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1. INTRODUCTION
Drawing -2 dimensional tolerances

— geometric tolerances

- surface roughness

-Dimensional tolerances not sufficient enough
-Room for too many degrees of freedom
—>Boundaries need to be set

- Feature shape within limits
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2. STANDARDS

American

ASME Y14.5 (2009) E
International

ISO 1101 (2017 SETTING THE STANDARD

e —
Image courtesy of ASME

Image courtesy of ISO
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3. DEFINITIONS

MMC — Maximum Material Condition

“The condition in which a feature of size contains the maximum amount of
material within the stated limits of size” (ASME Y14.5)

LMC — Least Material Condition

“The condition in which a feature of size contains the least amount of
material within the stated limits of size” (ASME Y14.5)

Envelope principal
envelope = boundary = perfect geometric form at MMC (virtual condition)

RFS — Regardless of Feature Size

indicates that a geometric tolerance applies at any increment of size of the
feature
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3. DEFINITIONS

Specification Reality Envelope

MMC LMC
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3. DEFINITIONS

Geometric tolerance displayed on the drawing

O|® 0.002|A|B

l O

Tertiary Datum
Secondary Datum
Primary Datum
Tolerance Size

(Diameter Symbol)
Specification

v VvV vV VvV VY
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3. DEFINITIONS

Datum

_A_

Display as 1982

A

I

14// line

Datum location determines reference
- In line with the dimension line = axis
- On the surface or extension line = surface

Datum placed on the extension

——— Datum placed as an extension

of dimension line
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4. SYMBOLS AND THEIR MEANINGS

1. Limit
definition

Describes the dimensional boundaries (dimensional tolerances) of

Size
Distance
————————— 50 |—————
tolerance zone
Two parallel lines |
Two parallel planes | ! *
Spherical : 1
- cylindrical 20
application A g ‘
Allf d -_ﬁ{} &,
eatures on drawings | \H
, | P-LF

Image source:
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4. SYMBOLS AND THEIR MEANINGS

2. Form

Straightness

definition symbol
Straightness is a condition where an element of a surface, or an OO -l
axis, is a straight line.

tolerance zone @ OO ‘

Two parallel lines

application

Feature displayed as a straight line on the drawing
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4. SYMBOLS AND THEIR MEANINGS

2. Form

Straightness
THIS ON THE DRAWING
16.00

15.39{1Eh11}/ Tolerance connected to
l’ — | 6 0.04

diameter callout or

extension of dimension line
I _ _ — Tolerance applied to
rotational axis

62112 —2 Tolerance has to include
4.5.4.1 diameter sign

A MEANS THIS

Image source:
https://A /url?sa=i&

2ahUKEwir-

? <
UWIXIEHVdcAAYQjRx6BAgBEAQ&url=https%3A%2F%2Fstackoverflow.com%2Fquestions%2F45619018%
bent-rod-f 1

L 0.04 diameter tolerance zone
— #16.04 outer boundary
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4. SYMBOLS AND THEIR MEANINGS

2. Form
Flatness
definition symbol
Flatness is the condition of a surface having all elements in one g OO ]
plane.
tolerance zone

- Two parallel planes
application

Flat surface
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4. SYMBOLS AND THEIR MEANINGS

2. Form

Flatness
THIS ON THE DRAWING

Image source:

https://www.google.com/url?sa=i& i 2ahUKEwWiG_vCX0Z3nAhWIiOAKHRWzCEAQjRX6BAgBEAQ&wurl= M E N s TH I s

<
https%3A%2F%2Fleonlogothetis.com%2Fwhat-road-is-your-life-

oNn%2F&psig=A0vVaw2rS)5ZZw5tolw3s0y27_d4&ust=1579990432821474
0.25 wide tolerance zone

Image source:
https://www.google.com/imgres?imgurl=https%3A%2F%2Fimage.cnbcfm.com%2Fapi%2Fv1%2Fimage%2F103973004-Gettylmages-
172474981.jpg%3Fv%3D1529472799%26W%3D678%26h%3D381&imgrefurl=https%3A%2F%2Fwww.cnbc.com%2F2016%2F09%2F27%2Fthi
s-points-to-a-bumpy-road-for-stocks.html|&docid=--
cgZDGgOtE58M&tbnid=hZMcS312_d4ccM%3A&vet=10ahUKEwjLpuTGoZ3nAhXinuAKHdBIAOOQMWhAKAEWAQ. .i&w=678&h=381&bih=811
&biw=12228&0q=bumpy%20road&ved=0ahUKEwjLpuTGoZ3nAhXinuAKHdB9AOOQMwh4KAEWAQ&iact=mrc&uact=8
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2. Form
Roundness
definition
symbol
Circularity is a condition where all points of the surface intersected
by any plane perpendicular to an axis/passing through a common O OO ]

center are equidistant from the axis/common center.

tolerance zone
Two concentric circles
application

Sphere, cylinder, round feature
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4. SYMBOLS AND THEIR MEANINGS

2. Form

Roundness
THIS ON THE DRAWING

59525:0.4 
\( size tolerance
+-/

O |0.25.
>

Geometric tolerance

MEANS THIS
A -—

Image source: .'.\ \

https://www.google.com/imgres?imgurl=https%3A%2F%2Fimag .ssl-imag
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%2FYanen-Traditional-Recreation-Performance-Different%2Fdp%2FB07HVBC7PB&docid=dO_bYjtVt-
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679&h=679&bih=811&biw=12228&qg=soccer%20ball&ved=0ahUKEwidw6CDop3nAhXBmuAKHRN4A20QMwh4KA
AwAARiact=mrc&uact=8

A -— Image source:

- https://www.google.com/imgres?imgurl=https%3A%2F%2Fpreviews.123rf.com%2Fimages%2Falrisha%2Falrishal202%2Falrishal20200016%2F 12
_a-traditional-black-and-whits deflated _ball-isolated hite-studio-

0.25 wide tolerance zone 205132 2 traditonal-blac occer-ball-o uo- '
background.jpg&imgrefurl=https%3A%2F%2Fwww.123rf.com%2Fphoto_12205132_a-t black-and-whit deflated-soccer-ball-
isolated-on-white-studio-background.html&docid=8DizI_6RHj6IAM&tbnid=omQ2g30WIgrK-
M%3A&vet=10ahUKEwiTmOa4op3nAhUjTt8KHWIQCHoQMwhoKAEWAQ. .i&w=1300&h=863&bih=811&biw=1222&q=deflated%20soccer%20ball&

SECT' O N A -A ved=0ahUKEwiTmOa4op3nAhUjTt8KHWIQCHoQMwhoKAEwAQ&iact=mrc&uact=8
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4. SYMBOLS AND THEIR MEANINGS

2. Form
Cylindricity

definition

Cylindricity is a condition of a surface of revolution in which all
points of the surface are equidistant from a common axis.

tolerance zone
Two concentric cylinders
application

cylinders

GEOMETRIC DIMENSIONING &  + % .

symbol

Vo4

001
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4. SYMBOLS AND THEIR MEANINGS

Cylindricity

Image source:
https://www.google.com/imgres?imgurl=https%3A%2F%2Fcdn11.bigcommerce.com%2Fs-
8ccha%2Fimages%2Fstencil%2F1280x1280%2Fproducts%2F491%2F1058%2Fvolvo_sleeves_2__73252.1299811606.jpg%3Fc%3
D2&imgrefurl=https%3A%2F%2Fwww.vivaperformance.com%2Fdarton-cylinder-sleeves-volvo-5-cylinder-turbo-
engines%2F&docid=0B1jb027ytt9EM&tbnid=vEpbn5A9uebPDM%3A&vet=10ahUKEwjdvpDzop3nAhUuTt8KHegfDrsQMwiEAS
gFMAU..i&w=1280&h=9608&bih=811&biw=1222&q=engine%20cylinder&ved=0ahUKEwjdvpDzop3nAhUuTt8KHegfDrsQMwiEA
SgFMAU&iact=mrc&uact=8

‘ THIS ON THE DRAWING

size tolerance

B25+0.4«—

0.25
A —

[6.4.4.1

MEANS THIS

0.25 wide tolerance zonj-

_..-=-i“'!'_""__-‘-:-s--.._f
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——— — — —

>
Geometric tolerance
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2. Form

Profile of line

definition
symbol

Profile is the outline of an object in a given plane. It can consist of

straight lines, arcs and curved lines. m OO ]

tolerance zone

Two profile lines
Boundary (virtual condition)

application

Feature profile displayed as a line on the drawing
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2. Form

Profile of line

THIS ON THE DRAWING

R12.7

ay Definition of tolerance

F— field

—> True profile equals
outer boundary

4—%:0.sz — 300,12 — %l F - Other bOUndary

MEANS THIS ] drawn inSide

224 Datum 22.1—™ e Datum
plane B R12.7 plane B
R12.7 R12.7 ‘%

Image source: . R12.7

https://www.google.com/imgres?imgurl=https%3A%2F%2Fcdn.shopify.com%2Fs%2Ffiles%2F1%2F0932%2F4482%2Fpro 1
ducts%2Faccessories-bottle-opener- ,:/
3_1000x1000.jpg%3Fv%3D1533880405&imgrefurl=https%3A%2F%2Fwww.orbitkey.com%2Fproducts%2Fbottle- =" _-_ R
opener&docid=SKiu-yQucCGzXM&tbnid=jKjWnF64QPpFdM%3A&vet=10ahUKEwibj8TCo53nAhVjg- : R12.7 L R12.7
AKHRcKAXsQMwjCAigCMAL..i&w=10008&h=1000&bih=811&biw=1222&qg=hottle%200pener&ved=0ahUKEwibj8TCo53nA : 40.5
hVjg-AKHRcKAXsQMw;jCAigCMAI&iact=mrc&uact=8 I 39.5
0.16 wide :
tolerance Datum plane A
zone _\

Profile tolerance zone 40%0.5 Size tolerance zone
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4. SYMBOLS AND THEIR MEANINGS

2. Form

Profile of surface

definition
symbol
Profile is the outline of an object in a given plane. It can consist of
straight lines, arcs and curved lines. This one includes a whole Q OO ]
surface.

tolerance zone

Two surfaces
Boundary (virtual condition)

application

Surface profile displayed as a line on the drawing

20
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2. Form

Profile of surface

THIS ON THE DRAWING

Sign for ‘all around’

— Definition of tolerance

Jo -f_ / T f|e|d
: ™ | - Equally disposed
L *\ *‘ - P ?Al I.q i y p
- e SN e imits
- N
39 ALL CORNERS R0.2 MAX
1
UNTOLERANCED DIMENSIONS ARE BASIC 6.5.3

“MEANS THIS
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3. Orientation

Parallelism

definition
symbol

001 | A
tolerance zone
Two parallel planes // @ OO] A

Two parallel lines
One cylinder

Parallelism is the condition of a surface or center plane, equidistant
at all points from a datum plane. //

application

Two parallel surfaces
Two parallel axes
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3. Orientation

Parallelism

THIS ON THE DRAWING THIS ON THE DRAWING

Two planes Cylindrical
VArTRn

tolerance . — tolerance
d

zone I—1 zone

| /1012 ]A]

l 6.6.3.1
Image source:
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.elwema.de%2Fcontent%2Fein MEANS THIS . . .
stiege%2F2-werkstuecke%2F5- POSSIble Ol'lel'llatlorl MEANS THIS
Y the surface

pleuel%2Fmotiv_pleuel.jpg&imgrefurl=https%3A%2F%2Fwww.elwema.de%2Fde%2Feinstiege%
2Fwerkstuecke%2Fpleuel&docid=POaT_Oyb bnid=Ew1cOtbNGFEwqM%3A&vet=10a
hUKEw;j21d3up)3nAhVDSN8KHSDFAIwWQMwhKKAMWAW..i&w=900&h=600&bih=811&biw=1222 0'12 wide tolerance zone
& d=0ahUKEw;j21d3L hVDSN8KHSDFAIwWQMwhKKAMwAw&iact=mrc&uact=8

Possible orientation
of feature axis

t

—

e — _[
0.2 diameter

tolerance zone

i

\— Datum axis A

Z Datum plane A
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3. Orientation

Perpendicularity

definition
f symbol
Perpendicularity is the condition of a surface, center plane,
or axis at a right angle to a datum plane or axis. ‘ OO ] A

tolerance zone

Two parallel planes J_ @ OO ] A

Two parallel lines
One cylinder

application

Two surfaces perpendicular to each other
A hole/cylinder perpendicular to a surface
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3. Orientation

Perpendicularity

THIS ON THE DRAWING THIS ON THE DRAWING . .
& Two planes Cylindrical

_L[012 [Al———— tolerance st { T F04[A tolerance
zone L zone

]

of feature axis

% ! 25105
Image soruce: | (
https://www.google.com/imgres?imgurl=https%3A%2F%2Fwherethewi
ndshlow.com%2Fwp-content%2Fuploads%2F2015%2F04%2FWhite-Six-
Sided- I 6 6 4 1
Dice.jpg&imgrefurl=https%3A%2F%2Fwherethewil com%2Fpro L
duct%2Fjumbo-dice-white-4-sided-dice-set-of-
2%2F&docid=h1EOe4z3tR! y nid=y1d5dL ixrM! &vet=10ah M&NS THIS . .
UKEW]Q2N6ZpZ3nAhXNhOAKHThACKKQMWIJASgHMAC..i&w=6008h=6 Possible crientation ’ 6.6.4.1
00&bih=811&biw=1222&q=dice&ved=0ahUKEwjQ2N6ZpZ3nAhXNhOAK
HThACK QM ASHVIACH e of the surface MEANS THIS
0.12 wide
tolerance 0.4 diameter
Zong —— . tolerance zone
| I
i Feature
i Datum height
| plane A \ l
\_ \‘Edossibla orientation
Datum plane A



GEOMETRIC DIMENSIONING &

TOLERANCING
4. SYMBOLS AND THEIR MEANINGS

3. Orientation

Angularity

definition
symbol
Angularity is the condition of a surface, centet plane, or

axis at a specified angle (other than 90 ) from a datum 4 OO ] A
plane or axis.

tolerance zone 4 @ OO] A

Two parallel planes
Two parallel lines
One cylinder

application

- Two surfaces in an angle to each other
- A hole/cylinder in an angle to a surface
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4. SYMBOLS AND THEIR MEANINGS

3. Orientation

Angularity

THIS ON THE DRAWING THIS ON THE DRAWING

Cylindrical
tolerance
zone

Two planes
tolerance
zone

T 2 y

MEANS THIS
MEANS THIS 0.2 diameter

| < [0.4]A)

@
e
o

o
—
)

i 6.6.21

Image source:

https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUK
Ew;j335ydpp3nAhUkmuAKHTKcAVAQjRx6BAgBEAQ&url=https%3A%2
F%2Fwww.hoelleinshop.com%2FRitzel-13-Zaehne-PFEILGEZAHNT- 0.4 wide tolerance zone /'\(tolaranco zone
Modul-1-fuer-6mm- . .
Motorwelle.htm%3Fshop%3Dhoellein_e%265ession|d%3D%26a%3Da E?iﬁgﬂfee;::?:t:;gn

rticle%26ProdNr%3DMH04413%26t%3D49301%26c%3D76185%26p%
3D76185&psig=AOvVawO0fdralAlh2BDcKfX- ~ ~
jh3H8&ust=1579991780497842 Possi bl e oria niali on

of the actual surface

[ Datum plane A Z Datum plane A
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4. SYMBOLS AND THEIR MEANINGS

4. Location
Position
definition
symbol
Position is the condition of the location of a feature relative
to another feature. 'GB’ OO ] A

tolerance zone

Two parallel planes $ @ OO ] A

One cylinder
One sphere
Boundary

application

Position of holes, slots, bosses and tabs
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4. Location

Position
THIS ON THE DRAWING .
g LMC = Least Material
pao'l -
B NOE Condition
¢2o_g.5 )
[¢[#o2s O[a[B]c]
= Ensure sufficient
[ 100] .
ad wall thickness
j 5.6
2.85
MEANS THIS AT LMC MEANS THIS AT MMC
B erance zone Boss tolerance zone
15 @3
Hole tolerance zone
O ;oJ; 5tolerance zone g / #0.75
4125 § - 4.125 8 -
/ Y
I 100 = 100
B0 | $19.5 te—
fe—— @330 —» @31.5—»
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4. Location

Position

Pattern locating tolerance
feature related tolerance

A

&
<

< —
<

AR
L/

17.7
¢17.6

7777

|
Zx Bet

MMC = Maximum

$

08 @]

% Material Condition
AlB®
A

@ 0.25 @
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4. SYMBOLS AND THEIR MEANINGS

4. Location

Concentricity

definition

Concentricity is the condition where the median points of
all diametrically opposed elements of a figure of revolution
are congruent with the axis of a datum feature.

tolerance zone

One cylinder
One sphere

application

Cylinder
Sphere

symbol

©

@ .001
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4. SYMBOLS AND THEIR MEANINGS

4. Orientation

Concentricity

THIS ON THE DRAWING

—
a — -
#2555
- 9514_8_"
[0 [B0.4]A]

Iﬁ.12,2

MEANS THIS

Median points of
diametrically- @25 ——=f
opposed elements

Image source:
https://www.google.com/imgres?imgurl=https%3A%2F%2Fcdn5.vectorstock.com%2Fi%2F1000x10
00%2F11%2F39%2Fcar-wheel-rims-vector-
26961139.jpg&imgrefurl=https%3A%2F%2Fwww.vectorstock.com%2Froyalty-free-vector%2Fcar-
wheel-rims-vector-26961139&docid=uB4qwr6vDpUj5SM&tbnid=YPCS-
Y6dyaaOMM%3A&vet=10ahUKEwiV3PrErZ3nAhXyUt8KHSoDCOQQMwimAigNMAO..i&w=1000&h=
1080&bih=811&biw=1222&qg=rims&ved=0ahUKEwiV3PrErZ3nAhXyUt8KHSoDCOQQMwimAigNMA
O&iact=mrc&uact=8

Datum axis A

#0.4 RFS Coaxial
tolerance zone within
which all median points
must lie



HYDAC

GEOMETRIC DIMENSIONING & =+ .

TOLERANCING
4. SYMBOLS AND THEIR MEANINGS

4. Location

Symmetry

definition
symbol

Symmetry is the condition where the median points of all
opposed located elements are congruent with the axis or SEE— OO ] A
center plane of a datum feature.

tolerance zone

Two parallel planes

application

Symmetric features
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4. SYMBOLS AND THEIR MEANINGS

4. Location

Symmetry

THIS ON THE DRAWING

E5‘14

MEANg. THIS

Image source:

https /[www. google com/lmgres?lmgurl https%3A%2F%2Fwww.distrelec. blz%ZFWeb‘V2FWebShopImages%ZFlandscape large%2F_t%2Fif%2Fteleskopschien
iteilig-55., I=http: %2F%2Fwww.distrelec.biz%2Fen%2F: i file-length-alcoa-inc 6060-t66-20x20x2mm- The center plane Of
pro%ZFp%2F14846251&docld UOJNQOk. bnid=KAr196Ixjn7wsM & —1UahUKEWIKy624p53nAhUIh d f ture
AKHRTXAd4QMwijfASg| 0..i&w=600&h: &bih: 11&biw=1222&q=U-proﬂle&ved=OahUKEwiKy624p53nAhUIh- atum od A
AKHRTXAd4QMwjfASgNMAO&iact=mrc&uact=8
0.8 wide

tolerance zone

| = =

b

Derived median
points
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4. SYMBOLS AND THEIR MEANINGS

5. Runout

Circular Runout

definition
symbol
Runout is a composite tolerance used to control the
functional relationship of one or more features to a datum / OO ] A
axis.

tolerance zone

Two concentric circles

application

Cylindrical features around a datum axis
Plane surfaces perpendicular to a datum axis
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5. Runout

Circular Runout

THIS ON THE DRAWING

One revolution and one
(7 To55[C[0}-He oo, .
M |" - FToo[clo) indicator position only
BN\ .
i @ Runout = Full Indicator
TH
710.02
i L J = CIrR Movement
B6.71.35
6.7.1.3.4
MEANS THIS
Secondary datum -
o e €| e oos e

- i —— - n
. t withi
Image courtesy of Toni Marine Inc: 0.02 total 1 T
http://www.tonimarine.com/_DSC2152%20Gamma%20Adj.jpg f r f
90" 90
0 . —
Primary datum

|
//
)

/ plane C
Secondary datum axis D
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5. Runout

Total Runout

definition
symbol
Runout is composite tolerance used to control the <
functional relationship of one or more features to a datum i / OO ] A
axis.

tolerance zone

Two concentric cylinders

application

Cylindrical features around a datum axis
Plane surfaces perpendicular to a datum axis
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4. SYMBOLS AND THEIR MEANINGS

5. Runout

Total Runout

THIS ON THE DRAWING

[27]0.02 [A]
A{k_
KK
6.7.1.2.2
MEANS THIS Multiple revolutions
ooermy  (f “@ and indicator
—f= = positions

rt—T1

0.02 wide tolerance

zone applies to
entire (total)
surface
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Questions?
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Thank you for your attention!

Speaker:

Olaf Pippel

Supervisor Design Engineering
HYDAC Technology Corp.
Olaf.Pippel@hydacusa.com



