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COMMON SYMBOL S/& Fi#F 5]

Shown below are the most common symbols that are used with geometric tolerancing and other related
dimensiona requirements on engineering drawings. Note the comparison with the ISO standards. Most of the
symbology isidentical. There are afew symbols that are used in the ASME Y 14.5, 1994 standard that are being
proposed for the 1SO standards. The symbols marked with an “x” are new or revised from the previous Y 14.5M,
1982 standard.

TUAF WO B2 Gl AT, AE TR, U 22 K ICE ARSI RS SRR G . RER R 41

|SO bt AN AT o 8RBT 58— R, —/D# ASME Y 14.5, 1994 b 1455, IE
AR T 190 briftie ARIc A5 “X A5 28 B 2 B CART 1) Y 14.5M, 1982 briEE 1T 1.
SYMBOL (%) ASME Y14.5M SO
FEATURE CONTROL FRAME
iy |4 [@.0308|A[B|C] | | &|B.0300]A[B]|C]
DIAMETER/E 4% @ @
SPHERICAL DIAMETER/REi 4% s@ s@
AT MAXIMUM MATERIAL CONDITION M
TR SRS < > @
AT LEAST MATERIAL CONDITION
T/ NSRS @ @
REGARDLESS OF FEATURE SIZE NONE/AfT A thi&1 NONE/f+4 3
BAFHIE RS
PROJECTED TOLERANCE ZONE
X | FREE STATE/ 1 fiik 4 G) F
X | TANGENT PLANE T ) o
B L/ (Proposed) (2L
X | STATISTICAL TOLERANCE NONE/A} 4t AT
NN
X | RADIUS/3:4% R R
X | CONTROLLED RADIUS /#3243 CR NONE/AF At A
SPHERICAL RADIUSEkE42 SR SR
BASIC DIMENSION/E A R~
(theoretically exact dimension in 1SO)
(1SO *FELE LRSI )
X | DATUM FEATURE
SEAEAAL .4 B . 4 B/Ora-
DATUM TARGET o8, /08 T o8
W H A AL AL AL lar
TARGET POINT/JEHE £ X X
DIMENSION ORIGIN $ $
JOF IR AR
REFERENCE DIMENDION/Z:%# R ~f (50) (50)
(Auxiliary dimensionin SO) /ISO HégiLh i) R~
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NUMBER OF PLACES /#b4k 8x 8x
COUNTERBORE/SPOTFACE
Bt S FLHL T
COUNTERSINK/& (3L 4L LV LW
DEPTH/DEEP/A & $ $
SQUARE/IE 5 TE D D
ALL AROUND/4: 4 — NONE
DIMENSION NOT TO SCALE 150 150
Tz e
ARC LENGTH/[#| 91K i 150 150
X | BETWEEN/TE P 2 [A] —— NONE
SLOPE/4#}H - -
CONICAL TAPER/#EJE {> J>
ENVELOPE PRINCIPLE NONE(implied)/ (I&$5) fE
4% 25 U =

Note: * May befilled or not filled/i:: * ] fEH S h i) GEANISL

RADIUS, CONTROLLED RADIUS42, 44|

There are two types of radii tolerance tha can be applied, the radius and controlled radius. The radius (R)
tolerance is for general applications. The controlled radius (CR) is used when it is necessary to place further
restrictions on the shape of the radius, as in high stress applications.

I PRI AR N FERE N PRI R4, Bt (R AZ . YA AR(CR) U] T+ 2
X PAR I TARAERE— 2 LIRS, A A — sy B g BRI

Note: This is a change from the previous editions of the Y 14.5 standard. The definition of the tolerance zone for
the former term tangent radius, previoudy noted by the symbol R, is how meant to gpply to a controlled radius
(symbol CR).

RE: EAE Y145 SRAELURTIARA BT R K 56 BT RORTEAIVIEAR M A 2258 E 3, LARTHIAT S R &
s BUEMZ R (775 CRY FK.
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THIS OM THE DRAWING /EH MEANS THIS/EE2

MIN RADIUS 0.500—. |
B 4E

Max RADIUS 0,520 [

PART COMTOUR MUST S S{4 50 BRI T
FALL WITHIN ZOME e A,
DEFIMED B MIN AMD T MR AR

Max RADIUS N K EHR

TOLERAM CE,

0,520
RO,Z00

COMTROLLED RADIUS, SYMBOL CR/Z 5%, FFSCR

THIS OM THE DRAWING /ElS ME&MS THIS/EE2
MIN RADIUS 0,500—]
BEE
M RADIUS 0.520 (R
0,520 PART CONTOUR MUST /SRR ST — {985
CRO,500 BE A FAIR CURVE Il Figthis. DAEY
WITH MO REVERSALS, Tﬂﬂﬂ,ﬁﬁ‘?ﬁ?‘fﬁfﬁi\

IN ADDITION, ALL RADII
POINTS MUST BE 0,500 &0, S00FIE 2220, 5207

MIM TO 0,520 Mak, = BRE iR

STATISTICAL TOLERANCING SYMBOL /4t AZ 5]

Often, tolerances are calculated on an arithmetic basis. Tolerances are assigned to individual features on a
component by dividing the total assembly tolerance by the number of components and assigning a portion of this
tolerance to each component. When tolerances are stacked up in this manner, the tolerance may become very
restrictive or tight.

IAFELE W FET SHARTERR V5o 38 I AR B A B A R R A 22 0 R, T — B> A e i e g i — il
PRI, AR E LTI R . 25 A 22 UM A HER I, A 22 7 AR 19IR W 52 BRI slid B %

Statistical tolerancing is the assignment of tolerances to related components of an assembly on the basis of sound
staistics. An example is: the assembly tolerance is equal to the square root of the sum of the squares of the
individual tolerances.

150 A ZERRIT AL B BRI G vt 22 2 L, RAH ORI I A 2200 BT 000 B0 A 2255 T BN A 22
T3 BRI R o

Statistical tolerancing may be applied to features to increase tolerances and reduce manufacturing cost. To ensure
compaibility, the larger tolerance identified by the statistica tolerance symbol may only be used where
appropriate gatistical process control will be used. A note such as the one shown below shall be placed on the
drawing.

1980 A ] BE N T BIRFAE b, H ARSI A= M/ NI Al e A PRAEHAE,  #Geit A e MBI A
ZE Al e N TG S g vt T 28I TT o 8T T s BB s e 21 TR L.
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010 ET)als]
S ENEEE
1.669
[l
[
F I.
i ,
0,630 = _|
0,752 _| 0,620
%0, 750
0,627_]
0,623
Note:/iF :

FEATURES IDENTIFIED AS STATISTICALLY TOLERANCED \ST) SHALL BE PRODUCED WITH
STATISTICAL PROCESS CONTROLS, ORTO THE MORE RESTRICTIVEARITHMETIC LIMITS.

gk (ST s A TE G T bl T A7, o E 0 o P R BV A

In some cases, it may be desirable to state only the statigtical tolerance and the arithmetic number will not be
shown. In this case, a hote such as the following must be placed on the drawing.

IR, TBLHE G A%, A BREARECT . XAELLT, AR N RS RIVER L 208 TR R
.

FEATURES IDENTIFIED AS STATISTICALLY TOLERANCED \ST) SHALL BE PRODUCED WITH
STATISTICAL PROCESS CONTROLS.

\

st ze (ST s s g2 TS F R,

For additional information on statistica tolerancing, see appropriate statistics or engineering design manuals.
IR T G A ZAREPRIBOME R, S Wi gt sl TR Bt Tl

INONRIGID PARTS-FREE STATE CONDITIONAERIMEZRMA - B IRE LM

Unless otherwise specified, all dimensioning and tolerancing applies in a Free State condition with no restraint.
Some parts, such as sheet metal, thin metal, plastics and rubber are no rigid in nature. 1t may be necessary to
specify design requirements on the part in a natural or Free State as well asin a restrained condition. The restraint
or force on the nonrigid parts is usually applied in such a manner to resemble or approximate the functiona or
mati ng requirements.

TERARRE TR E BT RO AR A ZE R T8 BRI B BeRAS . —28 4, niheeft, et
BURMAEAIRRIR F SRR A NITE T o AEZA 1 H SRR 2 A HPRAS BL A 32 BRI 45 AF R 48 2 Bevt sk aT
REAC LT Yo XM A PR R T 53 g 308 AR 1) 7 2k AR 5 G B 2y e B R P K

4
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A note or specification on the drawing should explain how the part is restrained and the force required to facilitate
the restraint. A sample note can be found on the drawing below.

1> AR BT A Z AR S G e PR, R S R 6 T 1K 0 e 6T T AR B P e — A
ANBIERE o

If any of the part specifications are to be verified in afree state, the designer may specify this requirement with the
words FREE STATE or the free state symbol. The free state symbol isaF in acircle The free state symbol means
that dimensions and tolerances that have the free state symbol applied are checked in the free state and not in the
restrained condition.

TR SRATAT— AR RTEHR A A ARSI, Beot & T DU« A B RS — i 2 B BPRESAF 5 37 Z A K.
HHPRSFF 52— 78 B AE— DRI L. A EPRESFT 5 2N B BRSS9 RS A 22 L0 A diik
ATMAE EABR I 46 R A E .

The free state symboal is gpplied by placing it next to or associating it with the required dimensions and tolerances.
If it is applied in a feature control frame, it aways follows the feature tolerance and any modifiers.

I HPRAS AT 3 125 B0 R R 22 B i B A TSR I B TR v o G SR A — A A ZE A%
B, R R ER AR IR A IEAT A T

EES 5,6
4x%5,4
THIS ON THE |~ |3(F}2 SURF
DRAWING ~|0.5|2 SURF El 45
) {[15|AlB \
o 5
12,8 I [
N Ty L—@ 24,5
I R

55,3 O O

®
T L

| 32 -, - = 5,5‘| 4.8
4xi# 4,6
(1A 16,5 || @o. 400 |2 B
- 37 -

UMLESS OQTHERWISE SPECIFIED

ALL UNTOLERAMCED DIM ARE BASIC.
FART 15 TO BE RESTRANED QN DATLIM
L WITH 4 M5 SCREWS,

IERARBOMEE, TR A Z MRS RIEAR N T 44 MBURETIRBIEREAE A L.
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FEATURE CONTROL FRAME / AZHEH

A feature contra frame states the requirements or instructions for the features to which it is attached.

[0 ZEHERS T RE X BT B 6 PR I 1 R B 7R

GEOMETRIC CHARACTERISTIC
TLRE
DIAMETER SYMBOL
T
FEATURE MODIFIER
\ﬁaﬂ@m \DATUM MOD IFIER R TR
B

THIS FEATURE &/ .010 (M (P).500 |A

FEATURE TOLERANGE / Lresrany oarmss=za
SECOMNDARY DATUM/ &
p

PROJECT TOL RIMARY DATUM/ R
ZOMNE SYMBOL

AR HEIGHT OF PROJECTED TOL ZONE

SYMBOLSTHAT CAN BE FOUND IN A FEATURE CONTROL FRAM E/4 ZHE#S 1 I 5]

All of the symbols below can be found inside a feature control frame. The symbols for projected tolerance zone,
free state, tangent plane and stetistical tolerance aways follow the material condition modifier. The minimum
height of the projected tolerance zone can be specified in the feature control frame or in the view on the drawing
inwhich it gpplies. If it isapplied in the feature control frame, it foll ows the projected tol erance zone symbol.

ILLT T A A S REAE A ZEHER TP R B . B A 220, H HPIRES, MUTHAMSE A 2 SO AR HE IR
FFL e o B N 22 K d /I e L T REAE A ZEHEAR T et g, BB R e BRI rh s e . RN
HIHE A ZERERE T, MBRAESE A 2 S 2

TERM/ARE SYMBOL/f5

FEATURE CONTROL FRAME//A 2 HE b 4|Zo.010]A[B|C]

DIAMETER/E 12 )
SPHERICAL DIA/ER H 4% s@
MAXIMUM MATERIAL COND/ A SR 4 A (IW)
LEAST MATERIAL COND/ /NS4RS A o)
PROJECTED TOL ZONE/BES% /A 2 P)
FREE STATE/ [ fRA &,
TANGENT PLANE/A! Bl @
STATISTICAL TOLERANCE/%; it/ 2 [sT)
REGARDLESS OF FEATURE SIZE*/ZIRHHIE /T | o

*The RFS symbol has been eliminated from the ASME Y 14.5M, 1994 standard. It isapplicablein earlier versions.
I*RFS 744 2287 ASME Y 14.5M, 1994 rifEH ik T o & I E R /R A
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DATUM FEATURE SYM BOL /&I ERF=

Y 14.5M, 1982 AND EARLIER Y14.5M, 1994 AND 1SO
/Y 145M, 1982 FIE /Y145M, 1994 F71S0

MATERIAL CONDITION M ODIFIERS— DEFINITIONS#18H & A-& IE -5 X

In geometric tolerancing there is often a need to refer to a particular feature of size at its largest size, smallest size
or regardless of feature size. The terms maximum material condition (MMC), least materia condition (LMC) and
regardless of feature size (RFS) alow usto do this.

DU A ZERREF, W AR A=K, RS, /T, 80 BRI RS 45 T 3B — M
KRR IR A 5 KSR (MMC), fi /N SR AR (LMC) RUZIE AL R) (RFS) SEVFBATTIZXAEAL -

These terms can only be used when referring to features of Sze such as holes, dots, tabs, pins, etc. these terms
have no meaning when gpplied to non-features of size such as plane surfaces. The application or implication of
these material condition modifiers inside the feature control frame can have a substantial effect on the tolerance.
See discussion on maximum material condition later in text.

FZLERTE X T 952 S AL, #, SSE, M SR T A1 0 B REAE T I, 3X 2R
EBRA T AR A ZEHER TP BHE IEAT 10 HT S SO A ZE A7 SRR 5N « (EASCRY A5 Wi KSR 2%
PR

MAXIMUM MATERIAL CONDITION-ABBREVIATION (MMC) SYMBOL : ™

IBKEREEHE (MMC) e, M

The condition where the feature contains the maximum material within the stated limits of size — for example, the
largest pin or smallest hole.
PRAEAERE 1 R BRI A & s KRS T — i, S R 7 2 i/ g 4L

s

y
LEAST MATERIAL CONDITION-ABBREVIATION (LMC) SYMBOL: \I?)
- 2 U
IBANEREM, - BE (LMC) 5.
The condition where the feature contains the least material within the stated limits of size-for example, the largest

hole or smallest pin.
PRAEAE R SE R RT B BR A 055 foe /INEPRITE T — 9, e KR L B BN 8 1
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REGARDLESS OF FEATURE SIZE-ABBREVIATION (RFS)/ZBEE R — 45 (RFS) |

The term used to indicate that a geometric tolerance applies at any increment of size of the feature within its size
limits. X AN ARTERL 25 H TR — AU A ZEAE S I RS BR A AR TR AR 1
In the current ASME Y 14.5M, 1994 standard there is no symbol for RFS. (Unless otherwise specified dl

geometric tolerances are implied RFS. See rule 2.) In previous editions of the Y 14.5 standard the 'S symbol

was used for RFS.
HEBUATI) ASMEY 14.5M, 1994 brifErt, & RFS 555 . (BRARERERIEE, BT UM A ZER & RFS )&

B B 2.) 76 Y145 bRHER e RTIRA 25 S T RES o

MMC & LMC DEFINITION/MMC&LMC e X

MMC SIZE 1.003
LM SIZE—\ Y
~®1,000+ 0,003

0,306
0,300

A LLMC SIZE 0,997

N\ T

MMZ SIZE

WMMC SIZE 0, 2499
i +D DDDB YMMCSIZE
©0,2500-0,0001 e
Ve @1,498
LMC SIZE 0.2503
LMC SIZE

K H MMC SIZE J& e K2R R, LMC SIZE i de /N sk R <)

[EFFECT OF MAXIMUM MATERIAL CONDITION/B A Z A HIZ W

A geometric tolerance (size features only) may be applied on an MMC basis by placing the circle M symbol in the
feature control frame following the feature tolerance. This will have a substantial effect on the alowable position
tolerance. The alowable position tolerance is dependent on the actual mating size of the considered feature.

1= JUAT 2 22 CAUSORIRAE ) ) DA AEARFAIE 24 22 5 0 2 ZE RS hOsCE >t BB 1) MAF5 W MMC
WE o IO T FRVFIRAL B A 220 A — NS B PEoi  SOVE IO B 28 HORUT P 2% e AR IR SEBR G 5 T

The allowable geometric tolerance for the feature applies when the feature is produced at its maximum material
condition (smallest hole or largest pin). If the considered feature's size departs from its maximum material
condition, an increase in the alowable geometric tolerance is permitted equal to the amount of the feature's

8
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departure from MMC.
PR KSR G/ NALER R 8 1) AP e, N HIARAE SRVRI LT A 220 USRI 2% 18 (AR
AR RS i 9 AR BB R SR A A, — A SRV IR JLART 2 2 48 8 ) DU AR A 2 e KSR PR B

Consider the part shown below. The circle M modifier in the feature control frame states that the features must be
positioned within a .005 diameter tolerance zone when the features are at their maximum material condition. The
maximum material condition (MMC) for the holes is .260 dia If the features depart from the .260 dia. size, they
can have additional position tolerance equal to the amount of their departure from MMC.

175 BB LUT Frs 22 o A ZEHERK TP KT [ B MBS TEAT R R A A fie K SEAR SR I A 2547 F-—> 0.005 H
A ZEN . X T LI B KSR S AT & HAT 0.260. W RRHAE (W 25 H 4% 0.260 ]S, "EAITA S5 AL B A 22
S5 25 MMC [R5

MM C CONCEPT /B KSR &AM &

D O
4,000% 0,015 2,000
Ty
L
1,000
i
—1,000] 2,000] 0,750+ 0,004
-74,0001 0,015

4-0 0,264+ 0,004

|| do.oo5G|A[B]C|

%?E?%%U;?Et]jﬁ{]‘[@ﬁﬁ@{ﬁ]m MMCTEE@, THE@ MODIFIER IM THE FEATURE
ﬁﬂ%%ﬁEﬁ%MMcﬁjﬁi¢_ﬁ§hE{]ﬁ§ COMNTROL FRAME INVOKES THE

MMC CONCEPT AND ALLOWS ADDITICONAL

BE POSITION TOLERAMNCE AS THE
FEATURES DEPART FROM MMC,
DIAMETER FEATURE SIZE DIAMETER TOL ZONE ALLOWED
TEARRFE IICVFIR) AR A 22 XI5
0.260 0.005
0.261 0.006
0.262 0.007
0.263 0.008
0.264 0.009
0.265 0.010
0.266 0.011
0.267 0.012
0.268 0.013
9

Goeway eBooks
wWww.goeway.cn

TR T




Www.goeway.cn % 10 W 4t 82 L

EFFECT OF LEAST MATERIAL CONDITION/&/MSEfAZ I W

A geometric tolerance (size features only) may be gpplied on an LMC basis by placing the circle L symbal in the
feature control frame following the feature tolerance. This will have a substantial effect on the alowable position
tolerance. The alowable position tolerance is dependent on the actual mating size of the considered feature.

I= AU 2 RAORTRFAE ) AT LA I /R AR A 28 2 I T 1 28 ZEHEA% P B — A e BB ) L AR5 >R ]
LMC Mo AT VR E A 220 — A SR . FOVF AL 2O T I 2% &R AIE R SE BT 5
AN

The alowable geometric tolerance for the feature applies when the feature is produced at its least material
condition (smallest pin or largest hole). If the considered feature's size departs from itsleast material condition, an
increase in the allowable geometric tolerance is permitted equal to the amount of the feature's departure from
LMC.

IR NSRS T s KAL) AP e, R AR ] SRVRI LT A 220 USRI 2% 18 (AR
AR RST i 9 (R e NSRS A, — A SRV IR JLART 2 22 0 48 8 vy DU AR i 2 e/ SR G PR R B

Consider the part below. The circle L modifier in the feature control frame states that the features must be
positioned within a .005 diameter tolerance zone when the features are at their least materid condition. The least
material condition for the holes is .268 diameter. If the features depart from the .268 dia. size, they can have
additional position tolerance equal to the amount of departure from LMC.

175 &L R PR o > ZEHERS R IR 154 Bl 1) L B LEAT M€ 5 AEAE SR /N SEAR SR A IR A 20U T —4> 0.005 4%
NIFETT o T AU BN ARSI BLAT 0.268. U SRURFAE (i 2 A 0.268 T, "EAITH S ML B A Z 45
T2 LMC F%e .

LM C CONCEPT /&/N L &4 &

D 5

4,000+ 0,015 2,000]
A
W

| 5 |
—1,000] 2,000} 0,750+ 0,004

4,000+ 0,015
4-0 0,264+ 0,004

& [F0.0050|A|B|C|

%?E?%%UEEP%T@IE%@%]FH LMCﬁEﬁ, THE@MODIFIER IN THE FEATURE
#E. %%?EﬁELMCE‘Tjti#%&l\E{JEE COMTROL FRAME INWOKES THE

MMC COMCEPT AND ALLOWS ADDITIONAL
WE POSITION TOLERAMCE AS THE

FEATURES DEPART FROM LMC,

10
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DIAMETER FEATURE SIZE DIAMETER TOL ZONE ALLOWED
[EARRF LR IFSVFRY BAR A ZE DX
0.268 0.005

0.267 0.006

0.266 0.007

0.265 0.008

0.264 0.009

0.263 0.010

0.262 0.011

0.261 0.012

0.260 0.013

EFFECT OF REGARDL ESS OF FEATURE SIZE — RFS/ZBS S E R~ (K |

Geometric tolerances (size features only) are implied on an RFS basis by implication. The modifier rule #2 states
that unless otherwise specified, all geometric tolerances are by default implied to apply & RFS. Since all
geometric tolerances apply a RFS, there is no need for an RFS symbol, and it has been eliminated in the ASME
Y 14.5M-1994 standard. In past editions of the Y14.5 standard, the RFS symbol, which isan Sin a circle, was
specified for position tolerances. See modifier rules for more information.

DU 2 2 AURSTRAED 1558 RS IBEA RN BRARRE IR, B IERTN 2 JE B A L A ZZERIA
45 RFS. BESR T LI A 22 NV HT RRS, JEANT 2475 RFS 1, & LU ASME Y 14.5M-1994 brifk HUIER T
15 Y145 BRERE 2 A L, RFS £F5 ] —> S — MRl RoR, KIREME A% ES WEIEFN
PSRRI 22 (45

If a geometric tolerance is by implication applied RFS, the specified dlowable geometric tolerance is independent
of the actua size of the considered feature. The alowable geometric tolerance is limited to the specified value
regardless of the actual size of the feature.

TR —AN U A ZEWG FR Y ] RS, 4155 [ Fe V) U 28 2 0 AN B 2% FEARF AR R U0 RO 20 RHK)  FRVFIR LA
DN FER BRI SR AE A ) RS R e e

Consider the part below. Since no modifier is specified in the feature control frame following the feature tolerance,
this tolerance is implied to apply RFS. The features must be positioned within a .005 dia tolerance regardless of
their feature size. This means that regardless of the size of the features being positioned, they have a .005 dia
position tolerance and no more. If the holes get large or small, the position tolerance remains .005 dia. The RFS
condition is more restrictive than the MM C or LM C concept.

175 8 LU B2 o BRARAEBRBEHFAE 2 22 (A ZEHEAS B 3R BB IEAT, B A A ZEmGR Y ] RPS JR . FFAE
WAL T 0.006 BARAZEN, BISFIERN . &L 20 EAE JOE A B RRE RSE, e —> 0.005 &
RN 22, ARERT o WRALARNEAZ A, AL BN 22582 HAR 0.005, RFS 4511tk MMC 5L
LMC R 5 A R

11
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RFS CONCEPT / Z R4S R~ K&

0 &
4,000+ 0,015 [2,000]
& &
1,000
—
~-[L.00GH=—2,000) 0,750+ 0,004
-—4,DDD:I: 0,015
- 0,264+ 0,004
|4 |o.005]A|B|C]
THE IMPLIED RFS MODIFIER LIMITS SIMNCE MO MODIFIER IS SPECIFIED
THE POSITION TOLERAMCE TO THE RFS MODIFIER IS IMPLIED TO
MaXIMUM OF 0,005 D14 APPLY . .
FEIBA B LERTIR #IAL 8 228 A0. 006 EE BLaie e EEIER, BB ARFS 1B1ER

MODIFIER RULES— CURRENT AND FORM ER PRACTICESHEIERFHAM — HLAT fIAN AR X 15451

Current ASME Y14.5M, 1994 and | SO —rule #2(old rule #3eliminated)
FRAT I ASME Y14.5M, 1994 f1 1SO — #M 2 (JHFEN 3 TAHED

4| 70.010|A[B]C | [©0.006]|A
& [70.0030) | D |[FW) //170.0100M | A

RFS applies for al geometric tolerances with respect to the individual tolerance, datum reference, or both, where
no modifying symboal is specified. MMC and LMC must be specified where required.

HEBARE B IEAT S HIMTT, RFS N TR TR A2, SESH, s &5 G R LT A%,
MMC A1 LMC AU 5 2 (b T 45 5E «

A Datum feature symbol JLHERFHEFT
L Y14.5M, 1994 and ISO

Former practice—ANS| Y 14.5M, 1982/ \ R i 1584 - ANSI Y 14.5M , 1982

12
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4 | 20.003(L) | D | F(M) < 1 0.0100M) |A [B|C

Rule #2 — MMC, LMC and RFS must be specified for individua tolerances and datum references for all position
tol erances.

PR 2 = TP AL E A 22, 500 Sl i A ZE MR HES IR AR E MMC, LMC Al RFS,

// 1$0.010M) | A | |#0.006]A

Rule#3- RFS applies for individua tolerances and datums on all other geometric tolerances. MMC and LMC must
be specified where it is required.
PN 3 —RFS 7EFTA L E R U2 22 F, NI T A A ZERIEHE. MMC I LMC 2B E i ZEARR E .

Datum feature symbol FEfER il 774
_A_ Y14.5M, 1982 and earlier/ filti i}

Former practice— ANS| Y 14.5M, 1973/ T B {1541

4 A|BE|C|@0.003E 4 |A|B|D|@0.010

Rule #2 — MMC applies for individua tolerances and datum references for position. RFS and LMC must be
specified where it is required.
TN 2 -MMC RT3 BK A ZZ AL B I SR ES . RFS Rl LMC i AUy 2EAL i €

/1A D0.010M | |[A|©0.006

Rule #3 — RFS applies for individua tolerances and datums on al other geometric tolerances. MMC and LMC
must be specified where it is required.
TN 3-RFS {EFTA KB R U A ZE L, NHIT MR A ZE RIEEHE. MMC HIl LMC I 2507 it ZEAb R 52

RULESFOR SCREW THREADS, GEARSAND SPLINES /XHi84r, thA7Eg@mR

Each tolerance of orientation, position or datum reference for a screw thread applies to the axis of the thread
derived from the pitch cylinder. Where an exception to this practice is necessary, the specific feature of the screw
thread (such as MAJOR DIA or MINOR DIA) shal be stated under the feature control frame or adjacent to the
datum feature symbal, as applicable.

IR ARG, FEANTT ), A7 BRIEAES A 22 N R B 9 B MRS ZE o A XA — Mo
SRR, 7 E IR B URAREME)  FURFE I AZAE 2 ZEHERS T Bl SR FEMERFIE AT S A

SCREW THREADY #24(
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M14 X2 -6H

$Eﬁn@ Al e

ME X 1-6H

Unless otherwise specified, on screw threads, all geometric tolerances and datum references apply to the pitch
diameter.

IBRAERE AR €, FEMREL L, P LA A ZE RN SEHES AR FH 2115 5 L.
GEARSAND SPL INES fi5#fife s

Each tolerance of orientation, position or datum reference specified for features other than screw threads, such as
gears and splines, must designate the specific feature of the gear or spline to which each applies (such as MAJOR
DIA, PITCH DIA, PD, or MINORDIA). Thisinformationis stated under the feature control frame or under the
datum feature symbal, as applicable.

INFTIREL, B ARHESR E R 1), A B aRIEES A ZE, Glanh S FITe s, w204 v ] 2 e elide
SR BARRRRAE (kAR 50 PD, s/ME) . IXAME FREAE 2 ZEHERS 1R I s HER AT 1 R T

- gCEan
O —j//; (17 \
I* / /

All geometric tolerances and datum references specified for gears and splines must desi gnate the specific feature
towhich it applies.
DR TA BRI S, A E B LA 2 ZE FEHE S IR HH ] T BAR B RAE

[TYLOR PRINCIPLE — (RULE #1, ENVELOPE PRINCIPLE)/Z&E#IEM - (G 1, BLEND |

The Taylor principle is a very important concept that defines the size and form limits for an individual feature of
size. The Taylor principle is widely accepted by the United States and the international standards organization
(1SO). The ISO standards also alow the principle of independency which does not include form within the size
limits. Depending on the particular standards invoked, either case may apply. In some cases, the circle E is used to
designate features that must conform to the Taylor principle. See ISO standards SO 8015 and 1SO 1938 for
additiona information.

IZER N — AR R RS, & SORT I — AR AE A RST RTARFE R o 48 880 Js Il 58 FELAN [l b
HEALZ (1SO) [z 3% . 1SO bRl o vFANEAE RS S IR T AR AL S I o AR R ool AR B A,
AT N o AE— 2815 TR, A R 1 E T8 G A 00 28 30 Js U — BUR4AE. 25 L 1SO #rifE 1SO
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8015 A1 1SO 1938 LSRG #H A4S K.
LIMITSOF SIZE /R~} 558

Unless otherwise specified, the limits of dze of a feature prescribe the extent within which variations of geometric
form, aswell as size, are allowed. This control applies solely to individual features of size.

TERARRE AR E , — DR AR S BRRLE SCVR I LATTARFN R AR A R RERE o 3K A2 B ) I 2104531
(R

INDIVIDUAL FEATURE OF SIZE —~ TAYLOR PRINCIPLE (RULE #1)
INFNETGHFAT — FRBRM GR 1

Where only atolerance of size is specified, the limits of size of an individual feature prescribe the extent to which
variationsin its geometric form, aswell asits size, are allowed.

PRFRE— AR 2 2200377, AL RS A BRIE Sevr i) J LA ARA RS IR AR R L

THISON THE DRAWING/EH
502

[55-.493
H—F==

MEANSTHIS/Z B 2IXrE

IR ERFAIE A 25

Derived median line of the
feature

ST IAR - BR 1) H4%.498/.502
NS B AE A A A A Ak
B0 I Je 0 1 RSH N A A R e
(RS PR

VARIATIONS IN SIZE - .498/.502 SPHERICAL DIA.
The actual local size of an individual

feature at each cross section shall be

within the specified limits of size.

VARIATIONS IN FORM - .502 DIA MAX | TR A5 (b -f0 K 2 B #5502

a. The surface or surfaces of afeature shall not extend beyond a boundary (envelope) of perfect form at MMC.
This boundary is the true geometric form represented by the drawing. No variation in form is permitted if the
featureis produced at its MMC limit of size.

VT 5 — R IE 8 ol T AN S AZ ST AT ) i K S AR S F R I PR AR AL A (BSR4 XA T
FEF AL R LATB AR A R AR AEAE RS I BRI dse KA1 A, A SRV AR AL
b. Where the actual local size of a feature has departed from MMC toward LMC, a variation in form is all owed

15

Goeway eBooks ;]
)\//vww.goeway.cn

TR T




Www.goeway.cn 9 16 W 4t 82 L

equal to the amount of such departure.
TR DR R A E RS 4 25 MMC, T i ) LMC [T, SR VR TSR AR 4 45 T3 R 35 o B

c. Thereisnorequirement for aboundary of perfect form at LMC. Thus, a feature produced at its LMC limit of
size is permitted to vary from true form to the maximum variation all owed by the boundary of perfect form at
MMC.
HER/NSEARSAET, AR TIIR LA SRk R, —NEE R RN AT T A R AE
(I RT I R SRV ST AR BUAE S K S G5 1 R RS IR 3 57 1 5 K SRV AR AR RV [ AL A2 A o

VIRTUAL CONDITION /il 444

Depending upon its function, a feature may be controlled by tolerances such as size, form, orientation and | ocation.
Consideration must be given to the collective effects of these factors in determining the clearances between
mating parts and in establishing gage feature sizes. The collective effect of these factors is termed virtual
condition.

I —MFHEREEERITIRE, WREBGH IR, TBAR, 7 MR E A ZEFr il (TR @ ML & 1 2 T
[ ORI 3 7 AR AR ROST I l  200 %5 R X U PR R R S i o JE AL PR T8 PR 3R RS 5 SO AU A% A

Virtua condition is a constant boundary generated by the collective effects of a size feature’s specified MMC or
LMC materia condition and the geometric tolerance for that material condition.

IREAASAT S — AR L 5, i RSHRHERR 21 MMC 8L LMC MPBHRAE T FUIBEERDRL 24 L 2
Z2 L AR W A o

The pin in the illustration below has two virtua sizes. The .257 diameter virtud size is a result of the
perpendicularity tolerance relative to datum A. the .262 diameter virtual size is aresult of the position tolerance
relative to datums A, B and C. the virtual sizes on this part could aso be called outer boundary. It can aso be
viewed asa 3D solid.

IR BRSPS RE . BAR 0.257 MRS AMRISEHE A AHSCIH R B IS5 A . HAR 0.262 R
SR AHEERE AB,C AHSCIAL B AR . XA FAE B RS L RE SIS EREVE I — 1 3D
SR o

|

"

{250

N

@.250+.002
i @[g.oroMiAle]c]

rl L1005 GA{A
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WA T B KRR A (.252) MRS HITE
RIS o 53 ANV JR) S R i 23

“7 P‘_'—__ @ 2504002 | f1-24851.252 2 I CHURA )

SZE Must lie within boundary of perfect
TOLERANE form at MMC (.252). In addition, the
|_ ] actual local sizes must be within
RIS~ 248 to .252 (per Taylor Principle).

[L]&.005 (A

257 diameter virtual size

?5?:::3’5;“““ % ﬂV //% in relation to datum A.

FIFEHE A AU
T H Hi%.257

,1 - (@[FoWABIC)

262 diameter virtual size i_n relation to
datums A. B and C .262 diamater.

TOLERANCE 7/////,; % %D%YEA:,BKI C A1 HESL R

. 14262
7 ¥ .

IGEOMETRIC TOLERANCING APPLIED TO AN ANGL E BLOCK /S 2 B It LT A 2|

Geometric tolerancing is a very clear and concise three dimensional mathematical language for communicating
product definition. A fully geometrically toleranced product drawing is shown in the top view. In the bottom view,
the produced part is shown in the datum reference frame established by datum features A, B and C. the surfaces
must lie within the specified tolerance zones.

TV 28 ZERRIE S —NE ™ i o SOV T8 75 TR 1 AR AN B I = 005 5 o — AN S8 B bR J LA 2 ZE 1 7=
b B R AETA I o (R IRALE R, A8 S VEREIE A B,C A 1 HEHE S IR A8 B R AR P (0 22 i T
AL H € 1A ZZ XI A

THISON THE DRAWING/EH

P 20
[@]& 010 @alelc]
ﬁ\ lﬂlﬁ.ﬂ?olhaﬂl(}!

¥ 1
@Z@ ﬂi’]\l7—| %

= I - : l | =i
E 1 Qﬂﬁ |
JIT A AR BERT R
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MEANSTHIS ON PRODUCED PART /4= %4 k& B2

s A B [ 9 R T AU T 1>.020 [R5 R 23 ZE I I L

THE SURFACE BETWEEN
GORTEA MO SETLE
| WITHIN A .02
1 _@] ZONE EQUALLY DISPOSED a1

ABOUT BASIC PROFILE.
T
O

[~]
2]
/AR 4

EX
: 5 b ”

T L s e T AR A

S
_J 1 #EH ¥ .005
- 005 PERP | HE

—
3
(=]
e

TOLERANCE
[a. -1 23 72 0.005
r 8 005 FLATNESS ~ :
.005 PERP TOL e
TOLERANCE

15 OF THE HOLE MUST LIE X
T 15 15,005 m'FHPIﬁ f .010 DIAMETER AFLIR e i AL T AL B R S
I .

AMNCE ZONE AT MMC. .
TOLER SR EL 0,010 [19/A < BLE

THE DATUM REFERENCE FRAME (DRF)/Z#% BHE4: (DRF) |

The datum reference frame is the ‘frame of reference ‘to which all the requirements are attached. In geometric
tolerancing we can rel ate engineeri ng, manufacturing and inspection together by using this datum reference frame.
The three planes are called the primary plane, the secondary plane and the tertiary plane. The datum reference
frame is made up of a series of individual components. Theindividual components are planes, axis, and points.

IPENES: ML I AT SR BN AE BT SRR o AL A bR, IS FEMES AT, JATTRe

fETRE, D0 T HEERS I R K. X =PI s — T, 55 THFNES =1 . FEvESIHE B — R 51 H
DR ST A v <R <R NS s v AT 1| I 1 v

W (JRED
e

DATUM POINT (ORIGIN)

DATUM AXIS
{LINE)

a0 MEASUREMENT | migJ7 1
o ot
SEAERD () { »

F?lU)M AXIS %?’%t—f}ﬂﬂ (zﬁ)

. I 7
T\-, %

g

| "'\-f ¥
' s
NN
-“'H ,,-'%,r B Pl i
L L ‘-.‘-.'\‘.. s
SRR (40 £ L

h
V ’
DMUM{SIL{E)J \;Zf \' THREE MUTUALLY AN AR P T

PERPENDICULAR PLANES
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Datums and the datum reference frame indicate the origin of a dimensional relationship to a toleranced feature or
features of a part. When a feature serves as a datum feature, its true geometric counterpart actually establishes the
datum. Since measurements cannot be made from a true geometric counterpart, which is theoretical, smulated
datums are assumed to exist and be simulated with our manufacturing, processing and inspection equipment such
as the bed on a machine, a collet or chuck, gage pin, a surface plate, angle plate etc. measurements then originate
from the simulated planes or axis that the manufacturing or inspection equipment simulates and not the features
themselves.

IHEHERIBEAEZ JROHE S bR i A 25 R AE SR AR R A28 TF) D6 AR ARV o 25— MR IE IR MERIE RS, &
FOERUTRIASC s B sy THEvE. BEARANBEMECIERD UTRIARESR, Big b, Bt i SMEA A H
BEAURBEATRHUIN T, TR RBAE PR G, JOkeRE, #L i, MREERRxes. KA,
A DA MRSEAPL S~ T sl O T sl R e 28 Ath f i HANEHFAEA 5 ) Dy s il

ST (R B ST
HERFAE A
KT GO 1T fgﬁ; e i
i
M PLAME
CHEORETICAL LR DAT N DATUM FEATURE A

PLANE (DERIVED
FROM SURFACE
PLATE)

PERFECT PLANE]) (ACTUAL PART)

DATUM SIMULATOR
~" |SURFAGE PLATE)

FEAERLES Cith o

Datum plane A is established by the datum features surface contacting on the high points of a simulated perfect
plane. Measurements originate from the plane and not the part.

IEE A S I AP AR T DL sy R i (SRR AR I T SR o WIS, AN E AR

[SPECIFIED DATUM SCLEARLY DEFINE DESIGN INTENT/E R I EAE I &2 ki &K

The part below has four holes located in relation to the datums. The requirements for the holes are shown in the
feature control frame along with the specified datums. The datums identify how the part is located in the datum
reference frame.

IR A VYA L, AL EFIIEER C . A5 ZEHERS I R 17 78 A REME HL o HEO LI R . el 2 F
BREEANL THAESTRMES AL .
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SHHE (b 2 D

2 POINTS MIN)

4% @500 + 004 SECONDARY DATUM |
B (b 1 )
&g 010 (-]A [B1C N +ERTIARY DATUM (1 POINT MIN) =S (b

PHIMP.HY DATUM (3 POINTS MIN} —UE (B 3 M)

=)

3.000 + 015 ;]i _h

YT e |
b
B T

The order of the datums in the feature control frame specifies the order in which to load the imperfect part in the
perfect datum reference frame. We then measure from the DRF and not the part.

173 7 REAS HELIE VR RGP 415 5 £ PR AR R REHE S TROHE ML N334 R 58 ORI AR RIS . ARG AT DRE (FEHE
ZIHESRD), A Z NI &

MEANSTHIS /& B RiXH

N ¥ 3 .500 + 004
A%HEH T | 1y ORDER IN THE FEATURE X @

(R CONTROL FRAME [@]@.010 Glalslc]
— LA
1 POINT £y o0 3 POINTS CONTACT
CONTACT
NO O i =

DRF { \L 5 POINTS CONTACT | 5 s 35k

If the order of the datums in the feature control frame is changed, it will change the order in which the part is
loaded in the feature control frame.

TURSREON ZEHERS B BEHENY (5038 T, R e A N8 2 ZEHE S L (K Y- o

MEANSTHIS/&EBRXHE

ax g 500 + 004

[@]@ o010 M ac] 8]

THIS ORDER IN THE FEATURE
CONTROL FRAME

Iy FENERG B
POINTS GG
ECDNTAGT \fO O Ho s 4 POINTS CONTACT
= 58
menm | 3O O =
\——— 1 POINT CONTACT | g
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DATUM REFERENCE FRAME /S BAEY)

In geometric tolerancing we can relate engineering, manufacturing and quaity together by placing parts in a
datum reference frame. Each unsupported object or part has six degrees of freedom. The part must be fixed in
relation to this datum framework in order to stop this freedom. The part is related to the primary datum plane by
contacting 3 points. It is related to the secondary datum by contacting a minimum of two points. It is then related
to the tertiary datum by contacting a minimum of one point.

HEJURT A ZERRTE, RIS BAE — DN FEMES TRHER L, JRATREA TR, I o s i Sl oK
NSRRI A B H B O T LA F B, XA FA R AU 52 TR A BEAEHESA 5% .
I = A, XA AN — MR R AR ORI D AN B R R A K R ARl b
— AN e R A K R

PRIMARY %4
—
- O O
= _~
1= Q O o o
E: o 0
/_ SECONDARY /_ >
e 7
P PRIMARY DATUM PLANE
o — I HE 3 POINT MINIMUM SECONDARY DATUM PLANE
Z/b= it | CONTACT ?: ngmj rT.nmuum
o kT
D sz ik
TERTIARY DATUM PLANE BV
1 POINT MINIMUM TR
CONTACT o o
S = AEUETH 5 S
b /]

/

PLACEMENT OF DATUM FEATURE SYMBOL ISVERY IMPORTANT

IR SR ERIEHERK
o — S O R
AR e A P T FRB AR5 R~ ek FEVHETIT H TO00 I i A7 20
AL, R RRTFF R - S e
DATUM PLANE IS EDGE OF SLOT. FOOT IS NOT

Y DATUM PLANE IS ESTABLISHED FROM

ESTABLISHED FROM ALIGNED WITH DIMENSION LINE. DATUM PLANE 1S

gs g:E,f QZLTA:;E oF o / ESTABLISHED FROM
ST foot 1 = 502 TOP SURFACE. FOOTIS
DIMENSION LINE. —— " : K ! , gﬁéﬁ%ﬁﬁxm
== 1l **é)—' 1.002
| e i 3 =7 1.000 DATUM PLANE IS
) i ESTABLISHED FROM FEHE T ER TE B 0 R 1) S i
CENTER PLANE OF .
Z o o5 255 \_ 705 WIDTH. FOOT IS HEAL. RS 2oxt 55
B 250 $& 700 ALIGNED WITH

DIMENSION LINE
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DATUM FEATURESWITHOUT SIZE/F Kb K /M EEHER 1|

If the datum feature is a plane surface, the datum feature symbal is attached to the surface or an extension line of
the surface as shown below. Thiswill establish a datum plane.

TURFEMERFAE AL — P i, SEVRERE AL 5 B AP i i _E BT R -1 i TR SE AR 2 b o SRy —

ANBEAE T o

Symbals may be
filled or not filled

003

5 45 W] BE LK

AT REAN TS

—t
T
gl

W ..__..l_fsm ii | 2 SURFACES A

1.002
Do "

|
Z 255
XD 2sp

i
%\sm gl

TRUE GEOMETRIC COUNTERPART OF DATUM FEATURESWITHOUT SIZE

1B R BB R I RS2 LRI

FefEy

JIE" M (ST B T

DATUM FEATURE "H*
ESTABLISHES DATUM PLANE

SRS E” H S

FEUERFAE" K 35T
/ BEAEH

DATUM FEATURE "M"
ESTABLISHES DATUM PLANE ;
£
F

O
Q

\ TUM TURE "K*
‘7., BRI EERTURE o0 :;T:BL::STE; DETUM PLANE
ESTABLISHES DATUM PLANE

7 | B
J7H

DATUM FEATURE "L* —--k_.‘_\‘
ESTABLISHES DATUM PLANE

'/1

SEERE L 4 SR -E.
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DATUM FEATURESWITH SIZE /3 R} i3 R

If the datum feature is a feature of size, the datum feature symbol is attached to or associated with the size
dimension. By attaching or associating the datum feature symbol with a particular size dimension, it defines a
specific point, axis or median plane that is derived from that feature as the datum.

TUR RIEHERFAE S — A RO AL, FEERFAERT 5 AR RS 5 SRR AR ORI T Ay A7 — M s RS IR 3
HERFEAT S AR B AR ORI, 72 SC— N EISANRFAE R W AR ) o, b )~ AR D R

625 ¢ 125

”@ 62

| | 1
----- &1 il {’ﬂ 1002
. [ g
= L[ [ |

F T,
375-16UNC-2A /"5;2__ oot may replace arrow | JiCHI AT LA

] 1 1.002

=t = W

|
/ e
255 702
X @ 250 /
May

&P 005 CIRY S5
be filled -
or unfilled F AN

TRUE GEOMETRIC COUNTERPART OF DATUM FEATURESWITH SIZE
/ TR/ Vi W IR G
RSN A A B ST A P T——————

DATUM FEATURE "E" B Uk LB ST
/_ ESTABLISHES DATUM AXIS| 0 E;H&rsﬂggggrﬁrﬂ c
/ ¢ == 5 1
LV | i/ ]
E o T LA I A AE
0 SN O
LTF{UE GEOMETRIC =R MERESA DS Q AT
COUNTERPART =il A
CIRCUMSCRIBING Cyuinpea| 11 T JLITEIAS FELECEOMETRIC
¥ —— 2 PARALLEL PLANES
‘ ,ﬂ AT MAX SEPARATION
/ Fie DATUM FEATURE "A"
A T 2 ESTABLISHES CENTER PLANE LA A
R | AP

—— TRUE GEOMETRIC
| COUNTERPART
2 PARALLEL PLANES

sz S ASTE B/ | AT MIN SEPARATION
I3 B AL PIAT -1
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PARTIAL DATUM FEATURES/JR B AR

In some cases only a particul ar area of a feature will serve as a datum feature. This may be specified by the use of
athick chain line drawn paralel to the surface profile and dimensioned as to the required length and width. If the
area needs clarification, it may by cross hatched. Partial datum may also be specified by means of a note or datum
target. See examples bel ow.

HE—SERE LT, S8 — MR A AE DR A D — SR HERFAE . 3T R i —>PA7 T gt i 8 R A — R XL
sk, I HAR RS CUR ST R B KB RITE R . W XA X T A 1 A, TR T B
TH2k. Ja Rt ) el i — SR el FARokdRE . 0L N mfl 7.

* —d

7] 010 |
TR T 7 7k !
AR s AP ST '
SegE. U 7 |
CLARIFICATION. ;{// ,_/_,f/, i
wrint it 14| U777 E’/ |
W T L | AT p :
| 500 |
1 * * l
i Ea+o—P ps2 | — == e
_i 500 e 02
}
L !
-
ﬂ m E 376
-I 374
%
7

m——
JL

Where a datum is established by two datum features (two dots, two diameters etc.), both datum reference letters
are entered in a single datum compartment in the feature control frame and separated by a dash.
HE—ABEAET R DN BEAERRAE (PSR, PN BEARSESE) QUML) , PIANSEMES IR RE I B —MRFAE
FERIHE HL A — e e R A L, JF B — MR It
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[ESTABLISHING A DRFAND QUALIFYING DATUM FEATURES-PLANE SURFACES

V382 37— DRF 1 PR 52 2 v A - i |

THIS ON THE DRAWING | I

XA~ DRF [P r
ESTABLISHMENT

OF THIS DRF. Z\

[ [@-010 ([ H[L]P]

The qualification of the
datumn features with
gerpendiculan’ and
atness control the

unstability of the
imperfect part in the
perfect DRF and,
ultimately, in the
functional assembly.

625 127
D 22 -2y L [.005 [H]
1 1
- L
| g 17 | / 1.002 ]
..... L Tt { 1.000
: il - |
\—,zrs-muuc-zA g sgz |L]oos [H]L]

YA 3 L RE MY TS R SR AR AR KBRS 4 o A AT
DRF 1 A5 & A1 Ly REREIE A7 8 i IR ZAF IO AN E P
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B H BB — A I BRHE R o KB — B, JF HLEE STl o I il A A 52 n] LA T

MEANS THIS

[@]doto@[H] T ]

=]
J \/E.S\iE

il

Datumn H is entered in the first
compartment. It is the pimary
datum and establishes a plane.
The surface is qualified with

a flatness control.

. ’ 25— P R
- h . 3 rifki 2 POINT MIN CONTACT

3 POINT MIN

H CONTACT ON

PRIMARY PLANE

@ [@.010 M H[LT |

@ Datum L is entered in tM/

second compartment. Itis
the secondary datum and

establishes a second plane. 1 POINT MIN ==
i : e : CONTACT ON
This surface is qualified with TERTIABY PLANE \‘\-\_&

OMN SECONDARY PLANE

FE 5 =7
ifii_Efge /b2
Pk

a perpendicularity control t
datum H. 5 =P i -

b 1 pi e

&P .010@[H[L[P] V
(3) Datum P is entered in the third

compartment. It is the tertiary datum
and establishes a third plane and
completes the datum reference
frame. This surface is qualified with
a perpendicularity control to datums
Hand L.

O
| ©

JE 4 | ORIGIN POINT

All feature control frames with this
dattuml order are referenced from
this origin point.

B L OB S AN BRAE o R T, IR H T
S5 AT I o SR A h T AT 2 A BB v H )T R B

P A A A S U (0 R i P M 2R 1 2 5 A
J R

SRS, XA R AT I REEAE H ORI L 2 S R B

Uk P BB SE =AM HE T o RS = REHE, I B an s = AT R HLoE e T Ak

DATUM TARGETS/ZEAR %

Datum targets may be used to establish a datum reference frame. This occurs because of manufacturing or
fixturing concerns or part surface irregularities. Examples of this application might be castings, forgings, sheet

metal parts, plastic parts and weldments.

IBEVRE R Gn] U Tl 7 — AN HEMES IRNE . XN DR D N T sy R 38 1) T4 4 L s P e 89 AN R0 D) T
o AN T AR BEE, BlE, Bt R
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?2507  @.250 & 250—FAp
AL/
z200]——

LHe rngr

o ) Yo || AN L
BB
\82/
250) :515 [ .250] e

gjd-E-S
% ﬁ;: I$1 ©lale]c]
%I/ N i A EINEE
{ £ ALL OVER
]

' J

This is an example of a verification or set — up fixture illustrating the datum target concept. The datum reference
frame is established by three target areas on the primary feature A, two target lines on datum B, and one target
point on datum feature C.
FXJE— M5, KA e 57 R BEME R S & ) AR B JEfE S Rl I = A B AR ST, 1K=
A FARDCOR AR SR — 4 E AZEFENE B EIIMAC HAREL, M —DEFEMERFAE C LI H AR i

DATUM PLANE B ESTABLISHED BY

INSIDE EDGE OF PINS. (PINS
OFFSET TO EACH OTHER BY .480)

DATUM PLANE C | FEMET CIE

ESTABLISHED BY | .\ 0o oo
JEWETT B LAY SPHERICAL END Jii*ﬁ’]*lﬂﬁ
7 EUT O 34 ar BT
T T HAMW
% 0.480)
TOOLING FIXTURE — ﬁﬂspﬁ

DATUM PLANE A -
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250 ., " .
DIA PINS. BRI T T
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ROUND PART WITH SLOT /7% BB A

The part below mounts on the right hand face, the pilot and the key. These features are identified as datum
features and are related to each other by the perpendicularity and postion tolerances. The holes and outside
contour have been related to the datum features by the position and profile tolerances. The .060 profile tolerance
on the outside contour controls size, form, location and orientation.

I A UL, 51 S AT, o X SRR R HERR AL, T L e AN B A
FARISR o LRI AT %8 80 L 000 e o7 5 PR N R PR N e ARV AE AR OC . AEA MRS 88 LK) 0.060 #& BRI
ZEPERIRAE, AR, RLERTT 1A o

THIS ON THE DRAWING | KT

@ 1.6201,003 400 + 002
(Pw@a || Bre=eorEs

T 10

O os0 [ale @)

4X @5.187 2005

[ & [ 010 () A B IIC W)

The functional gage or boundaries shown below reflect the geometric controls above. Since the features and
datums are dl applied at MMC, all the features may shift and/or displace aslong as they meet the requirements set
forth below.

17 TS 755 FR Dy i e iy S S e LT JUAAT 2] BEARRFAE AIERAERS A ] MMC 454, HEDEA T 2 WOE
IR, P BORAAE T LU B A

28

Goeway eBooks :
)\//vww.goeway.cn

TR T




www.goeway.cn

#
8
=
=
S
=

Dy he R il ot

FUNCTIONAL GAGE OR BOUNDARIES

SAMPLE INSPECTION SET-UP FOR ROUND PART WITH SLOT

JE AU

==1 ! ™ 383 VIRTUAL KEY
[MMC - POSITION)

MMC {7 &

]
REPLRF
Socm—— / e,
— *
1,624 VIRTUAL SIZE
EMH;C + POSITION)
L MMC A7 &
] 080 MACHINED
STEF
} (PROFILE CHECK)
HUIn T & |y
- LN o

1B R B T F A AR T e 58

JE AU

4% (B 172 VIRTUAL PINS

{MMC - POSITION)

MMC fif7 &

R () L e | SIMULATED DATUM
S HEYR ERRGENCE I, SHIMS TOLEVEL | T E v,
FRONT FACE @ﬁﬁﬁﬂ@lz
VIRTUAL SIZE
R | PARALLEL PARALLEL
. PLANES —
ATV \ SEAT
REFLATTH
VIRTUAL SIZE
CYLINDER _—
]
ﬁ/ﬂ
~— ORIGIM .
POINT = . ANGLE PLATE Sk
777777777277
SURFACE PLATE

s

The illustration above is a sample open set-up inspection procedure for the verification of the round part in the
previous example. Notice that the front face, datum feature A, is leveled or balanced with shims to make it
parallel with the angle plate. The virtual size of the pilot is centered and the part is anti-rotated with the dot to set
up the datum reference frame. All measurements are made from the origin point.

TEL _F VB3 ST T 5 BT 9 5 (R 63 T 22 A AR A BRI R P R ) 1 o VR, T CHEHE AD TSR 3

e MABPAT .

G AR T rh, T H R SO e TS TR AR S

BTy RAF I A A TR
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This part can also be verified with a coordinate measuring machine (CMM). The front faceisleveled, the originis
set at the pilot and the part is oriented by the slot.
FEAZAARRE AL FRIENL (CMM) KiiE. FUTI# I, FERBOE/ET |24, FAFHIMAEE 1 .

Since the MMC modifier is referenced on the features and datum features, additional tolerance is available as the
datum features and features depart from virtual size.

IBESR MMC B AT LR AE AN VEARFAE LA 5 | ], JE v AR AR A O 128 FEAOL RS PRI AA I 2 2

The geometric tolerancing defines the product without defining the measurement procedure. All measurement
procedures have associated uncertainty or risk. Some procedures will have more risk than others. This is called
methods divergence. This part can aso be verified with calipers to provide arough check. The type of verification
procedure is defined in the measurement plan. The measurement plan is designed by the quality engineer with
knowledge of the manufacturing process.

DU ZERRIEE SCT 72, TR 8 AR o T R IR P A AR 72 DR 38 XU A G R . — 267
PR LA TR E K. XA B RAFAFRAE R RIGIE, feft— MRS RIE. Rk
J B IY AEI H HE S TR AT HIUROIN T Z R R TR v

[DATUM FEATURES OF SIZE — EFFECT OF M ODIFIERS/ R~} [ EHE T 18 IERF 1 W

A group of features may be controlled rel aive to a datum feature at MMC as shown below. Datum feature B at
MMC establishes the location of the axis of the datum reference frame (DRF) for the location of al the features.
As datum feature B departs from MMC, its axis may be displaced relative to the datum B at MMC axis in a
diameter zone equal to the difference between the virtud size and the actua virtua size.

[—AURFAE AT ARz ], AR TAE T BUR B B K SEAR S I IR HERF A o DA A8 T RO A B, B RSk
FAFIBEAERAAE B 157 T IEAESHE (DRP) AN E . OYIEAERAE B fin 25 i RSEAASAT, e M)
DA R T i KSAR SIS FOFEUE B AORIE e, 75 EAR DI HLAE T READ0RT R SE B R 0 RS 2 1] 0 2257

THISON THE DRAWING /&

(] o10[a | B(V)
875 -——-—- -
: 2X @500
& @ 008 @lnfaf@ﬂ
[.050] +

/T T

By S rerTem
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AR HEAE | VI LR | ARVFIEHERAAIL B

FHE B WEARAE B (R
VIRTUAL SIZE| ACT VIRTUAL] ALLOWED
= g 5,
MEANS THIS | = /UE DATUM SIZE DATUM |DISPLACEMENT OF
- FEATUREE |FEATUREB |DATUM FEATUREB
— 010 ILE
TOL ZONE @ 998 @ 000
[1.575 ] @ 999 ¢ 001
F— @958
@ 1.001 @.003

By

A A A W A A A, = & 1.002 @ .004

(a7 S0 a0
L
./{

T 'I.J"///////H;‘;

——— 2X (D.494 VIRTUAL
I SIZE PINS

Ll—"‘"‘“ LR~

-
=1
2]
=1
i

%% 1%

)
AR

L L L,

|
R
|

_U ST A JEIX
006 PROFILE
\_ } TOL ZONE

\\_9 998 VIRTUAL SIZE PIN | s R4 o | MMC I GERIED,

THE AXIS OF DATUM FEATURE B AT MMC (VIRTUAL) | XANIEUERRE B (1
ESTABLISHES THE AXIS OF THE DRF.

ihedt . DRF 1%

\ |

THE AXIS OF DATUM FEATURE B AT LMC IS ALLOWED TO BE DISPLACED RELATIVE TO
THE AXIS OF DATUM B AT MMC (VIRTUAL). IT MAY DISPLACE IN A DIAMETER ZONE
EQUAL TO THE DIFFERENCE B EEN THE VIRTUAL SIZE AND THE ACTUAL VIRTUAL
SIZE. IN THIS CASE .004 DIA

I/ SEAR AT I FOFEHERAAE B (0%h SO VR DG I S K SEAR A (R EVEE B Al CRE DL AU
B AR FLAR X 25 T BRI R S B R Z TR 2280 7R3 F I B0 T /2 FA 0.004.

The effect of a datum modifier is accommodated automatically in a functional gage as shown below. The datum
feature and the related features must fall within the appropriate tolerance zone. As the datum feature and related
features depart from their stated material condition they may displace and shift as long as they clear the virtual
size pins or remains within the profile tolerance zones. Notice that the datum modifier has no effect on the
relationship between the features. Unless otherwise stated there is an implied simultaneous requirement between
all the features and the datum features.

IEEHERE AT RSN AL T BRI D) e B UL A S AT o JEAERE AEAIAR 5 B AE LA 20U T 38 24 0 24 22 DB
DR1 DAy B HE R ALE FIAR S FRRAAE O 25 TR RE A, AR AT T B RO A ROST i J6 2 2 DB SR AR i
EATA AU IR . VR, FEMEME IR THRE Z IR S¢S M o B AR A WIAE BT R A RS R
A IR R A A R K
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FUNCTIONAL GAGE ILLUSTRATING EFFECT OF DATUM MODIFIERS | It KR ZEMEIS IE A7 10 520

— .010 PROFILE
TOL ZONE
e PRODUCED PART
¢ L | -
TR
Z ——— 2X @494 VIRTUAL ——
SIZE PINS - -
.583 REAU R4

B BRSO X
X35k

008 PROFILE
TOL ZONE

@ .998 VIRTUAL SIZE PIN gL~

If the produced part were to be evaluated using a CMM or open set-up inspecti on techniques the shift of the datum
feature may also have to taken into account. If ingpection zeroed in on the datum feature and al the related
features checked good the part would pass inspection. If the part checked bad the zero or origin could bereset in a
diameter zone equal to the departure of the feature fromits virtual sizetoits actual virtual size.

PO SR A P B Z2 A AR A B LT QB EAL I BOR VAL, FEAERFAE AR A7 AT BE L IR RS o dp RO HERE v
REAERTI T HLFT A AR S AR AEAS I B il B, XA Al WORFAFA ALY, % 5 s V%
E BARDCIREE TAFAE R AR T i 120 5K B RO 00 R BB €

It is often explained that the features shift as a group, but in actuality it can be seen that the actual datum features
does the shifting or displacement relative to the group of related features. The datum shift can be easily cal culated
with the paper gage concept or accommodated with functional gaging techniques.

T4 H A R RS O RS, (HRAESERR T, BEFR BSEBr IFEAERFIERS LA AU R R IR R AL . BEMERS AL
AR S EE S DR BOR, WTRER S it 5.

DATUM FEATURESAT VIRTUAL CONDITION/E#I &4 (I ZEHERFIE

A virtua condition exists for a datum feature of size where its axis or center plane is controlled be a geometric
tolerance. In such cases, the datum feature applies at its virtua condition even though it is referenced at MMC or
LMC. Where avirtual condition equal to the maximum material condition or least material condition isrequired, a
zero tolerance at MMC or LMC is specified.

[— A RERSAT R A — AN FERERAE AR AE, e Rl s b O TR LA A 223550, AERXAE oL, A SRRy
AESIH MMC = LMC, W5 RS AESER IR A6 T B KSR S A el die NS AR S A L T, AE
MMC 8 LMC K& 5E T A 7%,

|SIMULTANEOUS REQUIREM ENT/IJiit RE FIZE K]

The simultaneous requirement concept applies to both position and profile specifications. It does not apply to the
lower segment in acomposite tol erance.
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TR S A B SRR 23 I P B 57 B AN B SR B R o AN B85 24 22 WL il — B

Multiple patterns of features, located by basic dimensi ons from common datum features of Sze, are considered a
single composite pattern if their respective feature control frames contain the same order of precedence with the
same materia condition modifiers.
PRAER T, MRS A ICEEERAE R A R E LAY, AR EA 25 B RS RS RIHE 6L 5 [/ — R4 k)
FAFEIERF ARy, BB — DM EE K.
If such an interrelationship is not required between patterns of features, the notation SEP REQT is placed under
the feature control frame. This allows each pattern of features to shift and/or rotate independently about the
established datum reference frame.
TN SEXFEIR TR RBATERAE R 2 (M 225K, £5'5 SEPREQT #E THRFEFEHINE N . X A vFf—HRHE
FESRT S BEME S IRORE S SRS 0 s o

=ik T <f L s e i
SIMULTANEOUS REQUIREMENT IS IMPLIED BRIE S SE G L)

505
2X @ sop
&[F ow0@M|A[B

=S EEINED

[ ] 2X & 739
[@]2 .00s MM[ATB O
[@ 4000]
et @ 15
.squH L] 0os @[a]

A9 ™

FUNCTIONAL GAGE OR 3D BUNDARIES ILLUSTRATING VIRTUAL SIZES FOR SIMULTANEOUS
REQUIREM ENT/ZhfeEHER 3D 12 5t B 7 7] it ZEsR kL R~

PRODUCED PART SHOWN

MOUNTED ON GAGE BRHEEAET R 2 LA T &
955 DIA PIN

2X 734 DIAPINS
il

2X 490 DIA PINS

8 B DX K
The sample functional gage shown above will verify al the features a once. The gage is for illustration only, as
other methods could be used as wdl. In open set-up procedures, care should be taken when datum shift or feature
rotation is factored into the acceptance criteria. Remember, datum shift and rotation must be factored to dl the
features as a group, rather than alowing each pattern of features to shift independently as the datum feature
departs from MMC.

I E 7R R D RE LR S RIS UE AT AR OO TR, RO ITE TR .. I AsoE ey
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L WAZ IRV A RS HERS 37 B L e e s J T 2 (ARt o AT, SEMERS LA e — e TH AT
AT S IR AE AL, TOAS SR VPR AR 58 A1 D SEERS AL 25 MMC S A7 RS A

[FLATNESS/Fifi ]

Flatness is the condition of a surface having all ements in one plane. A flatness tolerance specifies a tolerance
zone defined by two parallel planes within which the surface must lie.

[V THT 2 TR BT A T 3R AE— AP A e — NPT BE S 28— ZE X3, XA DX 3t 0 23
A7 A A AT E S

SYMBOL MEANING

e THIS FEATURE
DRAWING N
XA
/L ,L FLAT TEAMREAE 1]
pV R WITHIN 002 —
TOTAL MILAE 0.002 B

e Pon)
b, o)

:

.?Fn T o1 / H W_i

The surface must lie between two paralld planes .002 apart. In addition, the surface must be within the specified
limits of size or location.

[T 2T TP EE B 2 0.002 (VAT I 18] o S34h, T 200 148 i 1) RS sl B A B

MEANS THIS APPLICATION

’l"fﬁéﬁlﬁl%?ﬁﬁ J 0.74/0.760 E 0_m2 Z\%Riﬁ

EACH CROSS SECTION

(ACTUAL LOCAL SIZE) MUST 002 TOL ZONE —

BE WITHIN .740/.760 —l a4} TR

T“——{""_'}"‘---_ 1
760 MAX L '
i \\_ —

PERFECT FORM BOUNDARY

Fu AR 5

002 TOLERANGE ZONE
2 PARALLEL PLANES j—

0.002 AZEXIK, PFATT- M

Hatness is a 3D tolerance. Hatness is a form tolerance and therefore datums are not allowed. Flathess is a surface
control so the modifiers MMC, LMC and RFS are not applicable.

PEHEEZE—A 3D A 2. “FHBRE —NMBRIRAZE, B i A 3dE. ~Fiinfsg—A s, B
IE#F MMC, LMC Fl RFS ANi&E H .

[FLATNESS VERIFI CATI ON/SF i FE B if|
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There are many ways to check a flatness specification. Some are better than others. Each method will give a
different answer. Thisis called methods divergence. As with verifications for any geometric tolerance, the method
or procedure used for verification will depend on many factors. How many parts are there to check? Is this the 1%
part produced or the 1000™? Is the tolerance well within the process capability? Are statistical process controls
being done? How tight is the tolerance? What kind of equipment is available? Isit an in-process check or afinal
check?How big is the budget?

IGVF2 JNER AT RG2S L b . M EAARINE SR X Em . R TAE
] JUT A ZERIRAE, T RAER AR PO 2 R . A2 DRI R A ? XA~ RS — DR
ERFE—TADEM? AEAATZREDEHE T RW R ? Gk T 2HHNIEAMIS? A 2L A% ?
MRAh A T ? XA T2 R T R IE R A ZA I 7 T 2 /2

All of these factors and many more will have an effect on how the part is verified. The procedures for verification
should be recorded in adimensional measurement plan and coordinated with anyone who isinvol ved with the part.
T IR TR ZR AN 22 B 22 R R 3R K S M 222 A2 P S0 R T o B E A R 2 B A2 AR A SR E — A RO I vl
H, I HANHHERIZASFAEA K

The measurement techniques and procedures shown below are for illustration and background information. These
procedures are intended to assist the reader in understanding the concepts. In addition to the methods shown bel ow,
a coordinate measuring machine (CM M) can aso be used.

TN ARI T T 7S B PP oA 1 B R AN 7S — 675 5045 5 o X S P e 10 e 35 O 3 o B I A
AN SR T, ARSI LA BE

VERIFICATION METHODS FOR FL ATNESS/ T & {15 iE /15

QE:EUNG ADJUSTERS | 3 S/Kufedi s ifas o
R %:\ -
SURFACE FE

ELER GAGE

| PLATE

Leveling plate o Feeler gage check

Level part and move indicator over Quick check. It is good for large

surface, readings must not exceed total tolerances. May miss concave

flatness tolerance. Good check but may variations.

be time consuming. FERKT A, e — M R A
\ AKHERIRERR /KT 2 A 3 Jrike AT RARR—ET

HBEERS adH N TN S & N2 2o AIREHE M AL .

I BN 2. U
Frgr Uik, (H S W] RERE DI [a]

INDICATOR UNDER PART

FAF ViR

Indicate thru hole in plate.
Set on gage blocks of same height, Slide part over indicator.
then indicate under part. Will not Good in process check.

WE AR ER, RIFHEIF
PERT, AEA TR i

check surface under blocks. /' May misread on convex
parts.

T ERFLRRAE A L, A RR S B S e — M DR A, RSO E M LRk,
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STRAIGHTNESS—LINE ELEMENTSY B E-&RTTE

Straightness, line elements is a condition where an element of a surfaceis a straight line. The tol erance specifiesa
zone within which the considered line element must lie. A straightness tolerance is gpplied in the view where the
elements to be controlled are represented by a straight line. Note the feature control frame is directed to the
surface.

THEE, dotFREMmTRERE —HEWEM . AZRE DX, FHRBHLLA TR, —
ANELSE AT N IR, BT R f— N HER IR ER,  FRAEHINE EAE 1 dhi .

THIS ON THE DRAWING SYMBOL MEANING

317 = THIS FEATURE

STRAIGHT

WITHIN .003
TOTAL

Each longitudinal element of the surface must lie between two paralle lines .003 apart where the two lines and the
nominal axis of the part share a common plane. In addition, the feature must be within the specified limits of size
and the boundary of perfect form at MMC. Straightness, line elements will control waisted, barreled, and bent
shapes, it does not control taper.

A TR 17 0 R AL 20U B 25 0.003 FOPNFATER Z 18], 3K AR AN 44 SC R AR B T — > a1
I o J380, AR AL T8 RE 1 RT A R KSR A1 BRI A . FLERE, LI aoR Pl i,
fapIR, A AR, (HATEHIHER .
MEANSTHIS

0.003 £k U3 H 4k A X I

003 LINE ELEMENT
STRAIGHTNESS TOL
ZONE

i FEATURE MUST
BE WITHIN SIZE

MMC i i) Rl | AT MMC.

FR AN AL AR B

LIMITS AND

PRODUCED PART

TR A

003 STRAIGHTMESS;
kg Sell Lol
CHECKS.

0.003 HEJY, Zix
NFEXRIE, — R

2PV A

LINE ELEMENT CHECKS —/
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Straightness, Line dements controls the longitudinal elements of the feature. Straightness is a form tolerance,
therefore datums are not alowed. Straightness, line elements is a surface control so the modifiers, MMC. LMC
and RFS are not applicable. Straightness, line elements is used to refine the size requirements and is always a
smaller value than the size tolerance.

THEE, SOouRTERFHMERA N ITTR. HLLRE—PMBIRAZ, Bk, ARvrfiEfl. HL, Zoos
Je— NS, AN S IERF MMC, LMC Rl RFS. 8%, ot 3T OHESR, I AR
STAZEMLE, BN ERNMIE

[STRAIGHTNESS: AX | S/ELZ -]

Straightness of an axis is a condition where an axisis a straight line. The tol erance specifies zone within which the
derived median line of the feature must lie. This type of control is used where the size of the pin is important but
the part can “bow” or be bent beyond the perfect form limits of size. Note the feature control frame is associated
with the size tol erance of the feature.

T R B T HER R A5 o A ZEFRE — X i 120 ORI P S e AR A DX L o SR Rl T
BT RS SERTT TR AT AEBRAR R T ARAR BRORST i [ A 5 B e VAR, RP A2 TRHE MR AE R RS
NFAHTRHK

ary SYMBOL MEANING
THIE ON THE : 7 7
DRAWING @ 373 —I@ 0% () THIS FEATURE'S
DERIVED MEDIAN LINE
6.010 STRAIGHT
5.880 WITHIN A DIA ZONE
QF .030 AT MMC
JOSF RN LR 3 A ZE 1) 45 5 8
SRR AE ARV 3 R L1 THE SIZE TOLERANCE (EXEMPTED FROM

MEANS THIS

RULE 1) REQUIRES THAT EACH CIRCULAR
ELEMENT OF THE FEATURE MUST BE
WITHIN THE SPECIFIED LIMITS OF SIZE.

ELELAR 7 0.407 (AL

A COMBINATION OF THE SIZE
AND THE STRAIGHTNESS TCOL
REQUIRES THAT THE

ENTIRE FEATURE MUST NOT
VIOLATE THE VIRTUAL OR
CUTER BCUNDARY OF 407 DIA.
(FUNTIONAL GAGE)

ROz (BT 1 %
SRAE— ANRFAIE 49 R P T 3R
WAITAE SR FE [ R R L

030 DIA TOL ZONE AT MMC.
TOL ZOME CAN INCREASE | MMCH, &
AS ACTUAL SIZE OF
CIRCULAR ELEMENTS # 0.03 1]
DEPART FROM MMC,
SEE CHART v AT
O3 FE X I fig
THE DERIVED MEDIAN LINE > B
OF THE FEATURE MUST LIE DiA FEATURE | DIATOL | VIRTUAL .
WITHIN THE SPECIFIED DIA SIZE ZONE | siZE MMC i i
TOL ZONE. 377 030 JA 76 3 1
o - A 376 031
S L ROREAE 11 o 1) 00 200 57 -5 1 LA A 22 I I ar5 032 407 PR R
374 033 %
373 034
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The derived median line of the feature's actual local sizes must lie within a cylindrical tolerance zone of .030
diameter at MMC. As each loca size departs from MMC, an increase in the local diameter of the tolerance
cylinder is allowed which is equal to the amount of such departure. Each circular element of the surface must be
within the specified limit of size.

15 HE FRURFALE S5 B Jm 3 RS ) PP RN e i U, T — N KSR EAR N 0.03 YBIFE A 22 DI IR . PR A
— AR i B KSR S, SR A Z B EAR SV — MR, A T IR e . iR — A
[5 1E2 1 7 3 AL A Fi S AR AR B B

ICIRCULARITY — ROUNDNESS/FRR-E |

Circularity isacondition of asurface where:

a.  For afeature other than a sphere, all points of the surface intersected by any plane perpendicular to an axis are
equidistant from that axis.

b. For a sphere, al points of the surface intersected by any plane passing through a common center are
equidistant from that center.

TR & — A Hh T 1 26 7F -

a T AR, BR TER, AR AR EAZ 23 3 i T R Al A R

b, X T—ANER, TR AN FE AL R T 23 F K T BT AT PR R B AN AL A B Y

(O] .002 | " SYMBOL MEANING
! THIS FEATURE

THIS ON THE DRAWING

AN CIRCULAR
+ T WITHIN .002
L/ TOTAL

L 205
D 495

Each circular element of the surface in a plane perpendicular to an axis must lie between two concentric circles,
one having aradius .002 larger than the other. In addition, the feature must be within the specified limits of size.
M= FI—ANRNEAS P T I BB TC 5%, 20 A RO B2 ), —N s —AN 42K 0.002.
J38h, IR TR RE AR B R EL
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MEANS THIS '
@ 495 MIN K HE
TAPERED SHAPE

BARREL SHAPE
NOTE: The features are permitted to be waisted, barrelled
wAISTED SHape  or tapered within the size tolerance. Circularity controls
& 505 MAX only the circular elements, not the longitudinal elements.

NI '\

SERIES OF CROSS

PRODUCED PART SECTIONAL CHECKS

— R IR

T %A

T A 7

FEATURE MUST BE
WITHIN SIZE LIMITS AND

002 TOL ZONE PERFECT FORM AT
(.004 ON DIA) MMC.
2 CONCENTRIC CIRCLES R E D 2 1E S ~F AR BR A

S AR
0.002 24 Z[X 18, (0.004 B MMC HERPRE
%), PN E VR BFIE FOVRAE NS A 2508 F 2 I B, R A Bl
HEFE . IR REmRE R, AEbldm ek

Circularity is a 2D tolerance; it controls circular elements only, not longitudinal elements. Circularity is a form
tolerance and therefore, datums are not allowed. Circularity is a surface control so the modifiers MMC, LMC and
RFS are not applicable. Circularity tolerance is used to refine the size requirements and is dways less than the size
tolerance. (NOTE: circularity applied in a Free State condition can exceed the size tolerance as the perfect form
requirement of size is negated.) Examples of use: ball bearings, tubes, pipes and circular elements of tapered,
barreled or waisted parts such as nose or tail cones, seals etc.

I RERE—A> 2D A 22, B RIRIE TR, RN TTER. RS —NBIRAZ, JEHA RV R,
B B — A i b, A IERF MMC, LMC Il RFS A& o [ 28 22 A o SORSHEESR, JF AL EE
FoTAZE/Adve Gl BN B BRSNS, gel R a2z, PO RS B AR EOR B 2 o) A
67 BREAK, &, FHETEZR, IR ANERTE A BRI o, W CLEi i Ay el 32,

=z A
A,

CYLINDRICITY /B

Cylindricity is the condition of a surface of revolution in which al points of the surface are equidistant from a
common axis. The tolerance zone is two concentric cylinders within which the surface must lie.

TGAT: 2 2 e PR AT TR PR 4 A, il T A AR O T — A S SRR AR 2 o 24 22 DSt P TR o[ AT 1T, T
A VA R A
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THIS ON THE DRAWING

SYMBOL MEANING
THIS FEATURE
i CYLINDRICAL
1 WITHIN 0002
S TOTAL
5005
D 4005
THE SIZE OF THE BEARINGS 7R 1 RS R AE
AN VARY WITHIN THE 6 o 5
SPECIFIED LIMITS, BUT THE $ROE (1 Al PR L AR
INGS MUST BE V. T ELE R i
CYLINDRICAL. L ji HR LS
Pyl s a:a]
Wi i) APPLICATION

The cylindrical surface must lie between two concentric cylinders, on having a radius of .0002 larger than the
other. In addition, the feature must be within the specified limits of size

TR i T 20U T AN R Lo B T2 18], — AN B o —AN2F42 K 0.0002. S38t, PRS2 T4 52 R RS
PRI

MEANS THIS
PR S OE
PRODUCED PART

0002 TOL ZONE
(.0004 ON DIA) THE SIZE TOLERANCE REQUIRES
2 CONCENTRIC CYLINDERS THAT THE FEATURE MUST BE
o / N WITHIN THE LIMITS OF SIZE AND
0.0002 /A X 45k (A% 0.0004), PHAN[F)-Lolsl KETH THE PERFECT FORM

REQUIREMENT AT MMC.
JUT A ZE BRI AE LA T RAT A FRAT MM C I SR R BAR KT AR

Cylindricity is a 3D tolerance; it controls both the circular and longitudina € ements of the feature. It includes
circularity, straightness and taper. Cylindricity is a form tolerance, therefore datums are not allowed. Cylindricity
is a surface control so the modifiers MMC, LMC and RFS are not applicable. Cylindiricity tolerance is used to
refine the size requirements and is always a smaller value than the size tolerance. Examples of use: bearings as
shown above, bearing journds, cylinders etc. Cylindiricity can be compared to flatness wrapped around the
surface.

IAREFESE—A 3D A2, EHHIRHER B FAAMN 0 KTCE . C AR, HEREMHERL . B —1
Wz, WAV RNE . BIFEROZ — A, P ERT MMC,LMC Fl RFS ANidE . AT

PR
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ZEF T RSP EOR, I LS BRSNS R 228N IG5 DU EPTs SR, BIRERSE. AL REANIR
&3¢ TP ~F 1 P LR AR

IPARAL L EL | SM-SURFACE/ AT & - i |

Parallelism is the condition of a surface or center plane, equidistant at al points from a datum plane: or an axis,
equidistant along its length from one or more datum planes or a datum axis.

IPPAT B — A it T s P ) A 45 AF BT AT o) TREUE P I, sl — AN AERE R, > Bl 22 i LU 1 e
FLHERD, VIR R SEE

THIS ON THE DRAWING L/ | 005 | A

SYMBOL MEANING

THIS FEATURE

PARALLEL

WITHIN .005
TOTAL

ANEEAE S JHAER]
FHIE A ZESLIR.

1.755
1.745

IN RELATION TO THE
DATUM REFERENCE
FRAME THAT IS
ESTABLISHED BY DATUM
FEATURE A.

The surface must lie between two paralld planes .005 apart which are parallel to datum plane A. in addition, the
surface must be within the specified limits of size or profile.

[T RA 20 TR S 04 0.005 HYPS-AT IR 18], JF HAX Py i AIEEAE T A ~1AT . S38h, T Ahs TR E

PRI S5 R ST AR PR A
MEANS THIS THE SURFACE MUST - )
LIE WITHIN THE i TR A2 A 2
TOLERANCE ZONE | |y
005 TOLERANCE ZONE —

2 PARALLEL PLANES
QORIENTED PARALLEL TQ

DATUM PLANE
FEAET]
1.755 PERFECT FORM
DATUM PLANE l BOUNDARY
ST i 1R £ B
1.755 #AL IR IA
B4 0.005 [ ZE X I, -’1 PRAE
ACTUAL LOCAL SIZES -
WP R s Rk w4 T | MUST FALL WITHIN
1.745-1.755
1.745-1.755 2 Ji]
FEAFAR I 3

FSEHE A WEZRM. &
A i dR 7S, It HAb 20
A7F 0.005 2 Z X I8 A

SAMPLE INSPECTION

PART IS MOUNTED ON DATUM A. THE
ENTIRE SURFACE IS INDICATED AND
MUST FALL WITHIN A .005 TOL ZONE.
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The above parallelism specification is a surface control. The MMC, LMC and RFS modifiers are not applicable.
Parallelism tolerance applied to a plane surface aso controls the flatness of that surface. Thus, if no flatness
tolerance is specified, the flatness tol erance will be at least as close as the parall€lism requirement.
TULEPAT BERE & — A i, MMC, LMC #Il RFS B IERFANIE -] o ~PAT 8 2 22 IV F 219 b 42 il
TIPS o KRR, WURBAT fiR e P 22, VIR o 22 2 D MISPAT R R I

[PARALLELISM-TANGENT PLANE/EATE-HE4T

The tangent plane symbol can be applied to many of the geometric characteristics. The tangent plane symbadl is
shown bel ow with a paralldism specification. A plane contacting the high points of the surface must lie within the
parallelism tolerance. The tangent plane application does not control flatness of the surface. If flathess of the
surface is of concern, a separate control must be specified.

IRAVITE S 55 BN BIVF 2 JURTAFAE . AHDIIAT 578 I AT R A 2 VG s o AT F— > v i
fish B — ANV AL TPAT BE A ZE M o AR DD I AN S o T PP S8 o R S 2 80t - o 1, o
0 BRSO

THIS ON THE DRAWING SYMBOL MEANING

THIS FEATURE'S
TANGENT PLANE

PARALLEL
WITHIN .005

g

/

IN RELATION TO
o5 DATUM HEFEHEHQ%E
ESTABL lsHeD
Y
FEATURE A el

1.745

The tangent plane must lie between two parallel planes .005 apart which are parallel to datum plane A. In addition,
the surface must be within the specified limits of size or profile.

TRV 200 T BE 2500 0.005 #1472 18], Jf HAXPAS AT I PAT THEE Ae S34bh, i L2
7 T4 R 0 RS AR R L

MEANSTHIS
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THE TANGENT OR CONTA
OF THE SURFACE MUST L%Twﬁi'ﬁ%{ANE
THE TOLERANCE ZONE.

SEATFREET- T A, BE 2k 0.005
IPEASTAT T 2 22 X 45k

b T PR AH 170 5 A 1 06 22 T

VA WNERKIN.
A

005 TOLERANCE ZONE =~ —
2 PARALLEL PLANES

ORIENTED PARALLEL TO
DATUM PLANE A,

DATUM PLANE A
ST A

RIEHET I A WEEAE, IF B TPATHE S F 1 £
b b BRI S AT B AR A T 2 207 T 0.005 YA ZE XA B

SAMPLE INSPECTION | FE/1H

The part is mounted on datum A. and a z )
: ; i paraliel

b:ar is placed cavering the entire top surface. The

simulated contacting plane of the parallel bar
must lie within the .005 tolerance zone.

IANGULARITY /it

Angularity is the condition of a surface, center plane, or axis at a specified angle (other than 90 or 180) from a
DRFE The example below illustrates a surface located with a profile tolerance and then refined for orientation with
an angularity tolerance.

MBURHEE & — AT DRE AT, A0, sldREMBERRL (BT 90 Eak 180 ) 4. M
TR T RS R A 22 S, R AMBUREBE A ZEAE T RS AR AL

THIS ON THE DRAWING ) os0 [ A F_T]..
e

010 | A m

[0 ]

i

The surface must lie between two paralel planes .010 apart which are inclined & 30< to datum plane A. In
addition, the surface must aso fall within the profile zone.

[T 2L TP BE S A 0.010 (VAT V-1HZ 18], X PSP AR T 1i A 548} 30 B2 534k, ik
AT T 48 S50 DI
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MEAMS THIS

010 ANGULARITY ZOMNE

FISEAET 1 A B 30 A1
[R5 F-47 V-1, 0.01 it
JEAZEX I

DATUM PLANE A

60 PROFILE ZONE
BASICALLY LOCATED
AND ORIENTED TO THE

2 PARALLEL FLANES E E
—

\

\

ORIENTED AT 30°TO

|

(00 ]

g

DATUM REFERENCE i
BY DATUM FEATURES A

(i

DRAF:I'SUM FEATURE B
vARa] DATUM PLANE A

AND B,

FRAME ESTABLISHED

i I HEHERFAE A R B LI A HES:
HEHESLSE 0] 1) 0.06 %8 J58 82 24 72 X 4

SAMPLE INSPECTION

TovamymaanQMaﬁWrmmhemem,mepanm
mounted on datum feature A and inclined 30
degrees on a sine plate. The entire controlled
surface must indicate within .010 total. Since an
anti-rotation datum feature is not referenced, the
part may be rotated as necessary to fall

within the tolerance zone.

_

FEAEAL I

—

1

N T IS AEBURL 2R, AT LI HE A 2he, JFAEIESZIR _EURE 30 52 A o ANl i i 4 20 i 4k 0.01
TWREINTE R BEAR— AN S (S HERAE B AT S TR,

FTAF AT LA SR el » I iAE 2 ZE X

Angularity is a 3D tolerance. Angularity tolerance applied to a plane surface also controls the flathess of that
surface. The surface of the part above is not controlled for rotation relative to the DRF. If rotation is contral is
necessary, additional datums (possibly the pattern of holes on the bottom surface) can be specified.
MBURHEE & —A 3D 220 MURHEE 2~ 22 il P S0P dh i, PR AS fh i P i . DA BTSSR ) il T AT G
T DRF Jigde A2 7l an R Bee 2 i, wI R Dy AN EEAE (R RELE R LA SLITEE S .

[PERPENDICUL ARI T Y-SURFA CE/3 F1 & - il i

Perpendicularity is the condition of a surface, median plane or an axis at aright angle to datum plane(s) or axes.

3 L A T, v T AN AR R TR HE T B ) LA A 1R A

THIS ON THE DRAWING

L [.005 4]

SYMBOL MEANING

THIS FEATURE
PERPENDICULAR
WITHIN .005
TOTAL

IN RELATION TQ THE
DATUM REFERENCE
FRAME WHICH 1S
ESTABLISHED BY DATUM
FEATURE A.

The surface must lie between two parallel planes .005 apart. In addition, the feature must be within the limits of
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size or location.

T T 25U TP BRSO 0.005 HPAT P 180 34, R AEAZAL T RT sy B AR B L o

MEANS THIS

DATUM PLANE A
(DRF)

FEHEH A
3 POINT MINIMUM CONTACT _/ * é_?gi TDLEEH::JEEN%%Né i
SN PERPENDICULAR TO TH
feb 3 nidki REFERENCE FRAME. | = DATUM

T BT RS MR P47 T 22 ) BE 25 2 0.005 )24 ZE XI5k

3 POINTS CONTACT| 3 rifZfil
FEAAT I
'//' SAMPLE INSPECTION
PART IS MOUNTED ON DATUM FEATURE

, A . THE CONTROLLED SURFACE IS
LEVELED AND INDICATED. THE TOTAL
READING MUST NOT EXCEED .00s.

FHEEMERAAE A BOEFAT . FHI0 HigoR PO faas . BIEA/HEE 0.005

Perpendicularity is a 3D tolerance. Perpendicularity tolerance applied to a plane surface also controls the flatness
of that surface. Thus, if no flatness is specified, the flatness tolerance will be a least as close as the
perpendicularity requirement.

FEEREE—A 3D N2, TEEAZE W B —ASF i, ] i i . XA, W BeH $R i
&, VI RE o 20 2 /D RN L s 22 SRR

[PERPENDICULARITY —ZERO TOLERANCING AT MMC & HE-MMC N EAE]

The two exampl es bel ow represent two mating assemblies. Exampletl specifies a.002 at MMC perpendicul arity
requirement. Example #2 specifies a zero perpendicul arity at MMC requirement. Notice that example #2 provides
more tolerance (greater variation on size) while gtill maintaining the same virtua size as example #1. The zero
tol erancing concepts can be applied to other geometric tol erances as well.

IR AR PR IR . 01  1 FiRE (L MMC I3 H 505 0.002. 45 2 4572 —ME MMC
I H LR, FER, BT 2 IR T 1 PRSI, RIEE 2 A% CEZ R, F
YA R A A VAR R ESI NS SO N AP 3 o
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EXAMPLE #1 — PERPENDICULARITY .002DIA AT MMC/#l 1-MM C INEHE H42 0.002

Use this method if it is necessary 1o
control the size of the feature within set
Iwg-ut; and also control the orientation
within set limits.

1.008
¢1.005

L |@.002 ][4 ]

G R R PR RS A 1 B R L T 1 e
TRIAE AR PR L A 1), A T I T3

T oo ﬁ‘lﬂﬂ?

Nanls

(LI ®A) L@

The size of the feature has a FEAT | TOL |VIRTUAL
maximurm variation of ,002 with SIZE | ZONE| SIZE
a maximum ndiculari f
004 dia at LMG iy o 1.002 ] .002
1.001( .003 1.004
E LMC I, SR EEE h EAR 0.004 1500 FRFHE RS54 — 1.000| .004
A~ 0.002 [ 85 KAEk

EXAMPLE #2 — PERPENDICULARITY .000 DIAAT MMC/Hjl 2-MM C R EEE N E#Z 0

Use this method il it is not necessary to ~_ [_L]B 000 @ [a]

control the size of the feature with

@ 1.008

1.004

one value and the perpendicularity at
another value, This method combines the
size and orientation and simply states the
virtual size of the feature. It is a common
specification on pilots. It cerainly provides
maore tolerance than example #1.

U RBE e BRI A — AN 53—
AN L A PR AE RS TS
Tiike BRANTIEEG & R T, Jf

] 5P B R A I R AU R IR A
KT S A, & HRLTH 1

@ }m“ ROT L A%, |
000
| (L2000 @[A]
S o FEAT| TOL VIRTUAL
SIZE | ZONE SIZE
The size of the feature has a 1004 =0
?mum variation gr .004 with 1.003] .001
imum parpendicularity of

1004 at LMC. avol . [002] o002 | 1.004
1.001] .003
7ELMC B, FEAE SRS K 0.004 HE B & 1.000] .004

AN FEHAT —/ 0.004 11 KR &

PROFILE OF A SURFACE —BIL ATERAL /T B - XU

Profile tolerancing specifies a uniform boundary aong the true profile within which the elements of the surface
must lie. It is used to control form or combinations of size, form and location. Profile tolerancing can be applied
on a bilatera, unilateral or unequal distribution basis. Below is shown the bilateral distribution. The feature

control frame arrow points directly at the surface.
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IREJERIE N 224 E — AT, WA il e ER L AU T P SR . H T FE R AR EORT, T
AL B o B 502 22 BE N AU, i ) s AN BT I 0 Bce R IR 7 @ X )G e A2 RME 37 Sk
LR 7] T

THIS ON THE EME SYMBOL MEANING

o
THIS FEATURE
PROFILE OF & SURFACE

WITHIN .008

500
IN RELATION TO THE \
CATUM REFERENCE FRAME
" E WHICH 15 ESTABLISHED
IN ORDER BY DATUM
ALL DIMENSIONS BASIC FERTHER AR R

e DLEEMERFAE A F1 B IR 12 37 10 B AR AEREAH DG 14

The tolerance zone established by the profile of a surface control isthree dimensional, extending along the length

and width of the considered feature.
1 EE TR PR A T A N A e DR R, W T LR TR AR 1 A B A 5 S AT

0.006 /A 7 X3 o0 T B SR FR 34 45 73 I (43321 0.003)
MEANS THIS rmﬁ TOLERANCE ZONE EQUALLY DISPLACED

ABOUT THE TRUE PROFILE. (.003 EACH SIDE)

{003
= 0l

o

E:@ AS7-503

FEATURE LOCATION

\ e~
: R DX 3k
—= | [=— 008
003 -

837-1.003
FEATURE
FEEIX 5 | LOCATION DATUM REFERENCE
ey O e
cQuaLYisPoseD T e
grg?_:aE E‘iﬁ% 55'3534; EEE' i u\%/ﬁ% {E;A Al
AT THE DRF. B Ay i 4 37 ) A
‘ — YHE 2 HEAE
3 4k 0.006 B0 ZE X 4K
K LR R Y 2 43 T
(%£if1 0.003). XA
X 35 /- DRF b4 3. /
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[PROFILE OF A SURFACE - UNILATERAL & BILATERAL UNEQUAL DISTRIBUTION|
VP -2 T & KR /37185 43 )

Profile tolerancing can be applied equally or unequally about the true profile. If the leader arrow from the feature
control frame points directly at the surface the profile is equally distributed. If an unequal distribution is required
two arrows are used to define the width or direction of the tolerance zone.

T R 2 2 72 T LA A5 BN BT 458 (0 I Y 38 BCS B 0 o dp SRR AE P RME 5 | L R0 355 S BB R 1) iihf, 8 1
SEMICH o AUREER —AAF 0BT, I AN Sk SO 22 DO 6 RE BT [1) o

THISON THE DRAWING

(T [SJoos [aTe}, o]
XHY . /1 : /‘1’__‘(

R 240 s _i_
¥

e - T
1000 o
x B X%
UNILATERAL TOLERANCE UNILATERAL TOLERANCE BILATERAL TOLERANCE
(OUTSIDE) {INSIDE) UNEQUAL DISTRIBUTION
ARIGEN T AMID ARIEN 2 QM) AL, AEE4R

NOTE: TRUE PROFILE ISDEFINED BY BASIC DIMENSI ONSAF: ELSz#BRHEA R e X

0.006 7 72 5 I8 73S 21 1L SR8 38 1 a )

0.006 7> Z= X J5 7y e 1) 3L S R (K A0

MEANS THIS 006 TOLERANCE ZONE
008 TOLERANCE ZONE DISPLACED TO INSIDE
DISPLACED TO QUTSIDE OF OF TAUE PROFILE
TRUE PROFILE s
I 494- 500
| 500-.506 FEATURE
k\ FEATURE LOCATION
LOCATION [
i i B E B
I ool i
{1.000} T X B8 !
el -I—1m .99'4‘11Um
1.000-1.006 FEATURE LOCATION
FEATURE LOCATION
UNILATERAL TOLERANCE | 4y e /1
#4925 |UNILATERAL TOLERANCE (INSIDE) ¥ - ‘*ﬂ‘;
I
2= CHMID ( €) 008 TOLERANCE ZONE TOTAL Cref
[ {.004 DISPLACED TO OUTSIDE}
— (002 DISPLACED TO INSIDE)
OF TRUE PROFILE \
| soa-s04 | ML 0.006 AZEXIEH (0.004 F}HCAEELSE
FEATURE AMi) (0.002 43HC 7 B !
008 <Jl— Eoalililce B BR A I A FL SRS BRI D
004 —=fl=— I BILATERAL TOLERANCE
RHIEDC I UNEQUAL DISTRIBUTION
9498-1.004 : N
FEATURE LOCATION KRN 2, NG

In some cases, where it is not clear as to the type of profile or the direction of the tolerance zone displacement a
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note may be added under the feature control frame. The note may read UNILATERAL OUT, UNILATERAL IN
OR UNEQUAL DISTRIBUTION. This method may be necessary when working with solid models, untoleranced
drawings, sheet metal parts or where the drawing specification is unclear.

HE—SSAHULT, S0 T8 B0 L AR SR I B8 2 X SRS A7 1777 1) ANT E R M7, P DAERPAE S RIAE T I — MR
VERERTTEAR “ BaLsMm”, « I B, CAEEDEC”. RS, RARR A ZERIIE, AT e RS
AN RIS, XA TT IS DT 1

ICOM POSITE PROFILE ~TWO DATUM FEATURES/S &% B8 B - i N 4541

The upper entry on composite tolerancing controls location to the DRF. The lower entry on composite tolerancing
controls size/shape and orientation (perpendicularity, paralelism or angularity) to the DRF established by the
specified datums.

15258 ZE bR LR LI 4% H 4206 DRE RO S0 22 (0 T 1 A 4% B P RS OB h 48 e SE g 57
(1) DRF 7 (L, PAT L EBUREE .

E 020 |A B , CAM BLOCK

THIS ON THE : 8
250 * 004 —e [.-_

DRAWING

1.988
1.200 1 £43 ' T 1.556
l 600 772
S 8 (S }
400

\ T \— 2X @ 343-002 u
\ \ | (&[] oo @[a]E]
aeze RS SERAT N

a - 3.200 [EEE ST
2X b 120 o\ AT
7 (R0 Em E
[(@[Z 001 @A ] e ALL UNTOLERANCED DIMENSIONS
ol ARE BASIC
0.020 X IkIEAAH
i o 0.001 X 43 AAH XS T~ DRF & Inl. ‘&7 LA E
MEANS THIS | %} T DRF &/ -001 ZONE IS BASICALLY ORIENTED TO THE DRE. IT ot g -
ol MAY MOVE UP AND DOWN, BACK AND FORTH , BUT | N30, HIJRH3). (AR LA T
NOT TILT OR ROTATE RELATIVE TO THE DRF . . ;
235 ;EIEL[J)-;FLDCATED ESTABLISHED BY DATUM FEATURES A AND B, _] WERFIE A 1 B #71Y) DRF Wi Bk etk

N s ]

O DRE
/7‘ ESTABLISHED IN DUHEHERSGE A I B
/ ORDER BY DATUM

FEATURES A AND 8, {197 FE 2 571 DRF.

. \

o
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The composite tolerance specification above alows the .001 zone to “float “up and down and back and forth
within the confines alowed by the .020 zone. The .001 tolerance zone, however, may not tilt or rotate. The datums
in the lower entry control the orientation (parallelism/perpendicularity) of the .001 zone relative to the DRF
established by datum features A and B. the surface of the part must lie in both zones simultaneously and meet both
requirements.

1 BT 526 A 2056 FuvrAE 0.02 I IX S8R I B A7 0.001 (1) |, F, #I, JEv7sh. 4811, 0.001 )2 Z XI5,
AR R . T4k B FRAERE ] 0.001 X IgAHX T B FHE A Fl B @021 DRF 1750 CPAT /4R B
(I 2 C O T i VA R P R 1 S R e N o e

[PROFILE OF A LINE — BILATERAL /£ B B Ui ]

The concepts for profile of a surface and profile of aline are identical, with the exception that profile of a surface
is three dimensional and profile of a line is two dimensiond. Profile of aline is often used in conjunction with
profile of a surface as shown below.

T3 T T AR AR R0 S e =R IR, T — 25 B I R0 30 B P YRR LA AL, T THI PR 30 MR - A — 2 S (1 40 3 MR 2
T RER) o AR KRG R L L2 RS THI I 73S £ ot F e i — ke

Profile of a surface defines the shape or location of a feature, and profile of aline is used to refine the feature in
one direction, as in extruded parts. The line elements apply in the view in which the feature control frame is
directed.

[t B B E S MR T AR AL B, T — 2 B8 B8 B T T4 — N7 ) L5 SCRFAE, A — AN
TR AR N ITR, ARG 1 .

Sozo[alg]x—==v
} SYMBOL MEANING
THIS ON THE iﬁ 006 | AlB[X==Y

DRAWING
WITHIN .006

l-
IN RELATION TO THE [:um:umx
| 1.000 ] - REFERENCE FAAME WHICH IS
v ESTABLISHED |N ORDER BY

DATUM FEATURES A & B.

THIS FEATURE
FROFILE OF A LINE

KT LAFEAERAIE A FTB (1
ALL DIMENSIONSBASIC U e 57 1 F VR T 2
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T i) 2% 70 % b A T — AN A
DRF 5E 7] [ —4E 1 0.006 232 X 15 H

ANY LINE ELEMENT MUST LIE WITHIN
A TWO DIMENSIONAL .006 TOL ZOME
i WHICH IS ORIENTED TQ THE DRF,
e —— ﬁ T —
//- e \1 r \Thedttr—"1

T +
Ex
\ / |
PRt

ALL ELE;!&I':QTE MEETSALSD LIE WITHIN
. N A 020 ILE OF A SLURFACE ZONE
P JCRER WA, T—~ 0.02 | EQUALLY DISPOSED ABOUT THE

56T SUSRAL By R i | TRYE PROFILE.

A 3 il
R X DATUM REFERENCE
e FRAME ESTABLISHED
E— IN ORDER BY DATUM
T FEATURES A &B.

MEANS THIS

CoRLE g e 54 =
[=]| = N Y - /)
DIMENSIONAL 006 WIDE VLZEHERFAE A A1 B I
TOLERANGE ZONES JF ST ) FEvE 2 B AE LY
EQUALLY DISPOSED

ABOUT THE CROSS
SECTIONAL ELEMENTS OF
THE FEATURE IN THE VIEW

SHOWN.
LRAGER I — R T4k 0.006 WA ZEX I, /

SRR B BL 7R (R R (R B A T e 38 24500 i

Each line element of the surface must lie between two profile boundaries .006 apart in relation to the datum
reference frame. When used in conjunction with a size tolerance or a profile of a surface contral, the surface must
also fall within these specified limits.

[T ¥ B — 2R T 38 AL UL TS G TS JEAE AR EE 25 0 0.006 (156 BRI 2 1] 4 A —A RF A Z2Eith
TS R A TR — DA IR, o T 0 20U T I 4 o RO AR R

[POSITION TOLERANCING/KL ]

Position tolerancing is used for locating features of size. It defines a zone within which the axis of a feature is
permitted to vary from a true (theoreticad exact) position. Basic dimensions establish the true position from the
specified datum features as well as the interrel ationship between the features.

BT R ALRTRAE o B AN X, AEIXAS DBCTURHAE AR AR VF i — DS (BRI
A FEARR S ddR i AR AR g B, DUSRRIEZ R AH LG R
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THIS ON THE DRAWING e
8 3]
+.007
4X @531 goo
L[ 005 [aTe] [&l@ o @YaTE][c]
{
| \ APPLICATION
1M /'!'1 " Part mounts in assembly
gﬂsudacasshcunh The
oles provide clearance
5 | A + | for bolts.
f PL3E N W oOR
005 [A Y il T W
F, FLIRE
B 1 I
£7 | 005 ]
(ESEAHIA T DRE 2 B KSR 1 T 1L
MEANS THIS (LA T —AN AR A 0.0 [f)/A 25 XL,
THE AXES OF THE HOLES
- LIEWITHINA 2010 TOL ZEHETAT
MMC BASICALLY LOCATED AND
ST o o ORIENTED TO THE DAF.
A,B F1 C (1)
o |~ PRODUCED PART
B A ‘ T
%
A {
DATUM A 4 4 A
REFERENGE (200
FRAME f"@ f'q I'
Seonee D Ll o)
BY :
DATUM ==
Siamnes A,
C.
L DIA FEATURE | DIATOL
THE SIZE OF THE SIZE ZONE
POSITIONAL TOL ZONE 529
_ DEPENDS ON THE ; pit
NOTE: For more - SIZE OF THE HOLES. pict b
information on effect of SEE CHART. ] ITE
modifiers see EFFECT QF - S 1
MATERIAL CONDITION BEF L A 22 DB Pl o
MODIFIERS earlier in text. HABILIGRAT . 3R =2 =

T R BT EIESRT 2 1045 BE 2 W AT
SCPTB AR A B IE AT IR 50
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POSITION TOLERANCING I8 A Zh

Position tolerancing related to datums controls location and orientation to the datums. In this case, the position
tolerancing controls the perpendicularity of the holes. The axes of the holes may shift or tilt as long as they lie
within the positional tolerance zones.
IREEAE AT DGR AL B FE A ZE bR 5 et TS UE A A7 BT ) o FEIXAMTEOL T, AL B BERHIALI) 8 R . ALY
Bl ey A B XA B B R AR
FPOSITION CONTROLS
FERPENDICULARITY. THE

ACTUAL AXIS OF THE HOLE
(SIMULATED BY A PIN) MAY

DATUM SHIFT OR TILT WITHIN THE
E&Eﬁ FEENCE POSITIONAL ZONE.
ESTABLISHED
IN ORDER BY 7B AR E . f)
Ran IHRES (LI A T8
i U T LA (L A 22
DL 3 o o E [, A ol A
A,B FlI C 1)
4 i 3 j 5 |
ES IR AESE / U
—- g&%ﬁ%ﬁﬁ.ﬁ%ﬁﬁ AT MMC.

THE HEIGHT OF THE ZONE IS
EQUAL TO THE LENGTH OF
THE FEATURE,

THEORETICALLY EXACT RS AR A A S
0.01 Fi 53 A 1 o7 25
sk | POSITION : E’j!*fﬁ&%%
N ZEX . DX IR
FEAETRAAE A
FUNCTIONAL GAGE FOR
POSITIONAL CALL QUT HAXT T HMESTMEREMAE | ax @531 +$;
S /X alR=s Ny S N =
Jp— [ 4x FAE 0519 HEHUTH | [gT@ o0 ®[ae]c]
=R 4X @519 VIRTUAL SIZE
MERA /  PINS BASICALLY LOCATED
AND ORIENTED TO THE
/ DATUM REFERENCE
FRAME.
NOTE: A functional gage
- Is a good tool for
l / | understanding a position
A requirement at C. The
l [ / pins can be thought of as
3D solids at a basic
location that the holes
must clear.
g-:%z MSHHFACES SIMULATE THE
= AT N EFEREMNCE FRAME . ok e LAtk
SR ERME | ESTABLISHED BY DATUM FEATURES " ;jj zfﬁ%ﬂxﬁﬁﬁfg "
FRIE A,B F1 C #3711 AB&C. SOA W IjJF{ai%JLE*
Y 2 i HE 2 MFT R W el 2L
7B AR AE RE 1) 3D SEAA
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Shown above is a sample functional gage that will verify the position call out. In addition, the size of the holes
must aso be verified. This can be completed with a simple go-no go type gage. The functional gage is shown for
information only. Paosition can be verified with many other methods as well.

TUA b SOREE— DRI RE AL, RrRUEAL B . 04N, LB RS WA JiE o 1K m] LU —AMfi] S 1
MHARKAE . DREE A G B 2os. A& W a2 0 e 7 ikt

IPROJECTED TOLERANCE ZONE APPLICATION/ A Z KRN A

All geometric tolerances applied to features extend for the full length and depth of the feature. In some cases it
may be necessary to “project” a tolerance zone. The projected tolerance zone concept will “project “a tolerance
zone out of the feature by a specified amount.

TP N FH BUREAE R LA 2 22 SEAR BVRFAE R A A FE AR B . — 281500 T, BO¥— AN A ZE IR B . #
O 22 DI R T i 2 BURAERA R Z AN B — D A ZE X

Where the direction of the projected tolerance zone is clear, only a symbolic call-out and height dimension is
specified in the feature control frame. Where the direction of the projected tolerance zone is not clear, the
symboalic call-out for the projected tolerance zone is till placed in the feature control frame following the feature
tolerance and any modifier. The dimensional height of the projected tolerance zone, however, is shown in the
drawing view with a heavy chain linethat is drawn closely adjacent to the centerline of the hole.
1B 2 X85 Tl i AR 7 A — 455, JF Hos B RO AERAE S IME BB R € o U8 A ZE X7 1)
ANTEMTRITT, BEE A ZE XIS AT SR AR RAE SRR, JFRBEE FHE A ZZAMEIERT . SR, O A%
DI 2 ) e R AE TR B IS L s — ML RE 2, R LD

U BRI A ZE I

HEIGHT OF PROJECTED TOLERANCE SHOWN IN DRAWING VIEW.

A
4% @ 375-16 2B UNC THD

E P NICIRE ) e

LT DATUM PLANE

The projected tolerance zone concept projects J
the tolerance zone out of the feature to the

height indicated. This projection will ensure U @@
the assembled screws or press fit pins will be

in proper location in the installation. =

PO 8 22 XL S AR IR A 2R RE 1 i e B A 22 X #% -—J ~=— .502 PROJECTED

SR AR BT S TS T PO 746 2 5 038 24 [ TOLERANCE ZONE
- PG 2K
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In an open set-up, the pitch dia
location and the projected tolerance
zone may be checked with threaded
gage pins. Position at MMC may be
checked with “go” threads and are
allowed to be "wiggled” (tol on pitch
dia) into position. RFS may be
checked with gage threads that have
slits that expand into the thread

/ EXPANDING THD
FOR RFS
allowing no wiggle. "GO" THD FOR MMC
AT ABCE b, 9 EARCE R 2 22 X I5n] DLRRSONAS A5« e KSR %
PERALE AT LA 38 “IRguia e, JF ARV B TR BN A2 “#3)
“o RFS LU PO IRSORKG &, JXLL D) LB A SO VFFES) HIBREL .

ICOM POSITE TOLERANCING IS SPECIAL/E & AZR BRI

Composite tolerancing can be applied to both position and profile tolerancing. The position or profile symboal is
entered once and is applicable to both horizontal entries. Composite tolerancing has a different interpretation than
two single segmented feature control frames.

1535 N ZERR T Re N T BIAL B FEFNRC R A ZEbRid o A7 B SEFN R B AT S AN — I, IF H N BIASIKF 5%
Ho ZERZESREMPA PARFRIESRIREAT EE, A AN O ARRE o

The upper segment on a position composite feature control frame controls location and orientation to the datums.
The lower segment on a position compaosite controls location between the features but only orients (not location)
the features to the specified datums.

TAEAS . JE 52 R AL 47 TRUMEE F L 0 42 S 280 R ) (5 B R0 7 1) o T TR P8 23 Bk 17 42500 T i 7 VR PR AIE
FIT7 1) CARALED BASh, FEHIRE 2 W) 7

In contrast, al single segmented position frames control both the location and orientation between the features as
well as the specified datums. Two single position segmented controls are interpreted simply as two position
requirements.

155 REAREE, P SR g ) 067 S A 42 TP AGE LA A 3 S B 2 TR R A7 AN T [ o A B 57 5 8 73
2 T 5 P10 AP Ry AL K

DIFFERENCE BETWEEN A COMPOSITE TOLERANCE AND 2 SINGLE SEGMENTED FEATURE
CONTROL FRAMES — M E & 2 EZM H A B M 2 & W 8H T & & £ 0 =

55

Goeway eBooks ;]
)\//vww.goeway.cn

TR T




#
3
=
=
S
=

www.goeway.cn

COMPOSITE POSITION FRAME | 2 0 LB A ZEHE (fr Lﬁ ) %Bﬁu\?i%ﬂfl‘a—*r@ ]|
(SPECIAL TYPE OF VSRR ALIED) A LA PR BT 1)
POSITION)

P aa UPPER SEGMENT CONTROLS
LOCATION AND ORIENTATION OF

POSITION SYMBOL IS

ez st M o800 Wals c] FEATURES TO SPECIFIED DATUMS.

APPLICABLE TO BOTH @ 010 M)fAlB

HORIZONTAL SEGMENTS.

LOWER SEGMENT CONTROLS BOTH
IR ERE PN N TH 4% H EREE 2 ) #EC‘;TIGN AND ORIENTATION BETWEEN
— BHAIOE || MBCERUTR, BT | JacTEATURES BUT ORIENTATION ONLY
Fig 2 O FEE sy 1)

TWO SINGLE SEGMENTED FRAMES| 1 /> B il (1) HE
(SIMPLY TWO POSITION e A T A THIS SEGMENT CONTROLS LOCATION
REQUIREMENTS) %( i # E/]'ﬁ‘] | AND ORIENTATION OF FEATURES TO

7SRO SPECIFIED DATUMS.
POSITION SYMBOL IS & .030 @A lE]C S AT S T4 e
e e = g ] W) s ] | x (PR TR 2 104
HORIZONTAL SEGMENT . R REAE R A7 R o)
A e R A T O e
SPECIFIED DATUMS.

The difference between the terms location and orientation should be clear. Location locates features and is
associated with basic linear dimensions. It can aso include orientation. Orientation, on the other hand, is not
associated with location or with basic linear dimensions, only basic angles. Orientation is usually thought of as
paralelism, perpendicularity or angularity. The composite concepts explained above apply to both position and
profil e tolerances.

IARE AL ERNTT 1) Z TRV FRIAN R A2 RE K B IR E AR AL, TF HNEEA et RO A OREG . e da
Jilile 53— 500, J7 W AN E SREEAR LN R ARHE,  HOMIEA A FEASCHR . 7 100 0 W AR S PAT S,
e L ERBURE o DA B S A5 MR AR IS 1 P 7 N R A 2

ICOM POSITE POSITION TOLERANCING — 1 DATUM FEATURE/S &R 8 B A Z-— AN BRI T

Composite positional tolerancing is a special method of locating holes. The position symbol is entered once and is
applicable to both horizontal segments. In the example below, the upper segment locates and orients the holes to
each other and the specified datums. The lower entry locates the holes to each other and orients (in this case,
controls perpendicul arity) the holes to the specified datums.

1535 B ZERRE e — AN e SLII R 1 7 ik o AL BEART S N — I, I HSH B BAN A1 18 23 503840 o
FE N7 B, 0T I8 iU g O BEUE, Lo PR o e L@ AL A e X THRE I HEHE, HIXS T
FegfLNTs . (FERXFMEOLT, B, T4 HxfLE.
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THIS ON THE DRAWING

ax gsat Foor
Gy B o
| |
N N N
4 e
16 N i
[E] ¥ & !
'
APPLICATION

Composite ﬁositicnal tolerancing can be used where the
e holes are important to each other, but the

relation of the holes relative to the datums are not as

important. This might be an application where a switch or

location of t

QO

010

bracket attaches with the holes but the location of the
brackel or switch has less importance to the edges.

BB LN A ZEARTE BENY FIAE AL AR L2 o) A 5 B 3 5,
T AUATDRT T HEHE R % R A AT 23X A AT BE A — NI OC B

FLIEAE RIS, (R SRETT SO A I B AR 2

MEANS THIS

0.03 HARAZIXIMELL (PLTZF) %
A ES T HEUE S BEHE S AR 7]

DRF

yaa

THE FRTZF MAY SKEW, ROTATE AND/OR BE

DISPLACED WITHIN THE CONFINES OF THE PLTZF

THE AXES OF THE HOLES MUST LIE IN BOTH
ZONES SIMULTANEOUSLY,

FRTZF W] RERRE, g A/sliu PLTZF i Rl .
AL RVl 0 200 ) B A A X

THE .030 DIA PATTERN LOCATING
TOLERANCE ZONE FRAMEWORK (PLTZF)
IS BASICALLY LOCATED AND ORIENTED

TO THE DATUM REFERENCE FRAME.

THE .010 DIA FEATURE RELATING
TOLERANCE ZONE FRAMEWORK
(FRTZF} IS BASICALLY LOCATED AND
ORIENTED BETWEEN THE FEATURES
AND BASICALLY ORIENTED
{PERPENDICULAR} TO THE DATUM
REFERENCE FRAME,

(PFLANE A) Y

57

Goeway eBooks
wWww.goeway.cn

asn

TR T

R 22 X 5k AE
2 % 0.01
) H & AE
(FRTZF) JEA
b AR AE 2 1]
SEALAE R, I
H A X F
B HE S HE 42
CEH AE T




www.goeway.cn

#
&
=
=
S
=

2030 (MJA [B]C]=— THE UPPER SEGMENT SPECIFIES THE PATTERN LOCATION TO THE
b SPECIFIED DATUMS.
I —ATHRE X T e e FEE R A B AL B
THE HOLES MUST MEET NS N
BOTH REQUIREMENTS | LA L I~ 2EK
FIAST:
THE AXES OF THE HOLES
1. PATTERN T TR WITHIN A 030 DIA
REQUIREMENT / WS LIS WITHI
@ Y L
- ; i i
REER I 4 7 { E':l DATUM REFERENCE FRAME
2.000
Ie ’Q 7] ‘)-l’! i,
L/ 1 : N
z/_ FLIIEAAE MMC IR T
DRF ESTABLISHED [oeg) | —TEAR0.03 ML A X
Sy A 000 B, XA 25K A 0
FEATURES A B & C, .
{1.000] T L2 JRATE 5 47 .
TE BRI AB

F1 C ¢ 37. DRF

FEAE D) RERL I

SAMPLE FUNCTIOMAL GAGE,
The composite conlrol requires two

checks. Shown is a sample functional
gage to verity the upper segment. The

s must also be verified for size,

5 T

4X .499 DIA VIRTUAL SIZE
PINS AND BASICALLY
LOCATED TO EACH OTHER
AND THE DRF,

e

4 NHEAE 0499 KIS
BT, I HIEAX T HAZ

A RIS R MG A O TR B A 2%,
KR IE— MR DR R L. FLIL D ZRIE R .

L]

—_——

@.010 (M) A

[H] 11 DRF 3 [f].

N AT R E SLR PR EESR AN AN LSO T 7 B A REUE K 2 17

THE LOWER SEGMENT SPECIF|

ES THE HOLE TO HOLE REQUIREMENT

AND THE ORIENTATION OF THIS REQUIREMENT TO THE STATED

DATUMS.

H

MMC AL R4 2547 T 0.01 EARRHEAHSC IR (L9l B,

2, FEATURE RELATING
REQUIREMENT

RAAEAR SCEEK

SECOND:

THE AXES OF THE HOLES MUST LIE
WITHIN A 010 DIA AT MMC FEATURE
RELATING ZONE {(HOLE TO HOLE). THIS
FEATURE RELATING ZONE IS
BASICALLY ORIENTED TO THE DRF.
SINCE DATUM A IS REFERENCED IN

THE LOWER ENTRY,
PERPENDICULARITY IS ALSO
ORF ESTABLISHED CONTROLLED.,
BY DATUM . , .
FEATURE A , !,/ AR AR LA L3 T DRF . BEARIE
> N A SINHEMAH, EEBEBEN.
i L UE A 7 1 DRF HEA S FHM&H
..,,m__] 4X .519 DIA VIATUAL SIZE PINS
y o BASICALLY LOCATED TO EACH
ﬁ ﬁ— IjJ He = A OTHEH
M, Gorme | SAMPLE FUNCTIONAL GAGE ; : -
. : . | Shown is a sample functional é g 4 AN EAE 0519 (RS 4E T5&E
FUTHIHIEE | gage for Ihe lower segment g & A T
FETRE R

Since the MMC feature modifier is s

the pattern and hole to hole specification as the holes depart from MMC.

pecified, additional positional tolerance is available for both

BEAR T E MMC REAE IS 175, 549U 35 MMC I, 58 -5 B R1FUA 7L 0L T 73 S A R B HE 4 2
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COM POSITE POSITION TOL ERANCING -2 DATUM FEATURES/E & RIE B A 2 - TN EEHERE|

Composite position tolerancing can be applied with two datum features in the lower segment. In the example
below, the upper segment locates and orients the pattern of holes to the datums. The lower segment |ocates the
holes to each other and orients (in this case, perpendicular to A and paralld to B) the holes to the specified
datums.

ISBGALEFEA AR N - BN 147, A AN EHERFE o 76 T I 5, B —A7A TR e L
BB SEALRIE 1) o A7 A T I e R FUROR iR e S E R AL T ), WLERL (FERRFEALT, T A
38 ELE AR T B HPAT D

+.007

IHLS—QHMM 4% @531 -002
@ .030 alBlc
/v ¢ @ 010 %A B ] r—@
|

2 19 9 1 e
*

APPLICATION
Composite positional tolerancing with 2 datums in the lower
segment can be used where the location of the holes are ol
important to each other, but the relation of the holes, relative ““O
to the datums, are not as important. The group of holes, O
however, may shift back and forth and up and down but
may not rotate relative to the DRF as much as specified in
the upper segment. This might be an application where a i— NAME PLATE
name plate attaches with the holes. The location of the
name plate or gage is unimportant, but it can not mount i

crooked or skewed.
TE N AT A FEAE 1R 5L B S A 25 v] R FHAEFLIOA B AT 2 [ S 23 Ty, (A
IR LR AR ATEE, R, XL LAaTE, L83, {HEA LAY T DRF JiE
¥ EH—ATIHRENI AL . XGEE— DM B FLM T BN o 4 el 3 ) A B AN T2,
RS AN AT B RS 1R B T o
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0.03 HASA B X (PLTZF) A

X REE S EAE B 5 m) g AL s
THE 030 DIA POSITIONAL ZONES
(PLTZF) ARE BASICALLY LOCATED AND
ORIENTED TO THE DATUM REFERENGE
e Py FRAME .
vy LS
2000 200
| £
1_F 3 6 THE 010 DIA POSITIONAL ZONES (FRTZF)
} ARE BASICALLY LOCATED AND QRIENTED
TO EACH OTHER AND BASICALLY ORIENTED
y (DPERPEND!CUI.AH AND PARALLEL) TO THE
“ ATUM REFERENCE FRAME. (FLANE A AND
i i PLANE B) BASIC DIMENSIONS ARE
UNLOCKED TQ THE DATUMS.
up
O THE FRTZF MAY MOVE UF AND DOWN OR LEFT AND RIGHT
o i WITHIN THE CONFINES OF THE PLTZF BUT IT MAY NOT SKEW
NG ROTATION OR ROTATE. THE AXES OF THE HOLES MUST LIE IN BOTH

ZONES SIMULTANEQUSLY. THE AXES OF THE HOLES MAY
ONLY ROTATE WITHIN THE CONFINES OF THE FRTZF,

FRTZF v LAZE PLTZF FIBR I b N ek A2 A 80, AHEAN T DUmAtE e . L5020 R AL T AN X
W . FLIEN T LE FRTZF (9 BR 6 g 4% .

DOWN

0.01 HARRLE LI (FRTZF) FEA EHAMUEMANUGE [0, JF HIEAN THAESIHEE 1) (TR H AT
JE)o CFin A R B) HEA RS THEME R TT

@030 (MJaB]C]=—— THE UPPER SEGMENT SPECIFIES THE PATTERN LOCATION TO THE
& SPECIFIED DATUMS.

T 0 T R PR o R LA A

THE HOLES MUST MEET

BOTH REQUIREMENTS FIRST:
o R THE AXES OF THE HOLES
LRI R P4 B L MUST LIE WITHIN A .030 DIA
1. PATTERN AT MMC PATTERN LOCATION
REQUIREMENT @& ZOME THAT IS BASICALLY
L/ LOCATED TO THE DRF.,
BT R P
D, {y $— FLIALATE MMC I
//— r T 0,08 AL BB
DRF ESTABLISHED S B M A T DRF 52 4
BY DATUM m
FEATURES A.B&C.
A
ik FEAERE A, B,C EE5L () DRF

4X 499 DIA VIRTUAL SIZE

v PINS AND BASICALLY
SAMPLE FUNCTIONAL GAGE. / LOCATED TO EACH OTHER

The composite control requiras two ANDTHEDOF,

checks. Shown is a sample lunctional 4/ 0.499 BRI FRY,
gage to verify the upper segment. The
holes must also be verified for size.

DD

A HAHZ [ RIS T DRF SEfir

P ThAE R
SRS ORI TR L AT
FORE PEDDRE RERE. LI JR Tt 25 B i

60

Goeway eBooks
)\//vww.goeway.cn

TR T




Www.goeway.cn % 61 ur 4t 82 nt

! I THE LOWER SEGMENT SPECIFIES THE HOLE TO HOLE REQUIREMENT
AND THE ORIENTATION OF THIS REQUIREMENT TO THE STATED

&

1010 MAABY =—— HaTums.
N 4748 8 LT LA ZE SR FIX AN ZE SRt T B B 1 v 1 52 1)

2. FEATURE RELATING SECOND:

REQUIREMENT /_ THE AXES OF THE HOLES MUST LIE

S s b A G WITHIN A 010 DIA AT MMC FEATURE
RELATING ZONE (HOLE TO HOLE).
DRF ESTABLISHED BY THIS FEATURE RELATING ZOME IS
DATUM FEATURES A & BASICALLY ORIENTED TO THE DRF.
B. THESE ARE 5 SINCE DATUM A AND B ARE
ORIE REFEREMNCED IN THE LOWER ENTRY,
v G [2.000] PERPENDICULARITY AND
PARALLELISM ARE ALSO ¥
{BASIC DIMENSIONS CONTROLLED.
TO DATUMS
UNLOCKED)
—
Y T G 4X 519 DIA VIRTUAL SIZE PINS
PR e st " BASICALLY LOCATED TO EACH
SAMPLE FUNCTIONAL GAGE ——— o 0 9 4 OTHER

Shown is a sample functional gage for the
lower segment. Fart must contact datum Vri yzi Hi"' PEE e
A and B. The gage rail allows movement up 4 a1 UT & DOWN PARALLEL
and down oriented parallel to datum B. Pan = -4 TOORIENT PART.
may also slide back and forth on gage rail.

— - . — : 4 NHEAZ 0519 [N
R — AN TR IR 4 O RE PR D R R . 0t R
GURIEHE A B Hefih. RERL AU VETAT T AT I 1
B L FEah. EM A LI E S SR EHE 8. HEFRE.

HHIEHERRIE A FI B #8571 DRF, iX
i S5 MMC INALIRUBIAS AL T B 42 0.01 HURFAEAT b b
e L1 RL ST 52 ) O 4T FF (0 U A AL 2 A T T 4 (R A X 35,

KA J S B CALAALD e IEANMFFAEAR S DCFEA L X T DRF E [ o
BEARFEVE AR B Z IR I 4 H S B2l 3 HLRERAT

Note: if datum C were aso entered in the lower segment, the interpretation would be the same. Since the lower
entry is orientation only to the DRF, datum A and B are enough to establish complete orientation. The addition of
datum C would be redundant. Since the MMC modifier was specified, additional positional tolerance is all owed
for both the pattern and hole to hole specification as the features depart from MMC.

FE: WnRAE R A A A FEAE C, PR FIRER. D0 R 46 H X DRFGE R, JEiE A NI%LHE B
JELNEST SR T 1) o BANAAETE C 252 2R 1. BEATEE MMCZIERT, X T fLAILFES R & MMC (1)
FRFAEFO RS SCVF BRI AL B A 25

[POSITION TOERANCING —2 SINGLE SEGM ENTED FRAM ES/f B A 2 BN S I4 SIE]

In some cases, there may be a need to apply two single segmented position feature control frames to a feature. The
part below illustrates this application. Single segmented position frames simply control position and orientation to
the specified datums. Multiple single segmented frames may be used and datums are added or deleted as required.
[— S BU , AT REA NS T —ANRFAE T A B 73 S PR 7 B AR A2 A A0 5 5K o T T ) 22 P s Y ]
BRI R 23 0 0 8 EME TR AR AR R TR e FEUE R T 1) . T U] 2 RE R SR FIME O ELAR A SR EEUE T
P L sl
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007
THIS ON THE DRAWING aX ©531 Hop

& @ 030 M{a]s]c]

@]g o0 @A

be, T

e

2 1Y *
1.000 f
IV H]
APPLICATION
Two single segmented feature control frames can be used A
where the holes are important to each other. The holes are 3 0

also more important to the datums in one direction than the
other. The holes can move back an forth in a group but up o
and down the relationship is tighter.

PSS T BRI P HRIME BB T Lo Tl B TR S A Ty o X T AT TS f L S T L LA TR o 3h, MANRE B PR 3)

LA 0.03 A7 B 43 22 DIBEL AR T R ME S JEMERE AL AE 1)

MEANS THIS
THE 030 DIA POSITIONAL ZONES ARE
BASICALLY LOGATED AND ORIENTED
(I\ i TO THE DATUM REFEREMNCE FRAME,
THE .010 DIA POSITIONAL ZONES ARE
2 000
BASICALLY LOCATED AND ORIENTED
IS L™ i TO EACH OTHER AND BASICALLY
2+ 2 2+ LOCATED AND ORIENTED TO THE DRF.
SINCE THIS IS TWO SINGLE
A ; SEGMENTED FEATURE CONTROL
; Y ] FRAMES AND NOT COMPOSITE. THE
Eﬁl?mné MENSION APPLIES TO
DRF —
1\
THE .010 ZONES, AS A GROUP, MAY MOVE LEFT AND RIGHT
O m‘éﬂ[e? EPCE : EIEEGS DFTTHE .030 ZONE, BUT ARE
. i WHN TO DATUM B. THE 010 ZONES
G REEREN o MAY NOT SKEW OR ROTATE. THE AXES OF THE HOLES

MUST LIE IN BOTH ZONES SIMULTAMEQUSLY AND MAY
ONLY ROTATE WITHIN THE COMFINES QF THE .010 2Z0NES,

0.01 fAP<Ik, 24—, nILAfE 0.03 DI A 3, HAEX THHAE B L FER . 0.01 BIA ] LMBURRE R, o AL 52 25T R I
LT PIASDIE,  JF H AR 0.01 [R B g

0.01 ELAR A7 E JE X IMBEA L AHRE (L ANE ], IF HABBLAK] T DRF EALAIGE o WEARIZ A PIAS F I 20 T I RAES= HIME, AR E A, &
AR EIBHE B

|POSI TION TOLERANCING —-TWO SINGLE SEGMENTED FRAM ESl
VA B B A EARVE BN IR IR 2 BUAE |
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® | 3030 (M)A |B]C|~— THE UPPER SEGMENT SPECIFIES THE LOCATION TO THE SPECIFIED
- DATUMS N ‘ .
& TS e AR A B
THE HOLES MUST MEET | s THE AXES OF THE HOLES
MUST LIE WITHIN A 030
BOTH REQUIREMENTS MUET L WIThEY R 030
ZONE THAT IS BASICALLY
L0 03 S A /] LOCATED TO THE DATUM
e 3/ O REFERENCE FRAME.
I}j‘]/l\%*" EGW w N
A X [ FLI B AT MMC
N N\ 1 \ yopiay
DATUM REFERENCE r I 9'93 Eﬁ“ﬁ’: %
FRAME ESTABLISHED —- B, XA IEEAR T
BY DATUM FEATURES %?ﬁ%ﬁﬁ*@ﬁfio
A.B & C AS INDICATED —Looo]
IN THE UP
CONTROL. '\.
4¥ 499 DIA VIRTUAL SIZE
SAMPLE FUNCTIONAL GAGE. g b PINS AND BASICALLY
The above control requires two / LOCATED TO EACH OTHER
checks, Shown is a sample & AND THE DRF.

lunctional gage o verify the
upper segmenl. The holes
must also be verfied for size,

A4 B4R 0.499 19U T4,
AR HAH 2 [A] K1 DRF % i

FEAT LD RE R

LA RN & B — 4
AR LT AR D RE R . AL B ZRIE

FLUES: IRONE iy fun b 3 S s g 2

ol
5

@ 010 (M) alB

HEEAE A, B I C o

T ER T R R ME A B R

THE LOWER SEGMENT SPECIFIES A LOCATION REQUIREMENT TO THE

STATED DATUMS.

DAF ESTABLISHED BY
DATUM FEATURES &
AMD B AS INDICATED
IN THE LOWER ENTRY.
BASIC DIMENSIONS

THE AXES OF THE HOLES MUST LIE
WITHIN A 010 DIA AT MMC LCCATION
ZONE THAT IS BASICALLY LOCATED TO
THE SPECIFIED DATUMS,

LIS LA T MMC B H 4%

APPLY FROM X ] o )
DATUM B. 5 umi 0.01 7 & X I L, 35X AN DX ks i)
— 3 X4 1 AT .
FHan R T4 H B R &)
RIS AE A I B 4 ﬁ
Q?EDZ:B%ART ' . 1.000 4% 519 DIA VIRTUAL SIZE PINS
: ~ BASICALLY LOCATED TO EACH
A OTHER AND DATUM B.
SAMPLE FUNCTIONAL GAGE & g}
Shown is a sample functional gage for the r-m . .
lower segment. Part must con?ac% datum A _é; _é? BASIC DIMENSION HA T R £
& B and can move back and forth on gage APPLIES TO DATUM B, | J9B. e
Fal: — FIXED RAIL ON GAGE. | p oy
FEARDIRE R R E— AT A
ZEHIREEThRE R M. 2 F D S FE v 4 ANEAE 0519 BRIk \
A B, JHHREEENTH LA E#3) A H AN ANT T HEE B BT
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NOTE: If datum C were also entered in the lower segment, there would be a conflict. Since both the upper and
lower segment are | ocation to the datums, there would be no need for the larger tolerance in the upper segment of
the feature control frame. Since the MMC modifier is specified, additional positional tolerance is allowed for both
the upper and lower segment as the features depart from MMC.

I WURAE R R A C, 27— R BRA LIRS 1IR3 20 3 0 T REMERO A7 &L, ARy
AEARHIAE BB TR AFR 20, W TR A Z WA k. BERTRE MMC BIEFRT, X T LIRARI K
12 MMC HHFAE > FIME,  FOVFB IR, B A 22

[POSI TION —BOUNDARY /& FE-14 5]

Position may be used to locate irregular features. The term BOUNDARY is placed under the feature frame. Rather
than locating the axis or median plane of the feature, avirtual condition boundary is established. In theillustration
below a datum reference frame is established by the flat surface and the height and width. The profile tolerance on
the irregular opening defines the size, shape and orientation of the feature. The position boundary tolerance
defines a boundary in which no dement of the feature may lie. The feature modifiers MMC or LMC may be
applied.

M B T AL AN AR o AE I A TSR AE P2 TIME T THT o AN S8 AR AR PRl =l T T, T A s
—AREANRIAA LS AR TR R R, Gl i, R RO SRR S — AN EUES A . AU T 1R
RN 22 SURHERI RST, TARAT 1) o L BTN ZEE X— NS, AER NS R BATRAETCER . AL
S HRFAEE IERF MMC 2 LMC.,

POSITION BOUNDARY | PLREIAS

THIS APPLICATION

Cover must fit in recess,
clear connector and
accept 4 bolts,

};}\\,\\\\@'

XA H o Ff o
IRAEIMIEAL, A
AT R, I
sz A IRk

NN

N

CONNECTOR

SER 2

Bt
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2,380
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€ [.030 (W)

Al (M c (W)

(] 2% F.140 / BOUNDARY
b ! * /{)_ /— 4X () .220- 240
625 1 \BJ . D[ B 020 @lﬁj 3@!‘3@
B i 780
S /.
2 1 f 2100
+H e {;
f NOTES
1750 " ATNMG RecaaTIoN
ALL DATUM FEATURES.

P—— 1,150 —

2. ALL UNTOLERANCED
DIMENSIONS ARE BASIC.

1.274

7
1. XFIra FEAERREAE MMC ZRBREHE 17
2. FTHEARMAERT AN,

[POSITION —BOUNDARY /4B -4 57)

THE PROFILE REQUIREMENT SPECIFIES THE SIZE/ORIENTATION
FOR THE FEATURE.

The surface, all around, must lie between two profile
boundarnes .010 apart equally disposed about the true
profile.

[Slee]a]

MEANS THIS

{010 PROFILE TOL ZONE

e DATUM PLANE "A" 0.01 # )38
) O INFEX I,
PRODUCED PART
el IR

Q

JER

& R SRARE AL I RS A ) o
M, FraBf, DAL T AR R 0.01, FFOC T ECSERe ) 60 L %S BRI A 2 1) .
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A7 8 300 SRR A X T B 2 HEHE 2 AT A4 AE
KT MMC B HHFEAERFAE A, B Al C #5211 DRFJECE RS, B IS4 VP T MMC %8 3R R34 Sk 2 47 8 B 8 7%

B0 @A e@Io(@) ~— FAToRETo e oAron rerEamucs Fana o
BOUNDARY No portion of the surface may be permitted to lie within the
boundary of MMC contour minus the position tolerance
MEANS THIS when positioned with respect to the DRF established by

datum fetures A, B at MMC, and C at MMC.

4x (D .190 VIRTUAL PINS e— 2 400 VIRTUAL SIZE

DATUMC
1.750

N
L I

%

=

X

NEEINN
- -
SRR R RRR AR,

J\\\\

AN\N
B

G

N

P
-

20 VIRTUAL SIZE
B

ANSNNS
o
J
=

ey

LR SOOI OOl

— 1. 110 ——a

1.274

The position boundary concept is a similar, but somewhat different, concept than the composite profile approach
to locating irregular features. Position boundary, when applied with MMC or LMC modifiers, defines only an
inner or outer boundary in which no eement of the festure must lie. Composite profile establishes both an inner
and outer boundary in which the feature must lie.

IR REAKERFAE (4 525 R B P TTVAAR b, AL BRI S & — M AURE A A N MMC B
LMC & IEAF A B L FUE A A FBERSMRIA S, AR A HFE TR . AR 3 — My
AETCER A N FB A L 5

[CIRCULAR RUNOUT/RIBk3]

Circular runout is a two dimensional, surface to an axis control. The tolerance is applied independently at each
circular cross section. When applied to a surface constructed around a datum axis, circular runout will control
cumulative variations of circularity and coaxiality. Unlike total runout, it does not control taper.

A RSN AL — A PR T2l e i o A 25 N e — A R AT . N B g — A el
Fypty b, BABEANR PRI AL B . MBS A, AR .

THIS ON THE DRAWING

P2 ok 7 o0 [~ ]
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LS U R AS R i N AME RS, SRR fie . (RS R %

fite MKIMESRAREEE, WREA—ANEk, K8, V BERER L, ek A R
MEANS THIS THE TRUE GEOMETRIC COUNTERPART IS THE SMALLEST o ,%IL {uj‘ ﬁ]J
CIRCUMSCRIBED CYLINDER THAT JUST CONTACTS H 3k i
THE HIGHEST POINTS OF THE FEATURE. (MATING SIZE) ok it 4
DEPENDING ON THE ACCURACY REQUIRED, IT it
MAY BE SIMULATED BY A COLLET, CHUCK, VEE M HA
BLOCK ETC.

THE DATUM AXIS A IS THE

AXIS OF THE TRUE GECMETRIC
\ L COUNTERPART OR THE MATING
) SIZE.

CIRCULAR RUNOQUT IS A 2D
/_ CONTROL. IT REQUIRES A

SERIES OF CIRCULAR
CHECKS. IT DOES NOT
CONTROL TAPER.
MAXIMUM OF .004 FULL

INDICATOR MOVEMENT.
4 / \\ (FIM)
/ . BIBkEH 2 — 2D Pl ek
Ly i
J

iR aEEs)E (FIM)

THE FEATURE MUST BE WITHIN THE LIMITS OF 3IZE. (1.000/1.004) IN

—ZRHE . APEHIHEE . K 0.004

ADDITION, EACH CIRCULAR ELEMENT OF THE SURFACE MUST LIE :
BETWEEN TWO CONCENTRIC CIRCLES, ONE HAVING A RADIUS OF 004  OUTER BOUNDARY 15 1 008
LARGER THAN THE OTHER. THE CIRCLES ARE CONCENTRICTOTHE  ThE INNER BOUNDARY IS .996.

DATUM A AXIS.
e XANEE AT
1.008, WA 0.996

REAE D AAE RSP R (1.000/1.004) . 46, BEAS i 1) 152 8 o6 2% J0 A 1
PN Z . —AN A —A 242K 0.004. [0 FHEUE A SH2 R0 .

The circular runout specification may be verified with a dia indicator, CMM or by other methods. If a dial
indicator is used, each circular cross section of the surface must lie within the specified runout tolerance (.004 full
indicator movement) when the part is rotated 360 degrees about the datum axis. The indicator is reset a every
location along the surface in a position normal to the true geometric shape. The feature must also be within the
limits of size.

NABES TG AT LA T2 38, ARFRIE el o I e TR RE . W T35, R FH e IEMER i 360
JEEINF, A i 0 B A A T AR S B RIBE S A Z2 8L (FRR 4 #%5)) 0.004) . fE%F— M 1 H T 5581
] AR Ty TR B, s 2 BDFTBOE .

[TOTAL RUNOUT/4 k3|

Total runout is a three dimensional, surface to an axis control. Total runout provides a composite control of al
asurface dements. When applied to a surface constructed around a datum axis, total tunout will control the
cumulative variations of circularity, straightness, coaxiality, angularity, taper and variationsin the surface.
1Bk E) st — A =GR, AT A h . BkshER At —ANpr Lt e i Gl NI R AN
SEILUERN AR I TN, APl RS, EERE, ORI, HERE 0 S AR AN T AR AL .

THIS ON THE DRAWING
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FS U EIASZ S NAME R, FORRFIE ) o e e il CRC 5 R0
WKIEPTESRIORS L, AT Ak, R, v BEERL.

THE TRUE GEOMETRIC COUNTERPART IS THE SMALLEST

MEANS THIS CIRCUMSCRIBED CYLINDER THAT JUST CONTACTS THE
HIGHEST POINTS OF THE FEATURE. (MATING SIZE) \ -
DEPENDING ON THE ACCURACY REQUIRED, IT FEAEH A & B8 LA F|
MAY BE SIMULATED BY A COLLET, CHUCK, VEE R 2 R
BLOCK ETC.

THE DATUM AXIS A 1S THE
AXIS OF THE TRUE GEOMETRIC
. COUNTERPART OR THE MATING

e SIZE.
\-‘-
<9, ;
TOTAL BUNQUT IS A 3D

CONTROL. IT REQUIRES

AN A TOTAL SWEEP OF THE
Y — SURFACE AND
CONTROLS TAPER.
MAXIMUM OF .004 FULL
INDICATOR MOVEMENT.
(FIM)
LB A 3D Pl Tk A
BT T, IR T .
THE FEATURE MUST BE WITHIN THE LIMITS OF SIZE. (1.000/1.004) IN B 0.004 HUKE /S R T
ADDITION, EACH ELEMENT OF THE SURFACE MUST LIE BETWEEN TWO
CONCENTRIC CYLINDERS, ONE HAVING A RADIUS OF 004 LARGER NOTE: ON THIS PART THE
THAN THE OTHER. THE CY.INDERS ARE CONCENTRIC TO THE OUTER BOUNDARY IS 1.008
DATUM A AXIS. THE INNER BOUNDARY 1S .996.
FEE R AR SRR L (1.000/1.004) . A4k, 45— T8 11 75 26 AL T W5 A I W XAEA LA IS
REHIZ ], —AMLE 55— A48k 0.0040 BARTHR THEME A i FLL 1.008, WAL A2 0.996.

The total runout specification may be verified with a dial indicator, CMM or by other methods. If a dial indicator
is used, the entire surface must lie within the specified runout tolerance (.004 full indicator movement) when the
part is rotated 360 degrees about the datum axis. The indicator is placed at every location along the surface in a
position normd to the true geometric shape without a reset of the indicator. The feature must also be within the
limits of size.

IR E AT LU T2 38, ARARIEALaRIL e TR RE . R T 38, %A BISSEHEAEs: 360 LT,
ARl AL TR E MBS A 22 L (FR/RAs R8BI 0.004) . WA FHTBUE FR/R i, Fondas o T 1
JERR R A CP[72 VN R O VA W= T VA O S (R A AN

[RUNOUT —APPLICATION TO SURFACESAT RIGHT ANGLES Bk} B &b i T i S|

Both total runout and circular runout may be applied to surfaces congtructed at right angles to a datum axis as
shown below. Total and circular runout are a refinement of size and location tolerances. Total runout and
perpendicularity will provide identical results and can be used interchangeably. Circular runout is a 2D
specification and controls circular elements. The surface may be convex or concave within the size or location
tolerance.

146l AN BB S #8 vaT LARY: F I 1 T B oss (0 REME AR A Ak g ) o T 4Bkl A [l Bk )y o — AN RO
AL E N ZERE AL . SBbah NI B ROR SR Ot RIFE 4G R, JF Rl o8 i o BIBkah e —A> 2 460038, Jf
FERIBE TR MR RO B B 28 7 BT DU (T i MR
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,;;"x
— +
Nt

e

2.004

2,000
ZA] 003 [ a |

ksl —A> 2D FEiil. Rt 7R as Bt — R 46 7.
K 0.005 MHEANMER A B EE (FIMD. GRS, HAE

SLrfERh A RS IR, AT RS o RS SR R
MEANS THIS FIAS BBl & R~
Al A R £ RS (1) ~ CIRCULAR RUNOUT IS A 2D CONTROL.
IT IS A SERIES OF CIRCULAR

CHECKS WITH THE INDICATOR RESET
AT EACH CHECK. MAXIMUM OF .005
FULL INDICATOR MOVEMENT. &FIM T
CONTROLS WOBBLE BUT DOE T
CONTROL TAPER. THE PART MAY BE
CONCAVE OR CONVEX. ITIS A

REFINEMENT OF SIZE OR LOCATION,
CIRCULAR
/ ELEMENQ%

4

THE DATUM AXIS A 1S THE
AXIS OF THE TRUE GEOMETRIC
S%EINTEFIPAHT OR THE MATING

TOTAL RUNOUT IS A 3D CONTROL. IT IS A

TOTAL SWEEP OF THE SURFACE. MAXIMUM

OF ,003 FULL INDICATOR MOVEMENT. (FIM

IT CONTROLS WOBBLE, PERPENDICULARI T ( ?

AND FLATNESS OF SURFACE. IT IS A

REFINEMENT OF SIZE OR LOCATION. - C 2 J_
ABE I A 3D Fhl. B AN A PR IE L. N

el

K 0.003 MR RGBIE (FIM). EEHE),
I P L PRSP o e — N R A L PR3

The total and circular runout specifications may be verified with a dia indicator, CMM or by other methods. If a
dial indicator is used the specified surface and circular elements must lie within the specified runout tolerance
when the part is rotated 360 degrees around the datum axis. In addition, the surfaces must be within the limits of

size or location.

1=k MBS G P LA T3 3, ARPRIIEAL Bl I e TERIE. R — T3, HFAHLsE
HERIE RS 360 LI, Fif g 1) M AN J0 3B A, THRE MIBkBh A= B e o ob, T e 5UR7 T RO B 5 11

L

69

Goeway eBooks

www.goeway.cn | e 8 5




www.goeway.cn

#
3
=
pd
3
=

POSITON COAXIAL FEATURES/ALE fi ] 1]

Position for coaxia features is athree dimensiond, axis to axis control. It defines a cylindrical zone within which
the axis of the mating size of the feature must lie. When gpplied to a feature constructed around a datum axis,
position controls orientation and location. It has no effect on size, form or variationsin the surface. If required, the
MMC, LMC or RFS modifier may be applied to the features aswell as the datum feature.

TRV AE AL B — A = 4ER), BBV e SC— A BIAEIXE, Rk A A RO Bl s i T3 A4
DOIREL . 2R TR 28— A BEAERE A RFAERS AL E 7 AN B e RO TR i 122 7 A 3
Wi o IR, MMC, LMC 5 RFS & IEFT Al LA ] SRR HERFAE — kS fRFAE L.

THIS ON THE DRAWING

1008 | | BUSIOURTEIASR RN AN BB AR, ARG By
mE.Dﬂdn 1.000

R (A RS AR PSR R B, w U
2.000 [E]B.00s | » ) ;

o, KA,V AIPEERTR

THE TRUE GEOMETRIC COUNTERPART IS THE SMALLEST
MEANS THIS CIRCUMSCRIBED CYLINDER THAT JUST CONTACTS THE

HIGHEST POINTS OF THE FEATURE. (MATING SIZE)

DEPENDING ON THE ACCURACY REQUIRED, IT SR A S

MAY BE SIMULATED BY A COLLET, CHUCK, VEE A

BLOCK ETC. JUART A T %

THE DATUM AXIS A 1S THE AXIS
OF THE TRUE GEQMETRIC
COUNTERPART.

POSITION IS A 3D CONTROL.
THE AXIS OF THE MATING SIZE
OF THE FEATURE MUST FALL
IN THE CYLINDRICAL ZONE.

MATING SIZE
CYLINDER

P E - —A 3D #EHile RFIERIAC
RS A6 27 IR0 i X3 A

THE FEATURE MUST BE WITHIN THE LIMITS OF SIZE. (1.000/1.004) IN
ADDITION, THE AXIS OF THE MATING SIZE CYLINDER OF THE FEATURE

NOTE: ON THIS PART THE
MAY BE DISPLACED OR TILTED AS LONG AS IT RESIDES WITHIN A

CYLINDRICAL ZONE OF .004. THE CYLINDRICAL TOLERANGE ZONE IS Qgﬁrﬁ%ﬁ”&‘g&ﬂg A[E\.: 'Fsmggs
CONCENTRIC TO THE DATUM A AXIS. -996.

FHIE AT R (1.000/1.004), T34k, T7E 0.004 [ — AN ALK S LA, 454 W XANEM L, SRR
A B T 2 R T By PR B AT A T ) 4 25 o) TS A R f J& 1.008, A FEE 0.996.

The coaxid position specification may be verified with a dia indicator, CMM or by other methods. If a dial
indicator is used, and the full indicator reading does not exceed .004, the part is good. If the full indicator reading
exceeds .004, there is a possibility that the part is still good, the reason for this is, as an indicator rides on the
surface, it inadvertently reports a composite error of position, surface variation and form errors (ovality). Since
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position is only an axis to axis control, surface variations are not included in the requirement. A ‘mapping’ and
further evaluation of the surface variations are not included in the requirement. A * mapping’ and further evaluation
of the surface might be required to accept features beyond be .004 full indicator movement.

TRVl B 7 B PR T AT T 2038, ARBRIN LT E T AR IE . WR T2 38, iR ds i o dnt
0.004, FAEUFI. R AR RAS T 0.004, 57— AN TRERML LRI, SRS, MR LE
T B, EANE R R M B R AR, A HBIR AR AR RO AL R — ANl
B, AR R AR EOR A A W e A R PP AN OAR R SR . —A Cmk
557 R BE— 2P PP T AR A 0.004 FR 75 3545 836 Bl 432 R AE.

[CONCENTRICITY /[ ]

Concentricity isathree dimensional, opposed median points to an axis control. Concentricity will control location
and can have some effect on the form and orientation of a feature. It will not control the form of perfectly oval
parts but may have animpact on irregular or ‘D’ shapped features.

TTRLC FE S — A =, 0T — Nl AZ I 0 SOR 0 SR e R PR 2 TR A7 AT ] BE RS AIE R TR AN T 1)
L8R e AT BAR IR B A TR, (AT LS AU 28 < D TEHRFAEAT 520

The application of concentricity is complex and rare. If a coaxial relationship is required between features the user
should consider position, runout or profile tolerances.

TTRVLE RN A 0, IF HAVE o WERAERSFAE L (8] ER— AN R AR, 7 D% IS AL E 1, Bhah
FEBRIL

THIS OM THE DRAWING
[
1
52.004 e
E 0 [O[F .00 [ A ]
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B SR JUAAT R AN 2 e /NI AME AT 0, FIRR AIE (R 85 1

AAH (REA RS wREAE Sk, R4, V BIBRAER

MEANS THIS THE TRUE GEOMETRIC COUNTERPART IS
THE SMALLEST CIRCUMSCRIBED CYLINDER
THAT JUST CONTACTS THE HIGHEST POINTS A A 2L
OF THE FEATURE. (MATING SIZE) o
IT MAY BE SIMULATED BY A COLLET, CHUCK, VEE | FIASRCEJOT A
BLOCK ETC,

THE DATUM AXIS A IS THE
AXIS OF THE TRUE GEOMETRIC
EELEJNTEHPAHT OR THE MATING

CONCENTRICITY IS A 3D
CONTROL. THE "CLOUD"
OF OFPOSING MEDIAN
POINTS MUST FALL IN

ik, =—" THE CYLINDRICAL

" TOLERANCE ZOMNE.

‘s [0 JE 2 — A 3D Pl AR e i)

T AR T B A 22 X B
THE FEATURE MUST BE WITHIN THE LIMITS OF SIZE. (1.000/1.004) IN —‘\
ADDITION, ALL MEDIAN POINTS OF DIAMETRICALLY OPPOSED NOTE: ON THIS PART THE
MUSTU Wi cos STNBHIEA B i h ™ STERERASTIS e

: ME . THE THE INNER BOUNDARY IS .995.
TOLERANCE ZONE IS CONCENTRIC TO DATUM AXIS A
B AR T RS BB L (1.000/1.008). 4%, FRATHHAE IR Sy BLAR UM I I 6 e XAFEMN LA SRR
FIRI A OB SR AN HZE) BT 0.004 B AZERBEE . AR 1.008, WA F 2 0.99.

TIEAER A 2L

The concentricity specification may be verified with dial indicators, a CMM or by other methods. If dial
indicators are used, two diametrically opposed, mastered indicators are placed on ether side of the feature and
positioned and rotated about the datum axis.

TR EERE AT AT T2 38, ARARINE LSl I e Tk eiiE . R/ T3, WA BN, FERE
TN AN E TR K — 32, U % T JEHERN & AL A el .

CAUTION: a present the ISO standards do not recognize the unique interpretation of concentricity and
symmetry as defined in the ASME Y 14.5M, 1994 standard. The concentricity and symmetry characteristicsin ISO
have the same interpretations as the position characteristic inthe ASME Y 14.5M, 1994 standard.

I/ HHT, 180 FRAEA AR ASME Y 14.5M, 1994 5 S [R]/Co FEFIRFR L A0S (K1l R /2 ASMEY 14.5,
1994 brEHL AL BRI, 1SO HL[]Co SEMURTFR LS AEAT TR IR AR R o

[PROFILE OF A SURFACE — SURFACE TO AXIS CONTROL / i T Fiy 26 B - - a2 sl iy i

Profile of a surface for coaxia festures is a three dimensional surface to an axis control. It defines a zone of
tolerance (.006 wide on each side) that lies between two concentric cylinders that are equally disposed about a
basic diameter. When applied to a surface constructed around a datum axis, profile of a surface will control
cumulative variations of size, circularity, straightness, coaxiality, angularity, taper and variations in the surface.

1% A [ PR AR A T TR PR B — A T — ANl o] (0 = 4 st o & SC— AN A 22 X (142 0.006 5D
AL T P RV A 2 8], T A AT BURE T — DN EEAR EAR. 24N B — A FE SRR Al 2t r) il T i
— A i R ECR R R R AR, RN, HERRE, RO, BURHEL, HERENTH L AR R .
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1,002
@235 A A A
: [2] 006 T A H | sootovmmitmi s Bmpm, S m

o e A ST IR RS, T
ek, e, VOHEE, ASERI R

MEANS THIS THE TRUE GEOMETRIC COUNTERPART IS THE SMALLEST

CIRCUMSCRIBED CYLINDER THAT JUST CONTACTS THE HIGHEST POINTS OF
THE FEATURE. (MATING SIZE) DEPENDING ON THE ACCURACY REQUIRED,
iT MAY BE SIMULATED BY A COLLET, CHUCK, VEE BLOCK, CMM, ETC.,

FLAERE A LS LA EASBRAC & T RO

THE DATUM AXIS A 1S THE AXIS
OF THE TRUE GEOMETRIC
COUNTERPART OR THE MATING
SIZE.

- PROFILE OF A SURFACE
IS A 3D CONTROL. IT

s INCLUDES SIZE, FORM,
S DRIENTATION AND
f'* : POSITION ABOUT THE
) )‘ BASIC PROFILE
S (\ : — AW A AL — A 3D
/ =N I A TP 0 A
Fsiblo AL e T I AGE R I
ALL ELEMENTS OF THE SURFACE MUST LIE BETWEEN TWO CONCENTHRIC Rk, Bk, 7 A
CYLINDERS. THE TWO CYLINDERS ARE EQUALLY DISPOSED ABOUT A
BASIC CYLINDER OF 1.002 DIAMETER. THE OUTER TOLERANCE NOTE: ON THIS PART THE
CYLINDER HAS A DIAMETER OF 1.008, AND THE INNER TOLERANCE OUTER BOUNDARY IS 1.008

CYLINDER HAS A DIAMETER OF .96, THE TOLERANCE CYLINDERS ARE  THE INNER BOUNDARY IS .996.
CONCENTRIC TO THE DATUM A AXIS. SINCE THE SURFACE MUST FALL
WITHIN THE TOLERANCE ZONE, IT INCLUDES SIZE, FORM, ORIENTATION — —
AND POSITION OF THE FEATURE. VE: AT LA TR

1.008, Wi 0.996.

JIAT AT 70 28 207 TP A [l o[ A T 2 ) o I PN BAE T2 5T — LA 1.002 ELAR K R AE 1
BRI HC . AMIBAZE FIAE R AT —> 1.008 FiA%R, HEIA 2 BIAR A — AR 0.996. 42 B AT X
TR A IO WEAR I 2L T A ZE DRI, EASRRAE RS, IR, T7 AR .

The profile of a surface specification may be verified with a dial indicator, CMM or other methods. If a dial
indicator is used, the indicator is ‘mastered’ or set at the basic diameter of 1.002. The entire surface, including the
size of the feature, must lie within the specified profile tolerance (.006 full indicator movement) when the part
rotated 360degrees about the datum axis. The indicator is placed at every location along the surface in a position
normal to the true geometric shape without a reset of the indicator. The size of the feature is contained within the
profil e tolerance.

[ MR R 58 B nT U — AN T3 3, ARARIIE DL & 07 8l . Wl — AT 03, fands ke ‘&
B B AEFEA AR 1.002 4k A FISCEMER ERE 360 FEMT, AP, CIEFFIERNT, iy
THREM LA % (0.006 finds 2B sl Bl FoRasEATHBUERH O P HE AR — 5 T 15U
(NI N VA TR A R AN KRR R ioE 5 /AL
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[SYMMETRY /347 /%]

Symmetry is a condition where the median points of all opposed el ements of a feature are congruent with the axis
or center plane of a datum feature. Symmetry is the same concept as concentricity except that it is applied to non-
cylindrical feature. Symmetry differs from position in that it controls opposing points (derived median plane)
where as position controls the center plane of the actuad mating envel ope. The application of symmetry israre and
is commonly misused. Irregularities in the form of an actual feature may make it difficult to establish the location
of afeature’'s median points. Therefore, unless there is a definite need for the control of features median points, it
isrecommended that a control of position or profile be used.

DRYRREESE— 4, — ANRFAERTA A S 70 3R R P T B i Al AR A o () T o Bk 07 S T 203
G FEARFAE ASE - 0[5 JEAH BN R I [ RE AR o RERRBEAN TR T-A2 B AL, o7 B e R A S A o (i 29 v
EJSV-TTD, A o B S 42 T SIE FRE & B 20 e ) o TR T e AR BE R Y FRAR DI, O H— et
FLSRFAE AT AR A AN LU vy DAASE S SEARFAGE PR o D) i O DR . DRLIEE, - B3l W AR AL o ) s A6
fRT R, AR A B e A A

NOTE: symmetry in 1SO standards is not interpreted as shown below. Symmetry in 1SO standards is interpreted
the same as position.

RE: A 1SO FrfE BN FREEAE T T BT AR RE o 1SO ARvHE B IR0 B BEMM B ARRE 2 —FE I o

A
THIS ON THE DRAWING I%]

{ 2.005

[ - 2.000
— l
TG0
2es (=005 ] Al
o B e THE CENTER OF TWO PARALLEL
EAN ERAMARNR TN D B Ee AT MINIMUM SEPARATION
o T ST IEAE A, ESTABLISHES PLANE A.

PLANE A

THE CLOUD OF
OPPOSED MEDIAN
POINTS ( DERIVED PLANE A
MEDIAN PLANE) MUST 7,

Efl] WITHIN THE 005

E-TOOE TOL ZONE {2 PARALLEL | 35 E] 5= ( ) —— A
PLANES) EQUALLY RIS R IR RAIREAE A TEH

DISPOSED ABOUT DATUM | THTAILL) 2074 AR S CEOEEG

0.005 (12~ ZE X ik B INTS TAKEN
0.005 AZEDIK (PIAFATID KT mggmp% DATUM

Bt A BRI PLANE A.
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Within the limits of size and regardless of feature size, dl median points of opposed elements of the feature must
lie within two parallel planes .005 apart. The two parallel planes are equally disposed about datum plane A. the
specified tolerance and the datum reference can only apply on an RFS basis.

IHE R R R LA S RAE ROT BT AR AE (A B R 70 3R 1 0 1) e A ERE 12504 0.005 FY A4 T 11T 2
] o X APAT V1O TIEAET A A FIAFRIMER o F7E 28 22 MR HES I BE Y T AE RFS,

[POSITION —NON —CYLINDRICAL FEATURE/fr 8 & -3 FUAE KT

The fundamental principles of position tolerancing can be applied to noncylindrical features such as slots and tabs.
A position tolerance is shown below locating the center plane of a tab. The tolerance value represents a distance
between two parald planes. This tolerance zone aso defines the limits within which variation in attitude or
orientation must be confined.

IRLE BN ZE R B B A i R GEAY ) BUARBAT AL, 9] anRE RN SR . A7 B AZE 00 R IR, gL
RN G TR A F) V1T o A ZEAEARGR AN PAT 1 T TR RIS o 3K AN 28 2 Xt i SO, 73X A PR EE
YL AR a7 1) 6 A B

The tolerance on the feature and datum reference below is applied on an RFS basis. If desired the tolerance could
also have been applied on a MMC and/or LMC basis as well. In this case, additional tolerance is available as the
feature and datum feature depart from the specified material condition.

PRRAE LR A ZE 0T SR AE S B DL RFS 9 AEGI R . 4 RARAS 21 A ZE BB LA MMC FI/E LMC 4 E4ili 3
AL AERRAMEOUE, UOGRRIERBEAE S R B 1 2 AR A, AT RIBONT A 2.

THIS ON THE DRAWING
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THE CENTER OF TWO PARALLEL PLANES AT
MINIMUM SEPARATION ESTABLISHES PLANE A.

BRI TFAE P47 VR R 1.

MEAMNS THIS

PLANE A

e

[ TWO PARALLEL PLAMES AT MINIMUM
SEPARATION (ACTUAL MATING
ENVELOPE) ESTABLISH
CENTERPLANE OF THE FEATURE

E;CI'S TOL ZONE (2 PARALLEL

PLANES) EQUALLY DISPOSED

ABOUT DATUM PLANE A. T K73 15 b 1 P A ST AT ST T
CHfySEFIIC & B3 1 S7 AR AE

ISR QTS

THE CENTER PLANE OF THE ACTUAL MATING

ENVELOPE OF THE FEATURE MUST FALL

WITHIN THE 005 TOLERANCE ZONE. CENTER PLANE

OF FEATURE

A IO 2 GBI 254055 7 0.005 /A 2B O —

The center plane of the actual mating envelope of the feature must lie between two parallel planes .005 apart
which are equally disposed about the center plane of datum feature A.

PRSI P L SR 560, 48 SR PR v TR] S T e 2807 T 5 25 2 0.005 [ I AN PAT I8, e AT ) T-55 T HE R
AIE AR )1

|I NNER AND OUTER BOUNDARIESMMC CONCEPT -1 NTERNAL/EXTERNAL\
Pa BRRIS BB 5 MM C -3 3B 11 /4 36 1

Graphical representations of the inner and outer boundary and the virtual and resultant condition for the MMC
concept are shown below. These are important tools to understand and evaluate the ‘worst case ‘boundaries of a
feature after geometric tolerancing has been gpplied. The technical definitions of the terms are shown bel ow.
IMMC BRI, AMBIL SR RS RIE A TR s i R o I RJLAT A Z2hRiE LS, A PR RIDT
ity “EZERIEDL CRRIERGIL S, XSS REEN TH . AREREOR ERE I
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AL P FISSAIE
EXTERNAL FEATURE INTERNAL FEATURE
AS DRAWN AS DEREAWN @'510

500
[@l@oto@JaTe[C]

ol B

o

G4
[a}-<
INNER BOUNDARY (1B) | Mil45 (1B) INNER BOUNDARY (1B) WL (IB)
SMALLEST PIN SMALLEST HOL
{490 LMC) 500 MMC
SHOWN AT 4 MAXIMUM OWN AT 4 MAXIMUM

POSSIBLE LOCATIONS. POSSIBLE LOCATIONS.

TE A BRI A B a7 (R I8 1

@ 490 LMC SIZE @ 500 MMC SIZE
- @ 020 POS ZONE AT LMC - @ 010 POS ZONE AT MMC
@.470 INNER BOUNDARY — \ ¢ 430 INNER BOUNDARY
(RESULTANT CONDITION) ﬂgf“;gfﬂ?’:‘:}c (VIRTUAL CONDITION) @ 010 POSITIONAL:
(WORST CASE) _ TOL ZONE AT MMC
OUTER BOUNDARY (0B) | 4.0 s (0og) OUTER BOUNDARY (OB} | 405 (OB)
{L;nssngir :g: ‘S LARGEST HOLE
: S10LMC
SHOWN AT 4 MAXIMUM LR OWN AT & mluum\
POSSIBLE LOCATIONS, POSSIBLE LOCATIONS.

TE 4 A BRI ] e A E 7R (K 8 1

@.500 MMC SIZE |

+ @010 POS ZONE AT MMC @ 510 LMC SIZE
$.510 OUTER BOUNDARY + @.020 POS ZONE AT LMC
{VIRTUAL CONDITION) B.010 POSITION N_A @ 530 OUTER BOUNDARY - PDS1T|GNALX
TOL ZONE AT MMC (RESULTANT CONDITION) -
(WORST CASE) TOL ZONE AT LMC
LMC A7 5 BE 11
N FEK Bk

INNER BOUNDARY — (IB) A worst case boundary generated by the smallest feature (MMC for an internal
feature and LMC for an external feature) minus the stated geometric tolerance and any additiond geometric
tolerance (if applicable) from the feature’s departure from its specified material condition.

IR (1B it e/ RFAE R — > I FBRFE (19 MMC RGN SMERFAE ) LMC) Ik 25 Tk 149 LA
N7, I HARRASMINRAE i 2 & B 58 AR SR LT A2 CIRERIS D | P A — R e 1 DLd St

OUTER BOUNDARY — (OB) A worst case boundary generated by the largest feature (LMC for an internal
feature and MMC for an external feature) plus the stated geometric tolerance and any additiond geometric
tolerance (if applicable) from the feature’s departure from its specified material condition.

1418 5~ (OB) Tl i KIRFIE O TN A SR LMC MU T NMBRAE MMC) i L (¥ ) LA
W72, IF HARRBEN BRI 2 & 5 2 IR AR LT A 28 CUREREHD, P2 A — AN 2 1 LA 5t

|I NNER AND OUTER BOUNDARIESLMC CONCEPT -1 NTERNAL/EXTERNAL|
U BRI SN LM C R -P3 3R /5 3B
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Graphical representations of the inner and outer boundary and the virtual and resultant condition for the LMC
concept are shown below. These are important tools to understand and evaluate the ‘worst case’ boundaries of a
feature after geometric toleranci ng has been gpplied. The technical definitions of the terms are shown bel ow.

TR, ARESHIMEERL LMC 15 A A S BB R IR o U 2 2R BUs . W ERARANTE

FFFIER 200 A5, R EEM T A,

EXTERNAL FEATURE
AS DRAWN
Bioo
[@IBo0 m[A[ g
=
& .‘
.J.__

INTERMAL FEATURE

510
ﬁ'.m

@lgow OIaTE[ g

AS DRAWN

G+

INNER BOUNDARY (1B)

SMALLEST PIN
A0 LMC)

OWN AT 4 MAXIMUM :
POSSIBLE LOCATIONS.

B 490 LMC SIZE
- @ .010 POS ZONE AT LMC

@ .480 INNER EEUNEHY_//

INNER BOUNDARY (IB)

SMALLEST HOLE
@ 500 MMC)

HOWH AT 4 MAXIMUM
POSSIBLE LOCATIONS.

@ -500 MMC SIZE
- @ .020 POS ZONE ATMMC

{VIRTUAL CONDITICN) #.010 POSITIONAL s A mOUNCARY
. Ty ] ) ©.020 POSITIONAL—
TOL ZONE AT LMC R OAST CoNDITION) 700" 70NE AT MMG
OUTER
BOUNDARY (0B) OUTER BOUNDARY (0B)
LARGEST PIN LARGEST HOLE
{ 8.500 MMC} { B.510 LMC) §
SHOWN AT 4 MAXIMUM SHOWN AT 4 MAXIMUM
POSSIBLE LOCATIONS. POSSIBLE LOCATIONS,
B.510 LMC SI1ZE
. glggg ;'Dusczﬁﬁi s + §.010 POS ZONE AT LMC
e = R TVE | ©.520 OUTER BOUNDARY —

# 520 DUTER BOUNDARY

{RESULTANT COMDITION
(WORST CASE) }

& 020 pgmﬂﬂMLx (VIATUAL CONDITION)

@010 POSIT
TOL ZONE AT MMC e

TOL ZONE AT LMC

The terms, virtua and resultant condition apply only to the MMC and LMC concept.
The IB and OB concept appliesto all geometric tolerances.

IRTE, LA B2 N TR MMC AT LMC B2

IB A1 OB ML BT LT A 2%

VIRTUAL CONDITION — ( VC) A constant boundary generated by the collective effect of a size feature's
specified MMC or LMC material condition and the geometric tolerance for that material condition.

IREFUAZEAT- (VO -l RHAE R € (1) MMC 56 LMC BRI B R 1JUART A 22 AR AR IR S i, 7
AL

RESULTANT CONDITION (RC) - A variable boundary generated by the effects of a size feature’s specified
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MMC or LMC materia condition, the geometric tolerance for that material condition, the size tolerance, and the
additional geometric tolerance derived from the feature' s departure from its specified materia condition.

15 AT (RC) - RHERHRE K MMC 50 LMC #PRBHEA, MEBHEAE R IRLATA 22, ST 22 R 29
FRAESRE MPRL SRRV RO N J LT A ZE 52, 7= — A T AR R

‘GEOM ETRIC CHARACTERISTIC OVERVI EW/}LM%{H‘%&‘

DATUMS TYPE OF | CHARACTERISTIC SYMBOL 2D OR 3D
e TOLERANCE HFAE 155
DATUMS NOT | FORM STRAIGHTNESS( LINE ELEMENT) 2D
ALLOWED JEAR B (T3 —
AN SV IR BEHE STRAIGHNESS (AXIS OR MEDIAN 3D
PLANE) =5
HERRE Calmlrh RSP D
FLATNESS 3D
P D
CIRCULARITY(ROUNDNESS) O 2D
I fi
CYLINDRICITY 3D
DATUMS ORIENTATION ANGULARITY 3D(SEE NOTE 3)
REQUIRED 73 1#) TR} 4
BRIEAE PERPENDICULARITY 3D(SEE NOTE 3)
PARALLELISM / / 3D(SEE NOTE 3)
PATEE
RUNOUT(SEE NOTE | CIRCULAR RUNOUT / 2D
1) [ B
BEzh (St D TOTAL RUNOUT i { 3D
2Bk
DATUMS PROFILE PROFILE OF A LINE 2D
REQUIRED (SEE | (LOCATION OF | 4#t )i f-\
NOTE 2) SURFACES) PROFILE OF A SURFACE 3D
TORIEME (S WM | R CIITOALED | TS BT Q
2) LOCATION OF | POSITION 3D
FEATURESOF SIZE | fi & p .$.
JOFRHER A7 CONCENTRICTITY 3D
e ©
SYMMETRY — 3D
SFR I =

NOTE:

1. CAN CONTROL FORM, ORIENTATION AND LOCATION.

2. THERE ARE SPECIAL CASESWHERE POSITION AND PROFILE MAY NOT REQUIRE DATUMS

3. THESE CHARACTERISTICS CAN BE MADE 2D BY WRITING ‘LINE ELEMENTS UNDER THE
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FEATURE CONTROL FRAME.
4. THESE CHARACTERISTICS CONTROL OPPOSING MEDIAN POINTS.

1. afCAERITEAR, 7 AL

2. ARG DL, AL E AR R AN SR
3. MAERMEESHINE RIS ‘Zoock ¢, XUERMIEREMIAL 2D
4. IRICRAEPE A S 8] A

IGEOMETRIC CHARACTERISTIC OVERVIEW CONTINUED/JLfTH T BERSE

CONTROL S/#% i APPLICABLITY OF | APPLICABILITY OF | COMMON SHAPES OF
AXIS OR | SURFACE FEATURE MODIFIERS DATUM MODIFIERS TOLERANCE ZONE
MEDIAN /i PRAEAE TEA (R H TEEAEAS IEAT IR Y 1A ZER BRI 2 JLTEAR
PLANE
il e 1] S T
X NO N/A PARALLEL LINES 7174k
X YES N/A CYLINDRICAL
PARALLEL PLANES
[ FESFAT 1H
NO N/A PARALLEL 4T
NO N/A CONCENTRIC CIRCLES
[T R
X NO N/A CONCENTRIC
CYLINDERS [ /Ly i
X X YES IF SIZE FEATURES YES IF SIZE FEATURES PARALLEL PLANES
1 SR RS R AR CYLINDRICAL
PPATIH, A
X X YES IF SIZE FEATURES YESIF SIZE FEATURES PARALLEL PLANES
CYLINDRICAL
X X YES IF SIZE FEATURES YESIF SIZE FEATURES PARALLEL PLANES
CYLINDRICAL
X NO NO CONCENTRIC CIRCLES
CIRCULAR ELEMENTS
X NO NO CONCENTRIC
CYLINDERS PARALLEL
PLANES
X NO YESIF SIZE FEATURES 2D  PROFILE  LINE
BOUNDARIES
X NO YES IF SIZE FEATURES 3D PROFILE SURFACE
BOUNDARIES
X YES YES IF SIZE FEATURES CYLINDRICAL,
BOUNDARY PARALLEL
PLANES
SEE NOTE 4 NO NO CYLINDRICAL
SEE NOTE 4 NO NO PARALLEL PLANES
80
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[POSITION —HOLE VERIFICATION AT MM C/RrE E-MMC LI R

The example below illustrates how to verify a position tolerance at MMC.

AS DRAWN 2X_.500+.005 FERELE MMC B
(@[g 005 @IATBIC] | woiprperm s 2pom T

A AN
Y Y

]

&

Z=.010 ACTUAL
POSITION DIA
{DOUBLE HYPOTENUSE)

005 HYPOTENUSE
OF RIGHT TRIANGLE

003 OFF
LOCATION 1N
*¥* DIRECTION

600 |
AS PRODUCED | jn1m

502 DIA ACTUAL
MATING SIZE
003

. RN
s YT

500 004 OFF [}
i,
I 004

.D{}E

Z-EJ i Y

501 DA AGTUAL
MATING SIZE
{SIMULATED BY A PIN)

|

t
!

|

DRF

Position tolerance actual is calculated by using "X" and "Y" deviations in the
position formula or position chart. In order to pass acceptance, position
tolerance actual must be less than position tolerance allowed.

Allowed position tolerance is calculated by
taking the difference between the hole MMC
and hole actual size and adding it to the positio

Enter MMC tolerance stated in the feature control frame,
of hole =i
Enter "X" deviation from
Enter basic location
produced Enter "Y* deviation
hole size mm basic location

HOLE | HOLE | HOLE  |POSITION Y v | POSITION

NO. | MMC | AGTUAL |TOLERANGE | DIM DIM | TOLERANCE | ACCEPT | REJECT
SIZE ALLOWED ACTUAL

1 435 502 012 = 008 +.004 0144 X

2 495 501 011 +.004 +.003 010 x
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COORDINATE MEASUREMENT

0.50
0.48
0.46
0.4
0.42

0.40
0338
036
0.4
0.32

0.30
028
026
0.24
0.22

Q.20
018
0.16
o
0.12

010
0.08
0.06
0.04
002

METRIC - CONVERSION CHART

COORDINATE DIMENSIONS TO DIAMETER POSITIONAL TOLERANCE

1.001
0.961
08
0.861
0En

0.801
0.761
0.721
0.641
0.641

0601
0561
0512
0.482
0.442

0.402
0.362
0322
0283
0.243

0.204
0.165
0.126
0.0839
0057

1.003
0.963
0923
0.884
0844
0.804
0.764
0724
0665
0.645

0.605
0566
0526
0.487
0.447

0.408
0.369
0330
0.291
0.253

0.215
0179
0.144
0113
0.089

1002
0 967
0328
0.588
0843

0.809
0.769
0730
0.691
0651

0612
0573
0534
0.495
0.456

0.418
0379
0342
0.305
0.268

0233
0.200
0.170
0.144
0126

103
0.973
0934
0.834
0855

0.816
om
073
0633
0.660

062
0582
0.544
0.506
0468

0.431
0.3%4
0358
0.322
0.288

0.25%
0.226
0.200
0179
0.165

1.020
0.981
034
0902
0.863

0825
0766
047
0.709
06N

0632
0.595
0.557
0.520
0483

0447
0412
0an
0.344
032

0.283
0.256
0.233
0.215
0.204

1028
0930
0951
0812
0814

0835
0797
0759
o
0684

0646
0609
0573
0.537
0.501

0.466
0433
0400
0.369
0338

0312
0.288
0.268
0.253
0.243

1038 1.050 1063 1077 1093 1109
1000 1.012 1025 1040 10% 1.073
0.962 0974 09588 1003 1020 1.038
0.923 0336 0951 0967 0984 1002
0885 0893 0914 0930 0948 0.967

0848 0862 0877 0B84 0913 09313
DE10 0825 084) 0853 0878 0899
0773 0788 0805 0B24 0844 0865
0735 0.752 0769 0783 0810 0832
0699 076 0734 0755 0777 0.800

0662 06B) 0700 0721 0744 0.768
0B36 0645 0BEE 0633 0.712 0738
0.591 0611 0632 0B56 0.681 0.708
0.556 0577 0600 0625 0651 0679
0.522 0544 0363 0595 0622 0651

0.488 0512 0538 0566 0595 0625
045 0487 0509 0538 0569 0600
0,425 0.453 0482 0512 0544 0577
0385 0425 0456 0488 0522 0.5%
0.369 0400 0433 0465 0500 0537

0344 0377 0412 0447 0483 0520
0.322 0358 0334 0431 0468 0.506
0.305 0342 0379 0418 0456 0495
0.29) 0330 0.369 0408 0447 0.487
0.283 0327 0362 0402 0442 0.482

127
1.082
1.057
1.022
0388

0.854
0.921
0.688
0.856
0.625

0794
0.764
0735
0.708
0.681

0.656
0.632
061t
0.591
0571

0.557
0.544
0.534
0526
0522

1.145
1
1017
1043
1010

oan
0.944
0912
0.881
0850

oen
0.792
0.764
0738
omn

0688
0.666
0645
0.626
0.609

0595
0582
05n
0566
0561

1166
1132
1098
1065
1032

1000
0968
0837
0907
0sn

0849
08
0.794
0768
0744

o
0700
0680
0662
0646

0632
0,621
0612
0.605
0.601

1187
k2]
(R ¥
1.088
1.056

1.024
0.9%4
0.963
0934
0905

0En
0.850
0.825
0.800
0777

0.755
073
0.18
0.693
0.684

0.6M
0.660
0.651
0.645
0.641

1209
1.176
1144
maz
1.081

1.050
1.020
0.990
0.962
0,934

0.907
0881
0.696
0.832
Qg

0.789
0.769
0.752
0.735
02

0.709
0699
0.691
0.685
0.681

1232
1.200
1.164
1137
1.106

1.076
1.047
1018
0.9%0
0.963
0.937
0%12
0.888
0.865
0844

08u
0.805
0788
am
0.759

0747
0738
0730
0724
o

1.256
1224
1193
1163
1133

1103
1075
1.047
1020
0.9%4

0968
0.944
09n
0899
0818

0859
0.841
0.825
0810
0.797

0786
am
0769
0.764
0.761

1.281
1.250
1219
1189
1160

1N
1103
1.076
1.050
1.024

1.000
o0sn
055
0833
0913

0.8%4
0.8
0.862
0.848
0.835

0.825
0.816
0809
0.804
0.801

1.306
1276
1.246
1
1188

1160
113
1106
1.081
1.056

1.032
1010
0.988
0.367
0948

0930
0914
0.899
0883
0.874

0.863
0.855
0.849
0.844
0.841

1.332
1.302
1.273
1.245
1217

1.189
1163
1137
1112
1084

1.065
1043
1.022
1002
0.984

0.9a7
0931
0.836
0423
0912

0902
0894
0883
0884
088

135§
1330
1301
1273
1246

1.213
1193
1168
1144
V121

1088
on
1087
1038
1.020

1.003
098
0574
0962
093

034
0834
0828
0823
0821

1388
1338
1330
1302
1278

1250
(el
1.200
1.176
1154

1132
1
1082
1073
1.0%6

1040
1.025
1082
1000
0930

0.981
0973
0.967
0.963
0.961

1414
1365
1.359
1332
1.306

1281
1256
132
1209
1187

1186
1146
1127
1,108
1.093

1077
1.063
1.050
1038
1.023

1.020
1013
1.007
1.003
1.001

002 004 006 008

0.10

012

014 016 018 020 022 O

COORDINATE MEASUREMENT
POSITIONAL DIAMETER = 2/x? + y*

026 028 030 032 0.M

D36 038 040 042 044 046 048 050
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