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

:fl3titiab JEngineering Stant,arba Baaociatton. 
s-ncorporateb b)2 1Ro12al ctbarter 1929. 

Bri'.tish Standard Speoificdtion 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. \Vhere variation from the specified figures is found to be necessary 
the exact temperature must be stated in the test report. 

Section I. Provisions applicable to all Sections of this Specification. 

Section II. 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 V. -S. 65-D. Finished Machined Parts. 

SECTION I. 

Provisions applicable to all Sections of this Specification. 

1. Chemical Analysis. (a) 'l'he steel shall contain:-

Carbon 
Silicon 
Manganese 
Sulphur -
Phosphorus 
Nickel 
Chromium 

between 0·22 per cent. n,nd 0·28 per cent. 
not more than 0·30 per cent. 
between (J-35 per cent. and 0·65 per, cent. 
not more than O 05 per cent. 
not more than 0·05 per cent. 
between 2·7 5 per cent. and 3·5 per cent. 
between J ·0 per cent. and 1·4 per cent. 

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

Vanadium not more tha,n 0·25 per cent. 
Molybdenum - not more than 0·~5 per cent. 
Tmigsten not more than l·uO per cent. 

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

2. Tem11Jer Brittleness. For 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° 0. : 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° 0. in not less than four hours nor more. than six hours. 
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3. Mechanical Tests, (a) The mechanical properties obtained from test pieces 
selected and prepared as specified in the appropriate Cla,use 8, 17 or 23 shall be as 

. follows:-

Maximum Stress 
Elongation 
Reduction of Area 
Izod Value 
Brinell Hardness Number 

Nicked Fracture 

. 
bAtween 65 and 70 tons per sq. inch. 
not less than 17 per cent. 

- not less than 40 per cent. 
not less than 35 ft. lb. 
between 29:3 and 321 (3·55 rn1u. and 

3 · 40 lllllJ.) . 

See Clause 3 (e). 

(b) Tensile Test. The test pieces shall be nrnchinecl from the sa.mples selected 
as specified in the appropriate ClausP 8, 17 or 23 to the dirnern;ions of the 
British Standard 'l'eusile 'l'est .Piece, Fig. 1 of B.S. Specification 2 A. 4, or, if the 
samples are too srnall, machined to suitable test pieces as shown in Figs. 2 to 

The testing appliances shall br~ such that the load when applied shall be a 
Should a tensile test piece break outside thA middle half of its gauge le 

the test may be discarded ftnd another test made. 

(c) Izod Test. 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 Standa1:d Notched Bar Test Piece, Fig. 7 or 10 of B.S. Specification 2 A. 4, 
and tested in a 120 ft. lb. Izod machine. 

(cl) Bri11ell 'Pest. (i) The test shall be ma.de with a 10 mm. diameter ball and 
a load of 3,000 kg.,t which shall not be exceeded even wonwntarily, and shall be 
maintained for not less tban 15 se<:onds. Prior to testing, the skin of the Rample 
shall be reinoved hy filing, grindiug or machinillg the areas to be tested. 

(ii) 'rhe diameter of the iu1pression shall be measured to the nearest, 0·05 mm.· 

(e) Nicked Frnctwre Test. A test. piece or bar nicked or sawn so that the are 
of the portion to be fractured is not less than one-half of iihe sectional area of t 
bar, shall show a grey fibrous fracture when broken by a rninirnnm number of blo,, 

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

(b) Any material may be rejected at any time for faults in manufacture, not
withstanding that it has been previously passed on analysis a,nd mechanical tests. 

SECTION II, 

S. 65-A. Bars and Billets for Forging and Drop Forging. 

5. Manufacture, All bars and billets for forging a.nd drnp forging shall be 
rough-machined or made from rnugh-rnachined blooms ur ingots. 

6. Margins of Manufacture, No 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 otherwise stated on the order to the Steelmaker. 

(b) Hardening and 'l'emperiug. The mechanical test samples shall be hardened 
by heating to a temperature of 830° C. and quenching in oil. 'rhey shall then be 
tempered by heating to a suitable temperature between 500° C. and t:i00° C. and 
quenching in ·water or oil, at the option of the Steelmaker, to give the mechanical 
tests specified in Clause 0 (a). 

t 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 P11eparation of Mechanical Test Samples, (a) The bars or 
billets of each size and from the Bame cast shaH be grouped in pa-reels of not more 
than:-

50 for sizes up ,to and including li inches diameter or width across flats. 
25 for sizes over l} inches diameter or width across flats, 
The Inspector shall select one sample from each ,parcel for mechanical 

testing. A mechanical test sam,J:>le shall be of sufficient length to allow of tke 
preparation of the tes.t pieces specified in Clause 3 .. 

(b) The portion of the bar or billet selected for the prepa,r.ation of the test 
samples shall be prepared in one of the following ways:-

(i) Test samples from bars 11 inches diameter or width a.cross fiats and 
under shall not he forged or machined but shall be he'.Lt-treaterl in the full size. 
Where it is necessary to remove the surface, they shall be heat-treated as near 
full size as possible, · 

(ii) Bars and billets over It inches and up to 3 inches diameter or width 
acrosB fiats may be forged and/or machined at the option saf the S.teelmak_er to 
test samples ] ?,; inches diameter and be heat-treated ,in that Bize. 

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

(iv) When it .is a.greed between the Purchaser and the Deputy Director 
of Aeronautical Inspect;ion 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. 
(c) rrhe mechanical test samples shall be marked as directed by the Inspector 

before they are cut from the bar or billet, and shaU be ha-rdened and tempered 
as specified in Clause 7 (b). 

9. Mechanical Tests. (a) (i) The test pieces machined from the samples 
selected a,nd prepared as specified in Clause 8 shaH comply with the mechanical 
tests specified in Clause o. These tests shall be carried out in the presence of the 
Inspector and .to bis satisiaotion. 

(ii) When the dimension of the test sample is such that one of the British 
'Standard Notched Bar T.est 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 mechanica;l 
tests specified in Clause 3 (a) ,the Inspector may reject the ,parcel represented 
.by the .test piece, or at his discretion select tw0 other si:i.rnples for test, 0ne of 
which must be from the bar or billet from which the original ,test srumple 
wa.8 taken. U that bar or billet has been withdrawn by the Steelmaker one other 
:bar or billet shall be selected. If hoth samples fulfil the test, the parcel from w~ich 
·the sa.rnples 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· fiats .and forged do,w:o. .a,t 
normal forging temperature to half their original length by a minimum number of 
blows. The samp'les must ,be tested as cut from the bars or bille.ts and must not be 
further machined before testing. After testing they must not reveal the presence 
of any defect. 

11. Suls;hu11-P11inting Test, The Inspector may at his d'iscretfon require the 
cut ends of one-half of the bars or billets from which the samples used. for the 
up-ending fost a.re taken to be suitably prepared for sulphur-printing, and. the 
resulting prints must nob sreveal the presence of a,ny defects or :ha.11miul segregations 
in ,the materiial so tested. . · 



Et Identification. (a) All bars 
· flats .and over, shall be stamped wi 

the Steelmaker's trade mark or sy 
one extreme end of each bar or bille~ 

(b) All bars or billets under half 
same cast, shall be wired up into bun 
the nu,mber S. 65, the cast n~mber 

s 
s. 65"'-,-13. ~ 

13.. Manufacture. All bars for · 
blooms or ingots. j 
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C.8. (ACI 6583. 

For attach111ent to B.S. Specifications 2 S. 6, 3 S. 11, 2 S. 28, 
S. 61, S. 62, S. 65, S. 69, S. 71, S. 76, S. 77. 

BRITISH ENGINEERING STANDARDS ASSOCIATION. 

NOTE. 

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 difliculty of obtaining the specified mechanical 
properties, particularly the Izod value from such bars. 

\~here large bars are required for the manufacture of machined 
parts, users of this material should consider the advisability of 
ordering the bars to Section Il of this Specification and heat
treating the parts after rough-machining. 

Dcce111ber, 1928. 

!~---·----~------~ . 
14. Marigins of Mani.lfa.c:turie. The margins of . manufacture shall ~e in. 

accordance with the order to the Steelmaker,. 

15; straightness, (a} All black bars sp.all be ·commercially straight.·· 

(b) All hright bars shall be straight._ 

16. Heat Troeatm~nt, (a) The bars. shall be delivered in the finally heat
treated .condition. 

· (b) All black b
0

ars shall be hardened and teµip~red ·afte.r rolling. All bright 
bars shall be hardened and t~mpered 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 hea,ting to a suitable temperature 
between 500° C. and 600° C. and quenching .in ·water or oil to give the mechanical 
tests specified in Clause 3 (a). · 

(df ;No bar shall be re7hardened more than twice. 

17 .. Selection and Preparation of Mechanical Test Samples, (a) The bars of · 
each Rize and from the s:tme cast shall be grouped in parcels of not more tb.a1;1 25 . 

. Th~ Inspecto:r shall select one sample , frnm 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 t(:)st sample$ shall he marked as,dircected by the Authorised\, 
Inspector before they are cut from the· bars· arid shall riot be further heat-treated 
1:iefore testing. · . ·· . , · . . . 

18. ,Mechanical Tests, (a) (i) The test pieces machined fr9m the samples 
:Selected as specified in Clause 17 (a) shall comply with the Tensile andizod Tests
:specified .in Clause 3. These tests shall be carried out in the presence of the 
J;nspector and to his satisfaction, , 
· · (ii) When the dimension of the bar is such that one of .the British Standard• 

Notched Bar T:est Pieces cannot be made from it, the Nicked Fracture Test shall 
be substituted for the Izod Test. · · 

(b) n any test piece machined from the · sample fails to g1ve the mec'hanical 
tests .specified in Clause B· (a), the Inspector may reject the paic.iel represented 
by the test piece; or at his discretion adopt either of the following pi9.ceq.1J.res ,,s.,:... 

(i) Select two other samples for test, one of 1Vhich inust piftom the bar 
from which the original test sample was taken. lfthat liar has'be€)n withdrawn 
by the Steelmaker, one other bar shaH be·selected,';,Jf,bnth 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. 
· (c) Notwithstanding acceptance of a parcel of bars tmder paragraph (a) or (b),: 

-all bars in that parcel · must also pass the tf:lsts Specified in the · followin,g . 
:paragraphs (d) and (e):- · · 



I 
:1 
I 
ii 
I ,, 

·i 
! 

[S. 65. August, 19271 

4 

12. Identification. (a) 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 sta.mping 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 sha,ll bear a metal tag stamped with 
the number S. 6.5, the cast number and the Steelmaker's trade mark or symbol. 

SECTION 111. 

s. 65-B. Bars for Machining. 

13. Manufacture, All bars for machining shall be made from rough-machined 
blooms or ingots. 

, 14. Margins of Manufacture. The margins of manufacture shall be m 
accordance with the order to the Steelmaker. 

15. Straightness, (a) All black bars shall be commercially straight. 

(b) All hright bars shall be straight. 

16. Heat Treatment, (a) The bars shall be delivered m 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. 

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

(d) No b1:1ir shall be re-hardened more than twice. 

17. Selection and Preparation of Mechanical Test Samples, (a) The bars of 
each Rize 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 he 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 3. rrhese 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 0 (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, 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. 
(c) 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) :-

\ 
'-
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· (d) All bars in. each parcel shall be submitted to the Brinell Hardness Test . 
specified in Clause 3 (d); the Brinell impression being made at- one end of each bar. 
'11he Authorised Inspector may, at hi's discretion, require a Brinell impression to be 
IIl~de 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 
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 Fracture Test 
specified in Clause 3 (e), and bars which fail to give the specified fracture shall be 
rejected but may, at the option of .the Steelmaker, be (1) submitted to the Izod 
Test, when the bar will be accepted if the specified value of not less than 35 :ft. lb. 
is obtained, or (~) be re-heat-treated in ac~ordance with Clause 16 and submitted 
again to the J3rinell, Nicked Frn.cture or Izod Tests. All bars which fail to pass the 
Brinell, Nicked Fracture or Izod tests after this re-heat-treatment shall be rejected. . . ' , ~ ' ' ' 

19. .SIJ!lphua•~P .. inting Test, The Inspector may at his discretion require the 
ends of the test 15amples to be prepared for sulphur printing. The resulting· 
prints must not reveal the presen~e of defects or harm.ful segregations. · 

20. Identification. (a) All bars, half-inch diameter or width across flats and 
over, shall be stamped with.the number S. 65, the cast number,and the Steeh:ri~ker'_s ·. 
trade.mark or symbol. All such staniping must be done at one extreme enduf each · 
bar. · · 

(b) All bars under half-inch diameter or width across flats, from the sa,me 
cast, shall be wired up in bundles which shall _bear a metal tag stamped with the 
number S. 65; the cast number and t_he Steelmaker's trade -mark or symbol. · · . 

SECTION IV. 

s. 65-C. Fo11gings and D11op Fo11gings. 

21. Mate .. ial. The forgings and drop forgings shall be made fro1ff bars o.r . 
billets which have- been inspected and passed as complying with Section II of this· 
Specification. · 

22 .. Heat Tl'eat.ment. (a) The forgings and drop forgings, shall ~e deliver~d 
in the finally heat-treated condition unless otherwise stated on the order. 

(b) Large forgings and drop forgings shall preferably he ·rough-machip.e?' . 
before heat-treatment. · · , ' : ·_> 

(c) The forgings and drop forgi~gs, and mechanical test samples, selected and 
prepared as specified in Clause 23, shall be hardened by heating to :ftelllperature . ·. 
of 800° C. and quenching in oi~. They shall then be tern pered by.,;heatip,g Jo · 
suitable. temperature between 500° C. and 600° 0., a11d quenching ill' water 1or· oil 
the option of the Steelmaker to give the mechanical tests specified iri Clause 
'11he mechanical test samples shall be quenched in the same·hiariner as the forgings. 
they represent. . . . _ · · · 

( d) No forging or drop forging shall be. re~hardened more than twice. 

23. Selection and Prepal'~tiono,f:Mecha11icaiTestSamples (A.) SmaU )?orgilit/s 
and Drop fotgi.rigs (uf1,der·6.lb.).: ··(a),The Contractor sha1l'supply_of!e,t°e'stsatjlple;· · 
unless m9re:_l!,t¢ .. ·specified on. the or:der; to represent each batch of fqrgii:J,gs P): drQj;> 
forgings .Jiiade>from ·the same cast and 'heat-tr<3ated at the same time: '':[.1he.test( 
sample shall be cut from the material from whfoh the forgings or clrop forgings · 
we're made, and shall. be of sufficient length to allow of the preparation .oLthe.,test ; 
pieces spec'ified in Clause 3. . . _ . . · 

(b) The portion of the bar or billet selected for the preparatjoI1.of the test 
samples shall be prepared in one of the foHo\yipg:ways.:; ;, :; .. >·. · ; · .. . . .··, 

, (i) Test samples from bars H inclie~q.ia.;hie,t~,..: .oi·~~ia.tir across fiats . 
under shall not be forged· ot;:in:whined/but shall be heat-treated in 
size; provided that if it is pecessary .to )e:inove the surface they 
heat-treated as near full si~e ·as possible. , · • ·· ·-
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(ii) 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 ll 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 2! inches 
diameter and be 'heat-treated in that size. 

(iv) When it is agreed between the Purchaser and the Deputy DirectQr 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 special test sample shall .be stated on the order to the Contractor. 

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

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

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

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

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

Cf) 'fhe 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. 

{B) La1-ge 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 (A). 

(b) All test samples shall be heat-trea,ted with the forgings they represent, and 
test samples integral with the forgings shall not be cut off before heat-treament. 
'J'he test samples shall be marked as directed by the Inspector and shall not be 
further hammered or machined before heat-treatment. 

(c) If any test sample fails to fulfil the testH specified in Clause 3, the forging 
may, 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 
make all the mechanical tests specified. 

24. Mechanical Tests, (a) The test piece from forgings and drop forgings, 
selected as specified in Clause :23, shall comply with the Tens-ile, Izod (or Nicked 
Fracture) and Brin~ll Tests specified in ,Clause 3; .these tests shall be carried out 
in the preRence of the Inspector and to his sfltisfact_ion. 

(b) If in the opinion of the Inspector these tests indicate that any forgings or 
drop forgings are not within the Rpecified limits, those forgings or drop forgings 
,,vill be rejected, ·but may be re-treated as specified in Clause 23. 
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SECTION V. 

S. 65-D, Finished Machined Parts. 

25. Material, The parts shall be made from bars or forgings which have been 
inspected and passed as complying with Sections III and IV, respectively, of this 
Specification. 

26. Brinell Test. The Inspector may require Brinell Hardness 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 Committee on the 
7th July, 1927, and approved on behalf of the Main Committee on the 
1st August,, 1927. 

NOTE. 

In order to !?eep 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 he recorded and in due course brought to the notfre of the Co111111ittees charged with the 
revision of tlte Specifications to which they refer. 




