y138 5. 1T math standard describes thhe LANMC reguire—
ment as thhe surface Not being allowed to violate a sphere whose size
is thhe LMC size. In practice it is common o saimply make two-point,
MmscCrometer Ty pe Mmeasurements.
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Examples of Vermfving Size

O 6005

22X S 10x0.1%
4_.l 1 S20.1 A— - BEARING

T here are five features of sizms shown on the drawing. 1T hey ar=
the two 10, 15 &6 and thhhe sphere whose dimernsion is not shown.o
T he hole sizme is vernbheaed in two step st

1) with a S5 95
Plug gage-

=29 o Swo-point
mMmeasursmants may
be mor= than ©.05.

diametsrs must pass
though a S<S10_7T rnimg
gage or eguivalent,
Ay muaicromeater Ty
messurernment mus: be
9.9 or grester
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e Maximum materiol size ¢ 160

.,- %s‘ e Vit w2 160,08

] %‘;{ - Virtuel condiion

110\ iy

/ §§§' ; Maxenum matedal conation
.“.(l .

Lonst matariol size ¢ 148,08

Peroend cularty tolerance rone ¢ 0,05
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Tolerancing Diagrams

Geometric < 0 @0.1 [
Tolerances | m @ B

209 | 30 301
LMC Size MMC

x_v_/

Size Value
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RULES

RULE #2 (New) RFS is the default for tolerance and

datum references (as appropriate)

| & |@oz|als]c|

RULE #2a (Temp.) For & tolerance of position, RFS may

E3LCT

be stated for the tolerance and datum
references (as appropriate)

zo2(3 [ale@®[cE]

Symbol for RFS (past practice from Y14 50-15982)




GD&T a0

Ruale 2 2. 23]

Rule 22 2. 8]

Regardiless of Feature Size (RFS) applies
to all geometnc olerances and datum
refaerances applied to Teatures of size
where neithher MAMC or L MC is stated.

A As seaem eorbheaer, it i=s pos=sable

to ransiate each geometnic

T 4040 1 call cut mmto plalrt Engli=sh w_rtr\

one clear meaning. Msoo wall
help out with the transiatomn of
geometnic tolesrances.

e Maox kes o call RFS Really
Fussy Stuff because there isnm't
th= cpportunity to get additomal

). tolerance (bonus) where RFS

| 18 a3 3
[(S5]= oasa] =rr'=
i, < "-,.‘ - tNo 08 or () so these apply

RS regardiess of thhe feature s size .
o — - ==
Transiation: T he axis of thi= hole mu== b= 3

l cemaread on the datum axis establfished by

daturnm featur S within o cylncnhicsal one of
. OO0 1S regardies= of the =i of thhe hol= -

o2
o.15

= RFS

0.05 —|
o

| |

17.8 48 18.2

Size Lasc

Mrac
DR T~ Ty
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P_+ & =P

=

Wirher=:
F. = Stated posibon tolerance
i & = Dhifferences between the achual see
- and the MMO size
y =l F.= Allcwable positicn tolerance
I thwe siz= of th= hole meeassures 182,
# th= positicon toderancs 1s:

BHO_15 + (18_2-17.8) = S0D.55
— B8R0,

- e EGEET A
— : - T —
Trarrafation: The axis of this hole mest ba
e nternad Sn e daturm axis establishad 0n.s
by datvrm Feature A werthin = oylindrical 055
- =are ST OO1S of the ol i rracie ot 178
0.4 5

coaonditon or inmaEr

[ The wirtaal
Eouncary

o
I| & 015
- —
] &
e 1]
17.65 178 18 182

P Pt S e L
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ARSI 1982
ASME 1994

Lime up with arrow only when

the featur= is a feature of
size and i= being defined as

the datum
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m Feature sizes, such as holes

/,—Eﬁ .500+.005

S

m Someaetimes a feature has a
GD&ET and 1s also a datum
rey

3 500+ 005
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PRODUCED PART
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DRF
1 POINT CONTACT
2 POINTS
CONTACT { POINT
CONTACT

AN,

DRF POINTS CONTACT 3
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SECOND DATUM PLAMNE
(SECOMNDARY)

(B) SECONDARY DATUM
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Datum point

Direction of measurements

S0° Catum axis

- - Daturm planes
- origin of
Datuwrm asis measurament

m Restricts 12 degrees of freedom.

THIRD DAT IR
FLANME ESTABLISHED
BY ONE FOINT (PRI
COMTACT WITH
SIMUOLATED DATUR

dbbbbdial
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 EXRYN LY
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RELATED DIMENS=SIONS=S
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Datum plane A-5
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DATUM PLANE B ESTABLISHED BY

INSIDE EDGE OF PINS, (PINS
QFFSET TO EACH OTHER BY .480)

b o DATUM FL.’-'TLE C
! H'--‘"h ESTABLISHED BY

2 SPHERICAL END
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Tolerance Symhols

- - —
-haractensics

Flatness
stralghtness
Roundness (Circularity)
Cylindriciy
Line Profile
surface Profile
Perpendicularity
Angulary
Parallelism

Circular Runout
Total Runout

Posiion
Concentriciy
Symmetry

'

IORNINH PRO 32

Form

Profile

Orientation

Runout

Location
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GEOMETRIC CHARACTERISTIC CONTROLS
14 characteristica that may be controlled

Geometric characteristic symbols Modifyving symbols
Type of
Tolerance Characteristic Svmbol Term Syvmbol
Straightness — At maximum material condition @
For : =7, aterial conditi
Flatnes At least material condition
individual Form : R ©
features Circularity (roundness) O Projected tolerance zone @
Cylindricity jo' Free state Q)
For individual Profile of a line £ || ASmeent et ®
or related Profile i .
Cantiiris Profile of a surface . VIanetce D
Spherical diameter S@
Angularity ST Radius R
Orientation | Perpendicularity S Sphericel radies <
teraliolism 7/ || Controtled radius CR
For related Position @ || Reference ()
features Location Concentricity @ Arc length -
Symmetry = || Statistical tolerance D
Circular runout A Betwecn
Runout <
Total runout ﬂ
19
* ARROWHEADS MAY BE FILLED OR NOT FILLED 4
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Comparison of ANSLand 50 Geometric Symbaols ASME Y14 5M-7904

Symbol for ANSI Y145 1530 Symbol for ANEL Y145 150 Symbol for ANEI Y145 150
Struighiness —_— — || Cinculer Kunoui® Py ) Festure Control Frame ~$- ~$- el 5@ A|B|C
Ilatness v &7 || Toiel Runou?® AF A IMatum Festurs® 5 OR E (%]
Circularity ) () || At Maximom Material Condition (M) (M) || At Around - Profil _{—\.- _G'lu--.:PmpggEgj].

Y

i

%,

Cylindricity

.-.,.U.l'

At Least Malerisl Conditicn

Conical Taper

Profile of o Lin=

D
D

Regardless of Festurs Sine
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Straightness Tolerance - Surface

ﬁ .

0.1 wide tolerance zone
for each line element of
the surface
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MEANS THI5

THIS ON THE DRAWING

::_-; 0.02

16,00
m“.’i.ﬂ (16h11)

Each |angitudinal element of the surface must lie
natwean two paralisl linas (0.02 apart) where the
two [ines and the nominal axis of the part share a
commen plane, The feature must be within the
specified limits of size and the boundary of
perfect ferm at MMC (16.00).

Note: Waisling (b) or barreling (c) of the surface,
though within the siraightness tolarance, must
not exceed the limits of size of the lealure.

: (a)

(b)
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Straightness

—0.12 TOLERANCE

oL 912 7ONE

15.80 = 1560
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THE MEANING OF
STRAIGHTHESS STRAIGHTNESS
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16.00
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Thess on the drawing... ...means this
31600 L ehi ) 0.02 0.02 wide lolerance zone
15.88 l

216.00
MMC

Straightness
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Straitness

(il D) g2 aniicua

Straightness of axis (center plane)

2.500
~10.002 , V-Block
=3 Inspecticn
= 0.002 (always) (locate the
True Axis of Shaft, true axis)
3-Dimensional Twist
RFS Basis
MMC Modified
0.500 ©.002 (at least) Functional
~lo.002@ Plus any Bonus Gage
Tolerance
S True Axis of Shaft,
3-Dimensional Twist
Drawing Effect Inspection
(scale enlarged) Methods
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003 LINE ELEMENT
STHAIGHTNESS TOL
ZONE

ECE, FEATLHE MEIST

ot WIFrilN 31ZE
LIMITS AND
PEAF=CT FORM
AT MMC,

PRODUCED PART

003 STRAIGHTNESS

LINE ELEMENTS TOL -_)'ﬁ_%
ZOME SERIES OF

{CHECKS,
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BUSH
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on the shaft size dimension on the
diameter that assembles into the
bushings
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an . 5 MBOL MEANING
THI
one - P (5 ETR) THIS FEATURE'S
DERIVED E0IAN LIV
5.010 — STRAIGHT

a0 | WITHIN A DI& 20KE
| OF 630 AT MME

]— — ¢ o

- T TR T T TRy —— ™=

The derived median line of the feature's actual local sizes must lig within a cylindrical
tolerance zone of 030 diameter at MMC. As each local size departs from MMC, an
increase in the local diameter of the tolerance cylinder is allowed which is equal to the
amount of such departure. Each circular element of the surlace must be within the
spEthd fimit uf 5120,
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¢ 18.8

Gage for verifying
the straightness

control
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Virtual condtion
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THE SIZE TOLERANCE (EXEMPTED FROM
RULE 1) RECUIRES THAT EACH CIRCULAR
ELEMENT OF THE FEATURE MUST BE
WITHIN THE SFECIFIED LIMITS OF SIZE

MEANS THIS

A COMBIMATION OF THE SIZE
AND THE STRAIGHTNESS TCL
FEQUIRES THAT THE

ENTIRE FEATURE MUST HOT
VICLATE THE VIRTLAL OR
OUTER BOUNDARY OF _£07 Dia,
[FUNTIONAL GAGE)

030 DIA TOL ZONE AT MMC.
TOL ZOME CAM INCREASE
w2 ACTUAL S1ZE OF
CIRCULAR ELEMEMTS
CEPART FROM MME

SEE ¢I—L¢-.F1T/—7

- THE DERIVED MEDIAN LINE ———
— OF THE FEATURE MUST LIE DIAFEATURE | DIATOL | WVIRTUAL
WITHIN THE SFECIFIED DIA SIZE (ZONE | SIZE
TOL ZONE T 039 7
376 AHCY
75 032 an’
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COmpare MMC tQ RFS (Regardless of Feature Size)

|o002 | or [ — @002 [M)]

Bt 1.00+.002

FProduced Tolerance Tolerance

size RFS MMC

1.002 .002 .002

1.001 002 003

1.000 002 .004

999 002 005

998 002 .006
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Indication of a common tolerance zone




®w a0

Flatness PV

iy i:jﬁ",[,é Cd deein 2l 3 ] bl NFUNER IR EJM i 5

ol ol e lidins 220 0

ol J|jI 1-:[5.3 Cotiad ..::.-.'l’.' o A Dyt 1.! 1_5}"3.1. d.f.,__ﬁj|5.n o) doells g3yl ilols

Gl gm0 dun iyl 3 g ol gamigs S s

itblﬂﬂjﬂgﬁﬂﬁu"*gjﬁ
238 i S gl p o g £ glyn i el o s §5 ) gyl g @
(yekosapas 9 &5 0d bz [oa)




Flatnhess (A3

(Flatness) g il Joi

EHPFTCRPI LI Sy R S|

i i il gl ke

[= | -.-.I " 1
j.:ll.'__-_l_?'ﬂi :'_,I_!"" II:l.ﬂ--lll-- -hi.-u..-'l...l




iy

0.001

®w a0

Flatness P

Tolerance zone defined by two parallel planes.

AN

parallel
planes



C—

On this 2ealing surface
a Nalness conlral cowld

Le usad 1O anawrs thae
puttaco will contao the

COpyright © 2006d4=1Tective raining Inc

\ 'i;.;,;\\ \\\\\ ' \



Flatness (AT
15l
fﬂTmm J0ng

fOmmon Zona [U-[M“
| i




‘Flatness

A 4

I..F""j g):S' a-_'-,].lﬂ |

3903 533 001 b LT =S ayigy 5 b ) 99 5 wlyid 0

.

e e

008




Flatness PV

rmunc 2.7 Thes cn thes drawng,, Mo ths
Fintness (ANSI

Y14.50-1994) 1025

L)

B WSt

Engineering Design Communication — Lockhart and Johnson

002 Tolerance Zone Size
J (2 planes)

|:|002
& =
All Points on

Surlace Must Be
batweaan the 2 Planes

Drawing Tolerance Zone
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Surface plate shown trarsparent

Part shown trarsparent
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Flatness PV

Verification of Flatness

*VELNG ADJUSTERS

=~

K SURFACE
[ PLATE
Leveling plate Feeler gage check
Level part and move indicator over Quick check. It is good for large
surface, readings must not exceed total olerances. May miss concave
flatness tolerance. Good check but may varathons.

be time consuming.

L’ 3 )7( INDICATOR UNDER PART @

Indicate thru hole in plate.
Set on gage blocks of same height, Slide part over indicator.
then indicate under part. Will not Good in process check.

check surface under blocks. May misread on convex
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FIGURE 12.72
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All element of the surface must he
within two concentric cyhnders
0_5mm apart parallel to the axis
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FIGURE 12,73 This on the drawing... .means this
Cylindricity (ANSI
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Cylindricity

| Engineering Design Communication — Lockhart and Johnson

Precision Slide
Periect Cylinder /_

9.5C0

Q| .002

Drawing Effect Inspection Method
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Tolerance zone bounded by two concentric cylinders
within which the cylinder must lie.
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e Line profile
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800

— Obvious abrupt

change in
direction

~— Controlled
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Profile of Surface b Jé

« Applies to all features of a part
« May apply additional tolerances

G— | .060 [A[B
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Profile of Surface b Jé
« Symbol is similar to welding all around

« Only applies to the feature as seen in toleranced
view

?9—3:1: |.020[alB]C




Profile of Surface b Jé

r
Basic dimension shown ——. _
N, 7| 006
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' / L~ / ' ' |11 750 |
i N
l A d /4 | T
A & L
G| 008 | A
Fa4
Datum feature A referenced —'
— Datum plane A
1.750
008
! — - j 1 1
004

Flanes parallel to datum A

define the profile tolerance
boundary

‘— Location requirement

defined by the basic
dimension
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Profile of Surface b Jé

0 Coplanar surfaces are
two or more surfaces
that are on the same
plane.

o Cop

featu

anar datum
res are two or

more datum features
that are on the same
plane.

’
S 02
TWO SURFACES

0.2 TOLERANCE —
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In this example. however, we need to change the basic dimensions and umilateral tolerances to mean

dimensions and equal bilateral tolerances.
Therafore,

A=1258 1003
B=1758 003
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Angularity G5 a4

Dimensioning Angles and Resulting Wedge-Shaped Tolerance Zones

— 30°0° 30

i
T

A combmation of
Cartesian and polar
coordinates used to
dimension angles results in
a wedge-shape tolerance
zone. The tolerance zone
mcreases in size as it
extends out and away from
the vertex of the angle.
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Dimensioning Angles and Resulting Wedge-Shaped Tolerance Zones
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A combimation of
Cartesian and polar
coordinates used to
dimension angles results 1n
a wedge-shape tolerance
zone. The tolerance zone
INCTeases 1n size as it
extends out and away from
the vertex of the angle.
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Dimensioning Angles and Resulting Wedge-Shaped Tolerance Zones

— 30°0° 30
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A combmation of
Cartesian and polar
coordinates used to
dimension angles results in
a wedge-shape tolerance
zone. The tolerance zone
mcreases in size as it
extends out and away from
the vertex of the angle.
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Dimensioning Angles and Resulting Wedge-Shaped Tolerance Zones

— 30°X0° 30

N
i

A combination of
Cartesian and polar
coordinates used to
dimension angles results in
a wedge-shape tolerance
zone. The tolerance zone
mcreases in size as it
extends out and away from
the vertex of the angle.

i
|

When Cartesian coordinate
dimensions and tolerances
are used without polar
angle dimensions, the
tolerance zone 1s parallel.
Tight tolerances are
necessary to assure

assembly of precision parts,

and the absence of a datum
reference or precedence
may create concems in
crtical design problems.

b0l
= Io

1

\‘.__L
T

Geometric tolerances
requure the angle to be
established as basic. The
tolerance zone consists of
two parallel planes that
are oriented af an exact
angle in relation fo the
datum plane. All surface
elements must be between
the two parallel planes
relative to datum D.
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Applications—Features Controlled for Angularity

i

405 C

C

The feature control frame  when apphied to a surface that 1s being controlled for
angulanty. 1s attached by means of a leader, from the feature control frame to the
controlled surface. The angle 1s always specified as basic. The limts of size
cannot be violated, at least one datum 1s required in the feature control frame, and
no modifiers can be used. The interpretation of this illustration would be that all
elements on the controlled surface must be within a tolerance zone consisting of
two parallel planes. oniented exactly 45° from datum plane C. and with a linear
distance between them of 0.5 mm
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Applications—Features Controlled for Angularity

-y

45°

[ %
40.5 C

The mterpretation of the angulanty control
1s represented by placing the parton a
surface plate which ssmulates the datum
plane. Points of contact between the two
surfaces establish the datum_ from which the
angle can be venfied.

O
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Applications—Features Controlled for Angularity

/ 0.5 Wide Tolerance Zone

40.5 C

The tolerance zone 1s two parallel planes onented exactly 45° from the surface plate or
other surface gage. The gage 1s brought into contact with the high point on the angled
surface. A second plane is established .5 mm away and parallel to the first. All
elements on the surface must he between the two parallel planes.
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Applications—Features Controlled for Angularity

/ 0.5 Wide Tolerance Zone

ZA HEE

O—<

When angulanty 1s applied to a feature. a basic angle must be specified from a
datum reference. The established tolerance 1s a linear distance between two parallel
planes. Thus, the flatness of the surface 1s also controlled within the same tolerance. The
tolerance applies regardless of feature size, but the limits of size cannot be violated.

Angulanty always requires a datum reference.
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Angularity Controlled Between Two Parallel Planes

The axis of the hole 1s controlled only 1n the onientation of the view 1n which it 1s
called out. Therefore, the tolerance zone (in the absence of a zone descniptor), 1s
two parallel planes 004 inch apart and oniented exactly 50 degrees from the datum
plane.

# # A
A A IS G d S s S s s

>
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Angularity Controlled Between Two Parallel Planes

The lines depicting the limats of the tolerance zone, represent parallel planes, running
perpendicular to the screen. This 1s a two-dimensional application of the geometnic
tolerance because there 1s no zone descrniptor 1n the feature control frame  Control in any
direction other than between the tolerance boundanies, must be determuned from a
general note or from the application of tolerances 1n the title block of the drawing.
Two Parallel Planes B620- 625
004 Tolerance Zone %\ Z | 004 | A

50°) NS : %
2 %?f\\/
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Angularity Controlled Between Two Parallel Planes

The axis of the hole can be anywhere within the boundanes of the tolerance zone
(which may be visualized as an extended rectangular prism). What you see
depicted here 1s a worse case possibility. The axis 1s shown at the extreme
onentation, but still within the acceptable angulanty limits.

Possible Feature Axis Onientation

@620 - 625
< | 004 | A

Two Parallel Planes
004 Tolerance Zone

>
N
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Angularity Controlled Between Two Parallel Planes

.004 wide tolerance zone defined by 2 parallel planes
Possible Feature Axis Onentation

////

o e o 3 . ” L~ J
&> -~ SR 2L -~ y 5 » w
R B o

Regardless of feature size. the axis must lie between two parallel planes 004 apart
which are inchined 50 degrees to datum plane A (This control applies only to the view on
which i1t 1s specified) The limits of size cannot be ovemdden, and no additional
tolerance 1s available. Remember, the specified angle must be a basic dimension, and
there must always be a datum reference.
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Tolerance of Orientation

Parallelisimn

Vi

v

00107

A

T: Tangent Plane

)

)

A

| Parallelism Tolerance
L500+.005

Departrment of MeEchanical Engineenng and Mechanics
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Parallelism of Suriace

d

0.1

A

All elements of the part
surface must be within the
tolerance zone

Tolerance zone 1is

)

two parallel planes
0.1 apart & parallel
to datum plane A
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//10.12| A 0.12 1olerance zone
I Possible onentation

— = of the surface
\— Datum plane A

B

This on the dravang... ...means this

FIGURE 12.78
Parallelisim for a plane surface
Engineering Design Communication — Lockhart and Johnson
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Applications -- Parallelism

The large flat surface on the top of the object is to be parallel to the base of the
part within a total range of 0.3 mm. The tolerance zone consists of two parallel
planes, which are also parallel to the datum plane

71T
{}\ o
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Applications -- Parallelism

The large flat surface on the top of the object is to be parallel to the base of the
part within a total range of 0.3 mm. The tolerance zone consists of two parallel
planes, which are also parallel to the datum plane

71T
{}\ o
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Applications -- Parallelism

The physical dimensions locating the surface that must be parallel to the datum
plane define the upper and lower limits of a dimensional tolerance zone. This
feature must be verified before the parallelism tolerance can be checked.

— — —

755 0 | s \

10.0 Plane D
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Applications -- Parallelism

The tolerance zone is 2 parallel planes 0.3 apart, an
parallel to datum Plane D (this refined tolerance ma
float within the larger size tolerance).

— e —_— :
//|03|D 10.8 TD \
e @

The parallelism geometric tolerance requires that the elements of the surface be within
0.3 mm of perfect parallelism with the datum plane. Also, because it is a feature that is
being controlled, none of the elements of the surface can violate the boundaries of the
size dimensions (MMC or LMCO).
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Applications -- Parallelism

The tolerance zone is 2 parallel planes 0.3 apart, and
parallel to datum Plane D (this refined tolerance may
float within the larger size tolerance).

Note:| When a
parallelism control is
applied to a feature, the
straightness and
flatness of the feature
is indirectly controlled 108 /
by the boundaries of

the parallelism 10.0 Plane D \ _/
tolerance. A l

parallelism tolerance '

must be less than the

size tolerance, and a

datum reference is // | 03 |D
always required. The
MMC/perfect form
envelope 1s in effect
(see Rule #1).

'5
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Applications — Parallelism
Axis Parallelism Controlled by Parallel Planes

75

72
2 6.5

6.6
// |02 |c

THRU L @ 1{? v

105 \Wi B

10.0
T ) A
C

A tolerance consisting of two parallel planes can be demonstrated in this illustration. A
tolerance of 0.5 mm has been established from the base of the part to the location of the
hole. Nofice that the control is applied to a feature of size, but there is no zone descriptor
in the feature control frame. Therefore, the zone is two parallel planes.
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Applications — Parallelism
Axis Parallelism Controlled by Parallel Planes

Looking from the side view, our line of sight is parallel to the planes defining the

zone formed by the location dimensions—0.5 mm (yellow lines). The parallelism
tolerance, however, 1s 0.2 mm, and must be within the boundaries of the locating

tolerance.

02 |C
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Applications — Parallelism
Axis Parallelism Controlled by Parallel Planes

Two parallel planes, 0.2 apart, and parallel to datum Plane C,
form the boundaries of the controlling tolerance zone. This refined
tolerance may float within the larger location tolerance

02 |C
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Applications — Parallelism
Axis Parallelism Controlled by Parallel Planes

Two parallel planes, 0.2 apart, and parallel to datum Plane C,
form the boundaries of the controlling tolerance zone. This refined
tolerance may float within the larger location tolerance. —

02 |C

Rule #1 is overridden when parallelism is applied to a feature of size (Virtual
Condition Applies). The straightness of the feature axis is controlled within the
restrictions of the parallelism tolerance zone. Because no modifiers have been used in
this case, it applies regardless of feature size.
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Applications — Parallelism
A Cylindrical Tolerance Zone (RFS)

Datum feature E is used to establish the datum Axis. A second hole is located a
specified distance away on the same vertical center plane. The axis of the second
hole (the controlled feature) must be parallel to the datum axis within the specified

cylindrical tolerance zone. & 80-85
//| D 02|E
A
215
210
E
\// |
@ 9.0-92
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Applications — Parallelism
A Cylindrical Tolerance Zone (RES)

The datum axis is established by high points on the internal surface of the hole in
contact with a gage surface. Once the contact has been made. the gage axis
becomes the datum axis.

1

/— Datum Axis

// | D02|E

\
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Applications — Parallelism
A Cylindrical Tolerance Zone (RES)

Regardless of feature (hole) size, the tolerance zone for the controlled hole is a
cylinder, 0.2 mm in diameter, parallel to the datum axis, within the location
tolerance, and extending through the part

& 02

%%

o ®

Parzlllel T
l % /— Datum Axis

//| D 02|E
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Applications — Parallelism
A Cylindrical Tolerance Zone (RES)

Because the parallelism tolerance was assigned to a feature of size, both parallelism and
straightness of the feature axis is constrained within the tolerance zone. A parallelism
tolerance should be less than the feature location tolerance, and in this case, there 1s no

bonus or additional tolerance because the parallelism tolerance was not modified to
apply at MMC.

? - |

Parallel

i /— Datum Axis




Parallelism

() $) s )94

Datum feature E i1s used to
establish the datum axis,
and the axis of the second
hole is to be parallel to the
first within a cylindrical
tolerance zone of 0.2 mm.
In this case. however, the
tolerance has been
modified to apply when
the feature 1s at MMC. As
the feature increases in
size. the tolerance for
parallelism i1s allowed to
increase proportionately.

Applications — Parallelism
A Cylindrical Tolerance Zone (MMC)

& 80-85
// | & 02 M |E

>
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Applications — Parallelism
A Cylindrical Tolerance Zone (MMC)

The datum axis 1s established by high points on the internal surface of the datum
feature (lower hole) in contact with a gage surface. Remember, once the contact
has been established, the gage axis becomes the datum axis.

A

/— Datum Axis established
by variable gage

//| @ 02®|E

\ |
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Applications — Parallelism
A Cylindrical Tolerance Zone (MMC)

When the feature (hole) 1s at MMC, the tolerance zone for the controlled hole 1s a
cylinder, 0.2 mm in diameter, parallel to the datum axis, within the location
tolerance, and extending through the part

& 0.2 at MMC

e O

f

Parallel T

l % /- Datum Axis
% /| B 02®@|E
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Applications — Parallelism
A Cylindrical Tolerance Zone (MMC)

The axis of the controlled feature must be
fully contained within the cylindrical
tolerance zone established by the
tolerance 1n the feature control frame —

Parallel

//| @ 02 M|E
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Applications — Parallelism
A Cylindrical Tolerance Zone (MMC)

As departure from MMC occurs, the cylindrical tolerance zone for the controlled
axis 1s allowed to grow in direct proportion—to the extent of the size tolerance,
LMC. The zone must remain parallel to the datum axis, within the location
tolerance, and extend through the part.

Tolerance at Tolerance at
LMC —l MMC

)

!

Parallel

l

//| @ 02M|E
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Applications — Parallelism
A Cylindrical Tolerance Zone (MMC)

Because the parallelism tolerance is applied to a size feature and modified to apply at
MMC, Rule #1 1s overridden, and bonus tolerance is available. Also. permissible

variation from perfect straightness of the feature axis is only controlled by the extents
of the parallelism tolerance zone.

Tolerance at Tolerance at

LMC _l MMC

()

O

1
/— Datum Axis

//| D 02M|E

1

Parallel
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Applications—Perpendicularity

When perpendicularity 1s applied to a planar surface, the attitude of the surface 1s defined
relative to the specified datum. In this case all of the elements of the surface defining the
right side of the object, must be within a zone defined by two parallel planes, .005 apart,
and perpendicular to datum plane A.

| 1005 [A

2032
2022

—_—
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Applications—Perpendicularity

When inspecting the part, the size is verified first. The size of the part must be within the

specified limits. Once the size have been verified, the required perpendicularity is then
checked.

| |005 (A

2032
2022

2032 =

-— 2022

>—4
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Applications—Perpendicularity

In verifying the perpendicularity of the surface, it also becomes obvious that the flafness
of the surface is also controlled by the perpendicularity tolerance (two parallel planes
.005 apart). The folerance zone for perpendicularity can ‘float” within the size limits
tolerance, but must be maintained normal to datum plane A.

| oos [A

2032
2022 —= =— RFS, .005 wide tolerance

zone, containing all surface
- 2032 elements.

—~——

>—d




Let’s consider a case where perpendicularity is applied to a feature of size. In such cases.
perpendicularity controls the median plane of the size feature relative to the datum plane.

perpendicularity (a5 walaia

Applications—Perpendicularity

e
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Applications—Perpendicularity

Interpretation: Regardless of feature size, the center plane must lie between two parallel
planes, establishing a 0.5 wide tolerance zone, oriented 90° to datum plane A.

The form of the groove is controlled by a combination of the size tolerance
and the perpendicularity tolerance.

\_/_ _‘_0-5

7.8 |
7.0
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Applications—Perpendicularity

Perpendiculanty Applied to a Cylindnical Feature (2-Dimensional Control)

The tolerance zone 1s defined by two parallel planes. perpendicular to a datum plane and
within which the axis of the toleranced size feature must lie.

{E -
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Applications—Perpendicularity
Perpendicularity Applied to a Cylindrical Feature (2-Dimensional Control).

-y

T8

03 (C

While the stipulated control is for the perpendicularity of the two holes, relative to datum
plane C, the absence of the zone descriptor in the feature control frame indicates that the
zone is to be formed by two parallel p/anes that are perpendicular to the datum plane—
restricting the axes to a two-dimensional control.
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Applications—Perpendicularity

Perpendicularity Applied to a Cylindrical Feature (2-Dimensional Control).
Datum Plane C Simulator

03

Regardless of the hole sizes (within their
specified size limits), both axes must lie
between two parallel planes that are 0.3 mm
apart and perpendicular to datum plane C.
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Applications—Perpendicularity

Perpendicularity Applied to a Cylindrical Feature (2-Dimensional Control).
Datum Plane C Simulator

|

#
e

SLEIN03 | €

03

If no zone descriptor is present in the
feature control frame. the tolerance zone is _ St ,
always the linear distance between two specified size limits), both axes must lie
parallel planes. In this case the planes are between two parallel planes that are 0.3 mm
established perpendicular to the datum plane. apart and perpendicular to datum plane C.

Regardless of the hole sizes (within their
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Applications—Perpendicularity
Perpendicularity Applied to a Cylindrical Feature (2-Dimensional Control).

Datum Plane C Simulatorx
bC 90°

[d [
e - .

\2)(@4_8 ‘L =
0.3

e

40
glepa3 [C

As we established earlier, where relafed geometric tolerancing controls are called for,
the features themselves must first be certified to be within their tolerance limits—in
this case the diameter sizes of the holes. Then the specified relationship(s) to the
controlling datum or datums can be verified.
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Applications—Perpendicularity

Perpendicularity Control of an Axis -- Regardless of Feature Size.

When a zone descriptor (diameter symbol) is used in the tolerance portion of the
feature control frame, a cylindrical tolerance zone is established. When used in
conjunction with perpendicularity, the zone will be perpendicular to a datum plane
or axis, within which the axis of the specified size feature must lie.
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Applications—Perpendicularity

Perpendicularity Control of an Axis -- Regardless of Feature Size.

_ ~120
2 14

1| @03 |D

P—D

The axis 1s determined by the diameter dimension—accompanied by the feature control
frame—which orients the axis’ cylindrical tolerance zone to planar datum D.
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Applications—Perpendicularity

Perpendicularity Control of an Axis -- Regardless of Feature Size.

i

120
114

mn .

L

& 03

/— Datum D

Planar datum D is established by a minimum of three high points on the surface, in

contact with a gage surface.
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Applications—Perpendicularity

Perpendicularity Control of an Axis -- Regardless of Feature Size.

Datum D
o .

1| @03 |D

..........

.......

Variable Gage

A variable gage circumscribes the diameter of the shank of the pin until the high
points on the pin surface are in contact with the gage.
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Applications—Perpendicularity

Perpendicularity Control of an Axis -- Regardless of Feature Size.

Datum D
o 8

1| @03 |D

r—D

The axis of the gage establishes the /ocation of
the axis tolerance zone. The axis of thepinis P
then checked to ascertain whether or not it 1s

within the limits of the specified perpendicularity
specification.

Vaniable gage
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Applications—Perpendicularity

Perpendicularity Control of an Axis -- Regardless of Feature Size.

— & 12.0

14

—

1| @03

CONCEPT REVIEW

At all possible variations within the specified
size limits, the axis of the body of the pin
must lie within the cylindrical tolerance zone
relative to datum surface D.

Variable gage contacting the high
points of the diametrical surface
with a minimum of 3 points of
contact on datum surface D.
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Perpendicularity Control of an Axis -- Regardless of Feature Size.

Applications—Perpendicularity

N VA
2 114

ol

@03 |D

P—D

When a zone descriptor is applied to a diametrical
feature of size for perpendicularity control, it establishes a

cylindrical tolerance zone within which the axis of the feature must he Rule #1 1s
overridden because the control is associated with a feature of size. No bonus
tolerance is available however, because no modifier is present. Because the
tolerance zone is cylindrical. the tolerance zone is 3-dimensional, controlling the
axis in all directions.
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Applications -- Gages

A fixed gage for checking the previous example --perpendicularity at MMC

Simulated
Datum A \
—\ 90 1| @o2MW |A

.

S22 —

Depth of gage equal to or greater
| than the length of feature of size.

MMC (12.0) + GT (0.2) =VC (12.2)

For a part to be acceptable, it must fit
into the gage and have a minimum of
three points of contact on datum feature A j
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Applications -- Gages
A fixed gage for checking the previous example --perpendicularity at MMC

DatumA\

Simulated

Datum A \“\

ARSI RIS A AR s
RLEERrEErrrs

? e r 7 ATTT I3 rrr

Depth of gage equal to or greater
than the length of feature of size.

MMC (12.0) + GT (0.2) =VC (12.2)
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Applications—Perpendicularity

When a design requires perfect orientation at MMC, it can be specified by using
zero for the tolerance value in the feature control frame.

A

{{{ .
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Applications—Perpendicularity

If 1t 1s necessary to limit the bonus tolerance effect to a maximum limit, an additional
section can be added to the feature control frame to indicate this requirement.

Q ;
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Applications—Perpendicularity

The additional cell in the feature control frame specifies a maximum tolerance diameter
that can be permitted to control the perpendicularity of the feature relative to datum A, as
departure from MMC occurs.

{R 3

1 |00 M| @ 04MAX|A
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Applications—Perpendicularity

The next series of slides will demonstrate the concept of zero tolerance at MMC, coupled
with a constraining maximum tolerance allowed for variation of perpendicularity, as the
actual produced size varies from MMC to LMC of the controlled size feature.

A

{R 3

1 |[P00M | @ 04MAX|A
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Applications—Perpendicularity

‘Gi = Datum A
. i

8.0
[ L [#200@ |2 04max|a]

KA
/ :
[
‘Lae
. -

Stud Size @ Tolerance 90° | (AT MMC)
Diameter Allowed
e ——
8.6 MMC 0

At MMC (8.6) diameter, zero tolerance is permitted on the
perpendicularity of the stud axis—relative to datum A.
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Applications—Perpendicularity

‘Q = Datum A
. i

8.0
| L [#00® |2 0.4max|a]

"
/. :
T
L
s e
'
-

Stud Size @ Tolerance 90° | (AT MMC)
Diameter Allowed
b ]
8.6 MMC 0
85 0.1

As departure from MMUC occurs, the tolerance for
perpendicularity is allowed to increase proportionately.
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{R -
\Q’S:S

| L [#00@ |2 0.4max |A |

Applications—Perpendicularity

/DatumA

Stud Size @ Tolerance 90° | (AT MMC)
Diameter Allowed
g —
8.6 MMC 0
85 0.1
84 02

A
/
[
.-
—
’
— -
' .
- 5

As departure fromm MMC increases, the amount of acceptable
variation from perpendicularity also increases proportionately.
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Applications—Perpendicularity

Q = Datum A
! i

I.L[Qo.o@lgz) 0.4 MAX [A |

/‘. i
8
S
4
.
“~ EN

Stud Size @ Tolerance 90° | (AT MMC)
Diameter Allowed
| ———
8.6 MMC 0
85 0.1
84 02
83 03

The process of change continues through the limits allowed by
tolerance zone for the stud axis perpendicularity.
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(4]

{R :
b

8.0
| L [200@ |@ 0.4amax]|A|

(AT MMC)

.‘
.
.
4
L
- s

Applications—Perpendicularity

/DatumA

Stud Size @ Tolerance 90°
Diameter Allowed
P —

8.6 MMC 0

85 0.1

84 02

83 03

82 04

As the maximum allowed tolerance is reached (0.4 diameter),
it remains at that level, regardless of additional (acceptable)
size changes towards least material condition.
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D

Applications—Perpendicularity
‘E-R i / Datum A
\ 86

8.0
| L [#200® |2 0.4amax |A|

.‘
&
.
-
’
S @
:

Stud Size @ Tolerance 90° | (AT MMC)
Diameter Allowed

8.6 MMC 0

85 0.1

84 02

83 03

82 04 —

81 04

8.0 LMC 04

Note that the diametrical tolerance zone for axis variation from

perpendicularity is maintained at 0.4 mm, maximum, once that
limit 1s reached by departure of feature size from MMC.
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Perpendicularity of Suriace

- L02|A|BH 248-04
z N
fa
03
¥ 1
b
A
Tolerance zone o All elements of the part surface
two parallel planes (,/ ' must be within the tolerance zone
0.2 apart. AL
perpendicular to A R

Part contacts datum plane
A first and datum plane B
second

d ! L[}ammplanﬁﬁ

_|'.

.ll 1 .'I.

Datum plane B —H
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Gircular Runout

&7 30604

l— Chuck or collet Part surface

Two co-axial
circles originate
from the datum
ax1s

. Radial distances between
‘/f circles equal to the runout
tolerance value
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Location OS5

Coordinate System Position

m Consider the following hole dimensioned with
coordinate dimensions:

_—ﬁn_tj-f&@cﬁ—— /7 @ .500+.003

{'J (CRie®

m [he toleramce zone f:jr the Incatmu/the hole 1s
as follows: \
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Coordinate System Position

Consider the following hole dimensioned with

[ |
coordinate din1en5i:::n5:
— CICH:I':II [:Iilf; /7 Eora BT W W il W S
F50H005
Yy
m [he tolerance zone f:jr the locationr{axis) of the
hole is as c:l!p::ws \
010
Center can be
amywhere along 5
the diagonal /
lime.
— 2.000 L H —
| | [
1

m Several Problems: |
Two points, eqm.dlﬁtant frm'n true position may not

be accepted. o - ¥

— Total tolerance. dlag:::lnalh.r =3 ﬂ1=4 which may be
more than was intended. (1.4 xXs =, 1.4~ 010=014) 37
3
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Position Tolerancing

m Consider the same hole, but add
GDE&T: +o
- M S0 s
[ | = |
________ I T
- w
T -
m MNow, overall tolerance zone Is:
HeeE l;'_SII\:\lI O Tl ERAHTCETDGHE
9 407 e st fIQ\ T e
MMC = _“mLJ
500 - 003 = .497 \l-/
m [he actual center of the hole (axis) must lie In

the round tolerance zone. The same tolerance
Is apphed, regardless of the direction.
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Bonus Tolerance Example

e P —

This means that
the tolesrmance is
JO10 i the hole
T size i= dhe MMOC
zize, or 497 _ 0T the
hole is igger, we
gt a bhbomus:
tolerance egual o
i the difference
.00 =000 petween the MMC
=zize and the actual
| 1.0 | SEe.

[

T SO O, E =03
' —— AT

Actual Hole Siee Eomus Tol. b of Tol. Zore
& 497 (AN o 010

=¥ 400 499 - 497 - D0E] 022 OO+ _[NIF - OHL AO012

&F 500 ¢ 500 - 257 - 0] 003 LOAD -+ 02 = THE) JAO1=2

=& 502 =05 O1s

& 503 (L) =03 O1s

=F _50=¢ E 7

This system makes sense_ .. the larger the hole

iIs, thhe more It can deviate from true position

and still it 1in the mating conditionl
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Maximum Material Indication in

Tolerance Frame

The maximum material
condition, when used, is
indicated by a symbol
placed after the
tolerance value, after
the datum letter, or

both.
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Position <uadsa

Datums

T -

"3 - . o . A |
Figure 12.72
- co ST YT e AN LS A

Two-plane datam reference frame in which the hole is
dimensioned from the left and bottom
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Position <uadga

125
S5X 0O 450

@ 0.4 (W
® 201 ™

@ 105

SXK 72

I @152 £ 0.5
CARRRN ERRRRRRRRRRRRRRR L T~ Ty




Location OS5

Tolerance of Position

Bt

- — 21 6.0 +0.4

e
I-.-"'

S ’ Datum plane A
Datum plane B I PP f

- = I
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Tolerance of Position to Non-parallel Hole

B4, 40300 4x 26 +0.2

e 6L ““/{} @ 0.4(0M) |A|B|C
NN /ﬁ T
..t..g.i.f;-i-- wj I U:-« ___________ {
-""'-_;;_.-""'-.I .-"lI
~ f:!} .-..---__.-' /// ..-""Ir...r-"".f..-""f.-"'f.-'
— N

- & 14+0.4
1

Hole AME ¥ Tol. Bonus Total Tol. =
Dhia. Tol. ha
6.0 0.4 W] 0.4
6.1 0.4 0.1 0.5

6.2 0.4 0.2 0.6
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Location OS5

Shoulder — a vertical surface produced when a diameter change occurs on a shaft.

Spacers

Housing

|
Retaining
— ring

]
‘ Shoulders

Spacer —a nng shd over the shaft agamnst the machme element that 15 1o be located, 1.2 1t 13 posihonad between two

elements and thus controls enly the relative pesinion between them.



Location S

Locknut — can be used when an element 1s located at the end of the shaft. Needs the thread on the shaft.

Bearing  Lockwasher (:ED
: ¢ [ Locknut

Lockwasher can be added to fix the locknut.

B+L+T

fa) (h)

Locknut Lockwasher



Location OS5

Collar — a2 nng similar to a spacer slid over the shaft. but positioned adjacent to a machine element for the purpose of

axial location. It 1s held n position. typically. by set screws. and axial location can be set virtually anywhere along the
shaft.

Adapter Sleeve — similar to collar. but with tapered outer surface & sht. and 1s placed between the bearing and the shaft.

Locknuts are used to clamp the collar.

RURERRRRRRRRRRRRRRR R T~ Ty



Location S

Db referetces to
. . .
2X D1020.2
ol P
‘ﬁ L 160,32

A& | B 1
] 203k | AlB|C
po - _
b & =
s {4t
- - T
- [—zr sl
I -:ﬁmm.]l [10 = .‘gl,EI
| !'I'D'E' A 1 | r M +5
Ltl T e L— [Eh&@ 28] [
B




~ Conentricity (sXs ) sossepd

ol f p o sy b i o

o g o bl sy ol g
) Upo

ol e p ol o o Bl o p gy spe
L o fpbpu
L >



ConentriCity (sS4 ad) o5 ab

ooty o, Coaxiality ¢ 9w ob dguive iS5 5g ®
97 Ay o jaoue

ot » COoncentricity ¢35 so o dguluo 4285 239 ®
Bt Cund Spe
B0 4 G jyoe
1970 ) Cod }S p0

(g o pdly . LeByg s o) jho Cuslind s s S50 puaghin By
R



ConentriCity (sS4 ad) o5 ab

: Coaxiality § 398 ,,.n:,a I
ol €l L ogly i 3,0 O g dod sl 43
Cual 3 et s 8

Al a5 g0 dlyial g g3 bl goiin 5 18 o

Sl iy (el ole o Slo 3 g0 02 8



ConentriCity (sS4 ad) o5 ab
(Concentricity) ()3 ad il Joi

._._,,._?,:,‘.jl_.l u..l_’_.] |.'.I'-|.- -}.ul l;--]i-h-...ld...l |_._? L I-Ll Il'- |_._I,_!|Flr"

apE it i e




ConentriCity (sS4 ad) o5 ab
Concentricity
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‘Concentricity
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2.00 Diameter)
o
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Inspection Method
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INTRODUCTION TO VIRTUAL

s clla g iy b Jgad

CoNDITION

BouNDARY CONDITIONS

s

Part FOSs The worst case boundary
Specification Type (WCB) is equal to...

FOS with no Internal IB = MMC

GDAT specified External OB = MMC

| FOS with GD&T Internal IB = MMC - Tol* ;

specified at RFS Extarnal OB = MMC + Tol*

FOS with GDET Internal WC = 1B = MMC - Tol*

specified at MMC External VC = OB = MMC + Tol*

FOS with GD&T Internal IB = MMC - Tol® - Bonus

specified at LMC External OB = MMC + Tol* + Bonus

- Teol represents the geometric contraol tolerance value
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Height of stud or dowel pin

Thickness of mating part
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