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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The proced

rawn to the possibility that some of the elements of this document may-be the subj
4. ISO shall not be held responsible for identifying any or all such patent rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explarjation on the meaning of ISO specific terms and expressions related to conformity assess
as well as information about ISO’s adherence to the World Trade ©rganization (WTO) principles
Technical Bafriers to Trade (TBT) see the following URL: www:i§o.org/iso/foreword.html.

The committlee responsible for this document is ISO/TC 44; Welding and allied processes, Subcomr
SC 8, Equipment for gas welding, cutting and allied processes.

This third edition cancels and replaces the second edition (ISO 9013:2002), which has been techn
revised.

Requests for|official interpretations of any aspect of this document should be directed to the Secre

e are
br the
ith the

ect of
hils of

ights identified during the development of the document will be in the Introduction and/or

S not

ment,
n the

hittee

ically

tariat

of ISO/TC 44)/SC 8 via your national stafidards body. A complete listing of these bodies can be foynd at

WWW.iS0.0rg
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Thermal cutting — Classification of thermal cuts —
Geometrical product specification and quality tolerances
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General

cutting
operation of cutting the work piece

3.1.2
cut

result of the cutting operation
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3.2 Terms and definitions explained by figures
NOTE Figure 1 indicates the terms related to the cutting process of the work piece after the cutting process

has started, Figure 2 indicates the terms for the finished work piece, Figure 3 shows a straight cut and Figure 4, a
contour cut.

3.2.1 Terms related to the cutting process

Key
1  torch/cutting head a work piecéthickness
2 nozzle b  nozzledistance
3 beam/flajne/arc ¢ advance direction
4  kerf d _\top kerf width
5 startofcyt e() cutthickness
6 endofcu f  length of cut
g bottom kerf width
h  cutting direction

Figure 1 — Terms related to the cutting process of the work piece

2 © IS0 2017 - All rights reserved
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3.2.2 Terms on the cut work piece
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Figure 2 — Terms on the finished work piece
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3.2.3 Cuttypes

i

%

3

Key
1  vertical cit
2 bevel cut
3 bevel cutfdouble)

fam

Eigure 3 — Straight cut

2

7

Key
1 vertical cut
2 bevel cut

Figure 4 — Contour cut
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3.3
cutting speed
length of cut completed per unit time

3.4

kerf width

width of the cut produced during a cutting process at the upper edge of cut or with existing melting of
top edge immediately below, as caused by the cutting jet

3.5
drag
n
projefted distance between the two edges of a drag line in the direction of cutting

Note 1 to entry: See Figure 5.

k
D_ )
n n n
Key
a  work piece thickness (reference line)
¢ aflvance direction
k  dragline
m  pjtch of drag line
n drag
o groove depth
Figure 5 — Drag line
3.6
perpendicularity er'angularity tolerance
u

distaTce betweeh two parallel straight lines (tangents) between which the cut surfdce profile is
inscribed andwithin the set angle (e.g. 90° in the case of vertical cuts)

Note 1 to entry The perpendlcularlty or angularlty tolerance 1nc1udes not only the perpendlcu arity but also
siderz tb measure the

perpendlcularlty or 1nc11nat10n tolerance u, dependlng on the cuttlng process used

© IS0 2017 - All rights reserved 5
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b) Bevel cut
Key

1 distance fjo calculate the area to determine the perpendieularity or angularity tolerance

a work pieq
Aa thickness
i cutthicki
u  perpendi
B cutangle

NOTE Th
distance 1 wit

3.7
profile eleni

e thickness
reduction
ess

Fularity or angularity tolerance

e area to determine the perpendicularity or angularity tolerance is determined by multiplyi
h the length of cut (see Figure 2).

Figure 6 — Perpendicularity or angularity tolerances

entheight

Zt

ing the

sum of the height of the peak and depth of the valley of a profile element

[SOURCE: ISO 4287:20009, 3.2.12]

3.8

mean height of the profile

Rz5

arithmetic mean of the single profile elements of five bordering single measured distances

Note 1 to entry: See Figure 7.

Note 2 to entry: The index 5 in Rz5 was added to distinguish the arithmetic mean and the maximum height of
profile of the five single profile elements.

© ISO 2017 - All rights reserved
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Key
Zt1 to Ztg__single profile elements
In evaluation length
Ir single sampling length (1/5 of In)
Figure 7 — Mean height of the profile
39
melting of top edge
r

measfire characterizing the form of the upper edge of cut
Note 1 to entry: The latter may be a sharp edge, a molten edge or cuit edge overhang.

Note 4 to entry: See Figure 8.

7 < S
A

a) Sharp edge b) Molten edge c) Cut edge overhang
Figure 8 — Melting

3.10
burr
dross
metal resjdue sticking to the lower part of the cut

Note 1 t0/entry: During the thermal cutting process, creation of minor flash that sticks to the qut work piece
associated with oxides or molten steel projections that drip and solidify on the lower edge of the work piece (see

Figure 9).
7

/|

Figure 9 — Burr/dross

© IS0 2017 - All rights reserved 7
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3.11

gouging
scourings or kerves of irregular width, depth and shape, preferably in the cutting direction, which
interrupt an otherwise uniform cut surface

Note 1 to entry: See Figure 10.

Key
h  cutting diLection
¢ advance direction
Figure 10 — Gouging
3.12
start of cut
point of the work piece at which the cut begins
4 Symbols
Symbol Term
a work piece thickness
Aa thickness reduction
A assembly dimension
a torch set angle
b nozzle distance
B pregrammed dimension of the cut part
B cut/angle
B, machining allowance
o advance direction
d top kerf width
e cut thickness
f length of cut
g bottom kerf width
Go upper limit deviation
Gy tower himitdeviation
h cutting direction
i cut thickness
j depth of root face
k drag line
In evaluation length
Ir single sampling length
m pitch of drag line
n drag
) groove depth
r melting of top edge

8 © IS0 2017 - All rights reserved
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Symbol Term
Rz5 mean height of the profile
tg straightness tolerance
tp parallelism tolerance
tw perpendicularity tolerance
u perpendicularity or angularity tolerance
Zt profile element height

5 Form.andlocation tolerances

Figure 11 shows the maximum deviations within the tolerance zone.

Key
tw
tp
tG1
tc2

perpendicularity tolerance (see ISQ 1101) for cut width referred to A

parallelism tolerance (see ISO 1101) for cut width referred to A on sheet level
straightness tolerance (see ISO 1101) for cut length
straightness tolerance (see ISO 1101) for cut width

Figure 11 — Form and location tolerances shown by the example of a sheet plate

6 Determination of the quality of cut surfaces

6.1

General

See Tables 1 and 2.

© IS0 2017 - All rights reserved 9
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Table 1 — Precision measuring instruments

Precision measuring instruments
Symbol L
Error limits Examples
Guide device in the direction of the cut thickness and of the nominal angle with
dial gauge
u 0,02 mm . o
Contact stylus point angle <90
Contact stylus point radius <0,1 mm
RzS 0,002 mm Rrec151on measuring instrument, e.g. electric contact stylus instrument for con-
tinuous scanning in advance direction
n 0,05 mm Measuring microscope with crosswires (crosshair) and cross-slide of suffiicient
adjustability
r 0,05 mm Special device for scanning the profile of the cut upper edge by a dial gaugd
Straightness 0,2 mm Piano wire with max. 0,5 mm diameter, feeler gauge
Table 2 — Coarse measuring instruments
Coarse measuring instruments
Symbol

Error limits Examples

Tri-square (workshop square with a degree-of.precision 1 or 2), for bevel cuts,
u 0,1 mm bevel gauge or set square set to the nominal angle of bevel of cut or set angle, for
this purpose depth gauge with sensinggpoint, measuring wire, feeler gauge

Rz5 — —

Tri-square (workshop square) for,bevel cuts, sliding square or set square, fdr this
n 0,2 mm purpose calliper gauge with nenhius or graduated ruler with nonius. Bevel gauge
with conversion table from the'drag angle to the drag length

r 0,1 mm Convex gauge (radius gauge)

Straightness 0,2 mm Piano wire with max¢c0;5 mm diameter, feeler gauge

The measurg¢ment conditions, measurement points and methods for determining and evaluating the
characteristics of cut surfaces shall conform to 6.2.

6.2 Measyring

6.2.1 Meapuring conditions

Measurements shall be¥carried out on brushed, free-from-oxides cuts outside areas including
imperfections.

As referencelelement, the upper and lower sides of the thermally cut work piece are taken. They shall be
even and clean;

Straightness is defined as the minimum distance between the measurement line and the actual surface
(see ISO 1101).

6.2.2 Measuring point

6.2.2.1 General

The number and location of the measuring points depend on the shape and size of the work piece and
sometimes also on the intended use.

The cut surfaces are classified in the tolerance fields according to the maximum measured values.
Therefore, the measuring points shall be located where the maximum measured values are to be
expected. When choosing the measuring points, due consideration shall be given to the fact that the

10 © IS0 2017 - All rights reserved
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maximum values of the mean height of the profile and of the perpendicularity or angularity tolerance
may be found at different points of the cut. [f measured values are located at the lower limit of a tolerance
field, additional measurements should be carried out due to the uncertainty of the visual selection of
the point with the expected maximum measured value. If measured values are located at the upper
limit of the tolerance field or if there are any doubts regarding some measuring results, supplementary
measurements shall be carried out on the same number of additional measuring points.

6.2.2.2 Number of the measuring points

The number and location of the measuring points shall be defined by the manufacturer.

. L WP "
If nO Cl,lblll CIIICIIU IO DPC\,AIICU, call )’ UulL.

u two times three measurements at a distance of 20 mm each on each meter of the qut;

Rz5 one time one measurement on each meter of the cut.

6.2.213 Location of the measuring points

The dharacteristic value of perpendicularity or angularity tolerancés u, only will be detgermined in a
limitdd area of the cut surface. The area shall be reduced by the dimension Aa according to[Table 3 from
the upper and the lower cut surface edges (see Figure 6).

NOTE The reason for the reduced cut face profile is to allow fox the melting of the top edge.

Table 3 — Dimensions for Aa

Cut thickness, a Aa
mm mm
<3 01a
>3<6 0,3
>6 <10 0,6
>10 <20 1
>20 <40 1,5
>40 <100 2
>100 <150
>150 <200
>200 <250
>250 <300 10

The characteristic value of the mean height of the profile, Rz5, shall be determined within d limited area
of thq eut surface and the mean height of the profile, Rz5, shall be measured at 15 mm fijom the start
of the-etttitheadvancedirection—The-measurementshaltbeearriedoutatthe pulnt of-the maximum

surface roughness of the cut surface, according to ISO 4288, using a device as described in ISO 3274.

6.2.3 Procedure

The characteristic values for the cut surfaces will be determined, according to the type of measurement,
by means of the corresponding instruments listed in Tables 1 and 2.

The mean height of the profile, Rz5, shall be measured at 15 mm from the cut length in the advance
direction. The measurement will take place in accordance with ISO 4288 using a tester as described in
SO 3274.

If a measuring wire or sensor for coarse measurement of the perpendicularity or angularity tolerance
cannot be introduced in the gap between shifting square and cut surface, a depth gauge with sensing

© IS0 2017 - All rights reserved 11
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point shall be used. In the case of molten edges with unfinished projection, the latter will be considered
in the perpendicularity or angularity tolerance.

For cut thicknesses below 2 mm, the measuring procedure to determine the perpendicularity or
angularity tolerance specifically has to be agreed upon.

For cut thicknesses below 2 mm, the measurement of Rz5 is carried out at a distance of 1/2 of the cut
thickness from the upper cut edge.

With regard to all thermal cutting processes, the piercing area and/or the start section of a cut will be
excluded from the measurements. The same applies to the end of the cut.

—

7 Quality of the cut surface

7.1 Charalcteristic values

The quality ¢f the cut surfaces of thermally cut materials is described by the following charactgristic
values:

a) perpendjcularity or angularity tolerance, u;

b) mean hefght of the profile, Rz5.

The following characteristic values may be used in addition:
— drag, n;
— melting pf top edge, r;

— possiblyloccurrence of dross or melting drops on the lower edge of the cut.
7.2 Measyring ranges

7.2.1 Gene¢ral

For quality, the ranges for perpendicularity or angularity tolerance, u, and mean height of the profile,
RZz5, shall befindicated in the order-u, Rz5. Where no value is fixed, a “0” (zero) shall be indicated.

Isolated faulfs, such as gouges, the unavoidable formation of melting beads on the lower edge of the cut
at the start df cuts, or oxid€ remainders on the cut surface have not been considered when defining the
quality valugs of this document.

At multi flank cuts, e.g. for Y, double V or double HV seams (see ISO 2553), each cut surface shiall be
evaluated separately.

7.2.2 Perpendicularity orangutarity tolerarmce; o

The ranges for the perpendicularity or angularity tolerance, u, are shown in Table 4 and in Figure 12.

Table 4 — Perpendicularity or angularity tolerance, u

Perpendicularity or angularity tolerance, u
mm

0,05+ 0,003 a
0,15+ 0,007 a
0,4+0,01a
0,8+0,02a
1,2+0,035a

Range

G| W | N =

12 © IS0 2017 - All rights reserved
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7.2.3 Mean height of the profile, Rz5

The ranges for the mean height of the profile, Rz5, are shown in Table 5 and in Figure 13.

Table 5 — Mean height of the profile, Rz5

Range Mean height of the profile, Rz5
pm
1 10 + (0,6 a mm)
2 40 + (0,8 a mm)
3 70+ (1,2 amm)
4 110 + (1,8 a mm)
\V
2 —
/////
L] | [ — 5
- | o]
15 T
L1 |
/// ////
| ////_—-_// .,/ 4
1 —— =
AR s R
0BT T SR
L2
0 ] l sl 1
0 5 10 15 20 25 30 X
a) Perpendicularity'or angularity tolerance, u (work piece thickness up to 30/mm)
Y
¢
]
| 5
L~
] 4+
4
L —1
//
2
| 1 //_/—/ //
T 1
0 === —1
0 50 100 150 X

b) Perpendicularity or angularity tolerance, u (work piece thickness up to 150 mm)
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Key
1to5 range (see Table 4)
X cut thickness, e, in mm
Y perpendicularity or angularity tolerance, u, in mm
Figure 12 — Perpendicularity or angularity tolerance, u
Y
150 —
//// —T1 4
100 e
T —+3
50 o =] 2
T P
N B i S o 5y o NP
IR &
0
0 5 10 15 20 25 30 X
a) Mean height of the profile, Rz5 (work'piece thickness up to 30 mm)
Y
350
300 — 4
250 —
200 —— —3
150 S
100 — — | -
// // | 1
/ | _—
50 ———t— — 1
——
——
0
0 50 100 150 X
b) Mean height of the profile, Rz5 (work piece thickness up to 150 mm)
Key
1to4 range (see Table 5)
X cut thickness, e, in mm
Y mean height of the profile, Rz5

Figure 13 — Mean height of the profile, Rz5
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8 Dimensional tolerances

8.1

General

The dimensions in the drawings shall be taken to be the nominal dimensions, the actual dimensions
being determined on the clean surfaces of the cut. The limit deviations specified in Tables 6 and 7
shall apply to dimensions without tolerance indications, where reference is made to this document on

draw

ings or in other documents (e.g. delivery conditions).

They are only applicable to flame cuts and plasma cuts on work pieces with a length-to-width ratio
(length : width) not exceeding 4:1 and for lengths of cut (circumference) of not less than 350 mm.

For w

devia

For 13
ratio,

The g
mach

Matet

ork pieces cut by flame and plasma cutting with a length-to-width ratio greater than
Fions shall be specified by the manufacturer following the principles set out in-this

the geometry and the pre-treatment conditions of the work piece.

iven classes do not apply to the start and end of the cut and can pnly be achieved
nes and trained operators.

ial grade and the sheet temperature in comparison to the- machine temperature

suitalple to meet the requirements of the allowed material eldngation or contraction, e.

relief
If nec

The |
separ
emph

NOTE
defini
to exp
This 4|
no ref

of residual stresses and thermal elongation during cutting.
pssary, the limit deviations may be agreed upon separately.

mit deviations for the cut surface quality (perpendicularity or angularity tolerance
ately from the limit deviations for the dimensional deviations of the work piecg
asize the different influences on the work-piece.

Fions for the limit deviations are baséd.on the independence principle, it was deemed not td
lain this fact once again by the additional indication of the tolerance according to ISO 8015 o
foids any misunderstandings with.regard to a possible elimination of the independence prin
brence to ISO 8015.

If other form and location teléerances, e.g. straightness tolerance, perpendicularity tolg

lengtl

1 and cut width direction, shall be maintained, they have to be agreed upon separate

4:1, the limit
cument.

(i])
ser cutting, the maintainable dimensional tolerances depend essentiallyjon’the length-to-width

rith serviced
needs to be

. due to the

) are treated
in order to

The limit deviations do not include the deviations from perpendicularity or anguflarity. As the

be necessary
h the drawing.
Fiple if there is

rance in cut
\
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8.2 Dimensional tolerances on parts without finishing

8.2.1 The work piece shall fit into an assembly. The nominal dimension of the part to be cut results
from the assembly dimension (= drawing dimension), reduced by the limit deviation (see Figure 14).
The real dimension of a component produced by a thermal cutting process always corresponds to the
greatest dimension at outside dimensions and to the smallest dimension at inside dimensions.

This kind of tolerance is normally required at welding joint preparation, as the work piece has to fit into
an assembly.

A  assembly|dimension
B nominal dimension of the cut part
G, upper linlit deviation
Gy lower limjit deviation

u  perpendifularity or angularity tolerance

Figure 14 — DimenSional tolerances on parts without finishing

8.2.2 Ifthgwork piece doesn'theed to fit into an assembly, the nominal dimension of the part to pe cut
results from fhe assembly dimehsion A (see Figure 15).

8.3 Dimensional telerances on parts with finishing

8.3.1 Geng¢ral

In order to beable tTo meet the assembly dimensions, it 15 Necessary, for outside dimensions of work
pieces with a machining allowance, By, to add the perpendicularity or angularity tolerance as well as the
lower limit deviation and, for inside dimensions of work pieces with a machining finishing allowance,
B, to subtract the perpendicularity or angularity tolerance as well as the upper limit deviation (see

Figure 15).

NOTE1 The effective material to be removed depends on the machining allowance, the perpendicularity or
angularity tolerance and the mean height of the profile for the relevant cutting process.
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Key
sembly dimension

bminal dimension of the cut part
B, achine allowance

Go

c 83 5 N

bper limit deviation

D
[

dwer limit deviation

u  pprpendicularity
Figure 15 — Dimensional tolerances on parts with*finishing (outer dimensigns)

NOTE[2  Bis the result of a calculation from 4, Bz, u and.G;\(See text above).

8.3.2| Machining allowance

If the|[drawing does not bear any indication to-this effect, in practice, a machining allowan¢e depending
on the sheet thickness will be provided forjaccording to Table 8.

Table 8 — Machining allowance, B,

Dimensions in millimetres

Work piece Machining allowance for each cut surface, B,
thickness, a

=22 <20

>20 <50

>50 <80
>80

N (oW (N

9 Designation

DT It Cr O XX

A thermal cut in compliance with the requirements of this document is designated by listing the
following elements in this order:

a) the “Thermal cut”;

b) areference of this document, i.e. [SO 9013:2017;

c) the range number chosen for the perpendicularity or angularity tolerance (1 to 5);
d) the range number chosen for the mean height of the profile (1 to 4);

e) the class number chosen for the limit deviation for nominal dimensions (1 to 2).

© IS0 2017 - All rights reserved 19
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EXAMPLE A thermal cut conforming to this document, of range 3 for the perpendicularity or angularity
tolerance, range 1 for mean height of the profile and class 2 for limit deviations for nominal dimensions, is
designated as follows:

Thermal cut ISO 9013-312:2017

10 Information in technical documentation

10.1 Indications of size

The dimensipmatimdications 1M the drawings are TeferTed to the cut WOrkK piece. 1 tie technical
documentatipn, standards, etc., dimensional symbols according to this document shall be used.

10.2 Indicgtion of quality of cut surface and of tolerance class

10.2.1 On technical drawings

The quality 9nd tolerance classes required in connection with thermal cutting-shall be indicatedfusing
the following symbol, in accordance with ISO 1302 (see Figure 16):

OOO®
v

Key

1 indication of the main number of this document

2 indication of the perpendicularity or angularity tolerance} u, according to 7.2.2
3 indication of the mean height of the profile, Rz5, according to 7.2.3

4 indication of the tolerance class according to Clause 8

Figure 16

EXAMPLE A quality with the symbolt'34 (range 3 for u, range 4 for Rz5) and the limit deviations for ngminal
dimensions tdlerance class 2 (see Table'7) are required.

ISO 9013-3L42

10.2.2 Titld bloek of technical documentation

The required cut quality and the required tolerance class shall be indicated as follows, referring to the
main number of this document.

EXAMPLE A quality with the symbol 34 (range 3 for u, range 4 for Rz5) and the limit deviations for nominal
dimensions tolerance class 2 (see Table 7) are required:

IS0 9013-342
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Achievable cut qualities for different cutting processes

This document considers the principle used to describe the quality of thermal cuts independently from

the p

Not a
and a

With

apprd

Table
cuttiy
or las
tolers

servi

The n
or col
matel
taken

rocess, e.g. oxyfuel flame cutting, plasma cutting, laser cutting.

hy material.
ved and recommended for the cutting process used.

g for typical 2D-cutting applications. Combined technologies, stch’ as laser and pl

nces. The given classes do not apply to the start and end.f the cut can only be a
ed machines and trained operators.

haterial grade needs to be suitable to meet the requiréments of the allowed materi

into account when considering the achievabletolerance class.

On cult surfaces of work pi€ces of aluminium, titanium, magnesium, copper and their alloys,

of thd
mean

fourt

With

perpé

cut, s

Figur

alloy’s granular sttucture, rippled surfaces result on which it is not possible to d
height of the prafile and to evaluate it in accordance with this document. Values aj
mes as highywith respect to this document, may be expected for aluminium and alum

regard.fo)all thermal cutting processes the achievable mean height of the Rz5
ndicularity or angularity tolerance, u, does not apply to the beginning of the cut, t}
mallradii and sharp angles.

hy quality tolerance and any geometrical product specification can be obtained by

er cutting and punching, have to be considered separately due to further applicz

itraction e.g. due to the relief of residual stresses-and thermal elongation during cy
ial-specific effects on tolerances in addition to the-machine and process accuracy myst always be

Table A.1 — Typically achievabledimit deviation classes for cutting process
Process Class
laser cutting (up'to 32 mm) 1
oxyfuel flame’'cutting 2
plasmd cutting 2

any process

regard to all thermal cutting processes, the typical achievable qualities apply to material grades

A.1 indicates typically achievable classes for the cutting processes Jaser, oxyfuel flamg and plasma

hsma cutting
tion-specific
Chieved with

hl elongation
itting. These

es

as a function
btermine the
bproximately
inium alloys.

profile and
he end of the

es A.1 10 A.4 show average qualities achievable 1n mild steel using the diiferent oxy

’gen assisted

cutting processes mentioned. However, depending on service conditions, used technology and materials
grade, qualities significantly different can be obtained.
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Key
1 to 5 range (dee Table 5)
a cut thickness, e, in mm
u perpendicularity or angularity tolerance, in mm
° oxyfuel flame cutting
A plasma futting
[ laser cufting
Figure A.1— Typical cut qualities achievable with perpendicularity or angularity tolerange, u
(work piece thickness up to 30 mm)
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Key
1 to 5|range (see Table 5)
a cut thickness, e, in mm

perpendicularity or angularity tolerance, in mm
oxyfuel flame cutting
plasma cutting

E ) o <

laser cutting

Figure A.2 — Typical cut qualities achievable with perpendicularity or angularity tolerance, u
(work piece thickness up to 150 mm)
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