APPENDIX 4-6

‘COMPARISON TABLE FOR M9B-1960 SPECIFICATION FOR SOLID ROLLED STEEL WHEELS FOR CARRIAGES AND WAGONS
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1. Quality of material

‘The wheels shall be forged and rolled from '
the highest quality of steel ingots of a
length and weight to produce, after suffi-
cient discard has been taken, two or more
wheels blanks from each ingot.
and rolling process shall be performed in
such ,a manner that the central axis:of the
ingot shall coincide with the axis of the
wheel. - The ingots shall be made by the acid
or: basic open hearth or electric process and
the wheels shall show on analysis noL more
than the following limits of sulpher or of
‘phosphorous.,

"Steel made by the acid cpen hearth or
electric process: not more than 0.06 per

“ceat of sulpher or of phosphorous for Class
C wheels, and not. more than 0. 05 for Class D
& E wheelsg. : L

'"Steel made by the basit open héartﬁ‘ﬁfocess:
Tot more than 0.06 per:cent of sulpher or of

phosphorous foi Class C.& D. wheels, and not
“more than '0.05. per- cent of sulpher or of
_phosphorous fox Class E wheels

'The manafacturers shall supply an analy51s
of each cas{ when required to de sa.

The forging'

Quality _ _
Wheels shall be manufactured from killed steel

ingots produced by opern-hearth furnace, elec-—
tric furnace or pure-oxygen process. The in-
got shall be bottom-poured and have round
bottom, and the pipe caused shall be 75 mm or
less in diameter at the center of the ingot.
The top shall be discarded sufficiently as
required, .

The chemical compositlon is::(Z)

C: 0.60 ~ 0.75

5i: 0.15 ~ 0.35

Mn: 0.50 ~ 0.90 )
P; S: 0.050:0t less (for'acid.fﬁrnacé

: processing);
0.045 or less (for basic furnace .
processing)

‘Quality

Wheels ‘shall be mamifactured from killed steel
ingots produced in open~hearth furnace; elec-
tric furnace, or top-blown oxygen converter.
Top and bottom of ingot shall be discarded
sufficiéntly as requived. Chemical composi-
tion shall be as given below.
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Quality

Wheels shall be made from steel material )
produced in acid or baslc open~hearth furnace
or electric furnace process.

_The ingot shall have Suff1c1ent amount of

discard performed, and two billets or more.
shall be taken from each ingot. The chemical

- composition shall be as follows:

Class B (for any type of furnace) ' (%)
‘ P, S5 £ 0.06
Class € (for any type of furnace)
P, 8 £ 0.06
Class D (for acid open-hearth furnace)
. P, 5 £0.06

(for ba51c open—hearth
Furnace, electric furnace)
‘P, 5<0. 05

Class E (for any type of furnace)
P 5 £ 0.05

JForglng and rolllng shall be performed in

such & manner that the axis of ingot and

. the axis of wheel_may coincide.

Quality . i

The material shall be produced in open~hearth
furnace electrie furnace or converter. The
ingot Shall have its incomplete portions
discarded sufficiently as needed. The chemi-
cal composition shall be as :follows:

Class ¥ 0.65 ~ 0.80
_ Class ﬁ -0.47 or less
C (%) ~ § Class A 0.47 ~.0.57
Class B 0.57 ~ 0.67
Class C 0.e7 ~ 0.77
Mn (%) _ 0.§0 ~ 0785
Po(%) 0.05 max:
s (Z) o (.05 max.
51 (%), 0.15 max.

2. Freedbm-from"defects=

The wheels shall ‘be free from,defects of ‘any
kind, and accurately finished to the; pre-
scrlbed dimensions. ‘The disc portion of the
wheel shall be of umiférm section and. shall
not vary more, ‘than lI16 inch (1.5 mm} under
or. 1/8 inch-3 mm) over the spec1f1ed dimen—
sions, and in any one wheel the dlfference
between the minimum and paximuin ‘thickness at
any given radius shail not be more than 1716
inch (1.5 mm). Measurements for thickness
shall -not be made, however,:at: any. point
‘where theré may be'an.isolated depression
less than 1 inch (25.50 wm} in length.

Freedom from defects

The wheel shall be unlform in quallty and
tree from any defect 1n ‘service.

ToleranCES 1n plate thlckness

(i) In’'case thag the finish is Speclfled
for curved portlon at the root of
the BLoss:

+6 ~ 0 mm,

(ii) In case that no finish is specified
for curved portlon at the root of the
boss: .

+8 ~ 0'mm

Freedom from defects

Surface defects on wheel shall be removed
.through all the processes,’ :

Freedom from defects

Surface flaws shall be completely removed

Tolerance for plate thlckness shall be i
Circumferential varlatlon in thickness
shall be within 1:6 mm.

2-
6

Disec thickness tolerances

Minimum ﬁélues are specified by types.of
wheels.

- 55 ~




ERS

- JRS (J1S)

Uic

BS

ARR

3. Brandlng

The, wheels shall he dlstlnctly stamped with
the 1ndent1fy1ng cast number. The name or
initials of the manufacturer, the letters
"E.R.", the.order number and the date shall
be stamped cold on the boss. The letters
shall be not less than 8/8" (9.5 mm) and not
more than 1/2" (12.5 mm) high.

‘Not specified in the Specification.
indicate the stamping of date and charge name,

Stamping
Drawings

with letters of 10 mm in size.

Sﬁamgimo

Manufacturer's name, charge name, state of
execution, date of manufacturer, position and
quantity of unbalance (as indicated in the
order sheet).

StamEing

Charge name shall be’ stamped hot on ‘the disc
portion, and the manufacturer's name and Cthe
date of manufacturer shall be stamped cold
on the boss. The stamped letters shall be
9.5 to 12.7 mm in size.

Stamping

(1) Serial number, daté of manufacture,
manufacturer's name, class

(2) P051t10ns to be stamped:

(i) Locomotive ... Hot-stamped on 1nte—.
rior rim face (or on
exterjor end face of

boss)

(ii) Freight car ...Cold-stamped on inte-

rior end face of boss

{(iii} Passenger car ... Cold-stamped on
interior or exterior
end face of boss

4. Heat treatment

The wheels may be supplied with:or without
heat treatment at the option of the manu—
facturer.

Heat treatment:

The Class 1- wheei shail remain as'rolied'

_and the Class 2 wheel shall have its tread

heat —treated.

“Hs 37 ~ C 45 For Class 1 acd Hs 46 ~ 52 for

Class 2,

Heat treatment

Rl ~ R3 Norfnsliziﬁg

R6 ~ R9 Hardenlng and temperlng of

Eread

Heat - treatment

The execution of heat tredtment shall be
left to the selection of the manufacturer.

Heat treatmenf i

The wheels ‘of Classes L, A, B and C shall be
heat-treated. = -
L: HB 197 -~ 277 ' B HE 277 ~ 341
A: HB 253 ~ 321 - C: -HB 321 -~ 363

5. Number 6f:centrés éo beﬁfested

Extra. wheels for testlng in . the. manner
described in ‘Clauses & and 7 shall be pro-
vided by the manufacturer;. at his owti
‘expense, at the rate of one wheel for each
100 wheels or portion theveof in.each cast
as submitted for testing, with the exception
that if there .are not more than 110 wheels

~in"the castione wheel only. shall ‘be selected.

The -E. R._Inspectlng Engineer shall select
and test such of Ethe'wheels as he may think

proper to the éxtent. of the mumber spec1f1ed.‘

"gbove, ' The wheels tested by the falling
weight test sha-l be handed over to the E. R.
Inspecting . Engineer free of charge if re-—
‘quired, and shall be held to represent
correctly the average quality of the lot
presented from the cast from which rhey were
selécted. The selected wheels shall comply
with the following tests without further
re-hedting or any other manipulation what—
ever, either of the wheels selected for
testing or of any portion cut therefrom to
furnish the test pieces.

Number of test pieces

The number of tensile test pieces shall be
one per charge.

Number of . test pieces

As tﬁe‘number;of_tensils'test:specimens,:one ‘
wheel shall be selected ‘for ‘each charge of up

o 250 wheels,. and two wheels  shall be selec-—

‘ted for each charge of more ‘than 250 wheels

Two test pleces_shall be taken;from one wheel:

one at the rim and the other at the disc.

Number of test pieces

_Failing weight and rensile test pieces shall
be sampled one each per 120 charges .

Number of .test Specimens

(No:tenSjle test speEified;)
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6. Falling weight test

The wheels shall be placed flat with its
flanged side uppermost upon a circular metal
ring having an internal diameter approxi-
mately the same as the, internal diameter of
the wheel and. resting:upon a block of metal
of not less than 5 toms (11,200 1b. = block
- of metal of mot less than 5 tons weight
supported on a rigid comcrete or other solid
‘foundation and shall withstand without frac—
ture blows from a falling weight of 1 ton.
The weight shall be allowed to' fall freely
on to the boss from the height to 5 feet
(1.5'm), 10 feet (3.0 m),.15 feet (4.5 m)
and 20: feet (6.00 m) wntil the striking
energy in foot/ton corresponds to that given
by the following formula.

E=28xRXxT
Where E = Striking energy in foot/ton.
2.8 = Constént.

R = Radius in inches, measured from
the inside of the:rim on the
flange face of the wheel, as

“'rolled. .. ‘

T Thickness of_thé Wéb:iﬂ inches as
rolled. o

The thickness of the web $hall be
measured at thé juncétion of the
boss radii and the web.
The height of the final tlow shall be reduced
if necessary, to meet the requirements of the
formula. :

Falling weight test

None

Falling weight teét

None

Falling weight test

Same as ERS

Falling weight test

None

7. " Tensile test

A standard test piecé C {see Appendix),
machined cold from each wheel tested as
above, and taken from the position showa in
fig. shall show the tensile breaking strength
and miaimum elongation given in the table,
the intermediate elongations being in pro-
‘portion. )

Tensile test

The tensile test piece shall be taken from
the position shown below.

Tensile test

Tensile test

Tensile test piece shall be faken'at_thé

position shown below.

Tensile test
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. TENSILE BREAKING STRESS | Minimum
CLASS | Tons: (1b) per | Kg per Elongatlon
. N per cent
square inch | m/m?
50 (112,000) 78.74 13
C to :
55 (123,200) 86.62 11
56 (125,440) 88.49 10
D to o Co
62 (138,880) | 9/.64 8.
' 63 (141,120) | 99.22 | 10
B - to. N R ]
69 (154,560) " [ 108.67 8.

Should a tensile test piece break: outside the
middle half of ‘its gauge length (i.e. within
.the length covered by a‘quarter of the gauge
- length measured on either side of the 'centre
point) it may be discarded, aad such break
shall not be considered as a failure of the
test, and 'a fresh. test, or fresh tests, may’

be made by the manufacturer with a test piece,
‘or. test pieces, taken from the' same wheel from -
which the discarded test pieceé was taken,

T—ﬂlz#;

The mechénica¥‘pfpperties shall be as follows:

Tensile étrength: 80 ~ 100 kg/mm®
Elongatioﬁ:_ 12 or more - 8 or more

Reduction of area: 16 or more ~ 12 or more

==

Mechanical properfies shail be as follows:

Tyne | Heat- Yield Tensile |Elonga- at 20°C
B treated peint strength |Cion L.V
N/mm® W/ m” % joules
- Recorded | 600~720 | 12 -
R1 : for .,
N reference " 18 15
purposes
' Cos SRS I T Rer VY B -
R ] T e th 10
N S T 800 ~ 940 7 -
k3 - N " 0 19
6 T " 786900 | 15 15
R7 | T n 820940 | . 14 15
& . | ¢ 850-~980 | 13 | 15
RO | T o 900 - 1050] 12 10

The values shall be as follows:

Clgss Tenf%i:/;igingth Eléﬁgation
B 66.1 ~ 77.2 18< ~ 14%
¢ 77.2-~ 88,20 - | li< ~ 1<
D 88.2 ~ 99.2 | 12¢ - 10<
E 99.2 ~ 110.0 | 10¢ ~ <

None'

8. .Additipnal teé_;ts'before=r_ejegtion‘_=

In the event of the wheels selected for test-
ing not satisfying the requirements of claus-
es G and 7 thé E.R. Inspecting Engineer, as
specified beélow, shall make further tests at
-the expense of the manufacturer before
finally refusing or accepting the wheels .
represented:

Additional test '

In case that Ehe”tehSile-tést_fésult-ﬁas‘not
acceptable, re-test shall be conducted after
the wheel is heat—treated (or re-heat-
treated), provided, however, such heat -
treatment shall be limited to oaly once.

| Additional test

if the test piece féils to;bass}the ﬁest;:the
wheels of the lot represented by it shall be :

‘the object of rejection, provided, whoever,

that the retest may be arranged between the
manufacturer and purchaser.

Additional Tests

(1)} Falling weight' test

If a wheel fails to §ass £he_faliing

weight test, test shall be conducted on

additional two wheels.: In'place of re-
testing on two wheels, or if one of the
retested two wheels hag failed to pass
the falling weight test, the manufac-~
turer may conduct test by re-heat-
treatment of the lot subject to the

" purchaser or its representative's
approval.’

Additional Tests

None
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(a)

(b)

Should the wheel fail in the falling
wheight test the E.R. Inspecting Engineer
shall select’ two more wheels from the
same lot, -all of which, with his pexr-
missiion, may be beat treated or re-

heat treated before the selection is
made. ' Should either of the retested .
wheels fail to fulfil the conditions of
the falling-weight test, the manufactur-
er, with. the cgncurrence of the E.R.
Inspecting Eungineer may heat treat or
re-heat treat the bulk from which the
E.R. Inspecting Engineer shall select

two more wheels: for further test. Should
the results of these repeated tests be
satisfactory, the wheels represented

shall be held: to ‘havée passed the falling— -

weight test. Should either.of these.
wheels . fail to fulfil the. conditions of
the failing~weight test, the wheels re-
presented Shall be rejected.

Should the- wheel or wheels whlch have
passed the falling-weight test fail in
the temsile test, two more tensile test!

‘pieces shall be taken from the wheel

hias given the deﬁectlve test; for re-
peating the test,

The wheels shall be accepted if the re-
sults of ‘these further ‘tests are satis-—

factory .should. the repeated tensile’ ‘tests.

not prove satisfactory the mauufacturer
with the concurrence of the E.R. Inspect~
ing Engineer, may heat treat or ‘ré~heat
treat the bulk and present them again

for the falling-weight and tensile’. tests.
Should either or these fail, the lot-
shall be rejected. ‘Shotld the results
of these repeated tests prove satisfac-—
tory, .the wheels represented shail be
accepted.

(2)

If a' temsile test piece has failed to
satlsfy the value given above, or if the
purchaser or its representative agrees
that this unfavorable test piece does
not represent the lot correctly, the
retest may be performed on add1tlonal
two wheels.

In place of coﬁduc;ing thi§=feteét; ar

if one of the test pieces of this retest ~

fails to pass the test, the fa-ling
weight test and the tensile test may be
performed after re-heat-treatment sub-—
ject to the approval of the inspector.

- 59 -



ERS

JRS (JIS)

Ul

BS

AAR

9. Inspection

The‘E.R.'IhspeCtiﬁg Engineer shall be allowed
unhindered access to the manufacturer's works
at all times during working hours when wheels
on order are 'in process of manufacture or.
delivery. He shall be at-liberty to inspect
the manufacture at any stage and to reject

. material which dees not. conform to his spe-—
¢ifications. -Material so Trejected shall be
cut up immediately or marked at once in' the
preseace of the inspector in such a way that
it camnot be confused subsequently with
satisfactory material.

Inspécﬁion

The manufacturing of wheels shall be:subjected
te the supervision and inspection by the in-
spector appointed by the Japanese National
Railways.

Inspection

None

Inspection

Same as ERS

Inspection

The inspector will have free access for in-
spection in any process of manufacture of
wheels, . The manufacturer shall supply all
conveniences so that the inspector may re-
cognize that the manufacture of the wheels
complies with the Specification.

10. Testing facilities

The manufacturer shall suppiy the material
requived for testing free of charge, and at
his own cost shall furnish and prepare the
necessary test.pieces_aﬂd supply Iabonr and

Testing facilities

Testing facilities

Testing facilities

Testing facilities

appliances for such testing as may be carried None None . Same as ERS None
out on his premises:in accordance with this : :
gpecification. Failing facilities at his own .
works for making the prescribed tests,. the
manufacturer shall bear the cost of carrying
‘out the tests elsewhere, )
.Others Others

]Thg folloﬁing items are also Specified'in the

UIC Standards: :

(1) Impact valﬁeb

(2} Micraséppic_strucfufes

(3) .S;atic_baléﬁce test. _ _
@) HérdnéSs distribution in cross section
(5) Open a%ea ratio

(6) Ultra$0nic flaw detection

(7) Mégnaflux inspection

The fdliowiﬁg items are also specified:

(1) Ultfésonic flaw detection

(2). Shot peeﬁing

{(3) Magnaflux inspection
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No. M. 10-1959
Specification for Steel Castings

" Carton Steel Castings

_ o UDC 669..141.25
JAPANESE INDUSTRTAL STANDARD i JIS
G 5101-1975

© BS 3100 : 1967

BS 592 St
CARBON STEEL CASTINGS FOR GENERAL. PURPOSES

1. Scope

This, specification covers carbon steel cast-
ings for rolling stock, classified as Grade
A and Grade B,

Grade A: covers castings for genearal service.

Grade B: covers castings for high stresses
suck as wheel centres, frame stretchers,
borgie castings etc.

i. Scope

This Japanese Industrial Standard specifies
carbon steel castings inclidisg steel pipes
made by centrifugal casting ‘hereinafter re-
ferred to as the "steel castings".

2. Type and Symbol-

The types and symbols of the steel castings
shall be as shown in Table 1.

Table 1. - Type and Symbol

Type E?mbol Remarks
1 | sc 37 For eiectrical machine.
. ) . parts : . U
2 3C 42 For general stracture
3 SC 46 | For general structure
4.7 sc a9 For general structure
e .Qua;ity'of‘mqterial j : _14L ;Qqélify Cﬁémical composition. 'The stéelishéll con-

The'castihgs shall be made From steel. pro-
duced by ‘thelacid or basic open hearth, acid

‘bessemer. or electric! furnace processes, and ‘-

shall not show on analysis more than 0.06%
of sulphur or of phosphorus. :

The mahufacturef 5hall supply an analysis of
each cast.when required to do so. :

4,2 '"Chemical: Composition

The chemical composition shall be determined
by ladie analysés; and shall present less
than 0.050% of P and S. respectively. Con-
cetning the contents of elements which are
not specified, arrangements. shall be made
for determination between the purchaser

“and the manufacturer.

falat, " BS 592:.1967
Element |Grade Af Grade B | .Brade C
) z . :..Z‘, . . %

] max. | max. ‘max.
Carbon - | -0.25 |7 0.35 | _0.45
§ilicon * | "G.60 |- "0.60 0.60
Manganase 0.90 | 1.0 1.0
‘Sulphur: 0.060 | 0.060°| 0.060
Phosphorus 0.060 0.060 . 0.060
Nickel 0.40 - -
Chromium 0.25 - -
Molybdenum| 0.15 - -
Copper 0.30 - -
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3. Anneallng

All casiings shall be annealed at a sultable
temperature and left to cool in such a way.
that a .fine grain structure is obtained
wirhout any detrimental stresses arising in
the castings.

3. Method for Manufacture

. The steel castlngs shall be heated unlformly

in a furnace, and shall be processed by a
heat- treatment by anneallng, normallzlng,
tempering after normalizing or tempering after
quenching. However, the heat treatment way
not be effected if so approved by the pur-
chaser.

14.1  Specified analysis

The specified rarges of chemical composi-
tion are based on cast amalyses and, on
request, the manufacturer shall supply a
certificate of analysis of each cast of
steel.’ This will not include values for
residual elements unless requested by the
purchaser or unless there is reason to
suspect the presence of such elements in
excessive amounts.

BS-592 | . o

Heat. treatment. All castings shall be
supplied in the heat-treated cendition.
The heat treatment shall be c¢arried out at
suitable temperatures to give the mechani—
cal properties spec1f1ed

4. Moulding

.fThe castings shali be accurately moulded in -

"accordance with the patféru or working
drawing supplied by the E.R. Mechanical and
Electrical Englneerlng Department with the
‘addition of such lettering as may be pre—-
scribed by the E.R. Iaspecting Engineer.

4.5 Shapes, Dlmen31ons, WEluhts and Tole-
rances

“The shapes dlmen510ns and weights of. the

tsteel’ castlngs shall conform to the drawings
. or models.
" in @ccordance with JIS B 0412.

The teolerance shall be defined
However, if
agreements have Jbeeén made regarding this

" matter between the purchaser and the manu-
- facturer, such arraugememts shall overrule

JIS B 0412.

3 Branding

The .cast numbér, the wmanufacturer's name

‘or initials, the order number, the latters
"E.R." ‘and the year of manufacture shall

be stamped on each casting in letters 9
mm. high, close to the moulded number

" of the patters.

9. 'ﬁafking" _

.Each §ieee of the steel castings which has
passed the inspectign shall:be clearly marked
; at ‘the place of manufacture with the follow- -

ing particulars. When so approved by the

purchaser, a part of the marking may be omit-

ted. ‘

(1) Symbols'of type’

(2) Melt number

(3) Manufacturer's name of abbrev1at10n
thereof .

.1 8 Ident1f1cat1on

If requested by the purchaser and by agree-
ment w1th_the‘manufacturer each’ casting
shall be legibly marked, where practicable,
with a number or identification mark by. .
which it can be traced to the manufacturer

rand the cast from which it was made. Small
-castings may, by agreement, ‘be batched,

and the identification mark stamped on a.
tag attached to each batch.

6. Freedom from defects

The steel castings shall not exhibit any -
pouring defects such as blow holes, pores,
sand holes, cracks, hard spots etc. liable
to deteriorate the usefulness or the
maching properties or gerieral workability
ol the products.

4.1 The steel ceetings shall be uniform in
quality and free from defects such as Flaws
or blowholes which are harmful in actual

utilization,

1.19% Freedom from defeets

The castings, as delivered to the purchas—
er, shall be free from harmful defects
(qee 1.13).
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7.  Repairs to defective castings

Any 'defects or unsound metal_presentsin a
casting from whatever cause arising shall be
left bare, and no filling with. the object of
obliteraring such, defects shall be permitted
unless previously sanctioned by the E.R.
Inspecting Engineer. Any castlngs upon
which such work has been done witheout such
sanction having been obtainad shall be re-
jected. When any sanctioned repairs have

. been completed the casting shall be anneal-
ed as'provlded'ln Clause 3.

When steel castlngs in the rough are order—
ed, surfaces which will he machined ultima-
tely must be rough machined by the suppllers
to ensure soundness. Sufficient allowance
must be made for finish machining to the
-dimensions shown on the drawing.

5. Repalr

5.1 " The defects in the steel castlngs may be=

repalred by welding or other suvitable methods.
However, when required by, the purchaser, or
when. there is a danger that the quality of the
steel castings may be affected by the repair,
discussions shall be held between the pur-
chaser and manufacturer regarding the treat
ment of the defects.

7.5 .The steel castlngs shall net recelve

'palntlng or any other treatment which may in-

terfare with the inspection prior to the
inspection.

1. 15 Rectlflcatlon ‘of castings

Unless otherwise spec1f1ed by the purchas—

er on the enquiry and order, castings may

‘be rectified by welding without the previ-

ous sanction of the purchaser

(1) Welding. It is recommended that rec-
tification by welding shall be carri-
ed out in accordance with Appendix A.

{2) Re-examination. Tf castings have
been subjected Lo non-destructive:
testing by agreement between the ma-
nufacturer and the purchaser, the
castings shall be re-examined in the
area of the repair following any rec—
tifying OPEratlon perfermed on the
castings.

8. Testlng

The steel castlngs shall be tested at the
manufacturer's works. The E.R. Inspector

shall receive a 1list of the castings in:lots

. or melts if they can be reliably separated.
‘The castings are to be divided in lots up
‘to 3000 kgs., or part melts up to 5000 kgs.
‘to be put separately accordlng to the

class of material and the method of cast—
ing on the test block.

6.1 Analy51s"

6.1.1 The spec1men for analysis shall be,
extracted from the ladle. When required by
the purchaser however, the product’ analy515
shall be- cpnducteé to the steel castings:’
In this case, the sampling method and the

" tolerance range for.chemical composition.

shall conform"to agreements between the pur-
chaser and the manufacturer.

6{2.1 Unless otherwise Specified,.tﬁe mecha—
‘nical tests shall be conducted at the manu-

facturer's work. . In this case, the manufac-
turer shall have the purchaser witness the
test when requlred by the purchaser.

10. - Report

The manufacturer shall submit €6 the purchaser

the results of specified test as a detailed
report stating the melt number.

1.10.1 :If a purchédser requires the manu-
facturer to provide a certificate giving
the results of tests, he shall state this

-on the enquiry and order and: the type, )
‘location and number of test’ samples shall

be at the discretion of the manufacdturer.

1.10.2 1f!a purchaser requives tests to:
be carried. out in his presence or imn the
presence of his representative, he shall
state this on the enguiry and order (see

'1.2(9) ‘and 1.17) and the following pro—

cedure shall apply:
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9. Selection of test pleces

" (a) TFor castings over 300 kgs. weight each. '
A test blbck for the main and the. additional
test pieces shall be cast on each casting.

(b) For . castings between 100 and’ 500 kgs
weight . each.
A test block for one ten511e test plece is to
be. cast on each casting. ' If this will endan-
ger the castings, a special agreement shall be
made between the E.R. Inspector and. the manu-
-facturer

(¢} For castlngs under 100 kgs. weight each.
A test block for cne tensile test piece shall
be cast on each casting, or, if possible, the
test piece shall be cut from the casting,
otherwise separate test pieces shall be cast
from each melt.

7.3 Test Speeimen

" The test specimen $hall be prepéred by the

followlng procedures. In the case of the cast
steel pipe made by centrifugal casting, how-

.ever, the test specimens shall be prepared by

the agreements between the purchaser and manu-

facturer

(1) The te5t=SPECimen shall be cast jointly
with the steel castings. The test speci-
men iray be cast separately only when so
approved by the purchaser

(2) The dlmen51ons .of the test spec1men shall

conform to -either of the following shapes.
However, this shall not:apply when approv-

ed by the purchaser otherwise.

(3 Unless‘otherwrse specified, the test spe-
cimen shall be cut off after the final
heat treatment of the steel castings.

_When it is difficult to.give a heat

‘treatment to the specimen jointly with the

steel casting, or when the specimen has
been cast separately, the specimen shall

be processed by a simultaneous heat’ treat-

ment together with the‘steel-caétings.

.7 &' One tension test plece shall be prevared

from ‘each sp231men which ‘has been, taken: from ;
the same melt and the same heat treatment.
Regarding the steel pipes made by centrlfugal
castings, the number of the specimens shall:
be decided by a mutual agreement between the
purchaser and the manufacturer, :

1.10.2.1 - At :least- one set of tests, as
required by the relevant specification,

‘shall be made from each cast or each heat—

treatment batch.

1,10.2.3 ‘ By agreement between the pur—
chaser and the manufacturer, test bars
shall be cast attached to, or separate
from the castings. . When test. bars are
artached, rhe precise location ‘and method
of attachment shall :be the subject of
agreement, since the attachment of ‘test
bars may have adverse effects on’ ‘the qua-
lity of the casting. If the purchaser
does not make such an agreement with the
manufacturer prlor to placing the order,
the method of providing the test bars
shall be decided by the manufacturer.

In the. case of castings where it is im-
practicable to provide attached test bars,
separate test bars or additional castings
from each melt of steel may be provided,

as may be agreed between: the purchaser and
the manufacturer, When separate test bars
are used, they shall be cast from the same
heat-of steel at the castings they repre-—
sent and- shallbeheatﬂtreated with those
castings except as prov1ded in 1.11.4.

.1.10,2r4 “If test bars are cast attachedfg
to the casting, they shall not be detached

until after the heat treatment of the .
casting has been completed, nor until ‘they
have been stamped by the purchaser or his
representative. Test bars shall be stamp--
ed- after the heat. treatment process.

1.10.3 For room temperature ten51le_and'
impact or bend tests, one test piece for
the room temperature tensile test and one
test piece for the bend test or one test
piece with three notches iniaccordance

with BS 131, :Part 1% for the Tzod impact
test, shall he prepared from each test

| sample if requlred by the relevant mate—

rial specification. Bend test pieces
shall be either 1 in (25.4 wm) diaweter :

or of rectangular section 1 in wide by 3/4
in (19 1 mm) thick, or proportlonately
smaller for smaller castings, The corners
of rectangular. test pieces may be sightly
rounded to a randius not exceeding 1/16 in
{1.6 mm). At the manufacturer's option
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the test pieces may be unmachined, smooth
machined or ground.
1.10.4 For low temperature impact tests,
threé test pieces shall be taken to re-
present ecach cast or heat-treatment batch.
The impact test pieces shall be prepared
in accordance with BS 131, Part 2%,
10. . Number of tests and édditional testing. ‘8. Retests : 1.12 Retests
he E. R Inspector shall choose two test pie- 8.1 - When, the test piece shows defective flnlsh 1.12/1 Should:tlie results of any meehanl—
ces out of each ot or part melt. - In case or flaws whlch are not likelyito be due to theé [cal test carrle& out on test pileces fail
the test is not satisfactory, the following quality’ of ! the material, the test piece may be |to conform to rhe requirements of the spe-
procedure is to be taken: : discarded before the test and may be replaced [cification, the manufacturer may, 1if he so
(a) TFor castings over 500 kgs. weight each. by other test piece newly provided. .jes:res, adopt one of ‘the following proce-
Additional test; piece of the same casting 8.2 When the test piece is ruptured in a ten-— Ures.
and ;eét pieces from every casting will be sion test at a point beyond 1/4 of the gauge 1.12.2 'He may repeat the mechanlcal test
‘testéd. Castings, whose additional test pie- length from the center of the gauge marks and (1nq1ud1ng the 1ntercrysta111ne corrosion
ces fail, shall be rejected. if the result.does not satisfy the require- test) under which failure qcburred on two
1(b) For' CaStngS under 500 kgs. weight’ edch. ments, the test shall be cancelled, and a additional test pieces. Tn the event of
1 retest may be conducted on another test piece either of these duplicate kest pieces fail-
Two addltlonal test pieces from two- other
castings will be tested, if one of them fails exkracted from the same lot of specimen from ing to meet the requirements . of the speci- -
8 ’ Whlch the failed test plece was -taken. fication, the manufacturer may then follow

the: lot shall be reJected
8 3 ‘When some" portlons of Ehe mechanical tests the procedure glven in 1.12.4. ;
‘do mot, satlsfy the speclfled e¥iteria, a ve- 1.12.4 | He mnay submlt the castlngs, toge—
tests way be conducted regardlng the: unsucceS—_ ther wlth the test bars, to further heat

sful portlon by extractlng test pleces, twice .| treatment, aftér which .the test-bars shall -

(c) For castlngs under 100 kgs. welght each

and w1th0ut cast on test piece. . . :

Two addltlonal test. pieces .cut from the cast-",
. ing or cast: from the same melt, will be: tested,

h in—
if ome of them falls the lot shall be rejected. as many in number of pieces as’ the speclfled : be submitted to all mechanical tests, in
rest plece number, from the same specimer from'|cluding the intercrystalline corrosion test
(d) Test pieces rEJected for obvicus small :  |which the test pleces were extracted for the if approprlate, requlred by: the apec1f1ca—
defects (such as blowholes, slag effect, etc.) | original-tests. ) E tion.
shall not be counted. T .
° ] : 8.4 "If the tesules of the tests on the heat |In the case of further failure, the cast-

treated specimens do not satisfy the specified |ings; together with the ‘test bars, may be
requlrements specimed may be processed again submitted to not more than one further heat
by a heat treatment, and a retest may be c¢on— |treatment, after which the test bars’ shail
ducted. Such a heat treatment shall not be :|be subjected to all mechanical tests re-
conducted more than twice. ' The number of the -|quired by the speclflcatlon.

specimens in the retest shall be the same as
in, the first test, and all the mechanical test
shall be conducted again. The obtained.test
results shall satisfy the specified standards.

Ia no 1nstanpe shall the castings and test
bars be subjected to more than two ad-
ditional heat treatment (excluding temper—

ing).
11. Pressure test - . ] : Not specified : . : - |1.14 ?ressure tests
The casting may, at the option of the E.R. L _ : If specified on the enquiry and order,
Inspector, be submitted Eo a pressure test. . _ . castings shall be pressure tested in a
The nature of the test and the testing pres— manner agreed between the purchaser and the
sure shall not be less than the pressure to : ’ manufacturer, see BS 4080%.

which the casting is subjected in service.
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12, Tensile test

A standard test piece D, br if a test piece
of these dimensions cannot be cbtained, a
standard test piece C or test piece M or N
(see Appendix), without any re-heating or any
other manipulation whatever, shall show not
less than the minimum tensile breaking
strengthland elongation given in the follow-
ing table. ’

Descrip— i Minimum tensile  Minimum elon-

tion breaking strength| gation % :
tons/inZ{kg. /mm2 Test.biece
BPPTOX: foorD| M | N
Grade A 24 38 25 23 21
Crade B 33 52 19 17 15

6.2.2 Tension Test

(1) The test piece shall be Test Pieces No.4
or No.l0 specified in JIS Z 2201,

(2) The test shall be carried out in accer-
dance with JIS Z 2241,

4.3 Mechanical Propertias .

The mechanical properties of the steel cast-

ings shall be in accordance with Table 2.

Table 2. Mechanical Propg;ties

Tensile Test
Type | Symbol Yiéid: ‘|Tensile Eldnga— Reduc-
i point. [Strength|tion tien
“kgffmm? [kgffmm? A %
(/mm?) [(W/am?) |
1 |sc37 |18 min. |37 min. | 26 | 35
(177 (363 ‘min. min.
- min.) . min,)
2 SC 42.°(.21 min. |62 min, | 24 | 35
(206 . :i{412 min. min.
min.) . min.) R
3 -|sc46 |23 win. |46 min. |. 22 .| 730
) (226 . (451 ‘min., | :min.
: win.)} - min.) B .
4 |SC 49 125 min. |49 min. | 20 .| 25
- (245 - [(481 . | wmin.  {'min.
omin. " 'min.) :

Remark: The ‘units aﬁd_figures shown in paren-

theses are those in accordance with the

81, and have beén stipulated for re-
ference.

1 ¥/mmZ = 1 MPa

1.11 Mechanical tests )
1.11:1 Tensilé:tests. If tensile tests

‘| are required by the relevant material spe-

cification, they shall be performed in
accordance with B5 18%, including the de-
termination of the yield or proof stress
when specified. i

Mechanical: properties. The mechanical ‘pro-
perties to be obtained on test pieces

| selected, prepared and tested in accordance

with'the requirements of Section 1 shall be
as follows: : :

. Property Grade A[Grade B |Grade C
Tensile streamgth, :

tonffin? min. 28 . 32 35
kgf/mm? * min. 44 50.5 | 55

Yield stress or
0.5% proof stress,

tonf/in? min. 15 1 17 19
kgf/mm? min. 23.5.] 27 30
Elongation, % min., 22 18 14
on 5.65 vSo . L
angle of bend | 120° | 90° | -
Radius of bend . 11/2¢| 1 ¥/ 2e -
Tzod impack valueli| 15 15 10
ft 1bf min.-
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13 Inspectlou

The E.R. Ynspecting Englneer ‘shall be allow-
ed unhindered access to the manufacturer's
works at all times during working hours when
‘castings on order are in process nf manufac—
ture or delivery. .He shall be at liberty to
inspect the manufacture at any stage and to
reject castings or material not conforming. to
" this specification. Any castings or material
so rejected shall be cut up immediately or
marked at once in the presence . of the inspector
in siuch:a way that they or it cannot be con- '
used subseguently with satisfactory castings
or material.

Not specified

1.17 .Inspection

The ‘purchaser or his representative shall
have access at all reasonable timés to
those parts of the manufacturer's works
engaged on. the order; he shall be at liber-
Ly ‘to¢ inspect the manufacture at any stage,
to witness the required tests and to reject
any material that does not comply with the
relevant specification. If the castings
are to be inspected during manufacture and
tested in the presence of the purchaser's

-representatlve it shall be so stated in

the enquiry and order..

14. Testing facllltles

The manufacturer shall supply the castings re-
quired under clauses 9 and 10 for testing free
of charge and at his own cost shall furnish '
~_and prepare the necessary test pieces, and
'supply labour and appliances: for making all
“test on his premlses in accordance with this
specification. ~Failing facilities at his

own works for making the prescribed test, the
“manufacturer shall bear the cost of carrying
out the tests elsewhere.

SPEClAL'CLAUSES FOR WHEEL CENTRES

S 15, Balanc1ng test

Every wheel, ordered flnlshed (EXcept the cou—-|

pled wheels of.the 10comot1ves) shall be.sub-
amitted to the balance test. When the wheels
‘are ordered in the rough, one wheel out of
every lot of 50 wheels or part thereof shall
-be testel after, belng bored and turned

. 'The non- compensated welght ‘measured at the .
outer circumference of the rim shall not
exceed 0.5 kg. (approx. one Pouad)_

The aon;compénsaéed weight is to be stamped
on the_side face of the rim.
16: Guarantee

The suppller shall be bound to replace such
wheel centre which within two years service
become unflt for use,

The suppller_can take back, at his own .expense,
the faulty wheel centres.

Not specified

1.16 Testing facilities -

The manufactorer, in sﬁpplyihg the test
bars as requ1red for: testlng, shall pre-
pare from them the necessary test pleces,
and supply the labour and appliances for

‘making all tests on his premises in ac-

cordance ‘with ‘the relevant specification.

Failing facilities for carryimg out the
prescribed tests at his own works, the
manufacturer may have the tests carried
out elsewhere.
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SPECIAL CLAUSE FOR AXLEBOXES

" Other tests for cast steel axleboxes are to
be according to specification M 250.
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No.. M. 13-1960
Spec1f1cat10n for Grey Ilron Castlngs
(Ordinary Grade)

UDC 669.131,.6:621.74
JAPANESE INDUSTRIAL STANDARD - JIS
Grey Iron Castings G 5501-1976

BS.1452: 1961
BRITISH STANDARD SPECIFICATION FOR
GREY IRON CASTINGS

1. Scobe

This spec1f1catlon covers castings in grey
cast iron of ordinary grade quality for gen-
eral castings.

1. Scope

This Japanese Industiial Standard spec1f1es the
iron castings which show grey in fracture.

2. ¢lass and Symbel

The grey iron .casting shall be classified as

shown in Table 1.

Table 1 Class and symbol

Class : Symbol
Grey.iron casting Class 1 .FC;lO
Grey iron chseing Class 2 FC 15 .
Grey iren casting Class 3 FC 20
‘Grey iron césting Clasé'ﬁ FC 25
Grey irom casting Class 5 FC 30
Grey irom.éasting Class 6 FRC 35

Scope

1. Thls British Standard relates to seven
grades of ‘grey iron castihgs, viz. Grades
10, 12, 14, 17, 20, 23 and 26. The grades
are numbered in acecordance with the mini-

mum tensile strength which.can be expected-

on a 1:2:in (30.5 mm) diameter test bar.
Material ordered to Grade 10 will be

‘tested for its mechanical properties only

when SPElelcally requested by the pur-
chaser, The grade required should be
stated at the time of enquiry and order.

‘The basis of this, standard is the tensile

test but data relating t¢ the transverse
test are given in Appendix A, so that this
may be used as a control test.

2. Manufacture :

The castings shall be made from metral melted
in any type of metallurgical.plant other
than an iron ore smelting furnace.

3. Hanufacture

3 1% The grey iron castlng shall be manufac~
tured in’cupola furnace, baby cupola,.rever-
beratexry furnace, electfic:furnace,;crucible
farnace and ctherproper melting firnaces.

3.2 The pgrey iron casting shall be. antealed
s6 that ‘the casting stress may be removed,
when.required by the purchaser.

The grey iron éasting may be softened by

agreement with the purchaser.

:Quallty of metal

i2.  The metal used for the manufacture ‘of
~the castings shall be good quality cast

iron-of the grade spécified. ' The castings
shall be cast from metal melted or.refined
in -any suitable metallurgical plant An
iron ore smélting furnace shall not be -
used: unless special permission shall have
been obtained from the purchaser.

3. Chemlcal COmpOSlthn

The comp051t10n of the iron as cast is left
to the discretion of the manufacturers.

4.3 The P and S contents in Class 3 to Class

& shall be agreed upon between the purchaser

and the manufacturer.

6.2 Chemlcal analy51s

§.2.1 The sample for chemlcal analysis shall,
as a rule, be taken from ladle. Check analy-
sis, however, shall be made on the product
when required by the purchaser. Ia this case,
the sampling.and the allowable deviation of
chemical .composition shall be agreed upoen bEv

‘2. The comp051t10n of the.iron as cast
shall be left to the dlscretlon of the

‘manufacturer, ‘but a minimum and/or a maxi—

mum percentage .cf phosphorus may be speci-
fied by agreement betweern the purchaser
and the supplier.

tween the purchaser and the msnufacturer.
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4. Houlding
The castings éhall be accurately moulded in
accordance with the patterns or drawings sup-
. plied by the E.R. Inspecting Engineer. Each
casting shall have the letters "E.R."™ cast on
it in letters not :less than 1/2" {12.5 mm.)
high, together with such other markings (cast
or stamped) as may be directed by the E.R.
Inspecting Engineer.

5. Shape, Dimension, Weight and Tolerance
Thereon

The shape, dimension and weight of the

iron casting shall be determined by using

its drawing ‘or modei, and the tolerance

thereon shall be agreed upon between the

manufacturer and the purchaser.

9. ‘Marking
"The grey iron-casting which havé: passed the
- inspection 'shall be marked on’ every casting

by the workshop with the mark "Inspected",
symbol: for type, wmolten number, name of
workshop ot its abbreviation. In the case
these markings are ‘difficult to be done, how-
ever, other appropriate way may be adopted.

Wnen apbroved=by the purchaser, the above
items may be partially omitted.

Moulding

4. The'céstings shall be accurately mould-
ed in accordance with the pattern or work-—
ing drawing as supplied by the purchaser
with the addition of such lettering as may
be specified.

"5.  Freedom from'defécts

The casting shall be free from cracks, gas
holes, flaws and excessive shrinkage. . The
surfaces shall be free from burnt—on sand
and shall be ressonably smooth, They shall
be well dressed or fettled and shall be
machinable. '~ : A o
Any flaws (blowholes, etc.) on the surface
shall be left bare and no attempt shall be
made to fill or otherwise obliterate them
without the expreéss agreement of the E.R.
Inspecting ¥Fngineer. Any casting upon
which such work has been done prior to
such consent having been cbtained will be.
rejected.

4.1_ The grey iron. casting ﬁhall have pniforﬁ
guality and shall be free from detrimental
flaws or: cavities. .

7.2 The inspection ofjappearahcé, dimensions

‘and mass shall be carried cut for each grey

iron casting. The flaws or cavities that only

"slightly affect the use ‘may be repaired by.

welding or othér appropriate means, provided
that the purchaser approves.

Freedom from éefecps

3. 'the castings shall be sound, clean and

- free ‘from distortion and:injurious'dgfécts.

They shail be well dressed or fettled and

‘'shall be free from chill and other indica-

‘tions of free:carbides except as specified
by the purchaser. ' They shall be machinable
by the normal methods for: the grade of iron
specified. - ) .

By'agreemgnt:between tHeJmépufécturer and
the purchaser, defects may be rectified.

. Any casting sho&ing defects during subse-

quent manufacturing. operations .does not
comply with . this British Standard, notwith-
standing any previous certificate of satis-
factory testing, provided the casting has
not been improperly treated after delivery.
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6. Provlslon of test bars

The E.R. Inspectlng Englneer w111 state at the
time the order is placed whether temsile or
‘traverse tests, or both, are required. Test
bars-shall be cast senarately ‘from the casting

" undey the same- sand conditions{i.e. green sand
or dry sand) as the castings, and from a ladle
or ladles.of the same metal as that used to
pour the castings.. The test.bars shall receive
the same mechanical and ‘thermal treatment if
any, -as the castings, ‘and 4in the case: of heat
‘treatment the test bars.shall be treated:
adjacent to the castings they represent.. The
test bars shall not be cleaned by tumbllng un-
less the cast1ngs are so cleaned,

Ten51le test pleces shall be machlued from
transverse test bars. Tensile test pieces
cast to size are not recognised by this speci-
fication. ’

6, ‘Test
6.1 Mechanlcal test

6 1.1 The’ mechanlcal ‘test shall as a rule,
"be carried out in ‘the- manufacturlng shop.

In this case, the manufacturer shall allow the
purchaser to attend the test .when requested
by the purchaser.

7.3.1 Test speclmen

+(2) The test spec1men shall be cast. separate—
1y from the gray iron casting. In. ‘this case, '

the mould: for the test specimen shall, 'as a
rule, be of the same type as that for the
grey. iron casting, and it is required to cast
the specimen with the same molten under the
same conditions as that for the grey iron’
casting. By an agreement with the purchaser,
however, the test épecimeh may be: cast in
monoblock with the gray iron casting.

(3) . The test spec1men shall have 30 mm in
diaweter -as cast.: When the test Spec1men is
determined according to prlnc1pal wall thick-
ness of the grey iron qastlng, however, the
diameter as-ecast shall follow Table 3.

(&) The diménsiogs as cast of test spécimen'

from the gray irxon.casting below 4 mm' and

above 50 mm in principal wall .thickness shall
be detérmined by dn apgreement between the
purchaser and the manufacturer.

Provision of test bars

7. Tgé: bars shall normally be cast sepa-
rately from the castings to which they are
related,: but shall be poured at the same

‘time and from the same ladle of metal.
- Sufficient test bar material to meet the

requirements of Clauses 10 and 11 shall be
prov1ded

When castings are moulded in loam or dry
sand the test bars representing the cast—

‘ings 'shall be cast in dry sand. - When .

¢astings are moulded in green sand the

test bars representing the castings shall
be cast in .green sand or in dry sand.

If the castings: are produced 'in any other
mould material, the material to be used for
the mould for the .test bar, shall be agreed
between the purchaser and manufacturer

Castlngs may be ordered where none of the
standard test bars in Table 1 would reason-

‘nably represent the material’ in the. cast—

ing and in this care provision may be
made, by agreement between the purchaser
and manufacturer for an. addltlonal piece

_to ‘be. cast;.on to the. castlng which can

subsequently be removed and used to pro—
duce a test piece of sultable size in
conformlty with Table 2.

When castlngs are subJected to heat treat—
ment the test bars shall be. treated under
similar conditions.

All rest bars shall be marked to identify
them with the castings they represent.

- Dimensions of test bars

" (&) Transverse test bars.. The transverse .
test bars shall be cast to one of the follow-
ing dimensions:-

(a) 1.2 inches diameter and Z1 inches over-
all length.

(b)- 30 mm. diameter.and'GSDImm. overall
Iength,

If the diameter of a transvérse test bar is
found to be more than 0.05 inch: (1.2 mm.
4ppToOX.) greatef or less than the .dimen-
sions given, it shall be rejected. Trans-
verse tests shall not be carried out on
rachined bars.

6.1, 2 Tension fest

(1) . Teést Piece .

1t shall be formed from the test specimen or
from the test piece fracturéd by deflection
test to No. 8 specified in JIS 2 2201.

(2) Test Method
The test method shall follow JIS Z 2241.

Dimensions of test bars

8.  Tensile teétfﬁars. Tensile test bars

from which the appropriate test piece is
machined shall.be cast as uniform cylind-
rical bars to the dlmen51ons given in
Table 1.

It is permlsslble to use materlal orlglnal—
1y provided for’ transverse test. JIf it

is not practicable to tse a 1.6 in (40.6
mm) or 2.1 in (53.3 mm) nominal size test

bar because of Iimitation of testing faci- "~

lities, the 1.2 in nominal size bar may
be used subject to agreement with' the

. puréhaser.. In this case, the mechanical

properties specified for the 1.2 in bar
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No. 8 Test pilece o : ) - appropriate to the gradé of iron shall
-This test piece shall be principally used for | apply.. An alternative procedure is to

tension test of general iron castings. 1t adopt that given in the third. paragraph
shall be made out of the sample with the di- of Clause 7, and in this case the streng-
mensions given in the Table, and the parallel ths cbtained shall he rhose for the -ap-
‘portion shall be finished to the diameter D, propriate larger bar, even if a small test

piece was produced from the test portion
of the casting. :

Tablé 1 -Tensile test bars as cast

Crosirsectional
thi £
caé%iggss © . A?p?oximate
To a Diameter as| minimun
’ Over P oto andi gagr : overall
Fig. 8 including length
Unit: mm. ' ’
Division Size of Length of | Dia. | Radius of in 5 ) )
I of test casted paraliel D - shoulder t mn m
it piece sample | portion ) R - 3/8 0.6 5
' (dia.) Lo ; 3/8 374 0.875 7
8A . Approx. | Approx. 8 16 or
13 8 . - more 34 _ 1'1/8 - 1.2 . 9
88 | Approx. | Approx. 112,57 25 or "1 1/8 15/8 1.6 B 1
20 -12.5 B more 1 5/8 - 2.1 i3
8C - Approx. | Approx. 20" .40 or
o 30 20 : . more
8D Approx. | Approx. 32 1 64 ox
. : 45 - . 32 ' © 1 ‘more
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(B). Tensile test ‘bars. The tensile test bars
shall conform to the following dimensions:

zrum

/‘(63 .5 mm)X
/ 2

(20n

2"
(50.8 mm)

3
%

(92 mm)

The test pieces shall be machined fros the
appropriate transverse test bars, .as provided
above in clause 6.

_8. Mechanlcal ‘tests “..'. L .

The: castlngs ‘must: comply w1th the transverse
‘and tensile tests spec1f1ed below. The test -
pieces will be selected by the E.R. Inspect-
ing Engineer or his’ representative, and the
test must be carried out in his presence and
to:his satisfaction..

(A)' Transvetse test

A transverse test bar ‘cast to dlmen51ons in
‘elause’ 7 (A) shall be supported on knife

edges or rollers, whose axes are prependicular
te that of the test bar,’ and shall sustain a
progressively increasing 1oad vertlcally
applied. at its centre.

:Table.i ‘Mechincal property.

Tarnase

Qote | trepaa| retecipal van taad  Baflacrim cest e
: thcinus oF i rmid Tonakln Pt 2l e Suf ez~ Artasil
P camcing et tmt o i
e scmaah | dast e | n
. = aarimt I -
: : {utml} . )
e B R EETE P My » ¥ mta. X min, e
Eakimg [LTECTH] RIS ] R
3 .
ey trw [ 3613 [ 4 tn 8 tacl. " Wata, | a8 ate, | 20w, | 210 aan.
ating 1168 adeld | (177 win |
Qe 3 Over 3 xo L) lacl. » 3ol UL w 311 ma.
247 mnly | 00
Dver 13 o 1 et w LTS U maz,
. Wz wtacd | 1300
=t T30 et S 11 th. 91 man
0 el
Syt |rE®[swrwac .| 1 16 wld. 1.0 nta [ 24Y men.
imttng . : TR R
3 owmr her 3 keet. | 30 2t am. 10 mtn. § 293 man.
o 7 =)
St 1S we B lal.| W bl RO wln.” bt | 729 e,
D . 1000 aia .
ot B e 20 2| 0 arate. | 2000 wta. | a3 wie. | 237 e
i (4T m1s)) (18008 w400
Grey Erem e | 4 e kamel, H n IE mis. T mla. 10 ais. | Y e,
antirg S m ek 41080 wian .
owe d pardea | = o )0 e | 20atm | B0
. (233 win.) £ {4000 ara )
oy 13 re B tael.| M 13 wlu. TR wrm S0 mm | el omew
(241 mn) | £ ata.H
S ¥ e Ga] o a2 ste,; [ 2200 wtw. | 70 mte, | 129 e,
; D [ans wen [177340 wian B
Cop tran | FE W] Wre 13 tac2s » 3 wdn. | 30 ate. ¢ [ 30 etes | 29 e
-Ih; . N A% min.} | C1.T% mis.} ) .
i #rar 23w M 1| @ omta. o e, |5 ete | 2 e
AT ey (om0 e
L ELRCNECH ) e, | 008 wta. ] 23 wte. | 209 e
N CH3 mad {23,500 win) -
oy it | rED | U te 0 Tl 2 | Do |1oods. §aam ] 297 e
caac tag . N 21w (1197 ala.),
e & Ot P te 3 k| 1 vts, | 7908 mtn. |t wies | 299 s
{36 me) (2104 min.);

6 1. 3 Deflectlon test

;(l) Test piece

The, test piece spec1fled in JIS 2 2203 shall
be wsed.

() Test method

" Lay the test piece between “two - fulcrums,‘ap—
‘ply a load to the test piece in the middle

part until its:breakage, and measuye the
maximum load that the test piece could with—
stand and the deflection.

_— - D dia
} F 1 carea A Ph ¥

. {Screwed) (Séréﬁed) :
T Tt
B E s e e i
| i[ . R S | RO K

l-— C ﬂm—J (Parallel) g L‘—‘ 6 —

i

TaBle 2 Hdchined tensile pieces

[AS—— PV PR P P P isim vude P pu—.
Witk ot [ iewtar | Hwster et | et T T e Tra | ser w
wting ot cort b A . : o
. o Loraes S | v ) reraly
i1y bl . B s | Tewacs
[ Y [ 3 3 e for |
[ty i ta et i in ™ [ [T} 1= [
“ wceading .. e faan LB ) 1 LR 1M " .I ve
b et | s e fets J Ok E oy [ea faan w beue
fliiers - :
PR PR IR TN (R EPCRE TS PV R ST IR
mading 1 W10 N -
ot d om0 pam i §ore 42 Jile fzan i lwan
wwcvading b 378

s 3 300 11 PRUSINLTE I N X 2 B Y s |3 roomsr |t Qe

Mechanical tests ;.

9. Tensile tesps'carried out on a test’
piece;machineduto'conform‘to the dimen-—.
sions shown in Table.?2 shall show a ten—
sile strength of not less than that given
in Table 3 appropriate to. the 51ze of test
piece and grade of iron.:

Self—allgnlng grips are recommended to en—
‘3ure ax1al loadlng

After reachlng 50 per ‘cent of ‘the .antici-~
pated tensile strength, the rate of in-
crease of stress on the test piece shall
not exceed ‘10 tons/in‘ per minute (15.75
kg/mm? per minute).
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“The rate of application of the load shall be
‘such that the increase of the bending stress
will not exceed 2 tons per square :anh {ap~-
prox.” 3 kg/mm?) per second,

The results of the test shall conform with
the follow1ng -

{a): A 'fest bar casted 1.2 :mches diameter,
when placed on supports set.at 18 inches
apart, shall show a rupture stress of not
less than 21.8 ton per square inch and a
. deflection before breaking of not 1ess '
than 0.15 inches.

“.(b} A test bar casted 30 mm. diameter, when
placed on supports set at 600 mm. apart,

shall show a rupture stress of not less than

34 kg/mm? and a'deflection before breaklng
of not. less than 7 mm,

(B) " Temsile test

A tensile test bar machlned to thE dimen—
‘ sions shown in clause 7 (B)" above must show

a breaking stréngth not less than 11.5 tons :
per square inch (approx 18 kgs per mm 2y,

Flexure Test Piece for Metals JTS—Z 2203-1956
(Reaffirmed: 1971)

1. Scope

Table 3 Tensile test

account of the dimensional adjustment within
the range of tolerance

This standard.speqifies.sgandard test piece §§F”f' ol mf'_ L fF T T
(hereinafter referred to as the "test piece") el PN il B P R B R R O B
to be used for flexure test of metals. = | = R Iy e ey} PP e ST e oo
Wh?tﬁer'an? test piece is to be used or not R ol (e g e il il S (S ol
shall comply with those specified by the Pl ol I s el el SR R ol ol
TBSPECtiVE standards. LHE| - LE] [T ERE] IR ) 1 B.a fLE] e a0
2. Type of test plece
The test plece shall be divided inte from A to
D ;n accordance with the shape and size and .
these reference dimensions shall comply with "APPENDIX A
the following: TRANSVERSE TESTS
Load Test bars
. o Al. Transverse test bars shall conform to
. : __i_ L the dimensions shown in Table 4 appropria-
\\*}} Pulcrum 7 | Fulcrum te to the main cross—sectlonal thickness
’ | G of the castlng
b L —=}
— P Table 4 Transverse test bars
; . Cross—sectional o 4 ‘
Unit: 'mm 4 thickness of . | Nomlnal [Limits onfOver-
" Type of}Diameter| Diawetral]Fulcruh Length casting . - diameter|dismeter [all
TS i : . . ) : of bar ({plus and|length
test D tolerance}gauge P Over |Up to and : X ; :
S P P : . 2 : - : R . .| as cast |winus) .| .
- piece [ N - L. . . ¢ jincluding ] : :
AT 13- | wr0 | 200 ‘About 300} in in in “in in
‘B 2001430, [130007 7] Abeut 3507 - 3/8 | 0.6 | 0.045 10
c 30 4105 0| 450 About 500|378l - - 3/4 0.875:] 0.0a5 i5
D 45 +2.0 : |- 600 About 650 | .3/&| 1 1/8 1.2 0.090 21
- 11/8 15/8 1.6 0.10 21
3. The test piece shall be as-cast. Provided
that the surface may be machine-finished on 11/8 - 2.1 0.10 27
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9. Vumber of ‘tests
The number of ‘tests’ requlred shall be:—

‘{a) Omne t8n51le orfand one transverse test
for every 2 toms of castings or part there-
of.

or (b) One tensile or/and one transverse
test for every 30 pieces of castings or
part thereof.

(l) One test spec1men, be51des extra cnes,

‘shall be . sampled from: ‘every molten. When
‘required by the purchaser, however, the
-guantity of test specimens may be altered.

In the case a molten exceads 10 t, ome
test specimen shall be sampled from every
10 t or the fractlon thereef.

One molten of cupola and" baby cupola shall be
the .tapping amount, when composed of same

blend, for every.three hours.

When hot metal from more than two furnaces
has been gathered into one ladle; thé gather—

‘ed metal shall be considered one molten.

Tests

10.. The_feéﬁ shall be the tensile test
and shall be carried out at a frequency
not less than that shown below.

Grades 10% and 12: one tensile tést for
up to 10 tons (10.16 tomnes) of castings

Grade 14 and 17: one tensile test.for up
to 5 tons (5.08 tomners) of castlngs

Grade 20, 23 and 26: one tensile test for

‘up te 1 ton (1,016 tonne) of castings.

In the case of castings weighing over the
specified weight for the grades showm
abpve, there shall be one temsile test
per casting. ' '

i0. Additionél tests before rejection

If a faulty or unsound test bar gives a re-

sult not in accordance with the specifica-

tion the result shall be ignored and a
fresh test ‘made.

1f a sound test bar fails a second test.
shiall be made. If this meets:the speci-
fication the batch or casting represented
shall be accepted, but if it fails the’
‘batch or ecasting represented shall be re-
jected. '

If a transverse test bar fails to meet the
specification a tensile test piece machin-
ed from one of the brokem esnds shall be’
“tested, and if this meets the requirements
of the specification, the batch or casting
represented shall be accepted.

8. Retest
8.1 When the test piece is found to be badly

'fiuishéd_br to have ‘flaws, it may be dis-
carded ' before the test and replaced by another|

test piece.

When flaws are found ‘out after the tests ‘and

are con51dered to have affected results of the

test, the results shall be Invalldated

8i2: When a part of results of the mechanlcal
‘tést’ can not satlsfy the réquirements but the

results other than that are satisfactory, test
pieces of a quantity two times ‘as many as
specified shall be taken from the group to
which the rejected test pieces belong, to be
retested for the test item the original test
pieces have failediin satisfying the Tequire-
ments. In the retest any one of the test
picces shall satisfy the requirements.

Retests

11. a.. Tensile test.. Should any of the
tensile test -pieces fail. to’pass the tests,
two further tensile tests shHdll be made.
If both pass, the batch of castings repre-

sented complies with the test requirements,

but should cne fail, the batch 'does not
comply with this British Standard.

b, . Casting defects, Should any test
piece which failed show obvious' casting
defects, a test piecé may be taken from
spare test bar material or cut from a
casting from the same batch, and the re-
sults obtained from this substituted for
those obtained from the defective bar.

Additional tests

12, If the purchaser desires any tests
or special requirements. not specified in
this standard, he shall state these at
the time of enquiry and oxder.
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Al Inspectlon

The E.R. Inspectlng Englneer shall be allow-
‘ed unhindered access to the manufacturers’
work at all times w1th1n working hours when
castings on order are in process.ol manu-
facture or delivery. He shall be at liberty
to inspect the manufacture at &ny. stage and

“'to reject any castings which do not conform
to this specification. Any castings so re-
jected miust be broken up at once or marked
in the presence of .the inspeector in such a
way they cannot be confused subsequently with
satisfactory castings.

7. Inspectlon

7.1 The results of the 1nspect10n for appea-—
rance, dimensions and mass, tension test, de-
flection test, hardness test and chemlcal
analy515 Shall satisfy: the requ1rement5 des—
‘eribed in 4. and 'S. When the correction is
applied in accordance with 6.1.3 (3), however,
the corrected maxlmum leoad shall be used.

When approved by the purchaser the mechanical

- test may be partlally or completely omltted.

The 1nspectlon of: appearance ‘and d1men51ons,
tension .test and deflection test. shall be
generally performed, but the' inspection of
mass, hardness test and chemical analysis shall

‘be performed only when designated by the pur-

chaser.

10. Report .

The manufacturer shall submit to the purchaser
a record containing the molten number and re-—
sults of the test.

_Inspectlon

13." The purchaser or hlS representatlve
shall have access_at ‘all reasonable times
to those parts of the manufacturer's works
engaged on-his order; he shall be at li-
berty to inspect the manufacture at any
stage, to witness the required tests and
Lo reject any material that does not comp-
1y with the specification. ‘When the

castings are to be. inspected during manu-

facture and tested in the presence of the
purchaser's representative, it should be
so stated in the enquiry and order.

‘12; Testlng fac111t1es

The manufacturer shall supply the materlal
required for, testlng free of charge, .and at
his own cost shall furnlsh and prepare the
necessary ‘test pieces and supply labour
.and appliances. for such testlng as may be
carried out on'his premises. in accordance
with this specification.  Failing facili-
ties at his own works for making the tests
‘the manufacturer shall bear the cost of
carrying them out elsewhere.

Not specif{ed

Testlng facllltles

lﬁ._ The manufacturer, in supplylng the
test samples- as required for testing shall
prepare from them the necessary test

pleces and’ supply the labour and appliances
for making all tests ' on his premises in
accordance with- the speclflcatlon.

Failing facilities for carrylng out the
prescribed tests at his own works, the

manufacturer shall carry out the tests

elsewhere.

“6.1.% ¢ Hardiess test

(1) Test Piece-
The test piece for the deflection or tension.
test shall be locally wused.

(2) Test method
The test method shall follow JIS Z 2243.
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COMPARISON TABLE FOR M14 GREY TRON CASTINGS (HIGH GRADE)

ERS J18 BS Remarks
No. M. 14~ 1955 : ‘UDC 669.131.6:621.74 BS 1452: 1961 .
Specification for Grey Irom Castlngs JAPANESE INDUSTRIAL STANDARD J1s BRITISH STANDARD SPECIFICATION FOR
Grey Tron Castings G 5501-1976 GREY IRON CASTINGS ’

{High Grade)

1. Scope

This specification covers castlngs in grey
cast iron of high grade quallty for locomotive
cylinders, pistons; piston valve heads and
liners, piston rings, cylinder and steam

chest covers, superheater header, regulator
heads, regulator elbows, steam stands, etec.

1. Scope

This Japanese Industrial Standard specifies

the iron-castings which show grey in fracture.

2.. Class and symbol

The grey irom: ‘casting shall be cla351f1ed as
shown in Table 1.

Table 1 - Class and symbol

Class ) Symbol
Gfey iron casting Ciass 1. FC 10
érey-iron casting Class 2 FC 15
Grey iron casting Class 3 FC 20
Grey iron cesting.ﬁiaee [ TC 25
_Grey irom Easting.class 3 FC-30
Grey“iron caetihg Claes.é FC 35

Scope

1. This British Standard relates to seven

grades of grey.iron castings, viz. Grades
10,12, 14, 17, 20, 23 and 26: The grades

are numbered in accordance with the mini-~
mum tensile strength which can be expected
on a 1.2 in (30.5 mm) diameter test bar.
Material ordered to Grade 1¢ will be test-—
ed for ibs mechanical properties only when
specifically requested by the purchaser.
The grade required-should be stated at

the time of enquiry and order.

-The basis of this standard is.the rensile

test but data relating to the transverse

- test are given in Appendix A, so that this

may be used as a control test.

“Quality of material’
The Cast Iron used must:be the best close-
grained tough quality made from the most
suitable mixtures of best seéelected pig-
iron. The Cast Iron used for pistea rings
to be slightly softer than that used for
the cylinders, valve chamber lines and
piston valves..

3. Manufacture.

3.1 fthe grey ivon casting shall be manufac—
tured in cupola furnace, baby cupola, rever—
beratory furnace, electrlc furnace, crucible
fumace and cher proper melting furnaces.

3.2 - The grey iron casting shall be anhealed
so.that the casting stress may be removed,
vhen required by the purchaser.

The grey iron castlng may be softened by
agreement .with the purchaser

Quallty of metal

2. The metal used for the manufacture of

the castings shall be goed quality, cast

iren of the grade spec1fled. The cast1ngs_

shall be cast from metal melted or refined
in any suitable metallurgical plant. An
iron ore smelting furpacé shall not be
used unless special permission shall have
been abtained from the purchaser.

3. Chemical composition

The composition of the iron as cast is left
to the discretion of the manufacturers.

G. 2 Chemlcal ana1y51s

6. 2 l The sample for ‘chemical analysis shall,
as a rule, be taken from ladle. Check analy—-
sils, however, shall be made on the product
when requlred by the purchaser. “In. this case,
the sampling and the allowable deviation of
chemical composition. shall be. agreed, upon be—
tween the purchaser and the manufacturer

4.3 The P and § contents in Class -3 to Class

6. shall ‘be.agreed .upon between the purchaser
and the manufacturer

2. ' The composition of  the irom 'as cast
shall be left to the discretion of the
manufacturer, but a minimum and/or a ma-

‘ximum percentage of phospherus may be

specified by agreement between the pur-
qhaser'and the supplier.
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4. Mouldlng

The castlngs shall be accurately moulded in
aceordance with the patteras or drawings sup-
'plled by the Chief Inspecting Engineer. Each
casting shall have the letrers YE.S.R." cast
on it in letters not less than 1/2" (12.5 mm
hlgh together with such other markiags (cast
or stamped) as may be directed by the Chief
Inspecting Engineer.

5. Shapé, Dimension, Weight and Tolerance
Thereon .

The shape, dlmen51on and w31ght of the grey
iron casting shall be determined by . ‘msing its
drawing or model, and the tolerance- thereon
shall be agreed upon between the manufacturer
and the purchaser.

9. ﬂarking

The grey: 1r0n castlng which have passed the

-1nspectlon shall. be, marked on every castlng

by the workshep with the'mark "Inspected”,
symbol for type, molten number, name of
workshop or its abbrev1at10n In the case

‘these markings are, difficult to be done, how-

ever, other appropr1ate way may be adopted

When approved by the purchaser, the above
items may be partially omitted.

Moulding

4. The' castings shall be accurately mould-
ed in accordance with the pattern or work-—
ing drawings as supplied by the purchaser
with the addition of such lettering as may
be specified.

_5. Freedom £rom defects

The casting shall be free from cracks gas
‘holes, flaws and exqe551ve shrinkage. = The
. surfaces’ shall be free from burnt-on sand

and shall be reasonahly smooth :

The - -casting shall be well dressed or fettlea’
and shall have a sultable degree of machin-
. ability. Rumners, risers, fins and other
_cast on pleces -are to be removed ‘

-Any flaws (blowholes, etc. ) on the Surface
shall be left bare and no- attempt shall be
made to Fill or otherwise obliterate them.
wi;hout'the:express agreement of the E.R.
Inspecting Engineer. Any casting wpon which
.such work has been dome prior to such consent
having been obtained will be rejected.

&, Quallty

4.1 The grey iren casting shall have unlform
quality and shall be free from detrlmental
flaws or cav1t1es

7.2 The 1nspect10n of appearance, dlm&nSlons
and ‘mass shall be carried out for each’ arey -
iron casting. The ‘flaws or cavities that. oaly
slightly affect the use may be repaired by
welding or other appropriate means, provided
that the purchaser approves. ’

'Frgédom from defects

3. . The castidgs shall bé sound,. clean

and free from distortion and injurious-
defects. ‘They shall be well dressed or
fettled and shall be free from chill and:

.other indications of free carbides except
as specified by the purchaser. - They:shall
“be machinablé by the normal methods for the

grade of ‘iron specified.

By agreement between the manufacturer and
the purchaser, defects may be rectified.
Any casting showing defects during subse-
quent manufacturing operatlons does not

"comply with this British Standard, notwith—

standing any previous certificate of satis-
factory testing, provided: the casting has
not been improperly treated after delivery.

- 78 -



ERS

J15

BS

Remarks

6. Provision of test bars_

"l‘est bars shall be cast separately from the
casting .under the same sand conditions (i.e.
green sand or dry sand). as the castings;'and
from a ladle or ladles of the same metal as
that used to pour the castings. The test bars
shall receive, the same mechanical and thermal
treatment if any, as the castings and:-in the
case of heat treatment the test bars.shall be
treated adjacent to the castings they repre-
sent. The test bars shall not be cleaned by
tumbling unless the castlngs are so cleaned.

Tensile test pieces shall be macliine from
transverse test bars. Tensile test pieces
cast bto size are not recognised by this spe-
cification.

7.3.1 Test specimen

: (2) ' The ﬁest'specimen shall be cast separate-

ly from the grey iron casting. In.this case,
the, mould for the test specimen shall, as a
tfule, be of the same type as that for the
grey iron casting, and it is required to cast
the specimen with the same molten under the
samé conditions ‘as that for the grey iron

‘casting. By an agreement with the purchaser,
however, the test specimen may be cast in mo-

noblock w1th the grey .iron casting.

{3) 'The test specimen shall have 30 mm in

diameter as cast.: when the test. specimen is
determined according to principal wall thick-
ness of the grey iron casting, however, the
diameter as cast shall follow Table 3.

(4) The dimensions as. cast of test specimen:
from the grey ivon casting below 4 mm and.
above 50 mm in principal wall thickness shall
be deteymined by an agreement between the
purchaser and the manufacturer.

Provision of test bars

7. .Test bars shall noérmally be cast sepa—
rately from the castings to which' they are
related, but shall be poured at the same
time and.from the same ladlé of metal.
Sufficient test bar material to meet the
requirements of Clauses 10 and 11 shall be

‘provided.

When castings are moulded in loam ar dry
sand the test bars representing the cast-

‘ings shall:be cast in dry sand, When

castings are moulded in green sand the
test bars representing the castings shall
be cast in green sand or in dry'sand. if
the castings are produced in any other
mould material, the material to be used
for the mould for the test bar shall be
agreed between the purchaser and manu-
facturer.’

-Castings may be brdered_where.ﬁdne of : the

standard test bars in Table 1 would, rea-
sonably represent the material in: the

casting and in this case provision may be
made, by’ agreement between' the purchaser
and manufacturer, for an additional piece

- to be. cast on to the casting which canm

subsequently be removed ‘and used tp pro-
duce a test piece of’ suitabie size in con—

formlty with Table 2.

_When castlngs are sub;etted to heet'treafk-
ment -the test bars shall be treated under

similar conditions.

A1l eest ba¥s ‘shall be marked to identify .
them with the castings they represent.

7.  Dimensions of test bars

(A) Transverse test bars. The transverse
test bars shall be cast to one of the fol-
low1ng dlmenSLOHS‘

(a) 1.2 inches diameter and 21 inches over—
_all length

(b} 30 mm. diameter and 650 mm. overall
length.

6.1.2 fTension test

(1) Test piece

It shall be formed from the test specimen or
from the test piece fractured by deflection
test to No. 8 specified in JIS Z 2201.

(2). Test method

The test method shall follow JIS Z 2241.

Dimensions of test:bats,

8. Tensile test bars. . Tensile test bars
from which the appropriate tést piece is
machined: shall be ‘cast as uniform cylindri-
cal bars to the dimensions given in Table
1. : o

It is perwmissible Lo use material original-
1y provided for transverse tests. TIf it

is not practicable to. use a 1.6 in (40.6

.mm} or 2.1 -in {33.3 mm)} nominal size test

bar because of limitation of testing faci-
lities, the 1.2 in nominal size bar may be
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If the d1ameter of a transvérse test ‘bar is
found to be more than €¢.05 inch (1.2 mm. ap-
prox.) greater or less than the dimensions
given it shall be reJected. Transverse tests
shall not be cdarried out ‘on machined bars.

{(B) Tensile test bars. The tensile test bars|

shall cenform to the following dimensions: .

zf RAD.

(63 5 mm)—\

o

a"

-—
0.7
(20mm)

am .

(50.8 mm)

B 5" "
3%

(2 mm)

The test pieces shall be’ machinéd from the .
appropriate transverse test bars, as provided
_above in clause 6,

8. Wechanlcal tests

The' castings musi comply with the transverse
and tensile tests: spec1f1ed below. The test
pleces w1ll be selected by the E. R Inspect-
ing . Englneer ‘and the tests must be carried
‘out in his presence and to his satisfaction.

" (A)! Transverse test

A transverse test bar cast, to dimensions in
clause 7 {A) shall be supported on knlfe edges
or rollers, whose axes are perpendlcular to
that ‘of the test bar, and shall sustain a

progressively increasing load applied at its

centbre,

The rate of application of the load shall be
such: that the increase of the bending stress
will not exceed 2 tong per sguare inch
(approx. 3 kg/mmz) per second.

The results of the test shall conform with the
following:-

8. Test piece
ThlS test piece shall be! prlnclpally used for
ten31on test of general dirom castings. It
shall be made out of the sample with the di~-

_men51ons ‘given in the Table, and the parallel

portion 8hall be finished to the d1ameter D.

ppEsy

_uéed:subject'to agreement with.the pur-

chaser ~In this case, the mechanical pro-
perties specified for the:1.2 in bar ap=

propriate to the grade of :irom shall apply.:

An alternative prdcedure is to adopt that
given in the third paragraph of Clause 7,
and- in this case the strengths obtained

_shall be those: for the appropriate larger

baf even if a small test piece was pro-
duced from the test portion of the cast-
ing.

Table . 1 Tensile test. bars as cast

o
\ /
Fig. 8
_ : Unit: mm
Division| Sizé of | Length of | Dia. | Radius of
of test 1| casted | parallel D shouider
piece sample | portion .- R
(dial)- P ) )
8a Approx. | Approx. 8. 16 or
' 13 | 8 ., { moTe
8B Approx. Approx. | 12.5{ 23 or
20, 12.5 i mére
8C Approx; .Aﬁpfox. 20 ‘a0 or
30 i 20 more
8D . ApproX. Approx. 32 64 or
45 32 more

Cross—-sectional
thickness of )
casting Diameter asjApproximate
Over |{Up to and| east minimum
’ including overall
' tength
in:: . in in - dn
- 3/8 G.6 5
3/8] - 3/4 |  0.875 7
s/a| 1178 1.2 . 9
11/8] 15/8 1.6 1
15/8 - 2.1 13
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(a) ‘A ‘test bar casted 1.2 1nches diameter, Lo
"when placed on supports set at. 18 inches Ly o ' : :
: Table. 2 - Mechanical Fropert . i
apart, shall show a rupture stress of not less .t P ¥, ¥ D dlaA F
: R . o area .
than 24.3 ton per square inch and a deflection N N e il e e {Screwed) are (Screved}
. . . - - cad il
before breaking of not less than 0.16 inches. Eonh=h S o T - | i =T 3
: . ' : . - i - . . o -]5
N s rea El Y . ML s — -3 * - 1s
(b) . A test bar casted 30 mm. diameter, when oy B e » B i i
placed on supports set at 600 mm. apart, P e By PV B propes e P f e s
. . o k . ‘
shall shgw a rupture siress of not less than Clana T —— : - c l- (Parallel} p L——— C AAJ
40 kg/mm® and a deflection before breaking of I T R )
not less than 8 mm. B R I e T T T . .
) ki o . By
o : [y M SR ey R T R Table 2 = Machined tensile test pieces-
: T - . s g . 23 sl ko7 LMD ata. . . B .
(B) Tensile test aoy ot e | | grem | 60 wie. [ 10 v | 2 wans . :
. " G mand ] (621D einod Crvsa-dacilohih |mmiaal | Crade Area s, LU Plila ende screwed mnda Aparesl=
y . . » . . . £V e B qo® 2 el | W0 wte. | 4.8 mia | 233 maa Artreni ol clrmtar} lamerar N P e - o] mate -
A tensile test bar machined to the dimensions o k: T et Rt DA N SO B Pl B ot el
R . Over 2t 37 taehi] 83 . ;AT ate e .3 . * man A . -t ) bt
shown.in clause 7 (B} above must show a break- juir i hie - I I s PR Ll . R
. : A . - o . eiels | 20w = " " = | 1 - T
ing strength not less .than 14 tons per square el e R R I - -1 € Ly bl R v L ERER R » '
. Cles & Qe B tn W4 mct. | % wa. 3.0 min. | 109 s Cmay acecedlng | oG8 o, WY [o.133 Le 3 e | a0 ST
inch (approx. 22 kgs. per:mmZ). i ity e :
B ost LY 1o X Lael. n 1007 min. 5.0 mla, Tl = Seer MR .dl ] BRIy a.%4  {0.23 18 L] =r 1 M4 Ma Tefe
) : TR eting . .
e SR B R TN bl Rt :ﬁ“nrm ok fosa | am | 4 [Le fre wl e
Seer tria ) PG M| Bcs 1) duch. = W, | s am, | 33 et | 53 s e L 1k [ L 100 X l TR EE b fio
e g 404 wiald | 03,1 saa)] exctedien | 340 :
Qw3 Over 13 ta ® Jael] B oot |100ats |13 ale. | N2 e Crur 1372 E, e | e | tm |y 1 aax s oprwe
: X @M s} 08.7% . )
DRSO I RS PN PN
N H (1% mim ) IO misl)
ey rm FED| 4% ce 0 el E 1% mba. §E200 e 4.5 ale, | 377 .
emtting UMY mixl) (L1 TX sinlk
Tl ¥ Ovet P ra 33 i3cl. L} L ECTS I wiw. 2.3 mia. TEY v
) Xk wiu. b [EIH_ALD wid.) B

6.1.3 bPeflection test-

(l) ‘Test plece
The test piece spec1f1ed in JIS Z 2203 shall
be used

(2) Test method

Ldy the test piece between two fulcrums 'ap—

ply a load to the test piece in the middle
part until its breakage, and measure the
maximun load that the test piece could w1th—
stand and the deflectlon.

:Mechanlcal tests -

9, Ten51le tests carrled out on a test

. piece maphlned to conform to the dimen-
sions shown in Table 2 shall -show a ten-
sile strength of ot less than that given
in Table 3 appropriate te the size of test
piece and grade of iron.

Self—a11gn1ng grips are recommended to en—
sure ax1a1 loading.

After reaching. 50 per cent of the ankici-
pated tensile strength, the rate of in-
crease of stress on the test piece shall :
not exceed 10 tons/in% per minute (15.75
kg/mm? per minute).

Rémarks
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Ffexﬂré Test Piece for Metals JIS-Z 2203-1956
(Reaffirmed: 1971}
) Table 3 Tensile test

1. Scope )
L R ' o Choud-sdacxioant Temalla strengih, &latima
This standard specifies standaxd test piece Uidkie ot Rl | T . Crain,
- ‘ § . . N e ma wl THAC -
(hereinafter referved to as the "test piece'} el A e O w ] »]on | n
) 5 : .
to be used. for flexure test of metals. [P M T | e AaT| e TiT | tmwaFINE | foanFAnd | Eoma5u¥ | vouelinE | Lo iat
' Co T - wr | ea feom|iume | e :owmeo | owe | ome o we §oame
Whether any test piece is to be used or not O R e R I | ne | e | awe
- P " 51 el wo we | Mo -j. e | me | 28 H.B
shall comply with those specified by the il i RS s D s ] we t we foma i omb
respective standards. v - 11 |remi s ne % te | v ! o i n.e l .o

2. Type'bf test piece

The test piece 'shall be divided into_frbm A to
D in accordance with the shape and size and :
these reference dimensions shall comply with APPENDIX A

the following: . TRANSVERSE TESTS

Lead o : Test bars

; 4 L o Al.: Trarnsverse test bars shall conform to
¥ — the dimgnsions shown in Table 4 appropria—
. - H5 el - te to the main cross—sectional thickness
Fulcrum ¢ |- Fulcrum of the casting.

!' .L.'_i.‘l

Table.i ' Tramsverse test bars -

i s . | Cross—=seectional R Co .
cUnit: mm thickness of .| Nominal |Limits on|Over-

Tyﬁe_of Diameter| Diametral Fulcruﬁ iength casting _| diameter}diameter |all
S : : E . of bar ]{plus andl|length
test, | . . DB tolerance|gauge . '.| - P . Over .|Up to amnd : . .

: . : R S : i R - as cast {minus) N
piece _ : Lo ] . ‘[ineluding . )

A 1| 13 © 41.0 0| 200 | About 300 | 'din | . im in in in

B 20 ¥1.0 | 300. | about 350 [ - I 3/8 | 0.6 |0.045 | 10
¢ |30 +1.5 | 450 About 500 3/8)  3/4 | 0.875 | 0.065 15
"B 45 | a2.07 | 600 .| About 650 3/4|" 1178 | 1.2 | 0.090 | 21
3. The test piece sﬁall be as—cést.- Provided 11/8 15/8 L.6 -O'1Q 21
that the surface may be machine-finished on | 1 1/8 - c2.1- 0.10 27

‘aéecount of the dimensieonal adjustment within
the range of tolerance.
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9. Number of mechanlcal tests
The numbar of tests requlred shall be:-

{a) One tensile and one transverse test for
every 2 tons of castlngs or part thereof

or (b) One tensile and one transverse test
for every 30 castings or part thereof.

Big and highly stressed castiugs,.such as
cylinders and superheater header, shall be
tested piece by piece.

(1) . Cne test specimen, besides extra ones,

shall be sampled from every molten.  When re-—
quired by the purchaser, howaver, the quantity
of test specimens may be altered. 1In the case

‘a molten exceeds 10 t, one. test specimen shall

be sampled from every 10 t or the fractiom
thereof

One leten of cupnla and baby cupo}a shall be
the tapping amount, when composed of same
blend, for every three hours.

' When hot metal from more than twe furnaces has

been gathered into one ladle, the gathered
metal shall be considered one molten.

Tests

10. The test shall be the temsile test
and and shall be carried out at a frequ-
ency not less than that shown below.

Grades 10% and 12: one tensile test for up
to 10 tons (10.16 tonnes) of castings.

Grades 14 and 17:. one temsile test for up
to 5 tons (5.08 tonnes) of castings.

Grades 20; 23 and 26: one tensile test for
up to:1;ton (1.016 tonne) of castings.

.In the case of castings wEighing over the

specified weight for the grades shown

- above, there shall be one tensile test per

casting.

10.. Hydraulic rests

Castings, which are under internal pressure
in service, shall be tested under a hydraulic
pressure equal to- the working pressure plus
30 1bs. per square inch (approx. 2 'kga/emd).

Not specified

ii. Additional. tests before reJectlon

1f a faulty or unsound test bar givés & Te-
-sult not in accordance with the specifica-
tion the result shall be 1gn0red and a
fresh test made

If a sound test bar faiIS'a_secondgfest
shall be made.  If this meets the specifi-
cation the batch or casting represented
shall be accepted, but if it fails the

. batch or casting represented shall be re— .
jected.

8. Retest

8.1 When tﬁe'test'piece is found to be badly

‘finished or to havé flaws, it may be dis—

carded berre the teést and replaced by another
Ltest plece

‘When flaws are found out after the test and

are considered to have affécted results.of
the test, the results shall be invalidated.

§.2 - When a part; of results of the mechanlcal

‘test can mnot satlsfy the - requ1remeuts but, the

results other than that are satlsfactory, test
test: pieces of 2 quantlty ‘two times ‘as many
as. specified’ shall be taken from the group. to
which the rejected test pieces belong, to be
retested, for the test-item the original test
piéces have fziled in satlsfylng the require-
ments. In the retest any one of the test’
pieces shall satisfy the requirements.

- Retests

11. a. Tensile test._ Should any. of the

tensile test pieces fail to ‘pass the teéts,‘_

two further tensile tests shall be made.
If both pass, the batch of castings re-
presented complies with the: test require—
ments, but should one fail, the batch does
not comply with thlS Brltlsh Siandard.

b. Casting defects. Should any, test

" piece which failed ‘show obvious casting
“defects, a test.piece:may be taken from

spare test material or cut from a casting

‘from the same batch, and, the results
cbtained from this substituted for those

obtained from the defective bar.

Additfional tests

12. 1If the-purchaser desires any tests or
special requirements not specified in this
standard, he shall state these at the time
of enguiry and oxrder.
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12. Inspectlon

The E.R. Inspecting Englneer shall be allowed
unhindered access to the manufacturers' work
at all times within working hours when cast-
ings on order are in process. of panufacture

or delivery.  He shall be at liberty to in-
spect the manufacture at any stage and to Te-
"ject any castings which do not ‘¢onform to this
specification.  Any castings so rejected must

be broken up at once or marked in the presence

of the inspector in such a way that they can
not be confused subsequently with satisfactory
castings.

7. InsPectlon

7.1 The results of the 1nspect10n for appea- °

rance, dimensions and mass, temsion test,

~deflection test, hardness test and chemical
‘analysis shall satisfy the requirements -de-
scribed in 4. and 5. When the:correction is

applied in accordance with 6.1.3 (3}, how-
ever, the corrected maximum load shall be
used.

When approved by the purchaser, the mechani-
cal test may be partially or completely
omitted. :

The inspection of appearance andidimensions,
tension test- and:deflection test shall be
generally performed, but the inspection of
mass, hardness test and chemical analysis
shall be pefformed'only when designated by
the purchaser.

10. Report

The manufacturer shall submlt o the purchaser
a record containing the molten number and re-

sults of the test.

-inspéction'_

13,  The purchaser or his representative
shall have access at all reasonable times
to those parts . of the manufacturer's works
‘engaged on his order; he shall be at 1i-
_berty to inspect the manufacture at any
‘stape, to witness the requlred tests and
to-reject any material that ‘does not comp-
ly with the specification. When the cast-

‘ings are to be inspected during manufacture

and ‘tested in the presence of the purchas-
er's representative, it should be so stat-

ed in the enquiry and order.

:13." Testing facilit1953 :

- fhe ‘manufacturer shall supply- the material
required for testing free of charge, and at
his own cost shall furm.sh and prepare the
necessary test pieces and supply labour and
appliances for such testing as may be car—
ried out on his premises in .accordance
with this specification. . Falllng facili—
ties at his own works for making the tests
the manufacturer shall bear the cost of
carrying them out elsewhere.

Not specified

Testlng fac111tles

14, The manufacturer, in supplylng the
test samples as required for testing shall
prepare from them, the necessary. tesg pieces
and supply -the:labour and appliances for
making all tests on his: premises in ac-
cordance with the specification.

Failing facilities for carrying out the
prescribed tests at his own works, the

manufacturer shall carry out the tests

elsewhere.

6.1.4 :Har&ness ﬁest

(1) Test piece

The test piece for the deflectlon or tensiom

test shall be locally used

(2). Test method
The test method shall follow JIS Z 2243,
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COMPARISON TABLE FOR M106 GLASS PANES FOR ROLLING STOCK .

ERS-

JRS & JIS

ERS NO. M106-1950

A. Plain Glass for General Use. JIS R3201 Sheet Glass
Each=péne'to.be of fhé Sest:gléss,”free_from defeéts‘aﬁd thrbﬁgh— . Glass shall be manufactufed‘generally by mechanical drawing method,
ly amnealed. The twe faces should be ground and pelished to give and have a fire-smoothed surface. : :
clear and undistorted vision. Glass panes should be so treated ' _ _' ) )
as to stand normal shocks without fracture, and if subjected to Thicknesses shall be 1.9 + 0.2 (Nominal 2 mm), 3 + 0.3, 5+ 0.3 mn,
abnormal shocks, no splinters should follow the consequential ! S ) Co
breakage. ' Quality shall be classified into Class A and Class B, which are
judged by bubble, inclusion, code/wave, speck/stain/seratch, flow,
chip/flare, warp etc. :
JIS R3202 Float, Polished Plate Gléss
Manufacture shall be by floating or polishing system.
Thicknesses shall be 3, 4, 5, 6, 8, 10, 12, 15, 19 mm. (with
tolerance varying by cases) .
Criteria for judgement of'quélity for general use, similar to JIS
R3201," S
JRS 63103-1F-15AR7A Sheet Glass for Rolling Stock
'IReferéhce Standards: JIS-RBZOi, R3202)
Manufacturing methoé, same as JIS.
Thicknesses shall be 1.9, 3,.5 . for ordinary sheet glaés
3, 5, 6 mm for polished sheet glass.
. Judgément of quality is same with Ji$ in items, but different in
criteria. : :
B. Plain Glass for Mirrdrs JRS-67101-1F-15AR6A Mirrors for:Rolling Stock. ) Cod

Each pane to be of the, best glésé, free from defects and through-
ly amnealed. The two faces should be ground and polished to give
clear and undistorted visiom before coating.

The back shall be silver-plated.

Thickness shall be 6 mm.

Claséified inte Class A (for general use)} and B (for humid environ—
ment use).

Maferials shall conform to JIS R3202.

The judgement of quality and the test method are.specified.

- 85 :_



~ . ERS
ERS NO. M106-1959

JRS & JIS

Frosted Glass

Fach pane to be of the best glass, free from defects or waviness

and throughly annealed. The frosting is to be one side only and

of such a depth that clear outlines of objects in a lighted room

shall not-be visible through the glass.  Glass Panes should be

so treated as to stand normal shocks without fracture, and if

subjected to abnormal shocks, no splinters should follow the
consequential breskage.

JIS R3201 Sheet Glass

" Ground sheet glass is specified in item 2-1-(2). One of the faces of
© grinding, sand blasting or corrosion.
:Thiéknesses shall be 1.9, 3, 5 mm.

‘No ' grade specified for quality.

= The judgement of quality is. game as JIS in items, but different in
" eriteria. S o e o . b :

transparent sheet glass pane shall be processed by means of sand

Judgement of quality shall be subject to Class B.

JRS-67103-1F-15AR7A° Sheet Glass for Rolling Stock

Manufacturing method_ié the same as JIS.

Thipknesses are 3, 5 mm.

 Tolerance:

The panes ate to be cut to sizes within-the'foilowing toleraneces.
The four sides are to be exactly sguare. Tolerance on Thickness
+ 0.4 m/m., & on Length & Width + 0.5 m/m.

JIS R3201 Sheet Glass -

. 1JIS R3202 Float, Polished Plate

Glass -
in mm- i : I " in mm
i | Lengthf ) Co Léngth{
Thickness | Width ‘ Thickness ‘Width
2w | o+ 0.2 +1.5 ‘3 mm | 1.
N 4 4 0.5 } LS
3mm|  +0.3 ] +71.5 5 - 0.4 } + 2.0
E _ 6 - =
5omm |+ 0.3 + 2.0 8 s } e
E - 100 ||+t 223
12. - 0.9 .
19 L5 s

JRS-67103—-1F-15AR7A  Sheet .Class  for Rolling Stock :

Ordinary sheet glasses shall be 2, 3 and 5 mm in thickeess, and the
float, polish.d sheet glasses, 3, 5 and 6 mm, with tolerances
subject to JIS. : -

Edges:

Each sheet to be supplied with round- edges and corners, unless
otherwise stipulated. :
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Marking:

_ Each ‘pane should be etched by .the letters E{R.'in Arabic aswper
draving. No. M.28838 but to the dimsn, 18 x 25 mms, on the top
Tight hand cornder, and 20 mms .apart from sides.

Makers trade mark may be etched underneath the E.R. marking
and not te exceed 20 x 10 mms 'in size.

Packing:

. Every care is to be takeén in packing the sneets They are to be

- 'separated by a sheet of paper and put closely in strong: closed -
cases made of 50 millimeters frame work, 15 millimeters sides,

. 40 millimeters battens. The frames. to’ be bolted rlght through

. and. the'lids secured w1th nuts on the bolts.

" An alternative method of pac&lng, may be proposed by the tenderer .

in submitting his quotation but:should be such as. to ensure the
‘safe arrival of the contents at destination with a winimum of
breakage

JIS=R3201' Sheet Glass

JIS R3202 Float, Polished Plate Glass

Packing:

" Packed, as a_rﬁlé; by, using suitable cushion materials: The package

o éontainer'shall be marked withs

‘Type of glass, dlmenSLOns, number of glasses contalned manu—
facturer's name,

JIS—67103H1F~15AR7A Generally pursuant to the above JIS's.
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Comparison Table for M170.Gas 0il

for Diesel

Locomotives and Rail Cars

Egypt: Japan I1.5.A, United Kingdam } Hest France U.5.5.R, China
Germany
Hame of Standards " ERs s ASTH 8s DIN NF GOST [}
Scandard Ho. ML70 K2204 0975 2869 SIE0L | MBS s 05 232
: -G07 -008
Date of publishaent 1978 1976 1975.3 1970 1975.4 1975 1975 197212
Claseifleatlon 1055 | No.1 | Ho. 2 | ¥o. 3 [Mo. 35 | ¥o. 1-D |No. 2-D | Class Class Cas 01t | Fuel 01 L z 25 A Ko. 10 § No. 0 |No. -10 [Re. -20 | No. -30
Cal.lgr P Al Az Dosesti-
. que
Density, 15°C, kg/l 0.820 - - - - - - - - 0,815 0,810 - Report | Report Rapore | Report - - - - -
a0, B50 AB.855 | n0.850 61(Gen-| 40(Gen- - -
eral) eral)
Flash polnt, °C (not less thaa) 65 50 50 -’50 50 7.8 51.7 55 55 55 55 55 40 .35 15 kL 65 65 65 65 ‘50
- “120 {Speci~| {Spesi-| (Speciq (Speci~
fled) | fied) £ied) | fled)

Distillation temperarure, °C. 30X evaporated - - - - - - - - B - - - 260 250 280 260 100 300 300 300 100
652 evaporated - B - - - - - - - - 250 * 250 - - - - - - - - -
83X evaporaced - - - - - - - - - 356 350 - - - - - - - - - -
90X evaporared - 350 350 130 | 30 187.8 282.2 357 157 - - - - - - - 355 355 150 350 -

s . Not morefNor moreXNot morefSot moreldot more | 7338
than} than) than} chan} rhan}
96% evaporaced- - - - - - - - - - - - - - - . - - 65 365 - L= 50
‘951 evaporared - - - - - - - - = - - - 350 360 340 330 - - - - -
Pour point, °C {not more than} ' 0 -5 -10 ~20 -3 - - -7¢ape | -3tapr -10 ~35 -a5 55 +10 0 -10 -20 -3
: ; ~5ep) ~Sep}
[-12{0cE -6 (Qct
; AMar) "Mar)
Cloud potat, °C (mot more tham) 4 - o - - - - OQMar | O(dar - - - -5 -25 -35 - - - - - -
L . wNov) o) '
-7(Dec ) -7{Dec ,
AFeb) | Feb}
Filtration test:value, °C {not zore than) ° - - - - - - - - -} O{Sw=er - - Reporr | Report Reporr | Reporc - - - Y- -
~12(1n- '
cer} . B

Catbon residue 'tn:10Z Bortn oll, I (nox sore than) - oo | aas | oo | o 0.15 0.15 | 0.2 vz | e - 0.3 |, 0.3 | j0.30° | L0.30 | 0.3 0.4 a4 |03 0.3 0.3

Cetane mumber (Cetane index) (ot less tham) 55 50 5 &5 45 ‘40 40 50 ‘a5’ 45 50 40 FUE ) 45 45 50 - ¢ 50 45 43

Kinematlc viscosity, 37.8°C, est ) - - B - - 1.4 2.0, ‘1.6 k) - - - s | o220 - - - _ N _ N

. . o A25 f M3 | wa |, %D 6.0 25.0

! Ty : (Genwecal){Genaral)
30°C, eSt - 2.7 2.5 2.0 1.8 - - - - - - - - - - PO - - - - -
20°C, oSt - - - - - - - - - 1.8 9.5 9.5 fjxoe.e|lsaz i e e |30 1.0 e [ ozs | o2s
. ~ig (¥ot more(Not wore |(Speci~ fSpeci-’ :[(Speci- |core than) 8¢ 3.0 8.0 ~8.0: tay.0,
zhan} than} fled) fled) flad) SpeciFied) :
Sulphur, I {nat more than) 1.5 .50 0.50 .| o.s0 | -0.30 0,56 0.50 0.5 1.4 0.55 0.70 e.55 |o.2(c-1)]0.2t6-13) 0.2¢6-1) 020013 0.z 0.2 0.2 0.2 2.2
: - - or .Legal {or Legal : : 0.2110.5] 0.2110.5| 0.21%0.5 321704 -

i . : : ' ) : B N ()] (G-2) O A N (]

“Water and sediment, w/v I (a6t eare than) - - - S - 0.05 .05 - 2 _ - 0.19 - - o - - N - . -

Water, v/v I (ast more chan). 2.15 - - - - - - 0.5 0.05§, 0.1 Trace .10 | Mot con-] Not con-| Fot cond set con- Trace | Trace | Teace | -Trice | vor can-

. ) " takned |cained | tatned |rained tatned

Sediment (Impurlcics), % (ot sore tham} a.01 - - - - - - .01 oatf. - ot com] = | Mot con| Mot won—| Fet comef Mot con- | ot eono| Nar ecac| Yot con-| Not cond ot con-

B talned talaed tained ralned | ralned titlned tained tained ctalned tained

Ash, ¥ {not more than} 9.81 - - - - 0.01° .01 0.01 0.01 0.02 Not con| - 0.01 0.01 6.01 0.01 0.025 0.025 | 0.023 0.1425 0.625

taloed
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