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Geometrickeé tolerance

Predepisovani toleranci tvaru a polohy se fidi normou
CSN EN ISO 1101.

Predpis pro tolerovani nepredepsanych toleranci rozméru
a nepredepsanych geometrickych toleranci
ISO 2768-mK

m — trida presnosti toleranci délkovych a uhlovych
rozmeéru
K — tfida presnosti geometrickych toleranci
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Porovnani tolerancnich zon — dvouosa a kruhova
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Tolerance tvaru a polohy
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I::}eﬂnilion of Examples of
Type of tolerance Symbol drawings and
olerance range - )
ftheir interpretations
e If the symbol ¢ is attached (—#008] |fatolerance frame is
M before the numerical value —1 connected to a dimension that
) that indicates the tolerance E‘- -@’ indicates the diameter of a
Straightness ) ) ) o
lolerance range, thlst.olt.erance .range is| — cyl!nder, the axis line ofthe
the range within a cylinder of cylinder shall be contained
diameter t. within a cylinder of 0.08mm
diameter.
D The tolerance range is the 0.08 This surface shall be contained
Flatness area between two parallel D within two parallel planes
tolerance planes separated by separated by 0.08mm.
distance t.
The tolerance range in the The circumference in any
O considered plane is the area section normal to the axis shall
Circularity between two concentric be contained between two
tolerance circles separated by distance concentric circles
it separated by 0.1mm on the
same plane.
The tolerance range is the The considered surface shall
Shape Cylindricity range contained between two be contained between two
tolerances tnjerance coaxial cylinder surfaces coaxial cylinder surfaces
separated by distance t. separated by 0.1mm.
5 The tolerance range is the In any cross-section parallel to
ﬂ range contained between the the projection plane, the
two envelope curves formed considered profile shall be
Profile by a circle with diameter t, contained between the two
tolerance the centre of which is envelope curves formed by a
of line situated on the theoretically 0.04mm diameter circle, the
correct profile curve. centre of which is situated on
the theoretically correct profile
curve.
N The tolerance range is the 002 The considered surface shall
range contained between the ] A be contained between the two
Profile two enveloping surfaces [ 1] | enveloping surfaces formed by
formed by a sphere with a 0.02mm diameter sphere, the
tolerance ) P
e — dla.met.er t the centre of centre of which |s.5|.tualed on
which is situated on the the surface containing the
theoretically correct profile theoretically correct profile.
surface.
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Tolerance tvaru a polohy

Orientation
tolerances

Perpendicularity

before the numerical value
indicating the tolerance
range, this tolerance range is!

1’7 The tolerance range is the /0.0 [A] The surface shown by the
range contained between two arrow of the indicator line shall
. planes parallel to the datum L D be contained between two
Parallelism
plane and separated by (4] planes parallel to the datum
tolerance i
distance 1. plane A and separated by
0.01mm in the direction of the
arrow of the indicator line.
Pt If symbol ¢ is attached [ #0071 [A] The axis of the cylinder shown

by the arrow of the indicator
line shall be contained within a
cylinder of diameter 0.01mm

tolerance the range contained within a that is perpendicular to the
cylinder of diameter t that is datum plane A.
perpendicular to the datum
plane.
The tolerance range is the The surface shown by the
4 range contained between two arrow of the indicator line shall
parallel planes inclined at a be contained between two
specified angle to the datum parallel planes which are
Angularity plane and separated from inclined with theoretical
tolerance each other by distance t. exactness by 40 degrees to the

datum plane A, and which are
separated by 0.08mm in the
direction of the arrow of the
leader line.
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Tolerance tvaru a polohy

'L The tolerance range is the (] #0m[AB]|The point shown by the
$ Tug rgnge contained mthm a ——- |n_d|;at0r line shall_be conta_lned
Ipcation circle or sphere of diameter t =L within a 0.03mm diameter circle
Positional with its centre situated at the [100] _rLT_l with its centre situated at the
tolerance theoretically exact location of true location 60mm from datum
the considered point line A and 100mm from datum
(hereafter referred to as the line B.
"true location™).
@ - If symbol ¢ is attached = #un [A] |The axis of the cylinder shown
Coaxiality before the numerical value Ew by the arrow of the indicator
Positional that indicates the tolerance, - line shall be contained within a
tolerance or _ L . _
tolerances . the tolerance range is the cylinder of diameter 0.01mm
concentricity s i . .
range within a cylinder of whose axis matches datum axis
tolerance ) _ .
diameter t whose axis line A.
matches the datum axis line.

e The tolerance range is the ={ 008 [ Al The centre plane shown by the
range contained between two arrow of the indicator line shall
parallel planes separated by _%; be contained between two

Symmetry distance t and arranged — parallel planes separated by
symmetrically with respect to 0.08mm and arranged
the datum centre plane. symmetrically with respect to
the datum centre plane A.
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Tolerance tvaru a polohy

Circular
run-out
tolerance
Run-out
tolerances

Measuring plana

Total run-out
tolerance

The tolerance range is the
range contained between two
concentric circles separated
in the axial direction by
distance t and the centres of
which are situated on the
datum axis line on any
measuring plane normal to
the datum axis line.

The radial run-out of the
cylinder surface shown by the
arrow of the indicator line shall
not exceed 0. 1mm on any
measuring plane normal to the
datum axis line when the
cylinder is rotated by one
rotation about the datum axis
line A-B.

The tolerance range is the
range contained between two
coaxial cylinders having axes
agreeing with the datum axis
line and separated from each
other by distance t in the

radial direction.

The total radial run-out of the
cylinder surface shown by the
arrow of the indicator line shall
not exceed 0.1mm at any point
on the cylinder surface when
the cylindrical part is rotated

about the datum axis line A-B.
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Tolerance tvaru a polohy - predepisovani

Znacka geometrické toIerance—l

l/ Zakladna C
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Tolerancni pole

Ciselna hodnota tolerance

I— Zakladna B
Zakladna A

Zavislost tolerance
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Zavislé tolerance

Podminka Symbol | Oznaceni

Podminka obalové plochy E

Podminka maxima materialu

Podminka minima materialu

|| <Z
@O

Podminka reciprocity
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Priklad pouziti podminky maxima materialu

rjfﬂ
1l. ’
N

1) Shoulder and shaft at 2} Shoulder at minimum material 3) Shoulder and shaft at
maximum material condition condition, shaft maximum at max.  minimum material condition
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Rozdeleni geometrickych toleranci

Tolerance = Geometric Charac- Symbol Applied To Datum Use Lor Gages Used
teristics Feature | Feature of Reference M Material
Surface Size Dim. Required Condition
Form Straightness — YES YES YES***
Flatness Vv
- ) YES NO
Circularity O NO NO NO
Cylindricity A
|Location Positional Tolerance O YES YES***
Concentricity © NO YES YES
NO NO
Svmmetry —
[Orientation | Perpendicularity L
Parallelism 4 YES YES YES YES YES*™*
Angularity Z
[Profile Profile of a Surface [ . .
- YES NO YES YES NO
Profile of a Line M
[Runout Circular Runout 2
> YES YES YES NO NO

Total Runout
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Tolerancni zona

Pokud je zéna oznacena jako primér, je
zonou valec.

Neni-li popis zony, je rovnobézny s
rovinou nebo s rovhomérnym okrajem ve
tvaru pozadované kontury.
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Tolerancni analyzy

Je obecny termin pro ¢innosti souvisejici se studiem nahromadénych variaci dilG a
sestav. Tyto metody se hojné vyuzivaji napriklad v elektrickych a mechanickych
systémech. Ve strojirenstvi jimi analyzujeme dily za ucelem posouzeni
geometrického kdtovani, toleranci a toleranénich retézc(.

Volba zpUsobu vypoctu toleranci a meznich uUchylek slozek rozmérového retézce
ovliviiuje vyrobni presnost a montazni zaménitelnost komponent. To ma primy vliv
na ekonomiku vyroby a provoz. Pro resSeni tolerancnich vztahl v rozmérovych
retézcl se pouzivaji v technické praxi tfi zakladni metody:

e aritmetickd metoda WC

* statistickd metoda RSS http://www.mitcalc.co m/

e skupinova zaménitelnost

Mnca| Mechanical, Industrial and Technical Calculations
c Vas kazdodenni partner na cesté za dokonalym vyrobkem.
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Dalsi pouzivané tolerancni analyzy

* Analyza rozmérového retézce deformovaného v dusledku

teplotnich zmén.
* RozSirena statisticka analyza rozmérového retézce pomoci ,,6 Sigma*“

metoda.
* ToleranCni analyza rozmérového retézce pri selektivni montazi

véetné optimalizace poctu sestavenych vyrobkd.

VSechny resené ulohy umoznuji pracovat s normalizovanymi hodnotami
toleranci a to jak pri navrhovani a optimalizaci rozmérového retézce.
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Teorie

Linearni rozmérovy retézec je mnozina nezavislych
rovhobéznych rozméru, které vytvareji vzajemné uzavreny
obvod. Mohou to byt rozmeéry specifikujici vzajemnou
polohu soucasti na jedné strané (obr. 1) nebo rozméry
nékolika ¢asti v montazni jednotce (obr. 2).
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Metoda WC

Metoda WC — nejhorsi prfipad. Jinak by se dala nazvat metodou
uplné zameénitelnosti dild (100 % dili bude spravné fungovat).
Tato metoda vychazi z nejhorSiho stavu vyrabénych dild.
Nevyhodou této metody jsou uzké tolerancni meze a tim vyssi
naklady na vyrobu.
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Worst-case — zakladni priklad

100*0,2
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Statistické tolerancéni analyzy

Metoda RSS (Root Sum Squares)

Model analyzy statistické variace vyuziva principy statistiky pro uvolnéni
toleranci soucasti bez obétovani kvality. Varianty jednotlivych komponent
jsou modelovany jako statistické rozlozeni a tyto rozlozeni jsou shrnuty tak,
aby predpovidaly distribuci méreni sestavy. Analyza statistické variace tedy
predpovida distribuci, ktera popisuje variaci sestavy, ne extrémni hodnoty
této zmény. Tento analyticky model poskytuje zvysenou flexibilitu navrhu
tim, Ze umoznuje projektantovi navrhnout jakoukoli droven kvality.
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Metoda RSS

RSS (Root Sum Squares) method

Tato metoda vypoctu je tradicni i nejrozsSireneéjsi metodou
statistického vypoctu rozmérovych retézcl. Metoda RSS je
zalozena na predpokladu, ze jednotlive dilCi soucasti jsou
vyrabény s urovni rozdéleni procesu (kvality) 3o.

LL UL
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Metoda 6 O

Obecné plati, Ze vyrobni proces byl tradi¢né povazovan za uspokojivé efektivni na Urovni 3c. To
znamena priblizné 2700 zamitnutych vyrobk( na jeden milion vyrobenych. Pfestoze se tato ¢ast
vyrobkll mimoradné velice zda byt na prvni pohled velmi dobra, je v nékterych oblastech
vyroby stale vice a méné nedostatecna. Kromé toho je témér nemozné udrzet stredni hodnotu
procesni charakteristické krivky presné ve stredu tolerancniho pole v dlouhodobém horizontu.

V pripadé velkych vyrobnich objem( se

pridmeérna hodnota procesnich 1.50
charakteristik v prlibéhu c¢asu posunuje LL
kvali vlivu rlznych faktor(i (nespravné
nastaveni, opotfebeni nastrojd a
pfipravkd, zmény teploty apod.).
Prekroceni hodnoty 1,5% od idealni
hodnoty je typické. V prfipadé tradicné ___ - ’ , . .
pfibliZzenych  procesd s  Urovni 36 26 -1C WK 40 26 4306 +4C 450
schopnosti 30, coz predstavuje zvySeni

poméru vydnych produktd na cca.

67000 na jeden milion vyrobenych.

66803 ppm
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Metoda selektivni montaze

Metoda selektivhi montaze je velmi u€innou metodou reseni
rozmérovych retézcu, coz umozZnuje podstatné zvysSeni
vyrobnich toleranci dilcich dili a tim vyrazné snizeni
vyrobnich nakladi. Na druhou stranu aplikace této metody
zvysuje naroky na sestaveni vyrobku. Provozni naklady se
také zvysi, protoze obvykle je nutné vymeénit celou
smontovanou soucast v pripadé opotrebeni nebo poskozeni
dilCi soucasti.
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Zaver

Vykresova dokumentace je v soucasné dobé spolu s 3D
model zdrojem veskerych informaci pro vyrobu produktu.
Preciznost a spravnost provedeni je zakladnim
predpokladem pro bezproblémovou produkci. Je nutné
zdUraznit, Ze tato dokumentace je Zivd po celou dobu
produkce a ze jde o vysledek technické kooperace v ramci
vsech zucastnénych stran.
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Kontrolni otazky:

* Co je a k cemu slouzi referencni souradny
systém?

* Jaké pouzivame tolerance tvaru a polohy?

* K cemu slouzi tolerancni analyza?

* Popiste tri zakladni zpusoby tolerancnich
analyz?
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Pristi prednaska bude na téma

,Prumyslové pravni ochrana”

Dékuji za pozornost
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Pouzita literatura a zdroje informaci:

https://books.google.cz/books?id=tesKAAAAQBAJ&pg=PA502&Ipg=PA502&dg=datum+referen

ce+symbol&source=bl&ots=MP-
wuCczrl&sig=AkmBHRXbA7wGsbNKDkKBIwI3K Sc&hl=cs&sa=X&ei=0HsJVd tGInAPlj8gbgM&ve

d=0CDOQ6AEwWAwW#vV=0nepage&qg=datum%20reference%20symbol&f=false

http://www.mitcalc.com/doc/tolanalysisld/help/cz/tolanalysis1dtxt.htm
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