[ GD&T-Geometric Dimensioning & Tolerancing ]
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1. ASME - "Geometric Dimensioning & Tolerancing Fundamentals + Advanced Applications with
Stacks and Analysis "- Course (2010)
2. ASME - "Dimensioning and Tolerancing Principles for Gages and Fixtures" - Course (2012)

NIDNOoN

1. GDTP - Geometric Dimensioning & Tolerancing Professional — Senior Level - 3355
2. GDTP - Geometric Dimensioning & Tolerancing Professional - Technologist Level — 0843
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1) What is GD&T and advantage
2) design and manufacture component
* Coordinate dimension VC gdé&t
* measurement Hole methods (cmm, gage)
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international Drawing language, Applied drawings to describe a mechanical parts.

GD&T - international Drawing language

* Rules: rule #1, rule #2...
e Settings: Assembly, Part, feature, datum, DRF...

* Tools: dimensions, shape, orientation, location...
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What is GD&T

GD&T - precise language
Geometry dimensions and tolerances is a precise language.

DESIGN

The informationis |
define more clearly by|
the designer

||

Mechanicall
GD&T MANUEFACTURING

P ™y The partis better
understood by the

QUALITY manufacturer
The Inspector measure 3

the part as defined by
the designer

Engineer




What is GD&T

GD&T - language that provides uniformity

\

Uniform language same drawings interpretation
Engineering | *
Manufacturing | The immediate effect is
Inspection " reduce disputes, guesswork
L and assumptions )
Development
( N\
Customer \ drawing clarity )
Assembly follow the manufacturing process
. \. J
Materials

Gage Planning |

Marketing




What is GD&T

GD&T — Advantages

Functional design
Design by limits
Maximum match between

components.

AL VLY

The ability to calculate tolerance stuck

easily and systematically

Process repeatability.
Reduction of product disqualifications
Shorter production duration.

Reduce costs.
6



What is GD&T

Engine example

Engine head

carburettor

Engine body

cylinder

connecting rod

crank shaft



[ Size Does Not Control Interrelationship between Individual feature ]

Coordinate Dimension Drawing cylinder Means this
/7 10.06 . base line
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L Questions
$4.5 + 0.005 , _
Assuming that the hole location measured
Notes: is relative to the surface:
General Tolerance +0.2 1) which option is the correct measure?
o General Angle Tolerance +1 2) What is the reported measurement?




{ Size Does Not Control Interrelationship between Individual feature ]

Coordinate Dimension Drawing cylinder Means this
[710.06 0.06
flatnessl
o| n
! 28
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S | ©
_|_| SRR 1 — - SRR - TR — _--.._‘:l_
—~— L I\. o0
_____
base line
uestions
04.5 + 0.005 L~ Q

Assuming that the surface is measured relative to the hole :

Notes:

General Tolerance +0.2 1) which option is the correct measure?

o General Angle Tolerance +1 2) What is the reported measurement?




GD&T Drawing

cylinder
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Notes:

General Tolerance #0.2
General Angle Tolerance £1°
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Set 3D design and Allocated tolerance method

©

3D design

3D design
Correct

set the physical 3D Defined

model

Y

@ Are the parts ri
1

l

gid or non-rigid? |I

are the assembly static or
dynamic?

Is the tolerance One / two
dimensional

Y

Is the tolerance
linear / non linear

11

v

Set manufacturing

Y

Set the production quantities

'

defined a manufacturing
technology for each part

define the measurement
for each part technology

EESCERRRE LR O LR

'

Define a tolerance stack
target.

65

v

Allocated tolerance method

!

GP Re/Defined parts Size + size tolerance
[

: !

l@ Re/Defined geometric tolerance

| !
: Do
|IC 13 ) RFS\RMB\ \MMC\MMB\LMC\LMB

are defined

v

tolerance and the geometric tolerance

1
1
1
1
made a balance between the measure
1

Yes @ Do the No

_______________________F,

3D design
N

Save and

— End

Copyright © 2012 all rights reserved

configure

&S G

Ronen koMerian



GD&T Tolerance stuck

A - hole length
B — hole pos

C - hole dia

D - pin dia

E - road length
F —road pos

G —road dia

H - crank shaft pin dia ||
| = crank shaft pin pos
J — crank shaft pin length
K — crank shaft bearing dia
L — bearing inside dia

M - bearing outside dia
N — house bearing dia
O- house bearing pos

P - house length

Q - house profile

R - sleeve thickness

S — sleeve profile

T- head length _ KLMNO

U — sleeve profile

FGH |

# = Nominal
Size 0.23 mm

Min Dis = 0.02 I Each equal tol = 21 elements / 0.21 nom size =+£0.01 mm I
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o~
)
M~
@4.5 G0 CF
[4 ]2 0.02w AM) | B
A<4—»B
part number| DIM description from/to
cylinder A Datum B to hole position BSCDIM | (-) 7.59 (-)] 7.59 0
cylinder B Hole position (+) 0.02 (+)| 0.02 0.02
cylinder C Hole size (+) 0.005 (+) 0 0.005
pin D () 0 ()| o.005 0.005
SUB TOTAL 0.03
[ awswer | ToL
comment OPTMIZED?

13

@16.54 0005 ,
(+)

1

0.06 A |

0

0.02

RIGHAT
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[ Manufacturing by SD }

Define Position tolerance by SD ©
S
1. Target: 0.02 o
position diameter -
circle o
2. 1000 points of =
© amm o — EH
normal TS
distribution. §
3. standard deviation >
0.0035 —
o — ”
Clj | I I | |
Results :0.010 0.000 0.010
T S B—— X coordinate
> print(paste0("the number of points in the cirgle are:",num_count))

[1] "the number of points in the circle are981"

> print (paste0("the number of points in the €ircle in present are:", (hnum_count*100)/
num, paste0("%")))

[1] "the number of points in the circle in present are:98.1%"

> ####f##############################################################################
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e e
PWNRFROWOWO~NO VIS WN R
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15~
16
17
18
19
20~
21
22
23~
24
25
26
27 ~
28

29
30

Define tolerance by SD

sd1l<-0.004 # standart deviation
X <- rnorm(num, mean=0, sd=sdl)

hist(x, probability=TrUE)
xx <- seq(min(x), max(x), 'Iength
Tines (xx, xx, mean=0, sd=sd

REH BB HBHBH TR R R B R BB R R R B HHRRH R R BB R SRR R Y
#create normal distribution to y coordinate
y <- rnorm(num, mean=0, sd=sdl)

#print(y)

hist(y, probability=TrUE)

yy <- seq(minly), max(y), 1ength
Tines(yy, yy, mean=0, sd=sdl)
REHBH BB HBHTHHH TR HHRHRH BB R R R RHHRBRARR RS
#start

print (rl<- c(0.01))

print (al<- 2%rl)

print (s2<- pi*rlA2)

HEH# BB RBHBRBRHRRRHHRHRH BB R R R RHHR BB AR R RS

Create X-axis
coordinates

Create Y-axis
coordinates

=

—

Create radius,
diameter, area

num_count <- 0 # count number of point that is in the circle

num_count2 <- 1 # its count from the first vector position

e e SR b e e e S b L L

vectl <- c(y) # Generating integers without replacement
vect2 <- c(x) # Generating integers without replacement

vect3 <- c((((vectl)A2)+((vect2)A2))A0.5)
HERBHBHHBHBHHRHR B AR BHBRH B R R R R B H BB H R HH
print(vectl)

print(vect2)

+ I ——

v
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Define tolerance by SD

29 brint(veth)
30 print(vect3)

31~ for(vect in 1l:num){ —

32 ~ if (rl > vect3[num_count2]){

33 num_count <- num_count+l #its count number
34 ~ } else {

35~ if (vectl[num_count2] > rl){

36 num_count3 <- num_count3+1

37 - 1T else {

38 ~ if (vectl[num_count?2] < -rl){

39 num_count3 <- num_count3+1

40 ~ T else {

41 ~ if (vect2[num_count2] > rl){

42 num_count3 <- num_count3+1

43 - T else {

44 - if (vect2[num_count2] < -rl){

45 num_count3 <- num_count3+1

46 « }

47 ~ 311}

48 num_count2 = num_countZ2+1

49 « }

50 prnt.space(c("")) —

S1 v~ HAHBHBARUHHBHBRBRHBHBRBRBBABHBHBHHBRBRBBRBRBRBRHHY
52 plot.new()

53 Tibrary(plotrix)#we must to install this Tlibrary
54 plot(vectl,vect2,col="blue", pch=12, cex=0.5)

55 draw.circle(0, 0, rl, border = "red", Twd = 3)

56 v ##AAFRBEHARFHAHHARHHHHHRBHARFR A AR AR HHH AR RS HA R R R HHH

of point that is in the circle

Create loop
= |f the coordinate is in the
circle or no and a count that

plot
Circle, points

57 print(paste0("the number of points in the circle are:",num_count))

58 print (paste0("the number of points in the circle in present are:", (num_count®*100)/num, paste0("%")

\ print

J

Numbe

16
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Tolerance stuck — SD 0.0035, radius 0.01 mm

0.015 radius 0.01 mm

-0.02 0.04

17
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Tolerance stuck — SD 0.005, radius 0.01 mm

0.02° radius 0.01 mm

18
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Tolerance stuel — SD 0.01, radius 0.01 mm

19
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Example 3 Geometric Dimensioning & Tolerancing

D

ON DRAWING
| |

?20

e 0sm|alBC|

Datum A

20
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[ What is required to design and manufacture this component ]

Third Datum Plane. Example 3 MEANS THIS D.O.F
(Perpendicular to Datum A

and Datum B)

D.O.F- X

v
0.1 PROF|LE =—> 0.02
TOL ZONE — ANGULARITY
TOL ZONE

0.05 " 0.04 PROFILE
PARALLELISM TOL ZONE
TOL ZONE

0.2 PROFILE

TOL ZONE - 0.1 PROFILE

Second Datum Plane
Perpendicular to Datum A)

D.O.F =Y,w

21
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[ What is required to design and manufacture this component }

Example 3 MEANS THIS

22
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Example 3 How to measure a hole diameter
5 . Several methods of measurement
n drawing
- %20 0" .
[e]oos@[A[B]C] | o caliper ———

* Telescoping Gage Set ——————pp

° Cmm measurement =i

23
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Example 3 How to measure a hole diameter
Cmm measurement
~ On drawing For a cylinder, a minimum of 6 points is required
- 32078 3 points in 2 sections
@] 05@[A[8]C] ,
cmm results option

1) circumscribed cylinder ———

2) inscribed cylinde_»@
_—

3) AME Related \ Unrelated ——————p-
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[ What is required to design and manufacture this component ]

Example 3~ HOW to measure a hole

Confidence interval | 90%
I 0.1
diameter @
%/ 0.05
. t(* /2) 2.132
On d . Cm m Ave rag.e resu It' Minimum value | > n >[Maximum value
n drawing 5 measurement points were taken 20.03009115 |>| p_ |>| 20.09390885
- 20 8 _ Average
[¢]2 056 [A]B]C Sampling Diameter 20.0 20.062 20.093
number | Measurement | | | II | | | |
I I " | I 1
1 20.07 19.98 20.02 20.04 20.06 20.08 20.12 20.14
2 e 20 min 20.1 max
3 20.09
4 20.01
n= 5 20.05
X
Average 20.062 Confidence interval | 99%
s a 0.01
standard a /7 0.005
deviation | 0.033466401 tH*/2) 4.604
D.O.F=n-1 5-1=4 Minimum value | > 11 >[Maximum value
19.99309364 |> K >| 20.13090636
19.993 Average 20.062 20.1309
Confidence interval equation I I II I I I I I >
p 3 19.98 20.02 20.04 20.06 20.08 20.12 20.14
p(f—tg—<,u<f+tg—>=1—a 20 min 20.1 max
2Vn 2Vn \—YJ \_Y_}
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On drawing

Example 3 HOw to measure a Datum bo| oo
lane 3 0.035
piane 4 0.012
Cmm Average result: 5 | o048 - —
10 measurement points were taken 575 8-822 imq(x; — %)
On 8 0.049 n
drawing A /710.05 9 0.05
10 0.025
X-indicators | Least squares root
mid-range| 0.029 0.01732
~10.4 Median 0.04 0.01819
) : Most
Means this _ frequent | 0.049 0.02315
Average 0.0331 |AME —(zero line) value
‘ Median‘
| Mid range

(0.049) (0.035)

For For

example example
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Example 3 HOw to measure a Datum ! 2008
plane oo
. Cmm Average result: 5| 0048 . —
Ondrawing | 10 measurement points were taken 3 8'822 i=1(x; — X)
On 8 0.049 n
drawing A /7]0.05 9 0.05
10 0.025
X-indicators | Least squares root
pverage [ 0.0351 [0 0185 ]
mid-range| 0.029 0.01732
Median | 0.04 0.01819
. Most
Means this _ frequent | 0.049 0.02315
Average 0.0331 |AME —(zero line) value

' 4‘ |
SE— | —
(O. 049) (0.035)
For \—I For
example o- example

- =
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THANK YOU,
QUESTIONS?
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