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Alloy Steels and Special Steels Sectional Committee, MTD 16

FOREWORD

This Indian Standard ( Second Revision ) was adopted by the Bureau of Indian Standards, after the draft
tinahized by the Alloy Steels and Special Steels Sectional Committee had been approved by the Metallurgical
Fngmeenng Division Council.

This standard was first published in 1969 and revised in 1978. On the basis of experience gained in the
production and use of steels, ithas been decided torevise the standard again. The following major modifications
have been incorporated (o this revision:
A few new grades such as, 42C1V6, SOCrdV2, S8Cr4V 1, 49MnVS3, 37Mn58iS, 558i6Cr3 and 45CrSi9
have been introduced.

Carbonand Molybdenum contentin 40('r4dMo3 grade have been limited to make it cost effective and better
responsive to induction hardening.

The revision has been carried to make the specthcation more quality-oriented for which a few tests such
as, step down test, blue fracture test, magnetic particle test, ete, have been introduced.

Many new clauses have been introduced and zxasting clauses suitably moditied to make the standard
complete i atself,
For the purpose of deciding whether a particular requirement of this standard is complied with, the final
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in
accordance with IS 2 : 1960 'Rules for rounding off numerical values ( revised ) '. The number of
significant places retauned n the rounded off value should be the same as that of the specitied value in
this standasd.



AMENDMENT NO. 2 AUGUST 2006
TO
IS 5517 : 1993 STEEL FOR HARDENING AND
TAMPERING — SPECIFICATION

( Second Revision )

( Page 10, Table 5, Steel Designation ‘25Cr15Mo6°, col 2, row 5 ) —
Substitute ‘1 540A£m” for “1 500 Min’

( Page 10, Table 5, Steel Designation ‘25Cr15Mo6’, col 3, row 5 ) —
Substitute ‘1240° for *1300°

( Page 10, Table 5, Steel Designation ‘40N16Ct4Mo3°. col 2, row 5 ) —
Substitute *1200 to 1350° for “1200 to 1250°.

( Page 10, Table 5, Grade 40N16Cr4Mo3, col 2. row 6 ) — Substitute
‘1 550° for *1 500

( Page 11, Table 35, Steel Designation ‘30Nil0Cr3iMo6" ) —- Substitute
‘3IN1LOCI3Mo0” JOF “30N110Cr3IMos6.

( Fage 11, Table 6, col heading 3) — Substitute ‘Mo’ for ‘M’
(Page 12, Table 6, Grade 55Cr3, col 3 )— Substitute ‘250 for ‘250 Max’
( Page 12, Table 6, Grade 40Nil4, col 3 ) — Substitute 250° for 250 Max’

( Page 12, Table 6, Steel Designation ‘40MN116Cr4Mo2’ ) — Substitute
‘40NI6CriMo2’ for ‘40N116CraM02’,

( Page 12, Table 6, Steel Designation ‘40N116Cr4Mo3” ) — Substitute
‘40N16Cr4Mo3’ for ‘40Ni16CraMo3’

(MTD 16)

Reprography Unit, BIS, New Deihy, India



AMENDMENT NO. 1 AUGUST 1999
TO
IS 5517:1993 STEELS FOR HARDENING AND
TEMPERING — SPECIFICATION

{ Second Revision }

( Foreword, para 2, line 4 ) — Substituie ‘42Cr6V 1’ for *42CrV6’.

( Page 4, Table 2, col 3, row 31 and 32 ) — Substitute ‘04010 070" for ‘04010
0.90” for grade 30Ni13Cr5.

( Page 8, Table 4, col 1, row 21 ) -— Substitute ‘22C6V1' for ‘a2Cive’.
(Page 10, Table 5, col 1, row 1) — Substitute ‘SOCr4V2’ for ‘S50 rav2’.
(Page 10, Table 5, col 1. row 9} — Substitute ‘a2CoV1’ for “420ve'.

( Page 10, Tablc 5, col 1, row 28 ) — Substitute 25Cr13Mos’ for *25CeiSMob™
(Page 11, Table 5, col 2. row 5 ) — Substitute ‘1200 1250° for ‘1 200-1 350°

( Puge 11, Tuble S, col 1, row 7 ) —— Substitute ‘3INi1(K13Mo6" for
‘IONI10CTIMo6” .

(Page 11, I'able 5, Note 2, line 2 ) — Subsuitute ‘1 kpt/mm? = 6 81 Nymm' for
‘1 Kgf/mm2 = $.01 N/mm2’.

(Page 11, Table 6, col 1, row 15 ) — Substitute ‘42C6V1’ for ‘42CIV6’.

(Page 11, Table 6, col 1, row 30 ) — Substitute ‘30Ni13CeS’ for 30Ni13Cr2’.

(MTD 16)

Reprography Unit, BIS, New Dellu, India
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Indian Standard

STEELS FOR HARDENING AND
TEMPERING — SPECIFICATION

(Second Revision)

1 SCOPE

1.1 This standard covers the technical and delivery
requirements for wroughtalloyed and unalloyed steels
in the form of bars, rods, flats, plates, forgings, etc. to
be used in the hardened and tempered condition.

1.2 Thesteels covered by this standard are in gencral
intended for forgings and machining of parts for
engineering or automobile purposes.

2 REFERENCES

The following Indian Standards are necessary
adjuncts to this standard:

1S No. Tutle

228 Methods of chemical analysis
of steels ( second revision )

1500 : 1983 Brinell hardness test for
metallic materials ( second
revision)

1598 : 1977 Izod impact test for metals
{ first revision)

1608 : 1972 Tensile testing of  steel
products ( first revision )

2049 : 1978 Colour  code for the

identification ol wrought steels
for general engineering purposes

3469 : (Parts 1
to 3) 1974

3664 : 1981

Tolerances for closed die steel
forging ( first revision )

Code of practice for ultrasonic
pulse echo testing by contact
and immersion methods ( first
revision)

3711 1966 Selection and preparation of
samples and {est pieces for
mechanical test for wrought
steel

3739 : 1987 Dimensional tolerances for car-
bon and alloy constructional

steel products ( first revision )

IS No. Title

3848 - 1981 End quench test for
harden ability of steel ( first
revision)

4163 : 1982 Method for determination of
inclusion content in steel by
macroscopic method ( firse
revision )

4748 : 1968 Method for estimating average

grain size of metals ( first
revision)

8910 : 1978 General technical delivery
requirements for steel and steel

products

10138 Macroscopic method for

determination of non-metallic
inclusion content in wrought
steel

(Part 1) : 1982
(Part2) : 1983
(Part 3) : 1983

Blue fracture test method
Step machined test method

Muagnetic particle inspection
method
3 SUPPLY OF MATERIAL

3.1 Geuneral requirements relating to the supply of
material shatl conform to IS 8910 : 1978.

3.2 Steels covered by this standard shall be ordered
and delivered in any one of the basis given in Tablel.

3.3 The panticulars 10 be specified by the purchaser
while ordering for steels covered by this specification
should be as given below:

a) Grade,

b) Delivery condition,
c) Sice,

d) Finish,

e) Test requirement,

) Special requirements, such as bundhing and
packing, and
g) Test report, if required.
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Tuble 1 Delivery Condition for Ordering of Steels
(Cluuse 3 2)

Requirements A B C D E F G H 1

1 Chenucal
composiliosn X X X X X X x X X

2 Hardenability
(yotmuny) xX X x X

3 Hardoess

Maximum value
as anncaled x x

Maximum value

as treated for

inmproved

machinability x x
Maximum value

as rolled/forged x x

4. Mechanical
properues

5 Special cleanliness
test

Step down tesv
Blue fracture test

6 Crack testng
(Magneue particle)

NOTESN

1 Other modes of delivenies if justified by the quality requirements of the parts esther for mapufacturing or for end use can be

specially agreed to at the tme of enquiry and order

2 For modes of delivenes with hardenatility/mechamcal properties guarantee nunor vanation from chenucal compuosiion hhom

Table 2 1s pernussible

3 For closer bands of hardenability and acceptance fevel of cieanhness by step down test, agreement should be made at the

time of enquuy and order

4 Cleanhness raung by step down test/Blue fracture test is not applicable 1o free cutting steej

4 MANUFACTURE

4.1 Unless otherwise agreed to m the order, the
processess used mmaking the steel and the product
shall be left 1o the discretion of the manufacturer, but
the steel shall be fully killed When so desired, the
purchaser shall be mformed of the steel making
process

However, for conuinuously cast steels and for steelsin
specially treated condiion, like Elec tro-flux retined,
Vacuum degassed, Secondary refined, etc, the steel
making process should be agreed to at the ume ot
enquiry and order

For contmuously castbar/billets, a munumum reduction
ratuo of 6 | between the cast product and the final
product is recommended However other reduction
ratios may be mutually agreed upon between the
manutacturer and the purchaser at the ume of enquiry
and order

4.2 The steels may be made by agreement with the
addiuon of mucro alloying elements hke Titanam,
Niobtum Vanadwsm, Boron, cte, either individually
or in combination

I

4.3 Suificient reducuon and discard shall be made
(o ensure treedom trom piping, harmiul segrega-
ton, ete, as assessed by macroetching and/or ultra-
sonic tesung ‘The acceptance standard shall be mu-
wally agreed upon at the ume of enquiry and or-
der

5 FREEDOM FROM DEFECTS

§.1 The matenal shall be tree from such surface
and mtemal detects which may impar the end use

I'he method of evaluaung surface and internal
detects and therr allowable himits <hall be mutually
agreed to at the ume of enguiry and order

5.2 Removal of surtace detedts, by approprate
means, shall be permitied provided that the
remanig dimensions, after defect removal 18 not
less than specified at any potnt of the bar or billet
ete. and that the operanon 15 not hkely to atfec
the processing ot the matenal Removal of surface
detects beyond this level may be permatted only
on approval of the purchaser



6 CHEMICAL COMPOSITION

6.1 The ladle analysis of steels shall be as given in
Table 2 The analysis of steels shall be camed out
either by the method specified in IS 228 and 1ts
relevant parts or any other established instrumental/
chemical method.

In case of any dispute the procedure given in IS 228
and its relevant parts shall be referee method How-
ever, where method 1s not given 1n IS 228 and its
relevant parts, the referee method shall be as agreed
to between the purchaser and the manufuacturer

6.2 Check Analysis

The check analysis shall be carried out on the finished
product The permissible vanation of the check anal-
ysis for the limit specified in Table 2 shall be as given
in Table 3

6.3 Elements not specified in Table 2 shall not be
added to the steels except where agreed to, other than

IS 5517 : 1993

tor the purpose ot finishing the heat, and shall not
exceed the tollowing limits, 1f present

Constituent Percent, Max
Chiromium 025
Nickel 028
Copper 035
Vanadium 00s
Molybdenum 005
Boron 000013
Tin 005

NOTES

1 Allreasonable precautions shall be taken topre vent the addition
from scrap or other materials used in manufacture orsuch etements
which affect the hardenability, mechamdcal properties and
applicablility

2 Trace elements when added together should aot exceed 0%
percent, however, restricted hmits could be mutually agreed upon
between the inanufacturer and the purchaser at the tme of enquiry
and order

3 % Copper + 10 x ( % Tin ) shall not exceed 0 60 percent

Table 2 Chemilcal Composition of Steels for Hardening and Tempering
(Clauses 61,662,613, 11 2and 15 1)

Steel Designation

Constlituent, Percent
~

P anmm “\
C Mn St N1 Cr Mo v Al S P
(¢] @) 3) “@) (5) 6) @] (8) “ 10y (L
Max Max

10C8 02510 060t 01010 — — _ —_ —_ 035 03s
015 090 0135

35C8 0%t 06010 010w —_ —_ _— — — 035 035
040 090 01§

40C8 0351w 0600 01010 — — — — — 015 03§
045 090 0135

45C8 04010 06010 00w —_ _ — —_ —_— 035 018
050 090 035

50C8 045t 06010 010w — —_ — —_ — 035 03s
05Ss 090 0138

55C8 050to 06010 010t — —_— —_ —_ — 03§ 03s
060 090 013%

40C10S18 03510 080to 02S Max — — — — —_ 0t410 0060
045 120 022

40C15S812 03510 13010 02 Max  — —_— —_ — —_ 008 w0
045 170 01s

20C1S5 016t 130t0 010w —_ — — — — 03§ 03§
024 170 038

27C1S 022t 1300 0100 — — — — — 03§ 03§
0132 170 01§

37C1S 032t0 1 W0to 010t — — — — — 03§ s
0.42 170 013§

35Mn6Mo3 030to 13010 010to —_ — 0200 — — 035 03s
040 1380 01S 013s .

35Mn6Mo4 0130 to 1300 01010 — ja— 013510 — — 0vs 038
040 1 R0 018 0SS

37MusSis 03310 1 10t 01010 — — - — — 035 05

041 140 1 40
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Table 2 (Concluded)

—

Steel Designation W Percent -
ar: Mo si NI a Mo v Al s P
()] @) Q) “4) * Q)] Yy @®) ) (19) an
Max  Max

42Cr6V1 037 to0 0.50 10 0.15 10 — 1.4010 —_ 0.07t0 — 038 038
0.47 0.80 0.35% 1.70 0.12

45CrSi9 0.40 to 0.30 275100 — 35010 — -— —_ 035 038
0.50 0.60 3.25 9.50

46V183 0.42 w0 0.60 to 060 Max — —_— -— 0.08 o — 0.045 10 038
0.50 1.00 0.13 0.065

58CraVvi 0.5% 10 0.80 to 0.15tc - 090t0 — 0.07 w0 — 038 038
0.63 1.10 0.5 1.20 0.12

50Cr4VvV2 0.45 10 0.70 10 0.15to -— 0.90 o _ 0.10 to _— 035 038
0.55 1.10 0.40 1.20 0.20

55Cr3 0.50 to 0.60to 0.10t0 — 060tc — — — 033 038
0.60 0.80 0.3% 0.80

58Si6Cr3 0.50 w0 0.50 10 §.2010 —_ 0.50 to — —_— — 038 038
0.60. 0.30 1.60 0.80

40Cr4 0.135 10 0.60 to 0.10t0 — 090t0 — —_ — 038 03§
0.45 0.90 0.35 1.20

42CraMo2 0.38to 0.60 10 0.10w0 — 0.90 10 0.15 w0 —_ —_ 038 0358
045 0.90 0.35 1.20 0.30

15Cr13Mob 0.10tw0 0.40 w 0.10t0 — 2900 045t0 — _ 035 .038
0.20 0.70 0.3§ 3.40 0.65

25Cri3Mob 0.20 to 0.40 10 0.1010 —_ 2.90t0 0.45to0 — — 0315 035
0.30 Q.70 0.38 3.40 0.65

40Cr13Mo0I10V2 0.35t0 0.40 10 0.10to —_ 3.00to 0.90 to 0.1510 —_ 035 038
0.45 0.70 0.38 3.50 1.10 0.25

40Cr7AII0Mo2 03510 0.40 o0 0.10toc — 1.50t0  0.1010 —_ 090w .03% 038
0.45 0.70 0.35 1.80 0.28% 1.30

4UNi14 035t 0.50 to 0.10t0 32010 030 — —_— —_— --.038 038
0.45 0.80 0.38 3.60 Max

35NISCr2 0.30 10 0.60 10 0.10t0 1.0010c 04850 —_— —_— _—_ 038 038
0.40 0.90 0.35 1.50 0.78

30N113Crs 0.26 to 0.40 to 0100 39w 1.00to — — —_— 035 038
0.34 0.90 0.35 4.30 1.40

40Ni6CrdMo2 035w 0.40 10 0.10t0 1.20t0 090t 0.10 w0 —_ —_— 035 035
045 0.70 0.35 1.60 1.30 0.20

40NisCr4Mo3 0.35t0 0.40 1o 0.10to 12510 090t 0.20t0 -— — 038 .035
0458 0.70 0.35 1.75 1.320 0.3s

31Ni10CrAaMo6  0.27 to 0.40 t0 0.10to 22510 050w 0.401t0 —_— —_— 0358 .035
0.3s 0.70 0.5 2.78 0.80 .70

40Ni10CraMo6 0.36 to 04010 0.1010 22510 05010 0.40 10 — —_— 035 035
0.44 0.70 0.38 2,75 0.80 0.70

NOTES

1 In special cases. it may be desirable that the range of carbon content should be more closely coouolled than in the range specified
above. When this is necessary, restricted ranges of carbun may be agreed to between the purchaser and the manufacturer.

2 Sulphur in the range of .02 10 .03 or any other range may be agreed 10 between the manufaciurer and the purchaser.

3 For direct and single quenched process, fully Al killed, fine grained steel should be used.




Table 3 Permissible Variation in Check

Analysls
(Clause 6.2)
Element Permissible Content Permissible
in Ladle Analysis, Variation in
Percent Product
Analysis,
Percent
n 2) 3)

Carbon Upto 050 + 0.02
Over 050to 063 +003

Silicon Upto 0 50 £ 0.0%
Manganese Upto 1.00 £ 004
Over 1 00 upto ] 80 + 006

Nickel Over 1 Q0 upto 178 + 005
Over 225upto 430 + 007

Chromum Upta 2 00 £ 008
Over 200 up o 3 50 + 010

Molybdenum tpto 030 +0M
Over 0.30 up 0 0 50 $ 004

Over0S0upto 110 + 005

Sulphur Up 1o 0 065 1 0005
Over 0065 up to 022 + 0.03

Phosphorous Up 10 0 060 =+ 0 00§
Vanadium Upto 025 + 002
Alununmm 090t 1 30 010

NOTE ~ £ means that tn one cast the deviaton may oceur over the
value or under the lower value of the specitied range 1n Table 2 not

both at the same tune

7 HEAT TREATMENYT

7.1 Recommended temperature for hot working and
heat treauments aimed at controlling the hardness,
machmablity, shearabihity, etc, are given in Table 4
for gmidance only.

7.2 The mechanical properties in the hardened and
tempered conditons for various hmiung ruling sec-
tion are specified in Table §

7.3 Only steels with inheiently tine graun structure
may be subjecied to direct quench, provided the test
hars comply with the mechanical properties specificd
in Table 5.

8 HARDNESS

8.1 Thebardness requirements for steel dehivered in
the conditions “as rolled (R )" ( for guidance only ),
annealed 0 ‘maximum hardness (A) or “treated to
improved machinability ( M )" shail he as given in
Table 6

8.2 Maxamum as rolled hardness tor steels tor im-
proved cold shearability or the range of harduess for
improved mechmabhity, 1t the values are ditferent
trom as given in Table 6 shall be mutually at the time
of enquiry and order

IS 5517 : 1993

8.3 Hardness values given in Table 6 shalk be deter-
muned in accordance with IS 1500 : 1983!

9 MECHANICAL PROPERTIES

9.1 The properties given in Table 5 shall be applica-
ble to test bars taken of rounds in the direciton of
rolling fibre, the axis of which corresponds to Fig. 1

9.2 Forrectangular sections, the range of equivalent
sections shall be as given in Fig. 2

9.3 Methods for determinang the mechamcal prop-
erties specified in Table § shall be in accordance with
IS 1598 . 1977 and IS 1608 : 1972,

9.4 1f required, the mechanical properties of the
reference test bars after hardening and tempering tn
accordance with Table 6 shall conform to the require-
ments given in Table 5. Values other than specified in
Table 5 shall be mutually agreed at the tme of enquiry
and order.

10 GRAIN SIZE

10.1 Unless otherwise agreed, the steel when tested
tor griun s1ze in accordance with 1S 4748 1988 shall
show grain size in the range of 5 to 8 for inherently
fine grained steel.

10.2 Steef with grain size outside the range of 5 to §
( for example, microalloyed steels ) may however, be
supplied with mutual agreement.

10.3 The graun size shall be considered satisfactory
it 70 percent of grauns are within the specified himats,
but the remaining 30 percent of the grams falling
cither one size below or above the range and not
spreaded at both ends of the range.

11 CLEANLINESS OF THE STEEL

11.1 Inclusion raung of the steel shaull be determined
i accordance with IS 4163 . 1982. The worst field of
each inclusion from each specimen shall be recorded
as a raung for the specumen The mclusion rating for
the specimen shall not exceed the fotlowing lumits

(ABCD 3 Mux)
(thick and thin senes)

a) lor air melted quality

The nclusion rating
shall be mutually agre-
ed upon at the ume
of enquiry and order

b) l'or vacuum, EFR ol
Sceondary refined
steel

11.2 When required and ordered, cleanliness ot the
steel can also be assessed by step down test, Blue
fracture test, and magneuc parucle tests methods as
perIS 10138 (Part 1): 1982, IS 10138 (Part 2) : 1983
and 1S 10138 ( Part 3) : 1983 or agreed to at the ume
of enquiry and order

The acceptance level of non-metallic inclusions shall *
be. however, mutually agreed keeping in view of the
process lunitattons and end use ol the material

Lhe clause s not applicable tor (ree culing grade ot
steel as given m Table 2
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All dimensions in milhmetres.

Fig. 1
12 HARDENABILITY

12.1 For steels ordered on the basis of end quench
hardenability, the requirements shall be as given in
Table 7 or mutually agreed to between the purchaser
and the manulacturer.

12.2 The method of testing, hardenabihity of steels
shall be an accordance with 1S 3848 1981

13 DIMENSIONAL TOLERANCES

13.1 'The dunensional toterances tor hot rolled steel
products shall be in accordance with IS 3739 ¢ 1987
Any addittonal stipulation on dimensions may be
mutually agreed at the tume of enquiry and order. if
the forging process or the product so caits tor,

LocaTioN of THE TEsT PIECES IN THE PRODUCTS TO BE DELIVERED

13.2 For forged steel bars, billets, blooms, cte, the
tolerances shadl be in accordance wath IS 3464
(Parts 1 10 3): 1974

13.3 Tolerance on Straightness

Unless otherwise agreed 1o between the purchaser
and the manutacturer, the steel shall be supphed m
striughtened condition with the tollow g limiis

Maxiniuon Permissible
Deviction for Mrarghiness

Nonunal Size/Section

40 mm and below 6 mm/icuce length

41 mm and above S mm/meter length
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FiG. 2  APPLICARILITY OF THE FIGURES GIVEN IN THE TABLE S rOR ROUND SECTION, TO RECTANGULAR SLOTION
OF O1L OR WATER-QUENCHED PrODUCTS

14 SAMPLING
14.1 Sample for Chemical Analysis

The ladle analysis shall be supplicd by the manutac-
turer. If the product analysis 1s required by the pur-
chaser at least one sample product shall be taken from
each cast.

14.2 Sampling for Hardness in the Normalized or
Annealed Condition

14.2.1 One sample product shall be taken from
each heat treatment batch for the determination of
harduness.,

14.3 Sampling for Mechanical Properties

14.3.1  Test preces tor mechantcal tests shall be
taken in the longitudinal duccuon ol the produdt i
accordance with Fig. 1.

14.4 Omne sample per cast shall be taken for determu-
nation of grain size according to IS 4748 © 198K

14.5 The samples forinclusion rating shall be drawn
according to IS 4163 . 1982,

1§ RETEST

15.1 Retest for Product Analysis

i1 he results ot the product anlaysis do not meet the
composiion requuements given au Fables 2 and 3,
unlesss otherwise agreed o between the purchaser
and the manufacturer, twonew samples shall be aken
ondilierentpieces from the same cast. Should the two
analysis satsty the requirements, the lotiepresented
shall be accepted Should cither of the tests fual, the
materudl shall be taken as not complyig with this
standard

152 Retest for Hardaess Test in the Normalized
Annealed Condition

I the sample selected under 14.2 Bls o e the
requirements under 8, two further saunples shabl be
selected trom the swme heat teaunent batch  1he
consignment shall be considesed o conlorm o the

requirements if both the additional tests are satisfac-
tory. Should either of the samples fail, the manufac-
turer shall have the right, if he so desires, to re-heat-
treat the product in any suitable manuer before two
fresh samples are taken for testing. Should the two
tests satisfy the requirements of this standard, the lot
represented shall be accepted. Should either of the
samples fail, the material shall be taken as not
complying with this standard.

15.3 Retest for Mechanical Tests on Test Pieces

If the sample selected under 14.3 fails to meet the
tequirements yonder 9, two lurther samples shall be
selected from the same size grouping tor making
fresh test burs and tested. ‘1T he consignment shall he
considered to conform to the requiremnentsat both the
addinonal tests are satistactory. Should either of the
test preces tnl, the manutacturer shall have the right,
i he so desires o re-heat-acat the fotm any sutabice
manner before two fresh samples are taken tor westing
Should the two tests satisly the requirements of thas
standard, the lotrepresented shall be acceepted Should
cither ol the samples tail, the matental shadl be taken
as not complymg with thrs standard

to ADDITIONAL TESTS

oo It agreed o between the purchaser and the
tianulactures at the tine of eaquay and order, any ot
a combinution of the following ests may also be
cartied vut to ensure that the steels meet the quahiy
requirements of the putchascer.

a) Macro Etch Test an accorduance with
IS T1371 : 10RS,

b) Ultrasonic I'est o accordance wiih
IS 3664 19K,

o Hardenabiliy  Fest i accordance wan,
IN 3845 TORT and values as per Tanle 7.

d) Blank Hardeming Fostfor core suength g -

antee as per rccommendations of “Fable S,

¢) Cleanhness ‘Test as per 1S 10138 (Pans

to 3) . 1982,
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f) Microstructure for machinability, including
banding, and

8) Hot up-set for forgeability.

16.2 The acceptance level for cach or any of these
tests shall be mutually agreed to at the time of cnquiry
and order.

17 MARKING

17.1  All bars of 50 mm dia or equivalent scction and
above shall be stamped or suitably marked at the end

with heat number and .. . .¢ or trade-mark of the
manufacturer. Bars of smaller sections shall be tied in
suitable bundles which will carry metal tags giving
the isMormation.

17.2 'The bars, billets, etc, shall be suitably colour
coded at the ends to mark the grade of the material.
The colour scheme followed can be in accordance
with IS 2049 : 1978 or as per purchaser’ s requirement.

17.3 The material may also be marked with the
Standard Mark.

Table 4 Recommended Hardening aund Tempering Temperatures for Direct Hardening Steels
(Clause 7.1)

Designation Hot Working Nominalizing
Temperuture Temperuture
) (2) 3y
o o
30c8 I 200 to 850 860 10 890
35¢C8 I 200 to 850 BS0 to BBO
40C8 1 200 10 850 83010 60
45C8 1 200 10 850 830 to 860
SR 1 15010 850 R10 to R40
55C8 1 150 w0 850 810 to 840
40C10S18 1 200 10 850 830 to R60
40C15512 1 200 to0 850 840 10 870
20C18 1 200 to 850 860 to 900
27C1S 1 200 to 850 830 to 880
A1C1S 1 200 10 850 85010 870
ISMn6Mo3 1 200 to 900 —_
ISMn6Mo4d I 200 10 900 —_
37MnSSis 1 050 10 8SO 860 10 ROO
55CT3 I 200 1o 850 300 10 850
55516Cr3 1 050 to 850 850 10 88O
40Cr4 1200 t0 850 850 (©c 880
42Cr4Mo2 1 20010 850 850 10 880

15Cr13Mob 1 20010 850

1 200 to 850

25Cr13Mob

42CrVe 1 100 10 850 RSO (0 BRO
15CT819 1 100 10 900 —
46V183 1 200 s 850 —
50Cr4VvV2 1 050 1w 8BS0 B4 10 BRO
S8Cr4Vi I 050 t0 850 850 10 8RO
40Cr1IMo10V2 1 200 to 850 —

40Cr7A110Mo02 1200 to 850

Hardening Quenching Tempering
Temprrature Medium Temperature
) (5) 6)

b's ot
860 to 890 Water or Oil 550 10 660

840 to 830 Water or Ol 530 ,60

830 10 860 Water or (1l 550 10 660

530 10670

230 1o 360 Water or (i)

%10 to 860 Ol 530 t0 660
81010 840 Ol 550 10 660
830 10 860 ol 550 to 660
R40 1o 870 Ol 55010 660

860 to 900 Water or Oil 550 to 660
840 to 880 Water a1 Oil 55010 660
85010 870 Water or Ol 550 to 660
840 to 860 Water or Onl S50 1o 660
R40 10 B6U Ol 550 10 660
830 to 850 Water o Oil 530w 670
800 10 850 Onl 50010 700
830 1o 860 il 4310 S00
&850 to 88O Ot $50 w700
85010 880 Oil 500t 720
80010 910 O 550 ta 700V
R90 10910 Oil 550 10 700"
830 to 860 Oil 480 to 650
1 02010 1 070 i 770 o 820
—_ Ol -
830 10 860 il S40 10 680
R20 10 BSO Ol 480 10 650
900 10 940 (@]] S7T0 0 650
¥50 10 900 (8]]] S50 700
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Table 4 (concluded)
Desigiistion Het Working Nominalizing Hardening Quenching Tempering
Tempetuture Tempersture Temperiture Medium Temperature
¢ ) ©)) 1)) &) 6)
°C °C °C °C
40Ni14 120010850 830w 860 85010 860 Oll 55010 650
3SNISCr2 1200 w0 850 — 82010 850 Water or Ofl 550 10 660
IONIIACYS 1 20010 830 —_ 81010 830 Air or Oil 250
4ONISCrdMo2 1 200 w 830 -— 830 10 830 Qil 550 10 660
40NISCré4Mo3 1 200 to 900 -— 8300 850 oil 350 w 660 or
15010 200
(Depeading
on hardaess
required)
31Nil0Cr3Mob 1 200 o 850 -— 830 to 850 Oil Up to 660
40Ni10Cr3Mob 1 200 to 850 8300 850 83010 850 Qit Up to 660

1) Stabilization wmperature $S0°C.

Table S Mechanical Froperties of Steels in the Hardened and Tempered Condition
(Clauses 7.2,9.1, 9.3 and 9.4)

Steel Designation Tensile Strength 0.2 Percent Elongation Izod Impact Limlting
MPa Prool Stress S.65/A Percent, Joules, Mmn Ruling
MPa, Min Min Section
mn
(1) @ ) “) 5 ©)
39C8 600 to 750 400 18 55 30
3scs 600 10 750 400 18 55 63
40C8 600 to 750 380 18 41 63
700 1o 850 480 17 as 30
45C8 600 10 750 380 17 41 100
700 1o 850 480 15 s 30
s0Cs 700 1o 850 460 15 —_ 63
800 to 950 540 13 — 30
55C8 700 to 850 460 15 —_ 63
800 t0 950 $40 13 — 0
40C10818 600 to 750 380 18 41 60
700 10 850 480 17 43 30
40C15812 700 to 850 500 18 35 60
20C1S 600 to 750 440 18 48 30
700 to 850 500 16 43 15
27CLS 600 t0 750 440 18 48 63
70010 850 500 16 48 0
3CL8 600 o 750 440 I8 48 (¢}
700 o 850 $40 iR 43 63
800 to 950 600 16 48 10
90010 1 050 700 15 41 15
3ISMn6Mo3 700 10 850 540 I8 5s 150
800 to 950 600 16 L1 100
900 to 1 080 700 15 s 61
100010 ] 150 R} 13 4% 30
ITMnSSiS 800 to 950 S50 14 M 100
900 w 1050 630 12 27 0

1000 to 1200 K00 1 21 16
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Table 5 (continued)

Steel Designation

)
55Crav2

58CTav]

42CrVe

45CTSe
35Mn6Mo4d

5513

SSan

404

42Cr4Mo2

15Cr 1 3Mo6
25Cr15Mo6

40CT I IMolov2

40CTTA110MoO2

40N114

ISNISCr2

AONIT3CrS

JONIBCTdMo2

JONIGCT4Mod

AONHOCTIMO6

Tensile Streugth
MPa

)

780 to 980
900 t0 1| 030
980¢to 1180
1080t01 270
980to 1 180
1 08010 3 270
1180t 1370
1320t0 1570

740 to B8O
88010 1 030
98010 1 180
1080t 1270
88010 1 030

800 10 950
900 10 1 050
1000tot 150
900 to 1050
1000101 150
1 400w | 600

TOO to RJ0

300 10 Y540
Yoo | 030

700 10 K50

SO0 1 950
900 1o 1 050
O W] 150

700 10 850

800 to 950
900 t0 1 050
1000101 150
1 100 to 1 250

1 500 M

1 350 Muni

V550 M

TOO 10 850

300 10 950
Y00 o {050

800 10 9350
900 1o 1050

700 w0 850

300 10 950

1550 Min

R00 to 950
900 to 1 OS0
Lo | 150
1 100w 1 250

YOO Y50
Y00 10 1 050
Lot 150
1 100w 1 250
1200t0 1 250

I 500 Min
900 to 1 050
1000t 1 150
1 100t 1 250
1 200t0 t 350

1 550 M

0.2 Percent
Proof Stress
MPa, Min

590
690
780
880
738
885
980
1080
540
685
785
8¥5
68S
600
700
800
660
740
1200
sS40
6Ot
700
190
550
650
750
540
600
700
300
880
1300
1120
1300
540
600
7060
6010
Jou
540
6(0)
1300

600
700
LIRS
SN0
60
700
ROH)
850
160
1300
700
R0O
880
1000
1300

10

Elongation
5.65/A Percent,
Min

4)

13
12
10
9

12
10
8

7

14
12
I
12
10
16
16
15
12
10
6

18
16
15
13
12
11
10
18
I6
15
13
12
8

8

8

1
16
iS5
16
1S
18
16
8

I6
15
11
11
16
15
13
1
10

15
12
1
10

Izod Impact
Joules, Min

(5)

34
34
34
M
41
34
27
21
55
48
41
34
55
ss
48
35
17
55
55
55
5s
50
50
48
55
ss
55
48
41
14
21
14
55
55
48
55
55
55
55

14

55
438
41
55
55
48
41
30
11
hh]
48
41
as
14

Limiting
Ruling
Section

mm

6)

250
100
40
16
250
100
40
16
160
100
40
16

150
100
63
63
63
16
100
63
30
150
100
63
30
150
150
150
150
100
63
63
30
150
100
63
100
63
150
100
63
( air-hardened )
150
( vil-hardeoed )
150
100
63
30
150
150
100
63
RV
30
150
150
100
63
63
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Table 5 (concluded)

Steel Designation Tensile Streagth 0.3 Percent Elongation 1z0d Impact Limiting
MPa Proof Stress 8.68/A Percent, Joules, Min Ruling
MPa, Min Min Section
mm
1) @) ()] “) %) 6)
30Ni10CrIMo6 90010 1 050 700 15 55 150
1000101 150 800 12 438 150
1100101 250 880 11 41 100
1200101 350 1000 10 3s 63
1 550 Min 1300 8 14 63
40Ni110Cr3Mo6 1000to1 150 800 12 48 150
1100to0 1250 880 11 41 150
12000 1350 1000 10 s 150
1 $50 Min 1300 8 14 100
NOTES

1  Mechasical properties for steels having a minimum tensile sirength of 1 340 MPa and above are given for information only and
the delivery condition on the basis of the chemical composition and hardenability shall be applicable in such cases.

2 lzod impact values are for fine grained steels.
1 Kgf/mm? = 9.91 N/mm?.

Table 6 Hardeness Requirement for Products Delivered in as Rolled Condition (R ), Annealed (A)
or Improved Machinability (M )
(Clause 8.1)

Steel Grade As Annesled (A ), As Rolled (R), Treated for Improved
Machinabllity (M),
Max Min Max
HR HB HB
30Cs 187 240 170
ISCR 197 240 183
40C8 207 240 197
45C8 207 240 207
50C8 210 240 217
55C8 220 250 229
40C10818 200 240 —_—
40C15812 200 240 —
20C1S 200 240 220
27C15 200 240 223
37C15 220 250 229
35Mn6Mo3 220 250 —
35Mn6Mo4 220 250 —
37MnASis 220 250 220
42CrV6 220 250 —
45CrSi9 240 250 —
46V183 220 250 —
50Cr4V2 250 AsS per agieement —
58CrV1 250 As per agreement —
55Cr3 220 25 Max —
55Si6Cr3 220 250 220
40Cr4 241 250 241
42CraMo2 241 250 241
15Cr13Mo6 200 240 —
25Cr13Mob6 230 As per agreememt —
40Cr13Mol0V2 230 As per agreement —
40Cr7A110Mo2 230 As per agreement —
40Nil4 229 250 Man —
ISNISCr2 229 250 —
JONIIICr2 250 A> per agreement —
40Ni16CraMo2 241 250 —
40Ni116CriMo3 241 As per agicement —
IINI1OCrIMo6 264 AN per agreement —
40Ni10Cr3IMo6 264 Ay per aglecinent -

NOTE — For improved machinahility the microstructure of the steel may be mutually agreed to between the manufacturer and the
purchaser.

11
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Table 7 Povisional Limiting Rockwell Hardness for End Quench Test

(Clause 12.1)

Steel Limits of
Grade Spread
27C1S Maximum
Minimum
40CT4 Maximum
Minimum
42Cr4Mo2  Maximum
Minimum
50Cr4Mo2  Maximum
Minimum

Hardness HRC at a Distance from End Quench Face In mm

A
1.5 3 5 7 9 113 15 20 25 30 35 40 45 50
55 54 51 48 42 39 37 3 31 29 28 27 27 26
43 40 32 24 20 — — - = = - - —_ = -
61 61 60 59 S8 56 54 52 46 42 40 38 A7 36 35
53 52 50 47 44 40 37 35 30 27 25 23 22 21 20
61 61 61 60 60 59 59 58 56 53 51 48 47 46 45
53 53 52 51 S50 48 45 43 38 35 34 133 32 32 32
65 65 64 64 63 63 62 61 60 S8 56 55 54 83 53
57 56 56 55 53 52 50 48 44 41 40 39 8 37 37
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