Introduction to
Tolerancing and Dimensioning

Doing things right the first time adds nothing to the cost of
your product of service. Doing things wrong is what costs
money. — Philip B. Crosby
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Dimensioning
Solid Model to Technical Drawing

6 Views with Dimensioning



Tolerancing
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Why bother?

* Interchangeable Parts
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Eli Whitney’s Cotton Mill

Colt Peace Maker Springfield 1856
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Tolerancing and Dimensioning Goals

* Tolerancing

— Allow individual parts to assemble and properly operate together as a
single system

* Dimensioning
— Exercise in Precise Communication

* Typically a graphical representation of the part or assembly that provides a clear
depiction and description of:

— Geometry
» Shape
— Size
» Dimensions
» Tolerances
» Description (material, finish, etc.)
— Intent is clear
» Size and location of all features is mutual understood
* Standards
* ANSI
* |SO
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Tolerancing

 Motivation: Cannot make a part exactly the right size

— A certain amount of variation on each dimension must be

tolerated
 Example: Size limits
— Unilateral/bilateral
— Limit

— Geometric

A Trimble, M. Nejhad, & T. Sorensen
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Considerations

but avoid “over-the-wall” thinking

* Engineering Driven

— Any tolerance necessary to ensure the perceived
functional requirements of a product — “over-the-
wall”

e Process Driven

— Based entirely on the capability of the manufacturing
process — manufacturing dictates design
requirements to engineering

* Inspection Driven

— Expected measurement/gauging technique dictates
dimensioning scheme and tolerancing
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Engineering Driven

Tolerance Stackup process
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Tolerance Stack up

* Adding/subtracting tolerances
— Worst Case

— Good for:
* Design verification

e Catastrophic failure

* Low number of parts
(3-5)

e Statistical

— Sum variance
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Engineering Driven

 Performance Requirements
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Process Driven

e Tolerance Grades

Measuring Tools Material
IT Grade 01 0 1 2 3 4 5 6 T 8 9 110 0 1 12 | 13 | 14 | 15 16

Large Manufacturing
Tolerances

Fits

Table 7. Relation of Machining Processes to
Tolerance Grades ANS! B4.1-1967 {R2009)

MACHINING TOLERANCE GRADES

OPERATION THARGE DR

Lopping & Honimg
Cylindrical Grinding
Surface Grinding
This chan may be used as & general Diamond Tuesing
guide 1o determine the machining Diamond Borng

procesces thot will under noemal coa- )
difions, produce wark within the o} | Bmaching

iy SO S
Roughness to B leronces starting on | Turning
page 738, Botiug
Milling
Planing & Shaping
Dnlling
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Process Driven

Table 6. ANSI Standard Tolerances ANSI B4.1-1967 (R2009)

Nominal Size., Grude r]
Inches v LR R e R T T [ I ESEE
I Over o' | Talerances in thotsandths of an inch®
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.12 0.24 0% [e200) a3 oSyl oot fonalfoois | aaa Y ns 7
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619 76,39 s il LG 6 in i6 35 i Tolerance Grades ANST B4, 1-1967 (R2009)
76,39 1009 20, )53 500 |8 12 20 0 so; .| MACHINING TOLERANCE GRADES
o0y 1318 25 |4 PR TR O Tl (- T B T L | OPERATION aislej7lalefwlnla]n
1319 1719 k| 5 E |z ] 0 50 80 : ; ;
| & Honi
R e el T T (TR T el B e (T aoptag & Hondag
- 4 - T ; = . Cylinalrical Grimding
" All olerances above heavy line are in accordance with American-British-Canadiar :
menis. Surfece Grinding
This chart may be used as a gencral | Di#moad Tuming
guide o determine the machining Diamend Boring
processes thot will under noemal coa- )
difbems, produce work within the tol | Bmaching
crance prades indicated Reaming
(See also Relation of Surface
Roughress to T lerances sturting on | Tuming
page 738, Bodag
Milling
Planing & Shaping
Drilling
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Process Driven

+ Tolerance
sk EE HEHEHEE
g5 (38|88 (85(8%(24 (84
csllcs8|cl|csB|alel|sn
Tuning, bating
Diamater < 1.0in.
1.0 € Diamater s 2.01in.
Diamster > 2.0in. Covc:
Drilling*
Diameter < 0.1 in. =
0.1 < Dlameter < 0.25 in. -
0.25 < Diameter < 0.5 in. [ om e |
0.5 < Diameter s 1.0in. —
—

Diametar > 1.Qin.

Aeaming
Diameter < 0.5in.
0.5 < Diameter £ 1.0 in.
Diameter > 1.010n.

Milling
Panpherai
Face
End

Shaping, slotting

Planing

Broaching

Sawing

*Drilling tolerancas typically axpressad as a biased bilatsra! tolerance (lor example,
+0,005/-0.001). Values in this tabuiation are expressed as closest bilateral

tolarance (g.9., £0.003).
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Surface Deviations

Form, Waviness, Roughness

e Waviness profile (red) Waviness profile (red)

Waviness Profile

Long cutoff = Short cutoff = ke
- “smooth” waviness “bumpy” waviness I Roughness Profile
' “higher” roughness “smoother” roughness

.”wmw | Wm

e Ruughness pmﬁle (blue) RGUQhHESS profile (blue)
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Process Driven

N1 N2 N3 N4 N3 N6 N7 N8 N9 Ni10 N11 NI12ISO No.
0025005 01 02 04 08 16 3.2 63 125 25 5S0pm

0.100 =T i
v @"?
& P —1.0
0.5
S 00101
v
g —10.1 g
a .
p -
& —0.05
8
a
&= 0.001F WO b :
.—-'?"‘ oS
'I\"v
¥ / ~o.01
weer™
e —0.005
0.0001 o by ! ! s = | ! | ! ‘
05 1 2 4 8 16 32 63 125 250 500 1000 2000 pin.

Surface roughness (R,)
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https://www.cnccookbook.com/surface-finish-chart-symbols-measure-calculators/

Indicative surface roughness comparisons

Ra ym

50 1.5 25 125 6.3 3.2 L& 0.8 0.4 0.2 o.1 0.05 0.025 0.012
Ra uin (@A) 2000 1500 1000 500 250 125 63 32 16 8 4 2
TUBE FINISHING Ra Ra Roughness Roughness Ry V/{P-_:I Qld  |American
”Ef‘ IE'-!"I';“"“' - micrometer |microdnch| Grade Mumbers | Grade Mumbers . Style | standard
~old Drawn | m in i ik
Smooth Bore — K 4 (New) (Old)
Electropolished I 50 2000 MN12
METAL CUTTING 25 1000 M1 N
sawing — 125 500 M10
planing, shaping ] 6.3 250 N as 62 — a2 T
drilling — AVAV, .15'# ) ¥ %
milling — 3.2 125 o a Rl
boring, turning I 1.6 63 N7 ] 18 7 v
broaching — 0.8 32 NG 4 B — | wwv]| 2/
reaming — 0.4 186 N5 R ATEA 2 | oow| B
ABE:::HE 0.2 8 [} 1 L —wvev] av
grinding T 0 g
barrel finishing ] 0.1 4 M3 5 0.5 v |vvTv] 4 Ve
" 025
honing — 0.05 2 M2 NSNS s e |ovoe| v
electro-polishing I 0.025 1 M1
electrolytic grinding I -
polishing I
lapping |
superfinishing —— Roughness Grade Numbers and Ra Measures...
FORMING
hot rolling —_—
forging —— - -
extruding I )\ _F
cold rolling, drawing | i‘ 5
roller burnishing — | S 1 ___*_l.. > X = LETTER HEIGHT
OTHER
flame cutting L |
hemical millin ]
C1CC[TZTIL||::!'3:'I Cn:]’ll':l'lg EEE— SURFACE MAY BE PRODUCED MATERIAL REMOVAL MATERIAL REMOVAL
ng BY ANY METHOD REQUIRED PROHIBITED
laser cutting I
EDM —
Ra pm 50 ars 25 125 6.3 3.2 L6 0.8 o4 0.2 0.1 0,05 0025 0.0
Ra uinfClLa) 2000 1500 1000 500 250 125 63 32 16 8 1 2 1 + s o

Typical Range
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Surface Finish

MAXIMUM WAVINESS HEIGHT
ROUGHNESS AVERAGE VALUES \\

MAXIMUM WAVINESS
/ SPACING
ROUGHNESS SAMPLING

BASIC SURFACE TEXTURE SYMBOL

RATING (C). SPECIFY IN INCHES OR
MILLIMETERS. HORIZONTAL BAR
ADDED TO BASIC SYMBOL.

EXAMPLE
MACHINING ALLOWANCE B-C /LENGTH 63 .002-4
“w A D 32 / 05
F\/ E-=——— LAY SYMBOL B
MAXIMUM WAVINESS SPACING 002-4

AOUGHMESS AVERAGE VALUES (A).
SPECIFY IN MICROINCHES,
MICROMETERS, OR ROUGHMNESS
GRADE NUMBERS.

LAY SYMBOL (E)

\

Vi

AVERAGE VALUES (A), SPECIFY
IN MICROINCHES, MICROMETERS,
OR AOUGHNESS GRADE NUMBERS.

MAXIMUM AND MINIMUM ROUGHMNESS 63

ROUGHNESS SAMPLING LENGTH
o N7 | OR CUTOFF RATING (D). WHEN NO
3\57 NE VALUE IS SHOWN USE .03 INGH (0.8

Vil

SPECIFY IN INCHES OR MILLIMETERS
HORIZONTAL BAR ADDED TO BASIC
SYMBOL.

MAXIMUM WAVINESS HEIGHT RATING (B)

MILLIMETERS.
2
002 | MACHINING ALLOWANCE (F).

. \/— SPECIFY IN INCHES OR

MILLIMETERS.

N\

.06

NOTE: WAVINESS IS NOT USED IN I1SO STANDARDS.
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Surface Finish

A Trimble, M. Nejhad, & T. Sorensen

" Example Showing Direction
i Nissning of Tool Marks
bol
Lay approximately paral- =
= | lel 1o the line represeni- —
= | ing the surface to which _— f_
the symbaol is applied. — =

Lay approximately per-
pendicular to the line
representing the surfoce
to which the symbol is
epplied.

Lay angular in both direc-
tions 1o line representing
the surface to which the
symbiol is applied.

Lay multidirectional.

Lay approximately circu-
lar relative to the eenter
of the surface 10 which
the symbol is spplied.

Lay spproximately radial
relative to the center of
the surface to which the

symibrel is spelisd.

Loy martimilars, soma.
rectional, or protuberant,

ME 482 — Spring 2022

18/92



Surface Finish

—

Mwmmmmmmﬂg.mmmm.m rough forging.
Machine operations are not required because appearance is not objectionable. This surface nul:.r
specified, is suitable for unmachined clearance areas on rough construction ilems.

A Trimble, M. Nejhad, & T. Sorensen

€<

Rough, low grade surface resulting from heavy cuts and coarse feeds in milling, turning, shaping, boring,
and rough filing, disc grinding and snagging. It is suitable for clearance areas on machinery, jigs, and
fixtures, Sand casting or rough forging produces this surface.

<€

Coarse production surface, for unimportant clearance and cleanup operation, resulting from coarse
surface grind, rough file, disc grind, rapid feeds in tuming, milling, shaping, drilling, boring, grinding, etc.,
whare tool marks ane not objectionable. The natural surfaces of forgings, permanent mold castings,

<€

The roughest surface recommended for parts subject to loads, vibration, and high stress. It is also
mmmmmmhmmmmuhﬁw_nugm

sharp tools. It may be economically produced on lathes, milling machines, shapers, grinders, elc., or on
permanent mold castings, die castings, extrusion, and rolled surfaces.

€

<€

A good machine finish produced under controlled conditions using relatively high speeds and fine feeds
to take light cuts with sharp cuttings. It may be specified for close fits and used for all stressed parts,
except fast rotating shafts, axles, and parts subject 1o severe vibration or extrema tension. It is satisfact-
ory for bearing surfaces when motion s slow and loads light or infrequent. It may also ba oblained on
axtrusions, rolled surfaces, die castings and permanent mold casting when rigidly controlied.

%/

<0

A high-grade machine finish requiring close control when produced by lathes, shapers, milling machines,
elc., but relatively easy to produced by centerless, cylindrical, or surface grinders. Also, extruding, rolling
or dia casting may produce a comparable surface when rigidly controlled. This surface may be specified
in parts where stress concentration is present. It is used for bearings whan maotion is not continuous and
loads are light. When finer finishes are specified, production costs rise rapidly; therefors, such finishes
must be analyzed carefully.

l:%l/

S

A high quality surface produced by fine cylindrical grinding, emery buffing, coarse honing, or lapping, it is
specified where smoothness is of primary importance, such as rapidly rotating shaft bearings, heavily
loaded bearing and axtreme tension members.,

Ig/

=

A fine surface produced by honing, lapping, or buffing. It is specified where packings and rings must
slide across the direction of the surface grain, maintaining or withstanding pressures, or for interior
honed surface of hydraulic cylinders. It may also be required in precision gauges and instrument work, or
sensitive value surfaces, or on rapidly rotating shafts and on bearings where lubrication is not

0%/

.

A costly refined surface produced by honing, lapping and buffing. It is specified only when he design
requiremants make it mandatory. It ks required in instrument work, gauge work, and where packing and
rings must slido across the direction of surface grain such as on chrome plated piston rods, elc. where
lubrication s not dependable.

%/
'L'I.Dzvﬁ/

5

Costly refined surfaces produced by only the finest of modem honing, lapping, buffing, and
superfinishing equipment. These surfaces may have a satin or highly polished appearance depending on
the finishing operalion and materal. These surfaces are specified only when design requirements make it
mandatory. They are specified on fine or sensitive instrument parts or other laboratory items, and certain
gauge surfaces, such as precision gauge blocks.

ME 482 — Spring 2022
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Surface Finish

HORIZONTAL
MILLING

= B3 =
VERTICAL
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TURNING .' ' -
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Inspection Driven

Gauging Technigues

Coordinate Measuring Machine
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Taguchi — Customer perception missing

* Monetary losses occur with any deviation from
the nominal. — Genichi Taguchi

L= G-+ 07

Loss (L)

Introducing quality concepts
at the design stage is more
valuable than through
inspection after manufacture
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“Standard Rule-of-Thumb” Tolerances

1 decimal place X.X +0.2”

2 decimal places X.XX + 0.01”

3 decimal places X XXX + 0.005”
4 decimal places X XXXX + 0.0005”

But be careful with this table, if you are working on a part that measures 3.5” nominal the best tolerance you can
expect from milling is 0.005”

* Prescribe the largest tolerances you can afford
* Budget trade-off
* Tighter tolerances = more performance (usually)
* Looser tolerances = less expensive manufacturing (usually)
* But of course there is Taguchi...
* Generally, most parts require only a few features to be held to
high accuracy
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Tolerances/Surface Finish & Costs

Approximate Relative Cost of Progressively
Tighter Dimensional Tolerances

Rough machining, +/- 0.030 |101

Standard machining, +/- 0.005 |20{]

Fine machining, +/- 0.001 | 440
Very fine machining, +/- 0.0005 | | 720
Fine grinding, +/- 0.0002 | ‘ | | | 1400
Very fine grinding, +/- 0.0001 | 2400
Lapping, polishing, +/- 0.00005 I = |i15;00
1tlD 1000 10000

Approximate Relative Cost, %

N.E.Woldman, Machinability and Machining of Metals Surface Finish = °
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Quality

* Meets the need of the customer and thereby
provides product satisfaction

* Freedom from deficiencies — absence of defects.

e Standards
— |ISO 9000 series

A Trimble, M. Nejhad, & T. Sorensen ME 482 — Spring 2022 26/92



Design for Quality

A Trimble, M. Nejhad, & T. Sorensen

for Life

Design for
Performance

ME 482 — Spring 2022

Assembly Design for - R;aetr:rr?ce Tolerance
Objectives Assembly Frames Analysis
Y
Tolerance COP/
E DFM - ' Optimization COPQ
i
Cp/Cpk Design | |
for Cost
DFQ B DFMEA GD&T
Objectives Drawing Design for
Service
Design for
Performance Transportation
Objectives
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Six Sigma

e There is a direct correlation between the number of
product defects, wasted operating costs, and the
level of customer satisfaction.

* The Six Sigma measures the capability of the
process to perform defect-free work.

— DFQ Objective: defects per unit
* Component
Piece of Material

* Line of Code m— |

e Administrative form L5t o001 LD Lot 5D | sy o 001 o

* Time Frame e R

* Distance Process Wadth  Figue 12

| Design Width | charac

Single critical-to-quality (CTQ) characteristic
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Cp

* (, = Capability index or Concurrent Engineering

Index: Design / Manufacturing

C. = Spec Limits __ USL-LSL =g = r
P " process Capability  +aoc - an

 Automotive: Cp = 1.33

LSL usL Ford motor company 305 BOSS:
Rod and main bores manufacturing tolerances
+.0003”.
Cp=1.33
— , , — - Crankshaft
SEE 4 _jroclessfqp;w: )% - - Diameter ~ 2" + 0.0003“
- Spec Limits e tons - = Process Capability = 0.00025“
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Cp

* (, = Capability index or Concurrent Engineering

Index: Design / Manufacturing

Spec Limits __ USL-LSL
Process Capability " +tao

-C, =

 Automotive: Cp = 1.33

LSL USL

Cp=133

i i i i i i i i i
—dg —T:'«G -2 -ld 0 1lo 20 3¢ 4o 5o
4)‘ Process Capability )(7

— Spec Limits —

Figure 10-15
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Cpk

* C,x = Process capability index adjusted for
centering
+ Coe = Cp(1—K)

— k = ratio of the amount the center has moved off
target divided by the amount from the center to the

nearest specification limit Shifted Mean
Cp=2
k=2,
a=15c
b=6c > D
Cpk = Cp(1-k)
=2(1-25)=1.5
6:(3.4131311.1

1 1 1 1
—181163040505|

— &
—* J Spec Limits L_ h
ss Capability Figure 10-17 Cp and Cpk at Six Sizgma
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Some Statistical Quality measures

U-L
c Cp = —— measure of the spread of the population about the average

* Cpp = mln( Pl u), measure of both the location and spread of the

population
_u-L
pl — 30
U-u
C. ==
pu 30

* (. =max(C,, C,,), measure of the location of the average of the
population form the target value

T—U
— La = —
u-t
e
* Cpm = , root-mean-square (RMS) deviation index (closely

02+
related to a Taguc?n quadratic cost function)
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Six Sigma

Defects per Million | Cost of Poor
Quality

6 Sigma <10% of sales World Class

5 Sigma 233 10-15% of sales

4 Sigma 6210 15-20% of sales Industry Average
3 Sigma 66,807 20-30% of sales

2 Sigma 308,537 30-40% of sales Noncompetitive
1 Sigma 690,000
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Fits

MIN Clearance

MAX Clearance —

ALLOWANCE

lolerance

MAX |nterference
—— MIN Interferenca

r Tolerance

r Tolerance
i

|

4499
498

(A

CLEARANCE FIT

(B)

INTERFERENCE FIT

Allowance always equals smallest hale minus largest shaft

A Trimble, M. Nejhad, & T. Sorensen
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Fits General

A Trimble, M. Nejhad, & T. Sorensen

[olerance
grade

Basic size

HOLE 40 HS

Fundamental

S — |T grade
deviation J

(A)

Tolerance

Basic size S
grade
2 =}

SHAFT 40 f

Fundamental
IT grade

deviation

(B)

Tolerance

grade

FIT 40 H8/f7

| S
Hole Shaft

tolerance tolerance

(€)

ME 482 — Spring 2022
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Fits Shaft Driven (Shaft basis System)

Clearance

Hele

Transition —e

pp——— | ({17 [EF BN R ———t

Hode
e
derance L
'
D9
Minirmum
clearance
Fa | | Basic | Shaft tal _
. I | %i7a SN tnlEranca
0 T | |
> - — K7 — 2
h7 hé ht | h6 h6 Pt hé hé | [he] | 1 t
Maximum h& | P37 | }  Minimum  Maximum
clearance | I | 57 I |r‘:1FeiI'f;-‘ffl'~‘r‘"r~’:’ interference
I u7 Gl
Shaft h11 [ ! : | lolerance {'
tolerance Shalt J
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Fits Hole Driven

O

Hole basis svstem: fits

Clearance

Transiion —s=e— ntarfarencg ——s

Maxirnuen
interfarence

Haole Shaft tolerance
Hiola | | |
H11
toderance | | ! | Ui | t f
| [ s8] $ Minimum
Ho | pb | interlarenca
HE wr | W [t | |wa]  [we Aoy
r ki Iodarance
- his | I 1
. | | | | | —
= Asic Sire
H | | I | i |
Minimum
clearance
a9
i
1
P.".‘Lhilu‘r‘uul'r'l
clearance :
et ahaflt
Shall 11
tolerance
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Fits ANSI

‘Table 8a. American National Standard Running and Sliding Fits ANSI B4.1-1967 (R2009)

Class RC ) Class RC 2 Class RC 3 Clada BT 4
Mominal Standand Tislkeruncs: Limiba Siendard Tolerance |imits Siandand Tolerance Limis Stipalars] Tolerance Limacs

Size Pange, Hinke Shali Hale Shali & Hels Shadi Haole Shafh

ke Clearanie® H3 gd Cleamnce H& 5 Chearancet H? (1] Clerance! HE T
et Ta Walues thawn befow arg in thostardibs of an inch

L e (¥ +02 =0 ol 4025 1 0y +0.4 -03 [E] T =03

045 o =), 2% 055 1] =3 098 1] 055 13 o -7

arz- 0 s HE2 15 [ENE] +13 ={1.15 [1F] +H1.5 ={i4 04 =7 =i} 4

[ ] i} {3 LT i} 015 12 1] K7 1.6 ] N9

B34 - A [0 3 k2% =i} 2 ] =44 =03 0s H5 -5 0.5 % %

0.6 a 435 LY 0 ~04% 1.5 a ] 0 o =1.1

P (FET] ] 0H 5] 04 T =T a3 | -6 T ) &

078 1] ~045 a5 (] =055 1.7 o =10 kx| 1] =13

i@ E] 04 -1 03 +0.5 03 [T +0A T [T} +1.2 T

095 o =i 55 2 n L7 i i -3 24 i} =16

T [[F] 0.4 =04 o L& )4 ] +1.0 =10 1.8 +1& =10
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Fits ISO

Table 1. Description of Preferred Fils

¥ ] DESCRIFTION

Loase running fit for wide commercial tolerances or allowances on extermal
members.

Eree running fit not for use where accuracy is essential, but good for large tem-
perature variations, high running speeds, or heavy journal pressures.

Close Running fit for running on accurate machines and for accurate moderaie
speeds and journal pressures,

dliding fit not intended 10 run freely, but to move and tumn freely and locate accu-
Lecational clearance fit provides snug fit for locating stationary parts; but can be
freely assembled and disnssembled.

| Locational fragsiiion fit for sccurate Imuﬁnn,n_c;umpu-mnis: between clearance: |

Locational fransition fit for more accurate location where greater interference is

(accuracy of location but without special bore pressure requirements.

| Mediun drfve fit for ordinary steel paris or shrink fits on light sections, the tight-
est fitusable with casi iron.

ﬁLfnr pars mquinTnE r]g'_Ldil:_-,I:ﬂ nﬁnmeni with pi-inw.

More Clearance

Moaore Imirl'emuzn

Eiree fit suitable for parts which can be highly stressed or for shrink fits where

1SO SYMBOL s 3
| Hole | Shaht
Basis Basis
| Hil/kel] Climil
HW\d9 Dahe
E 2 HE/FT F&/M7
L)
H7/gh G7é
{ ralely.
HIM6 | HIM6
:E h H7/k6 KiMh6 | and [mierference.
| E E
| 2 Hifn6:- o) 1SNImGT | | b
H/p6? PG
3|
,E 2 H7/s6 876
E
H7iu6 U6
il T S | e

*Transition fit for basic sizes in mnge from 0 through 3 mm,

A Trimble, M. Nejhad, & T. Sorensen

the heavy pressing forces required are impractical, I

—
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Dimensioning

* Complete information about both size and shape

* Size: Dimensions
e Shape: Drawings (Usually orthographic)

Orthographic Views

'4(

Right Side

Right Side Front

Top

ird-angle projecti
Figure 4-10 First-angle | ire-ang'e projeciian
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GD&T
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Definitions

* Maximum Material Condition (MMC) @

— The dimension tolerance limit that produces a part
that contains the most amount of material for that
dimension.

* Least Material Condition (LMC) @

— The dimension tolerance limit that produces a part
that contains the least amount of material possible
for that dimension.
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Definitions

A Trimble, M. Nejhad, & T. Sorensen

o 197 Upper Limit (MMC)
495 Lower Limit (LMC)

o 202 Upper Limit (LMC)
498 Lower Lim& (MMC)

Engmeening Dimensionead
Drawing
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Definitions

* Regardless of Feature Size (RFS) (s)

— Tolerances apply to a geometric feature regardless of
its size. These sizes range from MMC to LMC.
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Tolerancing Fits

 Clearance

— Mating parts always have space or clearance when
assembled

* |Interference

— Mating parts always interfere when assembled

e Transition

— Mating parts will sometimes be interference and
sometimes be clearance when assembled
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Motivation

Design Intent
* External boundary 6.35 mm % 0.025 mm “square”

* Hub inside diameter on “center” of the square within
+ 0.025 mm
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Linear Strategy

A -
4X RO,51 MAX,
_\ .
| ' N
6.35+£0.025
)
3.17540.025
| 71,93 +0-025_
1 ! . 7
A ———
3.175%0.025— -— SECTION A—A
6.3540.025 - -
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Linear Strategy

B.375
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Linear Strategy

B.375

y 1

I" 3.175 ==  6.375-3.175=3.2
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Linear Strategy

B.375

y 1

I‘— 3.15 =~ 6.375-3.15=3.225

A Trimble, M. Nejhad, & T. Sorensen ME 482 — Spring 2022 54/92



Linear Strategy

1)

o 8375
-l—r — — —
| 0 |
\l
|

L

ANSI: Rule #1 (Taylor Principle) - When only a size tolerance is specified for an
individual feature of size the form of this feature shall not extend beyond a
boundary (envelope) of perfect form at maximum material condition (MMC).

ISO: Principle of Independence
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Linear Strategy

* Paragraph 2.7.3 of Y14.5 addresses the
“relationship between individual features,” and
states:

The limits of size do not control the orientation or
location relationship between individual features.
Features shown perpendicular, coaxial, or symmetrical
to each other must be controlled for location or
orientation to avoid incomplete drawing requirements.
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Full Geometric

06,35

0.05
0.025

| T

A ~—m— SECTION A-A
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Datum

6 DOF

A Trimble, M. Nejhad, & T. Sorensen

FRIMARY DATUM PLANE
2 POINTS
MINIMUM CONTACT

/

TERTIARY DATLIM PLANE—/

/ SECONDARY DATUM PLANE
SECONDARY DATUM PLANE 2 POINTS

MINIMUM CONTACT

TERTIARY DATUM PLANE
1 POINT

MINIMUM EDNT&ET\
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Theory Vs Reality

AXIS

l Datum Feature ‘A’ (Surface)

Plane Y-

Datum ‘A’ (Theoretical Plane)
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Datums and Design Intent

-_—
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Datum Choices
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As built
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Datum Intent
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Some Controls

il 5 &
&, . it DMy
&S % ﬁ‘iﬁ @‘ﬁﬁiﬁ o
TYPE OF FEATURE mg\é&{“ H@;@“ &/ & VST
CHARACTERISTIC  SYMAOL CONTROLLED S RS E TN et
or el @“}%‘V SOEITTE
CYL—SURFACE ELENENTS b 0
STRAIGHTHNESS — CYL—DERIVED MEDIAN LINE a, d [ra) vy J
PLANE-LINE ELEMENTS b, 0
PLANE b, © 0
FLATNESS | 27 "yir-prRveD weDian PLANE] @, d v | o
CIRCULARITY | © | REVOLUTE, SFHERE | @ b, d 0
CYLINDRICITY | A&7 | CYLINDER a b d 0
PRCFLE OF A LNE Ty ALL a] 0—3| o
REVOLUTE b 0—3| o
OF A SEEE?”&E £ OTHER I:NI}I"J—REM'[:'LUTE} b O0—3| W
COPLANARITY OF PLANES b 0
PLANE [INCL LINE ELEMENTS) | b, ¢ 1-3] v
PERPENDICULARITY | _L | CYLINDER ad | @ v [1-3]V
PARALLELISM | 4/ | WDTH a, d v [1-3] v
REVOLUTE—RADIAL E1EMENT b, ¢ 1-3|
PLANE [INCL LINE ELEMENTS) b e 1-3] v |
= CYUNDER a, d 7)) WO [1=-3] v W
ANGULARITY o — v E R,
REVOLUTE-RADIAL ELEMENT b. ¢ ERAR
CYLINDER ad | @S| v |1-3| v ]|V
PosiTiON | 4 | wWDTH a, d v =3 v | v
SPHERE a d |S@| v [1-3] v | v
ALL NON—SPHERICAL | a, b, d | @ 1-3
CONCENTRICITY | @ | —rrere o b d|S3 =%
SYMMETRY | = | CPPOSED POINTS a, d 1-3
CIRCULAR RUNOUT | & | REWOLUTE a b, d 1-2
CYLINDER a b, d 1-2
TOTAL RUNOUT | ZF e e 1o s b, ¢ 1-2
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Flatnhess

L/ 002 r 504.05
Drawing Y‘
Fart
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Circularity

@.75+.04
OL.oos
Drawing
P’*-'-_
Part
B Spine for
swWaepIng
__n
E

Tolerance zone Talerance zone
at plane A—A at plane B—H

Fig

non
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GD&T
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Tolerance Zone

‘(;ﬁm-ﬂfu zone
AN N

A
]
—t—— 0,05 (¥ and Y)

\

I\

D.O0/07 K
(hypotenuse)
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Location

* 4 Pins & 4 Holes

* Pins: 2.4 +/-0.06 = 2.46 & 2.34 (A =0.12)

* Holes: 2.8 +/-0.06 =2.86 & 2.74 (A =0.12)

* Square Size = 0.05 =» Dia =0.07070 (x2 = 0.14)
* 0.14+0.12 =0.26
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Location

Pin Gauge @ =
>\Min @ hole - tolerance

)

p———

N
Tolerance Zone
of Pin Gauge
True position oo
Hole Position
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4 Pin Example

Ly Ty
) O I LIy =,
= g = | e S
H O H &
4 g H | d g H
© o oo | © S o
2 M~ e T | L B My MG
|
N S |
?.EE:I:D,DS——{JJD é l ?.BZ:tD.ﬂE——é é)
17.7840.05 —‘E? l 17.7840.05 —4(? )
5.4+ 0.1— k /| 25.4£0.1 4
' \
@#2.840.068 | 72.4+0.06
|
|
|
6.3510.05 — | 0
0— | 6.3540.05
|
|
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4 Pin Example

|
|
0.26— D. | QD
Z |
Allowable - | Allowable
0.14—Frrr1v | ATTTTT .
hole Tttt , Ftttttq pin
location - « | location |
- N
- N |/ |
N
o LI I (I I I I I I I I LI I I
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Tolerance Zone

‘(;ﬁm-ﬂfu zone
AN N

A
]
—t—— 0,05 (¥ and Y)

\

I\

D.O0/07 K
(hypotenuse)
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4 Pin Example

|
= o | )
o 5| | ~ 3 L
B i O « | [gB « a0
i [*= M ™ | — [*== (| M1
"="—El | .ﬁ._ﬂ,
I
7.62 (+) (+) | [7.82 & &y
I
17.78 (? * | [17.78 G:; )
|
95.4+0.1 k 4 | 25 4+0.1 k -
C—a ¢ 2.84L0.08 l - A2 41006
@014 ABIC | ; £ @01 4|A5C
1
6,350, : 0
0 | 6.35+0.1
7 |
A I
|
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4 Pin Example

i
0.25‘—_ 1.D. | QD
N I
- I
Allowable 0.14 | A!Iowoble
hole pin
location : location
|

280 2.74 2.6 246 294
VC
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4 Pin Example

s | =
o FH o |
B i | m | g = o| m
— [~ P r | = [ r M
A, : A |
7.62 (+) & | [7.82 ) @
|
17.78 @ ® : 17.78 @ @
25.440.1 k 4 |25.440.1 k /
CH @ 2,8+0.06 : C @2.410 06
PZ0. 140DABC| | - $@0.14M|ABIC
|
4
6. 351 0.1 | 0
T D |6.35+0. 1
|
A |
|
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4 Pin Example

I |
0.26 — p 1L.0. | Q.0 / |
- I
Allowable - | Allowable
hole 0.14— | pin
location , : location
_ |
: |

2.86 2.74 2.6 246 2,34
vC
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4 Pin Example

0.26 — N .D. | O.D. y-
- |
Allowable ; | Allowable
hole 0.14 — | pin
location - | locotion
= I
- I
NA
O I O | | I | e I O O |
2.86 2.74 2.6 2.4 2.34
VC
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4 Pin Example Summary

+0.08 +0.20
@287 553 — @247 22
&HZOM|ABIC EHOOM|ABIC
@ 2.8+0.06 : @ 2.4-+0.06
& 701 4G [ARIC | Slgo14@ARE
|
026 — .D. | Q.D. /
_ | |
Allowahle ~ M | MA Allowable
hole Q.14 _F,—:sf,;ff | } ¢ ?srf ain
lacation : ;é = ;:{ I : :r,— S : location
- AP BN | AP B0
" A AT [ [ | AT
QE_E,:EGDB RN | RN @Eq.j:[]__ljﬁ
2 J4ARBIC o J4ABIC
|20 2.86 274 2.6 2.46  2.34 |20
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4 Pin Example

I

- |

" B 2

B o | m |
[ [ M [l | |

L I
7.62——4) > |

|

17.78 (J? (+) |

|

25.4£0.1 k 4 |
] #2.870:08 :

G [BOGDIABIC |

|

6.3510 1 :
0 |

7 |
Iy |

|
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S
o~ 1
B « Q| m
(] [~ [l [l
-

e O
17.78 (? *
05, 44,1 \ /

cl—o @2.418-%2

A £@0W|ABIC
-
6.35+0.1
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Summary & Recap of Tolerancing (GD&T)

e ¢ James H. Earle, “Engineering Design Graphics,”
8th Edition, Addison Wesley, 2001
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Summary & Recap of Tolerancing
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Summary & Recap of Tolerancing (GD&T)
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Summary & Recap of Tolerancing
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Summary & Recap of Tolerancing
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Summary & Recap of Tolerancing

A Trimble, M. Nejhad, & T. Sorensen

@ 0.30 TOLERANCE
ZON

AXIS OF DATUM A
B MEANING
a tolerance of location. Here,

.Wﬁes that the axis of the
datum cylinder A, within a

» B

TOLERANCE
MMC

Figure 21.61 ¢ is a tolera
fies that a part's features he
plane between paral ices of

E 0.40 Tolerance

‘A. DRAWING B. MEANING

Figure 21.62 Flatness is a tolerance of form. It specifies a
tolerance zone within which an object's surface must lie.
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Summary & Recap of Tolerancing
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Summary & Recap of Tolerancing

C

A Trimble, M. Nejhad, & T. Sorensen ME 482 — Spring 2022



Summary & Recap of Tolerancing
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Summary & Recap of Tolerancing
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Summary & Recap of Tolerancing
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