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NOTE.—The Association desires to call attention to the fact that this Specification
is intended to include the technical provisions necessary for the supply of the material
herein referred to, but does not purport to comprise all the necessary provisions of a contract.

PBritish Engineering Standards Hssociation.
Incorporated by TRopal Chatter 1929,

British Standard Specificdtion for Aircraft Material.

65-TON NICKEL CHROME STEEL.

:,—The heat-treatment temperatures specified have been selected as representing an average
figure for general practice for the particular class of material, and are given in the
Specification as guides. Where variation from the specified figurés is found to be necessary
the exact temperature must be stated in the test report.

Section 1. Provisions applicable to all Sections ofy this Specification.
Section 1l. S, 65—A. Bars and Billets for Forging and Drop Forging.
Section Ill. S. 65—B. Bars for Machining.

Section IV. S. 65—C. Forgings and Drop Forgings.

Section VY. -S. 65—D. Finished Machined Paprts.

SECTION 1.

Provisions applicable to all Sections of this Specification.

1. Ghemical Analysis. (a) The steel shall contain :—

Carbon - - - between 022 per cent. and 0-28 per cent.
Silicon - - - not more than 0'30 per cent.
Manganese - - between 0-35 per cent. and 0:65 per cent.
Sulphur -+ - - not more than 005 per cent.

1
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Phosphorus not more than 0-05 per cent.
Nickel - - - between 2'75 per cent. and 3'5 per cent.
Chromium between 1-0 per cent. and 14 per cent.

Any of the following elements may be present at the option of the Steelmaker : —

Vanadium - - not more than 0-25 per cent.
Molybdenum - - not more than 0-85 per cent.
‘Tungsten - - not more than 1-00 per cent.

(b) The complete analysis of every cast shall be supplied to the Inspector.

2. Temper Brittleness. Hor information only a temper-brittleness test must
be made on each cast of steel. The test shall determine the Izod values given by
two British Standard Notched Bar Test Pieces (Fig. 7, B.S. Specification 2 A. 4)
machined from 1% inch bars hardened in oil from 830° C.: the first to be tempered
at approximately the usual tempering temperature and quenched in water: the
second to be tempered at the same temperature and allowed to cool steadily from
that temperature to 400°-C. in not less than four hours nor more than six hours.

S
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3. Mechanical Tests. (a) The mechanical properties obtained from test pieces
selected and prepared as specified in the appropriate Clause 8, 17 or 23 shall be as
. follows :(—

Maximum Stress - - between 65 and 70 tons per sq. inch.
Elongation - - - not less than 17 per cent.

Reduction of Area - - mnot less than 40 per cent.

Izod Value =~ - - - not less than 35 ft. 1b.

Brinell Hardness Number  between 293 and 321 (3'55 mm. and
_ 340 mm.).
. Nicked Fracture - - See Clause 3 (¢).

(b) Tensile T'est. The test pieces shall be machined from the samples selected
as specified in the appropriate Clause 8, 17 or 23 to the dimensions of the
British Standard Tensile Test Piece, Fig. 1 of B.S. Specification 2 A. 4, or, if the
samples are too small, machined to suitable test pieces as shown in Figs. 2 to

The testing appliances shall be such that the load when applied shall be ay

Should a tensile test piece break outside the middle half of its gauge le
the test may be discarded and another test made.

(¢) Tzod Test. 'The test pieccs shall be machined from the sainples selected
as specified in the appropriate Clause 8, 17 or 23 to the dimensions of the
British Standatd Notched Bar Test Piece, Fig. 7 or 10 of B.S. Specification 2 A. 4,
and tested in a 120 ft. 1b. Izod machine.

(d) Brinell Test. (1) The test shall be made with a 10 mm. diameter ball and
a load of 3,000 kg.,+ which shall not be exceeded even momentarily, and shall be
maintained for not less than 15 seconds. Prior to testing, the skin of the sample
shall be removed by filing, grindiug or machining the areas to be tested.

i) The diaineter of the impression shall be measured to the nearest 0:05 min.
p

(¢) Nicked Fracture Test. A test piece or bar nicked or sawn so that the areg
of the portion to be fractured is not less than one-half of the sectional area of t!
bar, shall show a grey fibrous fracture when broken by a minimum number of blow

4. Freedom from Defects. (a) The material shall be free from defects.

E

(b) Any material may be réjected at any time for faults in manufacture, 1ot-
withstanding that it has been previously passed on analysis aud mechanical tests. -

SECTION Ii,

8. 65-A,. Banrs and Billets for Forging and Drop Forging.

5. Manufacture. All bars and billets for forging and drop forging shall be
rough-machined or made from rough-machined blooms ur ingots.

6. Margins of Manufacture. N0 margins of manufacture are specified.

7. Heat Treatment. (a) All bars and billets for forging or drop forging shall
be delivered as rolled or forged unless ctherwise stated on the order to the Steelmaker.

(b) Hardening and Tempering. The mechanical test samples shall be hardened
by heating to a temperature of 830° C. and quenching in oil. They shall then be
tempered by heating to a suitable temperature between 500° C. and 600° C. and
quenching in water or oil, at the option of the Steelmaker, to give the mechanical
tests specified in Clause 3 (a).

1 It is recommended that the Brinell Hardness determination for small size bars be made with a suitably reduced load
and/or ball in accordance with B.S. Specification No. 240.
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8. Selection and Preparation of Mechanical Test Samples. (a) The bars or
billets of each size and from the same ca,%t shall be grouped in pareels of not more
than :—

50 for sizes up to and including 1} inches diameter or width across flats.

25 for sizes over 1% inches diameter or width across flats.

The Inspector shall select one sample from each parcel for mechanical
testing. A mechanical test sample shall be of sufficient length to allow of the
prepara,tlon of the test pieces specified in Clause 3.

(®) The portion of the bar or billet selected for the preparatlon of the test
samples shall be prepared in one of the following ways :—

(1) Test samples from bars 1} inches diameter or width across flats and
under shall not be forged or machined but shall be heat-treated in the full size.

Where it is necessary to remove the surface, they shall be heat-treated as near
full size as possible.

(i1) Bars and billets over 1} inches and up to 3 inches diameter or width
across flats may be forged and/or machined at the option of the Steelmaker to
test samples 1% inches diameter and be heat-treated in that size.

(iii) Bars and billets over 3 inches diameter or width across flats may be
forged and/or machined at the option of the Steelmaker to test samples
93 inches diameter and be heat-treated in that size.

(iv) When it is agreed between the Purchaser and the Deputy Dlrector
of Aeronautical Inspeotaon that a special size of test sample more nearly
represents the section of the designed part as heat-treated, that special test
sample may be used for the mechanical tests. At the option of the Steelmaker
it may be forged and/or machined to size and heat-treated in that size. The
size of the special test sample shall be stated on the order,

(¢) The mechanical test samples shall be marked as directed by the Inspector
before they are cut from the bar or billet, and shall be hardened and tempered
as specified in Clause 7 (b).

9. Mechanical Tests. (@) (i) The test pieces machined from the samples
selected and prepared as specitied in Clause 8 shall comply with the mechanical
tests specified in Clause 3. These tests shall be ca.rrled out in the presence of the
Inspector and to his satisfaction.

(il) When the dimension of the test sample is such that one of the British

; Standard Notched Bar Test Pieces cannot be made from it, the Nicked Fracture
Test shall be substituted for the Izod Test.

(b) If any test piece machined from the sample fails to give the mechanical

“tests specified in Clause 3 (a) the Inspector may reject the parcel represented

by the test piece, or at his discretion select two other samples for test, one of
which must be from the bar or billet from which the original test sample
was taken. If that bar or billet has been withdrawn by the Steelmaker one other
bar or billet shall be selected. If both samples fulfil the test, the parcel from which
the samples were selected will be accepted.

10. Up-Ending Test. From each parcel of bars or billets, the Inspector
shall select at least one bar or billet and up to five per cent. of the bars
or billets for the up-ending test. From the bars or billets so selected, samples shall
be cut equal in length to their diameter or width across flats and forged down .at
normal forging temperature to half their original length by a minimum number of
blows. The samples must be tested as cut from the bars or billets and must not be

further machined before testing. After testing they must not reveal the presence
of any defect.

11. Sulphur-Printing Test. The Inspector may at his discretion require the

- cut ends of one-half of the bars or billets from which the samples used for the

up-ending test are taken to be suitably prepared for sulphur-printing, and the
resulting prints must not reveal the presence of any defects or harmful segregations
in the material so tested.
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12. " 1dentification. (a,) All bars
flats and over, shall be starmped wi C.E. (AC) 6583
the Steelma.ker s trade mark or sy For attachment to B.S. Specifications 2S.6, 3S. 11, 2 S. 28,
one extreme end of each bar or billet §.61.5.62.8.05, 8. 69,8.71,5.76. 8. 77.
(b) All bars or billets under half BRITISH ENGINEERING STANDARDS ASSOCIATION.
~ same cast, shall be wired up into bun NOTE.
R e Tn " ‘ AR —
‘t'h}e_nulmbel b 65, the C&St number a It is desired to draw attention to the undesirability of using
. ’ heat treated bars of large diameter for the production of machined
parts, owing to the difficulty of obtaining the specified mechanical
properties, particularly the Izod value from such bars.
S Where large bars are required for the manufacture of machined
s 65 B B parts, users of this material should consider the advisability of
. e

ordering the bars to Section Il of this Specification and heat-

treating the parts after rough-machining.
13. Manufactur'e All bars fOI‘

‘blooms or mgotb L o :
_ : | ]

14, Margins of Manufacture. ‘The margins of manufacture shall be in T

: aooordance with the order to the Steelmaker

December, 1928,

15, straightness. (a) All blaos ba.rs shall be commermally stralght
(b) All brlght bars shall be: stralght

. 16. Heat Treatment. (q) rl‘he bars shall be dehvered in the ﬁnally heat— =
treated condition. i : ~

-(b) All black bars shall be hardened a,nd tempered after rollmg All brlght _
bars shall be hardened and tempered which may be carried out either before or after
the bars are cold rolled, drawn or ground to size..

(c) The bars shall be hardened by heatlng tu a temperature of 830° C. and’

' quenchmg in oil.  They shall then be tempered by heating to a suitable temperature
between 500° C. and 600°C. and quenchmg in’ water or o1l to glve the mechani oa,l :
tests specified in Clause'3 (a). A :

(d) No bar shal] be re- hardened more than tw1ce N

17. . Selection and Prepar-atlon of Mechamcal Test Samples (a) The bars Of
each size and from the same cast shall be grouped.in parcels of not more than 25.

, The Inqpector shall- select one ‘samiple from each parcel for mechanical B
" testing. A mechanical test sample shall be of sufficient length to: allow of the
. - preparation of the test pieces specified in Clause 3. :
©~ (b) The mechanical test samples shall be marked as dlrected by the Authorlsed AR
Inspector before they are eut from the bars and shall not be further hea,t-treated
'Before testlng i e . : S

18: Meehamcal Tests. (a) (i) The test pieces lachmed flom the samples
selected as specified in Clause 17 (a) shall comply with the Tensile and Izod Tests - v
specified in Clause 3. These tests shall be ca,rr1ed out in the presence of the

n Inspeotor and to his satisfaction,

~ - (i) When the dimension of the bar is such that one of the British Sta,nda,rd'{}‘ % L
Notehed Bar Test Pieces cannot be made Jfrom 1t the Nlcked Fraeture Test-shall .o oo
* be substituted for the Izod Test. '

() If any test piece machined from the sample fa,lls to. glve the meehamea,l
tests spe01ﬁed in Clause 3 (a), the Inspector may reject the parcel replesented
- by the test piece, or at his discretion adopt either of the following procedures :—

(i) Select two other samples for test, one OfaWhlGh imust be from the bar
from which the original test sample was taken. I ‘that bar has been withdrawn
by the Steelmaker, one other bar shall be selected.” If both samples fulfil the
tests, the parcel from which the samples were selected will be aoeepted .

(i) Allow the parcel o be re-heat- treated and re-tested.

(c) Notwithstanding acceptance of a' parcel of bars under paragraph (a) 01 (b),, .
SR all bars in ‘that parcel must also _pass the tests speelﬁed 1n the followmg
L paragraphs (d) and (e) T - S :
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12. identification. (@) All bars or billets half-inch diameter or width across
flats and over, shall be stamped with the number S. 65, the cast number and
the Steelmaker’s trade mark or symbol. All such stamping must be done at
one extreme end of each bar or billet.

(b) All bars or billets under half-inch diameter or width across flats, from the
same cast, shall be wired up into bundles which shall bear a metal tag stamped with
the number S. 65, the cast number and the Steelmaker’s trade mark or symbol.

SECTION I1I.
S. 65—B. Bars for Machining.
13. Manufacture. All bars for machining shall be made from rough-machined
blooms or ingots.

14. Manrgins of Manufacture. The margins of manufacture shall be in
accordance with the order to the Steelmaker.
15. straightness. (a) All black bars shall be commercially straight.
(b) All bright bars shall be straight.
16. Heat Treatment. (a) The bars shall be delivered in the finally heat-
treated condition. _ :
-(b) All black bars shall be hardened and tempered after rolling. All bright

bars shall be hardened and tempered which may be carried out either before or after -

the bars are cold rolled, drawn or ground to size.

(¢) The bars shall be hardened by heating tu a temperature of 830° C. and
quenching in oil. They shall then be tempered by heating to a suitable temperature
between 500°C. and 600° C. and quenching in water or o1l to give the mechanical
tests specified in Clause 3 (a).

(d) 'No bar shall be re-hardened more than twice.

17. sSelection and Preparation of Mechanical Test Samples. (a,) The bars of
each size and from the same cast shall be grouped in parcels of not more than 25.

The Inspector shall select one sample from each parcel for mechanical
testing. A mechanical test sample shall be of sufficient length to allow of the
preparation of the test pieces specified in Clause 3.

(b) The mechanical test samples shall be marked as directed by the Authorised

" Inspector before they are cut from the bars and shall not be further heat-treated

before testing.

18. Mechanical Tests. (a) (i) The test pieces machined from.the samples

 selected as specified in Clause 17 (a) shall comply with the Tensile and Izod Tests

specified in Clause 8. These tests shall be carried out in the presence of the
Inspector and to his satisfaction.

(ii) When the dimension of the bar is such that one of the British Standard
Notched Bar Test Pieces cannot be made from it, the Nicked Fracture Test shall
be substituted for the Izod Test.

(b) If any test piece machined from the sample fails to give the mechanical

~ tests specified in Clause 3 (a), the Inspector may reject the parcel represented

by the test piece, or at his discretion adopt either of the following procedures : —
() Select two other samples for test, one of which must be from the bar
from which the original test sample was taken. If that bar has been withdrawn
by the Steelmaker, one other bar shall be selected. If both samples fulfil the
tests, the parcel from which the samples were selected will be accepted.
(ii) Allow the parcel to be re-heat-treated and re-tested.

(¢) Notwithstanding acceptance of a parcel of bars under paragraph (a) or (b),
all bars in that parcel must also pass the tests specified in the following
paragraphs (d) and (e):—




‘made at both ends of every bar. Bars which fail to give the specified test shall be
~ rejected but may, at the option of the Steelmaker, be re-heat-treated in accordance
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(a’) All bars in each parcel shall be submitted to the Brinell Hardness Test .
specified in Clause 3 (d), the Brinell i impression being made at-one end of each bar.
The Authorised Inspector may, at his discretion, require a Brinell impression to be

~ with Clause 16 and submitted again to the Brinell Test. All bars which fail to
pass the Brinell Test after this re-heat-treatment shall be rejected. .

(e) ‘All bars in each parcel shall be submitted to the Nicked Fmoture Test
specified in Clause 3 (¢), and bars which fail to give the specified fractiire ‘shall be
rejected but may, at the option of the Steelmakel be (1) submitted to the Izod
Test, when the bar will be accepted if the specified value of not less than 35 . b,
is obta1ned or.(2). be re-heat-treated in accordince with Clanse 16 and submitted
again to the Brinell, Nicked Fracture or Izod Tests. - All bars which fail to pass the
Brinell, Nloked Fracture or Izod tests after this re- -heat- treatment shall be re]eoted

19. .Sulphur-Printing Test. The Inspector may at hlS discretion requ1re the ‘
. ends of the test samples to be prepared for sulphur printing. The resultmg..i‘:,;.;_
‘prints must not reveal the presence of defects or harmful segrecratlons cs

20 Identlﬁcatlon (@) All bers half-inch diameter or width across flats: and ,.
- ‘over, shall be stamped with the number S. 65, the cast number,and the Steelmalker’s -

trade mark or symbol All such sta,mpmg must be done at one extreme end of each -
bar. u - »

(b) All bars under half inch dlameter or width across flats, from the same
cast, shall be wired up in bundles which shall bear a metal tag stamped w1th the.
number 8. 65; the cast number and the Steelmaker’s trade mark or symbol.

’ sechou Iv.

S. 65——0. Forgmgs and Drop For-gmgs. .

21. Material. The forgings and drop forgings shall be made from ‘bars or
~ billets which have been inspected and passed as complvmg with Sect1on I of thls”
Specification, : . :

99. Heat Treatment. (a) The forglngs and drop forgings. shall be dehvered
in the finally heat-treated condition unless otherw1se stated on the order.

~(b) Large forgings and drop forglngs shall. preferably be 1ou0h machm
befoxe heat-treatment. 2

(c) The forgmgb and drop forgmgs and mechanical test samples, selected a;nd,' '
prepared as specified in Clause 23, shall be hardened by heating to a: temperature .
of 830°C. and queriching in oil. They shall then be tempered: by -heating ‘to-a
" suitable. temperature between 500° €. and 600° C., and quenching in water'or oil
_the option of the Steelmaker to give the meohamcal tests ‘specified in Cliuse 8.

The mechanical test qa,mples shall be quenched in the samne‘fianner as the forgmge
they represent.

- (d) No forging or dlop forging sha,ll be re- ha.l dened more tha.n twme

: ‘23 Selectlon and Preparatlon of. Mechamcal Test Samples (A) Small 7?()’fg ;
and Dr op Forgings (under 6.10.)..- (a) The'Contractor shall‘supply one test: sampl
unless more are specified on’ the. order; 46 represent each batch of forgmgs or-dro

“forgings  made: from~the ‘same cast and heat-treated at the same time. The test
sample shall be cut from the material from which the forgings or drop forgings
were made, and shall be of sufficient length to allow of the plep&ratlon of the test "
- pieces speclﬁed in Clause.3.

(b) The portion of the bar or billet selected for th prepara i
samples shall be prepared in one of the following ways '

(i) Test samples from bars 1% inches di
under shall not be forged or: maehme
size ; provided that if it is necessary-
heat treated as near full size as: poss1ble

iall be heat-treated in th
move the surface they s
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(i) Bars and billets over 1% inches and up to 3 inches diameter or width
across flats may be forged and/or machined, at the option of the Contractor,
to test samples 13 inches diameter and be heat-treated in that size.

(iii) Bars and billets over 3 inches diameter or width across flats may be
forged and/or machined, at the option of the Contractor to test samples 23 inches
diameter and be heat- treated in that size.

(v) When it is agreed between the Purchaser and the Deputy D1rector of
Aeronautical Inspection that a special size of test sample more nearly repre-
sents the section of the designed part as heat-treated, that special test sample
may be used for the mechanical tests. At the option 'of the Contractor it may
be forged and/or machined to size and heat-treated in that size. The size of
the speclal test sample shall be stated on the order to the Contractor.

(¢) The mechanical test samples shall be hardened and tempered as specified
in Clause 22 (¢) and marked as directed by the Inspector.

(@) It any test piece machined from the sample fails to give the mechanical
tests specified in Clause 3 (a) the Inspector may reject the parcel represented by
the test piece or at his discretion adopt either of the following procedures :—

. (i) Select two other samples for test which have been heat- treated with
the batch of forgings or drop forgings. If both samples fulfil the tests the
batch from which the samples were selected will be accepted.

(i) Allow the batch to be re-heat-treated and re-tested.

(e) Failing the pfovision of the necessary test samples to permit of the re-tests
in paragraph (d) above, the re-tests may be made, where possible, on test samples
cut from forgings or drop forgings selected by the Inspector.

(f) The above procedure may, by agreement between the Purchaser and the
Deputy Director of Aeronautical Inspection, also be used for large forgings and drop
forgings, in which case it must be so stated on the order.

(®) Large Forgings and Drop Forgings (6 lb. and over). (a) The Contractor

shall make all the forgings and drop forgings with test sample forged on them, the
dimensions of the test samples being not less than two-thirds the ruling thickness
of the forgings, or as may be otherwise agreed between the Purchaser and the
Deputy Director of Aeronautical Inspection as specitied in Clause 8 (iv), unless
the consent of the Deputy Director of Aeronautical Inspection has been obtained
for the testing procedure to be in accordance with that specified in Clause 23 ().

(b) All test samples shall be heat-treated with the forgings they represent, and
test samples integral with the forgings shall not be cut off before heat-treament.

The test samples shall be marked as directed by the Inspector and shall not be

further ha,mmered or machined before heat-treatment.

(c) If any test salnple fails to fulfil the tests specified in Clause 3, the forging
mnay, at the option of the Contractor, be re-heat-treated and submitted to a further
test, provided there is sufficient material in the remainder of the test sample to
malke all the mechanical tests specified.

24. M™echanical Tests. (a) The test piece from forgings and drop forgings,
selected as specified in Clause 23, shall comply with the Tensile, Izod (or Nicked
Fracture) and Brinell Tests specmed in Clause 3 ; these tests shall be carried out
in the presence of the Inspector and to his satisfaction.

(b) If in the opinion of the Inspector these tests indicate that any forgmga or
drop forgings are not within the specified limits, those forgings or drop forgings
will be rejected, but may be re-treated as specn’ied in ‘Clause 23.
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SECTION V.
S. 65-D. Finished Machined Papts.

25. material. The parts shall be made from bars or forgings which have been

inspected and passed as complying with Sections III and TV, respectively, of this
Specification.

26. Brinell Test. The Inspector may require Brinell Fardness tests to be
made on as many of the finished machined parts as he may consider necessary to
ensure that they comply with the tensile strength specified, provided that the
Brinell impression does not affect the serviceableness of the part.

This Specification was adopted by the Sectional Aircraft Comnmittee on the
Tth July, 1927, and approved on behalf of the Main Committee on the
1st ‘August, 1927.

NOTE.

I order to keep abreast of progress in the Industries concerned, the British Standard
Specifications are subjected to periodical review.

Suggestions for improvements, addressed to the Director of the British Engineering
Standards Association, 28 Victoria Street, London, S.W. 1, will be welcomed at all times.
They will be recorded and. in dite course brought to the notice of the Conunittees charged with the
revision of the Specifications to which they refer.





