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INTERNATIONAL STANDARD

1SO 5001-1980 (E)

Cold-reduced carbon steel sheet for vitreous enamelling

1 Scope and field of application

1.1 This International Standard applies to cold-reduced
carbon Bteel sheet of commercial and drawing qualities for
vitreous|enamelling?, where surface of the sheet and chemical
composition of the base metal are of prime importance.

NOTE —| For hot-rolled carbon steel sheet and cold-reduced carbon
steel sheet of commercial and drawing qualities, see 1SO 3573 and
1SO 3674 respectively.

1.2 Sheet for vitreous enamelling is produced in thicknesses
of 0,36 mm and thicker {commonly produced up to 4 mm) and
in widths 600 mm and wider in coils and cut lengths. Sheet for
vitreous| enamelling less than 600 mm wide may be slit from
wide sheet and will be considered as sheet.

NOTE --| Approximate conversions to inches are given in the. annex,
for information only.

1.3 Commercial quality sheet {VEO1) issintended for general
fabricating purposes where sheet is used in‘the flat, or for ben-
ding or moderate forming.

1.4 Dfawing quality sheét(VEQ2, VEO3 and VEO4) is intended
for drawling or severe farming. it is furnished to all requirements
of this Ihternational Standard or, by agreement when ordered,

2 References
ISO 82, Steel — Tensile testing.
ISO/R 85, Bend test for steel,

ISO 86, Stee/-Tensile testing of sheet and §
and not less than 0,5-mm thick.

ISO/R 87, Simple)bend testing of steel shee
3 mm thick:

trip less than 3 mm

t and strip less than

3 Definitions and other informpation

3.1 steel sheet for vitreous enamelli

per chemical composition and processing

g : A product ob-

re selected by the

tained from cold-reduced steel sheet havin’Fa matt finish, Pro-

producer to prepare the sheet for both fab
enamelling.

cation and vitreous

3.2 Grades and qualities for vitregus enamelling

3.2.1 grade 1 : An extremely low carbon
ly for direct cover coat enamelling and
enamelling special applications {sag resistarn
of this grade loses strength after firing the ¢
a problem the producer should be consults

3.2.2 grade 2 : A sheet suitable for two-

heet suitable main-

also for two-coat
ce). The base metal
namel, and if this is
bd .

coat enamelling.

to fabritate an identified part, in which case the mechanical
propertis of table’ 1 do not apply. If strain ageing is to be . Grade
minimized, grade VEO4 should be specified. Drawing qualities Quality ] )
are identified as follows : )
. . VEO1 X X
VE02 — Drawing quality
VEO2 X
VEO3 — Deep drawing quality VEO3 X X
. . . . VEO4 X X
VEO4 — Deep drawing quality special killed (extra deep (non-ageing)

drawing quality non-ageing)

1) Sometimes referred to as porcelain enamelling.
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3.3 Designations

The designations in 1.3 and 1.4 include the qualities of sheet
steel for vitreous enamelling. The designation VE represents
“vitreous enamelling’’ similar to CR “cold reduced”. The
numbers 01, 02, 03 and 04 are common to other standards
indicating the qualities of commercial, drawing, deep drawing
and deep drawing special killed (extra deep drawing non-
ageing).

3.4 skin pass: :
processed sheet. The purposes of skm passmg are one or more
of the following :

a) to mrmmrr temporarily the occurence of the condition
known as strdtcher strain {Luder’s lines} or fluting during
fabrication of finished parts;

b) to obtain| the required surface finish for vitreous
enamelling;

¢} to control|shape.

3.5 Strain agring
Steel sheet for vifreous enamelling in qualities VEO1, VE02 and
VEOQ3 supplied in the skin passed condition tends to strain age
and this may lead to the following :

a) surface mtnrkings from stretcher strain (Llider's lines) or
fluting when the steel is formed;

b) deterioratjon in ductility.

Because of these
final processing
minimum. Rotatig
is important, Sto

factors, it is essential that the period between
at the mill and fabrication is. kept to a
n of stock, by using the oldest'material first,
cking of such steels for extended periods of

time should be ayoided and for optimum. performance should
not exceed six weeks.

For skin passed sheet in qualities,VEO1, VEO2 and VEO3 and
with due regard| to the foregoing precautions, reasonable
freedom can be ag¢hieved by€ffective roller levelling immediate-
ly prior to fabrication at the.purchaser’s plant. Freedom from
stretcher strain apd fluting for a period of six months can be
achieved by the s pply of skin passed non- agelng steels Grade
VEO04 shall be sp:

3.8 Oiling

Steel sheet for vitreous enamelling may be oiled or not oiled, as
required.

4 Conditions of manufacture

4.1 Steelmaking

The processes used in maklng the stee| and |n manufacturrng

producer. When requested the purchaser shall bevinformed of
the steelmaking process being used.

4.2 Chemical composition

The cast analysis for grades 1 andv2)is subject to agreement
between the manufacturer and (the purchaser and a report of
cast analysis to the purchaser-or verification by the|purchaser
shail be in accordance with4.3.1 and 4.3.2. Becausq of the ex-
tremely low carbon of grade' 1, as a result of special processing,
the carbon content of.this grade is not subject to cagt analysis;
however, the purchaser may check the carbon gontent to
ensure no misapplication between grades 1 and 2,

4.3 Chemical analysis

4.3.1\ Cast analysis

A cast analysis of each cast of steel shall be made by the
manufacturer. When requested, only manganese, phosphorus
and sulphur for grade 1 will be reported to the purchaser or his
representative. For grade 2, carbon, manganese, phosphorus
and sulphur will be reported to the purchaser or hig represen-
tative when requested.

4.3.2 Verification analysis

A verification analysis may be made by the purchasgr to verify
the specified analysis of the semi-finished or finished steel and
shall take into consideration any normal heterogeneity. A car-
bon determination for grade 1 may be made by the|purchaser
to verify the extremely low carbon content. Non-k|lled steels
(such as rimmed or capped)} are not technologically suited to
verification analysis.

4.4 Weldability

not acceptable and where roller levelling is not possible.

3.6 Surface condition

The surface of steel sheet for vitreous enamelling shall be
reasonably free of imperfections that affect the appearance of
the enamelled product.

3.7 Surface finish
Steel sheet for vitreous enamelling is produced in a matt finish

with the degree of roughness depending on the end applica-
tion.

This product is easily welded. It is recommended that certain
precautions may be advisable due to the very low hardness of
grade 1 material.

4.5 Application

Steel sheet for vitreous enamelling shall be identified for
fabrication by name of the part or by the intended application.
Steel sheet of drawing qualities (VE02, VEO3 and VE04) may be
produced to make an identified part, which shall be previously
agreed upon between manufacturer and purchaser. In this
case, the part name, the details of fabrication, vitreous enamell-
ing practice, and any special requirements (freedom from stret-
cher strain or fluting) shall be specified and the mechanical pro-
perties of table 1 do not apply.
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4.6 Mechanical properties

Except when ordered to an identified part as explained in 4.5, at
the time that the steel is made available for shipment the
mechanical properties shall be as stated in table 1 when they
are determined on test pieces obtained according to the re-
quirements of 6.1 (mechanical tests). Prolonged storing of the
sheet can cause a change in mechanical properties (increase in
hardness and a decrease in elongation, leading to a decreasd in
drawability). To minimize this effect, quality VE04 should be
specified.

ISO 5001-1980 (E)

Py
Rolling direction

B Dimensional tolerances

Dimensiﬁnal tolerances applicable to steel sheet for vitreous
enamelling shall be as given in tables 2 to 11 inclusive.

6 Sampling

6.1 echanical tests (before vitreous enamelling)

6.1.1 ensile test

When drdered to mechanical properties, one representative
sample for the tensile test required in table 1 shall be taken
from eag¢h lot of sheet for shipment. A lot consists of 50 tonnes
or less of sheet of the same quality rolled to the same thickness
and confition.

6.1.2 Bend test (when specified)

One representative sample for the bend«test (VEO1) shall be
taken from each lot of sheet for shipment) A lot consists of all
sheets ¢f the same quality rolled to\thHe same thickness and
conditiop.

7 Test methods

7.1 echanical tests (before vitreous enamelling)

7.1.1 ensile test

Figure 1 — Transverse bend test_piecg {(after bending)

8 Retests

If a test does not give the specified resuits, fwo more tests shall
be taken at random from the same lot. Bth retests shall con-
form to the requirements of this Internatiorjal Standard; other-
wise, the lot may_be rejected.

9 Resubmission

91 The manufacturer may resubmit for gcceptance the pro-
ducts that have been rejected during earlier|inspection because
of unsatisfactory properties, after he has subjected them to a
suitable treatment (selection, heat treatmpnt) which, on re-
quest, will be indicated to the purchaser. In this case, the tests
should be carried out as if they applied to A new batch.

9.2 The manufacturer has the right to gresent the rejected
products to a new examination for compliance with the re-
quirements for another grade.

10 Workmanship

The steel sheet for vitreous enamelling in ¢ut lengths shall be
free from amounts of laminations, surface flaws and other im-
perfections that are detrimental to subsequént appropriate pro-
cessing. Processing for shipment in coils does not afford the
manufacturer the opportunity to observe rgadily or to remove
defective portions as can be carried out on|the cut length pro-
duct.

The tensile test shall be carried out in accordance with 1SO 82
and 1SO 86. Transverse test pieces shall be taken mid-way
between the centre and edge of the sheet as rolled.

7.1.2 Bend test (when specified)

The transverse bend test piece {applicable to VEQ1 only) shall
withstand being bent in the direction as shown in figure 1
through 180°, without cracking on the outside of the bent por-
tion, around an inside diameter equal to the thickness of the
test piece. The bend test shall be performed at ambient
temperature and as described in ISO/R 86 and ISO/R 87.
Small cracks on the edges of test pieces and cracks which re-
quire magnification to be visible shall be disregarded.

11 Inspection and acceptance

11.1  While not usually required for products covered by this
International Standard, when the purchaser specifies that
inspection and tests for acceptance be observed prior to ship-
ment from the manufacturer’s works, the manufacturer shall
afford the purchaser’s inspector all reasonable facilities to
determine that the steel is being furnished in accordance with
this International Standard.

11.2 Steel that is reported to be defective after arrival at the
user’s works shall be set aside, properly and correctly identified
and adequately protected. The supplier shall be notified in
order that he may properly investigate.
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12 Coil size 14 Information to be supplied by the pur-
chaser

When steel sheet for vitreous enameliing is ordered in coils, a

minimum or range of acceptable inside diameter (1.D.) shall be To specify adequately requirements under this International

specified. In addition, the maximum outside diameter (0.D.} Standard, inquiries and orders shall include the following infor-

and maximum acceptable coil mass shall be specified. mation :

a) the number of this International Standard;

b) the name and desighation of the material (for example,
steel sheet for vitreous enamelling, grade 1 for direct cover

13 Marking coat, commerciat quality, VEQ1 (see 1.3 and 3.2.1};
Unless otherwiselstated, the following minimum requirements ¢) the dimensions of the product and quantity fequired;
for identifying the steel shall be legibly stencilled on the top of

each lift or showh on a tag attached to each coil or shipping d) the application (name of part) (see 4.5);

unit ;

e) the drawing qualities (VE02; VVEO3 and VEO4)), ordered

a) manufactlirer's name or identifying brand; to fabricate an identified part-(see’1.4 and 4.5);

f) whether oiled or not oiled (see 3.8);
b) the numbier of this International Standard;
g} the coil size requirements (see 12);

c) the quality designation humber; . ;
h) the report'of the cast analysis, if required (sge 4.3.1);

d) the grade| i) details\of fabrication including vitreous enamglling pro-
cess, O special requirements (stretcher strain or[fluting);

e) the order humber; ) i
kI inspection and tests for acceptance prior to| shipment
. . from the producer’s works, if required (see 11.1)].
f) the produgt dimensions; P 9
NOTE — A typical ordering description is as follows :

g) the lot number;
International Standard 1SO 5001, steel sheet for vitreolis enamell-
ing, grade 2 for direct cover coat, drawing quality VE02, 1,0 X
h) the mass. 1200 mm X coil, 25 000 kg, for stove tops.
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Table 1 — Mechanical properties!) (see 4.6)

ISO 5001-1980 (E)

. 2) c o 3) Base metal
Base metal quality R, max. A min. % 180° bend mandrel diameter
2
Designation Name N/mm L, =50 mm L, =80mm e<3 e=3
VEO1 Commercial - — - 0 1
(flat on itself) a
VEO02 Drawing 370 31 30
VHO03 Deep drawing 350 35 34
. Does ndt apply
Extra
VEHO04 deep drawing 340 37 36
non ageing
1) R,, [ tensile strength
A [ percentage elongation after fracture
L, [ gauge length on test piece
So = original cross-sectional area of gauge length
e = thickness of steel sheet, in millimetres
a = thickness of bend test piece

1 N/inm?2 = 1 MPa

2) Minimum tensile strength for qualities VEO2, VEO3 and VEOG4 would normally be expected to be 270 N/mm?2. All tgnsile strength values
are detefmined to the nearest 10 N/mm2,

3) For
length o

Table 2 — Standard thickness tolerances for coils!’ and cut lengths

material up to and including 0,6 mm, the elongation valdes in the table shall be reduced by 1. Minimum elongation values on a gauge
Lo = 5,65 \/So may be the subject of agreement between the interested parties.

Unless otherwise stated on the order, the thickness tolerances for all qualities of steel shall be in accordance with table 2.
When required, special tolerances in accordance with table 3 shall be the subject of agreement.

Values in millimetres

Thickness tolerances?), over and under, for spacified thicknesses

over 0.4 over 0,6 over 0,8 over 1,0 over 1,2 over 1,6 over 2,0 over 2,5 over 3,0
up to and
. ¢e " . A uptoand |uptoand |uptoand {uptoand | up to and |up to and |up toand |up to and |up to and
Spedified widths including | ; L N R K . K . . . . " . . X R i R
04 including | including | including | including | including | including | including | irjcluding | including
! 0,6 0,8 1,0 1,2 1,6 2,0 2,5 3,0 4
600 up o and 007 | 008 | 009 | 010 | 012 | 014 | 016 | 018 | 020 | 023
including 1 200
Over1200uptoand | gq 0,09 0,10 0,11 013 0,15 017 0,20 0,23 0,25
inctuding 1 500
Over 1500 up to and - 0,10 0,11 0,13 0,14 0,17 0,19 0,22 0,23 0,27
including 1 800
Over 1 800 - 0,12 0,13 0,14 0,16 0,19 0,21 0,24 0,26 0,29

1) The thickness tolerances for sheets in coil form are the same as for sheets supplied in cut lengths, but in cases where welds are present, the
tolerances shall be double those given over a length of 15 m in the vicinity of the weld.

2) Thickness is measured at any point on the sheet not less than 40 mm from a side edge.
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Table 3 — Special thickness tolerances for coils! and cut lengths

Unless ptherwise stated on the order, the thickness tolerances for all qualities of steel shall be in*accordance with table 2.
When required, special tolerances in accordance with table 3 shall be the subject of agreement.

Values in rillimetres

Thickneés tolerancasz), over and under, for specified thicknesses

over04 | over0,6 | over08 | over 1,0 y[lover1,2 | over1,6 | over2,0 | over2,5 | pver 3,0

’ n
g N Ejp to ? d uptoand | up to and {up toand | up to and jup to and | up to and | up to and | up to and | ¢p to and
Specified widths including | . R R A X . R 3 X R . . R . X R R
0.4 including | including | including | including | including | including | including | including | {ncluding

06 ~ 038 10 1,2 1,6 2,0 - 25 3,0 4

600 up to and

X . 0,040 0,045 0,055 0,065 0,075 0,090 0,110 0,125 0,140 0,165
including 1 200

Over 1 200 up to pnd

. R 0,045 0,065 0,065 0,075 0,085 0,110 0,125 0,140 0,158 0,180
including 1 500

Over 1 500 up to pnd

including 1 800 - - 0,075 0,085 0,100 0,120 0,140 0,155 0,170 0,190

Over 1 800 - - 0,080 0,095 0,105 0,135 0,150 0,165 0,188 0,200

1) The thickness tolerances for sheets incoil form are the same as for sheets supplied in cut lengths, but in cases where welds are piesent, the
tolerances shall be Houble those givén‘over a length of 15 m in the vicinity of the weld.

2) Thickness is mgasured at any\point on the sheet not less than 40 mm from a side edge.
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Table 4 — Width tolerances for coils and cut lengths, not

resquared
Values in millimetres
Specified widths Tolerance
Up to and including 1 200 *3
Over 1 200 up to and including 1 500 *4
Over 1 500 2

ISO 5001-1980 (E)

Table 5 — Length tolerances for cut lengths, not

resquared
Specified lengths Tolerance
Up to and including 3 000 S 30 mm
Over 3 000 up to and including 6 600 + go mm
Over 6 000 *954

Table 6 — Camber tolerances for coils and cut lengths,
not resquared

Forims Camber tolerance
Coils 20 mm in any 5 000 mm length
Cut lengths 0,4 % X length
/— Side edge (concave side)
[ /

}._.__. Straightedge

Camber

-— A

Figure 2 — Measurement of camber

Camber is the greatest deviation of a side edge from a straight line, the measurement being taken on the concave side with a

straightedge.
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Table 7 — Out-of-square tolerance for cut lengths, not
resquared

Dimensions Out-of-square tolerance

All thicknesses and all sizes 1,0% X width

Table 8 — Out-of-square tolerances for resquared sheet!)

Values in millimetres

Spaecified Specified Out-of-square
lengths widths tolerance
Up to and +2
Up to and including 1 200 0
including 3 000 a
Over 1 200 K
Over 3 000 All widths *3

1) When  measuring material to *resquared  ‘tolerances,
consideration may have to be givenito extreme variations in
temperature. '

[ }4—— Straightedge

Out-of-square —|

(n——— Side edge

Figure 3 — Measurement of out-of-square

Out-of-square is the greatest deviation of an end edge from a straight line at right angles to a side and touching one corner, the
measurement being taken as shown in figure 3. It can also be measured as one-half the difference between the diagonals of the cut
length sheet.
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for cut lengths,

roller levelled or stretcher.levelled

Values in millimetres

Table 9 — 13
Values in millimetres
Specified Specified Flatness
thicknpsses widths tolerance?!
Up to and including 1 200 15
Up toland QOver 1 200 up to and 18
includimg 0,7 including 1 500
Over 1 500 22
Up to and including 1 200 12
Over 0,7 Over 1 200 up to and
up tojand including 1 500 15
including 1,2 g
Over 1 500 19
Up to and including 1 200 10
Over 1 200 up to and
Over(,2 including 1 500 12
Over 1 500 17
1} This fable also applies to sheet cut to length fromicoils by the

customer

2} Maxi
sheet lyir
distance

horizontdl surface is the maximum deviation' from flatness.

when adequate flattening procedures are/ performed.

mum deviation from a flat horizontal\surface. With the
g under its own weight on a flat-surface, the maximum
between the lower surface of-the sheet and the flat

Specified Spdcified Flatness
thicknesses widths tolerance?)
Up. to and including 1 200 6
Up to and Over 1 200 up to and 7
including 0,7 including 1 500
Over 1 500 8
Up to and including 1 200 5
ORp 0.7 Over 1 200 up to and
Up-to and including 1 500 6
including 1,2 uding
Over 1 500 7
Up to and including 1 200 4
Over 1 200 up to and
Over 1,2 including 1 500 5
Over 1 500 6

1) Maximum deviation from a flat horizont
sheet lying under its own weight on a flat sy
distance between the lower surface of the
horizontal surface is the maximum deviation frg

l Maximun
from flay

T

al surface. With the
rface, the maximum
sheet and the flat
m flatness.

h deviation
hess

g
i’z

Figure 4 — Measurement of flatness
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When cold-reduced sheet is specified to stretcher-levelled standards of flatness and not resquared, the allowances over specified
dimensions in width and length given in table 11 apply. Under these conditions, the allowance for width and length are added by the
manufacturer to the specified width and length and the tolerances given in tables 4 and 5 apply on the basis of the new size establish-
ed. The camber tolerances in table 6 do not apply.

When sheet is not to have grip or entry marks within the specified length, the purchaser shall specify ““grip or entry marks outside
specified length”. When sheet may have grip or entry marks within the specified length, the purchaser shall specify “’grip or entry
mark inside specified length”’.

Table 11 — Width and length allowances! for sheet,
stretcher levelled

Values in millimetres

Allowances over spacified dimensions
Specified Lengths
fengths Widths Grip or entry Grip or entry
marks outside marks inside
specified length specified length
Up to and
including 19 100 15
3 000 )
Over 3000
uptoand | g 100 75
including .
4 000
Over4000 | 32 125 100

1} Allowances for sheet-eXceeding 5 000 mm in length shall be the
subject of agreement.

10

e L
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