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The system's through manufacture and in test.
Has the customer sent the requirements spec yet?
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GD&TEP

 [=H(Engineering Drawings)] 2 M| =& 5 & (Parts)
o| A7|(Size)2t H(Shape) % MEetet.

v &XKTolerances)= A7|0f &= F1,
v GD&TE= 40

Q&S =Lt : Manufacturing-oriented!!!

SO SEOECRR
|| B
= E@% bag

FOS(Feature of Size) '

« Feature of Size (FOS)
v EZO[L FUH &2 FH&o X

v |, T F dias, BAHO| FolLh (58 /5 GF)

s Example
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GD&TEP
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GD&TEP

- GD&TE= QHetEl BE0e| 7|5 =8-S o X|5=7|Q L#O|
C}. (GD&T is a way to dimensioning that takes into account
function and fit with related parts.)

- GD&TE o M=ot X|2=7|@(accurate dimensioning)dt =3t £X
(looser tolerance)E 7} 8t stCt.

/ “-\\ +0.2
N, -2 /
/
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L8 ® Good parts
\ @ Bad part ,//

i
)? Size Tolerancing

N @ Good parts P

\\_\“H.q_ Bad pa{@-”"-' -

GD&T

f ¥

GD&TE

- GD&TE AEtE #F1e| 7|sur 8 S Aot X7 LEo|
C}. (GD&T is a way to dimensioning that takes into account
function and fit with related parts.)

- GD&T= o M=ot X|2=7|R(accurate dimensioning)dt =35t S X
(looser tolerance)E 7ts St St

10.005

A
©10+0.05 (?) %
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GD&T & AIZOH| Z0i---

« & E X|$=(Dimension)= 3%}(Tolerance)E 7HX| 11 UO{OF StC}

- X|%=7| &/ ¥ (Dimensioning) It 3 A} 3t & (Tolerancing)2 E31 34
7|SF(Nominal geometry)2t & & Xt(Allowable variation-OtEHE
Yels| Holstet.
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< K2 YO Ils

2 O|5li5t7| € =& 7| ¥ &|0fOF BHC}.
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« X[t SXt 52| 7H=4(readability)2 7tset ot = QICt.
SEKX L X FH2E7F 20°CY 420/, OHX| 42 4
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o BESHH 7|20 UX| A2 B 2E K52t SX= EE0| A
S 22 AEl(free state)O|A Q] ZfO|C}

« X|=2t SKt= 22 )Ql x|ty 20|, =, 20| M- EICt
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GD&T & AIZOb| E0fl---

- 0
X =&B Kt |" “I_ 234 505
F10 #0.25 —._ [T T#oos[a] 37| =2 A (feature control frame)
- [gosm[AlB] _
e [e] Hiolg g HEE Envelope
Gjo|H 26
I°1% |§| I e Unrelated
| — 1 FES
Envelope
ool = e
B Envelope =
T BU
Measured
oA ==
ClojE HH

Example
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GD&T & AIZOH| Z0i---

= Advanced Dimensioning

INDUCTION

HARDEN 2
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GD&T & AIZOH| Z0i---

= Advanced Dimensioning

PITCH 0.8 RAISED DIAMOND
\NURL
' A -
#19.7

|——-l» 12 FULL KNURL

S

45

38 (J:\B f\c C v
H o -
T ‘
21 ’I:‘C — -1t [sizEsymoL[ A [ B[ c [ D]
I e B B [HOLE & [ 7 [48]36][31]
1n—t -— ﬁr}
5—_|-—\i—t_- D |
| I | Ll
0
f o | |1
Base oW 2 E % 3 RR

GD&T & AIZOH| MOll---
« Kl ZArob B A - |47 WAL 2K £ H

of L0085 | =] 102006 =

—lssnios— —! 1006 (a) Kﬁl EEﬂxl_)l\_j'(I):Ithg(Cha|n Dimensioning)
- T xeby Aole] RHBAE £0.15,

::! (b) 7|4 X|==7| ¥ (Base Line Dimensioning)

(o) ool i ot e - X2t Y AtO|Q| A B K= £0.1
....... Iatisn bebwaon X and Y.

(0) ™ X|+=7| ¥ Y (Direct Dimensioning)
- Xt Y AFO|Q] SXt= +0.05.

e 1

62008
— 1en0s

%
|- 264005

(=) Direct dimensioning -leas! idennce
betwean X ana ¥,
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GD&T & AIZOH| Z0i---

AT nl (o] A S
- KIS BA T U - G WY
This on the drawlng Means thls

Envelope of perfect form at MMC,
No portion of the continucus feature
shall extend outslde thls envelope,

0= ¢

| 222 \ |
# 551(CE) Lzt L@z

Each cross sectlon shall be
within the limits of size,

’.7

Example

= CF(Continuous Feature)
Short & Long Guage i

Part with

2019-09-05
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+0.08
4X D80 005

o (o2

Datum Feature Simulator (Physical). ‘

+0.05
51 D42 -00s

in ¢0.02mm
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Model Based Definition

GD&T J|=

(TP
7| £X|% : 3EX|4=(Nominal dimension)/50mm

A (Zero

line): 7| =M (Reference line)

Z|CHSHA K| 4= (Maximum limit of size): £/50.02mm-%/49.95mm
X A BHAI K| (Minimum limit of size): 2/50.00mm-3/49.93mm

SAE = Z|CietA K| 4= - &| 28t X == (0.02)

S K[ {8 XH(Upper deviation): £/0.02mm-3/-0.05mm
Ot X| 4= & -8 Xt(Lower deviation): Z/0.0mm-%/-0.07mm

$ 50

950.02
$50.00
$49.95

b 49.93

2019-09-05

16



GD&T J1=- mmc/me

o Z|CH A M = ZAMMC - Maximum Material Condition)

- FOIT AR =0I M EThe| 2SS Zotete @M 27| (size feature).
= largest shaft and smallest hole.

o Z|AMHZZALMC - Least Material Condition)

- FOT SHAR =0 M Z[A0] RS ZSH= FA 2 7|(size feature).
= smallest shaft and largest hole.

SIZE DIMENSION
ENVELOPE PRINCIPLE

SIZE DIMENSION

@ MMC
(2.007)

WHAT DOES

THIS MEAN? ~\

2.007
8 2.003

GD&T J1ZE- mmc/me

-0.005 -0.003
~--0.016 . ~0.012
—— — 5
-
]
L L
Faslener 747 ~| p-o002
MMC = 747 744 4907
LMC = 744 - enos

750

Clearance fit Interference fit Transition fit

* A 7tZ & Fastener/Hole X|= = 0.745"/0.752" < Clearance(Z=) = 0.007"
= Fastener2| AL =1 HoleQ| A[CHAN|ZAO| JTHY X[4=7} Fit SEHE
ZAX™
=2 o

2019-09-05
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VX/lﬁ/J

30.5
alelc] o0

Exercise

100

100 20
This on the drawing Means this
@30.1 Hole shown e
at 4 exireme
A possble locatlons
B
/ ] @30.1 MMC of feature
—(@ 0.1 Paslilonal zone .
@30 Inner boundary %fr;a osltional
(& [Boi[a[B]C MINIMUM INNER BOUNDARY | @ 1Al8 C:]
@HOLE [@ TOL | 1B | OB~
LMC | 305 | 306
304 305 Hole shown
=03 | at 4 extreme
Regardless! e posslile locatons
MMG]| 30.1 30

« T WRF2 (B) =
OENz=H - 71584 =
30mm

. PO =AY (©OB) =

EAHHEA + 7|StSKE
= 30.6mm

@30.5 LMC of feature
+( 0.1 Positional zone

@ 30,6 Outer boundary

MAXIMUM OUTER BOUNDARY

Z0.1 Postenal
zone

2019-09-05
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GD&T J|ZE-mmc

This on the drawing

30.5
? 301

[¢[Z01®@]a[e]c]

Means this

c #30.1 Hole shown
at 4 extreme
possible locations

#3010 MMC of feature ==
L] —® 0.1 Posllonal zone at MMC

@30 Virual condltion (Inner boundary)

@0.1 Posltonal
zone at MMC

[ [g01@[ale]c]
*

VIRTUAL CONDITION BOUNDARY

@HOLE [@TOL] VC [RC |

[tMc | 305 [ 05 3N
30.4 04
303 | 03 |80

02 | 02
RFS =[mmc] 304 [ o041

Yol 9wy = #
HZ + N853R

31Tmm

?31

$30.5 Hole shown
at 4 extreme
possible locatlons

#30.5 LMC of feature \
| A A +@ 05 Positional zone at LMG \

@05 Posllional
zone at LMC

Resultant conditlon (Quter boundary) —
RESULTANT CONDITION BOUNDARY

*VC 7|BtE A 28, RC 7I8t S AL MM EY, X|e=SAE 2F 0

GD&T J1ZE-mmc

HE7|ots*Xt = EHAS K

Actual Geometric Bonus Total
Mating Envelope Tolerance Zone Tolerance Tolerance Zone
30.1(MMC/RES) 0 0.1
30.2 0.1 0.2
30.3 0.1 0.2 0.3
304 0.3 04
30.5(LMC) 0.4 05

v & EATC0 37| = J|SEK} + HLA DX

S.VC =30.1-0.1 = ¢30mm,

RC =305 + 0.5 = ¢3Tmm

v Mz fA-d(flexibility)E M5t HIE 2&0| 7ts

2019-09-05
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Virtual Condition

20.40
o an

.30

« MMC is @204 and a straightness tolerance 0.1 is specified at MMC.
Which means that our extreme boundary is 20.5 and which is the virtual
condition.

« It is a number that represents a worst-case combination of a feature's
size along with its geometric tolerance.

« Virtual condition is extensively used by product designers to analyze
mating parts, used by gauge manufactures to find the gauge dimensions
and also used by product inspectors to check these extreme conditions.

Resultant Condition

$6+0.2 =

1$[20.3 W[A[B[C] RESULTANT CONDITION

« The outside boundary created by the largest hole that is also off center.
« Resultant condition boundary is calculated as 'LMC + stated geometric
tolerance + any bonus (6.2 + 0.3 + 04 = 6.9 mm.)".

« This resultant condition is not of concern when dealing with assembly
of holes and pins! At simple punching a hole on sheet metals, the
concern now is that the hole's edge not be too close to the edge of the
sheet metal.

2019-09-05
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GD&T J1ZE-1mc

This on the drawing Means this
30,5 Hole shown . /804 Positlonal
at 4 extreme zone at LMC
posslble locations :
A
61 } (8]
/ —
/£ 4305 @305 LMC of feature
¢3D1 +3 0.1 Pasitional zone at LMC \
EGEIREE 13,51 30,6 Virtual condition (Outer boundary) —

1356

13.67|1.3.2 VIRTUAL CONDITION BOUNDARY

GHOLE [ TOL[ VC | RC p #0.5 Positional
T $30.1 Hole shown P

LMmC :sj g; at 4 extreme \/\ zone at MMC
303 0.3 |306
302 | 04
[Mmc] 301 | 05

29.8
« TYe ARFA = Fad
HMz=d + 7ot X =

30.6mm

#30.1 MMC of feature
FHO| LHEAA = XA —@ 05 Posllonal zone at MMC \
HZEA - M2 = @296 Resultant condition (Inner boundary) —

29.6mm RESULTANT CONDITION BOUNDARY

GD&T JIZxE-wmc

Actual Geometric Bonus Total
Mating Envelope Tolerance Zone Tolerance Tolerance Zone
30.1(MMC/RES) 0.4 0.5
30.2 0.3 04
30.3 0.1 0.2 0.3
304 0.1 0.2
30.5(LMC) 0 0.1

v & 3XFYe 27| = 75tk + BEHA IK
. VC = 305 + 0.1 = ¢$30.6mm, RC = 30.1 - 0.5 = ¢$29.6mm
v HMZe| M (flexibility)E M 15t0f H|E HZO| 7ts

21
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GD&T J|=

T 7= B2xe =8 = g et ol ol
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bl 2 K G ==
£ £ -2 Al
— |EWE2| zAu=
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FU I | =a
et O M=
— O LY
r—— gRF O =
e TEATAT = o) ==
=== % it =5
=R Wt il = ==

Prof. B. H. Kim

22



GDAT &8

« O|O| & (Datum)

Datum feature Identlfylng letter
A A —‘_ i

el
éz 7 _
Datum feature symbol trlangle —J_

may be filled or not filled. [0l
T
g [ /:, B .__;//////
t + <
- _|> 41 1 e +—-—1
v ; -
Al —//////; L | ..m'//);/ o
a) h & @ f 1
] (=) g idp

o\ B o] / _
- L @ : T
e} ] & ,."' o) o]

o

(#[Fo1@[A[e]c]
(o]

GD&T &

« O|O| & (Datum): 6XF3 = 2] =2 (constraint) A|22| 0| E

This on the drawing Weans tis
i-' I fo2]|D Constralns 3 DOF
——| 50 }——1 e Tpr——
/ Flrst datum
—E@- ) E
! | A
| T |
1
@ F_%*_ T >,¢f,?’“
u
r
[
|
T ©
x 2X fr0-7.2
¢ goz® EE Constralns 2 DOF
(®) 1 Translatlon In X
@ N 1 RotatlonInw
Z (©
Tl T
—_—
[LToz[o[E] 7]oiz
=ALAL]
F o]
@) (] ]
Functional sssemtly Third dotm_o— 20" "> Consiralns 1DOF
plane \ 1 Translation In Y
2 r e
/
v L
X, = = =
v
(b) (&)

2019-09-05
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DATUM AND

FEATURE DATUM DATUM AND DATUM k .
TYPE ON THE DRAWING FEATURE FEATURE SIMULATOR | oot RAINING o
7 e
PLANAR - -
fa) e Z
— 1 —I \ < -
FLANE T
L -~ 1
~— ” - 1
WIDTH ‘ , i z‘if‘%% [ 3
¥ 3O [ =
L L
CENTER PLANE -
SPHERIGAL %%3}?‘;% /R
b SRty
i
POINT
@-,q‘?fzg‘;gr
Ry o’
CYLINDRICAL ( Ei;{;g; hg::}‘ﬁ )‘q
) | A -
S, I -
— AXIS
= /@, - P>
i .
el '
CO"\:‘E}:AL FF] % /}/
P axis &
~F FOINT
. o) 1
2 P <& H
LINEAR g- o <
EXTRUDED -y
1M e -
i AXIS & -
S CENTER PLANE -
e
(=) 2 T
COMELEX 0.2 | !
fa} H )

~
Thls on the drawling
3X @ 30 £0.2
[¢[gos@[a[e]c] ¥
1 -
{
— 73] ‘ Lo z4| 25401
dmh =g
{=]oz2]a]8] M e

E] 4102

4.7

Means this

Third datum plane

Second datum plane

2019-09-05
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2019-09-05

Dt Sikia Datum Simulator A

Datum Simulator B&C

Practical measurement planes

HAEH gos !
GD&T [([12s®Ia]

o,
[ 2oz db][ala [

o1
ax @Sy

f|@osae]als ]

~0.1
#o,5°0

A CIETSIEN

(8) Drawing [é-'

Means this

Secondary daturm
feature B

daturn plane A}

— Prirmary datm
feature A

(far side}

Datum feature

elmulator of
daturn feature o

Daturn feature slmulator

nading eylinder perpendlcular

io dansm glane A and baslcally
Tellary datum Ineated from astum axle 3)
c
(5] Dabem feabres AR (e} Datum feature skoulatons

Daturn plane &

Catum asls @

() Datum planes anes estabilsthed Datum axle ©
from

and
the daturn feature simulanor {e} Datum reference frame

25



This on the drawing

[0.030]
Surface 7i'4 I—v—l 5
A L]

Two parallel planes

0.030 apart |

Means this
~ Datam plane A (Pheorstioal datum feature simalalor of daum feanse A)

/ — Datum feature A
! Pant

! -

1 - ——— —

..'J | { Physleal datum feature slmulstor | 1
f I
L Surtace of manufactutng or 1

- Slrwlated datumn plane A
(Flane derlved irom
physical datum feature simulator)

verification eouipment

Workplece & datum feature simulator por b contact

This cn the drswing

—

v

]

Moans e
s Frysical datm foatee s
Datum leature sbrdaker
[Hard o wofl proceseig
of Inepaction sadpment
that contacts T
highesst poinés)

Theorelical datum feature smulator

Actual mating ervelope of
daten foaturs A (smalest
clramscribed cyindar) —,

-4

' Sinudied
datum axls

But...

Flatness (Feature Of Size)  umessmor [2]
Overview

On the GD&T Symbols Chart Row # 4:

Flatness [=E
U0 | aimao) 10

Relative to Datum: NO

MMC or LMC: Yes

{new in 2009 for a derived median plane)

For Flatness — it is important that the correct feature control frame placement is used to determine
whether it is called on the surface or a feature of size.

2019-09-05
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This om the dreving

=

Fryslcal deum Outam foatirs §imulsior
dsker "

This on the drawing

(==
Thaoretical satim Arsal markg eevelops
teatr of dats featurn A

(perolel -

mrankeum separathon]

- Diatum phane

Prip ot Dt Faatuie Shrolator

Tnatern slmdale [Hard or sl provessi
o Irapection ouipman
Ihal conincts e

GD&T &

« OIO| & EtZl(Datum Target)

Datum Target number

Identlfylng
lattar @95

P2
Al \—Clrcular largel area slze /

Circular target area size
&
\ALJ

10X 25
( Al 3 \ Rectangular target area slze

Square targel area slze £ =2/:
10 P =
- :

Pulnt contact at
bask: location

= Physical dasum
fnature simulator

i
l | Physical datum
= feature sbmulator

2019-09-05
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GDAT &8

« O|O| & EtZl(Datum Target)

DATUM TARGET LOCATIONS
TARGET | X Y z
A1 | 1450 | 661 | 844
Az | 850 | 642 | 754
A3 850 | 642 | 754
A4__| 1450 | 661 | 844
A5 |1300 | 0 | 956 10K 25
AB 570 0 649
81 1450 | 671 | 864 M
Bz | 850 | 662 | 764
c1 538 0 639

ALL DIMENS|ONS BAS|C

e 10X25 L DETAIL A
N SCALE 411
NG

2X @108 _8‘2

EIFRORRE
25X 25
sy

[ale[c]

5X30 q
@%-xzaz‘ \/\- =
) ot g

NOTE
RESTRAIN FER WI8.24.015

GD&T &

o SXt7| 2| (Feature Control Frame)

By =/ 2N =

712 — Materlal condltlon
symbal
Geometrc ¥
characterlstlc f — Materlal boundary
symbol — / f symbol
. HA7| 5/ AHE

[ | [@o.05@|cm]
R B4t / /
Dlameter symbol / f L patum feature
reference |etter
7|=H0

i
Tolerance —

K

2019-09-05
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GD&T &
« 8 HZE7|Z(Modifying symbol)
B

Continuous Feature [ASME Y14.5-2008 Section 2.7.5] - The note CONTINUDUS FEATURE of the continuous festure symbaol is used 10 kdenlify & Group of two
maore featlnes of 5ize whers Ihere 15 4 iequirement thal they e trealed Geomelrically a5 @ single Teature of Sze. ARNCUGN he Sefnition cnly mentons eatres of
size. Mere 1 an examphe of CF Being applied 1o 6 poir of planar features

Daturm Feature - is e Schenl component feature Used 1o estabinh & aatum

'
o

Datum Target - is a specified poant, line, or area on a pan that is wsed 10 establish the Datum Frane for ana

k3

CepthiDesp - i used 10 INAKatE thal & dimension ApRIk-s 10 the Sepin of A feature. This SyMBbol procedes e depin value with i Space in Between

®
Froe State Variations - i a lenm used 10 describe distorion of a par afler forces

Least Material Condition (LMC) - implies. that conaaion of o (an feature of Siee whersin § contains the east (minemum) amotnt of matenal. examples, Wrgest nok
size and amalest shafl sire (1 is OPPCASE 10 MarimEm matenal conesen

Material Condition (MMC)- is that condition of a par feature whersin f contains the Maximum amount of materal within the stated imits of size. That is
AT HOle SI26 AN MATA: SN s

Projected Tolerance Zons - AppRES 1o & Mok In which @ pin. SIS SCrew. #1C.. I8 10 B INSared. 1t ConNtrols INe parpandicianty of i Hok 1o The axent of M
b WO e ekt Al A5 1 FCABIGH V0 YV MAARD P CICRECR, Ths SrGHECICT VORTATOS EMi EXIGS MOSvE Toe Srore of T DArt 1o e Rmconal g o
Ehe pin, stud. and screw relative 10 1 asSembey With the mating pan

S8
Sphenical Radius - precedes ihe valse of a dimension of lerance

ED
Siatistical Tosarance - i ihe dssugneng of tolerances 1o (eiated companerts f an assemaly an (he basis of sound statistics (such g the assembl toterance 1
equal 1o the square root of the sum of the squares of the individuat iclerances). By applying stabstical be
ICTeased of CHANCES TG PAS Mary 6 (BEUCED. The NCIEASEE 10MTaNG ol | bbbl sl 8
POrTnTance. Gut Shall oty Be ampieyea wikns I APRORAME SaNSICA] (OCERS CONtol will Do uses. THerion, Canseraton shaukl e GRon Lo Speceying Me
required Cp and /oF Cpk Or GIMer (NOCESS Perormance INdices

Tangent Plane - maicatng a 1angent plane is shown. T symbol is pIaced in the featune control frame folowing the state tokrance

GD&T =2&
« "ALZ XK (Tolerance of form) — ™ H = (Flatness)

=] 01 ]
S=SSH
No Datum

1

=
=
o

——Jo0z]

These points would now be out
Flatness up to 0.100 of specification: > 10.5 mm!

l Flatness of part 1 4/ [ \

f i
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GDAT &8

« dALZ XK (Tolerance of form) — ™3 = (Flatness)

EESSH|
No Datum

-

v' X http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846

GD&T &

« "ALZ XK (Tolerance of form) — ™ H = (Flatness)

v ZEX: https://www.youtube.com/watch?v=naXOpoRb-ws

2019-09-05
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GDAT &8

L (Flatness)
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16.00
15,89 (16h11)
[Z7]004]

This on the drawing

EH=SEA
No Datum

-

— 16.00
e

0.04 wide tolerance zone

16.04 outer boundary

i

.%

Means this
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ITO1SLE{ ~ IT187tX| 20

Sl pm : 0.001mm

13Xt S3

S202 PEFLICL (KS B 0401)

Meaans this
Faature Parallal planes
size tolerance allowed
MMC!!! 16.00 0.04
15.99 0.05
Bonus 15,98 0.08
15,80 0.14
15.68 015

2|E A= T 3xsS
(mm) 0LJo0] 123456789 [0[11[12[13[14]15] 161718
= 0|8t 7|8 29| X (um) 7|82 X9 £=X|(um)
- 3 03]05]08|12|2[3|4]6|10|14]| 25| 40| 60 |10.10]0.14]0.26|0.40|0.60|1.00| 1.40
2 6 04|06] 1 |15]25(4 5|8 (1218|3048 | 75 (0.12]0.18|10.30|0.48|0.75|1.20| 1.80
6 10 04|06]| 1 |15]25(4]|6]|9(15]|22]| 36| 58 | 90 [0.15]0.22]0.36|0.58|0.90| 1.50| 2.20
| 10 18 [losfosf12] 2 [3[s[8[11]18]27]43 |70 0.18]0.27]043]0.70]1.10] 1.80] 2.70
18 30 061015254 |6]|9]13|21|33|52| 84 |130/0.21/0.33]|0.52|0.84|1.30|2.10|3.30
30 50 06/1.0|115]|25]| 4 |7 |11]16(25]|39| 62 |100|160(0.25]0.39]0.62|1.00|1.60| 2.50| 3.90
50 80 08112] 2|3 |5 |8]13[19|30]|46| 74 |120]190(0.30/0.46]0.74|1.20| 1.90| 3.00 | 4.60
80 120 |1.0]15|25]| 4 | 6 |10]15|22|35|54| 87 | 140|220 (0.350.54 | 0.87 | 1.40| 2.20 3.50 | 5.40
120 180 [12]20|35[ 5| 8 |12[18]|25({40]|63|100|160|250[{0.40]0.63]|1.00{1.60|2.50]4.00|6.30
180 250 |2.0(3.0]|45| 7 [10]14]/20]|29|46|72|115]185]|290]|0.46]0.72]|1.15|1.85| 2.90|4.60| 7.60
250 315 |25]|40| 6 | 8 [12]|16]23[32|52]81(130210]320(0.520.81]1.30|2.10|3.20|5.20| 8.10
315 400 |3.0[5.0 9 |13 |18]25|36(57[89|140 (230|360 |0.57(0.89|1.40(2.30(3.60570]8.90
=045 MD 0,001 DGum) - ¢ - 0 o e BOonm0|512] A R EE Bis
Eh D Al 2o] OFE OHAIR| 4 D1, D22| 21 EHE 2k axgg | ms | me mr | me | ma T
D—‘\IDIXDQ i s 7 10 16 =3 a0 B
GD&T &
« A3 X} (Tolerance of form) — HE = (Flatness)
Thls on the drawlng
16.00 Acceptance boundary
15,89 (16011) 16.04—
(=004 @ -
+——+ —1 00
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GDAT &8

« Y43 XHTolerance of form) — I & & (Straightness)

EESSH|
No Datum

b

l" The lines in this surface are not ‘
- very straight
S —
——
7- [ The derived median lineis

M =
" = L very straight

GD&T &

— M E = (Straightness)

-

|Cwll*ﬂl|d¢|wd|

o4
ﬂaa

7 o= . |
(' A ! GSUWquLmZaj
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Drawing

Actual
— ——  Mating
- Envelope

Derived median line

" r Animation -

Axis
(Of actual mating envelope)

From https://quizlet.com/215035942/7-gdt-straightness-flash-cards/

GD&T &

4 &S X (Tolerance of form) — ZI& & (Straightness)

CI= 3R

—_—T1o

No Datum

EX: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846

2019-09-05
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GDAT &8

XH(Tolerance of form) — I = (Circularity)

EESSH|
No Datum

£X: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846
https://www.gdandtbasics.com/circularity/

GD&T &

L l.d]lJ. Same Resulting Condition O-—l

35



EESSH|
No Datum

GDAT &8

EX: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846
https://www.gdandtbasics.com/?s=++cylindricity

GD&T &

A3 Xt(Tolerance of form) — ®& & (Cylindricity)

@_

— ouefood)

2019-09-05
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GD&T &
« X}M & XH(Tolerance of Orientation) — B & = (parallelism)

This on the drawing

:
Possible orientation

Means this ‘
of the surface

= 0.12 wide tolerance zone
= Jo1z[a]8

'3:.
[A]
-

\ Datum plane A

GD&T &

o HA-EKH(Tolerance of form) — W (Parallelism)

o pacalisl plands

EX: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846

2019-09-05
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(-1
GD&T &L
« XtM| S XtH(Tolerance of Orientation) — B &l & (parallelism)

Vo g oot

fe—tnans’ —o

—

|
[

2019-09-05

GD&T &

« XtM| S X (Tolerance of Orientation) — &2} & (Perpendicularity)

This on the drawing

i

leans this ‘ B } R
Possible orientation
of the surface

0.12 wlde tolerance zone r

: |
Datum plane A

38



GDAT &8

« A4S XH(Tolerance of form) — &ZH & (Perpendicularity)

ZX: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846

-1,
GD&T &
« XtM| S Xk (Tolerance of Orientation) — %2t & (Perpendicularity)

T mainesn =t
0.3 Tolernce Zove

2019-09-05

39



= | SIXl= 584 0.016mm D> 4162 IT7532] 7| 25Xt : 0.018mm
> 2l 78 K|%= ; -0.016~-0.034mm
This on the drawing

15.984
@

15,986

.
|
|
|

_J

Acceptance boundary

Datum
plane A

16f7)

@ 0.05M[A

Means this
|- -i‘ #16.034 virtual condition -
| , Datum feature simulator
i
AT ——
Diameter
\! f F‘;z"‘"' tolerance zone
Datm Wty Feature 2 allowad
Vplanea !l [} e Tisesa | 008
| l 15.983 0.051
¥ 156,982 0,052
f i
15,967 0.067
bossible ) 15,966 0,068
of the fealure axis
- 716,034

15,984

ITO1SE{ ~ IT187tX]| 2

S+l um : 0.001mm

ns3202

o H—=

T3Xl S3

TE8LCh (KS B 0401)

1E N5 T SASS
(mm) orjof1]2[3]a]s[ef7]8]9 o] 12]13[24]15]16[17]18
=3 0|8} 7| & 2At9] $4](um) 7|2 BAS| 42| (um)
- 3 Jo3]osfos|12[2]3][4[6]10]14]25[40] 60 [0.10]0.14[0.26][040]0.60[1.00]1.40
3 6 |oalo6| 1 [1s]2s[a]s[8]12]18]30] 48] 75 [o12]0.18]0.30]0.48]0.75]1.20] 1.80
6 10 Jo4lo6| 1 [15[2s5[a]6[9]15[22]36] 5890 [o15[0.22]0.36]0.58]0.90]1.50]2.20
| 10 18 Jlosfosf12] 23 [s[8 11 27] 43 [ 70 [110]0.18[0.27 043]0.70] 1.10] 1.80] 2.70
8 06]10[15]25] 4 [ 6 ]9 [13]21]33] 5284 [130]0.21]0.33[052[0.84[1.30][2.10]3.30
30 50 [oel1ofis[2s] a7 ]11]16]25[39] 62 [100[160[0.25[0.39]0.62]1.00]1.60]2.50]3.90
50 80 Jos|12[2[3[s[8]13][19]30]46] 74 [120]190]0.30[0.46 [0.74]1.20]1.90] 3.00] 4.60
80 120 [10]15]25] 4 [ 6 [10]15]22[35]54] 87 [140]220[0.35[0.54] 0.87[ 1.40] 2.20] 3.50 [ 5.40
120 180 [12]20][35] 5 [ 8 |12[18]2540](63[100 160250 0.40]0.63[1.00]{1.60]250[4.00]6.30
180 [ 250 [20]30[45] 7 [10]1a]20]29]46]72]115]185] 290046072 1.15] 1.85][ 2.90[ 4.60] 7.60
250 | 315 [25]40[ 6| 8 [12]16]23]32]52]81]130[210]320]052]0.81[130[2.10]3.20[5.20]8.10
315 | 400 [30]s0] 7] 913]18]25]36]57]89[140]230]360]0.57]0.89]1.40]2.30]3.60[5.70]8.90
=045 MD 0.001Dlum) ¢ - 0o e 5000l 5te|
o, D 2 RleFEe] S FHAIRl S D1, D22 7I5HE 2at me mr | me | ma Ti0
b= DD, 0] 1% ® 4l B4
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GD&T &8

http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846
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GDAT &8

« AL KH(Tolerance of form) — 54 & (Concentricity)

Avoid Concentricity!!!
v A good replacement for
concentricity is runout

EX: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846
https://www.gdandtbasics.com/concentricity/

GD&T &

. HAEZ XK(Tolerance of form) — 252 (Circular Runout)

EX: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846
https://www.gdandtbasics.com/runout/

2019-09-05
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GD&T &
43

[ =]
Kt(Tolerance of form) — =& (Circular Runout)

[7T02 T4]

Rotate the part

,/1
‘ }\[/ RFS(regardless of feature size)
-5 /’

GD&T &

XH(Tolerance of form) - 2

2|

[

(Total Runout)

Datum A
>

Fixed + Rotated

EX: http://www.slideshare.net/Pinnacleconsultancy/gdt-13337846
https://www.gdandtbasics.com/runout/

43
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GDAT &8

H A Z X} (Tolerance of form) - 252! (Total Runout)

v, reference feature

Gauge cannot vary by more
than 204 micrans over the entire

LERD T =y
Referenced w:‘w ﬁ
6 7/

Rotate the part

GD&T &

- A& XH(Tolerance of form) - 22 = (Profile of a Surface)

Two parallel planes

JXMBOWM

Gauge must
follow true profile.

Profile is usually

e oy RFS(regardless of feature size)

2019-09-05
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GDAT &8

A3 XK(Tolerance of form) — &2 = (Profile of a Surface)

(202 [4]
R0
£ 7.0 T
h 4 30 150
4
L—ls 0—'| T
] Usnally done with

# CMM program which
can measure and track the
full surface profile

GD&T &

« 2|X|3X}(Tolerance of Location) — $|X| & X}(Position Tolerance)

~——4X12£0.05
i
2 8
=
g
£
|
=
2 h
- 154005 = 16201 — —
451005

—— 6001 - 4

£ X https://www.gdandtbasics.com/true-position/

2019-09-05
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GDAT &8

« ?|X|3X}(Tolerance of Location) — 9| X| &3 X}(Position Tolerance)

-2 10+0.050
[z 0030 [A|B]

Pavll
N7}
3
(=]
—{>]

&5 10£0.050

REEIOREE

Ho’
8
[=]
o]

GD&T &

« 2| X|SXHTolerance of Location) — ¢/ X| & Xk(Position Tolerance)

Actual Y

Measure X and Y location
and compare to the true position,

2 .4/ (Actual X - True X)° + (Actual Y - True Y)?

This formula must be less than
the @ True Position tolerance

2019-09-05
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GD&T E
« 2| X| S XHTolerance of Location) — ¢/ X| & Xk(Position Tolerance)

Hole
Pin Gauge @ = MMC

Min @ hole - [4] tolerance

True position

Actual
Hole Position

GD&T &L
« 2|X|3X}(Tolerance of Location) — $|X| & X}(Position Tolerance)

Actual
Pin Position

True position

Hole Gauge @ =

Max @ feature + [€] tolerance
Pin w@iﬁ)

MMC

2019-09-05
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GDAT &8

« 2| X| S XHTolerance of Location) — ¢/ X| & Xk(Position Tolerance)

@10.0£0.1
/— (& [002 [AIB[C] x 4 Pics.
.‘ i .‘ vvvvvv

& o i o]

= o ©

GD&T &

« 2|X|3XHTolerance of Location) — ¢/ X|&Xt(Position Tolerance)

E

48



GDAT &8

« ?|X|3X}(Tolerance of Location) — ¢/ X| & X}(Position Tolerance)

0 10.0 2471
/7 & [0b2 OB

T
&
o],

&l

O

GD&T &

« 2|X|3XHTolerance of Location) — ¢/ X|&Xt(Position Tolerance)

t_/ Datum Feature C

(Bottom)

Inside surface controls

datum A /‘1

datum B

2019-09-05

49



GDAT &8

« ?|X|3X}(Tolerance of Location) — ¢/ X| & X}(Position Tolerance)

Pin Gauge coming through Hole

Past Hole Locations

Basic dimensions determine pin gauge locations

GD&T &

« ?|X|E3Xt(Tolerance of Location) Q2|

K P155
L[oa]als]
@ © |z
1007 ]

1]o3]A] v GD&T Decoding
« FOS: 67H(&, HHI, &, £0]): 58 i
< HIOJE: 37H(HE= 1, A&k 2)

4
501

> M 20 0|E(Datum Simulator) AFE B2& &
« Ak EF) 71t AL 3712 = (RIXIBX
(7] > True Position, 2| HM R ZA (g15-1 = ¢14)
> HE|E2{ 1 AO|X| A+E HAL

2019-09-05
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GD&T EE
« 2|X| S XKTolerance of Location) 2|

1
ax @160

o9 T0E $hoswlale]c

1 Jos]als]
QD O
100°] [t]
Llos[A] v GD&T Decoding
« FOS: 67l(Z, 4H|, , =0)): 578 o
s - GIO|E: 37H(HBE 1, HUE 2)
> M8 0|8 (Datum Simulator) AL £ 1%

— - ATHEE) 7ISHEAL 3709 B (RIXIS*h
= True Position, Z|CHA KM ZZA (g15-1 = 414)

> ZE|IE2{0 HOIX| A8 HA

GD&T &

« ?|X| 3 XH(Tolerance of Location) Jz|

2019-09-05
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GD&T EE
« 2|X| S XKTolerance of Location) M 2|

100
30 30

20

40

il

X D13.5

Gauget HAIBO 2 MU 713
> Hoi+Ees HuE gs

v EE) M2 AUNEUS
T2{et0l pI5BHAI) - g1(KIF2

) - $0.5(7|3t =

(Virtual Condition, 7t )
v ZE™kt= O 5

D> HEAZKZ o HE A

OH
P

£Q
tlo

GD&T &
« 2K S XHTolerance of Location) 2|

30

L 29 EN=
@135
D15
SHKF
ZEZE '
B13.5
D14
MMC
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GDAT &8

« 2|X| S XKTolerance of Location) M 2|

29

XS Xt gt

|30|
 I—

LMC ‘

v & 7t0| 2420| X|+3%}
g gEsIgoL) Bl B
NERCETRE

v 2202 WY B0
YEO= HZFEO +8 ¥
At

o

v M ZHE Haotb MEX

=
o RE &8¢

v 52X M= S
et

More

GDAT Training and Consulting

Examples

-
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MBD & Costing

SOLIDWORKS MBD

Integrated Communication of PMI
i

Capture

o 3D Views

At
L= Model Break
Vrew V]eW

£
Dynamic

Annotatien

Dynamic

ves Annotation Views | ‘por

Publ-sh Publish to 3D

PDF

o]

3D PDF
Template

Editor Ed |t0r

3D PDF Template

BHH-243p
2-MES2R WS
& 4
1 IEJ T U2 FMF s 054 T
2. =L
27 15
= )05 005 ¢ x
‘ E— 1 boos@ma o 71 pe
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’ — 41 L e :
cs L0008 FIEEEER =
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s MGl
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=
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KS B 0204

LD S EEEE EEE EEHE
- N EEIEE]
- z2@ | O0H@y [DH2ZOy| oye : LTI
= WA ao-za | Ho-zs | Hooms | TIEE@ ] GD | 2@l
M3 0.5 29802874  [2439-2,272 26552580  [2125 5,50-538  [640
M4 0,7 3078.3838  [3220.3002 [3523-3433  [2925 700-685 8,10
M5 0.8 4976 - 4826 3869 - 4110 4456 - 4361 13650 8,00-785 9.20
M6 1.0 5974 - 5794 4891 - 4596 5324 - 5212 14150 10,00 - 9,78 11,50
ME 1,25 7972 - 7760 6272 - 6619 7160 - 7042 5630 13,00-12,73  |15,00
M10 1.5 Q068 - 0732 18344 - 7938 3994 - 8862 7180 17.00-16,73 |19.60
M12 1,75 11966 - 11701 J10072 - 9601 10829 - 10679 8180 19,00- 18,67 22,10
M16 2,0 15062 - 15682 |13797- 13271 |14663 - 14503 |10180 24002367 |27,70
M20 5 19958 - 19623 17252 16624 18334 - 18164 [13215 30,00- 29,67 34,60
M24 3,0 2395223577 [20701 - 19955 [22003 - 21803 [15215 36.00-35,58 |41,60
M30 3,50 20047 - 20522 26158 - 25306 |27674 - 27462 19260 46,00 - 45,38 [33,1
M36 14,00 35040 - 35465 |31610-30654 33342 -33118 23260 55,00-5426 635
IT3Xl S&
o o
ITOLELE| ~ IT187HA| 205222 FRBLICE (KS B 0401)
S+l um : 0.001mm
FTEFPS M 2AtE2
(mm) o1JoJ1]2[3[4a]s[6]7[8]90[1n[12]13[1a]15]16[17]18
=3 0|3} 712 SR2| X|(um) 7|2 X9 $X|(um)
: 3 Jo3[o5]o8]12[ 2 [3]a6[10]14] 25 40 [ 60 |0.10]0.14]0.26] 0.40]0.60] 1.00] 1.40
| 3 6 |loalo6| 1 [15(25]4 5|8 [@2]18]30 48|75 [0.12]0.18]0.30]048]0.75|1.20] 1.80
6 10 [04]06] 1 |15]25| 4|6 |9 [15[22] 36| 58 | 90 |0.15]0.22|0.36] 0.58] 0.90| 1.50] 2.20
[0 18 JosTos[12[ 2 |3 [5[s Jl18[27] 43 |70 [110[018[027043]070]110]180[2.70
8 0 06/10|15(25] 4 | 69 [13]21]33] 52 | 84 |130]0.21]0.33]0.52] 0.84] 1.30] 2.10] 3.30
30 50 |06]10|15[25] 4 |7 |11]16]25]39] 62 [ 100|160 ]0.25]0.39]0.62]1.00] 1.60] 2.50] 3.90
50 80 |08[12] 2|3 |5 |8|13|19]30]46] 74 |120]190]0.30]0.46 | 0.74] 1.20] 1.90] 3.00] 4.60
80 120 |10]15|25] 4 | 6 |10]15]22]35]54| 87 | 140]220]0.35|0.54 | 0.87 | 1.40 2.20 3.50] 5.40
120 | 180 |12[20(35] 5 | 8 [12]|18]25]40]63[100]160250]0.40]0.63|1.00] 1.60] 2.50]| 4.00]6.30
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