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2.9961.000 2 520-560 The Virtual Condition of the PIN:
[©]8.010MABC| /' [$]@.020 AB[C]
p—c / / V.C., = MMC + Geo. Tol.

| V.C., =1.000 +.010
\_| _ V.C.,=1.010 V.C.,/2 =.505
B

Resultant Condition of the PIN:

- X — -t Y —] -« Z —»
. R.C., = LMC — Geo. Tol. —Bonus
i R.C.;, =.996 —.010 —.004
A T |
1 - i oo | RCp=.982  RCp/2=.491
- " The maximum and minimum for X:
> |<_r| . T e X.ax = Location — R.C.p/2 =
(‘U _ L = 2.000 —.491 =1.509
T | X . = Location — V.C.p/2 =
—=! Min. X I«—l—pl Min. Y LI— L Min. Z 3=

= 2.000 —-.505 = 1.495
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[$]@.020 MIAB[C]

@.996-1.000 @ .520-.560
/ WM@NV

-t Y —] — 7 —

|<-|¢Max.2—b
|

— Max. X Iq——>| Max. Y
|
I

|
—={ Min. X I«-

_ _
—)] Min.YLI—LMin.Za-

The Virtual Condition of the HOLE:
V.C.; = MMC - Geo. Tol.
V.C.; =.520-.020

V.C.; =.500 V.C.,;/2 =.250
Resultant Condition of the HOLE:

R.C.; = LMC + Geo. Tol. + Bonus
R.C.; =.560 + .020 + .040
R.C.; =.620 R.C.,/2 =.310

The maximum and minimum for Y:

Y nax = Location — R.C. /2 = V.C.y/2=
=2.000 — .491 —.250=1.259

Y nin = Location — V.C. /2 — R.C.,y/2=
=2.000 —.505—-.310=1.185
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@.996-1.000 @ .520-.560
/ |¢|¢.o1o®wy [Sl7.0200RED

t— X — - Y —> lc— Z —
g 2.000 2.000
6.00 >

XX =1.01
HHX = £ 005

ANGLES = £1

|
—= Min. X L—

_
—D-I Min.YLI—LMin.Z-I-

The maximum and minimum
distances for dimension Z:

Z.... = Lengthy,c — Loc. = V.C.,;/2

max

=6.010 —4.000 — .250=1.760

Z .. = Length,,,~ —Loc. —R.C.,/2
= 5.990 —4.000 —.310 = 1.680
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1.000-1.020
Y

.005
+ ——— — — — ‘\___J A TF——————
1.020
W 1.000 +

Actual part size Flatness tolerance Controlled by
1.020 000
1.018 002 Rule #1
1.016 004
1.014 005
1.010 005 Flatness Tolerance
1.005 005
1.000 005
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Line elements

/—parallel to the
front view

@1.000-1.020

.004

I 004

¢ 1 :
L‘»___________f_

Actual part size Straightness tolerance Controlled by
1.020 MMC 000

1.018 002 Rule #1

1.016 004

1.014 004

1.010 004 Straightness Tolerance
1.005 004

1.000 LMC 004

Ll el S



~_

@ .004 Tolerance Zone

/;';R :LS:"") J"‘"‘J‘U

] |/
LQﬂ .000-1.020
(A) [ =12.004]or []£.004®)

.004 Tolerance Zone

I K

— g
1.000-1.020
/DA — Tond ar —T amamn)
Straightness tolerances
Cylindrical feature Noncylindrical feature
(Straightness of a median line) (Straightness of a median plane)
—|#.004| |— —|.004| |—
Feature size Q Q .004 @ .004 @
1.020 MMC ¢ .004 0 .004 004 004
1.015 ) .004 ) .009 004 009
1.010 0 .004 0 .014 004 014
1.005 004 3 .019 004 019
1.000 LMC 0 .004 A .024 004 024
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— & 2.000-2.003
A @ .005M)| AM)
@ 4.000-4.002 p /
¥
Y
Size of feature
Size of datum 2.003 2.002 2.001 2.000
4.002 005 .006 007 .008
4.001 006 007 008 .009
4.000 007 008 .009 010




4.000

4X @ .252-.265
N Z.010M|AB[C|
Z.002M)|A
@ N
e R
|@ B
) 1.000 |ue—
g
Unless Otherwise Specified:
ANGKLESZ:E?QS

128 g il

Feature Feature
loeation location Feature-to
from from Departure Datum-to-pattern feature
Feature datum C | datum B Feature from MMC tolerance tolerance
number X-axis Y-axis size (honus) Zone slze Zone size
1 S97 1.003 1.256 004 2.014 3.006
2 1.004 3.004 .258 06 2.016 2.008
3 3.006 2.998 2.260 008 2.018 2.010
4 3.002 498 2.254 002 3.012 3.004




/—Slze Dimension & Tolerance
Qj 2 000 2.020 Location Tolerance el 5 " l",

True Position \
N
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-

6.00

«— Size Dimension & Tolerance
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Flatness ¢ 2>~ J =5 W

Inspeciion

d_

A A 4 [ kx

A B

Figure 5-2 Two flatness verification techniques.
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Straightness ¢ oul, J x5 W

(;')1

q

/Jd-\ Precision Parallel N |

[ 1

Figure 5-5 Inspection of straightness of a surface.




ok s Gl Sle OB sl J 1S

Circularity ¢¢s § J =5 W

O].004 Ol.004

B 90

l_\ﬁok ,
L

| /
1

SECTION B-B

Circularity Tolerance of .004

Figure 5-8 Circularity tolerance applied to a cylinder and a taper.
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Circularity ¢ ¢35 J =S W

Rotating part

ot 1 nnr\nﬁ'nd

LI Y 1ol >
-

T

Polar graph
Centering Screws N
Preciaion Turntable — %

Figure 5-9 Verification of circularity with a circularity inspection machine.
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Parallelism ¢l 5 J =S W

1
( \r*“'ww

Figure 6-2 Verifving parallelism of a flat surface.
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Perpendicularity ¢uels J x5 W
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| o010 |A
iy \
3.00
Y
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XX =1 .01
Il-(— 010 ANGLES =+ 1°
T Tangent Plane
-
90°




ok s Gl Sle OB sl J 1S

Perpendicularity ¢uels J x5 W

=

0
S 1]

Figure 6-6 Verifying perpendicularity of a flat surface.
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Angularity ¢ glasl; J =S W

~|.010(A

30°

4.00
|
v 1.00

A XX =+ .01
¥ ANGLES = + 1°

The actual surface must
lie between two parallel
planes .010 apart at a 30°
angle to datun A.

.010
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Angularity ¢ glosl; J x5 W

The actual surface must

fall between two parallel
planes .010 apart.
Sine Plate

/—Gage Blocks

\_

30°

)

[ Surface Plate |

Figure 6-11 Verification of a surface at a 30° angle to a flat datum
surface.
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Position ¢ Cuxd o0 J 2S5 W

Size Dimension & Tolerance

/7 ‘Q{j;;DE;TODTAO[B[G‘I_ Location Tolerance

Angle Plate _\\ —

N\

Gage
Pin

/
N _
§< /
| / .
[ Surface Plate \ ] [ / ;
_/

@ .010 Tolerance Zone

()

__~—Actual Location of Hole Axis

/

—+—t4—
True Position

g

Figure 7-3 Inspecting the hole location by using the theoretical tolerance zone.
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4X @ 510-540 Position ¢ Cuxd o0 J 2S5 W

[ g.o10@AB| 52500
/7 .

=

¢ 4.000-4.020

, N i
W/ _4@ o -1
\ /' I

\E}J ' 8

B | A
a 4X @ 500

\— Adjustable Jaws —/&

Figure 7-4 Inspecting the hole pattern controlled to a datum
feature of size at RFS.
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@ 2.000-2 0204 Size Dimension & Tolerance

[ Location Tolerance
;‘f [ g.0o10MaBlcH*

@ .010 Tolerance Zone

Position ¢ Cuxd 0 J 2S5

e 2.00/_-]

- /

@ .022 Total Tolerance —/

\ Actual Location of Hole Axis

7¥ True Position

Figure 7-5 Location of a size feature with a position tolerance at MMC.

je— 008 —

Actual Total

feature Geometric positional
gize — MMC = Bonus + tolerance = tolerance

2012 2.000 012 010 A022
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Position ¢ Cuxd o0 J 2S5 W

& Size Dimension & Tolerance

2.000-2.020 .
2 Location Tolerance

@] g . o10M|A[B CH#

@ 1.990 Virtual Condition Pin
Ve

~
% ~J ~V
7 =\ \l&%
. NN/
7 N N = 74
4.00 2 ™ N4 )
/ ~ v/ I 7
1 // Q 1/ %
/ B |/ NEE— v
[2000 J1/ ~ . %
N7 SIS
VL 107 07 27 2 277 77 A A A/
- 2.00 —»

Figure 7-6 Imspecting a size feature with a position tolerance at MMC using a functional gage.
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Position ¢ Cuxd o0 J 2S5 W

\ 4¥ @ 510-.540 \ 4X @ .510-.540

|\ PS.0100AEE | [l2.0106NEM)

500
\ I B \ I C
@ 4.000-4.020 d A"
||g.0106 i’é

@4.000-4.020  fum

3 Y

E

\ e

1||||§I

v

Figure 7-7 The four-lole pattern, as a group, can shift an amount equal to the difference hetween
the sizes of the outside diameter of the part and the inside diameter of the gage.

A B
MMC 4.020 4.020
Plus geometric tolerance (Perpendicularity) +.010 +.000

Virtual condition (Orientation) 4.030 4.020
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¢ oo J S M
2X @ 1.375-1.390

G]Z 0100ABC Position
/— 2X 0 .010 @ LMC Tolerance Zones

Mol 4 3 ]

2.000-2.020 /-
_ ] _ _ _ IS T
) v D
1.000 p— A
Y ¥ . | | v
=1 1.000 [g—— 4.000 ———» t B
[ 6.000-6.020 E
Figure 7-8 Size features toleranced with the LMC modifier

Calculation of Wall Thickness
What is the minimum distance between the holes and the ends of the part in
Fig.7-87
The distance from datum C to the first hole axis 1.000 The le-ngth of the part @ LMC , 6.000
Halfl the diszmeler of (he hole @ LMC — 695 The distance from datum C to the second hole axis  — 5.000
Half the tolarance of the hole @ LMC — 005 Half the diameter of the hole @ LMC — .695
The minimum wall thickness 300 Half the tolerance of the hole @ LMC — 005

The minimum wall thickness . 300
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—©2.000 - 2.010 QLS;J-AVJ‘ JJ&{ [l
A Ol .0054 ..
{ 4 -~ 0.005 Concentricity
O 4.000- 4.014 T //Hﬁ
- —+ — -
R P | | \_I /
l 1/

Figure 10-2 A concentricity tolerance locating a coaxial feature.

i Chucking device —@ 2.000 - 2.010
about datum A
Al A

LR

‘ Ty NP
S v e\ A

Figure 10-3 Inspecting a part with a concentricity tolerance.
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Symmetry

Datumn Feature Center Plane —
B Y —|.010AB

4,000-4.002 /\ Y Y
- - - 2.000-2.002

L) '
\—Tnleranc:e Zone / p— A

Unless Otherwise Spacified:

I = + 005
AMGLES = + 17

Figure 10-4 The symmetry tolerance zone consists of two parallel planes.
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Symmetry

rt B —|.010/AB
— ]
4,000-4.002 - 2.000-2.002 +
- AT —- T EE—— ]
i

Unlass Otharwize Spadifiad:
OO = £.005
AMGLES = £ 17

Figure 10-5 A symmetry tolerance locating a symmetrical feature.
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¢ / =228 Symmetry

- e 2.000-2.002
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Figure 10-6 Inspecting a part with a symmetry tolerance.
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© 2.000

S? SD Fossible Shape of Feature
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|
|

Simulated Datum A

Daturm Axis A

4.000

f
|

Datum Feature A

Chuck or Collet —\ A
A

e 4020 ———»

Figure 11-7 Inspecting circular runout relative to a datum axis.
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0 4.25

@2 .0300)|A

[ B1B.014M| AT

8X @ .514-.540

Q02

B

- @ 1.250-1.260
[LI-0000/A

B

%
7

77
7

— 5 =

SECTION A-A

Unless Otherwise Specified:
KX =01
AMGLES = + 1°

Figure 14-12 A pattern of holes located to a datum feature of size and clocked to a keyseat.
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Position

N
7

i
Y

Gage Sketch SECTION A-A

Figure 14-13 A gage sketched about the part in Fig. 14-12 illustrates a shift tolerance.
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Position ¢Cuxd 4o J 25 W

2X @ 500 Gage Pin
X 4X ©.250 Gage Pin
V Gage

LT 44//////////@/_ _>$
A ____V
:/// £ ——@ '/E o '___Tg
/ - - \g:_::/
P\ el TR
% % %
% . Y7 B 7
/) @ ¢ I
/) Z l %
/; 7

PSS IISI LIS IIL S IIIIY, ___Z

Figure 14-17 A gage locating the four-hole pattern to the two-hole pat-
tern, datum D.
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Position ¢ Cuxd o0 J 2S5 W

— ©.500 Gage Pin
\ — 4X @ .250 Gage Pin

\ \ Gage

7 R 77777 77, _>Fy‘
7B E===={/
7 v@ - 4@ ——
é @ B 4@ | —— Part ___:g
A 7 ~]
; /B
5} ’ __ - *’/ 500 Diamond-— T
% g Ao %
@MM T K

Figure 14-20 A gage locating the four-hole pattern to datum E at MMC
and clocking to datum F at MMC.
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Workpiece Applied to Gage

Datum Feature B

Datum Feature C
Simulator

Woerkpiece

Datum Feature A
Simulator
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Warkpiece Applied to (Gage

Datum Feature C)(\
Simulator

Datum Feature B
Simulator
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