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DIN
Cast Iron with Nodular Graphite
Unalloyed and Low Alloy Grades 7693
Part 1

GuBeisen mit Kugelgraphit; Werketoffeorten, unlegiert und niedriglegiert
Dimensions in mm

For connection with ISO Recommendatiocn ISO/R 1083 see Explanations, This Standard provides the

basia for the guality specifications and test provisions of the Verband Giiteschutz GuBeigen mit
Kugelgraphit e.V. (Quality Protection Associmtion for Cast Iron with Nodular Graphite}, Diisseldorf,
Sohnstraole 70 and for the DIN test and control symbol of the Deutache Gesellschaft fiir Warenkenn-

zeichoung CmbH (DGWK) (German Society for the Marking of Goods), Burggrafenstrasse 4=10, 1000 Ber-
lin 30, see Explanations. .

1. Definition

Cast iron with nodular graphite (GGG) is an iron—carbon casting material having the carbon compo-—
nent present as graphite which exists almest exclusively in a largely nodular form.

2. Grade classifiecztion

The grade clagsification {see Table 1 and Table 2) is based on temgile strength.

The characteristics for which minimum values are specified for specimens teken from separately
cast test pieces (see Section ?) are, for the normal grades, apart from tensile stremgth, the

0.2 % proof stress and elongation, end, additionally the jimpact value for grades for which

this is guaranteed,

The choice of grade is the concern of the purchaser. Its suitability for the intended casting from
the viewpoint of casting practice shall be e*amined by the casting manufacturer. For castings with
special properties or with guaranteed values') going beyond those of Table 1 and Table 2, Sections

4, 5.1, 5.2, 6 and 8 shall be observed.

Table 1. Standar@ grades

Guaranteed propertiem determinsd from Reference data
Grade separately cast teat pieces3d) M)
Tengile 0,2 ¥ proof Elcngation
. strength stress
Symbal Material
tumber g 9.2 55 Structure
N/mm? N/mm? %o
min. mih. min,
GGG-502) 0.7040 400 250 15 predominantly ferritic
GGG-50 0.7050 500 320 ' 7 ferritic/pearlitic
GGG-60 0.7060 600 aso 3 pearlitic/ferritic
GGG-70 0,7070 700 440 2 predoninantly pearlitic
GGG-80 0.7080 800 500 2 pearlitic

1) A, etandard dealing with guarsnteed characteristic valnes of specimens taken frem integrally cast test
pieces or from the casting itmelf is in course of preparation

The GGG=»0 grade reenlthg from the combining of grades GGG-38 and GGG-42 of DIN 1693, Issus of Septem-
ber 1961, is interchangsable with those of the old issue of DIN 1693. The GGG-47 grade is supplied instaead
of the previousiy standardized grades GGG-38 and GGG-42.

2)

3) Ses also Section 5.1; for section thicknesmes >50 mm and compact castings in particular, agreement bhelwsen
manufacturer and uwoer is urged; sees also Footnote 1.

ll’) A Supplementary Sheet with a detailed expomition of the propartiess of the material is in course of prepara-
tion.

%)

Tnstead of the 0.2 ¥ proof stress it im permimsible in the case of tha Territie grades to quote the yield
point obtained from the testing machine diagram, dme regard being paid to the mere circumecribed test

conditions - compared with DIN 50145 (new ismue at present circulating ae draft) - as mentioned in the
Explanntions.

Continued on pages 2 to &
Explanations on pages 4 and 5
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Teble 2. Grades with guaranteed impact values

Guarenteed properties determined from separately cast teat pieees3} 0]
Izpact value (DVM specimens)
Grade Tensile 0.2% progr Elongation qu
strength stress”) in J
min,
Op %02 By
Symbol Hatarial Mean®)
number N/mm?2 N/mm? % from Individyal
min, min. min, 3 apecimens value®)
GGG-35.3 0,7033 350 220 22 14 =t —40°C | 11 at—409°C
GGG-40.3 0.7043 400 250 18 14 at —209C| 11 at —20°C
3. Svmbols

In orders and on drawings the symbols or material numbers according to Table 1 and Table 2
are to be used, a.g. GGG=-60.
4. Manufecturing method

Unlese agreed to the contrary, the choice of manufacturing method and chemical eomposition
of the material is left to the casting manufacturer.

5. Reguirements end service properties

5:1. Strength properties :

Table 1 and Table 2 define the mechanieal properties obtained from specimens taken from sepa-
rately cast test pieces. Differing requirements, e.g. mechanical properties at specific lo-

cations on the casting - test pieces to be cast cn or removed from the casting’) - or any
zdditional requirements are to be agreed,

5.2. Physical and technological properties

Reference data on physical and technological properties, which are to be agreed as mecessary,
can be tzken from a Supplementary Sheet in_course of preperation. Weight celeulations shall
e based on a density of spprox. 7.2 kg/dn?. Dimensional changes occurringin the as cast con-
dition efter cooling as a result of shrinkage amount to © to 2 %, being mainly concentrated
in the range frem O to 0.8 %, mccording to crystalline structure, shape and casting method.

6. Heat-treatment

Castings mede of cast iron with nodular graphite are supplied in the as cast conditvion or heat-
treated. Cestings made of GGG—35.3 must be annealed to give a ferritic condition. Heat-treat-
ment to relieve cesting stresses shall not result in any change of structure Y.

7. Sempling

The genersl principles of DIN 1605 Fart 1 "Testing of materials, mechanical testing of met-
als; general and ecceptance" spply,as sppropriate, aise to the sampling and testing of cast

iron with nodular graphite. If the customer does not specify the shape and size of the test

pieces, the decision on this will be taken by the casting manufacturer.

Separately cest test pieces shall be used for verifying the mechanical properties guaranteed
in Teble 41 and Table 2 for cast iron with ncdular graphite.

For M ) ‘i) and 7) see page 1

6) At room temperature the impact value as the mean for a set of J specimens is not less than 19 J for
GOG-35.3% and not lems than 16 J for GOG-40.3. The individual values are as follows: not leas than
17 J for GGG~-35.3 and not leas than 1tk J for GGGE-40.3.

7) See VDG Data Sheet N1 "(Relief of residual stresses in castings oade of cast ironm with nodular

graphite)"; obteineble through the library of the Verein Deutscher GieBereifachleute (German
Foundrywen's Association), Sohnstresse 70, 4000 Diisseldorf 1.
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Figure 1. U tast piece

b
Figure 2. Simplified U test piece (Lyuch~
burg-specimen}.
These U test pieces are for
= making tensile specimens
B 14 X 70 DIN 50125
o
a f Lg

Figure 3. Y test piece

%able 3. Dimensiong of U test piece and of tensile tagt

specimens taken from it

Overall 1engt;r- Test bar
L, Tensile tést specimen
Ne. a Minimum according to DIN 50125
U1 25
125 Bl4x70
uz2 30

Table 4. Dimensions of the Y test piege and of tensilae
Xest specimens teken from it :

: Overall length Test bar
Ko. Test piece Tensile test
- : L, specimen
a b e h Hinioum ace. to DIN 50125
Y1 10 40 20 135, &0 B 6x30
Y 2 25 55 40 140
Y3 50 100 50 150 125 Bl4 x 70
Y4 75 125 85 17%

: \,
Iz general, U test pieces according to Figure 41, simplified U test pieces {Lynchburg speci-
mens) according to Figure 2 od Y test pieces according to Figure 3 are used. The castings
and associated test pieces are to be poured from the same ladle in direct successiorn as
far as possible. For this purpose sand moulds shall normally be used. The thickness "a"
of the U and Y type test pieces should be matched as closely as possible to tha ruling
section thickness of the casting. Other test piece shapes may be agreed.

When the castings are heat-treated the associated, separately cast test pieces must be
Jjointly heat-treated with them. Integrally cast teat pieces shall not be cut off until
after heat-treatment.

8. Testing of material

When verification of the. guaranteed values according to Table 1 and Table 2 or of values

in respect of other properties is required, and when other testings (e.g. testing of
chemical composition) are specified, agreement %o this gfrect shall be reached. For assess-
ment of the graphite formation the VDG Data Sheet P 4418), August 1962 "Code for identi-
fyizg graphite formation" may be used.

8.1. Temsile test

The values generally determined are tensile strength, C.2 % Proof stress and elcngation,
use being made of the test bars indicated in Tables 3 and 4.

The testing is covered by:

DIN 50125 Testing of metallic materials; teneile test specimens; directions for their
preparation

DIN 50145 Testing gf metallic materials; tensile test (mew issue at present circulating
ag draft

T : R .
) Obtainable through the library of the Verein Deutacher Giedereifachleute, Bohnstrasss 70, 113
4000 Diisseldor{ 1 :
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8.2. Notched bar impsct bending test

i . { i DIR 501115 "Testiog of
The notched bar impact bending test shall be performed accordirzg to :
steel and caat steel; notched bar impact bending test” on 3 specimens teker from test pieces
according to Section 7.

8.%, INumber of specimeps _and nominal dimensicns of specimens

The number of specimens apd their nominal dimensions accor@ing to DIN 50125 shell be agreed.
In the sbsence of any agreement the manufecturer shall decide.

in the first testing, the specimens taken in agreed number from the test piece fail to
iﬁét;thz regtirenents, gﬁbatituge specimens shall be taken from the test piece and fested.
If these substitute specimens &lso fail to meet the requirements, or if no substitute speci-
mens can be taken from the test piece, an agreed number of specimens ehall be taken Irom &
second test piece or from & casting from the same batch of metal and tested. If these speci-
mens alsc fail, the associated castings may be rejected (see alsc DIN 1605 Fart 1).

In the casze of spot tests on runs of castings, specimens which have failed phrough defects of
material mey be geylaced -~ up to an agreed peécentage of the sampling gquantity - by other
specimerns teken from the same batch.

9. Certificates concerning testings and acceptance

: on - . . . Cih
Certificates regarding testings are to be agreed in the form of statements.og compliance wi
the order, workg reports or test certificetes zccording teo DIN 5004G “Certlf;cgtes concerning
tests of materials". The type of certificate and the nature and extent of testing must be
specified et the time of ordering.

Explanatioaa

The firet issue of DIN 1693 wes prepared in the years from 19537 to 1959 and it sppeared in September 1961,
In the meantime both the manufacture and the applicationa of the material have undergone considerable
further development making revisicn of the Standard necessary. The clecsification of grades of the un-
alloyed and low alloy material has been modified as follows teo bring it into line with the present state
of the art as regards manufacture and use.

The GGG-45 grade, which is listed in the September 1961 Issue of DIN 1693 with the low elongntion of 5 %
has proved te be of no significance and haa been deleted.

The ferritic grades GGG-38 and GGG-42, which were) formerly segregated because they wers based or different
manufacturing technologies, have been combined to foram a eingle grade GGG-4O. The two ferritic/pearlitic
grades GGG-50 and GGG-60 have been retained although, because of differences in the proportions ¢f ferrite
and pearlite in the structure, the first-mentioned grade exhibite & comparatively wide scatter in regard
to ite mechanical properties in the as cast condition, depending on section thickness casting shape.

The range of high tensile strength grades haa been enlarged by inclusion of the GGG-80 grede with a pure-
1y pearlitic structure in the non-heat-trested condition. ISD/TC 25 "Cast iron" is slse concerned with
following up this development. Corresponding proposals are under discussion.

The grades GGG-50, GGG-60 and $GG-70 are spproximately in agreement with 150 Recommendation 1S0/R 1083,
Although the GGG-38 and GGE-42 grades sre still contained in I50/R 4083, their interchangeability with
the new grade GGG-40 according to DIN 1693 Par: 1 is assured, sc that egreement between ISC and DIN
exists here also.

In GINA work has been proceeding for some time om tka preparation of a DIN standard giving general tech-
nical conditicons of delivery for castings and it im intended that this shall contain all the general
conditions releting to castings. This development has been taken inte sccount mnd DIR 1693 divided into
Part 1 (grades of materisl) end Part 714 (castings).

With the sdoption of thim arrangement the work om standards for cast iron with medular graphite is mlseo
in harmoay with ISO/R 10B3, since thim only specifies grades of material. It im propomed to withdraw
DIN 1693 Part 34 as socon as the DIN standard dealing with general technical conditions of delivery for
castings appears.

Since the mechanical propertiss of ductile cast irop as a material for centrifugelly cast premsurs pipes
are to be determined on test bars removed from the cast pipe, and not on separately or integrally cast
specimens, this grede has not been covered by DIN 1693 Part 7, but inetead im deslt with im DIN 28600
"Prespure pipes mnd fittings of ductile cast irom for gas and water mains".

The increasing importance of the ferritic gredes witk guaranteed impact values ham led to the inciusion

in this Stendard of the GGG-35.3 and GGG~40.3 grades (Table 2). Manufacture of the 3G3-35.3 grade in
particular normally callm for the use of apecial grades of pig iron with the lowest pomaible content of
carbon-stabilizing elements. With regard to content of actompanying elements. the minm is to achieve levels
of Si£2.1 % Ho=0.9 % and P50.05 ¥. The guarantesd impact value can usually anly be secured by way of
beat-treatment.

For denoting the ductility of the materisl the abmsolute level of the impact value 1a of less mignificance
than the level of the transition temperature from the reglon of ductile fracture to the region of brittle
fracture. Impact values at minus temperatures are quoted primarily with a view to allow the level of the
trensition temperature to be estimatad.

Since a natural promounced yield point occurs only with the ferritic grade, and nince an incremsing pro-
portion of pearlitein the structure of the higher strength grades precludes its deterzination from the
teating machine diagram with an adequate degree of confidence, the 0.2 ¥ proof ntress has besn introducsd
a8 standerd for all grades. With the ferritic grade there is the eption of substituting the eamier yield
point measurement subject to the error limit of the 0.2 % proof miress determination, provided that the
following conditions eircumscribing the method cowmpared with DIN 50145 (new ispue at present circulating
as draft) are observed:
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= 7ield point is measured on test bar without preloading

= Tate of loading vhen using method applying load continuocualy between 0.5 times yield point and 1.2
times yield poiat to be Z N/(me? &) max., and beyond thias point until fracture occurs at 10 N/{mm2 =)
mnx.

-~ when using the method with stepwise unloading, & hoeld of 0.5 min./load level to be observed,

Hathematical-statiatical studies of the relationship betwswn the mechapical propsrtiea have confirmed
the empirical fimding that the guaranteed Yield point values in DIN 1693, Issue of Eaptambar 1961, ars
only achlevable by macrificing toughness and eatablishing a tensile strength conalderably above the

minioum yalus. In conformity with the natural behaviour of the material, thersfors, the minimum values

of 0.2 % proof siress habe been reduced by an insignificant amount whilmt retaluing the interchangeabil-
ity of grades.

Io general, the mschanical properties of metal castings are dependent on mection thicknesm, i.s. they
ere influenced to a greater or lesaer extent by the rate of cooling whick in turm depends largely on
the gecmetrical proportions of the casting shape. Moreover, the critical rate of cooling ia also in-
fluenced by the chemical composition ©f the moltsn metal in s0 far as graphitizing elaments such s
silicon tend to slow the cooling rate, whereas carbide-stabilizing elements tend te increaass it,

With separately cast test piecea the cooling rate depends aclely on the mection thickness and in this
case there ars connections between the chemical compomition and the cooling rate on the one hand and
the mechanical properties on the other.

To identify the valuse associated with particular properties of cast iron witk nodular graphite, there-
fors, the thicknesses of the U and Y type test pieces must be matched as closely as possible to the
tuling thicknesses of the casting. By “ruling thickness" is understood that thickness of mection of a
casting which is stated by the customer as being the one principally stressod.

After heat-ireatment, however, the mechanical propertisaa of castings made of cast iron with podular
graphite are largely independent of differsnces in ssctien thickness up to a thickness of about 50 mm.

The material symbol GGG, formed from the initial letters of the tarms "gegosnen" (casmt), "GuReimen" (cast
iren) and "globular" (nodular) has been specified in the light of the directiona im DIN 17006 Part 4.
There is a whole range of other terms for the material in the literaturs and daily usage, s.g.

"spheroidal graphite cast iron”, "ductile caat iron", "nedular iron", "spherclitic caast LronM,

"spherolidal cast iron" etc., which certainly de¢ not denote apecial grades, but instead designate the

saze material group. In international umage the term "ductile cast iron" normally denotes cast irom

with noduler graphite for making centrifugally cast pipes. The term ""spheroidal cask iron’ ("Sphiérogus")
is & protected trade nene.

The Verband Giteschutz Guleisen mit Kugelgraphit e.V. cac grant a quality sywmbol for the use in this
connection. The quality aymbol consiste of a rounded eapital lettar "G" with the legend "Quality symbol -
BAL" “Cast irem with nodular graphite" snclosing the Arabic numeral "4M. The symbol ia read as "b G cast
iron” (meaning quality protaction (Giiteschutz}, cast iron (GuBeisen) . cast (gegossen} and nodular
(globular); the last "3 Ga” stand for the &gymbol "GGG" of DIN 1693 Part 1). Om castings the gquality
symbol is used withaut legend. The cbject of the Association is te guarantes to purchasers of castings

that the products marked with this quality aymbol comply with the quelity specifications and DIN atandards
in regard to the material.

- Provided that the material and the casting satisfy the requirements of DIN 1693 and any special agreementa
reached, and provided alsc that this is verified by external and internal quality control, the castings

‘concerned may be marked with the DIN tesat and control aymbol (see Section 10 of DIN 1693 Part 1%, Issue

of Octobar 1973).

As supplementary information om the range of applications of cast iron with nedular graphite, particulara
of mechanical and physical properties are to be given in m Supplementary Shaet in course of preparation;
the values given will be re-examined, supplemented and if Decessary corrected from time to time in the
light of further test results as these bacome availabla.
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