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-THE PROGRESS OF FOUNDRY TECHNOLCGY

by: Dr. Kazuo Katori
Director '
Government Industrial
: _ _ Research Institute, Nagoya

FORWARD ' _

Casting is classified by the field of application into two main
categories; one is the process to make ingots from which sheet
metal is produced, and the other the process to form metals
into a desired shape. In a narrow sense, however, casting re-
fers to the latter process. Therefore, casting in this sense
should have the shape and dimension that can serve the intended

purposes. Ideal castings are those that can be put in use with-
out machining after the casting process.

In parallel with the recent progress in every field of technolo-
gy, machines are all required to be highly precise, efficient
and uniform at the same time on a masgs-production basis.

This requires that cast parts for such machines to be equally
precise, uniform and even suitable for mass-production.

- Under these circumstances, requirements for casting as a
metal processing technique are getting even severer. To . |
answer these requirements research works on the casting tech-
nigque are becommg quite active and its progress quite remark-
able. . In recent years a special. precision casting process
has made it possible to do business in castings at the tolerance
of 0. 13mam per 25mm. In many cases such highly precise
castmgo may prove seemingly costly, but the overall cost

- could be lowered if machmmg can be rnmlmlzed

1. LOST WA)& PROCE‘SS

1.1, Outllne o
Lost Wax Process, Wthh is also called "Investment Castmg ]
has developed from a technique of Japanese industrial artists
known as the loam mould type wax pattern process and from
‘the 1nlaJ method of dentistry. 30 years ago T.G,. Jungerson
initiated the modern technique of investment casting. Around
1930 Austenal Laboratory in the United States mtroduced'this _

-1 -



technique into their commercial production. Parts for aircraft
engines and machineguns were produced on a large scale by
this technique during the World War II. 1In Japan the study on
this process started toward the end of 1949, In April, 1950 a
committee of researchers on heat- resisting materials for gas
turbin was forred on a budget secured from the Ministry of
Tducation, This committee had a division devoted to the study
of this technique. In May, 1951 a Study Society of precision
casting was organized, Research works were actively carried
out through the cooperation of manufacturers, universities,
national recsearch institutes, and so on.

A patent filed by Austenal Lavoraiory in the Unlted States
under the subject of "'Casting Moulds' covering an extreemly -
brozd scope of wax process castings was notified to public on _
March &, 1955, but failed to enter into effect, because on ohjec- .
tion against this patent was accepted by reason of the afore-
mentioned traditional methods of casting. So in Japan there is
no obstacles whatsoever in using the traditional wax process,
the inlay method of dentistry, and all cther lost wax processes
except some very gpecial ones, Ever since a positive use has
been made of these techniques by various industries.

The principle of investment castinn' is simple. First, a pat-
tern of the part required is made with a fusible matemal such
as wax. The pattern is then wrapped with refractories and is
~hardened to be a mould. The wax pattern in the mould is fused
out and the molten metal is poured into the hollow of the rnould

Table L. _PTOCGSS of Casting

Coating grain:  Silica flour of the size under. 3(}0 mesh,
' ' ' Zirconia, Alumina,

Investing grain: Silica sand of relatwely wide range of.
grading (85 - 15C mesh)

Binding agent:  Gypsum Phosphate, Water glass mthyl
' - : silicate, Alumina cement

Accelerator: Mg C lin case of ethyl sﬂlcate)

Eyample with ethyl silicate: :
- 81 {OCg Hs)g + HaC  Si (CH)g + f‘gIIsOH
: heating 8104 '
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Example of Mixture Ratio:
Ethyl silicate: 10% Hydrocloric acid: Alchole: Water
=5:1:1:9. '

1. 2. Characteristics :

1.2.1. By lost wax process no too heavy or too light parts can
be made at present. The maximum weight is about 20 Kg and
the minimum approximately 1 gram. Parts weighing from a
few grams up to about 5 Kg and measuring 1- 10 mm in thick-
ness are most suitable for this process.

1.2.2. Both external and internal threads can be made by this
process, but the internal thread usually have finer finish than
the external one. The tolerance is approximately * G. 978 mm
per 25mm. Holes can be made in any shape; round, angular,
winding and soon. It is easy to make holes if the diameter is
larger than 1 mm. ' o ' '

1.2.3. 48 the wax pattern is fusible, no draft is required.
Any curve or intricate shapes can be produced. Therefore,
parts of intricate structure can be made in one unit without any

subsequent assembly job, thereby a_ddm:r to its strength cons--
picuously, : :

1.2.4. Although the accuracy in measurement differs from
metal to metal, shape to shape, and size to size, the tolerance
of + 0.13mm per 25mm is commonly accepted as a standard in-
the United States. Non- ferrous alloy castings have a higher
accuracy than iron castings. in general.

1.2.5. No matter how much intricate the shape may be, this
" process provides fine skins and it can reduce labors in ‘machin-
- ing and c_ssombhng to a fraction.

1.2.6. Heat- remstmg alloys, that are always hard to forge or
grind, can be used by this process in making precision parts.
Such materials that are hitherto not used due to the d1ff1cu1ty of
machining are now available in this process for very prec1se
and eff1c1ent parts :



This process was invented by Mr. Shaw of England and is now
patented. It hoe been introduced to Japan, too.

A matchplate type pattern is first made with gypsum on the
basis of 2 model, Then poured into it is a pasty mould making
material made up of the mixture of fine and coarse grains of
silica gand in an ethyl silicate solution. When this material
reaches the jelly state, it is removed from the gypsum and is
exposed tc high temperature for hardening. :

The mould thus heated will have a network of very fine cracks
in its surface, but not to thz2 extent that molien metal penatrates
into these cracks and spoils the skin,

2.2. CTharacteristics

2.2.1. As the paitern is not fusible conirary to the lost wax
process, shapes available are somewhai limited, However, no
taper allowance is required because the mould is still in the -
state of jelly when it is removed from the gypsum pattern and
is adaptable tc a slight deformation. '

2.2.2. Castings of high fusing point alloys are available by
this process as well as the lost wax process. - .

2.2.3. Vith this process heavy castings 'w.ei_ghing tons can be
produced. : ' '

2.2.4. ‘The tolerance in dimensions is about + 1. Omin which is
almost the same as the lost wax process. ' :

3. SHELL MOULDING PROCESS

3.1, Outline e o

The shell moulding Process is a technique invented by =
Joharnes Croning of Germany during the World War II, so this.
process is also called the ""Croning Process'' or ''C- Process'”.

It is 2 well-known story about this Process that a patent cover-
ing this technique was filed with the German Patent Office on
February 1844, hut it was treated as a top secret by the German
Government during the W orld "War, in which period this Fro-

cess made an important contribution to the mass production of
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cores for grenades. After the War, this Process was compiled
in the PB Report (PB-8301) of 'a UN Survey Team. Then, in
the FIAT Final Report Wo. 1168 issued on May 3G, 1947, the de-
tailed informations on its fundamental experiments were repor-
ted. To Japan this process was first introduced by the '"Casting"
-a periodical published by the Japan Foundry Association in -
April, 1851. Even since the Precision Casting Study Society
has carried all-round research works on this process in co-
operation with research institutes, foundry business circle,
machine builders'circle resin and silica sand business circle,
and so on. ' '

Thanké to their united efforts, quite a remarkable accompli-
shment has been achieved in such a ghort period in populariz-~
ing and in further _dev_elopmg this process.

As number of different kinds of shell moulding machines are
made domestically, and as high quality resin and silica sand
are readily available, this process is quite applicable for com-
mercial production. It is estimated today more than 345 esta-
blishments, big and small, have already commercialized this
Process, - 450-480 tons of resin are s: uoplied every month.
Castings-produced under the Shell Mould Process amounts to
about 40~59 billion yen annually,

 As the Japan-Germany Agree rent on mdustrlr‘l Proprletor-
ship,- which took effect on May 8, 1953, recognized a claim for
the priority over eight basic patents covering the Shell Mould-
ing Process including the patent of Mr. Croning, these patents
- were filed with the Japanese Government by Edel Stawelcke of |
Germany. These patents have recentry.been all patentcd in
Japan, but a license agreement signed between the Japan Shell
Mould Society (Est.: Dec., 1956) and the Edel's side now au-

thorizes the Soc1ety members to use this Process without any
obligation.

The Shell Moulding Process is entirely different from the
time-honored conventional concepts of moulding technique.
One of the cha aracteristics are the fact that by this process
‘moulds can be easily produced in a mass scale. Prepare a .
“mixture of dry silica sand and thermosetting resin to begin
with., This mixture is then poured on heated metal pattern, _
The resin in the mixture thus poured hardens on account of the



ains of gilica sand it hecomes to

heat, and together witlh the gre
into which molten

be a thin shell, Two ahells make a mould,
is poured.
Table 2. Phenol Resin for Shell Mould

-P: FPhenol

Reacting process )
F: Formalin

of Phenol Resin

P+F
P11/ FL5 P1/F=0.8
(Alkaline {Acid Catalysis)
-~ catalysis) '
Resol Novolack
> (Heat) - (Heat)
Resitol ¥ to be added _
' (Usually Hexamethylene-)
N F aclad(tetramine (Urotropm) )
Resit {is added )
1~stevp—-type ' 2-step—type '

“Resin currently used:
Novolack + abt. 10- 1‘*‘7: weight% Urotropm added

3. 2. Characteristics

3.2.1. The Process is so simple that no skilled labor is requi-
red. Full automatical operations are p0851b1e and it reduces
labor cost. to the large extent.

3.2.2. The process prowdes high mass-productivity.  An up-
to-date shell moulding machine can produce 40-50 shells an .
hour, This process provides stable operatlon so that it suits

mass productlon plants.
3. 2.-3. Ag the shell contains no water, the percentage of re- '

jected item is lower. The high permeability of the shell admits -
that molton metal runs fast at less volume of poured metal

3.2.4. As the shell is cons1derably mgld handhng is easy
Shells ca“i be stored for long time. :

3.2. 5. The volume of sand to prexaare under the process is -
1/10 the volume for sand mould. The floor space required for
- sand prepatration is 20-30 per cent. The sand can be removed

e -



4.

with ease.

3.2.C. The accuracy the process gives is about J. S on fini-
shed castings. Cast iron surface is 10- 55 and norfﬂ rous alloy
7- 10, whlch are better-than the surface of uand mould czs

COy PROCESS

4. 1. OQutline _ _
The COg Process was patented in England in 1948 for Alfred
Augstein, but it did not attract public interest at that time 2nd
was almost forgotten. Stimulated by the progress of the shell _
moulding process, this process was somewhat improved and
commercialized in Germany. As soon-as W. Schumachen and
D. V. Atterton introduced this process, it absorbed public aten-
tion rapidly, and within a short pericd it made a rermarkable
progess and gained high popularity over the shell moulding
process. In Japan the advantage of this process was first re-
cognized in early 1955. After the 17th Annual Meeting of the
Precision Casting Study. Society held in March 1955, at which
various data onthe COg process with water glass supplied do-
mestically were made public, good many plants, one after

- another, tried this Frocess and in a very short period it spre-

ad over throughout the -country.

The COg Process is a technique by which moulds are made by
mixing silica sand with NapZ (water class), and then, blowing
COy2 gas into the mould to ‘harden it rapidly. ‘

Table 8. Reaction of Water Glass and COs Gas
Nago . mSi0g (mn + X) Hy + CTy _
| | ‘Na2C03:_.: XH20.+rﬂ(S_i20 . nHs0)
(Sodium carb onate) | |

" 'm: Mol ratio of Water glass '
Mol rumber. indicative of water contained in 5111ca gel

x : Mol number of water of cryctalhzatmn 1n sodn.m
o carbonate -
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This can be explained by the

Influence Of W eather on Strenrﬂch and

The test samples cotain forei-
sn made binder and is barden-
2t by COg5 gas blowing for 80
sec. Average temperature and
~ hurnidity are those recorded By
Naso va Weather RBureau, '
est #1 was conducted during.
a wmelf_'af fine weather. The
strengih shows a table up-
ward tendency.
During the test #2 the weather
was changeable. It rained for
the first three days and the
huraidity exceeded 80%. This
‘test indicates an influence of
westher on the strength.
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Thc strength rcduced on rainy days and it increased as the
weather became fine.

Fingure 3. Time-Strength Relation -

:51 The test was conducted in

] -l o an air-conditioned room of

L s P = ——1 20 £ 5°C temperature and

m ool | xf 5281737 j1%e¢ ] 75 1+ 5% humidity. The re-
s ¥ I¥t0see ] gylts indicates that both

oL et et i o TT T~ samples, with and without

o 40 A molasses, of 10 seec. COg

= /f Tt~doosce | blowing have a high streng--

s ST * th that declinés only slowly.

o 20?}5" B S o ol e S L The samples of 80 sec.

3 1_0‘ blowing, however, have

o : lower maximum strength

12 345667881011 - that quickly declines.

These results indicate that
_ on excessive blowing gives
unfavorable influence on strength.

— leava daya

4.2, Characterestics . ' .

4,2.1 Cast moulds and cores can be rade speedily. What is
still better, Wooden patterns and wooden core box will do.

4.2,.2 No drymg oven is requlred

4.2.3. As the strength is high when hardened no or fewer
core rods (gaggers) are required. : :

4.2.4. Less handling of cast moulds and cores are requlred
~and therefore the productlmty per floor gpace is hlgher

4.2.5. - The 'Drocess is relatwely free from’ such defects as
blow and scab. '

4.2.6. The deformatmn of cast mould and core is Sllght and |
the accuracy of c'.'astmgs high. S

4.2.1. Equlpment for this Process is .'31mple and not cosﬂy
- Use can be made of conventicnal mouldmg machines a"ld core
blowmg machmes o



5. CEMENT MOULDING PROCESS

5.1. Concept of the Cement Mould Process

In casting heavy iron or copper castings, dry sand rnoulds
with clayeybinder have been hitherto used. But in recent years
a moulding process of using cement 28 binder takes a part of

the place of the conventional dry sand mould.

The cerment mouldmg has the advantageous features of simple
process, good sand strip and high dirensional accuracy of the
casting, These merits can not be provided by the conventional

fired moulds.

The Cerment Mould Process has become recognized also by
reason of the fact that such defects as blow-holes and scab
through result very seldorn under this Frocess.

As cement moulds are hardened by the hydration of cement,
careful attention should be directed to the point that hardening
time and pressure strength largely differ depending upon the
Wa.ter-cement ratio and the grading of silica sand.

Research works are now being carried out at various plants
to reduce hardening time, drying method, and ete. Casting
design in the Cement Moulding is also an important subject for -
the future study. It is expected that the Process w111 make -
further progress in J a.pan :

5.2, Advantage and Disadvantage of the Cement Mould.
The process of the cement moulding and its general characti-

‘ristics-----advantage and dlsadvantaﬁeh—-rmay be summarled .
as follows: ' '
Advantage : Disadvantage
1. The high fluidity of the i 1. The natural drying re-
sand permits an easy : quires a's_pac:y_ floor area.

moulding operation even
by the unskilled.

2. No.uneven hardening is =~ | 2. A long drying tir_he is .
found. The high strength required, but the usable

- ‘enables an - easy handlmg time is limited.

- 10 -



3. The drying process can 3. 7The binding force is not
almost be omited. . powerful immediately
o after moulding.
Difficult to recycle the

M

4. As the snep flask is used,

metal flasks can be " used sand,
abolished. : L
5. No core bar, gagger is 5. ’I‘he alkaline characteris-
required. : tic of the sand can harm
6. -Basy to shake-out. .the workers' hand. a

Besides the above-listed, there are more advantages of the
Cement Moulding Process such as low rate of rejects, low cost,
and etc. :

§. FULL MOULD PROCESS

5.1. Outline .

A pattern, is first made with such a resin material as poly-
styrene that gasifys at low temperature. Then, the pattern is
wrapped with casting sand in its énvironment. - The molten
metal is poured into the sand mould while the polystyrne pattern
Is in it.  As the model gas gasifys, metal takes its place; This
is the principle of the process called "Full Mould Process

This Process is based on a new principle and has many ‘advan:
tageous features in comparison with conventional processes
under which a hollow is usually prepared in the mould,
Because of its many advantages a p051L1ve use 15 ‘made of tLJ.S
Process m Duropean countries.

8.2, Cha.ractemstlcs
lhlS epoch- rnaking Full Mould Process has many ac.vantaceous
~ features, but at the same it does not have a few proble ng to be
solvec_ in the future. To summamze them;

Advantages '

1) This Process can be applied for all kmds of metals :

 from light alloys to steel. :

2) 'The pattern can be made at a low cost.

- 3) The whole process of moulding is s:.mple

4) Wo split pattern and no core are required, _
5) The conventional hollow mould can be used W:Lth this

Procesg combmcd : '



6) A saving of the riser can be effected by spherical blind

risers. . o
7) As dry sand can be used within any binder, shake-out
operation goes easy. .

Disadvaintage o - e
1) If a high speed milling machine is not available for use,

- the surface of the pattern is rough and such rough surface
is likely to impart a rough finish to the mould. In many

. such cases wax coating is required. .

2) In case of dried sand without binder is used and dis-
comtinuous pouring to a mould is made, the pattern itself
may be deformed.

3} It may give deffects as bhster if peameablhty is low
because of much gas generated. o

7. DIE CA.STING

7.1, Gutline
Die Casting is a process to cast metal by die casting machines.

In Japan a compeny incorporated in 1912 first started producing
alumninuia alloy parts by die casting. But no remarkable pro-
gress followed this duc to the fact that many of the industrial
estableishrnents in this country were small in production gcale
for this precess which was only sultable for mass production.
With the outbrezk of the World War II, the demand for aircrafts
and cther military supplies increased quite rapldly and number
of European type die castmg machines- - Polak or Ecker‘t——were
installed. .

After the War, the Die Casting showed a rapid progress since
1953 in parallel with the growth of autornotive, electric and -
- photographic industries. Zinc die casting were commercialized
on an active scale during this period and the number of such
' industrial establishments has increased. The machines instal-
- led in recent years are bigger and much more improved. For
‘instance, Lester, Cleavland, H. P.M., etc. for aluminium
alloys PECO, Read-Prentice, Cleavland for zinc alloys. Such
big machines for aluminivm and zinc die casting are also built
in Japan, and many of them are already in operation. Those
_b1g machines made in Japan are of nominal size of 806, 1, 0G0
..orl, 500 tons. Even 2, 000 ton machines are operated now.

- 12 -



7.2. Making Process

7.2.1. Ifietallic Mould

The metallic mould is the most 1mr30fta.nt Part of die casting,
and whether or not a good metallic pattern can be obtained will
" directly affect the quality.

As mould metal, chrome steel or nickel-chrome steel are
used for zine alloy castings, and chrome-vanadium steel or
chrome-tungsten-cobalt steel are often selected for use with
aluminium alloy die castings. In any cases materials are all
- used after they are properly heat-treated.

In designing the mould, careful attention should be directed to
gate, vent hole, injection mechanisim, core breaker, mould
matching pin, and 50 on. Those should be designed to best suit
the castings to make and the machine to be used. The life of
the mould is not always the same, but it is usually longer mtn
zine alloys than with aluminium alloys.

7.2.2. Die Casting Machine
The die casting machine cah be divided mto two main groups,
a) Hot Chamber Type
In this type the melting furnace and the die casting machme
gsection are combined to be one block. The presure chamber
dips in the molten metal, and the pressurized metal is fed into
the mould thrOugh a nozzle. - This type is also called "Goose
neck type because of the shape of the pressure chamber.
PECO, Reed- Prantice, Cleveland, etc. fall into thls type.-
These are mainly used for zinc alloy die custlng '
b} Cold Chamber Type .
The melting furnace and the die castln;-* machme are built
independently in this type. The molten metal is bailed out to

- . be poured into the pressure chamber, from which it is pressed

- into the mould. by a plunger. As the pressure chamber is set
up: outside the molten metal, this type suits such metals that
melt at high temperature.  Aluminium alloys and even copper
alloys can be processed. Some of the examples of this type are
Eckert, Polak, Lester, H.P. M. and 50 on,
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7. 3.1 As Die Castings have » smocth skin and are so highly
accursie that no machining is required. Grinding and assembly
srocesses can be considerably reduced.

7.3.2. The accuracy of dimensions differs from metal to metal,
shape to shape and size to size. In zine alloy die casts the
tolerance is about + 30 /w/IOOmm and in aluminium alloys +

l"‘Q,/'(/'“’/ k! 4u1'1"Tn

7.3, Soth outside and inside threads are castable but the -
outmde thread is more accurate than the inside thread. The
maxinunm number of thread that are castable is 30 threads in
zinc alloys, 22 in aluminium, and 10 in copper alloys.

7.3.4. Very intricate shape and cavities that can hardly be
machined are castable by die casting. It required, high tem-~
perature metal can be cast-in with other metals.

7.3.5. Die Casting is very applicable for mass production.
The most up-to-date machine is able fo cast in such a large’
scale as more than 2, 000 pieces a day. What is still better,
the products are quite uniform. However, the metallic mould
used for die casting is costly because those are made of heat~
resisting steel. Allin all, the die casting is most suitable for
mass production. The economical minimum output differs de-

pending upon shape, size, accuracy, metal and ete. but it 15 _
usually more than 1,500 pleccs _ '
Table 4. Zine A]loy Die \,astlng JIS H 5301 - §
| Chemical | Permissible| Tensile | Elongation
elements | Amount of | strength | = - = -
L | added impuritty © | kg/mm? %
Zinc alloys | A13.5~4.5!Pb < 0,907 | |
die ' cast Cu0.75 ~ 1 Fe <3.10 I
1-class | Nig 0. osé—%g ca<o.005 | 3 | 7
Zn ADC 1 Sn <0.005

_.1'4...




Chemical Permissikle] Tensile |Elongation
elemnents - | Amount of strength o
added impurity kg /mra? : ¢
Zine alloys | A1 3.5 4.5 | Pb <0.005 |
Die cast _ Fe <0.19 ' ‘
2-class | eca<o.o0s 29 1o
Zn ADC 2 - _ Sn < 0.003

The amount of permissible impurities is very low because
these impurities will cause active intercrystalline corrosion,
The amount of Mg should be very carefully determined because

- it acts as an inhibitor ageinst the harmful Pb which is the main
cause of intercrystalline corrosion. '

8. GRAVITY DIE CASTI‘JG

The process.to cast molten metal mto a. meta.];hc mould by
only gravity without using any injection device such ag die
‘casting machine is called '"Metallic Moulding"' or ''Gravity Die
Casting''. In Furope this Gravity Die Casting is much more
popular than Die Casting, is widely used in the automotive in-
dustry. Particularly at Fiat's plant in Ttaly engine blociss as
well ag plstons are produced by this technique. On the market
are specialized raachines for each of these apphcatmns By
‘these machines, metallic moulds are bound up,” and, after
pouring, castings are drawn from the mould automahca]ly
Taking the production scale into account, automotlve plants in
Japan should make more posfuve use of this method _]ast as in -

' Europe : : : :

9 LOW. PRESSURE DIE CASTING

9. 1. Ou‘thne : : : .

_ The Low Pressure Die Castma is = process to cast molten
‘metal into mould by pushing up the metal through a pipe by a-
low pressure gas pressing the surface of the molten metal in a
closed container. This is an old invention, In 18910 E. I,

Lake obtained a patent for it as a process to be appliedtc a |

zinc or tin alloy processing equipment. It was not industrializ-
ed, nor did it make any noticeable progress in spl‘ce of various
~ repeated trials. After the World War II this proceéss has canght

' .the attention of . C‘ Lewm of Englaao who established
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' Alumasc Company in 1945 and devoted himself to the study of
‘the production technique, In 1947, he succeeded in producing
aluminium household utensiles, and in the following year rain
tub and other products appeared on the market. In 1950 he
made beer barrels of aluminiurm alloys and advanced into the
territory of wooden barrels of beer. He could make as big
barrels ag 85 cm high and more than 80 kg in weight.

Alumase Company, that thus brought up the low pressure die
casting principle o a practicable level, attracted public atten-
tion as an unigue company. In 1956 Karl Schmidt obtained the
licenseeship and as the result of their active research works
for development they could make a great success in casting
© light metal antomative parts such as aluminium cylinder hearl.
In 1958 the Chevrolet Division of G, M, sent some engineers to
Schmidt Co. and Alumase Co. for surveying on these companies
in connection with the manufacture of engine. - As these engi-
neers admitted the superiority of this process,they at last
signed a license agreement with both of these European com-
panies and started the production of cylinder head, crank case,
clutch housing by this casting process. They have instzalled
their low pressure die casting machines in their new plant at
Massena. 80 machines are now in operation there. :

The G. M's introduction of low pressure die casting created a
world-wide sensation, particularly in the automobile industry, .
and popularized this technique quite rapidly. In Japan the Low
Pressure Die Casting Study Society was organized in September,
1961 with the object of studying this process jointly. Iis pro-
jects were actively carried out. At present this organization
has nearly 100 mnember-companies. There are four or five
companies dealing in low pressure die casting machines. Air-
cooled cylinder heads for light cars, break drums and etc:
have been a.lready in mass production W1th this pr‘oaec's :

9.2, Eqipment and its Operation '~ '
© . The low pressure die casting equlpment congists of such
basm parts as the pressure gas intake, through which the gas
to press the molten metal in a closed chamber is fed in, and
“the stock which leads molten metal to the mould together with
the mould clamping mechanlsm and controlling device of gas -
pressure and pressure-time. At present this techmque 1¢'
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mainly used for processmg aluminiura alloys, and the mould
used are raetallic. On aluminium alloys as a low pressure =28 0
.1~ 0.5 kgfem? is sufficient. When the poured metal solidifys,
the pressure iz normalized and then the casting is taken out of
the mould. :

9.3, 'Char_ acteristics

9.3.1. As conventional techniques all require considerably big
risers, runners and gates, the molten metal yield under these
processes is often ag poor ag 50%, By this Process, however,
an extreemly smell gate can DI‘OVlde sufficient feeding. The
vield can be raised up to 80 - 9‘”*% ‘Therefore, materlal_ can be
used eccnomically.

9.3.2. Because of its directicnal solidification characteristics
the casting is so solid that it is almost perfectly free from
porosity and shrinkage.

9.3.3. As the clean metal taken from the middle of the closed
furnace is filled in the mould, there seldom are castings that
contain oxide in thera. :

9. 3. 4. The cast iron mould is sufficient for this Process.
band cores can be used, '

9.3.5. The equipment is less cogtly in_éofnparisoﬁ with die
casting., But the px oduct1v1ty is-much ms.ermr to die custm)

' 8.4. Low "S’rcssare Dle Casting in the uture -
Although the present application of low pressure die cas:.ing '
is mainly confined to aluminium automotive parts, already in
the United States steel wheels zre being made by this process
at Griffin Wheel Company - Provided that a proper close-type
~container of molten metal, a stoke and moulds are obtamed
copper alloys, iron and sven steel, just a8 mentioned. above,
can be processed by this technique. In the future this technique
will perhaps be applied to various different fields, besides more
_ castlnb,- such as castmg mgots or hand hng molten metals.
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10. CASTINGS OF TITANIUM AND ZIRCONIUM

Titaniurn is now the focus of attention in the chemical indusiry,
for it has excellent corrosion and heat resisting prop’-\rties_a:ld
is light in weight, v while zirceonium is an important metal as the
mete rpl af atoraic reactor, RBoth of these metals, nowaver,
are difficult to be formed by casting, and it is required that th
metal should be melted in argon atomosphere and in 21 pat of tue
some metaly i, 2. titaninm, for instance, should be nelted in a
titanium not. This process is called - "'Skull Melting'. The
casting manipulation can not be carried out in the air, but in
argon atomosphere. The mould should be made of 2 material
that does nct react to the metal to melt. In Japan T2 Covern-
ment Tndustrial Regearch Institute of Magoya has suctecded in
castmf somie sample parts ceastaining cores with these metals.

Racently a ITihon Shinku Company has commercialize! twtamum

castmr =y the technique developed by ths Institute.

i1, CAST MBTAL ALLOYS

11,1 TModular Graphite Cast Iron
{Cuctile Cast Iron)
In In 1847 J, #. Morrogh succeeded in nodulizing tlz graphite
Ly adding cerium. Coinecidently, A, P, Gagnebin of uternatio- -
- nal Co. invented making nodular grachite cast iron b; adding
magnesium, As the graphite ig spherical, the stressconcent-
‘ration can be remarkably relieved, sothe toughness scornes
as high as cast steel. This cast iron is good in wearresistance.
Grain growth is selaom found affer frequent heatlng

Tahle 7. American Spemflca,tlons of LTodular uraphfc

Cagt Iron _ &
[ Tensile | Yield Elonga- | Hard- | . - :
strength| point tion ness © . Bemarks
kg/mm?2| kg/mm?2 % = | BHN -J. e
63.2 | 48.6 | 2.0 - 1225-285| Pearlitic Struture,
' ' | High strength, Wear-
S : S resistance, ascast
56.2 | 42.2 | 5.0 198-225 | High class cag iron,
_ ' 1 ... | as cast : :
42,2 { 31.8 1'15.0 | 140-180 Annealed to baferritic -




42 2 31.6 15.G 149-1805 | Annealed to be ferritic
) structure, Elongation

U SRR O o & o< A IS
55.2 42,2 ot 230-203 Timit of P not StI‘lf‘t
specifed As cast.

The matrix structure of nodular graphite cast iron is classgified
into three: ferrite, ferrite + pearlite, and pearh‘_ce, The nodular
graphite cast iron of pearlitic structure is the best in strength.

11.2., Liechanite
Meehanite Cast Iron which Meehan of the United States first

successlully made in 1926 is the most famous high class cast
iron containing graphite, of which shape and distribution pattern
are con‘crolled by inoculation. Its fine pearlitic matrix strue-
ture is produced by distributing flake zraphite evenly by inocu-
lating calciurn silicide. . It is one of the excellent cast iron

that has a tensile strength of as high as 40 kg/mm?2, low mass
effect, high wear resistance and little shrinkage cavity, and
little guench reck. Me¢hanite is also well-known for that foct
that a very detailed operation standard has been established for
this cast ircn as a result of the research works carried »ut for
years and years. ‘ '

There are soveral other tec‘m1ques of improving cast iron by
- inoculation such as the Lime Nitrogen Process originated by
Dr. Hisatsune of IMagoya Umvers:.ty and the ferro-silicon
addltlon method and 8o on. :

Meeh;nrte _Metal for. Generail _Machi.ne'ry '

| GM |GA | GB |Gc |Gp icE

Min. thickness: 12 12 g - 9 8 3
Tensile strength| 38 | 35 31 | 28 24 | 21
Yield strength 34 ] 32 24 | 21 18 18
Elastic modulus | 1.54 {1.4 |{1.26 {1.18 |1i.02 |9.84
' x10% | x10%] x194| x10%4]| x10%4| x104

104 102 102 -85

101 | 100

-Charpy impact | _ _ ' o .
value 30mam dia.| 1.1 | 1,6 | 2.8 | 8.6 ! 0.5 0.3

| rod, 450mm . o : ' )

| fulerura
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." : . . ] .
Transverse 11500 l1400 [1350 |1300 (1200 | 900
strength - 1700 1 1850 i550 { 1500 ! 13590 1266

Flexibility (A 7 7 5.5 | 5.5 | 5

| 8.5 | 8.5 | 85 | 85 | 85 | &5

Fatigue strength | 17.5 |15.5 |[13.5 [12.2 16.5 9.5
i’iaehmamllty,- 95 94 9 9 20 17
Cutter pressure
Hardness BEHN | 227 217 207 198 192 183
i3 3 _ :

Ho. ha r‘";\ﬁ S laar lzov |198 192 183 | 174
Specific gravity |7.3¢ |7.31 |7.28 |7.25 [7.22 [7.13 |

11.3. Cther C a.;’c Iron _

The high class cast iron of 2 fine, uniform eutectic graphite
structure produced by treating the molten metal with the slag
containing titenium oxide is an invention of Dr. Sawamura of
Kyoto University and is called ""SH cagt iron''. Sendite of Dr.
Honma is a2 high class cast iron made by incculation after treat-
ing with ﬂlghly reducing slag containing alkaline metal,

Still other cast iron of an imoproved matrix structure is the
acicular cast iron which is also called 'needle structure cast
iron''. This cast ircn contains 1 - 2% of nickel or copper added
to it. Ry this addition it is 1ntended to distribute graphite in -

. fine homogenious flakes,; and also to aroduce bhainite mb.trm
structure by heat trec.tment

11.4. Non-ferrous Alloy

S 31,4010 Al- 10% Mg alloy (Hydroneliwm, _Alcon 220, SARE 320
is a corrogicn-proof alloy that has the highest strenrrth w:mon{;
alurnininm alloys. It has e tensile strength of 20 kfj/ml 2 and
- an elongation of over 1% in ''as cast'', and has a tensile streng~
th of 30 Pg/ mm  and ah elongation of over 12% after heat-treat-
~ment, Therefore, this alloy is suitable for use wheré strength

- and impact resistance are particularly required. In meltmc

this alloy for casting, the trouble of the oxidation aud loss o
magnesium should be avoided. The beryllmm trec;tment can
answer this purpose. .
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Figure 1i, Influence of Addition Elements on A1 - 10%

Mg Alloy. :
The trouble of the oxidation
of Mg is very consgpicuous in
i g o o Be  800°C  §59 e Hydrenaliuza. The
\:':‘c‘.\'h‘*-.‘ Nofleex _ 4 4... ~ s
RN ., a.c.dltmn-of Be in small
~ 3 \ \:‘{l\:‘x_u--_-*""::;";_z ta amount is the most effective
® ' \ N9 Ifﬁ measure to prevent this
w G- . trouble.
E0 ' \ o
:g' of -4 B Tl 1 | .
No addition
T T
5 : 40— hr

11.4.2. Al - 18-20% Si alloy is a hypercutectic alloy containg
silicon in excess, and it precipitates 3i in the primary crystal -
contrary to silumin., The.tensile strength of this alloy in nor-
meal temperature is 17 - 19 kg/mm2 and the elongation 5.5 -
1,0%. These are sl1ght1 v lower than ¥ alloy, but is a tempera~
ture of 259°C the strength is 10 kg/mm? which is little different
from ¥ alloy. It has better therrmal expansion characteristics
~ than Y alloy. The linear thermal expansion coefficient of about
18 x 1978 is favorably compared with the coefficient of 7 alloy;
approx, 24 x 10798 As the Si percentage is high, it weighs
higher than aluminium. The specific gravity is some 2. 5.

It reported that the wear resistance, too, is superior to ¥
alloy. As this alloy is hypereutect:.c castings made by an

- ordinary process can not be used due to large primary cryst-
als of silicon. By modification with phosphorus these crystals
can be made finer. .There are various different methods to add
‘phosphorus. But the most simple and economical way is to use
superphosphate of lime. This is a result of the research works
at the Government Industrial Research Institute, Nagoya..
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Fig. 12 Expension Coefficicut of Al-5i system.
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i1.4.5. Mg alloy - # was only after the end of the World War I
{zround 1919) that magnesium alloy was put to practical use. _
Since then, however, there has been no noticeable development .
of the use of this alloy due to the considerable difficulty in hand-
ling and the insufficient corrosion resistance. But at present
this allov can be relieved from the trouble of combustion by
adding a small amount of beryllium, thereby reducmg casting
defects. The improved surface treating technique hag imnproved -
its corrosion resisting quality. These progresses have stimu-
lated the demand for this alloy. Automocbhile and light vehicle

" builders have- 1ntroduced AZ 63 alloy (I‘!’g - 8% Al - .3%Zn}into

- their production. - :

12. AUTOMATION OF FOUNDRY

Today there are many automation features in foundry machines
“and equipment. For instance, sand screening, sand mixing,
moulding, knock-out after pouring are often found autornated
‘with timers and buttons to a certain specifications, Most of
them, however, are not equipped with a feedback mechanism,
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and the proper control of the operation in accordance with the
change of the situation is nct maintained at present. 4 sand
preparation equipment recently installzd in the United States
has a feedback de vice which contirols the volume of water 1n
accordance with the volume of the sand taken in.

The casting process is complicated that automating this pro-

¢8s 18 not an easy task, but a coLL,oletely automated foundry
ha.f‘ already been in operation in Soviet Russia., This foundry
produces pistons of alurninium alloy. - The operation coraraenced
in 1958, and improvements were made in the following vears.

The present facilities were co*nplcted in 1955. Once Alumini-
um ingots were put through pouring, heat-treating, machining a
and packing until each & pieces of finished gocds come out in a

- box. It is said that this equipment produces 3, 400 pieces of

pistons during 24 hours. This foundry is now rep'(.rded as the m
most advanced foundry of full autoration in the world.

i3. CONCLUSICON

Most of the metal products we are using cwe to casting tech-
nique. Needless te say castings, sheets and pipes are all made
either rolling or extrusion from ingots that are castings.
Therefore, casting technique tz2kes an important role as the
basis of the metal processing, and whether this techruqne acl~
vances or not has a signifcant influence on the whole industry.

It is particularly true with machine industry. Certainly careful
~attention and efforts should be directed to casting.

Now, as rccre.r(‘u the composiie “mtur of custmp A patiern
is made in the rirst place and then sand moulds followed ; 0y
pouring. It is a usual process of casting, but at the same time
it is a complicated pr ocess which you cannot J:‘md anywhere -
else in metal procesmng

Therefore, for the advuncement of casting tenhmquc a fine
coop eration of various different fields covering a very wide
scope is required. It is possible only when the efforts in che-
mical, pottery, eclectric, mechanical and metallurgical engine-
erings are all combined together.: The recent remarkable pro-

gress in casting is certainly a success of Ssuch a combined
effort,
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Without the favarable understanding of mechanical engineers,
~a ingenious use of any easting technique, no matter how highly
advanced it may be, cannot be materialized successfully.

ven the most highly advanced casting technique does not affect
the fact about casting that the molten metal change into solid
gubgtanice. This phenomenon, therefore, sometimes creates
various defects. To get rid of these defects, the designing of
cast parts should naturally concur with the theory of solidifica-
tion, and in this sense the cast crank shaft is a good example
of fully delibzrated designing.

It is expected that casting technique will advance further and
further by the ! ‘,lp of knowledges in various fields. I is my
firm belief that introducing these knowledges is certainly impo-
rtant 2nd that here is Somethm mechanical engineers cannot
overlook, :
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PATTERNS

by: Junsuke Yarmada
- Emngincers Office,
Toundry Dept.,
TOYOTA MOTOR CG. LTD.

PREFACE

Pattern is a principal tool for cas’ciﬁg; Type of pattern must
be selected to suit the given product with due regard te the
quality, quantity and precision required by the casting, and 2lso
its cost.” A precision pattern of proper material and sdequate
design contributes not only to increase casting efficiency but
also remove several casting defects which cause high production
cost, : S

1. STANDARD SHAFES OF CASTING

What comes before the design and making of a pattern is th
determination of shape and dimensions of the product that fit
czsting. The following are the basic considerations theroct.

[0

1.1, Easic Considerations

1. 1.1, The wall thickness of casting should be as uniform
ag possgible, Sudden change in shape must be avoided, and
corners be mada round. R - A

1.1.2. Simple shape is desirable. The shape that rakes
casting easier is such as made up with circular arcs and
straight lines, with draft or cylindrical surfaces but with
few level surface, ' '

1.1.3. The structure with closed parts should be avoided;
if not avoidable, a cored hall as large as possible be made
‘there. Open-type structure is preferable.

1.1.4. It is desirable that the surfaces for machine finish
exist on one side. Delicate surface can be obtained by cast-
ing the finish surface in the drag. - :

1.1.5. Processing on both surfaces of casting should be

~avoided as much as possible. Especially, in case of pres- .
suretight casting, at least one casgt surface is desired to he
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left as it is.

1 1,8, Rei 1for<:1ng ribs for gray cast iron should not be
used ag mst compressive stress, bul not against tensile
str s They should be connecied with the thick sectlon in
curved line of circular arcs.

1.1.7, Inthe desipri of casting, strength should be so plan-
ned ag to obtain it rather from the structure than frora wall

i

thickness, which oy be limited to where casting is feasible.

i

-

Fes

part whic

. &, The locating point should be predetermined in the
1 =
locating g,-

h ne d mchmmg process. In casting work, the

nust be 80 selec:’cmd that the pomt is least su

sint m
ject to warping.
1. 1.3, Inthe design of a pattern, thorough investigation
Snould e made ﬂbout the plan for the making therecf cnd

ncl'“lw as well Anything wrong in the casting work should
be taken up as the subject of talk with the designer of the
product. If necessary, the plan for such pqrt may be alterad.

1.2, Stg adard O t Dimensions

The nmowledge of standard cast dimer.sions is necessary for
the designing of its pattern. The Table 1 to 10, show dimen-
sional tolerance, thickness tolerance, dr aft allowances, mini-
mum wall thickness, machine finish allowance for cast iron
and steel by sand mold, and dimengional tolerance for shell
mola casting. ' : ' :

1.3, ctmna.l Shapef‘

In designing and making pattern care should be takeq for the
- shapes of sections of the cast not to give Sudden change in wall
thickness znd not to cause local heavy sectmn Shown as fol-
lows are the standar ds thereof; '

Thickness changing section {see Flg 1,2)

R S
1.3.2. L and V-crossing section {see Fig. 3-8)
1.3.3. T-crossing section (see Fig.9 - 11)
1.3.4. Crosswise section (see Fig. 12, 13)
1.3.5. Roundness at edges (see Fig. 14, Table 11)
3

et
.
.

Cored holes (see Fig. Table 12)
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2.

DIMENSIONS OF PATTERN
2.1. Shrinkage Allowance.

Usually each easting material has a shrinkage rule of its
own, which however varies according to the shape and casting
plan, even if made up of same material., Distortion in cast
can be prevented to some extént by rrachine finish allowance,
which however can not be applicable to everywhere, To thosa
sections ghrinkage rule should be ayphed with'the help of ex-~
periences or dependent on actual results of casting. Some-

times shrinkage rule is not used when the cast is smaller than

30 murn in size, or a pattern is made smaller than in the draw-
ing for a part smaller than 10 mm, if the method of pattern
draw permits it. Swelling in pattern is almost neglizible when
molding machine is used for drawing metal pattern with vibra-

tion (seﬂ Table 13 - 15)

2. 2. Liachine Finish Allowance

The standards of this allowance are shown in Table 7 - S,
Some examples of machine finish allowance by pouring state
are given in Table 16. A minimum of machine finish 2llow-

- ance, however, is the constant demand of mass production,
- and practically this allowance is smaller than those shown in

Table 16. This allowance for sections to be finished only by

~grinding machine, like in case of chilled casting, is from

0.5t0 1.5 mm - varies accordmp’ to the shape and size of t;.

cast.

9.3, Draft .

Table 3 shows,'standa_rds of draft allowance.  Three methods
are conceivable as those for making draft, as shown in Table .
15, The method should be determined according to the shape -

~of the cast and its use. . Common in use is a plus draft of

10 mm to 25 mm per 1 m. Sharper draft is needed in inside
than in outside of the pattern. In case the shape and distance
from the parting line do not nermﬂ: standard draft, an easier
draft should be made. In most cases, however, draft is made
as sharp as possible for ecasier dr'wnng of pattern.. Especia-
Ly, to print and the section of loose piece 10/103 to 25/ 100
draft is upplled '
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- 2.4, Print

The print is made strong enough to endure the pregsure and
buoyancy of the metal flow, when pouring is conducted on the
pattern with its core fized. Con31dcrat10n also should be taken
to let it work to remove the gas produced in the core.

Fig. 18 shows examples of pr ints,

2 5. DPistortion Allowance

If a distortion arising in a certain section of the cast can not
be covered by shrinkage rule and machine finish allowance,
dimensgions or shape of the pattern ig required to be corrected
s0 that the actual dimensions of the cast conform exactly to
thoge in the drawing after the said distortion. occurred This
is called distortion allowance -

2.8, Parting Line -

The parting line should be so arranged as to ensure easy
molding. The locating point should be predetermined at the
time of designing pattern, and be arranged on one side of the
parting surface, not on the cored surface.

3. DESIGN AND MAKING OF PATTERNS .

In reSpect of r‘noldmg method, 1nvest1gat10n of w1de scope
should be conducted on such data as the size, quantity, greci- -
sion of the cast to be produced molclmo* equlpment ete.
Accordingly, the molding method can not be confined within

~ definite limits, Principal items of investigation follow:

3.1. Frevious arrangements be made with the foﬁndry' shbp.
If the green sand ig not used for molding, then the pattern
must be prepared to suit some other method

3.2. The maximum quantity of productlon be checked flrst

To meet a large quantity of production special regard should

be paid to the structure and material of the pattern, which in
- this case may be of metal or metal- I‘Gli‘lfOl“CCd wood '

3.3. Structure and premswn of the finished pattern should be
mvestlgated checking up with the requirements in dlmenS:Lo-
nal premSlon of the cast to be produced '
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3.4. Investigation and making of flask plate, gauge etc.,
needed to be fixed to the pattern for casting then follow. The
fellowing are the. details of patterns cla.,;mﬁed by quantity of
pI‘OdLC{'."O"l Pattern for 5, 000 to 50, 600 Castings

The paitern and core box should be made of metal such as
-cast ircn, brass, bronze or magnesiv.m. Smooth surface he
finished with exact dimensions. The cope and drag pattern
may be fixed to the pattern plate or cast on alminum cope and
dry plate. In case of small casting, a number of patterns
may be arranged on the match plate together with gating
system. The large pattern is fixed to the stable board of
mahogany, and steel wearing plates ave applied to the wearing
edges and the flask rest of board. For ribs and loose pieces
aluminiuim is used as their material (Fig. 17, 18, Table 15},
Wearing plates should be applied to the: wearing surfaces of
the core box; blow holes and vent holes be arranged tob.

On the other hand, required number of dryers (Fig. 19, 2;)
core setting and pasting gages (Fig. 21) must be prepzared.

This type of pattern is used for parts of automobile, tyne-
writer, parts of office instruments, large marine and sta-
tionary engines, parts of truck, farm implements etc’?

Pattern for 500 to 5 600 Castmg
In case of large size, pattern should be made of hard wood.
and must be of high production. For small size, aluminium
match plate or hard wood pattern is used, f1xed to alurniniuza
_ plate. :

“As to the remforcement at wearing points and c.rran:remeptp
attached to the pattern, same things are apphcable as in the
precedmp’ paragraph. Hard wood is soractimes used for the
core box but in this case conmderc.tlcm should be taa{en thor-
oughly agamst wearmg

'Pattern for 100 ~ 500 Casting R
IFor the production to this extent, the pattern is made of
hard wood or pme ‘But the pattern and core box should be of
solid structure. The cope and drug patterns are fixed to hard
wood or composite board. Aluminium is preferable for ribs
and loose pieces. Pine ig used for exceptionaly large size
pattern. It costs cheaper than hard wood or aluminium.
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Pine is rather soft and the pattern and core box' are I‘equ.ired
to be trimmed with hard wood. Coating is applied four times -
carefully to the pattern. Dryers and core gage are prepared
when necessary. Attention be paid to the possibility that Pre-
cision and molding efficiency make 2 sudden drop when {his
type of pattern is used more than was planned.

Pattern for 10 - 100 Casting .

Loose pattern made of pine of good quality is adopted. here.
Split type is preferable, if possible. ®or easier drgwmg of
pattern, napping plate is fixed thereto. The fragile'patter_n _
should be fixed to the wooden or metal plate. Three times
may be enough for coating.

Pattern for i-- 10 Casting '
Pine or cedar is usually used for large type. It is of loose

type, and two times be enough for ccating. The use of this
type of pattern is limited to a very few casting just for temp-
orary or experimental purposes, and the ccst of pattern be
reduced to a minimum. Hard wood is preferable for small
but complicated structure. Thig ensures good quality and
precisicn at no high cost of material, This type of patterns
is limited only tc the use for very few quantity of jigs or re-
placement parts. They are cast away after use, because of
storage troubles. ' B

Other than stated above, special metal pattern, like ghell -
mold, should be prepared for the requirement of the cast in
- large gquantity with exceptionaly high vrecision, The material
- that is apt'io be distorted or excessively swollen is not fitted
- for the shell mold which is operated between 200 C and 300 C..
‘Desirable material is of such nature as good heat conductivity |
~and large heat capacity. Ejector pin is arranged for the pat-
- tern plate and core box. Source of heating is gas or electri-
city. Tools usually used in pattern making are lathe, drilling

- machine, milling machine, shaper and grinding machine.

For large quantity of metal patterns diesinker etc. are used.

- Finishings of filing, scraping and polishing are 21l hand works.
Recently, patterns of good precision are made of cast, which
needs no machine finish, by rmeans cf precision casting like

' shaw process. ' e | IR
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Table 1. Dimensional Tolerance {ram}

(JIS)
]é Cast iron | Cast steel
Length | T—hgher MT@;’E&E; fr"}fligher | Crdinary
- -_.'_-___rﬁ-‘_?f?fffi"f’?_ PE)_I_‘Q‘C;I‘_S_{.OJ_E AUB?CCISIO.I]‘ precision
10 #1.0 i ER%: +1.5 ! +2,0
100 - 209 +1.5 l +2.5 + 2.0 5 3.5
200 - 400 $3.0 | 8.0 J + 2.5 r +4,9
400 - 800 | #3.0 4.0 f +4.0 l.:rs.a
805 - 1€00| +4.0 | 50 | #60 | *7.0
1600 - 3165 | o C in e | 41000
Table 2. Thickness Precision (mir) |
(J15)
Length | Highfar‘ o Grdi{la-ry
| precision | precision
s +05 | 1.0
5- 10 l 1.0 FL5
15-20 | +1.5 | +2.0
20 - 30 " +2.0 +3.,0
32-40 | 20 | £4.0
- Table . Draft Allowancé_
| | (JIS)
Gutward or Tnward Draft g Highf—:r." ; Ordinary.
o | precision -| precision’
Outward = 20/1000 ; = 30/1000
Inward ' % = 30/1000 i - 50,1003. .
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Table 4. Minimum Wall Thickness For Gray Cast Trea (soam)

Materials 5 Wiinimum thickness
FC-.m ! - %_3 T
FC 15 4
¥C 20 | 5
rC 25 7
BC 30 l i3
FC 35 12

(JSME)
Length - | Minimura Wall thickness
e T et
200 - 500 - 8
500 - 800 3
800 - 1530 12
1500 - 2200 13
2200 - 3000 28
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Table 7.  Bore ¥Finish Allowance, Cne Side (mm)

(JSME)

Diam. of Hole b _Finish Allowance
o B E_ﬂ?_‘—ls:c_ircz}}_:{aft steel
<20 | s | 4
200 - 300 4 :
300 - 409 5 5
400 - 700 g : 7
700 - 1100 - | 9
1100 - 1800 9 ' 11
1600 - 2200 | 12 | 13
2200 - 3000 | 12 i 15
Table 8. Surface Finish Allowance (mm)
- (ISME)
Distance from ' . Finish Allowance
. 200 3 ; 4
200-400 | & | 5
400 -700 | 5 5
700 - 1100 g | 7
- 1100 - 1800 7 ‘ 9
1600 - 2200 8 11
2200 - 3000 | 9 13
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g Matals (AL F.S.)

i'able 2. Machine Finish Allowances- : Vnricas
Pattern * R hl_L‘” 1ces _]TP'_;___W.,H______
Size, in. t—é—o}“e hSﬁrfa ce Op?_?_lfl_e_"____
"-;:;'_.—E;St Tron B HT-— T T o
Unto & vovvneens .. 1/8 2/22 3/1s
510 12 warrnns.) s s | 14
126020 ..., 3/16  5/32 1/4
204036 -erinin . /e 3/18 1/4
BEH0 GE ceeennn 518 3/1¢ 5/1¢
Cast Steel ; _ .
Upto G erervrrennn . 1/3 1/5 | 1/4.
s 1 e vt él/é 3/18 1/4_
12022 -+ -- - 1/ﬁ /4 5/1¢
261028 ol %9/32 E 3/8
BG40 G0 e en e 5/18 14 | /2
Non; Ferrcus 1. |
Uptod cevinennns 1/1z /i3 1/1g
B3E0 Brrrunaanen 3/32 Caj1a o 3/3z
stQ 19 v, é3/32 i/i8 1/8
1240 20 cvevnenn. 1/3 2/39 . .- ' 1'./.8 )
201033 e r.. PR SV N VI 5/32
AR 1O B0 v l5/32 1/& E '3/1..3
Admiralty Metal L B
Upto 24 ........ RERRpIL: i/4 ! - 3/8
| _
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Table 10. Dimensional Tolerance For Shell Mold Castings (mm)

. (JSMA)
| Cast iron, Cast steel, S
Copper alloy Light alloy
Length Parallel tc Vertic alt;ffa;allcl—fo r?eﬁlégi"
: parting parting i parting to parting
surface surface | surface surface
e e TS [ N
<50 + 0,20 S +0.30 | +0.10 +0.30
50 - 10| +0.25 £0.40 | +0.15 +3.40
100 - 2000 +o0.a0 | +o0.50 | +40.29 +0.50
_ : i h
200 - 380! +0.50 — l +0.30 —
300 - £06] ——m—mr ——— | t+o.40 S
- !
400 = 500} —— | ——- t +0.50 | -

Table 11. Minimm of Roundness at ®dges (mm)

o ; Wall thickness of Cast goods
Materials |- -
- 3-518-18 i3 - 20 25 - 4@
"Gray. iron - 11 2 3
‘Malleable iron 1 1 2 3
Steel _ 3 4 5
Al alloy 1 1 2 i 3
Cualloy | 1 i 2 S
_ _ !
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COERD HCOLES (A.F.S.)

" Table 12, --- MINIMUM SIZE OF Sl

D=1/2¢t; D= dia. corein in.,usually
not less than 1/4-in., and t = section

f thickness in in. -

| D = 1/2 t, usually greater than 0.25-in. D.

| Sand Castings

FPermanent Moids !

Die Castings |
Copper Ease ' 3/18-in. dia.

Aluminum Base ! 3f32-in. dia.
Zinc -Base . 1/32-in. dia.
Magnesium Base: 3/32-in. dia.

Plaster Molds ' Cores under 1/2-in. dia. normally drilled.

Table 13. Relations among Shape, Material and Shrinkage Rule

“~Shrinkage | } i e .
\rule . 10-12 7 P 20-2}/ 24-287
Mater-"_ | /ﬁOO f 1000 | 1000 1000
o a e ~. 1 S o -~ .
ial & Shape™ : !

Material | Cast iron | Castiron | Cast Steel | Cast Steel
o R I _

Shape | Compli- | Simple or | Compli- Simple or

_ : cated or | thick - | cated or thick

‘thin ) | thin |

Table 14. Rates of Contraction by Metal

Mlaterial - ECast iron r _Cast steel i Copper alloy
Rate of Contraction ' 7-8/1000 | 18-17/1000, 11-12/1000
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Table 15. --- PATTERN SHENTKAGE ALLOWANCES (A, F.S. )

s 2
(Before specifying consult the patternmaker and foundryman)
p 1 Pattern ' T i %
iillb;‘l:g _ Dimension, igg;:t?f | 'Sriiillg_n Contraction,
L j. M. ruction ness,in. in. /H.
Gray Cast "Upto 24 %Open , _i/gh_
Ironl from 25 to 48 |Open | L 1/10
' over 48 !Cpen ! L if12
upto24 Cored . . 1/8
from 25 to 36 : Cored | . 1/1s
i over 38 i Cored | o 1/i2
Cast Steel? up to 24 ' Open J 1/4
from 25 to 72 {Cpen | . 3/i8
over 72 x EOpen . 5/32
up to 18 i Cored | L i/4
from 19 to 48 {Cored , bo3/18
from 49 to 88 |Cored | . 5/32
over 8§ i Cored - 1i/s8
Malleable Cast = - | - 1/183 . 11/544
Iron?® ! - 1/8 1 5732
- . 3/16 . 19/128
| . 1/4  9/s4
| - 3/8 1 . 1/8
| G2 7/s4
i 5/8 1 3/32
} . 3/4 | 5/64°
. Lo7/8 L 3/84
| | o 1 | 1/32
Aluminum ! up to 48 ~Open | . 5/32
. 49to72  Open 0 9/e4
over 72 Open | |o1/8°
up to 24 Cored | - .1 B5/32
_over 48 Cored 9/84t0 1/8
from 25 to 48 - Cored |1/8to 1/18
‘Magnesium upto 48 - :Open | 11/18
: . over 48 ‘Open ! - 5/32
L oup to 24 ' Cored | - 5fgs
- over 24 ‘Cored 15/32 to 1/8
Brass - -+ - 3/18
Bronze , . | - 'i/8to 1/4




Table 1€,

Finish Allowance classified by size.

Size of ;
Casting | 30D
Upper | g
Surface | ;
. i ;
Side | g~5

Surface

Bottom

| 600

;
b1T 12

[

135
1

i

N i
!
GO .
1

and surface

Table 17,

Composition

of Metal Pattern Material.

.-‘\NA\ 7
.
.

Metald~.__!

i
Cost iron |

Copper
alloy

Aluminum |

“alloy

"

i
i
!
f
}
|
;
1
!
)
|

Cu

OSSO O

Sn

Zn Ph ! Al! Si

t'92 ;
g8
‘91

1.80

~2.10

80 |
<
j

811;

1.5

Ire

1.5

VORI U S
i

|

m
L

3.10
~3.30
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Table 18.

635
630
830
800
800
800

800
1000
1000

450
500
630
400
500
630
800
§30
809

A oy e Ao o 2t = s i e | e et S e e i i e e 2 e ]

425

516
513

1; = 1; +1102)
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2 Pig. i
TN Thickness Changing Section -
[ Q;L;D _
Hon _
o t. T 3/2t
1=4(T-1t) 1=4(T-1)
k1
M=
o

(A} Where length is available enough for draft

T i T
1=4{T-t), r:% or - 1‘=4('“£‘-t), T= 57 or 3”
[T " e
(A N S e
How s . k2 -
L '_i : "‘r\] 1 t‘_'}//‘_‘
m .

(B) Where length is not enough for draft

Fig. 2 Thickness Changing Secticn -

t+7T ' L _
TETLTT | - .
P4 .
_ | ] e Tr
B =t+T=2ror w4
t+1 T
e L_@ T Fig. 5 L-crossing Section,
= Tl : Cutside pointed, --
-Fig..‘%

L~ecrossing Section -

Fig.¢ - V-crossing Section,
, Cutside pointed,
- Neter Not applicable
- - where ¢ <27
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1
N
—
3
i
r+

o a=T-1
T
A R :-g-
i R V=
“: \I‘ 1/;\? g 1=32(T-1)
] ! le| == T-t_ 1
- [ & Z T 4
Fig. 7 Flg 11 rEY or vy

L -crossing Section,

: T-Crogsing(thick and thin)
Cutside peointed, -

Section -

P :\__._‘_
. Yy =i
s 8 St S aotian A t
IFig. 8 V-crossing Section, VA N T
L - o o
Outside pointed, - ‘ v lh 3

Note: Mot applicable

7 30 g’ s
K where A <2 Pig. 12 Crosswise Secticn -

{-: {"h’s

r” r“—“—é-:- or
ot |

g.9 T-crossing Section-

mf =]

i

T -
-]
t .1
T =g O oo

_ 2773
Fig. 10 'T-Crossing Section-
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Dimensions for square (fn) Dimensions for rectangle (in}

73+ x 60°

60*x 48"

Tz n 48"

56 x42°

487w 164

60 36* //

™~

427 % 30

ELaE 2]

3Z w16

30 > 24

26 x 22"

th

51

I ]

AL o

X IE,

[ Td
SRR ¢ L ¥ Al

T2 = 36"

et

ARt % 36"

427w 82e

. 48" <48~

O = i

nhtx 66

f Té=w T2r
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Fig 18
Blowing Hole - B]owing"Ho_]e Blowing Hole Extended
Located At End of Extended Down into Box
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Top of Box S . :

ii_--- Blow plate
R ) .
L— Wearing-plate
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Fig 19 Typecal Blowing Hole Arrungements
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CASTING PLANS

By: Osamu Wakamura
Iron Foundry Dect,
Howa Machinary, Ltd,

1. BASES FOR CASTING PLANS
1.1. ~Introduction

1. 1.1, Purposes of Casting Plans

Good castings are pessible only through proper casting
method. Proper casting method can bhe praciiced through
comprehension of principles of casting process, scientific
orientation of large number of experiences, and utilization
of those experiences on the basis of good technique and
efficient system of equipment -and facilities.

In the process of making a cast, many operational factors
are involved, which affect the quality of final product in
many ways. It is, therefore, nccessary that a casting plan
be prepared with minute attention to the detail of each step
of the process. While it is important that every effort must
be exerted to cast good-quality casting, it is needless to say
that an enterprise, to make a rezsonable profit, must pro-
duce castings quickly and at:low cost. There are many ways

-~ and means of producing castings. Which one to choose dep-
. ends upon different conditions of a particular plant.

Casting pians fbrm the basis of quality and process controls. |
Casting plans mean how to Caut qu:xlrty casting quaickly and
at low cost. :

1,12 Items to' be_ConSidered'in Making Casting Flans and
Their Crder. Casting.plans should be made in the order of
- theitems shown in Table 1.

Table '1. - Item Lo be L.unmdered in Ma kmg Casting Flans

A r’attern --- 1, Type of patter"x.
- 2. Core print (Out er wooden case)
3. Machining allowance
4. Correction allowance



E. Mold ---

C. Pouring--

D. Tinishing-

o3 -3 o

~

i

il.
12,

o
U

14,

15.
18.
17.
18.
i8.
20,
21.
22,
23.
24,
2.
28,

(33

& i,
28,
29.

30;
31.
32.
33.
34.
- 35.
38.

37,
38,
39.
4¢.
41.

42,

Shrinkage ~llowance

.4141 ue ant risowr,

Gauge.

Markings on the master paitern and core
box.

Pattern draft.

Rapping.

Kapping bar.

Center line. _
Number of master patterns and core boxes.
Mold board and mold flask.

Type of the mold.
Type of the core.
Order of molding.
Warp.

Chiller.

Core grid and rope,

Sand thickness of the pattern and core,
Usage of nails.

Vent,

Filler {rounding)

Coating.

Tie piece.

Drying. :

Setting of mold flask..

Construction of core.

Composition of the material metal.
Weight

‘Weight of cagting.

Pouring method.
Pouring cup.

Pouring time.
Pouring te‘nperﬂtur\,

Shake- out,

Cleaning.-

Finishing of cast
Annealing.

-otramhtenmrf .

Lran°p01 i.etln of the tinal produut
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1.2. Gating System

to produce a perfect caat dimensions, shapes, number, and
positions of the sprue, runner, gate, {low-off, riser and pour-
ing cup must be proper for the dimension and sha pe of the
cast. Following points must be cbscrved in determining the
gating system.

{1} Pour with caution but as quickly 25 possible.

(2} When there is no need to fear the mixing of the glag in
the metal or breakage of the mold, pour the upper part
of the cast first whenever possible.

(3) Be certain that all mold cavitics are uniformly f1llecl
with molten metal, ' .

(4) Avoid pouring to the direction which might gwe an un-
usual impact against the mold wall.

(5) Design the gate and runner so =5 to separate the slag
from the metal. '

The above points and the dimensicns and shapes of the sprue,
gate, and riser are usually determined based on mapy experi-
ences and intuition. However, in order to determine thase
dimengions and shapes scientificzily, it is necessary to com-
pute them ©n an empirical formula. From this point of view,
I wish to descrlbe some of the bzsic matters of the gating
system
1.2.1. Pouring Time

. Pouring must bie done quickly but with caution. Ceutiocus

pouring, however, tends to prolong the pouring time, there-

by causing the following defects. ' '

(1) For thin castings, uneven distribution of the metal occu-

rs, thereby causing the separation of the section.

(2) Scab and wash tend to appear in front of the gat\. due to

" the gate always gets heat.

{3} Rc.dlant heat of the molien metal tends to cause pull

down on the surface of the upper portion of the cast.

Cn the other hand quick pouring eliminates the above de-
fects hut tcnd.a to cause the following: :
- (1) Metal glves an 1mpact agamst the mold often damaging
' it. '
(2) Air in the mold cavities is not allowed sufficient tlme to
escape and raises the inner pressure, thereby lifting

_57..'



the mold or causing blow-holes in the (?ast.
(3) The gate is enlarged resulting in low yield.

Thus, pouring time is often dependent upon and must }?e
determined by the nature of the mold. Of course, pouring
and temperature, An example of the formula for computing
pouring time is given below:

T=5/JW (H.W. Dietert)
T = Pouring time (sec.)

§]

LS
W = Weight of casting (kg)
S = Cocfficient due to casting thickness

Casting thickness SHE
2.8-3.8 : 1.83°
4,0- 8.0 1. 85
'8.4- 15.5 2.2

T=({A +19.8 0.3 ) x 10 (Dr. Kusunose)
A=varies with size of core and permea-
bility of sand
t = casting thickness
w=casgting weight

1.2.2. Area of the Gate _ ;
If the pouring time is to be determined by any forraula,
then it is necessary to determine the proper area of the
gate. When the molten metal enters into the mold through
the sprue, metal velocity at the gate is adversely affected -
by varicus resistance forces znd the actual velocity (v)
~ becomes smaller than ths theoretical velocity (vo).

Ve = 2gh a-aen (1)

Vo = metal velocity

h = level of the pouring -
basin above the gate I ’ )

g = acceleration due to - h
gravity 1 —=— Vo

VE ¢ 2gh —mmaeee (1) CIERTETT

c -

coefficient of metal flow,

Quantity of the metal poured with
is as follows: _ _

- V= VA -oenes ——e-(2)

A = area of the gate (cm?)

98-

in the i_mit'pouring:time (V)

n



If the pouring time is determined, the following forrmula
may be established:

w=Ev.A T, ~-o-oneeo {2}
w

SR R 2

T ¥ @
Y =

density of the metzl {g!c1113)"f=pouring time (sec)
casting weight (g.)

i

W

Theoretically speaking, A may be determined using the
above formula. In pra;ctic':e, however, the prohlem is how to
choose v and A, Following is an explanation of empirical
formula for the purpose of determining A based on actual
- numerical values of coefficient of guantity of the metal

poured: —

' = ¢.0 f y2gh

velocity of liquid at gate

coefficient due to metal flow

coefficient due to resistance of sprue wzll

confficient due to resistance at gate
18.27+ a%.28

1,84 - =g e (5)

with d == 80 mm,

e o<
I

2
1

1 = 1668 mm

~Also, values of ¢! are as showm in Table 2. Thus, when
" ap is determined, v may be determined using forrmulas {5}
and (4), then A may be determined using formula (3)'.

i
PN .
i
\
\
i)
}
4
A
4
2
e



Table 2 - Values of & £ (mth the length of rummer at 50¢ mm '
or less)

Gating Ratio V‘alue 4 fﬁ)

S (dlrectga’ce)

[

C.B.A =1:2:1.2 | 3. 95

CoBiAr =1:2:1 j‘ 0.85

CiBiA: =1:2:0.8 . 9. 75
1.2.2, Gating Ratio

As prevmualy mentioned, dimensions of gating system
depend to a large extent upon the pouring time. Several ex-
:quleﬂ of area ratio of the sprue, runner and gate are shown

able 3
Table 2 - Gating Ratio
Tasting Ratlo : Remarks Studied By
1:0.75:0.5 | S Doliwa
1:G.81:0.825 | For more than 10-ton cast | Hess
1:3.88:8, 718 For less than 10-ton cast | Hess
1:3.98:0.9 i For thin plate-like cast | Hess
1:0.75:0.5 For castmg with two Sprues Miakowski
1:0.75:0, 25 : : . . '
1:1.2:6.8 | _ S -;Osa_nn.

1.2.4. Shape of the Gating System

(1) Sprue cup - - - The function of sprue’ cup is to hold the
molien metal before it flows into the mold so as to let the
impurities, such as slag, float to the surface. The dimen-
sion of the sprue cup is said to be preferable when its cross

-section is 40 times of that of the gate. Several shapes of
sprue cups are shown in Fig, 1 ' ‘ o

) Jx
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_ / \\'V@fﬂllﬁ[ Strainer
1[I .Y

-
Pencil gate -

Sprue should not be in center of the cup
because molten metal may include slag & air.

Pencil Fig.1 - Shapes of the Sprue Cups

(2) Sprue - ~ - Cross section of the sprue is usually round
for the reasons that it is easier to shape and it has affect of
delaying cooling of the metal because of relative smallness
of the area. When the molten metal drops through the per-
pendicular sprue, the lower it reaches, the smaller the
area of its cross section becomes ag shown in the equasicn.
(6). As this is liable to separate the molten metal away from
the wall of the sprue and cause the surrounding air to zet
mixed with the metal, the crosz section of the sprue should
be tapered as shown in Fig. 2 (&) so that the molten metal
always fills sprue completely.

Ay [y

S SN LR SR {3)

Ag ! b1
whér__'e _
A= Area of s'prue er_l’trance
Ag = Area of any other location in the sprue

hy = Distance from top of the pouring basin to the location

‘hy .= Level of the pouring basin

- above the sprue entrance.

- /1 -



heo - ,‘_ Ab'/ AR
‘1
Ao =
Air ) 2 H1 h2
e |
A _“’Az . i l)’/
/d'\ _/ i
.t*-.l .
a) Straight Sprue ~b) Tapered Sprue
Fig, 2.
(3} Runner and Gate - - The function of the runner is to _

distributesthe molten metal entering through the sprue to
proper locations inside the mold, The temperature of the
‘metal tends to drop during its course through the runner.
Therefore, it is :le'sirable ts make the dimensicn of the
runner feirly large. Besides, as it is also the last device
to remove the slag and sand, which might be rolled into the
~metal, the shzpe of the runner must be devised Wlth special
consideration. Some of the shape of the runner are shown '
- in Fig. 3. ' ‘ :

_ (a)

i




Fig. 4 shows some of the metheds for slagging off in the runner,

i -~ ) ﬂ
’\/“\;/\,/’\ ( 5
I ]

W

— =y

SN—
(o)) (b) (c)
T /(@) Slagging-off Runner 2ndry
Swirl Runner Sprue Runner
(@) .
f j (£)
Dam type Runner ho““ E?ate / Strainer

Flg é Mixed Type
1.3, Riscring

- The function of the riser is to compensate for shrinkage of
‘metal during solidification. Therefore, it is necessary that

‘ the metal in the riser solidify more slouly than the cast itself.
Conditions of solidification

vary in accordance with the g»
different _chem_ica.l composi- o sraphatization
“tion of the metal. There- 5 L
fore, the dimcnsion of the Bl Ordinary Gray|iron
riser must be varied in A ' ‘—"< Pearlite
. accordance with the che- B _t\lﬂinﬁgima"
mical composition of the i0 i

metal. Fig. 5 shows the X
processes of swelling and

* | . o £y
contraction of gray iron ty |White ; 91" iron
and white pig iron durin g | (low carbon
S Fo during o Gray iron)
cooling. The siaaller the ¥y _
amount of standard carbon, =
.the larger the contraction “ -

' . Pouring

ratio, thereby making Tirne ofter pourmg

T

_ g3 -



owever, for gray iron, when the
" cooling speed is delayed by means of risering, growth ?r_f grar
phite takes place, thru affecting adversely the quality S which
sne should be careful. Also, to ma ke the riser effective, one
should ccnsider carefully the positions of the riser and the

~ota g0 that the metal is always given directional solidifica-
~d

tion. The dimension of the riser may he roughly computec
using the following equasions:

larger riser necessary. H

O 933
on X=1+"3
’?m ordinary gray ir 1 5,03
. - - 14 0. 087
For low carbon gray iron X =1 A

Volume of riser

s [ O,

= 7 Volume of cast

Surface area of c:'*st[volume of cast
Surface area of miser/volume of riser

X-—

1.4, Pouring Toemperature

The higher the pouring temperature, the more heated the
mold hecomes, causing the sizes of graphite to become larger.
It is considered that this affects adversely on the mechanical
properties of the cast. Cn the cther hand as higher tempera-

ture gives better fluidity of the metzal, it tends to lessen such
defects as poor distribution of the metal, inclusion of sands

- and blow-holes. As the metal tapped at h1gh temperature con-
tains rmauch gas in it, it is necessary to let it settle for a while.
Lue to the '»ba\re reasons, proper temperature must be chosen
for pouring in accordance with the thickness of the wall of the
cast and the type of the maold. : ' :

S 1.5, i""h;tlle:z'

" The chiller is used for the pnrpogeo of making the solidifi-
cation of thick portion of the cast and/or the portion of high
temperature properly, and also of razking the material rnc-:tal
dense in order to avoid blow-holes and cracklng

'1.5.1.  Size of the Chiller -

Size of the chiller is determined in accordance with the
thickness of the cast and the chilling capacity which, in turn,

-84~



is dependent on the material of the chiller. Generally speak-
ing, gray iron or steel is used as a chiller. The thicker the
chiller is, the larger its chilling effect is. However, the
chilling effect is dependent on the thickness of the chiller
only to a certain extent, over which the chilling effect dces
nct increase. According to the resulis of experiments ot
0.7t - 1.0t, while t is the thickness of the nortica ~f the
cast which is applied directly to the chiller. Fig. & shows
the usage of the chiller.

\Jl | {'\7

. !
7
Ll
_T/l_‘ | | \\_/

. - \';" .
 chiller —-L__—-f’?‘_" (b)

. ‘ (C) ,,’;;.,,‘
77 Se(E)
Fig. &

1.5.2. -Placement of the CThiller

Even if the chiller is of the appriprizte thickness, hot
tear sometimes occures at the edge »f chiller as shown in
Pig. 7. In order to prevent this from occurring, shepe of
“the chiller must be designed s2 =8 to lessen the temrzeraturs
curve of solidified section and the salidifying section.

o ———

liguiz -+ solid




1.8, Cautions Against the Casting Strain .

Strain takes plaéc in the cast because the cooling speed and
rasistance to the contraction of the core metal differ in vari-

Strain also occurs when cast is shaken out pre-
Cautions against

oug sections.
maturely or is given impact while still hot.

the strain are as follows:

(1) Core should be hollow whenever possible to allow the
Rope may be would around the core metal.
way it is easy to change

better shrinking.
Algo, core .Jhould be formed in a

its form.

2

(2} The gate, sprue and riser should be placed where they
do not become obstacles to shrlnkm.»

s Flask




(3) Where the mold and core

resist shrinking tie piece
should be attached.

Fig. 10

!

Tie piece

(4) For the mold and core which are liable to warp,
reverse warp should be given to the pattern.

(5) Early shake-out frequently causes warpage. Therefsre,
shake-out should be done after sufficient cocling time.

2. EXAMPLES OF CASTING PLANS
2.1. Sylinder for Carding Machine
A, Spécifications for the Froduct.

(1) Material FC 25

(2) Weight FPouring weight 890 kg. Casting
) weight 780 kz. ‘

(3) Others  (a) Tolerance for balance
o ' = - - within 7.5 kg.
(b) Stress-relieving annealing suauld be
performed after rough grinding.

. B. Pattern Gray iron metal pattern.
' Sweeping mold for the core.

C. - Molding Plan Contraction rule : 10/1000
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\f e E r—“ﬁﬁﬂ - Sprue
N SRS U _
\ o | L7 gate
Moo/ - [ tlow orr
L loaas | L e
E -y mee CCPE
| 1D
: -~ . ! . )
( P | L -—--- casting
f ) .;;:-.'"]./”l - i l ,E |J
S J/"'} j l ‘__,"J

Sectionl |
of core

D. I‘ﬂaterlals to be Used - _
(1) BMolding sand is dry sand with the composﬂ:lons shown-
below: S :
{a) Master mold

Material = - | 0ol Sand | No. 2 Slllca No. 4 Silica ; Kibushi
| Mixing RPztio : | Sand = | - Sand Clay
| Weiglt | 50 26 |30 . 4.5

- 68 -



Properties

: Perm_ea—" Green compres-! I Dry compres- . Clay !

s ey '
Woistare i b'l'ty i sive Strength - sive strength ; content
7.0-8.0% 1450-550 | 400- 500 | 3500 -25'\5_'—;“{5_7407

(b) Core sand is the same with the above with the
exception of clay contents at 10 instead of 4. 5

Le s

_-Pro~l : 1 . 'strengt"l
pert-
ies .

1 . Permea- | Green com- |

foisture 'blhty | pressive | D.ry compres-  Clay
| 8ive strength - content

| -
| ,

4500 - 5500 15-17%,

" 8.0-7 % 350-500 ; 800 - 900

No 5 silica sand with 10 - 11% clay and
25 - 30% water is used as loam.

(2} Coating material
Moldax No. 2 solved in the water to the specific gravity
of 1.28-1,30 is used,

(3) Rope. 7.5mm$, Omm}, 18mmf are used. -

E. Drying of the Mold.

{300 o ~ - 3 hours ----

o : S Mold
5 1200 s N

" d . . e - \
B -~ 2 hours--| > - Coren

& 1100 IS

s |

= ’{:,

'|\ - .o v — - .

| I 2 3 z 5 7

~—=  Time (hour)
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. bMelting
#elting is done in a 3.5 - ton cupola,
(1} Combination
A | ]
= ‘ . . L Bteel .
Pig Ira_l} T ig Iron | | e - Si Feo - Mn
Mo, i, B | WNo.1. D | Scrap |
: : ;
8kg | 90kg | 150kg | 1.0kg 1.5 kg
(2) Standard composition
3 X 5 - T i
% Si% . Ma% | P o 5 S %
3.3-3.5 | 1.4-1,7 @ 5.7-9.9( 0.15 Max | 0.1% Max,
(3) Melting temperature 1480°C - 1520°C
(£} Fouring temperature  i250°C - 1380°C
{(5) Pouring time . 55 - €5 (sec.)
G. Annealing for Stress Relieving
- 500 ~ 550
L 48090 :
2.
) , ey I
¥ 1500 ) SIS R R
= o Furnace
1400 e ' i
& - ~ 2 hour e c_qpllng
g ' -
3] 300
F
| |

' Time (hour) .

-0 -



2.2. Roller Beam for Spinning Machine
A. Bpecifications for the Product.

(1) Material FC 25
{2) Shape of product.

1.
e

{3} Cthers

Take extra caution because the shape is conductive
to warpage.*

R. Pattern

(l) Construction

Gray iron metal pattern w1th the maximuimn 1engﬂ§-
of approximately 3, 8C0 mm.

Locations of seats and the total length are
determined by using gauge for each product.

-(2)'Machining allowance. 3.2Zmm
(3) Contraction rule : 12/iC033

(4) Reverse warpage

-1 -



C., Molding Plans
(1) Drag half the msld

.- Mold sand

Fattern _
holder

. Flask

attern _

- Follow board

(2) Cope half of the mold '
Marking for the location

of the seat
I arkmg for :

Sec‘_cioﬁ of gate - | 32 ¢

-.:’?2:—‘



D Molding Sand
A{1) Facing sand

014 Sand | Natural Sand (Nom—a fme) Natural and
_ (Moma 7'3,,,,1".5,.,_)_
80 .13_ , 10
Properties are
' Permeabi- ’ Green Coz- | Dry Comp- "‘la 7
Moisture 15t | pressive regsive -
y LStrenp‘ch 1 Strenp‘th ! P Content
. . ] T 1 : TR
7.5-8.5 | 35-45 |550- 850 | 4500-5000 : 15-17%
(2) Back Sand
(a) Composition
0O1d sand 0%
Natural sand (Noma} 15%
“{b) Properties
! Green Com- | 1
| R !
o ‘Permeabi- | pressive  Dry Comp- - Clay
Moisture | .= l Strength | ressive ' Content
o . ! iutrenf“‘th i”" e
8.5-9.0| 30-40 |500- 800  |3500-4503 | 14-18%
E. Material
(1) Combination
High 8i Pig | Pig Iron | Steel [
Iron (10s) No. 1. D % scrap %do“ﬂe sc?ap! .;,e wen
30 kg 50kg | 140k | 80kg | 1.5
(2) Standard Composition .
. e Si i Mn i P ; g
30—39%:18-21%5 & -0.8% 0.15 | .13
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~ (3) Tapping temperature --- 1480°C - 1520°C

{4) Pouring temperature --- 1370°C - 1400°C

I, Shake-out

(1) Tast should be shaken cut after cne hour from
pouring. At this point the temperature of the
cast is 500°. '

(2) Cast shaken out should be hung by supporting at
both edges with the face to be machined turing
downward. Gate should be broken at shake- out,

G. Annealing

Stress-relievi g annealing should be performed

-4
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GREEN SAND MOLDING PROCESS

by: Kazuo Tsuncda
- Industrial Hesearch
Institute, Aichi Frefecture
1. FOREWARD

Farals

Molding processes avhere sand is used 10 make the racld [rdely
duce by far the largest quantity of castings. Among the sand
molding processes, green sand molding is the most widly used,
since this process has advantages ag fcllows:

(1) TUsually the most direct rout from nattern to mald
ready for pouring is by green sand molding.

{2} Green molding sand can be reused many times oy
reconditioning it with water, clay and other additives.

(3) Green sand molding is ordinarily the least costly
method of molding.

Green molding sand may be defined as a plastic mixturs of
sand grains, clay, water and cther additives. The sand is
called ""green" because of the moisture present and is thus
distinguished from dry sand. '

‘2. BASIC STEP IN GREEN SAND MOLDING

\ Sprue Yy

2.1 Preparation of the pattern.

2.2. Making the mold | |

5 3 Core setting | . o Psuringigj,sin_ : _
e cbsing_ o joint(fc){ parting) N Cope
2

9. W ei'ghting .

=

{77777 7 Ly

3. METHOD OF MOLDING
3,1,  Flagk Molding ~

. . I “}" : /;é‘d .\ &
(fig. 1) = YT mnoh f.l‘elf%eﬂ

' ' . Pattern Dboard
Fig.1 Cope mold raramed up.
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3.2. Pit Molding (Floor molding)
(Fig. 2)

3.3. Opén Sand Molding Pouring  Vent
basin  psle  Riser

(Fig. 3) _ / ;

Fig. 3

Fig. 2 Cokes

2.4. Molding by means of Sweepiﬁg Pattern

Sweeping plate

Fig. 4 | |
3.5. Molding by means of Strickling Fattern




3.6. Machine Molding
3.6.1. Jolt molding

Packing of moldmg sand is caused by work done by the
kinetic energy of the falling sand.

- Jolt table

,_IJ;"’ Jolt pE»i ston
- |

Inspiration Exhaust
Fig. & Jolt

3.6.2. Squeeze molding
The molding sand is pushed against the pattern by pressure

which is applied pneumatically. tnrougn a squeeze head or

plate. Molding pressures of 1.5~ 3.5 kg/cm are in com-
mon use. :

;‘ Squeeze head_." '; |
| f;;@ Table : 'Aé%ﬁ ﬁ

- Valve [ ]

s
- L

T
T
AN

AN
¥

o

B
N
\S
'
AN
&Y
NN
N

i
; . .
Inspiration £

LR

NS

AR
N
\\

Exhaust .

]

Fig. 7 Squée’_ze



3. 8.2, Sand slinger molding |
The molding sand is packed by the impact on the pattern of
sand moving at high velocity {about 50 m/s).

Ramming
y head

Fig. 8 Sand Slinger

4, MOLDING INSTRUMENTS
4,1. DMold Flask-"

Wooden flask is used generally in bench molding.

Metal flask is used for mass production or production of
large castings. | ; S

Mold flasks may be classified as follows:

4, 1. 1. Removable flask

The redeable flask is used for cope and drag molding of
small to moderate size. After the mold is made, the flask
is removed and replaced with a jacket and poured. '

e 80 -



4.1.2., Tight flask

The tight flask remains on the rnold until after tha
is poured and shaken out.

4.2.

4. 3.

‘a)
b}
c)

d)

e}
f)
g)
h)

iy

)
k)

n

)
n)

o)

'Strlckhng board

‘Blow pipe

(' P}
[¢]
™
W
[l
[
n]
o

Fig. 9 Removable flask Fig. 10 Tight flas

CL

Mold Board

Molding Tools

‘Stamp. Bench rammer. Air rammer

Spatula. Trowel
Shovel

==

Swab. Flat flush
S métll_hammer

Rlddle

Vent wire - Stamn ~ Bench Air

ramimer rammery
Rapping bar

Sprue bar

L_e"veller | . _ .
Scale-' _ - Riddle
Compas

Mirror. Flash light



Trowel

Flat blash Qﬁ : \/V::ZC_J :

Fig. 11 Molding tools

4.4, Weight |

The cope mold half must be held down to keep it from float-
ing when the molten metal is poured. Metallostatic pressure
exerts a buoyant effect on the cope which can be calculated
from the following relationship: :

Weight W=k P-A

where P = metallostatic pressure at cope partmg surface .
| (kg/cm?)
projected mold Cavﬁ:y area at cope partmg
surface (cm2)

K = safety factor  (i.5~32. O)

F is Qalc'ulate'd as follows:-

n

A

F=wh

where ~ W = weight per cm? of molten metal_(k'gl_cmS) .
h

i

‘effective height of metal head above cobe (cm) -
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4.5. haplet

Chaplet is metal forms placed between mold and core gup-
faces. This is often used to overcome vertical movement of
the core due to buoyancy.

Core o
- priilt Chaplet Core

ch

S AT AL TR Y

T
»—-——«aﬁ { ‘U
m\i{i

Fig. 12 Chaplet

BASIC OPERATION OF BEMCH MCOLDING
5.1. Setting of mold board

5.2, Selection of mold flask
Dimension and shape of mold flesk are dependent of
d1men31on and shape of pattern.

5.3.. Placmg_drag half_ of flash.
5.4. Flacing drag-half of pattern.
5.5, Sprihl\:ling of face sand.

Sprinkle face sand on the pattern with even thickness of
20 ~30mm, using riddle;

5. 6. Fllhng w1th back sand.

5.7.° Ramming : -
Sand can be rammed relatwely hard near the wall of flask
since the area does not effect venting strongly and also .
strong adhesion of sand to flask is necessary. However,
sand around the pattern should not be rammed in excess
since this can cause poor permeability.

5, 8 Striking off excess sand. _
5.9. Roll over the drag-half of mold
5.10. Cleaning of parting line.
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o

11, Flacing cope-half of pattern

5.12. Sprinkling parting powder

["%2]

.12, Preparing of cope-half mold _

Flace patterns of sprue and riser in loation of sprue and
riser, mat cope and drag flask, and make cope-half of mold
following same process used for drag-half making.

5.14. Use of vent wire

n

.15, ZRemaoving the sprue bar {(riser pattern)
.18, Tally mark '
.17. Taking off the cope-half mold

(W2

on

.18, Hunner and gate making

()]

5.19. ZHemoving pattern
Iioisten area around the pattern with swap
Rapping bar is attached to center of gravity of the patter*’l
and the pattern is drawn carefully ncot to destraoy the mold.

5.2G. _‘.,O'*tlnﬁ
If necessary, sprinkling or flash brushing of graphlte or
mica powder is used for coating of green sand mold.

5.21. Core settmg
5.22. Closing
5.23. Weighting

8. MACHINE MOLDING
5.1, Jolt molding -

~ In the jolt molding, the max1mum molding force is appllcd
at the pattern surface. The mold woula thus be hardest at
the mold-cavity face,



Yicld hardness

80+
Al 70
80-
0~ % 0
(j(3 o 50
al- ';'
£0- s 404
30 =
i T 304
() °
10- =
[
1 T T T T T T 7 T T .10
10 20 30 40 50 GO 70 80 90100
Number of jolt —

T
20 40 g0 R0 100 120 140
™ tinber of ]Glt
Fig. 13 Nurmber of jolt

and mold hardness L
fig. 14 Depth of flagk and

mold hardness
8.2. Squeeze molding

Molding by squecze pressure zlone will become less effec-
tive for a given pressure as the dezth of the mold-hzlf in-
creaseg. Therefore, sand densi ji zi a minimum adjacent
to the pattern and the hardness of the mold is less than that
next to the squeeze head. There is a limit to flask depth
which may be properly molded by squeezing which is depend-
ent on the squeeze-machine capacity, pattern contour, mold-
ing sand, etc. '

Mold height
o 107 .
w80 w | 40mom —
8 & g0
g 70 !
4o : ~
o604 Flask & 70
cl s
= depth 180mm o sressure
w504 = G0 S,
3 9 3.2 kglem
D _ - o
wl R o e T T 1 | D S e e B S S S M
= LD 15 20 2 30 15 : 1 2345678910
-~ Squeeze pressure kglcm2 Squeeze time (s)
Fig. 15 Squeeze pressure Fig 18 Squeeze time and

and mold hardness meld hardness

2



3.3. Jolt-squeeze molding

To obtain more uniform backing, the squeeze method of
molding is used in combination with the jolt method

m,.-fDra.g
o Matct-nla F_?__....
——Cope [
T U Roll over
~Table
+Squee .2 head Vibrator
-~ p : :

i ! i Side bench

{d Drawing

! 5[ _iE/F.Insk'
=

' o (f)ZCofnple-tion
@) Closing o

Fig. 17 Jolt-squeeze molding

- 8.4. Sand slingers molding -

Slinger have great versat1].1ty in size of mold W1dth lenﬂth
and depth which can be rammed.

Slingers are able to ram molding sand harder and m"eator
dens1tv than the other ‘molding methods.
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Table

aisstlz;z; :rﬁ;lc:andn('lgg )board }Mold hardness
1,300 o 85. 5
1.050 - B854
225 | 83. ¢
530 85.7
340 85. 5

Dial prmi.uctiun‘s-—()to
FOO thousondths

5 snbdivisions—one
Upper side g thousondth
e —-
m —
< @
Yl 51
4 o
e o
ty . R '“
= ) Soring strength— '
a M load of 287g to | 17 v
L. moeve nose (0.100”7 ‘«’ﬁ@ ‘éD: s
oo m . — ; T
Bottom A s S _ P bl ¢ =L
3] », B [ H ! . by
. 2030 40 50 90 70. 81 C Pig. 19.Moldohardness
Mold hard ness - bester
o i ‘ {From AII‘ll,l'ilCdn Fnundrymun 8
qOCILt}'

Fig. 18 Molding méfhods and mold hardness
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 FOUNDRY SAND °

by: Toshio Ckuyama
Director,
ifie Prefectural Metal
Industry Experimental
Cteticon

1. MOLDING 5AND

Foundry sand is used for sand casting, and for foundry sand,
silica sand (8i0y) is most commeonly used. When silica sand ig
used as molding sand, a suitable bonding agent {usually clay) is
mixed or occurs naturally with the sand; the mixtures is mois-
tened with water to develep strength and plasticity of the clay
and to make the aggregate suitable molding.

_ Sands and clay are formed by cherical and mechanical weath-
ering of rocks; deposits are found wherever left by wind, water;
or glacial action.

Frequently sands are found in intimate contact with clay, and
in these cases the sand-clay mixture may be used essentially
as mined -- the molder has only to mix water with the aggre-
gate and the clay develops the strength and plasticity for mold-

ing. SL.Ch sand are termed natural bonded sands.

When m:)ldmg .;ands with certain characteristics conductive
to the meaking of casting goods are wanted, such sands must be
prepared artificially by mixing clay and other material.

For this purpose, silica sand free of clay is many times used
as hase material instead of natural sand. Although the basic
ingredients of sand "mix" are only sand, clay and water, cther
materials are often added in small amounts for special purpeses.
They are designated as synthetlc sands.

Natural sands usually contain 13 to 45% foundry clay and are
found with particles varying in size. 2 to 10% of water is added
to use them as molding sand. Natural sand contains clay, but
even used as silica sand, " it contains too much impurities.

Although its fire-resistence is weaker than that of synthetic
sand, the easiness of 1ts handling and its low.cost lends itself
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still for nonferrous metal iron cating, but the recent trend is
toward synthetic sands at an increasing rate.

2. MERIT AND PROPERTY OF FOUNDRY SAND

Ifiolding sand plays a great part in the production of foundry
productg with clean surface and accurate dimention under con-
sistently controlled conditions in which the rate of rejects is
small and a yield is large.

The availability of sand best suited to the casting of certain
products is likened in its significance to the availability of
best-sunited farm land for raising certain crops.

In America, there are many publicly available data dealing
with the characteristics of molding sands for various casting
purpcses. Data compiled by Diztert Co. is best known. (See
zn attached table)

"Foundry Sand Data'' published by Gray Iron Research Insti-
tute gives detailed descriptions of base sands for various foun-
dry products, =2dditives to be selected .—__nd treated and charact-
eristics of prepared sands.

German data are also included in attached charts. Jap’xnese
data already published are many 1n kind, but very little of it is
well organized and conmse :
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satisfactory for various type of castings in U.S. A,

Control Sand Test Data which have proven

—

e Fuality of fc;unc;ry | Moisture Permeability | Sreen COI’:‘IH?I‘E._;— Clay }. Finess | Sintering
Type of e ana. | o, ATA - sion S/t.Leznth l substance 3 No. Foint
__ Castings e A Ibs /in | % | AFA °F (°C)
Al-Castings 3.5 - 8.5 7o a3 5.5 -7 8 19 - <o ook _ oo | 2350
~ . . | (1290)
Brass and Bronze : e e .
: | 2.0 - 8.0 12 - 20 7.0 - 8.0 12 - 14 | 5 - 340 2350
Al-Castings _ ; N N : 15 o {1293}
Cu-Ni | . L i
- - 2.0- 7.5 - B0 5.5 - 8.3 i - | . 2460
F1 Castings { 7.5 37 6.5~ 8.3 2oy 180-a20 | o0
Light grey Iron ! s _ g8 & I, H - N e N aan 2350 |
(Stove plate castings) | 8- 8.8 - 18 I3 8.0- 1.5 e Abs - 180 (1290)
Light gray iron n . . ' ; 1 2430
. o o g.0-17, 5 - 5 .2 -17.58 - i4 1 197 - 187
{Molding machine use) > 2o 8.2-17 2 -1 : £23 87 (1320)
| Medium gray iron : N I - b o 2400
. 5.5 - 7.0 &% - 372 ! 7.5 - 5,0 it -1 i ~ 10
-{green or molding) ; o3 ) : ! 88 _ (1320}
— i -.._._..-_;
WMedium gray iron A0 L. " a ; ‘ o 2450
1,0 - 5.0 8- B- 8.5 - 9.8 4 - 10 15 - Bb -
(Synthetic sand) ©.0 5 < 8- (1343)
Heavy gray iron il a R o 4 _ . 2500
: 4,0 - G. - 3 7.5 - B.¢ g - 13 g1 - EG ]
{(Green or dry mold) 6.5 80 - 12 e i (1380}
Thin Malleable iron n ' SR : o 2500
: .9 - 8.0 20 - 35 7.5 - 8.5 8- 13 i2¢ - 92 ~
Castings 2 ﬂ 8.0 ’ ' : _ IR (1383)
Fight Steel Castings 2.0~ 4.0 125 - 200 7.5 - 8.5 4- 10 56 - .45 2609
{green mold) T 4 ‘ _ {1430) :
Heavy Steel Castings - 2.0 - 4.6 130 - 500 7.5 - 8.5 4-10 3% - 38 &Z‘S%j
{(green mold) : = ' _ _ | ek
Steel Castings . B “ 83 - 45 2600 .
el Lastings. 4.0- 6.0 100 - 500 7.5 - 8.5 6 - 12 v * (1432)
{dry mold) R n L
a
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Characteristics of Germean Mold Sands

As appeared in Giesserei Kanlender 1959

Moisture | s8io;
% Fermeability CO;I;Z;; o
Radiater 5.0-6.50 30-50 | 1,080~ 1,585
Heater Large |7.0 - 8.0 5G - 70 1,200 -~ 1,720
Gray ~ "
Cast H_ea’cer Small (6.0~ 7.0 £5 - 50 830 - 830
Iron (Mechanical
| . 4.0-5.0 c - - 1,200
(green) casting ) S 9 100 3,100 - 1,2
" 5.0-7.0 L
" 5.0-5.5 s - 35 §40 - 7720
" v15.0 - 5.5 30 - 45 800 - 91l
lgf;l;mcal e 13G - 150 | 8.8- 10.0 kg/cm?
(Dry) | 725418 . -
: " — 56 - 30 18.9-20.0kg/cm?
oeel IMolding M. 3.2 -4.4[ 83- 107 800 - 700
g T . _ o T - T
{green) ; 15.0-5.5| 125 - 130 885 - 845
Steel ) 1 - 180 - 190 | 6.7- 7.4kg/em?
Cast- : ) ‘ . .
i -+ SIS
(Deyy | I 185 - 195 | 6.3- 8.5kg/em?
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' The necessary propert1es of fohncmy sand are enumerated.
below:

1. Adequate permeability

2. Adequate strength

3. Adequate distribution of grain size and chemical
analysis '

Adequate fire resistence '

H

5 Usefulness for multiple purposes '
& Consistency and stability of quality
7. Availability at low prices

8. Others

The process of formation of foundry sand consisting of 5iOg
is that granite and quartzite and melted and interfused to pro-
duce through crystallization quartz and feldspar (which later
turns into clay). After exposed to erpsion by w1nd gquariz is
separated, washed away by rain finally deposited in lakes,
swamps and sea botioms, as there are beach sand, river sand
and mountain sand. Sands are thus sorted out into various .
kinds by the process of natural selection and found. depositéd :
with varying Dar‘ncle sizes, clay mclusmn and chemlcal
analysis. :

In determining the right kind of molding sand at a foundry
shop, test specimens are often used to find out the suitability
of certain sand to a given type of foundry product,

The basic criteria of selecting certam sand are 1ts strenp'th
permeability, moisture and gram characteristics.

In preparing these mold sands, it is recommcnded that if
there is mountain sand near-by, it should be used as it is (with
preferably a little treatment such as scréening, mulling and
- aeration). When the scale of production is quite large and
adequate rmountain sand is not available and silica sand is
easily obtainable, a care must be given to the propertles of
silica sand as the raw material of synthetic sand.



For both natural and silica sands, it is important ta he
familiar with the conditions of areas where these sands are
mined, :

3. SAND CONTROL

Once a right kind of molding sand is chosen at a foundry shop
attention should be directed to maintaining the constant quallty
of molding sand. This is called sand control. The quality of
molding sand should be controled ale mg with other raw mater-

ials shipped to the shop. A tester is used in this case or in-
spection.

It is desirable that the permiability, strength and moisture

are tested every day, and grain size distribution and chemical
analysis are tested a few times in a raonth.

After molten metal is poured into a mold, SiCg in the molding
sand changes into a state where it is easily broken down into
fine pulverization, and clay lcoses its bonding property, with
the result that the strength of sand is reduced, its permeability
deteriorated, its fire-resistibility reduced and sand is easily
burned and sticks. This called "deterioration phenomenon. "
For this reason, measures should be taken to keep as much as
possible to the sand sticking on castings from getting mixed

with molding sand, and care should be given to replacement of
© pulverized sand with new sand and reinforcement of caly supply
therein, Continued vigilance is also required for separation of
iron pleces and.- fmes from mold sand and retammg of moi sture.

i

4, SAND PRE PARATION

Sand preparatlon consists of the following six steps:

'1, Drying |
2. ‘Separation --- screening (standardizing particle size},
separation of ircn piece
3. Mu]ling'. ------ Mixing included {mixing by shovel is not

included. )
4, Aeratlon

5. Weclumatmn ‘of old sand
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g. Shipment

The desired molding sand can be obtained by regulating itc
characteristics with the above six steps of sand combmcd
The centeral work in sand preparation is mulling. The binding
of sand grains with bonding agent is done by mulling. It can
not be done by mixing with shovr—xl only, Aeration also is the
adequate process to develop mola:ms:‘ gand proportles

With regard to shipment, care must be taken of material
handling at a foundry shop as it directly affects its efficiency.
The larger the amount of molding sand handled, the more care

il requires.

The process of sand prepsration, using natural sand as raw
material for facing sand is shown below:

_ la (}_ﬁ{ater
Screening| 3% T

ezt Jarying| 50
//-—-—\\\ LT T
(Burned) _i Magnetic L&Screening

~8§and.” | separator | |(fines - Sand mill
- _ removed)( 10 min. .
. {sand shaken o 8% . 35 R.P.M.

out from castings)

In this case, mountain sand equivalent to the totailarh.ounf of

burned sand is supplied into back ..-.and which is watered a.nd
aerated - :

1
w -
X .
1



Facing sandi Facing Facing
for small sand for sand for
Type of sand castings med%um large
- | castings castings
A X A E L B
Returned sand| 85 75 70| 70 | 83 | 75
Basel 7.0 ' !
sand| New Natural 30 30
sand 40
Ratio Silica sand o 3C 390 432 25
of Clay Bent{ Bent-| Clay{ Clay
mix onite ionite i 1.
Ad- & I8 | 13 i
% rrs i _
diti- | - 1
. Carbon 2 .0.2} 1.010.5 |5 [
ves : i
powder Lo2.0 13!
“Wood flour , 0.5 2
Alginic acid 2
Sand | Before water added 5 i 5 5 10 13 7
‘mix- . Lo
ing - | After water added 15 15 10 i 14 15 id
fime L n I : .
min. | Total 15 ] 201 15 | 20 | 25 1} i7
Mostrue % 715 75 5 |9
Aeration ' 3 i2
. . |
- | Aeration 10 3 180 |s0 125 1150
Pro-| -~ 28] 0 BO) 80p 70 18D
e | compression 400 | 500 | 700 | 800 |3c0 |49
Y Istrength gog 839 50
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EINDERS

~by: Mitsuo Isctani
Governr_nental Industrial
Research Institute, Nagoya

1. PREFACE

Clay sands and s tones have been mainly applied as the molé-
ing material so far which may be classified into loam mold, dry
sand mold and green sand mold depending on the kind of mold.

What is in common to these three kinds of mold are of an in-
organic binder consisting of clay and bentonite as main com-
pound. These in-organic binders are of all natural resources
which can be cbtained comparatively cheaper cost, however, it
had been found out that they are varied with kind and the pro-
perty of material change according to tha water content,

When cons:.dermg the casting as the modern industry, what is
required as molding binder is it must be uniform in property
and whenever, wherever or whoever applied the binder, the
same quality as well as the same casting products must be ex-
actly produced. From this point of view, the natural binders
had been gained no satisfactory result in spite of an outstanding
proper'ty Consequently, a number of researches have been
carried out-so far.on other kind of binders which are compara—
tively controllable w1th regard to these propert1es

 As the in- orga,nlc binders bes:n.des the clay and bentonite, there
are sodmm silicate and cement and as the organic binders,
there are resins, saccharide, oils and cereals which are all
superior with'regard to the property of re-molding, The sum-
mery on property and the use of various binders w111 be given
below : _

2. IN-ORGANIC BINDER
2.1, Clay. and Bentomte

The chemical property of clay and bentonite can be c.eier—
mined according to the kind and qub.ntlty of the impurities of
clay c:m‘ca.med to.
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Clay can be generally classified into 1) Kaolin group,
2) M ont"norlllomte group and 3) Illite group respectively
in accordance with the chemiczl analysis, X-ray analygis
and thermal analysis. Of 1) group, the mosi common binder

s Kaolinite and Kibushi clay consists of maninly this

Ixaolmlte Bentonite is the typical one that belongs to
2) group containing Na, Ca, bentonite etc. , depending on
the kind of substitution metal and each of wh1ch has differ-
ent property respectively, 3} group is related with the
mica containing more moisture, therefore this has hardly
been applied as the foundry binder.

Ju&ﬁmg the caly from 1ts producing condition; they are
classified into two groups: a) The one being placed as
almost parellel with the stratigraphic layer; b} The one
being placed as the state of irregular lump in the rock;
¢) The one being placed as the ingredience of the soil on
the ground surface. The one of 2} is the typical case to
be produced, and those of Gairome or Kibushi clay belong
{0 this group. The one b) had been produced by the action
of voleanic hot water and the bentonite belong to this groug.
The one c) is usually called as naturc.l sand which can be
used as the mold sand as it is.

Clay and bentomte is used by addme a certa1n amount of -
sand and water, clay expands when added with water, deve-
lops viscocity and bécomes pasty. Binding strength decreases
when water is added in excess. The water content which gives
maximurn strength is called an appropriate water content for
molding sand. Considering from the binding material, a
- certain amount of water is necessary in order to obtain the
strength of mold and actually it is very important. One of
- outstanding characteristics of clayey binder is that it has an
excellent refractoriness and even they are heated at high
- temnperature, the decrease of blnomg strength is compara-
tively less. With these reasons; they are used for large
~ castings as the binder. Moreover, the less change of heating
" makes it possible to use the mold sand repeatedly perml‘ctmg
econormcal operatloq
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The testings of clay and bentonite are usually comprised the
practical test and rational analysis. From the view noint of
using as mold binder, the former is the test to exaraine the
various properties of the sand when binder is added, and com-
prises wet and dry strength test, permeability test and nlp'h
temperaiure test. '

The latter or rational test is comprised various test such as
chemical analysis, X-ray analysis, thermal analysis and so
forth. The rate of swelling test and liquid limit test are spe-
mally applied to bentonite.

2.2, Sodmm Silicate

COg process is the method of molding to harden the mold
through CO9 gas by adding the sodium sﬂmate as the binding
material to the sand particles.

Hygroscopicity and collapsibility of mold after pourlng and
possibility of repeated use of binder are the main point when
sodium silicate is vsed as binder. Inthis lesson, the primary
properties of sodium silicate rela ted 10 the said problems will
be explained. The reaction when C Cs process mold is affected
by COg gas is quite complicated und such gel as NagCOg, 8iCy
and HpBig06 are said to be produced as the reaction productﬂ'
However, as sodium silicate is of water soluble compound, it
is the matter of course that it has hygroscopicity-if un-reacted
water glass is existed inside the COg process mold and when
the reaction is proceeded to a certain extent, it has consider-
able hygroscopicity because NasC0O3, 510y gel are both
hydrophilic. '

Therefore, careful control must ke exercised on operation

to mold which the residual water content becomes problems

or when COg process core is used for green‘'sand mold.
When COz process mold is exposed io the high temperature,
sodium silicate will be again produced by reaction between
5i0g and NagCOg contained in the sand particles.
- Sodium silicate produced in this case is different in con- _
struction from those colloidal compound as it is comparatively
- strongly connected as silicate and 21so is considered {o effect
the collepsibility to a certain extent. _

'For animprovément of collapsibility, a small ‘quanti’cy of
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carbonic compound proves an effective acticn because this
destroysg the bridge between the sand grains.

It is not economical unless the molding sand for CO9g process
is repeatedly used and the used sand particles are reclaimed
after washing. But they are also applied by dropping down the
over all sodium content by adding a large quantity of fresh
sand. The measurement of mol ratio and viscocity generally
carried out is for controlling sodium silicate. Mol ratio is
directly related with the quantity of COg gas, while the vis-

- cocity affects the workability at the time to mix COgy process

molding sand.

2.3. Cement

This is the method to make the mold vtilizing the property of
hardening of hydration of cement. Those sand mold used
15 - 20% clay binder had been required for long hours to be
dried under the temperature of 350 - 400°C so far but by the
use of cement as binder, a considerable process has been
reduced and only cold drying process is required permitting
less drying cost. ' ' '

Portland cement is mainly used and the percentage of which
is more/less 7%. N ’ : : -
- It must be born in mind to use as fresh cement as possible.
In order to detect the usable hour of cement, the weight con-
nectted with wire is dropped from the certain height and is
measured according to the depth that the weight got into the
cement. . o .

3. ORGANIC BINDER
3.1." Resin o
Most typical molding process to use resin is a shell mold
process, Considering from the comraon sense with regard to
in-organic binder which is comparatively stabilized thermally,
this method is a fairly jamped idea, however, it is evidently -
~proved that this method has an excellent possibility that the
mold strength is mainatined for cora: aratively long hour under
the condition of less supply of zir when pouring the molten
metal to the mold, ' - : : :
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Resin may be class:.fled in accordance with the.raw material
into phenol resin, urea resin, flan resin, lignin resin, ete.
When observing the resin according {o the chemical property,

they are thermosetting, ther*nohardemng and normal tempera-
ture hardemng properties,

For the normal temperature hardening, there are two methods:
the method to apply the chemical reaction by adding hardening
agent and another method is the one by oxidation by zir.

What iIs required as the mold binder is thermohardening and

normal temperature hardening characteristics. The powdered .
resin is applied in two ways: mixed to the silicon sand or in

- the liquid state to stick on the surface of silicon sand,

Shell mold or metal mold are usually applied for mas pro-
duction and the molding by means of normal temperature
hardening is applied for large castings of small quantity per-
mitting excellent results. In order to control the resin pro-
perty, those softening point, melting point, pouring point and
gelation hour are measured. To measure the softening point,
fill the resin into the capillary tube, heat and when the resin
begin to contract, it is judged by this temperature and melting
point is also judged by the temperature when resin become
transparent. To measure the pouring point, place the resin
sample on the pre-heated and inclined glass plate and is com-
pared with the length of sample that softens and flows out.
‘Gelation houris measured that the resin is to be hardened
under the constant temperature '

3.2 Oils and Fats

Fat may be classified into two kinds: dry oil such as hemp-
seed oil, paulownia oil which are the typical one and other
‘ 01ls are to be aimed at dilution to the dry oil.

Mineral oil and tar oil bGIO"l.G‘ to them. Dryness of fal is ex-
pressed by iodine number and the larsrer number the better in
dryness. The outstanding characteristic of animal or olant
0il used as the binder is to make the thermal polymerization
by oxidation when it is heated and is apt to be hardened
The supply of oxygen is necessary for thermal polymerlzation,
- therefore, careful consideration must be paid when drying.
Fish oil can also be used as the binder for core making by
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adding appropriate hardening accelerator

3.3 Saccharide

Thers are molasses and pulp waste Iye, ''Orgin'. Molasses
is a by product in sugar refining, however, it is easily meta-
mophized in stock. Due to the less binding power it is used
as subsidiary binder. Orgin is a byproduct of sulphurcus acid
pulp manufacturing and to be made by neutralization and con-
centraiion of the sulfite solution. And when this is used alone,
the dry strength is a little inferior to that of linseed oil,

The demerits of it used as a binder, are of large gas genera-

tion, and of hygroscopic property. Regarded with quality con-
trol to it is t¢ measure its spec1f1c gravity, solid mattcr Coit-
tent % and alkalinity.

3.4. Cereals’ _

Cereals binder is used to the core or mold with its high wet
and dry strength but also has the moisture absorbency. This
is also uged for small castings of non-ferrous allay due to its
quicker pyrolysis as compared with fats and cils.

4. CONCLUSION

The furegomg explanatlon are the summery of bmder In
view of the recent development of hinders as well as new method
of molding, general and approprlate Jroperty as the binder
shall be as follows;

1) Molding process shall be able to be mechamzed that is,
no special mﬁldmg skills be required. :

2) Shall be less cost -

3) Shall have high heat-resistance.

Consequently, it is believed that the various methods of
~molding of using sodium silicate will make rapld advance-
.ment in the future. -
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MELTING EQUIPMENTS

by: Yasunori Yokoi
Chief
Ingineer, Tkume Thuzo o,

1. MELTING FURNACE
1.1. Type of Melting Furnace

Metals and alloys are cxidized and reduced by furnace gas
and change their components and mechanical properties, and
it is necessary to watch following points for furnace selzection.

(1} Melting point of raw material

(2) Volume of material melt and its quality
(3) Chemical reaction of melting

(4) Economy of fuel

(5) Efficiency |

(6) Maintenance control and itz method

Following chart shows various melting furnaces used at
present, -

[ Blast furné,ce, Opeﬁ furnace

™ 4T . .

re smeitin ~ T it
SRS PR .g Convertor, Electiric furnace,
B " Electrolysis furnace

o 1110 . . .
Melting Cold blast, Hot blast
furnace '

__‘Cu'pola :

Tlectric furnace - High frequency,

Femelting — .
- 2 Low frequency, Arc. furnace

Reverberatory, Crucible furnace
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1.2, Cupola

This is used most widely for melting of cast iron and is
‘known for low construction cost, fuel cost and high efficiency.
Recently, engineering development brought water cooled hot
blast cupcla into wide usage and there are many de-lux fur-
nace of this type. Hot blast cupola has many advantages,
especially its relatively high construction cost induced by
metallurgical problems is offset by its much faster deprecia-
tion than that of cold blast type. But, it should be noted that

these advantages make careful selection and control necessary.

1.3. Crucible Furnace

Melting is done with crucible within furnace, and oxidation
and cementation effects by fuel gas are low but heat efficiency
is not too high. There are heavy oil and coke fired, natural
draft and forced air circulation type. Capacity of furnace is
shown with its crucible size, for example if a furnace has
No. 130 capacity, this means that this furnace has crucible
which can melt 100 kg material. There are different type of
crucitzle, namely, non-ferroa alloy, cast steel, tilting, and
specizl type Crucibles are highly moisture absorbtive and
thorough & rymg before use is very important.

1.4. ZReverberatory Furnace

Large furnace of this type 1s used when a volume of molten
- metal is needed but mostly small reverberatory furna\,es
are used in common plant for Bronze, Light alloy, ete. -
melting. Dust coal, coal and heavy oil are used as fuel and
melting is done by radiation or reflected neat from incandes-
- cent arch ceiling and side walls. Fig: 1(a), (b) are common
. reverberatory furnaces which are heavy oil fired and for
Bronze and Light alloy, Fig. 1(c), (d) are same but coal and
producer gas fire and shghtly larﬁrer :
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tion.

Table 1.

Type of Electric 2

Heverber
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atory

nurnanae

T o
-L:,rp\...

Clazgification |

Are
furnace

Tnduetior
furnace

Direct Are

Usge

ifalleakle cas

Cazt steel, Cest ivon

Indirect are

Detroit

ericy induc-

tion -furnace .
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ticn furnace

Resisi-
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-Tanmean

i
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Zeat ivon,
2oy

t iren,

Zu-alloy, Mallenhls
Ceni iron.

DT 1. ~ 3 31 ey
..... tleatle cast iron,

Hon-ferrous

- Lakoratory
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STRUCTURE OF CUFOLA

2.1. General Siructure

Cupola is widaly used for cast ivon melting. Fig. 3 shows its
general structure. . Shell is built ¢ylindrically with cieel
rlate, and inside is lined with refractory. Wind Box is located
in center of furnace and works as a reservoir to evenly air
the furnace for combustion of coke. Holes to send air from
wind box to furnace interior are called Tuyere.. Peep hole ig
located on extended part of tuyere for observation of furnace
interior during operation. Melting material is charged through
charging dcor on top side of furnace. On one end of furnace
bottom, single or multiple tap holes and drafts are located,
and slag hole runs in different direction at slightly higher level,

Bed is made for easy cleaning of iron and coke after opera-
tion and also for convenient furnace wzall repair.

Charging
door Charging s
g doar { /]
™ ] / - R
"‘\_t.j ] T 4
o { =
' s
Al / Air -[iipg :
pipe / _ N oo S
N ' \ )Vind Box
N . A o o .
: 1 4. Wind Box /] TUYGI‘B
Siag . y :ﬂt"“"-TU}‘QI‘C‘ ' ‘7 5 Siag off
haola™ [J7 = TAp hole ' f dum
= N S
L}_ . "\\- I"runt Bl.tggtng
. . . _spoul: _

N

G (,unbtructlun ' (by - ' ‘\_
- of Cupola ' Tap hole

Fig.. 3



2.2.. Womenclature of cupola parts and dimensions

For discussion of melfing and chemical reaction inner furnace

s - o . - 3+
cupola height is divided into varinusg zones ag shown. in Rix, 4
. ' . . - ;:). E

-]
. B oo
: ...l 8 o s
plg — ; b.‘;' : S . prehea.t
Cocoke . BITOp o= \ zone
o ..3 . -y 1
pig — 200 S\
~all = \ .onelt zene¥
. U - 'i' - - .
bed coke- ce //" A“ super ireductlon zZone
Ve ofd i . 1 heat zone™
I £ & alr vl o Bl T . \
tuyf}f‘e Ji 1072000 :metal oxidation zone
sl,:]?eg// =2 2.pool zonex
ag’
‘metal” S
1 - *
Fig. 4 Cupola height

To show the size and capacity ¢f cupsla unit such as wan 22d
em are used, these unit mean moierial melt per how and
inner diameter of taper respectively. There is a certain v
lation- ship between cupola's melting capacity and its inner
diameter. ' : : :

Table 2 shows melting velocity of cupola with different inner
diameter, and Table 3 shows dimmensicns of main parts of
‘cupela.. ' '
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2.3. Hct Blast Cupola and Water Cooled Cupola.

2.3.1, Hot Blast Cupola

Rlast zir is heated to better heat efficiency and to obtain

high temperature molten metal. Varicus types and struc-

tures are as follows:

(1) Exhaust gas latent heat type
CC  in exhaust gas is combusted as COg and heat blast

Figs. b, 6 and 7 are typical e_}xample of this type.

air,

-Griffin %ype

Pig. 5
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(2) Exhaust ga
type ' o
- Blast air is heated with
temperatur: of exhaust
-.zas, Fig. 8 shows this

(3)
~type - CGil, gas, coal,
‘ete, 18 combusted near

&
A

r

Fig. 7

type, (designed by

-“Moore)

BExternal Combustion

cupola and Air heat

exchanger is equiped

Cin this type.

Comparison of Hot
blast and cold blast
Cuapsla is shown in
Tablae 4.

- 119 -
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Hot blast v. s. cold blast cupola

Table 4.
(5ot | Cold | o Hot | Cold
Ttem | blast | blast rem blast | blast
T‘_#"_' ! Bilicon &
Installation i THEw small| lar
cost i large small manganese logss 1 large
IS B L
ﬁia;ntenance ! large | small | Ircn loss small| large
f Tncrease of 11
Fuel cost g small | large sulphur sma arge
o : 4
- i ] - :
Use of low | ves "o Metu_l.lurglcal high low
grade coal : reaction,
' i rate of
o . R T i .
nping ! T g QrIt,,. .

Tapping | high low megn errosi high | low
temperaiure 1 rate of . : :
. ' Suspended not -
Carbon pick us E high low {:—heilofmena much much

js | | " m h'“: nent not
Meltl‘_}’ | hizh | low Sanpaen much |
velocity P | Control much
C2.%.2. Water Cooled u;,'01;

Life of cupola lining is 1on:>' with this type cupola and long

time operation is possible,

Furnace condition is stable and

material of metal tapping is uniform. Slag controlis easy

‘and refining within furnace is possible,

However, small

cupola of this type has tendency to produce unstable raterial
due to its low temperature moltenmetal as a result of uneven
furnace combustion with cooled furnace wall. Consequently, i
1t is wise to offset this disadvantage by adoption of hot blast

type. Types of furnace wall coﬂmg ard Jacket type and
shower tyne, :
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3. FORE-HEARTH AND LOW FRTSUENCY TIDUCTICH
FURNACE -

3.1.. Fore-hearth and Spout

Generally, slap is not poured into fare-hearth, and slag is
separated and removed at spout which is located between
cupola molten pool and fore-hearth, this is shown in Figs.
11, 12. Fig. 13 shows a type of fore-hearth U-shaped spout,
" there also is one with ladle tyre spout which is widely used
recently becatse tapping by tilting is very easy with this type
‘spout. ' : :

7

By
] i
# ’ g
-

% Vo

b
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3.2. Low Frequency Induction Furnace

This 'i;ype furnace is electric furnace which has cxcellent
handiing character and other advantages plus being economical,
- and usage has been extended recently for melting of various
type metals. HEspecially, it has become to be used as fore-
hearth of cupola, also. This type furnace can be further clas-
sified intc careless type and core type, app rox1mate1y

4, MEASUEENIENT
4. 1. Temperature Measur'eme_nti'-'

This measurement is an important : 1eltihg operation measu-

rement because temperature of molten metal has immediate
relationship with change of furnace condition, material of
molten metal, flowability of molten raetal, etc. For this
"measurement, optical pyrometer and thermo couplc meter
are w1dely used. : :

4.1.1.. Optlcal Pvrometef

Structure is shown in Fig. 14 temperature is read very
_conveniently as lainp, resistance which is adjusted to give
matching luminosity to instrument's lamp with luminosity of

-

Ry

5



material measured.

A B
Fig. 15

4 1. 2. Thermo-couple Meter

Thermo- electrlcnty is obtained 'W'h\..; one end of connected
two different metal or alloy wires is heated. Strength of
this. electricity depends on height of temperature differencial,
with this thermo-couple cormected to high sensitivity ammeter
one can measure its electromotive force. For thermo-couple,

iron, Wicksl,. Conctazmtan, Mickel~Chromium, Almel, Chromel,
annum Pl tmum Rodhum, Indium, etc. are used.

4.2, Air M eaS'Trement and Control

Alr mi,asufement of cupeola is important. For this measure-
ment, Pitot~-tube and orifice are used. As is shown in Fig. 18,
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oitot-tube meaguros air wrcf"suro (Tsotal pressure. = stotic
lrass + dymarmic 'DI'JI]P_*, } parallzl and vertical with aic flow
: nd from the difference of these tvo sressures, volume of
air is kmown by follewing forimula,

{
W= 22 A fﬂl_
-
Vihere: W Volume of 2ir,
) m3 [ Min,
= _' A Cross~sectional
O airea of air pipe, m?
_ h: Dynamic pross. of
t"lLlc press Pitot- t‘UbO
t=dynamic press kg/mnz“m-nAm.
: g Bartl's gravity,
B gravity
Theory of nitot—tube 8.8 m/sccd
r: Dengity of zair,
kg/m3 (20°U, 2
Atm, . Wet ""%
i.235 kg/m®)

necessnity to adjust manually a valve attached to air
11 cesurement is made, recently, howeaver,
23 automated hydraulically, pn\.umatﬁ.cally
and eleeizically, szamples are shown in F fig. 17, 18.

b {';:?:.j__-f!{iﬁ / -t |
GLM%J\FJ ) jﬁ,\(\( Lr(((

Fig. 17 . Tig. 18



5. AUXiLLARY' EQUIPM_ENT FOR CUFJLA MELTNG
~ 5.1. Blower

There are Root type and Turbo tyne hlower for cupocla.

(a) Root blower — With constant rprm, volume of discharsed
-air is roughly constant regardless of its pressure. )
Volume of air is adjusted by rpm change.

{b) Turbo blower — This type is most widely used for cupocla

Followings are main characteristics of this type with con-
stant rpm, .

(i) With increased discharged air pressure, volume of
air and required power decrease.
Flow of air is continuous and without pulse,

Maximum air pressure is obtained with £0% design
air volume. :

(i)

(iii)

(c) Selection of blower
(i} Volurmne of air and its pressure for max. melting.
-{ii} Temperature of air entering the blower
(iii) Range of air volume adjustment,
(iv} Type of cupcla used and method ¢f melting cueration.

5.2. Taw Material Charging Equipment.

~ Charging of cupola is done both manually and mechanically.
The former is mostly for smaller cupola and raw material is
put on charging platform. For smaller cupola manual charging
is most desirable, however, for the ourpose of higher effici-

ency and labor condition improvement mechanical charging is
taking over, recently.
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Fig. 21  Underslag type crane charging system
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(1} Selection of chargmg equipment

Fellowing items must be congidered for sclectmn

1 TMuraber of cupola.

. Number of cupola operated ﬂl”nultanoouql V.
2  Max. melting velocity of cupola,

4 TMax. number of charging per hour,

5 Wax. charge of iron per cupola,

3  Volume density of charged raw materlal

7 Height of opening for charging

L.fEaterlc,l handling lay- out for cupola.

(6]

{2) Zharging equipment and backet

There also is sklp and backet type charging equlpr'le"lt
Four typical examples of this type are shown in PFig. 22,

. &
— ireasstia|

- 1
. _ o7 - “'“‘*..J
) NOTO ;':? %;—m

Fig, 22 The kind of bucket

nooat ot
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MELTING METHDD

‘by: Yasunori Yokeoi
Chief Engineer
, Okuma Chuze To,
1. CHEMICAL REACTION
1.1. BHeating Teomperature

Quality of Cast iron is improved by high-temperature
melting.

1.2. Combustion Reaction of Coke

Cast iron melting in cupola is done with combusticn of coke
by blown air, iron is melt in its atmosphere. Through che-
mical reaction which is accompanied Ly the above mentioned
combustion, phenomenon such as melting velocity, tempera-
ture, carbon absorption, oxidation, etc. occur.

C +Op = COp + 3380 Keal/Kg
COg + C = 2C0 - 3285 Keal/kg

Fig. 1 shows the cagse where all cxygen of air is combusted

into CO2 gas and also the relationship between CGy; Wo; T

" ‘during the gradual 'cha._nge of all of this T3y gas intc CT.

_ ; :
b T 00,7 2o,
’ ' TT‘*‘—\__ J =

L7yl T.‘)

|

|



1.3. Furnace Gas and Temperature Distribution .

Inside cupola, the distance of change in which all oxygen
changes into COg is 4-5 pieces of coke long. Similarly, coke
grain size also affects gas distribution, with small grain the
distance of oxidation reaction is shert and heat generation and
‘furnace temperature are uneven, this immediately promotes -
COg reduction, then with CO-rich upper atomsphere the tem-
perature drops suddenly. With larger grain, this distance of
oxidation reaction increases, and with even heat generation
COg reduction does not progress fully, consequently upper
atmosphere becomes rich with CCq. '

The above cases are shown in Fig., 2.

©
1.4, Deoxidation
1.5. ©xidation and Carbon Absorption
1.8. Slag reaction '
19 T _— : _ .
A0 ’it\iCJ, - ' ' :
), 3 L ¥; | a .
:0\ 33 \\uk, N ] £ —~ U014 MR E { % —
R = S oS {BiGg
T 5ok o 010 —7
U . . N i o -
= 2 w ' 5
o ES 006 i | :
SO pabatisg S| ' L
28 ot SR o C BT an 0p 07 08 T
agha 121009 osleyes op a4 . S A 408 '0‘910-1'1_1‘3
92 30 85 40 45 50 55 L _390 85 40 45 50. 56
. : SiDg (?;) o - a0 ~+- MgO(m)
™ ) .
Hig. 3. : : . Pig. 4
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2.
2.

CUPOLA CPERATION
1. Operation Preparation
2.1.1. Repair of Melting Zone

Lining of melting zone of cupala is erroded deeply from
previcus operation 700-1000 mm away from Tuyere and this
is repaired as specified by regulations.

l\; :

!

Fig. 5 H

Important point's

i Revair must be made with lug‘“ quality brick which is-

accepted _by sonic-inspection at the time of receiving.
2 ‘Brick must be moisture-free.

Mi"lirnise brick setting boundary.

]

-

Finish size of uyore with precisic

5 Slug on furnace wall must be ths \I‘Odg‘lly removed.

2. 1.' 2. Von truction and Prying of "‘upola Bottom

When furnace lining is completed, hottom sand is stamped
with bottom door shut, then wood ig inserted as Fw and .

is fired for drylng
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2.1.3. Firing of Bed Coke and Preheat of Fore— hearth,

After the wood is fired, bed coke is set afire. This opera-
tion starts 2-4 hours prior to the beginning of air blowing
and coke is barnt with natural draft. During this process
fire hele, tap hole, tuyere and slag hole are kept open.
All of the necessary amount of coke should not be charged at
one time but this amount must be Put in at about ten different -
times within 2-3 hours. :

For this initially charged coke which forms melting zone,
shﬁn ly larger grain high-quality coke should be selected, S0
~as to withstand the weight of charged iron and also to keep
the level of melting zone at constant height.

 After bed coke firing is cornplete, (3-4 hours after fire
setting) air is temporary blown in for 3-5 minutes to pro-
“mote the combustion and to remove the dust, with well-sunk
bed coke, the height of bed ccke is accurately measured

frora charging door as Flg T and acldltlonal coke is f ecl if -
necessary. ' : :

After keeping natural draft kil a.dchtmnal coke is well
afire, material is charged in good order and prepare for

- air blowing, firing hole, tap hole and tuypre are shut during
~thig time,



L hed coke
- —---Wind Box
-~ Tuyere

Measurement of
bed coke height

Fig. 7
2.1.4. Bed Coke

Quality, grain-size and height of bed coke affect cupala
operation very sharply and care must be exercised for the
control of these elements. Bed coke should be of high quality
and larger and uniform grain-size is chosen for better air
draft. Minimum height of bed coke is obtained from the
following formula, (this height is of 2bove center of tuyerc)

Bed coke height = 45 x VWind box pressure {(mm H50)

In actural operatlon hexght of tt 18 hed coke height plus
150 mm gives best results.

2.2. Material for Melting.
2.2,1. Volume of Charged Iron and Coke per ._JayeL

Weaight of c‘ﬁarged iron per leyer is deterrmned by weight
of charged coke. For cupola smaller than 850 mm dia.,
height of one 1aycr of coke is 140-180 mm, for cupola larges

than 850 mm dia,, this height is 123-200 mm. Best grain .
size is 1/7-1/10 of cupola diameter, Standard number of
charge is ten per hour. '

2.2.2. Extra Coke
2.2.2. Flux

2,2, fi Material



2.2.5. Cupola Charge Calculation

(1) Components change

In cupola melting, component change occures in charged
material through chemical reaction within furnace, mixing
ratio of charged material is calculated with this change in
mind. Table 1 shows general pattern of this change of che-
mical elements,

Teble 1. Increase & decrease of elements %
Fe c | wvn | s S =
| i
Steel scrap |
-1 2.4-2.9 | -20 | -8 +20 o
Hype entectic i . '
-2 | cast iron 25 | -15 +40 | +10
1 3.2-3.8 i of sin
' | | coke

(2) Example of calculation

2.3.
2. 3. 1

Air Blowing

Btart of blowmg _

- Pre-heating of charged iron, coke, Lime-stone, etc. by
natural draft is a nece551ty, this is done for 20 - 40 minutes.

2.3.2, V'alume of air blown a‘md its. pressure:

(1) Deter“qnatlon volume of air.

Following formula gives theoretlcal arnount of air neces-
‘Sary for combustion of coke,
. 1000W K K. WKL

o % L ——=

80 % 100 ¥ 195 % 60

- Where G, ¢ Volume of air (m3/min.)

W Melting capacitj {t/h)

¥ o Amount of coke 1 necessary to melt luD kg of
' iron (kg) .

_ k : Amount of carbon ccmt:uned in 100 kp‘ of Coke
_ (kg)
- 138 - _



L. : Volume of air necessary to burn 1 kg of
carbon {m°/Kg ¢ ) '

Volume of air needed for carbon combustion is
to make 1 Kgof Cinto CO -+ ... .. 4,45 o3
to make 1 Kg of C into CCg. ... . ... 8.90 m3

Therefore, to get L in above formula, it is necessary to
determine rate of combustion of furnace-top-gas of the
cupola. ' .
' . Cq
Rate of combustion 7L = ——--% . x 120
_ : COg + T

This rate is usually 50 - 70%, L values of different rate

of combustion are shown in Table 2.

Table 2
(OB 50 | s5 | v g oes 1o

L (m/&g(c)) | 6.675|6.888 | 7.127 | 7.343 ' 7,525

z

(2) Determination of air pressure
Air pressure depends on charge imaterial height, charged
iron, coke, grade & grain size of Lirne stone, rate of tuyere,
etc., and through fight control of these elements air vres-
sure should be kept at certain level without change during
operation, it is recommended that air pressure for each’

cupsla be pre-set to certain degree.
Air pressure is obtained by next forrmula.
p= KJQ

Where P : Air pressure (mm Hz0)

O

Theoretical volume of air Qo + Exire
air 10% (m° /min. )
K- Constant 58 - 88, 22 is found as ideal.
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2. 4. | Cther Points of Care for Operation.
2.4.1. Inspection of tuyere |
2.4.2. Inspection of charging door
2.4.3. Formatijon of cavity | |
2.4.4. Bridging |
2.4.5. Clogging of tap hole

3. CHEMICAL AND PHYSICAL, CONTROL

Slight change of operational conditions affect the quality of
molen metal, therefore it is necessary to inspect property of
molten metal quickly before it is poured into mold so as to
avoid defects of cast products. Molten metal temperature,
molten surface figure, fluidity, chill test, etc. are performed
for inspection of molien metal and recorded for future opera-
tional data, ' o

L

3.1, Chill Test.

- As a method of cast iron quality control test-wedge and

- test-plate-chill are made, and for inspection of graphitization
of molten metal, depth, width and coarseness of flactured sur-
face are checked to know the quality. .

3.2. Molten surface pattern
Various ‘figufes appéar as the oxidiation film of molt'_(én metal
surface is breken when molten metal cools to approx.

“1400°C or less, unless oxidation is too severe,

—
o
w

L

- \\\: - ..‘ /

R

| Polka—dot Turtle—back - - Jute—loaf
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3.3, Fluidity Test

This test is to judge the ease of casting and quahtJ of molten
metal, and spiral test is mainly used,

4 DEFECTS RELATED TO MELTING

f.‘!

4. 1. Grain Growth
(1) Components of molten metal.

(2) Welting method and raw material,

4.2. Miass hardness
4.3, Blowhole
4.4. Shrinka.ge cavity
4.5, CTrack

4.5

. | Cold shut

5. RECORD OF OPERATION

In ¢upola operation melting is continucus, and occurence of
charge within the furnace affects molten metal in various way.
For the control of cupola operation, recording of time table
iron charge, volume of blown air, air pressure, tapping tew -1 23
ature, arount of tap condition of fur*m.ce atmospheric temper-
ature, hwmidity, weather conditicn, ete. is important, *v‘-
through analysis of recorded results future cperation ¢
the completion, ' - '

.

again
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CAST TRON

By: Dr. Yoshisada Ueda
| - _ Nagoya University
1. INTRCDUCTION

Metals and alloys once melted are cast into certain molds,

and used either as cast or after subjected to working and rolling
Cast iron belongs to the first case of utilization.

Distinction between steel and cast iron is made as follows:

As can be seen in Fe-C system equilibrium diagram (Fig. 1),

> 1153°
S C430 1147° |F

Y +Tea.

_____ "738° K!
723° K
Ca+FesC
400 y . . . - ; :
) : 12 3 4 5 6 6677
- : Cv?‘éj

- Fig. 1 Equilibrium Diagram of Fe-C System

the solubility limit of C in iron at the eutectic temperature of
1147 degree C is 2. 08%. If the carbon content is below this
solubility limit, the material is steel, whereas anything above
this limit is cast iron In addition to carbon, the quantity of
silicon in the composition of cast iron may be considered quite
important, in controlling most of its characteristics.

- 143 -



Moreover., 2 small amount of Mn, P and S is also contained,
and the effect of other micrcelement is also becoming a matter

of concern.

Iron castings have been in use since old days. Inthose days,
the only requirement of cast iron is that it is complete with the
desired outside shape and inside structure and with very little
heed paid to its strength. Therefore, iron highin C, Si and F
which is readily castable was preferred. With the demand in-
creasing in recent years for machine part castings, require-
ment for strength has become severe. Previously, the tensile
strength of cast iron was 10 to 15 é;/mmz After World War I,
it was improved to 30 to 40 kg/mm?, and with practical appli-
cation of spheroidal graphite cast iron after the World War I,
its tensile strength went up as high as 82 to 80 kg/mm?2,

For the purpose of finding out the relative importance of cast
iron in casting products and the areas of its application, Table
1 shows Production of Castings Recorded in 1959, 1985, 1983
and 1984 in Japan, and Table 2a and 2b show Production of Iron
Castings and Malleable Iron Castmgu by Product Recorded in
last years

Table 1. Comperative Tonnage of Ca.stmgs (In Metr1c Ton)

o Japan

1956 | 1960 | 1963 1964
Gray | Commercial| 1,358,424 1,808,107 (2,114,689 (2,407,485
Iron |High grade 124,693 | 182,017 422,48’0'. 544,883
| Total 1,483,117 [1,988,124 |2,537,179 |2,952,331
Malleable iron | 99,480 | 129,053 | 173,478 | 201,968
Cast Steel | 272,310 | 349,008 | 392,968 | 451,957
Copper alloy | 55,476 | 72,571 | 78,075 | 90,280
Light alloy | 26,138'| 34,874 | 44,399 | 56,954
Die Casting - 25’297 4o, 309 | 78,643 88,115

Remarks Commer01a1 iron T S < 30 Kg/mm2 o

ngh grade 1ron T.58. =30 Kg/mm .




Lable 2b Annual Tonnage of Malleable Cast Irons for
- Various Apphcatmns {(Tapan) -

In metric ton

Applications

Industrial machinery and
equipment '

Agricﬁltural implement and
fishing equipment.

Pipe fitting

Electrical appliance and
communication equipment

Automobile
BiCycie |
Industrial vehicle p
Railroad

Others

Total

1983 1984

41 14,230 18, 407
3, 848 3,110
75,251 87,030
12,583 12,370
55,909 87,747
2,167 2, 405
849 1,000
1,325 ag2
7,515 13,917
173,487 201, 958




Table 2a Annual Tonnage of Cast Irons for Various

Applications (Japan)’

in metric ton

S
L))

i 7
- Application 1963 f 18g4 gy
Tndustrizl machinery and 875,538 558,552
equipment (128,850) | (149,936)
Roll 77,981 | 88,046
(18, 753) (20, 118)
| Textile machinery and 111,138 121, 438
equipment ( 2,123) ( 2,283)
Casting mold and bottom plate 437, 454 552, 108G
{( 19,138) ( 24,768)
Agricultural implement and 58,284 57,387
fishing equipment { 8, 059) ( 8,832)
Electrical appliance and 87,773 112, 808
communication equipment { 4,268) {( 4,214)
Automobile " 252,166 319, 431
| (54, 804) ( 70, 038)
Industrial vehicle and 12,742 15, 495
bicyele ( 1,072) (. 903)
Railboad 21,119 - 21, 854
o (1,214) ( 1,126)
Port, harbor and vessel 86,941 81, 401
‘ | (18, 171) (21, 831)
Daily goods . 89, 324 . 88,394
- (== (== )
Others 137,534 159, 399
o (*7,054) (- 9,423)
Pipe 301,188 384, 930
| (157,974) -| (231, 595)
Total 2,537, 179 2,952,331
| (442, 480) (544, 866)-



2. STRUCTURE OF CAST IRON
2.1, Fracture and Structure

- A study of fracture section of wedge-shaped test piece, cast
by molten cast iron, indicates that slow cooling area or area
with thick wall shows gray fracture, while fast cooling area or
area with thin wall shows white fracture, and in the interme-
diate area, the color is a combination of white and gray, This
white area is called white cast iron, the gray area gray cast
iron and the intermediate area mottled cast iron. The micro-
structure of each of these cast irons is that, gray cast iron is
of ferrite structure, which surrounds flaky graphite existing
in pearlite {Fig. 2a), or of the structure consisting of pearlite

and graphite only (Fig. 2h), while white cast iron consists of
cementite and perlite (Flg 3)

Pearlite -

Ferrite

- Graphite
Fig.2a Gray cast iron (1) Flg Bb ‘Gray cast iron 2)

(graphite, ferrite and pearlite) (gra.phlte and pea.rhte)

Pearlite

_Cementite
or ledeburite

Fig;_ 3 White cast irc_m (Pearlite and Cementite)



This pearlite is what has been transformed from its mltlal
crystallization, austenite, which is also co- crystalllzatlon of
ledeburite. WMottled cast iron is of the structure in which both
gray and white cast iron are interfu_Sed.- (Fig.-4).

'.Cementtte

Graphlte ' Pearlite
Fig. 4 Mottled cast iron (pearlite, graphlte and cementlte)

Thus, the fact that the structure of.cast_lrons even of the
same composition does change with the difference in cross
section or in cooling rate is of great importance in consider-
ing the composition of cast iron. Also, any slight change in
melting conditions, i.e., heating temperature, affects frac-
ture, but greatest effects come from variation in C and Si
contents. . When C'and Si are low, the iron easily turns into
- white iron and with an increase in C and Si contents mottled
‘iron and gray iron.are made. Even in gray iron, its frac-
ture is light gray with very tiny partlcle sizes in some cases, _
and near black with coarse particle: sizes in some other

cases. This is due to'the difference in'the size and distri-
‘bution of graphite flake; and the matrlx structure namely, -
_ graphite in the light.gray fracture is. thmly distributed with
- its matrix consmtmg only of pearlite. ' It appears in mater-
ials with relatlvely low content of C and Si. The cast iron of
this structure is called pearhte cast iron. The cast iron of
this structure in which graphite is curved a l1tt1e and thinly
- distributed has high. strength Meehanlte cast iron belongs to
this kmd of structure which is called in ‘other way high grade
cast iron. The black gray fracture of- coarge particles is of
coarse flaky graphite with the matrix mostly of ferrite, . The
cast iron of this structure is called soft cast iron. -
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This structure tends ’_Lo appear in casting of thick wall or
when C and 5i contents are high.

o

I3

\<"'-"
7t

2.2, Relati_on of Structure and Equilibrium Diagram, and
Maurer's Structural Diagram :

Generally, the structure of alloy is illustrated by the equili-
. brium diagram. Also in the case of general alloy, the cooling
rate during solidification affects only the shape and fineness
of crystal grain. But, inthe case of cast iron, depending on
‘the cooling rate, the casting is made into white iron or gray
iron, or in other words, different cooling rates produce cem-
entite some time, and graphite at some other time. This
phenomenon can be conveniently. explained by a double equili-
" brium diagram (Fig. 1), according to which the formation of
white iron structure is illustrated by Fe-Fe3C system (solid
line);, and the formation of gray iron is illustrated by Fe-gra-
phite system (dotted line). Furthermore, cast iron changes
usually into white iron by qulck cooling and into gray iron by
slow cooling. ‘For this reason. Fe-Fe3C System is called the
metastable diagram, and Fe- graphite system the stable diagram.
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The following discussion concerns nnportant effects exert_ed
- by carbon and silicon on different structures of cast iron.

-8ilicon is always contained unexcemlonally in. all cast irons
in the range of ‘1to 3%. Given a sarne cooling rate, the higher
the Si content, the more likely it is that iron becomes gray
iron, and given the same content of ‘silicon, the higher the C
content, the more likely it is that iron becomes gray iron.

The structure of cast iron is thus controlled by correlation of
£ and 5i contained.- Maurer's structural diagram illustrates -
this correlation (Fig. 5). Inthis diagram, Range I (SEB)
shows white iron, Range I (B'ED') pearlite iron, Range T
{area to the upper right of EA) ferrite iron, Range Ila (BERE")
mottled iron, and Range 1Ib (D'EA) iron mixed of pearlite and
ferrite. This is pretty much in line with the results of actual
operation. PFarticularly within a hatching zone, pearlite stru-
cture zppears both in heavy and light sections in the order of
10 to 80 mm. High grade cast iron aims at this range as a

target.

P [ p
i e TN
.0. - ™, ~+ T : ~) A -
0 1.0 2.0B 3.0 4.0 ‘3(} DL 7D
Sl( Y- L

‘Fig. 5 Waurer's structural dlagram o

1 2.3. Tifect of Other Elements on ,::truc:ture

-+ 2,3.1, Mo Mn is ordmarlly contained in cast iron in the
“range of 0. 4to0 1,0%. It gives very little effect to the stxu-
cture of cast iron containing a considerable amount of Si,
Mn combines with § to become MnS which either floats on
top of molten iron or remain inside molten iron and turns
 into greenish gray inclusion after solidification, ‘giving in
both cases very little harmful effect to the characteristics
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of cast iron. Mn is a desirable elernent which neutralizes the
harraful effect of S. Mn, further, is dissolved in ferrite,
makes double carbide and dissclves into FeaC to increase its
stability. - These effects are not tco conspicuous, however,
when Min content is less than 1%. “With the increase of Mn
content, pearlite size becomes tinier and it hecomes difficult

for ferrite to appear. So, in pearlite case iron, the more
- Mn, the better it is.

2.3.2. B: When Mn is not contained or contained only in a
small amount, 3 becomes Fe3 accelerating the formation of
white iron and the occurence of hard spot. It is believed th
that the presence of 5 in excesg had harmiful effect to the
fluidity of molten iron, which drawback, however, may be
eliminated by Mn. "The tendency of & to aid in the formation
of FezC is also sometimes taken advantage of.

2.3.3. P: P contained in cast iron is partly dlSSOl\fed in
ferrlte but most of F is present as steadite.

Steadite is the ternary cutectic of Fe-Fe3C-FeaP and iis
eutectic temperature is 930 degrees C. As its microstruc-
ture is of a pecullar shape it is easily indentifiable,

. ‘Since the presence of P in cast iron lower its melting poin‘E
and improves its ﬂuldl'cy, it is helpful for an artistical caSt-— :
ing. PBut an increase of P brings abcul an increase :)f stea-
dite, malﬂng cast iron harcl and brittle.

2.3. 4, Other elements In addition to the above mentioned
elements, other elements may be divided into those related
“to the formation of white iron = and ‘th se related to the for-
" mation of gray iron. o

Whlte iron- related — Cr, V, Mo, Bi, B, Te, Mg,
Ce, O’, . '

~Gray iron- related— Al, Cu, Wi, Ti, Zr, 5n. .

Generally, those elements which related to white iron sta-
‘bileze pearlite, and Cr, V, Mo. Wi and Cu render pearlite
finer and harder, at the same time making graphite thinner.
"Sn ig the graphitinging element as 5i, Al and Mi, and helps
to form coarser graphite from melt, but disturbs the appear
of ferrite. 5o, by adding these el\.m.ents singly or in
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combination, a structure suited for a given purpose may be
formed. Furthermore, in connection with casting in a metel
mold, Si powder is coated to prevent the surface formation

of white iron, or Te powder is coated to facilitate the surface

chilling of casting in a sand mold,

2.4, Effects of Melting Condition on Structure

The structure of cast iron is most susceptible to its chemical
composition. However, melting conditions may alter the stru-
cture of cast irons even of the same chemical composition.

It is for this reason high temperature melting is recommended.
In fact, good graphite structure may be obtained by the high
temnperature melting of cast iron of more than 3.5% of C, but
over-heating in the case of low carbon exerts harmful effects.
In case Like this, strong cast iron can be obtained by inocula® .
tion of ferro-silicon or calcium-silicide. The length of heat-
ing has similur effect as beating temperature, but this effect
is not notable. :

2.5. Effects of Cooling Condition on Structure

Changing in the structure of cast iron prompted by a cooling
rate wag mentioned already. Fig. & indicates the results of
-study made by Greiner and Klingenstein regarding the rela-

- tionship between C + 5i % and the thickness of section in the
sarne mammer as Maurer's structural dlagram Since C and
31 give different effects each other, Fig. 7 takes into consi- -
deration this fact, leference in casting temperature changes
cooling speed and effects to structure. The higher the casting

temperature, the more the mold 1.J heated and the slower the

cooling spee.x becomes.
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2.7. Inoculation

The effects of various common eleraents on the structure
and therefore the properties of cast iron have been deseribed
above, a8 well as their relationship to the all-important effect
of cooling rate. - These effects are generally proportional to
the amount of element involved, and quantitative relationship
have heen determined experimentally in most cases.

However, if an element such as silicon is added to a ladle of
molten iron while filling or otherwise added after the iron is
-molten, the effect on the eventual structure of the iron whelly
out of proportion to the amount added. Silicon, usually as
crushed ferrosilicon, as a ladle addition is effective in amcunis
as low as 0.05 to 0, 10 per cent, which would be hardly detec-
table in effect normally. The practice of adding a material to
the molten iron is termed inoculation, since one of the expla-
nations of the effectiveness of the practice is that small seeds
or nuclei of undlsolved or precipitated material arethereby
created in the iron to serve as centers of solidification. The.
_ mecha"nsm is actually still not well mderstood
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The effects may be summarized as:
(1) A decrease in chilling tendency or white iron formatlon

without appreciable effect on pearlite stability.

(2) Marked improvement in randomness of graphite flake
distribution and decrease in flake size.

(3) Decreased section sensitivity.

The effects result in increased strength, better toughness,
improved machinability, and the ability to make castings of
wide variation in section thickness with gray, machinable
corners and thin sections, and heavy sections of satisfactory

strength and hardness. The benefits are 80 pronounced that
S a con51derablc proportion of all gray iron produced today is
inoculated.

Crushed natural or artificial graphite is widely used for

. simple control of chill depth in production, as is crushed

" ferrosilicon. Combinations such as calcium-silicon-
manganese- zirconium, and silicon-chromium are effective
in controlling chill depth while decreasing section sensitivity
due to the pearlite retaining effect of the carbide stabilizing
element involved.

Incculation .must be carried out with iron which is‘ at least
2650 ¥ (1455 C} and preferably hotter, and the meltmg con-
E dltlcms must be taken into cons1dera110n

2.7, Granhﬂ:lzatlon of Cementlte on Anneahng

FeSC when heated, produces graphite. The same pheno-
menon is true of cementite both in ledeburite and pearlite.
- According to "double diagram', raphlts.zatlon in thls mstance
is induced by the following mechamsm

Fig. 8 shows that if white iron of X' composfclon is hea.ted up
to-a temperature of T for annealing, C contained. in ‘austenite
- is saturated to the level of Acm line or saturated with FegC
at this 'temperature However, the concentration of C in
austenite here is super-saturated against the level of Agr line,
and hence through precipitation of graphite it is reduced to the
“Agr line. Smce_ this condition is unsaturated against Fe3C, -
Fe3C is further dissolved and tends to raise its concentration
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to the level of Acm. This dissolving of Fe,C into austenite
and the recurring precipitation of graphite result in the Qis-
appearance of FegC and in the fori: of graphite precipitation.

3
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2.8. Heat Treatment of Cast Iron

Casting stress occurs on the interior of iron casting when-
ever there is variation in a cocling rate resulting from the
uneven wall thickness of the product. Stress relief annealing
is performed to eliminate this residual stresses which may
reduce its strength, can cause distortion, and, in some ex-
treme cases, may even result in failure or Cracking of the
Casting. The optimal temperature of stress relief annealing
is 550 to 600 degrees C and its optimal time is 6 to 10 hours
For precision castings like machine parts, annealed cast
- products are sometimes put through seasoning in which the
casting is exposed to air outdoors for'a long period of time.

In order to soften a cast iron for free cutting, it is recom-
mended that anneal is at 700 to 759 degrees C for 2 to 3 hours.
IFor the purpose of complete removal of massive cementite,
it is necessary to anneal casting at 900 to 955 degree C.

In terms of structure cast iron is regarded as steel mixed
-with graphite. Like steel, ‘it is capable of being quenched and _
tempered. When gray cast iron-is quenched at a teraperature
of 900 degree C, its matrix turns into martensite with graphite
remaining unaltered. When the speed of quenching is slowed
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down somewhat, the cast iron changes into either troostite or
sorbite. If cast iron is quenched too fast, it tends to result

in eracks, and for this reason, oil quenching-is preferred.
Quenched cast iron is high in hardness, low in strength and
brittle, but by tempering it at temperatures of 200 to 600
degrees C, its tensile sirength and ductility may be improved.
These methods of heat treatment are more effective and either
to handle when given to alloy-added cast iron, rather than to

ordinary cast iron.

PROPERTIES OF CAS T IRON

3.1. Fhysical Properties

The physical properties of cast iron are largely affected by
its composition and structure. Table 3 shows the physical
constants of commercial cast iron.

Table 3. Physical Properties of Cast Iron

Specific. | Melting Specific iThermal ' |Coefficent specific
Gravity | Range Resis~- - (Conduc- |of Therm- | Heat,
(°C) tance tivity al Expan- | .
(D fem3) [(calfem. |sion, 0 10090
sec, °C) |0 - 100°C | " T
- 7.10~ | 1130~ | 30~ 0,07~ 10~ .
7.30 1300 150 | 0.13 | 11x1078 | 013

' 3.2. Mechanical Properties

The mechanical properties of cast iron, like its physical .
properties, are affected not only by composition, but also by
the quantitative ratios and distribution of ferrite, pearlite and
graphite, Table 4 shows the mechanlcal prOpertles of each
phase of cast iron structure:



" Structure | Ferr-| Pear-| Sor- Cem—iStead— ra- .! |
T ite | lite |bite lentitelit Chite MnS|Fes
Property~.__ N entite/ite | phite | [
Tensile - ' ' _ i
Strength, 36.6 | 84.4 {112.43.5 none | nonel
kg/mm - ‘
Elongation .
%g | 20 15 15 |none | — | none
Brinell 5570 I
Hardness 96 240 255 or 400 _—
Number Hore
Specific ' ' o ) 9. 2}?
Gravity 7.88| 7.74 1.65 | 7.32 ) cs £.0615.52

Flg 9 shows the ratio of volume of cach phase of structure.
{common )

graphite 1074

" Jferrite 2427
pearlite 551¢%
235 steadite 104 '

Eggraﬁhltc 725'
foerrite

,/’Qé%ZQ’éffé prﬂlIltL 91.54%

[steadite 125%




amoﬁuoam B m,mm

JIOUICISND B UsIMIDq JUdWIRRIde AQ DaUTWID}OpP a¢ 0} oa® W 0G J9A0 pU® UIW F

01 dn SSDUNOTYI TTM UTBUT S YIIM UOIT }SBO JO moﬂﬁomo_i TEOTURYOD W I1f} UC
JBWAIINDSI PUB ‘UCIT 3SBO JO SSIUNDIY} [[BM UTeW oy} Surdmoeds Jj¢ poylow 2y, I

‘WU g JO I2}DWIRID
92U} YiIMm 15BO se a00rd 35903 © Joj peirroads sonyea oﬁ aq [TeYs 'payjroads ‘
10U ST SSOUNDIY) [esm UIBWL S3T UdUM ‘UoJI 1820 Jo sorpredoad [esIueydajy UL, ‘T

- 159 -

(01 DA) I OZ OpPBRID UC U2A1d .\Qﬂmﬁﬁno ST 3593 [ROIURYDDW OU pue.
‘xowmolsnd & £q J0j Um&mm hﬁmoﬂ.ﬁoomm sgotun um?h&nmg jcU St 1593 mmmﬁ?ﬁmm ‘T

Amthﬁoﬁv
69% §'L 0062 2 ge | gw 05 c10g a280 | 9 °ON
LLT ¢°'g oomm_ Gg 02 g gg c1e1 L oiageng |  ueag
87¢ e'h 0089% L2 ﬁ ge $% | 0go10gaes0 | §'ON
; €92 g'g 0011 8¢ ' 0% 0f = | 0€ 036 I2AC | 0 SaT | UOI]
. 697 §'¢g 0SS e | gUer - 02 gT 033 - - Lean

622 0L 0082 2% A 7. | 0§ ©}0E I2A0 .
1%2 G'S e 14 ga ge D% ©1 ST J3AC | . 7 ON
8v2 0'g . 008 92 G2l Gg - .GT 01 8 dI9A0 | Gg D& UodI
698 8¢ cez 8% g - BT 1 gord ] Kean
412 G2 0002 A (4 g9 06 03 0E a34C .
£¢e S 006 08 G¢a ¢ | 0£03GT J2AC i G'CHN
GgZ 0°¢ 0S¥y 2z | g'gr | oz | Giojgaesc; Qg gl uodg
4 0% 002 RN g | e g8 01 ¥ S| Aean
102 0°9 00LT £t S ge | gy | 08o10g a9M0 .
213 0'% 008 | ST 0% 08 | Dgo1gT Jes0 ! | gon| b
£22 53 0% | il g gl . 0g | srorgaeso! grpg| uoarf ™
Iv¢ | 0°% 081 61 | 8 €I 8y - Lean)
m . ; . . m - T on
102 g 00L o1 cZ ag 060¥% - | 0T Dal| U0l
. _ m | . : - Aean
| | . urar) ww) | S L" .
( "UTAL) I ( EMMWW NcMHE\ 231 | mmom..wm. | c..H.F : wWur - i
( “xeur) _ ) yduoalz | 31891 jo 180 Sv -
 UonoeRd peo} IIISSa L, ‘wWelq | poeld 1597, ‘sSaUNOIY], NIV | SSTID
‘N'H '8 15071 9sI2ASUBLY 1597, o[IsuUa ], jo "weid | 1rem . xoxddy :

(PG6T) 1068 D SIC :
Sunses uoay ean uo uorieoyyroedg gL ¢ OIS



3.2.L, Tensile strength

)
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Fig. 13 Relation of Sc and Tensile Strength

#* The similar expression in place of this is carbon
equivalent.
(C.E. =T.C. + 21
3

The strength of cast iron is measured in terms of tensile
strength. It decreases as the contents of carbon and silicon
go up. Particularly, the effect of C content on the tensile
strength is outstanding. This re lationship is shown in Fig. 15,
As evident from this Fig., the strength of cast iron of even
the same composition varies considerably. All this signifies
the iraportance of a melting method.  These data are based .
on-the result of test conducted with a test rod of 30 mm dia-
meter. Since the strength of cast iron changes sharply with
its wall thickness, it is better to use an actual— size tes’c rod
to find the strength of casting in question. ' J,I,S, has pro-
vigions in it, as shown in Table 5, covering test piece dimen-

-sions and wall thickness of cast iron by grade, -

3.2.2. I‘viam:qum Load of Tra:aaversc. Tea st

When Sub;]ccted to this maximum load of transverse test
“cast iron breaks without being bent because of its brittleness.
Stress under which this breakage occurs is about 2 times as
much ag its tensile strength is small, -and about 1.5 and 1.8
times as much as its tensile strength is more than 25 kg/"nmz.
Cast iron sags to a degree when it breaks, and the greater
the gag, the more ductile it becomes. Consequently, tensile
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strength, transverse load and deflection serve as an effective
clue to fmdmg out the real quallty of cast iron.

3.2.3. Hardness.

Hardness increases proportlonately w1th strength due to
composﬂ:mn and structure, and it is especially sensitive to
the amount of C and 51 contained (Fig. i1). In the case of
ordinary cast iron with the tensile strength of 30 kg/mmz,
its hardness goes up to 230. 5ince hard cast iron is difficult
to machine, the desirable properties of cast iron are high
strength and low hardness. Exception should be made with
the cast iron of B. H. N, of over 249, of which cutting ablhty
becomes increasingly difficult.
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Fig. 11 Relatlon of Sc and Hardness

3. 2. 4 Compresswe Strength

Cast iron possesses remarkable high compre551ve strength.
: Caut iron of even low tensile strength usually has the com-
 pressive strength of about 45. kg/mmz When the tensile
strength is about 30 kg/mm?2, its compressive strength goes
up above 100 kg/mm?. ' The compressive strength of cast
ironis considered to be within the range of 45 to 120 kg/mm?
or about 3 to 4 times as much as its tensile strength. This
~ is one advantage accuring from the quality of cast iron, while
the compressive strength of steel as well as tensile strength
- of it are about equal. ‘



3.

3.2.5. Helative Harte, Reifegrad

Within 6t is 15-40 kg/mm2, there exists the relation HB
= 100 + 4,36 t. Then Relative Harte RH is defined as

followed: HB

100 +4.361

REH <1 good material, RH > 1 undesirable material.
Next, there is a relationé t and Sc.

(G t]= 102 - 82.5Sc (d=30mm)
Reifegrad KRG is defined as followed |

&t ._1o06p
MY %100 = 1w ()

RG > 100 % good material, RG < 130% is undesirable material.

3. Other Properties
3.3.1.  Wear Resistance

It has been long proven that cast iron is most useful when
used at parts of sliding friction. Cylinder liner and piston
of internal combusion engine are most typical examples.

As regards the reason why cast iron is fit for such applica-

tion, no definite answer has been yet found. What little is
known for sure is that graphite present in structure plays an
essential role. Graphlte functions as a lubricant agamst

dry wear, and for wet wear, adding lubricant against dry
- wear, and for wet wear, adding lubricant oil is held in gra-

phite structure.” Low modulus of elast1c1ty, pretty thermal
conductivity, reS1st1V1ty for thermal shock and bardness of
cast iron may be reason for those uges. But even among

cast irons of the same kind, there are varlatlons in the

degree of wearreS1st1v1ty property.. - Cast iron with graphite
distribution non-oriented and pearlite matrix has better

_"quallty It is known that cast iron wz.th dendrite distribution
of graphlte and matrix mixed with free cementite has poor

wear reS1st1v1ty Hlthertofore high phosphor content used
to be desirable, as it added to the wear resistivity of cast
iron in a certain, limited appllcatloq but generally, 1ow

' phosphor 1s believed to be safe now,
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3.3.2. Damping Capacity

Vibration in one form or another is always inherent with
an ordinary industrial machine. If nothing is done about this
vibration, it results in resonance, giving adverse effect on
the accuracy of the machine and also on its useful life. When
a piece of steel is striken, its reverberation does not die
away quickly, but in the case of cast iron, its reverberating
sound can be instantly hushed away. Cast iron, in other
words, has excellent vibration absorbmg property which is
-very useful in an industrial machine. Fig. 12 shows an
amplitude of vibrations purposely given to steel and cast iron
and recorded till it vanished away. This property is called
damping capacity which is one of the important characteris-
tics of cast iron.

2.3.23, Heat Resistancé

- Below a temperature of 500 degrees C, cast iron is more
difficult to oxidize than steel, for while steel has an active
tendency of ridding itself of oxide filimm from its surface,
. oxide film on the surface of cast iron is tightly adhered and
not easily peeled off: Oxidation is prevented from infiltrating
into cast iron. Above 700 degrees C, however, growth occurs
on cast iron by which dimensions are extended. If heating
- and cooling are repeated alternately, it would eventually
- cause damages on cast-iron. This is one large drawback of
cast iron, which can be corrected to a considerable degree
by adding Cr, Si or S1.
3.3.4. Corrosion Resistance

it is ‘generally beheved that cast iron is weak to corrosion,
but it is fairly corrosion resistant against plain water or
soil, as in the cast of water pipe line of which life lasted
- over several decades. To.acid, cast iron is more sensitive
than steel, but it resists alkali fairly well. Corrosion resisting

resisting properties are 1mproved by adding Ni, Cr, Cu,
and thl.. like.
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4, APPLICATICNS AND STANDARD COMPOSITIONS om
GRAY CAST IRON

The ab,o]icaticm of cast iron extends over wide areas. There
are usual compositions of cast iron fit for each different appll-
cation which is given in Table 6.

-

J—— Cast Iron

[(T——

—_] Carbon Steel

Fig. 12 Curves indicate the difference between internal
damping capacity of cast iron and carbon steel



h, SPECIAL CAST IRON
5.1. Malleable Cast I_ron

While it is easy to make cast iron, it can not be bent like
steel. Malleable iron was developed in an effort to improve
this unfavorable quality of cast iron. It is lower in carbon
than gray iron casting. Malleable iron is annealed white cast
iron with ferrite and graphite structure,

Malleable cast iron is divided into two kinds.. One is called
while-heart malleable cast iron. White iron is annealed for
a long time with mill scale at a high temperature 850 - 1000°C
- in order to decarbonize the carbon in cementite by oxidation,
Its application is limited to small and thin castings. The
other is called black-heart malleable cast iron. By annealing
‘white iron first at 850 to 950 degrees C for 30 to 40 hours and
next at 680 to 720 degrees C for 30 toc 40 hours, cementite
structure is changed to ferrite and graphite structure and
softened, so that it becomes tough and resistant against im-
pact. It is widely used as automobile parts, transmission
line parts, pipe joints, etc.

Table T shows chemical compositions of white-and blackheart
malleable cast iron, and Table 8 and 9 show J.1.8. provisions
- on white- and black heart malleable cast iron. Table 10 show
J.I1.8, provisions on pearlite malléable cast iron. -

Graphlte

Férrhu

Fig. 13 Microstructure of Malleable Iron
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Table 7. Chemical Composition of White-, and Black-heart
' i
Kind l C Si Bn l P S
White-heart | 2.8-3.5]0.4-0.81 0.2-0.41{ <0.15 | <0.20
RBlack-heart | 2.2-2.810.8-1.21 2.2-0.35 <0.20| <0.08

Table 8. J.LS. for Black-heart Malleable Iron
JIS G5702-1980
Tensile Test Bend Test
S i Tensile | Blonga-| Max. [Radius
Classification Mark  strengthjtion % | Bend |of Bend
‘ka/mm Angle|
(min.) | {min.) | (min.)| {(min.)
Black- No.1 | FCMB28 28 5 90°
heart g
'\.T,_‘ F 3 a
Malleahle No, 2 | CMEB32 2 | 8 120
Iron 70,3 | BFCME35 35 10 150° 43
Mo. 4 | FCMB37 37 12 150°

% When iron with ferrite and tempér c;rboﬂ is heated above
a terperature, and coold fairly rate, it results to pearlitic

malleable cast iron with only pearlite and graphite.
.1-0.25%, or Mn up to 1% are effective to make

. oearlltec cnst 1ron
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fig. 13 shows microstructure.
5.2. Corrosion Resisting and Heat Resisting Cast Iron

Cast iron has a property of being sasily attacked by acids.
Acid-resisting cast iron was developed to correct this defect
by adding alloy elements into ordinary cast iron. Alloying
elements used are Si, Cr, Ni, Al. Table 11 shows a typical .
composition of acid resisting cast iron,

48 explained before, cast iron has a tendency to form growth
(of grain) when heated above 700 degrees C. Heat resisting
castings were developed to cope with this tendency by adding
such alloy elements as AL, Si, Cr and Ni. Table 12 shows a
typical analysis. ' ' '
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5.3. Sohormda.l Graphite Cast Iron {Tuctile Cast Iro
L_Jod_ulagL Cast Iron)

In 1047, it was discovered that graphite in casting turned
spherodical as’a result of adding cerium into molten cast iron.
By further adding Mg, its industrial a application was made
pogsible. Ag can be understood from its microstructure in
Fig. 14, this particular kind of cast iron has high toughness
close to steel and can iron, high-quality product.can nat be
obtained. It is necessary that pig iron of low S and P content
is chosen as raw material. The ductile cast iron with the
tensile strength of 50 to 70 kg/mm and elongation of 1 to 8%

Cisin popular use Table 13 and 14 show the spemflcatlo'lc' of
Japan and U.5 '

Table 13. J LS. Spec1f1cat10n of 5.G, Cast Iron SJIS G 5502- 1521
| o SR ‘Tensile Test Elonsation
Classg . Mark‘ Tensile strength| Yield Strength P(rain.)

o . krr/mm-' {min.) I«:p'/mm2 (min.)i ¢ .
No.1  FCD 40. 40 28 EETE

| No.2  FCD 45 |- 45 30 5

No.3 FCDS55 | 55 38 2
Mo.4  FCD 170 10 43 1

Table 14. Specification of S.G. Cast Iron in U S.A,

: o . . I‘Jiin. ] T './.Ei:ﬂ . I\fi.in. ] Lo :
Designa- .| Usual | Tensile | ¥ield Elong. | = H.I
tion. Iy Condition | Strength,| Strength,| in 2 in.,

B 1o - opsi -1 spsi - P
80-45-15 | Anmealed | €0,000 {45,000 | 15 | 140-182
80-—6@— 06 - | As CaSt 8Q, 0G0 | 82,000 5 .1195-225
93-65-02 | As Cast | 90,500 | 25,000 20 1225-285
90-69-00 . . lso,000 |83,080 1 239-293

: |
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5.4, Acicuiar Cast Iron

Ordinary cast iron turns into acicular cast iron turnS with the
tensile strength of 40 to 50 kg/mmz ‘highly resistant against
shock and fatigue, with its matrix changing to bainite as cast
when 1.5 to 5% of Niand 0. 8 to 1.0% of Mo are added. If is
commonly used for cams and crankshaft of Diesel engine and
press hammer parts. : : '

Pearlite o 'Grap'hit'e ' _Ferrite'

. Big. 14 Mlcrostructure of S, G Cast Iron '
5.5, Meehanlte Cast Iron '

Meehanite cast iron so frequently talked about in foundry
industry arethe cast iron made at a foundry plant operating
under a technical licensing agreement with Meehanite Foundry
‘Co., of the United States. It belongs to the classification of
high grade cast iron, rather than that of special cast iron.

" Its characteristics are excellent mechanical property and
high dependability of products made of this cast iron. To
make this cast iron, an equi-blast method is applied to a
‘cupola, lots of steel are mixed and melted at a high tempera-
ture and calcium silicide is inoculated to molten iron in front
of a furnace so as to aid in grapharization and even distribu-
tion of fine curved graphite. Another advantage of this cast
iron is that high quality products can be made {rom it by sub-

"Jectmg it to adequate process control in all phases of foundry
technology

e o sk sk s osle sk
LR O AR A S

- 174 -



. STEEL CASTING







- By: Tatsuhide Teukimoto
Nippon Sha.ryo Co,, Lid.

1. A BRIEF HEBETORY OF THE STERI, CASTING NDUSTRY

Pl

Steel castings, by their very nature, require molten steel in
their process of manufacture. Mclten steel was unknown prisr
to the year 1750, True enough, steel was well-known centuries
earlier, as the Damascus and Toledo blades of legendary fame
will testify, but this steel was forged from posty masges of
iron produced, in the Catalan forge. In the year 1752, in En
land, Huntsman originated the Crueikle process which flrs:.
produced steel that could be poured 2s a liquid. This method
of steel making came into wide fuvor but its use was confined
to the production of small ingets which were in turn worked into
the desn ed shape.

It was not until 1845 that steel castings, i.e., steel cast to
final shape appeared on the scene. On July 14 of that vear,
Johann Conrad Fischer, the Swiss metallurgist, exhibited
various small castings produced from crucible steel. On July
23, 1845 Fisher apolied to the British Patent Office for nriority
rights to a "new way of making horseshoes' which consisted of
: castmp S‘teel in sand molds. ‘ :

It was in 1882 that the steel castmr‘s were first produced in
Japan: the steel was melted in a crucible at the Navy Armory
located at Tsukiji, Tokyo. The first commercialy operated
steel foundly was the Sumitomo Metal Industries Ltd. Where
were manufactured in 1530 by a Sciemen's type open-hearth
furnace, (Acid furnace of the capacity of 3.5 tons)

In 1818, on starting to manufacture steaam Locomotives, the
Nippon Zharyo Selzo Co. Ltd. {belong to me) produced the stesl
~castings by a converter and then, in 1832, this company began -
to produce then by the Heroult type eleciric arc furnaces,
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ADVANTAGE IN THIS USJ:, o ST_EL AGTH‘JG

The structure of steel castings is uniform, it ie free from
directicnal propeties resulting from flow lines, producing
a structure of great strength with excellent resistance to
shock and stresses.

Steel castings offer a wide range of mechanical properties
from which the engineer may make a Selectlon for diversi-
fied pr oduct requirements.

Steel Castm;rs are readily welda ble for use in composite
structures. :

Steel castings are easily machined.

AJ

ctreaﬂhnﬂs appearance of steel cc.stmgs results in a raore.
salable product,

Steel castings have high fatigue resistance and excellent
hizh temperature properies which are ideal qualities for
critically stressed parts.

The low temnperature notched-bar impact properties of
cagt steel are similar to those of wrought steel.

Steel casting requires less mc.chlmng than a erugh
praduct. :

Steel oastms:r are tough and durable; they can also be rac_de
nard and wear re.alstant heat and corrosion reswaant



3; STEEL CASTING DESIGN

3. 1. What should Pesigners Know about Steel Castings ?
(1) low fluidity
_(2) high shrinkage
(3) low strength at 2, 700°F

(£4) high ccoling stresses

What defects can be eliminated by good design ?
{1} hot tears '
(2) shrinkage cavities
(3) misruns

- {4) Sand inclusions

3.2. Rules of Good Steel Casting Design

3.2.1, Changes in section size

_ _Shar.p COI'T_K?TS Small Radins

;
i 4
R

- o BRI

Foor Design Not Recornmended  Fair

Good . Best _ - No change
: ' Recommended

"Fig. 1 -Section Change

- 179 -~



3.2.2. Uniform thickness in cagting design

!
g
L

A

D s
| d>73D :
1
1FD>L57AND.  d>34D
. b
THEN ="

Sl

15 DEGREE SLOPE

C

/ iy :=f/éff
rd

SD' N
i_i d> 24 D

1FDCLEY AND d>%4d

THEH  r=W#
BLENDIN

-

1FD> 157 AND d<ZP

SLOPE BETWEEN THE TWO PARTS FOR EXAMPLE
4

Pt ’
Hig, 2

g

d =% D=ear

i
A R A |
Zb A \ -
e \ oA
\
Crack .
L.eakage
g. 3

r =

THEN r'm-g WITH Ais D

2D
3

Section Changes on One Side

&

EGREE

b

=<

“Correct ‘design
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3.3.3. Designing to prevent the formation of hot spot and
shrinkage cavities.

Ba

e e

Position of a hot spot 89 can be illustrated

Fig. 4 Position of a hot spot 82 can be illustrated by .
inscribed circles. '

i P b, ‘. 2
A N o e AL
st - . Ty bl

A a — —— WA ’ s
cap T
T ==X L .
% . . . r:__:.liﬂ 15/;
138 - :

S (M Fmnay Se 2y -

© . INCREASE OF MASS 125% INCREASE OF MASS 77%

5
v 8 "i “r )
__‘_~.L’,.‘\-\-% —

L
ég ey 2

Jme (D Y= R34
8 "

'LNCRCASE OF MaSS 224% INCREASE OF MASS =300%

Fig. 5 The use of mscrlbecl circles to deterrmnﬁ
effect of mass.
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3.3.4, The designing of joininz sections

"1" sections

sShrinmge cavity ~R=2d

Fig. & IEvolution of the "L" design

-ra-—D—-—-
_.d.., A b B |
{ _ ' /—3 -;SL_OPF éi;‘mm
<*T‘ _ ' \\\L\_
—— i

r=d when .d«1¥ a
r=1"when d<1¥ BUT<3” b= awhen d> 3%

Fig. 7 ''L" design with extoric corners

"7 gection

=1Ed BUOT NOI‘ LBSS THAN 1« .
GOOD Dd
: : R—=r + d st BUT NOT LFSS THAN 1¢
BEST,.{r:Lad _ . : ]{;-:l'"{*"d
. R=15r + 4 i o i :
r=r 4 d

Fig. 8 Recommended ''V" design
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"¢ gection

= Lhid BUT NOT < yu4r
Be=r + g
b x4 g

B
Fig. 9 Recommended "Y" design
"T" section

R
T SLOPE 75z, L

r=D BUT NEVER LESS THANZY OR GREATER THANI *
IF=D 18«154q:THEN r=D A8 SHOWN IN #aA"
1F=D

IS> 154 THEN r~D AS ABOVE WITH A
759 SLOPE TO FIT THE

) RADIUS .r\S SHO“’N IN ” e
Fig. 10 Recommended "'T'' design

L
0

‘k”.—“
L ~Y

“\

-

BEVLERE
C .
 A~JUNCTION DEFECTIVE
B,.C — JUNGTION -[MPROVED

Fig. 12 Cross-section of a motor frame casting
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""" sections

re= |7 MAX

e

d

T

]

rﬂ.‘—- %

! Faa
BAD DESIGN " POOR BEST T > 2d

Fr J

Fe
m

et

3 Recomended X" design

A *3 S
“\) H\‘“ SN
! CORED . |

ig. 14 Cored X' section
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3.3.5. Design of reinforcing NWemhers

RIBS OR’
BRACKETS
Right Rib

is improved

Fig. 18 The use of bracket

SIDE=FE _ _
BRACKET <4 E BUT NO LESS THAN 4"
CHANNEL =34F :

L=4 TO 6 INCHES

' Fig. 17 Reinfocing a chanel section
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" 3.3.3. Wave CO“lSt ~aetinon

&,

C: Poor - Digid Design

D: Good - Elastic Design -

Fiz, 18-a Wave construction
(Elastic design)

- Fig.i8-b Wave construction

STEEL MELTING

4.1, Melting Practice

Steel melting for castings is currently carried on ih various
furnaces, but the basic-electric. arc furnaces are employed
most widely and the acid open-hearth and basic open-hearth
furnaces come to the next. Only a few acid- electrlc arc
furnaces are operated in Japan. In the case of prepnrlnrr the
heats of low and high alloy steels and the heats for small

'Castmr*s the high frequency induction furnace is employed

The most preferred size of electric arc furnace is the one

-hav:.ns a roaximum capacity of 10 tons and those used exclus-~

ing for cast steel melting is less than 3 tons of capacitly.
The ma,;]orlty of the eTectmc arc fUrnacc is of this smc
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The trend of modernization of the electric arc furnace is

aimed to shorten the melting down tirae and to cut down the
- KWH per ton with consuming large amount of eletricity 2t high
~voltage by the use of a transformer of large capacity, Also,

there is a tendency to adopt top charge system to a relatively

large sized furnace intending to reduce charging time, and to
raise production. As {o automatic current unit, the Armplidyne
system is widely used. Oxygen Bessemerizing process was
first introduced to open-hearth furnace and then it was also
adopted to the electric arc furnace in the case of melting high
alloy steels such as stainless steel and so on. It has become
very pbpu_lar nowadays to use this process in the practice to
melt commeon or low alloy steels. By adopting this practive,
it is generally driving out the refining method by the use of
iron ore alone. The necessity of rigorous boiling at high
temperature has emphasized to degassing. By vigorous boiling,
detrimental gasses and nonmetallic inclusion can he eliraenated.
Care should be taken to the selection of charging material and
the drying of ferro-alloys and filuxes to avoid the increase of
hydrogen gas in the molten steel. It is under consideration to
employ the vacuum degassing process in steel melting, <which
has recently heen put in-to practice. The suitable amount of
aluminum as a deoxiden are ranges from §.02 t0 8. 1%. An
example of heat for a basic-electric fiirnace operation is
shown in Table 1. Artificial graphite electrodes are being
used as the electrodes. As to refractories, magnesia clinker

~ is used for bottom, silica bricks and chromite magnesite un-
burned basic bricks are for side walls and silica bricks are
for roof. o

Table 1. Furnace Hecord of a2 Heat of _
~ Carbon steel in iQ ton Basic Fleciric
Arc Furnace _ :

Size of heat = 24,475 lbs.

Analysis desired = %

(o) . (Mn) - Bi) - (B (®
0.23 t0 0.27 0.60t0 0.80 0.30t00.40 0.035 2,930
o _ : ' : max. - max.
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Fig Furchased scrap Return  Turning

9. 495 11,000 8,51k 2,535 (1bs.)
45 35 10 (%)
A . ) _
] nalysis Temp. . .
Tire A
rime £%  Mndh (F°) ctivity
%ﬂiﬁ—— | premous heat tapped charging
0: 3 ‘ | Power on
1130 lc.sa .30 Melt down slag off
(2. 043) | %Add lime stone 3306lbs, flousper
o | 44 1bs.
; H
1245 3. 45 211 Slag off Add: lime s tone 3201bs,
| (F .03¢) | Spar 44 lbs., ore 6¢ lbs Fe-Tn
33 Ibs. -
1:E8§ 2,97¢ (Coiygen Blown
2:0.7 |9.20 .23 . : o ;
2 .19 (® 1) Slag off Add: Fe-8i-Mn 132 1bs.
- - e Span & x_ :3 1bs. lime st:me £50 1bs.
_ C. 7. 5 lbs.
2125 b Add: Fo-Si 132 Ibs, €. Powdor
: 233 lbs. =
2:35 {0,238 .80 1£dd: FPe-Si-Mn 35 lbs.
2:53 5.23 - 12,83¢ | Tapped: Aluminium 7.3 lbs,
3:38 ~ Add. totheladle

. Ladle analySi_S: %)

¢ Mn si P 8 M Cr
0.02  0.£9  0.34 0.019 0,213 Q.06 - {0.0S
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4,2, Reactions in the Basic Procegs

.

4,2.1, Cxidation Eeactiocas

Corbon, — [C]+ [FeC) = COI+(Te)
Silicon, 51+ 2Fel = BiTe + 2Fe

Manganese, Mn + Pel

i
=
=
2
+
e
]

Phosphorug, 2F + 2Fel = 5Fe + PoC

= US
2P + 5Fe0 -+ 3 220 —“BCaO'PZC’E + EWe
- Sulphur, Felb + Cal = ¥l + Cal

Mn = Mnl + Bea

4.2.2. Reducing Eeactions

| Iron ox_ide,.-. 3reC * Cals —= Cal + 2CC + 20e
3FeC + 2A1 — AlyCq + 3 Fe
2FeC +8i - 5i0y + 2Fe
MnO +8i —= SiOg + 2Mn

Manganese oxide is reduced in z like manner according to
similar reac.tlons. '

Sulphur, 2C20 + 3MnS + CaCy ~ 3CaS + 200 + 3¥n
| 2CaFg +2MnS +Si  2Cas +Eif, + 2l4r

o«

‘ 4 Z. 3. Slac* Controll

The control of basm slags has resulted almost entirely in
correlatmg_the slag.composition with slag appearance, Algo,
the formy appearance of the slag while in the furnace is =
rough indication of its basicity. BSlag samplesare taken on
spoons and dipped into cold water and then observed. The
color indicates the amount of iron oxide % in the slag
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I

‘Table 3. Slag Analysis of 2-slay heat for steel carbon

% per cent. _
E%}idglgmg Refining Slag Tgfféng
| Wo. 1 No.2 | Mo.3 |No.4 |Mo.5
Cad 41,02 | 43.28 | 48.91 | 51.84 | 51.35
Cafy -- 6.98 | 7.30 | 7.96 7.55
Tal 0. 22 0.28 | 0.41 | 0.4¢6 0.71
Caly - .16 | 0.70 | 0.58 3.59
Feo | 23.80 | 11.55| 0.88 | 0.43 0. 87
MnO 7. 00 .22 | 2.95 | 0.01 0.30
£1503 1. 96 i.61] 1.78 | 1.50 2. 12
g0 9.53 7.69 | 9.08 | 7.42 5.60
Crsls | 0,75 0.56 | ©.08 | 0.0 5, 02
2905 5,98 0.321 6.21! 0.07 0. 02
Si0s | 14.58 19.72 | 27.88 | 20.30 | 27.18
CColor | Slack Kark- | light | white white
o brown- brown|
green '
Sam ling | 12:32 | 1:05 | 1:25 | 140 | 2:12
o time | P.M.. | P.M. | P.IL | P.M. P M.

5. MOLDING AND CORE MAKING

- The use of greensand molding has been increased rapidly
Since 19560 and in company with the modernization of sand pre-
paration and reclamination units, it has become possible to
make most of the small size castings and some of very large
castings weiglhting from 3 to 5 tons with green-sand molds in
“some foundries. But the percentage of dissemination cf green-
sand yielded in Japan usually containes rather low percentage

2190 -



- of 5102 and rather high percentage of foreign elements such as
a feldsper, as that the artificial silica sand made by crushing
and sievirg the sand stone of high purity of SILICA . is used in

consideravle amount. Generally the type of sand srain is sub-
(&)

angular. Compared with the rolding sand occurring in U. S8, A, |
ours' is of inferior greatly in grain distribution and unifermity
of corapositions. The grain size of silica sand clagsified by the
percentage of utilization is tabulated as follows:

(Table 3.)
Téble 3.
Grain gize  |Artificial | IMatural Total
- No. 1 L1% | 3w 5.1% |
5 3.9 1 5.1 | 4.3
3 24.7 13.4 18.1
¢ le2re | 152 7.9
5 24.0 45.¢ 41.4
5 15,5 5.7 15.5
| s 0.5 1.2 5
Total 100.0 100,32 100.0
-Perc_ent.age, : _
of Artificial| 24.0 78.0 100. 0
& Natural

As the grain size of natural silica gand hecomes smealler, the
percentages of foreign materials become greater, and this
causes a great trouble. Resulted oy suitable mixture and con-
trol, fine grain size of sands like Mo.5 to § become possible to
be used these days as the facing sand of small and mediur: size
of molds. By the use of these fine sands, the surface of casiing
is improved. . Lately, many foundries are using zircon sand to
particular parts of the mold so as to prevent burning-on ; it is
all imported from Australia, '

Olivine sand is presently under trial use, especially good
result obtained in the case of producing Mn steel casting.
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Rentonite and clay are being used a8 the major binders; the
former is used for green molds and the latter for dry molds.
The properties of U.S.'s bentonite is much better than that of
Japan's in the bonding strength and ignition loss. A compara-
tive test of these two bentonite is being carried on by the spon-
sorship of Japan Cast Steel Soc1ety

Molasses, corn flour, dextrine (cereal binders) and vegetable
oil are used in considerable large amount as the subsidiary
binders. OCil is mainly used to make cores, but recently the
consumption increases gradually as the increasing use of blow-
ing machines., Linseed oil is most popularly used. Trial use
of air setting oils becomes very active.

The formula of the moldmg sand varies by the foundry and it is
difficult to state here in general. The example of molding and
mixes is as follow: '

Example 1. Green and mixture:
109 Ibs. No.§ New sand  Moisture 3 - 4.5%
123 Ibs. Weo.5 " '
1312 lbs. Bentonite . Green comp. 5 - 8 lbs/in2
11bs. Dextrine - _ Permeability 200 - 308
 1lbs Cereal Binder ' ' '

Iyl

Example 2. - Dry sand mixture: ,
130 1bs., ~ No.5 New sand Moisture 6 - 8%
100 Ibs. No.4. ' o | |

12 1bs., Rentonite ~ Green Comp 8- 10 1bs, /in2
31s. Clay = - Dry Comp. 100-150 1bs/in
0.4 1bs. Cereal Binder  Permeability 400 - 500.

. Exaniple'S. Dry sand n‘iixtufe’: :
. 50 1bs. No.5 - - Moistare 6 -~ 8%
50 1bs. No.4 | | |
50 Ibs. No.3 - Green Comp. 8-10 Ibs/in?
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6.

120 lbs.
100 1bs.
4 1bs.

2 1hs.

Example 5.

109 1bs.
100 bs.
14 1bs.

i lbs.

Bilica Flour
Clay

Dry Comp 120 - 170 lbs/in?
Permeability 120 - 179
Molasses

Cil sand mixture

No. NWew sand Wioisture 4 - 5%

Y

Linseed-oil Bry comp. 200 - 289 1bs/in2

Dextrine Permeability 25 - 357

CO3 sand mixture
Mo.5 New sand
No.& "
Nodium-Bilicate  Comp. 200 - 328 lbs/ind

Dextrine 353

Permeability

GATE AND RISERING SYSTEM

As the gate and risering system has a very important function

- to the guality and yields of the finished casting, so that steel
foundrymen have loag been aware that a successfully made cast-
ing rust be properly gated and risered.

- 6.1. Ratio of Spfue, Runner, Ingate and its Shape

(2) A ratio of sprue to runner to ingate in cross sectional
area is normally considered depending upon the pouring .
speed, which shall be mentioned latter, and a suitable
distribution of metal flow should be considered according
to the shape of castings.

{(b) The places where the defects such as blow holes or

cracks are apt to form, must be apart further from

| ingate.-

(c) Sprues should be positioned ot the places where more
efficient feeding of the casting and where the cut off can
be done very easily. - '
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{d) Gates must be designed so that the flowing metal runs
into the casting smoothly and it replaces with fresh metal
eagsily. The gone where the flowing stream will be thrown
would be eroded by the stream and would result in- scap,
rat tail, cuts and washes, 80 that the molding sands of
suitable strength and expansicn or the sleeve or elbow
made of refractory bricks should be used locally,

5.2. Risering

A lot of studies have been carried on as to the size and shape
of the riser and its effective feeding range. They are based
on the theories established by J, B, Caine, W.S. Pellini and
H. . Bishop. These have been used in conjunction with the

empirical formula.

See Fig. 20 - 23
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6.3. Chilling

Chills are used to the places where the effect of riser does
not reach. The size of chill are determined according to the

following- standard.
Thickness of outer chill

t=(0.7~1.00T T: thickness of.casting
Dia of outer chill rod 1.; length of chiil
d=(3/4~1T But L. <10d

- Dia of inner chill rod
0 =if3s s : inscribed circle dia

Fig. 24 is an example of outer chillers.

=1i/3"
7 o= 3/a" Y,
N = D
B =3 é’
{Same

Thicknessg)

(S /s )2 2.25 | 1.77 1 3.24 4.0
Mass : : . _
Increase T | +125% | + 7T +224%| +300%

Effect of ' '
chill Sound Sound Sound | Sound

Fig. 24 Outer Chill Bt s<3" L< 10D
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5.4. FPouring Temperature

Small Casting 2,848 - 2, 950°F

Medium Cast_ing_ . 2,780 - 2, a40°w
Large Casting 2,730 - 2, 800°F
Poui‘ing Rate:
Table 4.
Weight of metal poured 1bs. | Pouring Rate sec/ton
300 -"_-—25 - 3_5-—”—__—“~
300 - 600 25
500 - 2,000 | , 20
2,000 - 4,500 10 - 15
4,500 - 10,000 8- 12
1,000 - 20,4000 5- 8 .

7. FINISHING AND HEAT TREATMENT

After pouring is made, the casting is shaken out and it is
given cleaning operation by means of pneumatic chisel shot-
blast, sand-blast, tumbler, or hydroblast before removing
gates. risers and pads from the casting.

In the case of cleaning a large size of casting, hydroblast is
the best means from the view points of both efficiency and the
danger of silicosis, The installation of hydroblast is not yet
popular but it is gradually installed.

In the case of low carbon steel casting containing less than
0.3%C, gates, risers and pads are removed from the casting
by oxy-acetylene, oxy-propane torch, cold saw, abrasive wheel
grinder knock off hammer or arc-air-blast after the cleaning
operation. Chaplets and minor surface blemishes are rermoved
by Gouging machine, swing grinder or portable grinder.
Harring repau ed these depending. on the material and thicknesg

The full annealing is done above the temperature of ACS3, and
the holding time in the annealing furnace is determined b v the
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rate of 1''/hr, then the casting is cooled to a'tempera-l:ure lower
than 200°C in the furnace.

The casting taken out from the annec.llng furnace is given occ.le
off operation by shot blast, etc., and then mechanical testings,
dimentional checking and visual inspections are made. The
casting member which has been detected inspection by the dim-
enstonal inspection after annealing is subjected to stress-relief
treatment using bydraulic press or other means, and those of
found defects are repaired by weldmg and the stress relief
annealing is given, if necessary.

In the cases of plain carbon steel cagtings containing more
than 9. 3% carbon, structual alloy castings, stainless steel -
castings, and heat-resistant steel castings, it is a matter of
course the gas or electric-arc or powder cutting should be done
after preheating or annealing the castings and then they must be
heat treatment specified by JIS. Heat treating of 13% Mn steel

castings should be carried on in accordance with water- quenching
from 1,080 - 1, 130°C.

2400 ! \..
: I
2200 i Y
‘ *_'-—;‘H‘Aust;enite ~
| ik
' Normaltung'
1800 AL

%«F\]ll Anneal ing
r"' and Hardcmnwi

1600 Range -
. A+C
L400-Y - - - - -7 =Uoni i oy
N Sl e S 7
1200 .— _._,“i....__m_.%_ ,!._
. i
1000 P g P
R i +
1‘1 : q 1
A B T Y R

0 02 04 06 081D17LL 1.7

_._'Fm 25 The Iron- Carbon Diagram as Used’ for the
Heat Treatment of Steel
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NON-FERRTUS CASTING ALLOYS

2y: Shizuo Suzuki
Governmental Industmal
Eesearch Institute, Hagoya.

1. PREFACE

- In this booklet, the main subject is Copper Alloys among
various non-ferrous alloys of general use, rather than Aluninium
Alloys of which outline is given though. It is becavse non-
ferrous Alloys cover all metalic materials with the only exce-
ptions of Iron and Steel, Cast-Iron, and Cast Steel, which are
ever so much in volume to describe in this booklet,

Non- Ferrous Alloys, though having inferiorities in the guantity
of rescurces, of production, and in the costs as industrizl
materials, have many advantages over iron and steel; and there
are used many of their kinds..

2. COP TR AND COFPER ALL"”T“
2.1, }’—‘ure {Copper

Solid Copper is used very few for cast-items, and meainly
~used as part of various electric machineries in which is re-
quired high electrie conductivity of pure copper cast, Fure
- copper is very easy to be oxidated when being melted or cast,
" taking too much of Hg gas into the molten matter, and conse-
quently it is very hard to obtain the cast items of pure copper.

2.2, Copper Alloys | |

Copper alloys are. divided into 3 1 big categories; (1) various
brasu consisting of Cu and Zn with some contents of b, Sn,
Mn etc., (2) various bronze consisting of Cu and Sn being
attaéhed With' Zn, Pb, and P, and (3) Aluminum Bronze com-
poging of Cu and Al with Ni, Mn, Fe, etc:

2.2.1. Brass

Brass has good ant1 COI‘I‘OS]_V‘.L‘L" , and is not easy to be
I‘.ushed_and also has good mechanical advantageous foatures
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which enable it easy to be cast, be cut or ground. Moreover,
being comparatively cheap in its costs, brass is used in good
quantity covering wide range from various machineries,
instruments, to daily necessities, artistic articles, metal
accessories ete. ' :

{a) Brass of 2 Elements of Cu and Zn.

Zm is found much in Cu as solid solution. The one that is
used generally is. of @, and ® + 8 systems. The tensile
strength is in proportion of the increase of Zn contents and
suddenly becomes much stronger with the appearance of '
8- phase, then shows the maximum with the 45% of Zn.

The elongation reaches to the maximum at the 30% conte"lts
of Zn, and decreases down to nil with 50% of Zn. For cast-
ing, brass with Zn less than 20%, and that with the Zn con-
tents of 30% to 40% are most widely used. The alloy with

Zn contents of 10-15% is called as Tombac, which corres-
ponds to the specification of JIS, Bs C, and is used for cast-
ing various flanges etc. The alloy around 40% of Zn contents
is so-called 8:4 Brass, and is named after the inventor
Muntz, and Muntz Metzal, which corresponds to the JIS Speci-
fication of Bs C3. The usages are for various parts of mac-

hineries. _
(b} The 1nﬂuences when added v.rl;.h other chemlc:al elements

‘."fb&"l added with Pb, Sn, Fe, Al Mn Si etc., alone res-
pectlvely or in combinations, there come out varlous types
of brass castings with particular features, which are now
actuzlly used. Being often taken up used metals as base,
these clements mentioned just above are apt to be mixed up
. as impurities, and the Standards restrict not so severely

-towards those impurities. Even if attached with the 3rd
elements there appear no spec1a1 systems as long as the
quantity is small; and the element is melted into the 4 and 5
‘solid solution, - :

Pb -~-~- About 2. 5% of Pb are often added to Brass for
casting to improve the castability and machmablllty (JIS .
Bs Cs) But Pb gives action of precipitation tothe grain
~“boundary to malke the material be weakened. and at the same
i tlme easily be melted, therefore not welcome for the hlgh
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strength castings, so it should be kept within o . 5%.

o ~---- If added in small quantits v, the fluldlty of Lrags
would be increased and the castings be fortified; however
the adding of 2% of 5n would brng malignant influences

" towards the brass, so generally 1.5% should be added, ang
been made out of 6:4 brass replacing about 1% of Zn with Bn,
cor res*aondmg to B5C4 equivalent to Naval Brass, is used
more for the parts of anti-salt water machineries, The
composition of it is of Cu 2%, Zn 37%, Sn 19,
ceeds in anticorrosion over 3:4 brass.

>

, Which ex-

Fe ----- The addition of Fe to brass would cause the mHera-
scopic change of the crystal increasing the hardness and
tcnsﬂ.e strength but decreasing the elongation.

Mn, Al, 5i -~--- As to be described afterwards, Ma, and Al
is added as main elements 10 make Mn Bronze, while Si

, for
Silzin Bronze.

{c) IManganese Bronze ----- The brass alloy with Mn is
called customarily Manganese bronze instead of as Manganese
brass. By replacing of a part of Tu of 8:4 brass, with Mn
less than u% and besgides Al, Fe, Sn or Ni in some case
added, and obtain a complicated alloy which is so-called
Manganese Bronze, and some of them show the tensile stre-
ngth of 63 kg!mmz. ‘It is also splendid in its resistance
against corrosion and water pressure, which is used for
various parts of vessels cspecmlly for propellar, and valves.
Manganese Bronze is classified as High Strength Brass
Castings in Japanese industrial Standard.

(d) Silzin Bronze ~---- The alloyed metal exploited in Janan
~ by Dr. Ishikawa, which has a unique characteristic not to
contain the expensive Sn. This bronze has good casting
characterlstlcs and strength, and also good in corrosion
-resistance buat very sensitive towards impurities: the v do not
use 5o much in countries abroad. This type of Bronze, clas-
‘sified to JIS S2BC 1-3, having the main components of Zn
- 10-15% and 81 3-5%, is an alloy of Cu-Si type with Zn added,
from the point of view of its construction. Used for the
valves and othcr parts of water- puzaps of sea-water and
S"tea..r.-;,, :
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2.2.2. Bronze

(2) Cu-Sn Dual-element type -~--- Solutionness of the solid
solution is very changeable according to the temperature,

and being apt to take segregation, is not so easy tc obtain
the equilibrium. Consequently, the structure and properties
of the castings varies remarkably according to the cooling
speed. The tensile strength shows its maximum at the Sn
contents of about 20%, and the munrlum of hardness around
Sn 3\.;% '

{b) Influences when added with other elements ----- This
Bronze, when being melted, delivers SnCy which makes the
quality of the cast inferior, and consequently in actual pro-
duction of the alloy, they add Zn or P, both of which has _
deoxidation properties. Pb is added to the alloy for bearings.

Zin e Bronze in JIS, BC3 that is composed. of Cu 88%,
Sn 10% and Zn 2% has long been noted as Admiralty Gun
Metal, having splendid mechanical, anti-corrosive proper-
ties, which is widely used for casting various parts of
machineries, valves, cocks, gears etc,
Cther compositions of Cu-8Sn-Zn type alloys are about 2-15%
of 8n, Zn 1-10%, and often 0, 5% - 10% of Pb; the one of Cu
85%, Sn 5%, Zn 5% and Pb b% is well known as 85-5-5-
~Alloy (JI8 BCS). :

Ph ~en-- Leaded Bronze ----- Phis very little sohd scluted
into Cu, and the Pb added solidifies around the grain-bound-
‘ary of the solid solut10n Censequentely, this bronze has
better properties for the bearings than any other ordinary
bronze. Even not for making bearings, the small Pb addi-
~ tion improves the castability, machinability, and the resis-
tence against wear and water pressure. The representative
exa;nple of the kinds is the aforen:lenhoned 85-5-5-5,

P ----~ Phosphor Bronze --- Pis an effective agent for :
deoxidation; the bronze just used P for deoxidation and leav-
ing no ¥, or leaving purposely a very little P, are both cal-
led as Phosphor Bronze, the former is classified to JIS PBRCI
“and the latter to JIS PBCZ and C3. P can be melted up to
about 0, 15% into the Cu-Sn0 solid solutlon, however, the
extra of that is crystallized as CugP. This CuzP is very
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hard which effectively increases the wear resistence of the
alloy, and therefore, adapted for making various Zears,
bearings etc,

2.2.3. Al Bronze

(a} Cu-Al Dual Elements Type ----- This type of bronze with
Al less than 7. 4% is an alloy of @ single phase, and has little
tendency of segregation when being cast. The standard quan-
tity of Al =2ddition to the alloys of practical use is 9%, of
which coraposition shows the maxizum strength, The alloy
with Al over 9% is of & single phase at the time of just after
" the solidification, ‘however, it & phase gradually precipitates
along with the decrease of ternperature, and is to hecome, of
@& - single phase, at the temperature of 300°C or under at the
equilibrium state. Even in actual casting, however, the
afore-mentioned changes would nst he taken place completely.
The composition of the castings with Al of 9% alloy has, be-
gsides the & -phase secondary precipitated, 8 rhese rerains
of which is to be eutectoid transformed intc & + 12 in case

of the equilibrium status., RBut, this would not actuzally be
decomposed, while changed into> 8’ -pretentive-stable- phase,
“And therefore, the composition of the alloy would be of @ +4

vhase. In case of large castings, there comes the decom-

position of 8 into @ + ¥, , which makes the castings to ba
brittle because of gradual cool, This Phenomena is called

as Self Annealing. So, for the large castings, rapid cool
- method should be applied. EBut when Fe, Ni, Mn etc, added,
no self-annealing will occur because they eliminate velceity
of eutectoid decomposition remarkably. :

(b) influences of other elerments added.

Fe ----- Alloys of practical use, {IJS ALRC 1i,2,3) always
contain 4-5% of Fe, because the Fe added isto make the
crystal structure outstandingly finer; which reinforces the
tensile strength and hardness, and eliminates the shrinkags
cavity of the castings. |

Wi ----- Ni is solid soluted into the & -phase in comparative-
ly small quantity, but as the solubility of & -phase decreases
' rezﬁarkably in low temperature, it brings out good effects of
heat-treatment.
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T = ¥n has good effects in deoxidization, Improves
the corrosion and wear resistance, and increases the tensile
strength without harming the elonpgation; so generally abowt
3% or less of Min is added. The multi-element- Al bronze
- castings is excellent in corrosicn, erosion and weal resist-
ance, =nd also is good in strength and plasticity; therefore
used for maeking propellar of vessels, gears, valve baseg,

ete.

3. AL/ ALICYS

Though there are many types of Al-Alloys for castings, they
are divided roughly into Al-Si type, Al-Cu type, Al-5i-Cutype,
Al-Cu-Mg type, Al-Mg type, and Al-Zn type.

The Alloys of Al-51i type, having good castability, are Wldely
used for castings, and called as Silurnin. The Alloys of Al-Cu
type have long been used industrially as the light-alloys, and is
called in BEurope as American Alloys because the said alloys
have been exploited in the States with the development of aute-

mobile Industry.

The Alloys of Al-51-Cu type have been developed in Germany,
and are used more for the gencral castings than the alloys of
- Al-Cu type, :

‘The Aloys of Al-Cu-Mg typo are ca.lled as Y- Alloys when
added with-Ni, and widely used for making pistons or cothers”
that require high heat-resistence, This alloy has been develo-
ped in England many years ago, but still is used in the same
- compositions in most countries.. The' Alloys of Al- Mg type,

~ were alsc invented in Germany; but not so much used at that

time because of the inferior quality a8 Al of good quallty was
rather difficult to be obtained then. Still however, if the alloys
. contain very few of impurities, they show very cxcellcnt corro-
sion resistance and are, at present, widely used for casting
various parts of vessels and others that require. hlgh corrosmq
resistance, and farmharzzed as to be called Hydronalluwl _

The Alloys of Al-Zn type-are used very seldom in Japan,

Following Fig. 1, shows :_the. alloys of'pra‘.cti_cal use in J apar,
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FOUNDRY RAW MATERIALS

By: Taku Sugiura
Chief of Research Bept,
Yahagi Iron W orks, Litd,

1. PIG IRON
1.1. Tron Ores
1.1.1. Classification of iron ores
hematite (FegO3, Fe = 70,0),
.m.agnetite (Fe304, Fe =172, 4),
limonite (2Fe303 3HyO0, Fe =59, 8),
siderite (FeCO3, Fe = 48.2),
iron sand (Fe304) pyrite cinder (Feg0Ogy),
~ purpleore (Fes0g), ete.

1.1.2. Agglomerates
Smter.(self—fluxing sinter or lime-sinter), pellet

1.1.3, Requlrements for characterlstlcs of iron ores

(1) Fe content - high (60%), _ o

(2) Content of detrimental elerents (P. S. Cu, Cr, 9, As,
- oete.) - low, S . =

(3) Size - moderate,

(4) Reducibility - good,

(5) Strength (durmg heating or reducmg) - high.

1.2. Bl_ast Furnace

1.2_.. 1. Construction of blast furnace (Fig. 1)
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: Bt J% . :é)

R 4

{1) blast furnace
(2) hot {(blast) stove (9) blast furnace gas

(3) chimney

Jaet a9
Y

{8) glag ladle car

(10) gas cleaning plant

(4) skip indine (11) hot balst
(5) hot blast piping (12) cold blast -
(68) tuyere - (13) combustion chamber :

(7) pig iron ladle car (14.) exhaust gas

Flg 1 Sectional dlagram of blast furnace 1nsta11at1on

Chemical reactlons in the blast furnace

3Fe + 2C0

| _1 2.2.
(1) Fe

1. FegO3 + CO

2. FegOy +CO.

3. FeO +CO

4 FeO+C

5. 3FeC +5C0O
B,

- 2Fe0 + €Oy (Indirect reductlon)
-3Fe0+coz o)
- Fe+CCy (" " =
- Fe+CO  (Direct reduction)
- Fe3C + 400y

~ FesC + COy
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{2) Mn
7. MnOg + CO - Mnl +C0y
8. MnzO4 +CO -~ 3MnO + €Oy
8. Fe+ MnO +C -~ PFe-lyn + CC
3) 8 |
10, CaSOg4 + Fe + 3C -~ Cal + FeS + 3CO
11, FeS +Cad +C  —~ CaS + Fe + OO
(4) Bi
12, 8iOp +2C +Fe — TFe-Si+ 200
(5) P | |
13. 3Ca0- P205 + 35i0g + 5C + 5Fe  ~ 30#0 Si0g
B | +5C0 + 2FesP
(8) © |

14. 2C0 - C+COs (Carbon deposition)
15, COg +C -~ 2C0 Carbon solution) Combus-
' tion of
] + o, Y
- 19' C+02 _ _bQ2 cokes
(7} CaCOg '

 17. CaCO3 = CaO +COy

18, CaO *+Aly03 +8i0y — Silicates

(8) O ' L
- 19. Evé.poration of moisture -

- 20, HyO (combined water) +C = Hy +CC
21, HpO (inblast)+C =~ Hy +CO

1.2.3. Control of chemical composition of pig iron

' C: Molten iron is saturated with carbon under the given
- conditions in the furnace hearth. :It is difficult to
-control carbon content independently.

Bi: High temperature operaticn, slow driving rate, low
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basicity slag - high Si, 8i i% - coke 70 kg.
Iin: 40~ 60% of charged Mn is reduced. '
S: a~3% of charged S is dissolved in the liquid metal.

P
High temperature operation, high basmlty slag -
low 5.

Ti: 25 ~48% of charged T1Og is reduced and dissolved by
the 11:'0"1 :

Z, Ni, Cr, Cu, As, V: It is difficult to eliminate these
' “elements during blast furnace
operation.
1.3. ZFElectric Smelting Furnace |

1.3, %. Construction of electric sri"_lelting furnace (Fig. 2)
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(9) water seal

(2) Soderberg self-baking (10) spray tower

~electrode
{3} secondary conductors
(4) transformer
(5) charging pipe
(8) belt conveyer
{7 tapping hole
(8) ladle '

(11) bleeder valve

(12) bleeder
{13) theisen washer
- (14) washing blower

(15) mist separator
{16} to gas holder

Flg 2. Sectional diagram of electric smeiting_ furnace
installation (closed type)

-1.3.2. Chemical reactions in the electric smelting furnace

FeO+C - Fe+CO  (Pirect reduction)
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1.4, 1,

Control of chemical composition of pig iron

. mgh £/V, high basicity slag, hlgh coke rate - hlgh Si

i% 81 -- 120 kWh
ig iron

Classification of pig iron

According to;
(1} Use - Pigiron for steel
' Pig iron for casting (Foundry pig iron)
Ordinary foundry pig iron
Malleable nig iron
Pig iron for nodular graphlte cast
iron

(2) Furnace Blast furnace pig iron
Electric furnace pig iron

{3} Zleducing material (Coke pig iron)
Charcoal pig iron

{#) Chemical composition . .
: (High carbon vig iron), Medium carbon
pig iron, Low carbon pig iron,
Silvery pig iron (high silicon pig iron),
high phosphorus pig iron,; low phosph-
orus pig iron,
alloy pig iron.

Themical composition of pig iron

(i) JIS - PJ_D’ 1ron for castnw {Table 1)

{2) Zzamples of makeris specification (Table 2 - 4)

3) Fe-CT-8i dlagram and chem1ca1 composfuon of
vig iron (Fig. Q) :
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Table 2. Ordinary foundry pig iron

[ Classifi- . Chermical composition %
cation C " Si Vin P

A1 |33.90(1.40~1.60]0.43~2.90 |<0.150
a2z | " |161~1.80 v |
) Bl | 1.81~2.00 " i
B2 " 12.01~2.20 ..
- C w12.21~2.40 T "

cz o 12.,41~2.80 n T

Di >3.80 ) 2.61~2.80 3 T

D2 W19 81~3.00 " "

D3 >3.70|3.01~3.201 " |«
e v T3g1~3.40 0| v

D5 " {3.41~3.50 X T

Table 2. -Malieable.pig iron

Cléssifi; ~ Chemical composition %
cation ¢ 1 si Mn | F
No.2 | 3.80~4.30 1.00~2.50 <050 [<2.100
 No.3 |3.40~4.102:51~3.50 | 0,80~1.00
‘No.4{3.16~3.80] 3.51~4.50 | 5,80~1.10

| No.5(2.70~3.50( 4.51~5.50 e
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Table 4.

Special pig iron

IR Chemical composition %
QOlagsification - - —
7S 12.20 3.00/6.00 7.0010.70 1.20|<0.100|<0.035
85 2.00 2.80/7.01 8.00 " " .
Silvery | 95 |1.80 2.608.01 9.00 " . "
108 |1.60 2.40{9.01 10.00 1 " "
o | 10. 01 ) -
118 {1.40 2.20) T "
11,01 - - -
128 {1.20 2.00. 15 09
_ T12.01 - "y -
138 |1.00 1.80 13,00 |
145 |0.80 1.80 13- 9% " . N
| 14,09
. 14'01 1 i1 1
155 |0.60 1.40 15 5
Int - T _ _ —
n_egggifte 3.20 3.50 | 1.50 2.50|0.40 0.70]<0.100]<9.950
2LC 12.50 3.201 h 0.50 0.80] " |<0.035
Low aLe M _2_5.'1 . 3.50 1 " i
carbon S .
4L " 3.51 4.50{0.50 1.00 F L
5LC [2.30 3.00(4.51 5.50{ d " "
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Fig. 3 ¥e-C-81i diagram and chemical composition
o of pig iron -
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2  PFERRO-ALLOYS
2 1. Method of Manufacture

(1) Electric smelting furnace {cf. Fig. 2)

(2Y Blast furnace {6~ 12% Si silvery iron, ferro- -
manganese) (cf. Fig. 1)

2. 2. Chemical Reactions

Standard free energy of formation of oxides (Fig. 4)

4 Faa()‘ -i-Ozm g6 e_h,()3

0 | ” O B
T T AT 1% 7
20— e wl’afé i ;:51—?)”0( ~2C040,
b // 3 “.'_,/: -\a,i‘”‘.‘.v o /"‘ MZCO
—40 Uu'\'oszz;f‘; *};L{] \w;p;f:’;"té\i =]
60 S0 T e S O S0
~60 FT e = S R e b
T hand e . o A T
= 100 /’/%/&7”{9’/// ) N “*"0"’/\\ Oi\“oca
s - il _/" L VRN PCS AL R b W LY
b 10 SIS e B ozl |
—_ ] By L. £ - ] . < - 33 e |
YRR RS SR
= * L}_ _X/’ S - A -
B S g I o s R RSy
20 %J T T | BT M
:DN :/ | $.\ '%‘;:,/‘10?' Ox - -’// - . -\_\
R e e T S P 25k
R U= g N A G =
= _am ST \k; ;\“0"//,»%7’ /] '
2 i ‘
i M3 , .
220 = O] =
= Fy
- | 40T L
4 Lol o e b @;ﬁ"f -
~ 260~ 5502
. :’n{\]@" k‘LJ
—B0pE
—300 :
0 200 400 600 800 1000 1400 1800 2200
) . 1200 1600 2000 2400
Temp (" C) .
Pig.4 Standard free energy of formation of ox1des
Melting point: [M(element), M (oxide),

Boiling point : [Blelement), B (oxide),
 Sublimation point: .(element} S (oxide),
Transformation point: .(element) T (oxide)
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2.3. Objects of ferro-alloy addition

(1) Rogulatlon of chemical cempzosition of ordin
{for example Fe-Mn, Fe-3i)

ary cast iron
(2) Addition of special element for alloy cast im'ﬂ
(3) Inoculation

2. 4. Time of addition
(1) Cupola (2} Ladle

2. 5. Suggestions in use of ferro-alloy

For better yleld of alloying elements and uniformity of
chemical composition of produced metal, attention should be
- paid to the followmg characteristics of ferro-alloys.

(1) Chemical comp051t10n (content of alloying elements,
impurities and gas.)

(2) Size
(3) Melting point boiling point
(4} Specific weight

(5) Graphitizing tendency for cast iron etc.

2.8. Chemical corriposition of ferro-alloy |
(1) Ferrosilicon (Table 5) and metallic silicon (Table &)

Note: 50%Si — TFutectic composition, low melting point,
: high spec_ific gravity and low gas content.

(2) Ferromangdnese (Table 7), metallic manganese and
spiegeleisen (Table 8)

(3) Silicon-manganese (Table 9), Calcium-silicon (Table 13)
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Table 5. Ferrosilicon 7S G. 9309
Classification | Code _Chemical .compositio'n %
| . Si o P S .
No.i | FSi1 [88~093 |<0.2 ko.05 ko.02
No.2 | Fsi2 |75~80 [ " o
Ferro- | No.3 | FSi3 |40~45 | " " "
SHICOR | 0.4 | FSi4 | 25~30 [<0.8 Ko.10 Ko, 10 ]
o.8 | FSi§ | 14~20 [<1.3 K0.05 Ko.08

Mote: C, P and Al contents may be specified as follow

[
.

Chemical composition | Code Content %
C F8i2 | <0.1  <0.05
R~ k <0.04  <0.903
o Al L <1.0  <0.5
ol = T ) i+ s e . : : :.
Table §. 1/1eta111c Sll1cqn JIS G 2312
R | Chemical composition %
.ClaSSIflcatlt)n_ Code 54 P P g e
3 o . | n 1 oy Y
I\J_I'etallic 1‘19. i MS;l 98, 0 . <u_- 13 K005 KO. Q5 <Q. 7
Steon | o o i msiz Por.o | ¢ ol g
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Table 1.

Ferro manganese

JIs G 2301
Clagsification - | Code Chermical composition % |
- ' Mn C Si P S

High No.0 | FMnHO | 78~82 {<7,5 |<1.2 ko.43 ko oo
carbon _NO. 1 FMnRnH1 73~78 <7.3 " " 1

NQ.z FI\GHHZ_ n <7.0 |<3.0 1" 1
Vodium | NO-0 | FMnMO | 80~85 [<1.5 |<1.5 H "
carbon WNo. 2 FPMnM2 T5~80i<2.0 |<2.0 i "
Low No.0 | FMnLO | 80~85]<1.0 |<1.5 |<0. 35 "
carbon | No,1 | FMnL1 | 75~80) " "0, 4s o

Note:. P, C and 8i contents may be specified as follows,

Chemical composition| Grade: content %
| <0.30 <0 90
P AN grad ’
CBIRUES oh 15 <. 13
| <0.50  <9.20
C -Low. car?
- ow..c rbon | oo 10
T High carbon |<0.5 <0.3
Si Med. carbon (<0.5
Low carbon <1.0

Table 8. Metallic .Manganese. and Spiegeleisen.

JIS. G 2311
JIS G 2305

Classifi-

Chemical composition %

; Code S
cation | V¢ g T ¢ [ 8 | P |8 | Fe
Electrolytic |y i g | rest |<0.01 [<0.01 K0.01 k0.04 [<0.01| G2311
nanganege . - ' : '
Spiegeleisen] SP = [20~25[>3.5 |<2.0 [0.30 | — | — | G23C5
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Table-§....

-3iljcon-manganese

JIS G 2304

Chemical composgition %

- (a) Return scrap or home scrap
Sprues, gates, risers and defective castlngs

- Proportion of return scrap to the metal melted - 10~ SU%—_
depends on the type of castings and gating,

chemical analysis is known and uniform.

separate accorcmg to the averase ana1y51s

*.228 -

| Classification .- Code {70, ™y C 7. | s
o No. 0 | SiMn0 |65~70 |20~25 |<1.5 - <0, 30 |<0. 05
| silicon- | No.1|8iMn1| " 1320 [<2.0 | " |<0.02
Manganesey s, 2 | $iMn2 [6o~65 | " | " 919,03
Wo.3 | $iMn3 | "  |14~18 |<2.5 | "
P content may be specified as follows.
Grade content % i
All grade - | <0.20, <3.15, <0.10
T ’ . _ .; . : )
Table 1G. __Calcmm silicon JIS C 2314
Classification Code chemical composition %
- Ca | si C P
| Caleium- | o.1 | CaSil | >80 |55~85 [<1.0  I<0.05
silicon | 30,3 | CaSi2 |25~29 | " N R
3. SCRAF
- 3. 1. Classification of Scrap
3.1.1. Iron scrap

- deulrable to




3.

3.

2.

2

e

(b} Purchased scrap

Chermical analysis and size are variable. -- contamin-
ated with cther materials such as steel shafting, bearing
metals, non-ferrous materials including copper- and
alumninum-base alloys and cther miscellanecus materials.

Iron castings for given applications are often made to
a fairly standard analysis range. -- for example automo-
tive castings, machine tool caﬂtmgs

1.2. Steel scrap

(a) 'New material of known analysis, the bye-product of
some fabricating process.

(b) Old scrap, dismantled obsolete or worn-out structures
and machines. -- variable composition and size, contain-
ing tramp alloys or non ferrous attachments.

How to Select Scrap for Foundry Use
9.1, Cast scrap'

{a} Pieces of iron scrap which show evidence of machining
operations will be high enough in carbon and silicon to .
yield a gray fracture in the sections involved.

(b} Chilled casting or castings showing white fracture are
almost invariably of low silicon content,

(¢} Burnt and heavily oxidized gcrap is always dangerous.
‘It'is low in carbon and silicon, high in sulfur, and intro-

duces variable quantitics of unwanted oxide into the metal.

(d) Some types of iron castings such as railroad brake
shoes, sash weights, mill stars and many white iron
parts are tradltlona]ly meltcd from the poorest grades of
scrap.

(e) Cast Scrap should not conta.m apprec1able amounts of
steel.. :

(f) Material whzch shows ductlllty and bends when struck
with a hammer is steel, wrought iron, malleable iron ok
‘nodular graphite cast iron.
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{(g) Fieces which do not rust or are not lifted by the ele-
‘ctro-magnet are high in alloy content, :

{h) Non-ferrous attachments such as aluminum, copper
alloys, bearing metals, etc., are dangerous and should
not be present in properly prepared scrap. The same is
true of galvanized or tinned parts. -

3.2.2. ‘Steel scrap

{a} Structural steel (angles, beams, etc.) usually is
unalloyed and contains relatively low carbon, approxima-
tely 0. 2% with manganese 2t about . 50%. Silicon usually
is very low with sulfur and phosphorus 0. 05% max.

(v) Ship plate, boiler plate, tanks and other commonly
used plate will analyze 0.25% max. carbon 0.'75% man-
ganese, 0.35% max. silicon, ©0.04% max. phosphorus,
c.nd 3. 05% max. sulfur. :

{c} Sheet and strip scrap often purchased bundled usuvally
analyzes 5. 10% carbon, 0. 40% manganese and is low in
silicon, sulfur and phosvhorus,

(d) Railroad rails are made of unalloyed high carbon
steel analyzing 0. 70% carbon, 9. 75% mangane.:., and .15
to 4. 23% silicon. .

_ (e) rorgmgs may be' una}ioyed cdrbon steel but for :
heavy duty applications alloy gtezls of various type.:, are
often used. o

(f) Small steel parts which invdlve considerable rﬁachiﬁing
-are often made from free- machmmg steels containing
from ©.08 to 0. 30% sulfur.

3.2.3. ulze _ _
'(a) Very small pieces of scrap are obJectmnable pc.rfl"
cularly in steel scrap. Such material in large amounts
tends to make an excesswely tight charge, preventing
proper penetration of blast in the case of cupola melting.
Very small pieces also may migrate from charge to

‘charge as the cupola settles, thus arriving at the melting
zone c.hecd of the balance of the charge. :
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(h) Very th-in' pieces are alsc objectionable. Thin steel
plates carries an excessive percentage of rust and much
oxide is formed on its surface during descent in the cupola
resulting in excessive melting loss of silicon and manga-

. 3

‘nese.

(c) An excessive amount of flat plate stock in steel gScrap
is objectionable in that flat plates tend to overlap and for‘ce
the blast up the cupola walls.

3.2.4. Tramp elements in scrap

Among the tramp elements which usually are not harmful
in small amounts are the alloys nickel, chromium, cobalt,
copper, molybdenum, titanium, vanadium, ete. Most of

the

se elements are often added to mclten iron to irmprove the

properties of the castings.

: pinholes, sluggish metal, aross

decrease in strength

Pb: gas pcorosity, decrease in strength

. Te: chilling effect

;' decrease in impact and tensile strength; especially

when added as a constituent in brass scrap.
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FUEL (FOU’DEDRY COKE)

By: Ichiro Saeda
Asahi Coke Industry Co. Lid.

‘1. MANUFACTURING PROCESS COF FOUNDRY OOUER

AR,

In old days, charcoal used to be the fuel for melting iron at a
foundry shop. With the development of coke industry, foundry
cupola depends exclusively on hard and high quality coke for its
fuel. The quality of foundry coke is determined by the quality,

blending ratio, gram size and carbonization process cf its raw
material, coal.

In Japan, the principal types of raw coal for foundry coke are
~ high volatile bituminous coal, low vclatile vituminous coal
anthracite coal, pert oleum coke and pitch.

These coking c0als are properly blended, crushed and charged
into a coke oven. Air is then shut off from the oven, and the
crushed coal charged is heated for 22 tc 28 hours to a tempera-
ture of approximately 1, 000 degree.: C. Through this heating
process, moisture in the coalis evaporated, and the cozl beg-
ins to soften and swell at a temperature of approximately 558
degrees <, at the same tlme emlttl"ur gas.

Rlsmg to a temperature near 900 degrees C, the materlal
ceases swelling and producing gas and begins to shrink; con-
tinuedly heated up to 1,000 degrees €, it is finally made into
foundry coke at a high temperature carbonization. Gas produ-
ced at the time of carbonization is coal gas in which tar is con-
tained. This tar is then separated and extracted as coal tar
which Serves as the raw material of chemical industry.

There are two types of coke oven in which the carbonization of
coal takes place; Beehive Coke Oven, and Byproduct Coke Oven.
At the present time, the Byproduct Ccke Oven is in use almost
exclugively, Figure 1 is a diagram of the Byproduct Coke Cven,
and Figure 2 illustrates the process of carbonization. :
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(1) coal bunker
(2) cherging car
{3) drop sleeve
(¢) collecting main
(5) ascensgion pipe
(8) coke guide _
 (7) coke quenching car -
locomotive '
(8} coke quencing car
{9} coke whart
{13} coke belt convayor
(11).lean gas main

%L:

(12) regenerator.
(12) underjet cellar S
(14) under jet piping ™
(15) rich gas main .

(18) waste gas flue

(17) reversing valve

(18) leveller '

{18) pusher machine

(29) oven door on extractor
(21) ccke pusher ram

(22) liquor spraying nozzle
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The Byproduct Coke plant consists of batteries of 15 to 20 1
ovens. Fach oven is an externally-heated retort; gas is com-
busted at flues on an external wall of the oven for the heating
purpose. The Beehive Coke Oven is an internally-heated re-
tort in which coal-emitted gas is directly burned inside the
oven. In this type of oven, carbonization takes a longer time
and temperature adjustment is difficult. '

Fig. 2 Process of carbonization in a coke oven
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(1) (2) (3) {4}
Furnace wall D. Coke layer, Coking Still to be

A,

B. REaw material carbonization comple- heated and
~coal layer - ~ is going on. tes. . coke has
C. Dewatering . - Expansion = cracks grown
layer, shows and shrinkage  into finer
the state when = gtarts in (D} pieces.

coal inserted coke layer
into Coke Oven and genera-

_ tion of dehydration
gas is active.

2. .CHARACTERISTICS OF FOUNDRY COKE

The characteristics of foundry coke used for a cupola play an
important role in the performance of a cupola, for the foundry
coke not only supplies heat necessary for dissolving iren, but
also performs numerous,; metallurgically important functions
such ag providing molten iron in the cupola with carbon, reduc-
ing and refining iron, silicon and manganese metals and suppo-
rting a melting zone as bed coke, etc. For these reasoms,
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unlike ordinary coal for which calorific value is regarded as
importaint, the following physical and chemical nroperties.are
congidered important in regard to the fOundry coke: '

Z2.1. Physical Property
2.1.1. Strength

Soft coke or coke of insufficient hardness crushed into
fines at a great rate during the process of handling and charg-
ing into the bed of a cupeola with the result that the effectively
usable portion of the coke is reduced and the size of grain
becormes unevently distributed. Also, due to the crush, wea
and decomposition of such coke, in-oven resistance increa~
ses disrupting the normal operat10‘1 of the oven

Two testing methods -- (1), Shatter test and (2).
Tumbler test -- are used for measuring coke hardness. In
the case of foundry coke, the shatier test is the standard
raethod,

By this shatter test, the hardness is expressed bj the per-
centage ratio of coke still remaining on a 50m/m screen on
which 25kg. of coke is dropped four times from the height of
2m, The standard hardness of foundry coke in Japan ranges
fror:l 87 to 98.

The tumbler test expresses the hardness in ter;ﬂs of grain
size measared after the coke has been twirled round 30 times
at 15 B. P. M. in a drum of 150cm diameter and length. - Ik is
considered that while the shatter test finds out the strength
of coke agsinst impact, the tumbler test indicates the stren-
gth or the hardness of coke agamst tear and wear.

In addition to the coke hardness at a normal temperature
the same property at a high- temperature is also important.
This is to gay that even the coke with hlgh strength at a2
normal ternperature and with uniform grain sizes would col-
lapse and disable the normal operation of the oven, if its
strength becomes low when eypose':! to a hlgh temperature

~after charged 1nto the ove‘1 :

2,1.2.  Grain size -

The particle size of coke for foundry use is one of the raos
decigive factors for the successful operation of a cupola, =~
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Uniformity is the first and foremost requirement in the
particle characteristics. Lack of uniformity in the particle
size renders blast pressure constantly variable which in
turn results in unstable combustion within the oven.

The next important requirement is that the particle size
should be proportionate to the hearth diameter of cupcla.
Should the particle size of coke be too small;, the totzal sur-
face areas of coke become larger, resulting in the slowing
down of reaction to oxygen and in the excess reducing reac-
tion of COg. The optimal ratio of hearth diameter and coke
particle size is believed to be 1/8to 1/12.

As already explained, coke is made through 2 carbonization
process in which pulverized raw coal charged into an oven is
solidified (coking action); as a result, the particle size of
coke discharged from the oven is not uniform at all, and,
therefore, sizing becomes necessary, At Asahi Coke Com-
pany, raw coal is briquetted in advance of charging into a
coke oven, and carbonized coke briguetis are sold on market
under the trade name of "Forma' of which particle size is
perfectly uniform. ''Forma''is entirely new foundry coke
with improved hardness.

2. 1 3. Poroulty

Poros:n.ty is a'ratio between 1pparent spec1f1c gravity and
true specific gravity. Its equation may be as follows:

100

S Apparcnt speu.lflc gravity
F C..'!I‘Ofdlty-." ( 1T specific pravity )x
The average porosity foundry ccke in Japan is 25 to 35
appromma.tely, while in America it is 40 to 50. This is due
to the different raw coking coal used between the two count-
ries. The true spemﬁc gravity related to porosity does not
-vary much with any brand of coke, averaging at about 1. 8
to 2,0. Hence, the apparent specific gravity can be esti-
" mated with the known porosity. -Also, the smaller the prosity,
the larger the ratio of volume (kp‘/cm3) is,
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2.2. Chemical Property
3. 2.1, Volatile matter

Volatile matter is expressed by the amount reduced at the

timne of heating of permanent wet test specimen at a tempera-

- ture of 925 degrees C + 5 degrees C for 7 minutes with air
completely shut off, according to the provisions of J.1.5.
Since the carbcnization temperature of foundry coke is higher
than this 4.1 S. -specified test temperature, the volatile .
matter of foundry coke is generally not too much, averaging
bCI\J’W 2%

2.2.2. Agh

Agh is the residual of coke after it is combusted. Its am-
cunt is already fixed even before carhonization takes place
by the amount of ash in raw coal, The amount and compogi-
tion of agh have large effects on various reactions of coke
within a cupola such as combustion, carbonization, reduction
and slag formation. The grading of foundry coke in Japan is
based on ash content is the order =f 10%, 8% and 6%. ILow
‘ash coke with the ash content of less than 6% is marketed in
Japan for special high temperature melting, but for general
melting purpcse, coke with the ash content of about 8% is
pa‘oﬂarlj used 28 a tendency.  The remaining lement after
volatile matter and ash are deterrmined in the industri=l
c.nalys:Ls of coke 1._, fixed carbon, or to put it in ancther Way,

ru:eo, carbcn =168 - (Volc:clle matt\_r + Ash)

It is th1s fixed carbun ’chat fixes the value of coke in the cupo-
" la as fuel. The amount of blast into the cupola should be
balznced by he proc.uct of fn’ed ._n ccke ratio.

2.2.3. Sulphur

uulphur ccntamed in foundry coke is usually in the ranp'o of

..,...nr

a. 5%_ to 0.. u%. The mO':'t gtandard uull"hl.’ \.Ox;!.\.nb lu_ () UL

- Since sulphur in raw coal is remuced to a half thromgh car-
honization with the other half remaining in coke, coke with
low sulphur can be made from coal of low sulphm. Towever,
vecause of ash and hardness considerations, it iz difficult
gtill at the present time to produce coke with the gulphur
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content of less than 0. 5%, -

- About'1/3 of sulphur remaining in coke is absorbed by iron
during melting, which meansg if the same cupola charge
materials are reduced over and cver, the sulphur content

is to gradually increse. Special care ig required in this
regard. ' '

2.3. Reactions of Foundry Coke Inside a Cupola
2.3.1. Reactions of combusiion and reduction

The combustion of coke differs from coal in that there ig
no emmissicn of gas caused by thermal decoraposition, and
-oxidation takes place through a direct contact between oxy-
gen in the atmosphere and carkeon on the surface of coke, as
a result of which combustion is induced and temperaturs
rises enhancing the oxygen absorbtion of carbon, and thereby
compustion progresses. Since such combustion cceurs oa
the surface, it is called surface combustion and differentizted
frora.decomposing combustion as is the case with coal. In
the surface combustion, carbon on the surface is different
from carbon inside, and since its e¢oherence {atomic value)
is nnsaturated and activated, oxyzen molecule is easily ab-:
sorbed. ' o '

Carbon is combined with oxygen on the surface of coke to

~ produce whether only COg(Formula 1) or also CC (Forrmula
2} simultaneously. Mo sure finding is as yet made on this
point. Inany event, at areas immediately close t2 2 tuyers,
02 in the atmosphere is completely used up for coribustion,
at which time the maximum content of CCp is £1%. Wext,
CCg gas which rose through a combustion zone is reduced by

" of red hot coke into TO, or -

C +COg = 2C0

(Formula 3}

In this case, the longer the tirne of contact between € at a
high temperature and COg, the more likely it is that all TCq
is changed into CO, CQOg 0% and CJ 34.7%. But, due to the
great flow speed (uprising speed) of CCg, actually CO3 at a
furnace top is 9 to 15% and €U is between 8 and 21%. This
percentage figures are of course dependent on the grade,
veaction, grain size, coke ratio and blast amount of coke,
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CO gas coming out of the furnace top could be burned off in
flame, if it is high in density and its temperaturc is high

enough i‘or combustion.
2C0 + Og - 2CO2

(Formula 4) |

*pure 2 shows the resulfs of test conducted with a midget-
d cupola with one tuyere and an internal diameter of 29¢cm
in order to find out the condition of combustion inside a

size
cupola.
Tig. 3

Inside Cupola

Distribution of Ternperature and COg

Coke small

Hhearth d1a 1/10)

Rlast 30m3  /min/

Coke large
{hearth dlc,.. 1/5)
Blast 303 /rain/

Coke large

(hearth dia 1/5)
Blast 503 /min/m?2

m2 m? |

O]

" et
i

W 1200

i 1000 ¢ I~

8 _ T 1300

£O % @~

e ~33 500

9w NN 600

g & \soo | o |
) : o

) _ S

i Tuyere’ Tuyere Tuyere

T - ; . ~—
o ' : : 1.8 D | .
§_‘, g: o ) : . 10 L 8 .

4 B~ S N I _ . ‘ '

U > \ ‘
B0 \\;\% ™ s\
20 B e BN

Tuyere Tuyere .

- 242 -



From this test, it can be reduced that the furnace wall just

opposite from the tuyere is the center of a cupola with an
internal diameter of 40cm,

Also, from this test, it is obvious that the condition of
combustion in the furnace varies greatly even with the change
of ccke size and blast arnount.

That in-furnace temperature rapidly goes down as £0s is
reduced is due to the reaction of heat absorption whereby
CO9 is reduced into CO (Formula 4).

Air (or blast) does not permeate to the center of furnace;
instead, it is believed that air is dispersed according to the
speed of oxidation reaction which is determined by blast
-amount,  flow spead, coke size and grade. In other words,
the intensity of oxygen adsorption in surface combustion is
the determining factor for the distribution of COy “ml tern-
perature,

-
2.3.%2. Reaction of cc.rbon pick-up

Tha carbon of coke in a cupcles is picked up by irca, adding
up to the carbon content of iron. Carbon pick-up takes place
each-at a melting zone, combustion zone and crucible, Tt
progresses better, the high in-furnace temperature is.
Needless to say, the extent of car"~"n pick-up is greater, if
~the ash content of coke is lower. Zven with coke of the same
ash content, the degree of carbon pick up still differs depen-
ding on the composition of ash, its reaction and surface con-
dlth"l ' :

Carbon plck up increases ]_f the carbon and silicon contents
of charge materlals are higher. Conversely, if these cont-
ents are lower, carbon pick-up decreases

B R P PR . VI T
2O S G SO T Y
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REFRACTORIES FOR CUPCLA

By: Dr. Susumu Minowa
Magoya Industrial
Regearch Institute

i, FOREWORD

Of various refractories, those which are comparatively re-
lated with cast iron melting will e discussed in this article.

”Refractory 18 a general term for nonmetal inorganic mate
rials which are difficult to melt even at a very high tem peratL.re.
According to the industrial standards of various countries, such
_materlc.ls which Soften and melt at X 25 (1, 580°C) cor more are
called 'refractory'.

Refra.ctomes are consumption materials and not for permane-
nt use.

| Such being the case, an economical viewpoint should be taken
when refractories are used.

At presént the acid operation syster: is widely adopted for
cupola, Put the basic operation is desu'able for the melting
procedure of hxgh- class cast iron,

2. GF‘N'F‘RAL PROPERTIES OF RAEFRACTORIES

2 1 Refractormess

' KP number is used to express the degree of refractoriness
of refractory materials. SKis an abbreviation for Segel
Kegel. This is considered as a kind of pyrometer.

2.2, Porosr{:_y

This is a factor which exert the greatest influence cn the
wear of refractories and its influence is greater than that of
refractoriness. Porosity is alsc related with the shrinkage
by burning and it determines the quality of refractory brick.
2.3. Strength

_Th_is' is important in determining the appropriateness of
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shrinkage by burning.

2.4, BSpalling

Spalling means the occurrence of breaks or cracks in the
refractory at the changes in temperature. As for cupola, a -
less degree of porosity provides so rouch less wearing, there-
fore the degree of spalling should not be glven a primary con-
sideration in the case of cupcela, :

2.5, Corrosion Resistance

Corrosion resistance is a property of refractory materials,
which is determined by the degree of the chemical reaction
shown by the materials at a high temperature.

Since the chemical reactions of refractories which take
place at a high temperature are, on the average, acid or basic
reactions, they are considered as ironic reactions.

Acid refractories are composed of nolymoecule irons of
silice and basic refractories are coraposed of alkali or alkali
earth irong. ‘When these materials contact each other 2t a
high temperature, a chemiical reaction takes place with the
result that softening materials are produced and the refracto-
ries are corroded, . Such being the case, a general tendency
“of corrosion can be known if the chemical compositicn of the.
refractories and slags are determined. However, the rate of
- corrosion is largely dependent on te:nperature coarseness of
particles combosing the refractories and atmOsphere

Tnc acid, newmtral and basic mc.terlals composmg refracto-
rles are shown below: : :

Acid: - 8i0p, B0z, PO:_»:_
‘Meutral: AlyO3, FeOz -

Basic:  CaO, MgO, BC, BaO, NaZO Kzo
. LiD, FeO, inQ

. PEFRAC’"ORIES FOR CUPCLA

- £ Cupola can be divided into the follo*mng three Zones:
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(1) Charging zone  (2) Melting zone  (3) Well

The refractories used for making the charging zone is not
expoged-to high temperature while the cupola is in cperation
and it also does not suffer from the corrosive action of slags

The melting zone is worn off to some degree by the charged
materials but it suffers to the greatest extent from the corros-
ive action of slags heated to a high temperature. OCf the re-
fractory material used for a cumola those for this “’},el‘t]_nﬁ zone
are most important.

- There is no wearing off of the well. This part is eyposefl only
to the corrosion by slags

3.1. Acid Refractories'

ACld rcfractorles are composed of the compounds of 8 SHEPE
AlpOg. The materials abounding in $i0y are called silicesus
which are the refractories with the highest degree of acidity,

3.1.1, Siliceous Refractories

Siliceous refractory is manufactured by the follewing pro-
cess: Well calcinated silicecus stones are crushed into small
pieces and a small quantity of clay or lime is added to them
and the mixture is shaped and burat,

“The advantages of this kind of refractories are that they

- have a2 high degree of compression strength at high tempera-
ture and retain sufficient viscosity to maintain their shapes
even the working temperature has risen above the fusing

: pomt :

But'they' have Shortcomlngs thu.t ey arc weqk ag a.lnst pc_,ll-
ing a "ld baszc slags :

3 1 2. 0102 A1203 Refractorles

.A.s the refractorles used for c"stmg, there are two kinds -
of fireclay and roseki (agalmatolite). Generally speaking,
the degree of refractoriness of the SiGg-A1203 materials
depend onthe amount of AlgO3 contained in'them. The more
AI?OS contained the greater is t’qe refractormess '
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However, the corrosion resistance of these materials very
larg 1y depending on the degree of the shrinkage by burning.

3.1.2. 4, Clay or Chamotte

These materials are lowest in.price. The shamotte ref-
ractories which are made from clay produced in Japan has
the refractoriness of SK29 - 35. Chamotte bricks or well
baked refractory bricks are crushed into small pieces and
5.to 15 vercent of green clay is added thereto and shaped and
then burned to an extent where they have a refractoriness of
SK 10 or more. Of these refractories, those with a com-
paratively low refractoriness is weak against high tempera-
ture slags and those with a bigh refractoriness is apdl to
result in inadequate shrinkage by burning with the resulf that
if they are corroded the slc.g and the like penetrate deep into
- the bricks, :

T_‘hose with refractoriness of oK 33—34 are most widely used
at present.

3.1.2.2. Roseki Refractcories

‘Roseki refractories can be szid to be the special product
of Japan and popularly used for cupola and ladle,  Roseki is
 called "agalmatolite', which means a stone for s sculpturing
figures, - This material is produced in Japan, maml v in the
- Mitsuishi area in Okayama Prefecture and also in some other
prefectures such as Yamagucm, Nap‘asakl Nagano and-
Fukushima. . :

. The mineral compositlon of roseki is pyrophylh{e AloQOa,
45i09. HO. and the amount of the contained 5i0g is 50 - 0%
‘on the a.verage .

. "“he ignition 1oss of roseki is somewhere around 5% and
its-shrinkage by burning is so small that it does not need to-
be made into chamotte. The crude rokei'c'an be crushed and
‘mulled for processmg in the same manner as the case of
chamotte.

- Its refrac:’comnes.: is about uKBO shgh’cly 1owcr than tha‘c
-of clay refractories. However, the rokei refractories have
such advantages as follows: The shrinkage by burning is
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good,- highly resistant to CO gas and lime.

The production of good quality roselsi has heen gradually
decreasing in Japan and some counter- measures arve being
(=]

taken to cope with such a situation.

3.2. Rasic Refractories

As for the basic refractory, magnesia (14g0) is considered
to be best. Since magnesia is produced only in a merger
quantity in Japan, dolomite is widely used.

IMagnesia can be used for making either bricks and mortar
but dolomite cannot be used tc make bricks, so it ig made
into mortar and used for lining..

3.2.1. Magnesia Refractories

Magnesia refractories are made imainly from MgCOs
MgCO3is roasted at a temperature over 1,855° - 1, 13002 to
obtain hard magnesia, which ig used to make the rc-frac:tory.
If the roasting is insufficient, no well-stabilized crystals of
MgO can be obtained and it becomes ready to be slaked,

The slc.kmc action is most active for CaO, v

Acid refractories cannot be used for the basic operation of
cupola because the basicity of slags is very high in this case
- and consequently the bricks used for this purpose are more
~expensive. ' ' ' ' '

: 3'.2 2. Dolomhﬂ Refractorles

'If dolomite (CaCOg MgCO3) is heated and \.aC’.)" and
MgCO3 are separated at 530°C and violent dissocization takes
place at 710° - 730°C. At this temperature, MgCO3 is de-
composed and becomes MgQO, MgCOj3 is decomposed at
663°C and becomes MgO. At 9G2°C even CaCOjg is decompo-
sed and becomes Ca0O. If no impurity exists in this case,
MgO and Ca0 will not combme even when heated to 2 high
tcm‘aerature

.Jue to this CaO “dolomite cannot be made into bricks.

- Researches are now bemg carried out to find a way to pre-
vent the slaklng of dolormte

.- 2581 -



If fireclay, silicic acid and the like are added.dolomite,
it becomes ready to soften at low temperatures and shows
increased reaction to slags. :

3.3, Refractory Mortar | _
The strength of joint is largely responsible for the break-
ing and wearing of the walls of cupola. Such being the case,

the mortar used for this purpose should be a matter of serious
concern. Frecautions should be made on the following points:

(1) The ramming should be done with special vigor.

(2} Clay with strong binding force should be used but the
use thereof in an excessive amount should be avoided.

{3} The materials with hlgh refractoriness should be vsed
‘but the use of those which show no shrmkage by burning
should be avoided.

In the above respects, roseki is an ideal material.

3t late researches are making a progress for the manufac-
ture of unburned bricks to take the place of burned bricks and
even amorphous refractories Wmch are castable and pla,.;tlc
are semcr used on a trial ba81s :

4. TH"‘ ‘%mLATIONSI—IIP BETWEEN NETHOD OF OPERATICN
AN_; REFRACTORIES _ . - :

As was stated before, refrac torles are only the materw.ls to

: be consumed, therefore it is wrong to attach the greatest con-

- sideration to Lhe refractory materizls in the operation of cupola,
However, the breaking and wearing of the refractories can be

reduced to a minimum only by some small precautlonu even

-when the cupola is operated under the same condltlons

The. followmg are the precautlon... recommended to prevent
- the breaking and wearing of the walls of cupola as far as the
- refractory materials are concerned. :

(1) Avoid sudden heatmg of the- walls of cupola.
(2) AVOld excessive charglng of lime when acid refractorlos

Care used
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(3} The atomosphere inside the cupola should not be oxidized.
(4) Avoid super heating in the melting zone,

(5) Avoid sudden cooling of cupola after the completion of
melting operation. ' :

As concerns the precaution (1), the walls of cupcla should be
well warmed up during the period from the kindling of the cupola
tothe commencement of the blasting. As for (2), when lime is
charged, it should be located in the center of the cupola., As
for (3}, the oxidized atomosphere will increase FeO in the slag
and accelerate the corrosion of the bricks.

Refractory materials of good quality should be used for the
melting zone of cupola in the case where great quantities of
steel scraps are used or a very high wind pressure is required
or oxygen gas is used.

5. CONCLUSION -

I have so far stated in brief about the refrac tory materizls
used for the rmanufacture of cupole, igh temperature physical
and chemical reactions take place ingside the cupcla, therefere
it is necessary to make clear the physical and chemical pro-
perties of various materials at high temperatures. Since the
“metallurgical reaction is based on high temperature reactions,
it is of special necessity to know about the behavior of high

temperature reactions. o

This article did not touch on Such difficult subject., ZEul the
results of studies on various basic questions concerning the
subject have already been published by many scientists, so the
readers are requcsted to see such materials for their mforma—
tion,
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INSPECTICN AND T8 TIo QF CASTINGS

Zy: Dr. Hifumi Hoit
Hagoya Ianicipa
Tndustrial Reses rch
Ingtitute

1. TN'T‘RGDUC TION

The quality of casting depends upca raw materials which come
into plant such as pig iron, steel scrap, coke molding sand

ete., and also foundry processes such as melting, molding,
pouring, and finishing. At the foundry, the inspection is nerfo-
rmed to find a respective cause from the casting defects. The
quality control is planned and performmed through the azplication
of testing and inspeution.

The inspection and "tostmp of castings are as follows:

1.1. Visual Inspection:

The ingpection of dimension, casting surface, fractured
surface, macroscopic inspection, and sulphur printing..

1.2. DMechanical Testing:

The testing of tensﬂe “trcnctl" tra.‘aovcrse strengih, J..Oun'"“
modulus, dampmg capacity, harch ness, impact test, and wear
resistance, ‘

1.' 3. Non-destructive Inspection:

otethoucdpe test, oil whiting test, ultrasonic inspection,
fluorescent inspection, and ra.dlo:rraohy {(X-ray or gamma ﬂy}.

These are also. cla.smfwd into two sorts of destructive and

non- dec'tructlve 1nspect10n which have been made considerable
progress and a c.pphed for the quality control of castings.

2. TESTING AND INSPECTICN

Commercml testmg is concerned principally w11‘1 Checlxlnf“
the acceptability of materials under purchase specifications or
with the control of production or manufacture, Generally, the
type of test has been specified by the Japznese Industrial Stan-
dard " (JIS), and the object ic simply to determine whether the
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sroperties of the material or part fall within required lirnits.

Inspection has to do with the observ ation of the processes and
nroducts of manufacture or consiruction for the purpose of in-
suring the presence of desired qualities. In many instances,
ingpection may be éntirely qualitative and involves only visual
ohservation of correctness of operations or dimensions, ex-
amination for surface defects. Inspection aims at the control
of quality through the application of established criteria and
involves the idea of rejection of substandard material. In test-
ing, the aim is to determine quality, i.e., to discover facts
regardless of the implications of the results.

3. VISUAL INSPECTION _
3. 1. Inspection of Dimension

After the finishing, the inspection of dimension is done to
check major dimensions from the center line, and then wall
thickness and finishing allowance ete... This inspection is
very important for a new designed pattern and afterward it
must ve performed periodically.

3.2. Inspection of Casting Surface

This inspection is performed to visually check the defects
such as rough surface, missrun, shrinkage cavity, cracks,
‘and inclu 1sicns ete., and judges either to- accept orto reject -
by th° c.egroe of these defects

2 - Ias; :)ectlon of Fractured uUI‘f«..CC.

[}

Through the appearance of fractured surface, this inspection
checks whether or not exist coarse graphﬂe mottled graphlte
and chill pc.rt, and also shrmk age cavﬂsy, pm hole ete.

- MACE OSCOPIC H\TSPECTISN

The macraocoplc mspectlon is mdely used as a routine
control method in steel production, because it affords a con-
venient and effective means of determining internal defects in
. the metal., Macro-etching may be reveal one or more of the

follom.pg three condltlons :
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3.4.1. Crystalline heterogeneity, the presence and extent of
which depend upon the manner of solidification and the cry-
stalline growth of the metal or alloy.

3.4.2. Chermcal heterogenelty the result of impurities in
the metal or alloy or localized Segregation of certain chemi-
cal constituents. Such segregation may be intentjional or
may be unintentional and undesirable as, for example the

agglomeration of sulphur or phosphorus that is so often
found in cast steels or gray cast irons.

3.4.3. Mechanical heterogeneity, resulting from the effects
~of cold-working or any process that introduces strain into
the metal. Buch heterogeneity seldom occurs in cast metals,

but its presence is of importance in cold- rolled metals for-
gings = etc. : :

Etchlng the Sample in a suitable reagent at a particular
temperature for a recommended length of time. The inhom-
ogeneities of a given metal are revealed only because of the
difference in the chemical relations between the structural
components of the metal and selected etching reagr:ntﬁ
Surface defects, inclusions, segregated area, etc, . are
selectively attacked by the reage’xt

3. 5. ,oulphur Prmtmg

Sulphur may exist chemlcally in iron or steel in one of two :
forms, either as manganese sulphide or as iron sulphide, the
amount of the latter depending upon the amount of ma.nganese
orlgmally present.

The surface that is to be tested for sulphur segregatlon

- should be reasonably smooth and free from foreign matter,
-such as dirt anc. grease. Photographic bromide paper is
soaked in a 2% solution of sulphuric acid in water for approxi-
mately 3 or 4 min. The paper is removed from the acid solu-~
tion and allowed to drain free from excess solution. The emu-
‘1sion side of the paper is then placed in direct contact with the
prepared specimen surface and allowed to remain in contact
~under moderate pressure for 1 or 2 min. ThlS operation, as
well as the entire process of sulphur printing, may be carried
-out in daylight, contrary to the usual requirement for the hand-
llng of photographic paper.

1
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The reaction of the sulphuric acid with the sulphide region
of the steel produces hydrogen sulphide gas, which reacts .
with the silver bromide in the paper emulsion, forming a cha-
racteristic brown to gray-black of deposit of silver sulphide,
Any dark area on the print, therefore, indicates the presence
of sulphur in the steel and show exactly the position in the’
piece where segregation has taken place. The darker and
more numerous the markmg are, the more sulphur is indica-
ted present, :

4. MECHANICAL TESTING

The mechanical properties of casting are very important
values since they give a basic value of machine design. In
this properties, tensile strength, transverse strength, and
hardness are more usefull and follow by Young's modulus,
damping capacity, impact sirength, and wear resistance etc. .

4. 1. Tensile Test

[} .

This test is most frequently performed to determine certain
mechanical properties. Universal testing machine (Arnslar
type) is commonly used for this test (Fig. 1). The dimension
of test piece is specified by JIS (Table 1 No. 4 for cast iron
and No. 8 for cast steel, malleable iron and non-ferrous alloy).
A prepared sample is placed in the heads of the testmg mach- -
ine, and an axial load is placed on the sample through a mech-.
anical lever loading system. The force is indicated on a cal-
-ibrated dial. If the original cross-sectional area of the speci-
men is known, the stress developed at any load may be calcu-~
lated.  The deformation or strain is measured at fixed length,
usually 50 mm. In some cases, an electrlcal strain gauge

- may be used to measure the total strain,

The relatlon between un1t stress S a.nd umt strain e, found -
experimentally, is represented by the stress-strain. graph in

- Fig. 2 for 2 ductile material such as cast steel, ductile cast
iron, and copper alloy ete. and in Fig. 3 for brittle mc.temal

such as gray cast iron. - : :

Elastic limit -- If a small load on the test plece 1is removed _
the extensor'letef needle will return to zero. If the load is con-
tmuallj 1nereesed then released after each 1ncrement and the
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extensometer checked, a point will be reached at. which the ex-
tensometer needle will not return to zero. This indicates that
the material now has a permanent deformation. The elastic
limit may therefore be defined as the minimum stress at which
permaner_xt deformation first occurs. For most structural

- materials the elastic limit has nearly the same numerical
value as the proportional limit,

Yield point -~ As the load in the test piece is increased be-
yond the elastic limit, a stress is reached at which the mate-
rial continues to deform without an increase in load. The
stress at point Y in Fig. 2 is known as the yield point., This
phenomena occurs only in certain ductile materials,

- Ultimate strength -- As the load on the test piece is increa-
sed still further, the stress and strain increase, as indicated
by the portion of the curve ¥ M (Fig, 2) for a ductile material
until the maximum stress is reached at point M. The ulti-
mate or the tensile strength is therefore the maximum stress
developed by the material based on the original cross-sectio-
nal area. A brittle material breakes when stressed to the
ultimate strength, where as a ductile material will continue
to stretch,

E)

Elongation -~ This is determined by fitting together, after
fracture the parts of the specimen and measuring the distance
between the orlgmal gauge marks.

Le - L =
. f L= final gauge length,
Elongation (%)} = ———— 100 .

in I‘ﬂ."’n
.LO .

- Lo= or1gma1 gauge length,
usually 50 mm

4.2, Modulus of Elastmlty of You*m’s Modulus

This is obtained by determining ‘the slope of the initial
straight-line portion of the stress strain diagram or the
tangent of the angle @ (Fig.3). At the laboratory the Martens
Mirror method (Fig.4) or the resonant bar method are used
for the measurement of the initial Young's modulus.

| - The modulus of elasticit vy is the nrbpoftiOnal constant that
connects stress and strain below the proportional limit.
Thla is an 1nd1cat10n of stlffneSs of a material, For a example,
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the Young's modulus of gray cast iron decreases with increas- |
ing of graphite in it (Fig.5a, 5b). This property is important
in the desipgn of beams and colums. ‘ : :

4.3, Da.niping Capacity

- The damping capacity of a metal is derived from measure-
ment on a vibrating system in which all the elastic restoring

- force is contributed by the specimen. Apparatus for testing
specimens in the form of bars of uniform section vibrating

at one of their natural frequency is highly developed. On the
transverse vibration method, the specimen is suspended at a
point corresponding to nodes in it, and is oscillated by magne-
tic driving, and then its oscﬂlatlng amplltude is frcely decayed.

The logarithmic decrement is defined in terms of the maxi-
mum amplitude of successive cycles of a free decaying vibra-
tion An and An¥+l,

) _ Ane oL RO An+
by.g_ﬁ‘—log.e(An Yor @ T & ,E_loge(A -)

The damping capacity of cast irons, as illustrated in Fig. 3,
increases in order to cast steel, nocdular cast iron, malleable
cast iron, Mechanite metal, and gray cast iron. Also these

damping capacities that depend on strain amphtude may be
-affected to ‘both amount and Shape of grapl‘ute in cast 1rons.

4,4, Traqsverse Bend Test

The transverse bend test is used for the evaluatlon of
‘strength and toughness of hard and brittle metals such as
hardened tool steels, sintered carbide and cast iron. - As
"prevz.ously mentioned, the elongatlon of cast iron is mueh
smalier than that of other metal casting.. Therefore, the
- transverse bend test is usefull to determine the toughness of
gray cast iron, for which purpose it has been standardlzed
by the J IS, - -

. The test bars of cast | iron, called arb1trat10n bars are cyl-
mdrlcal bars, cast Separately, but under the same sand mold.
The four common sizes of test bars are given in Table ( ),
It has been recommended that they should be cast oversize
—and machlned to final sme for several reasons Machining -
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removes the surface irregularities inherrent in the casting.
The presence of blowholes, pinholes, and cracks is more

clearly revealed. They are tested as simple beams under
center loading on spans depending on the size of bar,

The h1ghest tensional stress in the beam section is given by:
2.546 P L
D

8 = for a round heam

where: P breaking load, in Kg

L span length or dlstance between supports, in mm
D diameter of test bar, in mm

For 2 example, test results shown in Fig. 7 have been obta- _
ined on cast iron bars, 60 mm sq. and 400 mm long with
300 mm span length. -

4.5, Bending Test

' The bending tests offer a simple, somewhat crude, but often
very satisfactory means of obtaining an index of ductility.
Essentlally the test consists in sharply bending a bar through
a large angle and noting whether or not cracking occurs on the
outer surface of the bent piece. The angle of bend at which
cracking starts is determined. The severity of the test is
generally varied by using different sizes of pins about which

the bend is made. The test specimens are usually rectangular
~.in crioss section, with rounded e dge, and are required in the
specification for cast steel or mallec_ble cast iron, particularly
in the form of rod and platﬂ (see JIS).

Although rough qualitative tests on the job are often made by
use of a hammer and vise or anvil, in the laboratory some
special apparatus or procedures are usually employed., The
essential features of cold bend apparatus are shown schemati-
cally in Flg 8 (Olsen cold bend machine).

4._'6. _ﬂandness _Tests

The fundamental physics of hardness is not yet clearly under-.
stood. However, the fundamental idea that hardness ig mea- -
~ sured by the resistance to indentation is the basis for a variety
of instruments. The indenter, either a ball or a plain or
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tuncated cone or pyramid, is usually made of hard steel or
diamond and ordinarly is used under a static load. Either the
load that would produce a given depth-of indentation or the in-
dentation produced under a2 given load could be measured.:
With most of the dynamic machines, however, the force,
whether developed by a drop or a spring load, is of fixed
magnitude, as with the Scleroscope, for which the height of
rebond of the indenter is taken as a measure of the hardness.

Indentation and rebond type tests, because of their simplicity,
have become one of the important quality-control tests for
castings., The most commonly used hardness tests for castings
in this country are the Brinell, Rockwell, and Shore-Scleros-
cope tesis.

Brinell test -- The Brinell test consists in pressing a hard-
ened steel ball into a test specimen. In accordance with the
JIS specification, the provisions of which are followed herein,
it is customary to use a 10-mm. ball and a load of 3000 Kg
for ferrcus matals, a load of 500 Kg for soft metals, and a
load of 100 Kg for very soff metals.

-

 The principal features of a typical hydraulically operated
Brinell testing machine are illustrated in Fig. 9. Load is
. apphed by pumping oil into the main cylinder, which forces
the main plstOn or plunger downward and presses the ball into
specimen. The full load is applied for a minimum of 10 sec.
for ferrous metals, after which interval the load is released
. and the diameter of the indentation is measured to the nearest,
0.01 mm, with the microscope. Often, however - a 30-sec.
interval is used for ferrous metals and a 60-sec. 1nterva1 for
other metals. : '

The Brinell hardness number is the apphed load d1v1dec1 by
the area of the surface of the indentation, which is assumed
to be spherical. If P is the applied 1oad (in. k1logr¢.ms) D is
the diameter of the steel ball {(in mm), and D is the dlameter :
of the mdentatlon (m mm), then _ -
load on ball P

Brinell ha.rdness number = CE ' '
: indented area FL D/ DT =42 )

In practice the Brinell numbers ¢ derSponding toa giw}_en
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observed diameter of indentation are taken from tables, such
ag given in AS'TM specification. Although the Brinell test is
a simple one to make, several precautions are necessary in
order to obtain good results. It is not adapted to testing ex-
tremely hard materlals because the bhall itself deforns too
much, nor is it satlsfacto_ry for testing thin pieces such as
razor blades, because the usual indentation may be greater
“than the thickness of the piece, For an example, a relation
between tensile strength and Brinell hardness of gr.—.y cast
iron is shown in Fig. 10,

Rockwell test -- The Rockwell test is similar to the Brinell
test in that the hardness number found is a function of the
degree of indentation of the test piece. It differs from the
Brinell test in that the indenters and the loads are smaller,
and hence the resultm;r indentation is smaller and shzallower.
It is applicable to the testing of materials having hardnessg
beyond the scope of the Brinell test, and it is faster because
it gives arbitrary direct reading, '

The test 1s carried out by slowly raising the specimen agza-
inst the indenter until a fixed minsr load (16 Kg) has been
applied. The dial is set at zero on the scale, and then the
major load is applied through a loaded lever system. After
the dial comes to rest, the majcr load is removed and, with th
the minor load still acting. The Rockwell hardness nurnber
is read on the dial gauge. : .

A vamety of indenters and loads may be used ancd each com-
bination determines a particular Rockwell scale. Indenters
include steel ball 1/16, 1/8, 1/4, and 1/2 in. in diameter and
a 120° conical diamond point. Major loads are usually 83, 120,
‘and 150 Kg on the normal tester and 15, 30, and 45 Kg on the
superficial tester. The most comonly used Rockwell scales
are the B (1/16-in, ball indenter and 100 Kg load) and the C
{(diamond indenter and 150-Kg load}, both obtained with the
normal tester, The Rockwell hardness readings at increasing
distance fror'l the tip of a cast wedge section are shown in.
Flg 11 : '

Elastlc hardness (Shore Scleroscope hardness): Scleroscope
harc}ness is expressed by a number given by the height of
rebounfl of a small pointed hammer c,fter fallmg within a glass |
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tube from a height of 10 in. against the surface of the speci-
men. The standard hammer is approximately 1/4 in. in dia-
meter, 3/4 in. long, and weights 1/12 oz., with a'diamond
striking tip rounded to a 0.01-~ in. radius. o

This instrument usually has a self-indicating dial so that the
height of rebound is ‘automatically indicated. When the hammer
is raised to the starting position, it has a certain amount of
potential energy. When it is released, this energy is conver-
ted to kinetic energy until it strikes the surface of the test
niece. Some of the energy is now absorbed in forming the
impression, and the rest is returned to the hammer for its
rebound. The height of rebound is indicated by a2 number on
an arbitrary scale such that the higher the rebound, the larger
the number andthe harder the test piece. This test is really
a measure cf the resﬂlence of a materlal that is, the energy
it can absorb in the elast1c range

Advantages and disadvantages of the different hardness test
-- The selectmn of a hardness test is usually . determined by
ease of performance and degree of accuracy desired, Since
the Brinell test leaves a relatively large impression, it is
limited to heavy sections. This is an advantage, when the
material tested is not homogeneous such as gray cast iron or
castmg bronze etc . The surface of the te_st piece when running
~ a Brinell test does not have to be 80 smoocth as that for smaller
' impressions ; however, using a rncrosco;:e to measure the
diameter of the impression is not 8o convenient as reading a
dial gauge. Because of deformation of the steel ball, the -
Brinell test is generally inaccurate above 500 BHN

" The. Rockwell test is rap1d and simple in operatlon Since -
the 1oads and indenters are smaller than those used in the .
& Brmell test, ‘the Rockwell test may be used on thinner speci-
mens, and the hardest as we]l as the softest materlals can be
tes-ted L . . .

The prm01p1e advantage of the Scleroscope are the small
impressions that remain, the rapidity of testlng, and portabi-
lity of the instrument. However, results tend to be inaccurate
“unless proper precautions are taken. The tubé must be per-
pendicular to the test piece, thin pieces must be properly sup-
ported and clamped, the surface to be tested must be smoother
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than for most other testing methods, and the diamond tip should
not be chipped or cracked.

4,7, Impact Test

Although the toughness of 2 material may be obtained by the
area under the stress-strain diagram, the impact test will
give an indication of the relative toughness. The most com-
monly used impact tests for cast steels or malleable cast irons
etc, in this country are the Charpy and the Izod tests, bath of
which employ the pendulum principle. Ordinarily these tests
are made on small notched specimens broken in flexure. In
the Charpy test, the specimen is supported as a simple beam

(Fig. 12a, 12b); and in the Izod test it is supported as a canti-
lever,

The results appear to be particularly sensitive to variations
in the structure of steel as affected by heat-treatment and as
affected by certain minor changes in composition which tend
to cause embrittlement, such as variations in the sulphur or
phophorous content.

The significance of impact tests for cast iron is not clear,
Cast iron is not often used in parts that must have high shock
resistance, and it is felt by some that the results of the static
flexure test give most of the information needed for estimating
the relative energy capacity of cast iron. However, a number
of investigatidns on impact resistance of cast iron have been
made, and a variety of procedures have been employed,
Unnotched specimens appear to he more satisfactory than
notched gpecimens. Cast iron is not so notch sensitive as
- steel : this may be due to the notchlike effect of the graphite

flakes in cast iron, which is not greatly mcreased by an addi-
tional effect of an extern;l notch :

4. 8 Testing of Wear Re51stance

Since wear is not a simple phenomenon, wear resistance is
represented By fewer standardized tests than other engineering
properties. It is generally accepted that a universal wear test
is not feasible. Therefore, equipraent for wear testing must’
be designed to simulate actuzl service conditions.
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5. NCN-DESTRUCTIVE TESTING.

Often it is desirable to know the characteristic properties of
a casting without subjecting it to destructive tests. Although
non-destructive tests do not provide a direct measurement of
mechanical properties, they are very valuable in locating cast-
ing defects that could impair the performance of a machine .
member when placed in service.. Parts may also be examined
in service, permitting 'th81I‘ removal, in some cases, hefore
failure occurs. :

The most common method of non-destructive testing or 1nspe-
ction for castings are : Stethoscope test, oil-whiting test, Ul-
trasonic inspection, Fluorescent Denetrant 1nspectlon, and '
Ra.dlop‘r rhy.

5. 1. Stethoscope 'T‘est

When z solid homogeneous object is struck with a piece of
metal it ernits a clear ringing sound. This fact has long been
the basis for one of the cldest non-destructive tests, Although
it is highly satisfactory for simple forms, experience has
shown that complicated Shapes modify the scunds and tend to
confuse the inspector.

- Cil- whltmg 'I‘est

The oil-whiting. test is one of the older and cruder tests used
for the detection of cracks too small to be noticed in a visual
inspection. In this method the piece is covered with a penet-
rating oil, such as kerosene, then rubbed dry and coated w1th

“dry whiting. In a short time the oil that has- seeped into any -
_ cracks will be partially absorbed by the whiting, producing
plainly visible dlscolored streaks delmeatmg the cracks.

A test used occasmnally for detectmg cracks in malleable
iron involves immersion in kerosene for several hours, and’
‘then cleaning of all surface by saﬁdblastmg In a short time.
the oil that has penetrated any appreciable cracks present
will seep out and show a darkened line on the cleaned surface.

5. 3. Ultrasouc Ins pectlon

This is non—destructlve method of testmg or 1nspect10n
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which utilizes waves of frequency above the audible range :
hence the terms ultrasonic. The frequencies most cominonly
used range from 1to 5 million eps. The high frequency waves
are reflected from surfaces and flaws much the same way as
light is reflected from a mirror. In an ultrasonic machine,
called a‘refléctqscope, a high frequeney current, generated by
a suitable electric circuit, is applied to a searching unit,
This searching unit contains a crystal, usually q'ua;tz, such
that the electric vibration_s cause the crystal to expand and
contract, thereby producing a compressional souné wave of
the same frequency. As the sound wave enters the material
being tested, part of it is refrected back to the crystal where
it is converted back to an electrical impulse, This impulse
is amplified and rendered visible a5 an indication or pip on
the screen of the oscilloscope. If there ig a flaw between the
front and back surfaces of the material, it will show as =
third pip on the screen between the two indications for the
front and back surface. Since the indications on the oscillo-
scope screen measure the elapsed time between reflection of
the pulse from the front and hack surface, the location of a
defect therefore be accurately determined from the indication
on the screen. B o )

Under favorable conditions, with clean metal of small grain
size, holes as small as 0. 025 mm in dia. have been detected,
- but dirty metal or unfavorable structure can yield a back gro-
und of reflection that may reduce the sensitivity far below.
Therefore, roughness of the surface at contacting point also
reduces the sensitivity. A rough casting should at least be

touched to a grinding wheel at the contacting area.

5.4. Fluorescent Penetrant Inspection

This inspection is a sensitive, non-destructive way of de-
tecting minute discontinuities open to the surface, such as.
cracks, shrinkage, and pores. Penetrant materials most
commonly used are cil-base, water-cmulsifiable penetrant, |
which washes cleanly off surfaces of all types by a forced
spray of water ; and dry powder developer, dusted cn parts
after excess penetrant has been removed and the parts have
been dried. And viewing, by fluoresscence under near—ul_’tra-
viclet radiation or black light, minute amounts seeping back
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cut from discontinuities. Lmes 1nc",10ate cracks and similar
discontinuities; dots mdlcate pores. T

Fluorescent penetrant 1nspect10n may be applled in locating
cracks and shrinkage in castings made of aluminum, magne-~
sium, brass, iron, and other metals., Therefore, this in-
specticn is applicable to castings, particularly as z means to
improve quality, When defects do appear, it is important to
be able to check back to the cause quickly and to correct it
before much material of low quality is produced.

Although light metals constitute the natural field for fluore-
scent penetrant inspection, simplicity of procedure has made
this method useful for testlng other metals such as malleable
cast iron.

5.5. Radiographic Test -

The radiography of castings may be carried out using either
X-rays or gemma rays. X-rays are produced when matter is
bombarded by a rapidly moving stream of electrons., When
electreng are suddenly stoinped by matter, a part of bheir
kinetic energy is converted io energy of radiation of X-rays.
‘Hesently, the magnetic induction accelerators (Be_tatron or
Linear accelerator) are developed and offers the most promise
for producing high-energy X-rays. -

On the other hand, gamma rays of radio 1sot0pe are also
used for radlography ~The sorce may be Co6 or Se137, all
of which emit radlatlon of COl‘lSldf-‘I‘ably more penetrating wave -
1ength {less contrast) than that of l-rays

A I‘:_.C.IO'FI‘aph is a shadow picture of materlal more or less
transparent to radiation.. The X-rays darken the film so |
that region of lower density, which readily permit penetration,
appear dark on the negative in comparison with areas of .
higher density, which absorb more of the radiation, '

In- f'autmg.;, cert;m sectlons that are thmner because of the
design, and 1ntent1onal cavities, such as cored holes, are
regions of low density and are revealed as darkened areas.
Spec:.meﬂs containing variations in thickness caused by the
unmte"ltlond absence of metal are also more transaarent
resulting in darkenmg of the fllm Excess metal and '

- 270 -



inclusions more dense than the base metal appear as Lisht

- - » -
regions. Gas cavities, blowholes and minute gas pcrosity
appear as well defined, spherical or rounded darkened arez.

&

When influential factors are carefully controlled, voids 0.5
to 1.0 % of the thickness of an aluminum alloy or steel will be
revealed on the radiograph. The sensitivity of 2 % is relati-
vely easy.to obtain and sufficient toc meet the requirements of
the variocus specification for castings. However, the sensgitiv-
ity of the garnma ray is inferior to that of the X-ray for most
application., s sensitivity is between 2 and 5 %.

5. OTHER TEST

Hydrostatic pressure tests are applied to castings for special
uses involving high temperature, high pressure, or both : for
example, certain valves, fittings, flanges and such. OTther
tests - creep, endurance and the like - are used for special
investigations or development. '
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QUA LITY CONTROL,

By: Toukichi Vanagida

' Consulting Engineer of
FProduction Management
Mitsubishi Heavy
Industries, Ltd.

1. FOREWARD

The role of industrial management is to create profits by
manwfacturing goods and to contribute to.the happiness of people
by providing them with better and cheaper goods. To fulfill
~this alm, products of satisfactory quality should be produced
and supplied in sufficient quantity whenever they are required.

In recent years the development and progress of engineering
technology have been outstandingly rernarkable. It is particu-
larly true with each proper engineering technolegy, but techno-
logies for management or control have also developed very
rapidly to the extent that they are utilized commonly, All of
- these development and progress are motivated by the aim I
have just mentioned. ' o

Among many technologies for management or control, quality
control technology in particular has spread over very widely
" owing to the field results proving this technology can contribute.
~a'great deal to the progress of industry. o '

Inthe field of casting, however, it is still heard people say,
"Casting is a matter of chance.” How could this state possibly
~_remain any further only in the foundry circle. Mt is strongly
- hoped that efforts are made on the stabilization of quality and -
~ finally on cost reduction through the study and practice of qua-

- lity control and various other methods of control, keeping pace
with the progress of proper engineering techniques.

2. WHAT IS QUALITY CONTROL ?
2.1, -_What' does good q:uality really mean ? _
L'et"ﬁ.s first think of products that are world-widely recog-

nized as superior quality products. Omega watch, Kodak
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color film, Indanthrene color, and among J apan'ese- made
products; Wikon camera, Sony tape-recorder and etec.

When we say these are good products, we don't mean this
particular Omega watch or this particular Nikon camera, but
we mean to say all watches bearing Omega brand or all came-
ras of the Nikon make are good products.

In other words, it means that products of this or that brand
are equally good to buy to our satisfaction without uneasiness -
of success or failure. All the good products are uniform in
quality of them. And it means they have no dispersion.

More responsible for the problem of dispersion is the work-
shop or the manufacturing department than the designing de-
partment. To explain about this more in detail, it is a pro-
blem of the control technology, but not of each proper techno-
logy, because it means there are proper technologies but no
control technologies in them to get only two pieces which
satisfy the given quality level out of ten finished pieces.

Now, no matter how uniform all the products may be, they
are gtill not salable if their quality standard is too low or.
excesBively higher than users' requirements, or if they are
too expensive to buy, or not attractive in appearance, or they
~have unnecessary quality. Unless products are salable,
business won't be business any longer. Therefore, the quality
of products should meet the needs of users and should perform
a function that deserve the price. ¥ isthe designing depart-
ment that is mainly responsible for mcorporatmg these ele- -
~ ments into the product.  This aspect of quality is called the
Quallty of Design, and the other aspect described in the pre—
vious paragraph is called the Quality of Conformance or wua,-.
lity of Performance :

In dlscussmg about quahty it is 1mpor1:ant to bear in mind that
: qua.llty ha.s these two meanings. : : '

2.2. What Does Control Mean ?

Let us 1mag1ne a shlp now leaving Yokohama Port for

. Hong Kong, Under the present techniques of navigation it is

impossible to let the ship said fully automatically by only set-
. tlng on equlpment before departure and doing noth1ng more
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not only because of such un- prediciable happenings =& typhoon
but also because of more decisive fact that such an equiprnent
would be extremely expensive to install and would never pay .
at all, '

Therefore, the crew have to saijl the ship by checking the
ship's position from time tc time and making necessary adjust-
ment to keep the ship on the most suitable course leading to
the destination of Hong Kong.

To check an action to confirm if it is properly directed to its
goal and then fo make necessary corrective actions is called
"control”. Control is therefore the most economical aid in
achieving a given goal, - )

3. PURPOST A.-ND.EFFECT OF SUALITY CONTROL
3.1, _W_hat is the Purpose of Industrial Froduction ?

The most common definition in the world at present is as
follows: ' '

"to supply consumers with the products of required
funcions in sufficient quantity ai a reasonable price any
time on demand"

3.2. What is the Purpose of Quality Control ?

In order that a product satisfys the consumer's needs it
should have the maximum usefulness that can answer the pur-
pose of the user, ' o -

Quality control is the activity for manfucturing a product into
which quality is designed, built and maintained at the most
economical levels which allow for full customer satisfaction.

3.3. The Effect of Quality Control

‘What are the advantage of practicing quality control ? Let
us ldst up the field results actually proven in Japan,.

{1} The quality of preoducts becomes uniform and free from
- dispersion. ' ' ' ‘ '
(2) The quality itself improves.

{3} The lose of rejects decreases.
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(4)

(8)-

(6)
o B

(8)
(9)

(10)

- (11)

(12)
(13)

(14)
(15)

(16)

(17)

(18} T

(19)
(20)

{21

{22)

The reliability of the preduct increases,
Unnecessary works and- reworks r educe
rroductlon increases.

xcessive quality (unnecessarily too high quality) can be
1mproved
Production cost reduces.
Tngineers can concentrate efforis to thelr essential -
works., Techniques become higher.
The cost of inspection and testing reduces.
Contract with the suppliers of materials, sub-contracters,
and consumers can be made more favorably and in much
more rationzlized manners.
Products becomes in good demand.
The innerdepartmental and intra-firm communications
and activities within a plc.n’c or a company become much
smoother,
Test and research works' become much Speedy and the
results more accurate. _
Wrong data can be eliminated,
The maintenance and repair of equipment and machinery
can be rationalized and concentrated to essential
sections, :
Operations become of higher standard
The necessity of frequent meetmgs decreases and each
meeting requires less time.’
Paper work reduces, :
Operatlons become speeds 7. :
The rationalization of the com’oany‘s orgamzatlon beccrne '
p0851ble ' :
The company become rationalized in many aspects
More profits can be obtained by employees stockholders
and consumers.

4 - ON anALITY AND CONTROT

Let us dlscuss about quahty and control more in detall

4. 1.

In analyzmg what manufacturer.; call quallty, it 1s advi-

sable that you classify it.

Consumers usually make up their mmd whpther or not the j

buy

product exammg the prlce :md the function of the product.
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Therefore, "salable products' means that the quality of the
keeps a good balance of price and function.

4.1.1, Guality of Aim

I is the quality that should be. It is wishful quality that
should be obtained in the future regardless of the nresent
characteristics of the material and the process capability,

The specifications or standards based on Cruality of Aim
should not be given to workshon, '

4.1,%. Quality of Design

It is the quality that is indicated in the drawings and speci-
fications prepared on a careful consideration of the harmony
of (fully recognized) consumers! requirements with manufac-
turing cost, and materials and parts available and the pro-
cess capability of the workshcp, In short, it is probable
quality. It is the quality on a level where products of such
quality can actually be produced, but not the wishfizl guality
that cannct be produced,

- 4.1.3. Quality of Performeance

It is the quality actually produced, or in other words, the
quality that products have, It is the quality built in products,
It is entirely different from Quality of Design. '

- As this'quality will be brought over to consumers, it should
‘be within the range of Quality of Design. :

‘Confusions may occur if Quality of Aim, GQuality of Design
and Quality of Performance are izixed up in discussing
quality.

It can be said that quality control practiced at workshops
means the activities to bring Quality of Performance toward
Quality of Design. _ S '
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4,1.4, ouality of Design and Cost

- Quality grade is raised
from 1to 2 .  Bis much

] larger than A, From grade
2 to 3. Dissmall when
compared to C.  Should
b aim at 2 for quality of
S demgn '
1. @ 3. (Quality grade)
Fig, 1 Guality of ‘Design should be Chosen urado Hal,

- 4.1,5. Quality of Performance and Cost-

The more 1nvested ’go the
control, the loss will be
 eliminated.

'The optimum point is the

most economical, . Quality

of performance should be
aimed at this point.

50% - mam 1007 ’
(Ratic of_Gain_s) p01nt b
Pig. 2 Ru allty of Perfsrmance should be the "Optlmum

. _ 285-—




4.2, Let us see Control Furthermore

It is to check operations to confirm if they are properly
directed into a give direction, or they are in accordance with
instructions, programs and standard, and to correct the dif-
ferences between if found, and further 10 take necessary opera-
tions and 1nstruct1ons and so on actions if any problems tc
solve e}rlst

4,2,1, Steps of control

(1) Clarify the purpose. Decide the method o adont. (Flan)
IMarket research, Designmg, Operation standard,

{2} Provide education a“r' tramr'xg - Put them into preac-
: tice. (Do) ‘
Materials Processing Assembly

{3} Check the result.
"after service'' Design improvement,Defect irapro-
vament, Feed-back

(4) Take the action.
Sales, Inspection, Zuality Confirmation test.

Pig. 3 Demm T
S Cire 1eg P
(é'ction Plan

Maintenance and|"
developrent of
quality

o I Suality mindedness
Morale ' _ _
Responsibility for Quality
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A 2,2, Dem 'mp' Circle

The Deming Circle is a circle showing the steps of quality
“control. I indicates that by rotating this circle incesantly
quality can be improved and as the result the business will
advance and will make more and more progresses.

The Deming Circle can be applied to any of the entire
organization of whole corporation, department and groups in
different scales. To rotate this circule smoothly will prove
a clue to success. : : '

4,3. Standardization

In practicing quality control you will find standardization
quite indispensable, If you have a policy to follow and a tar-
get to achieve and yet you have no standard to apply, how can
you possibly check the process of development ? This sug-
gests that standardization takes the main pa.rt in rotating the
circle of control.

Standardization should be syste; watic and complete by itself,
It should not contain any contradictions. In introducing stand-
ardization it ig important (1) to establish, (2) to follow and
(3) to improve the standard. Usually it is relatively eagy to
‘set up standards, but the effort o keep them up, or in cther
expregsion, education and trammr‘ workmen, and also the
effort to cons“.ntly improve the standard are very ]J.kC].J tohe
- neglected. :

Standardization, s;.mplli‘lcatlon a“’ld spec:.ahzatlon are often
referred to as 3S. The significance of these three S's are
never independent. - There is a correlatlon Whl(_:h makes t_hem
' 1nsepa.rable ' '

It should be repeatedly empha.mzed that standardlzatlon is
' the I‘_"laj or premise of quahty contfol :

4.4, quc.llty Control Orgamzatmn

The real effect of quality control cannot be expected unle
it is carried out organically through on ac.equate organizaticn.
Therefore, it requires flezible way of thinking. Furthermore
quality .control-cannct be successlully practiced by any single
person, and it does require cooperative attltudc of all involved.
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I.is partlcularly true in a company of the line- staff organiza-
tion.

5. SYSTEM OF QUALITY CONTRCL

How can we apply the step of quality control to our cwn plant ?
What section should do what kind of activities to control the
quality of products effectively ?

5.1. Planning -—— Design of quality and Design of process

(1) Market research (quality required by the custcmer). ..
Research, Sales Dept.  Designing Dept.

(2) Evalua.‘clon of process capability {requirements for
processing)..... :

Production Dept ~= Designing Dept.

(3) Research and pilot model raking (confirmation of
production). .. ..

Laboratory - Designing Dept.

{4) Deterrmnatlon of drawings and specifications for
production

The Qualily of Design is determined in accordance with the
abovementioned condltlons and the :)ollc:y of the management,

5..2. Productmn ——— Productlcu *Jlan and I\ﬁanufacture
5.2, 1, Establlshment of operation standard

From among number of factors that influence the Quality of
Performance, major factors {characteristic values)} are
“selected, and the determination or instructions, of control
points for controlling these factors follows. After this spot
it is necessary to establish on operation standard containing
such control points. '

5'2 2 Ma.nufacturmp' —= Performance and asstaﬁce

Chet‘kmo" and corrective actlons in accordance with the
: mstructlons are made in order to m—-vlntam a given standard -
constg.ntly '
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Availsble as measures to control characteristic values are .
Gic Frocess Chart, Check Sheet, Control Chart, ete,

The system in which the workmen themselves check and
assure that works are all within the range of instructions
and permit them to move on to next process is the Voluntary
Control. Under this system the workman is to correct irre-
gular 1ty as the finds it, and thereb; J 1oss ca.n be minimized.

_5 2.3. Action and Disposal
Unusual Data was found should be corrected quickly.

- Onaly when adequate measures to prevent the repeat of the
abnormal happenings of the same cause are taken by, for
instance, repairing the equipment or machinery, improving
manufacturing techniques, changing designs and so on, the

' c:u"cle of guality control rot;.tes and guality control can

erform its function, :

5.3. Sales, e,uc,hty Assurc_nce and Claim Sales Deat
— Designing and Production Dept,

The quality assurance for products is due to operators,

Inspectors are a more proxy, s¢ to speak, for operators
regarding the quality of the products to be assured to con-
sumers. Good products cannot be produced from 1ns*_nect10n
They are made during the process of manufacturing. Rermber
following famous words. It is "Quality must be’ bullt into a
product, it can not be mspected into 1t

5._,3'.1 “lalm o o
It is ‘“‘1“)01“|:ant for us to know there are two sortq of clalms.

Re vealecl claim ..... Compensatmns o
' ' : -Preventlve measures

Vailed claim ...., . It is not easy to catch this kind of
o ' claims, but it . does influence the
: Salabl].ltj of the product to a great.

extent. The evaluatlc_nn of this -
kind of claim should be made in" -

the course of sales activities,

- 280 -



5.3.2, Cleim Disposal

It is the general tendency that the higher the price of the
product, the more claims are filed. This fact possibly irmp-
lies that the consumer gives up his claim when the price is
not high, but he would never attempt to buy gsuch pr;)ducts any
more. Therefore, it is important to treat the revealzad
claim and the vailed claim separately., What we re

. ally fear -
is the latter claim,

In order that you are always ready to inquire into claims
and take adequate preventive actions, it is important to meake
the following studies and to prepare for the future,

(1) study on the quality that the consumer may expect on
the product. '

(2} study on your competitors and their products

(3) study on the supply and demand position of the raarket

(4) study on the characteristics of the customers

Besides the lack of these studies, the following facts may
also cause claims.

{1) consumers!' inadequate choice of products

(2) more advanced quality of competitors! products

(3) out-of-date model after a model change

{4) market claim (request for discount, etc.)

(5) faults of other aspects than quality (faults in the sales-
- man's behaivior, dazzling advertisement, ete, )

The most important matters in disposing the releaved

claim are as follows: _
{1} timely action and sincere attitude _
. (2) preventive measures against the phenomena causing.
the claim .. = _ '
- (3) preventive measures against the repeat of claims by
improving the system under which quality control is
performed- R

Timely action is the most important of all, No customer
will accept any action if you make it "after very careful in-
vestigation''. As for the actions that you should take inside

-the company, on emphasis should be placed on the prevention
of repeat. Such action should not be confined to the prevention.

- 281 -



of clalrns as phenomena, but should.reach the. system of
quality control if the disposal in a real sence of clalmu is
SO'L.g]’T" at all. :

6. STATHTICAL THINKING

The science of statistics has remarkable progressed in recent
years, and is continuocusly advancing at present. In _
quality control it is necessary to have the knowledge of this
kind of thinking.

8. 1. Purpose of Collecting Data

(1) for the purpose of controlling
{a) -policy making (rcsearch)
{b} adjustment
{c) checking

{2) for the purpose of analysis _
(3) for the purpose of inspection |

The purpose of collecting data may apply to some of these
purposes. The first step of the statistical thinking is to de-
termine a clear purpose of collecting data. In modern science
of statistics action is always taken into consideration. It is
imperative that the data to collect should be all accurate w:rth—
out any false mformatlons. . -

~B. 2. :ﬁelaulonsmp betwea*n Data, uample and Populatmn

Tt i not the purpose of gathering data to obtam the knowledge
of sarnples, but it is the purpose to obtain the knowledge of
‘the population in order to make actions, Th}.s.relatlonshlp is
shovm in the ¥ 1gure 1. - '

6. 3. Disper_sion-

‘Data always contain dispersion. This fact means that there
is a distribution of data. This distribution can be grasped by
showing the data on a histogram. And to show the dlstrlbutlon
quantltatlvely, Mean Value, Range, Standard Dev1a1:10n ‘ :

Variance are usually utilized. :
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6. 4. Random Sampling

‘There being the distributions in the data, also the population
ghall have distributions. Therefore, when a sampling work
is conducted, an attention should be paid for a random Sampl-
ing. ¥rom random sampling, it is understood that how much
the mean value, range and standard deviation (called statistics)
show., Consequently, by the random sampling, we can judge
the data under the basis of the distribution rule of the stat1st1cs

6.5. What Make Dispersion of Manufacturing Processes.

- There are two kinds of causes that influence the manufactur-
ing processes and lead to the dispersion of products.

§.5.1. Chance causes

It is the causes that cannot be prevented in advance under
-the pregent techniques. These are indefinately great in
number a scientific sense and are not avoidable.

6.5.2. Assignable causes

It is causes that bring about abnormal happenings in the
manufacturing process. These should not be overlooked.
The dispersion of products resulting from the chance cause
usually has a normal dispersion and is called "controlled
dispersion'.. The state of a manufacturing process in which
the dispersion is fully controlled is called ''controlled state'’,
The dispersion resulting from assignable cause is called

"uncontrolled dispersion'', and the state of a manufacturing

- process in which uncontrolled dzspersmn is contained yet is
called 'uncontrolled state'

- The indication used in d1st1nguishing these causes cbhjectively
‘and economically by statistical methods is the control limit
in the control chart. - : :

6.6, uoncept of proba.b111ty, Brrors of the first kind and
Errors of the second kind. -

Many of the dlstrlbutlons we often encounter with is of a bell
shape as shown in the Figure 4. (normal distribution).

- 293 -



Fig. 4 WNormal Distribution and Frobability

! _ ~ Inside | Cuiside
| + t sigma | - 58% 32%
+2sigmal 5% | 5%
+ 3 sigma | 99.7% | 0.3%

By dividing this distribution by standard deviation as shown
in the Figure 4, the ratio of each area to the whole can be
obtained. Each ratio indicates the probability of choosing data
from the corresponding area in random sampling. You may
- note that the probability of choosing samples beyond 3 sigma
is as low as 3/1000. If such a case happens, therefore, we
]udﬂ‘e that the distribution has changed, or the process has
changed, or the process has become abnormal. However,

. this judgement is not 100% correct. The error that may in-
trude into this judgement is called "the error of the first kind"'
in the science of statistics. On the other hand, the error that -
may be resulted form overlooking abnormal happenmgs is

- called "the error of the second kind". .

‘The statistical judgement (testlng) is based on the pOSSlbl]J.ty
of committing these errors in makmg Judgements '

- 6. 7 Test and Wstlmatlon

Asg has been so far dlscussed the stat1st1c:a1 test is a method
of judging whether or not the average of process has changed
_in an answer of ''Yes' or '"No'. When you discover a change -
of the average you have to know the average of the current
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process. The procedure to take samples from a process or
from a lot for evaluation and then to grasp the average quality
in the process of the lot is generally called estimetion. There
are point egtimation and interval estimation. The noint esti-
mation is the mean value itself, and interval estimation ig 2
way of estimating the reliability that the mean value cornes
within an interval. The interval of estimate may be wide or
narrow depending on Reliability, the Size of Data and Standard
-Deviation, :

7. QUALITY CONTROL METHOD

It is considered some effective method of quality contrel,
among which is a Statistic Quality Control Method based on
Inductive Statistics.

7.1. Stratification

7.1.1. The quality of products, such as, for instance, the
cormmponents, the hardness, the compdsitions, the surface
etc. of the cast are not uniform or imperatively non-uniform.
Then, how those dissimilarities come out ? Tt is because
there function various causes. By classifying the products,
even though we do not know of such causes, however, accord-
ing to their qualities, in other words, to the conditions at
production, such as machines, charges, cupolas, men
‘weather, water contained, sand ete. We can find the causes
of the difference between classified groups. Such classifica-
tion is defined as Stratification, And, in case such causes
that differenciate the quality would not be found out, it is -
suggested to make another minute classification basing on

- other conditions, and at this classification, the accurate

~ datas which have not been crooked purposely are imperative-
ly required. -

7.1.2, The methods of Stratification

bis is_advis'abl.e to pay atténtion-on the folloWing points when
making analysis on defectives.
(1) To take, first, accurate data.
{2) To take data. according to the phenomena of the
- defectiveness.
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3} To take data. according to the positions of the defec—
tiveness,
{4) Totake data accordmg to the production condltlons of
of the defectiveness. :

7.1.3. Pareto Diagram

If the problem, for-instance, here we take the defectiveness,
is put on a line graph, by turns of the frequency or the value
etc., it is easy to find, by sight, what is the problem at the
moment, and what disposition is to be taken, - Such graph, we
call Pereto Diagram. e

Fig. 5 Pareto Diagram,
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A'o cblumn graph will help to find_thé_s'ituations easily;
ggregated line is called as Fareto Curve.
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7.

Frequenoy

i

.4, -Histogram

(1)} The statistic view means o appreciate the objects
correctly and accurately, to take the certain data
quantluatlvely, and to decide the points of dignositions
that have to be taken,

(2) The Histogram is one of such methods, and very
convenient to indentify the gualities as group,.

(8) To make a histogram, it is advised to stratify accord-
ing to the characteristic value of the articles in
details, to ¢heck the appearance- frequency, andto
raake the line graph

Fig. €

/

HHistogram // Frequenoy Curve

/K

N

=25 <20 ~15 <10 —05 0 +05 +10 415 +20 +25

{(Core Shift)

' (4) By connecting such histograms, it.can be obtained a

- eurve that is called Frequency Curve. And if the
histograms are of frequency, then can be avallahle
Frequency Distribution Curve.

{5) Inthe next pages are shovm the way of apprem.-,.q.m
such histograms and Curve
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" Let's take

(a)

(b)

{c)

Ay

(e)

Comparisons with standard value.

Fig, 7

examples hereundar: (PL

: Production .Limit, )

'SL : Standard Limit

‘a) PL ig fully inside of SL, and

the process average algo got
into right in the center; more-

- over; as the SL-posgitions at the

b)

c)

d)

points of about 4 times of stand-

ard deviation which has been ob-

ta.incT from the -histograms, thls,
is a ec.l caae

Even though the PL is inside of
1., the process-average being
so close to the upper limit of
S1, it is feared that out-of-
standard articles would come
out by slight changes of process,

PL conforms exactly to SL,
however, the rooms heing few,

. cautions are required,

5L is very much wider than
FL; as there are much rooms,
it iz advisable to change procm-

'ss for savmg costs by either

{1) having SL narrowed or (2)

PL widened.

e)

In case the SL is given as
either below or over a certain
value, the PL stands completely
satlsfactonly : '

’I‘he case. of data of products meeting to the stgndarf,
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a) The process-average is too
R — - much leaned to left. If there is

’ any possibility to change tech-
nically the average value easily,

{;
s
i

(2)

—-f F

] l\ it is sugpgested to put = 5 at the
Yy Lo central value of SI,,
- —1
X
— plL b) Too much scattered are the
- 81 — ! processes. It is necessary to
i lessen the scattering or widen

(b) the SL by changing the proce-

I

|

!

! sseg; ostherwise all of the

1 products have to be checked.

c} If the standard is over certain
kgfem?, it is suggested to

|
I t
1
() ! JJ_,.rLL ! make some changes enlarging
s Y ! the %, lessening the scattering
' h_! LlL or by some other ways.

The case in which the products do not meet to the standard.

T.1.5. Characteristic Factor phau

A cha.rac‘terlstlc factor chart is a chart in which are shown

- varjous factors that influence towards the making of chara-
ctcrlstlcs of quality, in a manner of like fish bones shape;
and one can grab the whole picture or the relations in-
between by sight. - Moreover, from the chart one can think
of the factors in a manner of chain-links, and can also easily
‘compare the importance of such factors. Another feature of
the chart is that one can expect remarkable effect when using
the chart on the occasions of analyzmg the problems taking
dispositions agamst defects etc.
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7.1.8. Correlation Graph & Seatter Diasram

It can be estimated, by making many test-pieces and tegt-
ing those, whether there are any relations between the ten-
sile strength and the carbon contents of the steel. And if it
would be found out that there are some relations betwean
tested values, such relations can be expressed quantitative

2l
by making the’ relative-formulas. 7

These relation is called correlation, and test based con
correlation is called regression,

The Test and Estimation based on the Regressmm line are
called as Eegression Analysm

-Fig. 10 Scatter Diagram :

LOyg. ! : '

50 ' ‘ //
49 :Q’.‘—e‘
48 1 . < )
47 7 | e 0//
46 1 . e

&

45 2

4 ‘ // -

43 _ o .

Tensile strg

40

42 -} ' :
ad . ,

Guantity of carbon in steel

It is sucgested to make relative-formulas on the follomnsr
for eas:a.er way of analyzing problems,

Thc ventilation snEu aticns of sand mold & the blow
The water content in Sand and the Porosﬂ:y,
The-Castmg temperature and The Cavity;

The C_hill and the carben quantity.
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7.1.%. Inspection

(1} Inspection is an imperative work to confirm the
quality of the products, and hag been considered to be
important to assure the. quality to the consumers,
The work of ' inspection itself cannot change the quality of
products, but has only a slgmflcance of selecting the
qualities. Therefore, it is wiser to prepare the produc-
tion abilities to get better and uniform quality in products:
without inspection.

{2) The 1dea1 of the quality control management is "No
Inspection'', which is partly being executed in the fields
of Plant Industry and Machinery Industry, But, at found-
ries, under present circumstances, it is still difficult to
materialize this No Inspection system.
I the conditions at a process be certain, perhaps can oe
expected No Inspection 3udgm~ from proceeding data ;
however, at foundries, the factors influencing products
‘are so many, and consequently cannot be expected full
centrol of such factors or even if poesible, it is still
cost-taking.

(3) Consequently, a method of checking the qualities in
known as Sampling Inspection hased on statistic theory,
is taken up, . This is method to select the most econormic

~certainty avolding the expensive way as all produets.in-
spection, by deeldmg, beforchand, the standard of sampl-

: mH and the allowance of the defects.

. {4} Limited sample. Atthe fOU:‘dI‘lES the qualrt y cont-
- rolling owes many to the Senscry Test. The Surface,
Finhole ete, are those. And in this case, if the limited
- sample is to be fixed beforehand, the scattermg according
- tothe individual difference of the mspectors themselves
WO‘L’tld become very few. = :

.' 8. HOW TO APPLY THE QUALI’I‘f CON LROL MANAGT"MEN’I‘
I E OUNDBIES o

- So far, you got the aeneral 1c1ea on the quality control manage-
ment, Then, how you can apply such methods in foundries ?
Hereun&er are descrlbed such methods by turns.

C30p-



8. 1. -'tq,uality_Control Mindedness

First of all, it is imperative thet the proprietors have to get
the mind of executing the quality control, and for that purnose,
they have to know the merits thereof. It is important to have
the proprietors understood the merita of quality control by

showing them various da’ta

8. 2. Staff Member for Quality Control

Secondly, are required the men in charge of quallt ¥y control
and the staff engineers to promote such control. As mention-
‘ed above, the guality control carmot be performed unless gvery-
~body cooperates, and therefore are required the responsible
staff who tak_e the leading parts, without whom is unavailable
the quality control. And such staff have to know, of course,
the quality control, to be meek in their personalities as well
as having strong splrlts and to be cooperative with others.

8. 3. Syst'em

The systems of quality control have to be set up based on'
the scales of the respective foundry.
Who would be responsible for the quality ?
What kinds of dispositions are to be taken when any defective
products come out ?
How to give the informations on qualities ?
Who would make the standards of the works, who would execute
who would check them ete. ?
For your guldance please refer to the Tables 1 and

8. 4, _Educatlons and Training.

‘Quality Control sets its principle on everybody's participation.
A minute educations and trainings arve required for proprietors,
managers, and workers respectively, Weedless to say is that
the quality control staff have to keep up with the best know-
ledge'or methods that are ever advancing, thru constant studies.

8.5, Operatlon Standard

It is necessary to make the standard for operation that is
right and most effective as well as economic. And in meaking
‘the standard the boss of operators has to participate. The
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'standa.rds made only by the staff are apt to be 1nfer10r or
should not be adopted even if they are good. The operation
standards which stipulate in too many details are inefficient,
for it is required more efforts for the designing in such a time
like present when the tempo of the progress of operatlng is S0
rapid,

The operation standards will be _okay, if they contain the
indispensable control points; they are to be easily looked at
and executed, and also understdpd by anybody.

8.6. To Rotate the Control Clrcle

Deming 1rc1e will be the whole factory in 1ts larger scale
or cetain groups in workshops in minor. . Therefore the quali-
ty control staff has to keep a.smstlng constantly to have the

Demmg Circle circulated well,

The \,Ontrol Circle, namely, ‘the circle of '"Plan-do-check-
action'’ has its s1gn1flcance in the circulation made by each
workshop voluntarily. But, at the beginning, the staff has to
act as the core; and to take the method of gradually transferr-
ing the activities among others.

If the Deming Circle cerculates well, it is qulte sure that
the wastefulness, unreasonableness, and unevenness would
decreasé and the quahty would be 1mproved as well as havmg
more profits, | .

8.7. ¥ oundry Work Management

Let us con81der the practlcal phc.ses of quahty controllmg in
- the foundrles S e :

87,1, M anagement on Raw Materials

_ Regardmg the main rnatemals like Plg Iron Steel Chlps
Return Scrops, etc. , ‘and the subordinate materials like -
cokes, limes,- sand woods, ete., it is. important to check -
" if the qualities are c0nforrn1ng with the result-lists which
are to be submitted by the meterial suppliers at the time of
' dalwery by samplmg On the other hand, at the factories,
it is suggested to keep more d1st1nct1ve area not to be mixed
up wﬁ;h other artmles and better preservatlon o
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8.7.%. Control on melting operation

The mixture of raw materials is to be based on the opers
tion-guideance slip which shows the articles and cuantitic
such mixture records have to be kept by respecti‘;’e charsg
for elucidating the qualities. : N

=8
o«
]
=
=

The analysis are recommended on the respective charge
taking out the test pieces thereof cor checking if the mixture
wag right, for the records of quality, and for using asg future
reference of the adjustment of the charge,

8.7.3., ©On molding

The water content among the mixed sand is to be adjusted
according to the standard. :
On the mixing of the sand, a control graph is not so signifi-
cant, but the standard for adjustmment would be just enough

i Lla

p=3

According to the casts themselves, the standard ze 45 the
‘mixing ratio of new sand, used sand ete., would he given,

8.7.4, ©Un measuring instruments

Periodical checkings on the mezasuring instruments which
are necessary for casting works, either attached ts the
machineries or used separately, such 2s thermometer,
barometer, wind-meter etc., z2re required,

And for these mé.riaging, a speg¢ification is required to be
" set up. ' ' '

8.7. 5. Actions to reduce failures

On the defective products which would have come out, certain
methods of rescuing such defectives are to be taken; and
actions are necessary not to get such defective products agzin.

Cn such occasions, the best advisable way is that the boss.
at the workshop where the inferiorities came out would make -
the plans for which the quality control staff would help.

For, the responsibility lies in the very factory where the
defective products came out and consequently they know right
in there the situations very well. . o -

The judgement if the products are good or inferior is 1o be
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done by the ope"rators at the workébop, and in case such
judgement would be rather dnflcult the boss is to ask for the
suggestions of the Staff. :

Aqd such Judgements are not’ tc be asknd to the 3rd part Y,
because the people who knows the quality and situations is
the operator, the boss, and the staff,

Cn making plans against defective products, the bosses at
the mold-making, casting, finishing processes ete. have to
get together to study, receiving: helps from the staff

Constant activities mentioned above would 1eac1 to good cir-
culmlon of Deming p1rcle

8. 8.

To conclude the lesson, hereunder are glven the word.:, of

Dr. J.M., :

Juran:-

"In your factories are buried gold bullions everywhere and
the Guality Control is the plck to dig out such bul_'L'Lon..;.

$
ACTIVITY _ i
(1) By atratifying the loss A
- of defective at found- '
‘ries, following amount
“has been obtained.. RN SRS 1
Make the pareto $/one |
Piagram and write raont
cdovm the kinds which
you would take up for T 1
the dlSpOSlthl‘lS . : ' |
I)Chin- - -~ - $ 2,000 |
2) Shrlnkage Cavity 18,000
3) Scar E 38,000 -
4) Blow 5,000 . T
5) Hard Spot . 3,000 i B L
8) Shift ' 022,000
7} Core Raise 7,000
8). Rough Surface 5,000 , _ i _
o ~$ 100, 000 . defects |
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(2) Thru an analysis on the carbon quantity of a cast article, the
following graph is obtained as this Histogram. Is it skay 1o
keep the casting operation as it ? How would you judge con
this, and what kind of dispositions you would be taking up ?
Standard limit: 20 - 22 %

Answer:-

-

Corton P
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Table 2. Organization chart

Factry '
manager
' 0 ]
telti . o - Engineering a
Melting } Castings Inspection gineering and
el S administrative dejpt.
**l Vielting Sand control
Experiment
] analysis
- |molding sand

“

iy

- Table 3. Example of procurment standard of pig iron

Appearance

Should be a chill-cast pig iron, have smooth surface, and np sand, slag or
other alien substances, Should not have too much cracks.

Should not have abnorimal structure, such as cavity deemed detrimental,

E‘racture | oxidized substancc internal chill, kish ‘:‘I‘r_.pl ite, ete.
e & . . Ma P 8 - Cr  Cn o TP
3.90-4.30 1.80-2.20 5.50-1.00  <0.150 <0235 <0.07 <0.20 <0.10
{Chemical Remarks 1) Itis not acceptable if Ti is more than 0.121.- Shall be
element decided on negotiation if it is p.121-9.120 '

2) (a) Procduct shall be divided into = lot by tap an’l shall not
g be reixed with alien lot.

5) Analysis record of chemical clements shall e attached
to each lot. '
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Table 4 Piness . 4 Chemical element 1
a7 : of Roughing sand |Average sand Granule sand Caly  |Micisy T T T ]
Example of Name sand Bk B ; : - — iture 1810, ALOJFeyOg£20+Mgd 1. 3
procurcment = More than % Dok : Range Less 1 (A, 7.8.) P g 2~'5 8 |
. [ call mes a . e - - e e -t e e e o e
standard of mesh %_ th—n mesh o | L } %o | % % % %
foundry sand A (mountai- 70 . ) )
n sand) |88-100 50 <5 1G9 an >85 - - <10 (<15 185110 L5 ) <1 s 3
IR R —_— _ : e | _
R (shore 51-58 50 140 | -
. - 71 ~ o4 - 21 >85 0 . :
gand) . 40 <r‘?i 70 100 88 <5 <51 <0.5 <921 <1 ‘< 2 < 1.5 'E<1'5
Classification Facilities l Check frequency
' . L ﬁ Table 5. Example of maintenance
| A Cup;:la., ;Szorﬁ oven, molding machine, Every day work standard of
Sand controtier. . molding facilities
B Shell molding machine, hoist, shovel-car Every other day
Cc Blower molding machine, sand-mill, Twice a week
shot-tumbler
B Compressor, baby-conveyor, cutter, pulveri-{ Once a week
| Zer: ' ' :
Form No,
' ' Class No. Monenclature Material Weight
~ Table 3. : : - N T £
i b ' e OZ Inferiority furn Correction
nspection recor Sl s ; o PR S e B R
P Year| o (> [B0 o (®e g2]9| 08 [P R a_w-gﬁ;ﬁgﬂggzg%’?g
¥ : ' iR ROl i b '
. =0y W N 0 - lply g | B o
s TIRQR B2 Q2@ 03RRI MERIEIE |85
o g |BigiRloEIR|ZRnlslr BT ame T e 0 @ (@ B
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Fig. 7

!

)
Ex

sample of guide card for molding Work process

Kind of wodden pattern

Sweeping. Same. Split .

Material of wooden

Cypress 0.2 ft3

- pattern ]
- [Work unij: in pattern 35 h.
making _ —_— B
{Metal mould finish /
Metal mould Cand W /
" |Material of metal mould _'/
Material FC 15 | (signature)

Outside mould 1
Inner mould i

To make enough

gas hole

- (Jignature) =

McldH | Core sand H Weight

1.58 ; 3.08 ! 4,530 kg B Form. ABC Name: Cover Pe sign No., X12345
Kind of outside mould | Sreel Sand Half -fired | stuk 25 Effﬁff P | oyer 1, 556
Kind of core Flax C%Iggination. munn erﬁzﬂ E?teAB “ Molding:temp. 1400
Molc}ing method of Bench--molding. Machine 20 ? WHardness B / ]
cutside mould molding, Slinger- N [ ' N
Core molding method m?}fgoctl{l‘rm%lgi%%pgore T E—— | Heat treatment /
Flash size 5L _ 1 E’“‘t’? R ~HE i_““""i :ig%%i%fgn / ——
Gauge | Presence  No: 23495 :: - E i _ IE Fickling %‘g?ﬂ? ise?sil};y .
Core gr‘ide o / L __| Core - ] Painting E{e)’f?'liiaé?;ary |
Chiller / N j X/ | . Direction .
Tools / g

Matters to be improved

Designated molding rnachine

Large one

. 315 - 316



| PRODUCTION MANAGEMENT
. OF FOUNDRIES







 PRODUCTION MANACEMENT OF FOUNDRITES

By: Tsutomu Shimomiwra
Sakurai Seikosho Co. . Lad,

1. DEFINITICN OF THE TERM

Being conveneient, the term PRCDUCTION MANAGEMENT is
so often used by many people., But the trouble is that it is not

always meant by the same import acccrding to the nuance of
the persons who would use the term.

For the sake of coumstency in'my session, I would like to
give you the definition of my own that ”ALL THE MANAGERIAL
ACTIVITIES INVOLVED IN THE FRCOCESS OF PRODUCTION
OF WHICH OBJECTIVES ARE TO MAKE THE FRODUOTS IN
PREFERRED QUALITY, AT LOWEST COST AND WITEIY PC5-
SIBLE SHORTEST TIME." This definition is rather ! broad, and
will involve many activites such as; plant lay-out, desiza of
production proc ess, production planning, quality control, opera-
tions of workcrs superwmm of performances in each process,
cte.

I will refer only brlefly to plant lay-out toda y because it is aot
my main subject. Orlgl_nally, plant lay-out is that planning of
allocai.lon of all the construction as well a5 machines within a
factory so as to make the flow of raw-materials, goods-in-
process, .and products.as smooth as possible in each production
line. . Af the same time; in foundry, lay-out designer should pay .
a good deal of his attention to the ventilation ficilities and dust-
collectors Whlch would affect workers! health very much.

Oor course, types of the machines are one of the 1mnortant
clements to be taken into consideraticn in plant lay-ocut.
_Furthermore there are at least three more factors that ""'IUSL
be consldered : :

(1) Types of the product
(2) Sizes of the product _
(3) Lot- size

Tam sure, foregoing factors will be discussed more in detail
by other 1ecturors durmg thlS serainar, '

- 319 -



So let me change my topic to the next. Flg 1 indicates the
role played hy production management within entire manage-
ment of an enterprise. From this we can see that there are
three main elements in production management, namely;
quality, operations and process. Each one of them can be
regarded as an independent activity, whereas, they are related
with each other so closely as are combined into one manage-
ment device, namely, cost control. For example, operations
miglt be controlled from the views of process, and vice versa.-
The same aprplies between quality and other two elements. .

In regard to the management techniques for controlling quali-
ty, operations and process, there have been reported in rich
variety with diferent nominations. What is most important for:
the foundry to adopt those techniques is that they take full con-
siderations of such conditions as, capacity of the factory, the -
level of their administrative as well as technical capacity, and
types of physical facilities, so that optimum decision may be
made as to how and to what extent should they be accepted. By
no mean, those managerial approaches be aplied in an orthodox
way a8 is usually given in the textbooks; otherwise, they may
create more chaos than improvement in foundry management.

.2, FPROBI EI\/:S CONCEIVABLE N PRODUCTION MANAGEM’F‘Ni -:
CF FOUNDRIES ' :

'2 1. '...:COnOmy of time rcquu"ec. fo handling'materials'

It has been W1de1y accepted that the foundry is one of the
indsutries of which production time is much spent during the:
- process of materials-handling. According to the report of a
- specialist, 200 tons of materials are being handled per cast-

ing tonnage in U.S.A,, and that 39t0 40 % of the cost are
- spent for handling those mcjcemals

My, Watanabe made a resec.rch in thls f1e1d by classﬂymg
Craw -_,aterlals into two categories, metals -and sands. He
. made it clear that the weight of sands handled in foundry shops
ig twice as much as that of metals, This fact is very Symbo—
lic of the features of the foundry-industry. He further. reports
that even in larger foundries where materials- han_almc-tcc_hm“
ques are. comsiderablly advanced, 20 % of the direct-workers!
‘time has been spent for handling materials, :
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(In this case, time required for handling molton metal by
ladles is included for the data.) Ag the next topic, I will d ch.ls—

cuss on the principles of materials-handling which mas v sum-
marized in the following three items:

(1) Econcmize storage-time to the possible extent.

(2) Eliminate handling operations whenever possible, and
materials in transit should be moved as close to the next
point as possible.

(3) Economize workers motions.

To reduce storage time may rather be the problem of process-
control, but to economize time for receiving as well as sort-
ing of products or goods-in-process would be one of the most
challenging problems of materials-handling, since they have
~been unreasonably ignored. '

It goes without saying that if the techniques of materials-
handling are to be applied in an ideal way, analysis should be
made in regard to the following points; weight of castiings,
transit distance, frequency of hardling operations, tizae re-
quired for each operation and power consumed. Then a flow-
chart will be drawn to show each of these data on it,

- When such analysis is not feasible, pick up a line of opera-
tions which is easy to tackle with, then investigate. For in-
_stance, operations ‘between storage-pit to melting-spct would
be one of the cases. Even this simple investigation it will
enable us to draw fairly clear picture of the infuluence of
materials- handhng upon the cost composite,

Taking foregoing principles in consideration, we must search
for the solutions of the problems involved in materlc,ls handl-
ing, Followuugs are the general rules :

(1) Select such machines as are versatile whenever r‘ossﬂele.
(2) Standardize unit-load as well as package-containers
(3} Imaprove flow of process s0 as to ¢liminate storage-time
- of products and goods~in-process.
(4) When storage is unavoidable, leave materials in the
package-containers, througa which loading-time "
would be economized.
(5) Utilize vertical spaces to the lJcasslble extent.
(8} Fix transit path according to the types of materials;
metals, sands, castings and gcods-in-process.
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(7} Place :naterlals as close to tpe operator as possible,
and easy to handle.

(8) In moving materials both spc.c\. and tlme should never
be wasted.

(9) Safety rules should never he i-:‘nored

No matter how mechanized the material- handllng manual
operations would never be exterminated. It is known that
even the modern foundry shops, 80 % of handling time is being
spent in hendling materials manually. However, limit of
manual operation, according to Mr, Horikawa's report,
surprisingly low, Those data are given in table 1.

The table( )shows the relation between the degree of macha—
nization in materials-handling equipi: nient and the number of
workers requlrec. in melting oper atwﬂ.s by’ cupola

2.2. Setting standard time in moulding process

Standard time, first of all, must be measured before work-
‘able production schedule can be organized, and also practi-
cal means to control production cost be devised.

Followings are the main steps for setting standard man-hours:

(1) Analyse the time consumed oy the operations in respe-
cts to; base time and various allowances such as; Setup
- and cleanup, etc. - .
{2) Decide allowances In thls step the sum of persona.l and
fatiegue allowances must be lower than 5 %. . _
(3) Calculate average for actual man-hours from the data
- available in records. .
-(4) Meagure man-hours per rmoulds. We might as call this
ratio as ideal man-hours. (No allowance considered).
(58} "Calculate standard man-hours from, average & 1deal
- man- hours and allowances demded

Needlesu to say, foregomg ratios. would dlffer in an exact -
sense, according to each worker as they have dlfference in
abilities, . skills, mental attitude and ’)hymcal conditions.

In crder to raake those ratio relevant,; such workers as can -
be regarded with average potentlahty should be selected as
samples for analysis. o

. The analysis show us a vo.rlety of measurmg mcthods but 80

~ far as the fouﬂdrles are conceraed they are Stlll m a pr1m11:1ve
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stage for measuring standard time. Therefore, I would rather
recommend the foregoing approaches that measure stangard
man-hours which is more practical than the formal cnes that
would pre requisite standard time measurement.

_After the st_a.ndards are decided through the sieps mentioned
above, our next concern would be how to make the workers
accept them so that they are put into real effect. In case,
even after the standard for molding is set as 200, if actual
output fluctuates widely, say, from 250 to 140, it would indi-
cate that the significance of the standards is not fully recog-
nized by those who concerned. There are two main things to
be practiced for making the standard effective, namely; make
the workers well informed of the standards, and make them
observe to it whenever possible as working principles.

In Table 4, are given the data for the standard time in relat-
ion to the motion elements of manual operations in molding
process. As is mentioned before, if the standard man-hours

-are to be measured in ideal steps, it would pre-requisite the
performance standards, which is only possible after the mo-
tion study is conducted, Measurement of standard time in
relation to each motion element would be the consecutive steps
after all of those steps have been taken. '

2.3. Problems Conceivable in Process Control

‘Whatever the factory it may be, process control is one of
the most important management actions. Teoday, I will start
my discussion from the relationship between process and cost.
Rush orders, or frequent changes of delivery dates will defi-
nitely require additional man-hours to cause the cost even-
tually higher. ' At any rate, itis desirable that in setting the
date for dilivery, proper length of permd for production should
_ be counted without fail.

In case the period is too short to make trial castmas or to
check flasks and moulds, unavoidable is the high reject-ratio,
and difficult is to take effective counter measures. Reversely,
if the period is so set as the same size of flasks can be uged
- for various castings, and production can be centralized thereof,
the cost would surely be economizad. In other ‘words, in order
to economlze the cost, the production Schedule should be so
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prepared as various castings can be proces'sed in one lot, or
at least by the same size of flasks.

Mr. Robinson reports that, by means of standardizing the
size of flasks (adjustable to some extent by partition-plates)
which represent 80% of casting sizes in a foundry, production
could be centralized to the effect of reducing the cost out-
standingly., Process. control in the foundry depend upon the
casting-plan which should basically depend upon standard
man-hours. The factors that will infuluence the flow of pro-
cess are listed below:

(1) Errors in estimating rejects

(2) Errors in calculating standard man-hours
(3) Unbalanced capacitly of shops within foundry
(4) Errors in estimating absenteeism of workers
(5) Rush orders

Those who are responsible for process control, therefore,
must be capable enough to handle those intricated factors
satisfactorily. Production planning should be checked in the
light of the output, because, it will give us some clues to
find problems for further 1nvest1crat10n

In designing work order sheet, in additions to such items as;
Product Name, Quantity and Pate for completlon the follow-
ings are to be considered:

(1) Standard man-hours (or Standard productlon)
(2) Types of the flasks . : :
{2} Types of the core sands

(4) Cthers

2.4, M amtenance of the Moulds

It goes w1thout saying that patterns a.nd flasks should be
placed in good order whenever possible, and must be checked |
before they are handed to workers, this practice alone will
help prevent rejects to a large extent.. Furthermore, it is
- desired that for each flask and pattern, a record should be
‘filed.  Inthe record, followmg items would be needed:

(1) Date made _ R
(2) Check_pomts', and descriptions therein.
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(3} History for the repair ang adjustment,
{due to design changes W111 be included)

AB a matter of fact, there are quite 2 few casting rejects
owing to the careless use of; core patierns wore out, flasks

with loose guide- plnS and in an extrerme case, main patiterns
wore out, :

2.5. Quality Control and Cost Control

As my discussion have come near to close, I will refer just

briefly to quality conircl and cost control, both of which are
important managerial actions in foundry,

(1) Statistical quality control is hardly recommendzble to
- the foundries. _ _ '

(2) First of all, standardize operatioris.

(3} .Do not try to control the castings, but control the Dr
cesses for casting. For instance, operations for pre-
paring face sand, or for care dirying oven are import -
ant for obtaining uniformity of casting quality.

In any foundry the reduction in production cost would be
one of the major concerns for management. To attain this
end, it is necessary to take such positive means as raising
procuctivity on one hand, the slow-but steady approaches,
such as éhmmatmg the causes for rejects one after ancther
would not be ignored, Followmg approaches are considered
effective for the latter: :

(1) Analyse the cause for deviations between standard
. versus actual man-hours.
{(2) Analyse the causes for de-n.c.tl ons between standard .
* versus actual cost, -
{3} Counter measures for rejects.
(4) Constantly pay effort to fmd SLDStltu‘thE materials W1th
lower prices. :

3. CLCBING

Today, I could only pick up some of the most influential oro-

" blems conceivable in production management of {oundries,

since it is impossible to discuss all the phases of it within
limited Iength of tn:ne assigned tome, Now, I want to close
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my seminar with the following comment of my own.

As the foundries constitutes the foundation of the machinery
industry, it eventually becomes one of the integral elements of
the industries of Japan as a whole. In such a country where
machinery industry is highly developed, moulding machines _
with superior capacity are readily available; and where cheric-
al industry is advanced, casting materials with preferable
specifications would be accessible in reasonable prices.

However, in a country where education level is not sufficiently
high, it would be difficult to make the good use of those machines
and materials,

Furthermore, the standar_d of living has much to do with the
production cost. For example, in U.8.A., for 400 dollars cf
the materials for moulds,average wage amounts to 540 dollars;
while in Japan, for the materials thet costs ‘80, uOG Yen,
average wage is 40,000 Yen.

As previously mentioned, the foundry can never exist inde-
pendently. The problems in producticn management, there-
fore, should be considered in the light of national environment
versus the level as well as the scale of each foundry.

Table 1. Limit of Manual Operation (by Horikawa).

__| Weight | Time * | Distance | Height lifted |
Male i 32kg 12 sec. om 70cm '
Female | 15kg | 10 sec. - 50cm

i Dc,..ta indicate the repltltlve operatlons in 2C tlmes

Watanabe's data)

Table 2. Comparison of .Weight. Handled o
| Net Weight Foundry A Foundry B | Foundry C
Metals (a) e T B11 1,661

Sands (b) 2,182 1,075 2, 430
(a)./ (b) | 4.3 | 2.7 1.5
(Mr.
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Table 3. Standard Time for Molding (Minute)
| ' (G.H.R. Foundry, Tamasaki)
Dimepsion Total ___ Helght of Flask (in)
___gaq._sg(‘m_)“ I D T T 10 o u 12 | 18 | 14 | 18
19x10 | w7s | ns2 1 185 1.87 1. 92 1.97 2. 34 2.12 2.

14 | 181 | 194 | 188 | 2.0 2.07 | 2.14 2. 22 2.30 2.

15 rss 201 . 2 05 2.08 | 2. 15 2.22 | 2.31 2. 40 2.

18 2.02 . 2.97 | 211 2.16 | 2,23 2.31 | 2.38 | 2.49 2,

11 x 22 2.20 | 2.27 | 2.33 2.40 ] 2. 48 2.57 | - 2.88 | 2.79 2.
12 x 12 1.9 | 195 | 199 2.53 | 2.09 2.15 2.23 | 2.32 2.

14 .88 | 2.03 " 2.08 5.12 | 2.19 2.26 |  2.34 | 2,44 2.55 |
| 18 2.5 | 2,10 | 2.15 5.20 | 2. 27 2.85 | 2.44 2.55 2.83 |
7 2.G9 { - 2.15 ; 2.20 2.26 f 2.33 ] 2.41 2 2.51 .61 2.7 ‘
24 2.33 | 2,40 | 2.48 | 2,56 ; 2.65 1 276 | .8 3.00 3.14 |
| owx18 | oz 0 pis | 221 | 2.7 234 2.43 + 2.52 . 2.82 2.75 |
1 19 2.22 | 2.28- i 2,35 | 2,41 - 2.50 2.59 1 2.3 | 2,82 2, l
‘ 30 5.3% i 2.73 | 2.83 | 2.94 | 3.08 3.19 ., 8.33 4 - 3.40 3.68 |

14 x 14 2.98 | 2,13 | 2,18 | 2.24 ' 2.31 2.39 | 2.48 | 2.58, 2.M0 |

18 2.13 | 2.2 | z.28 2,34 | 2.42 | 2.51 - 2.80p 2.1 2.84

15 %22 2:40 | 2.57 ; 2.6€3 2.75 l 2.88 2.97 | 3.10 1 2.23 3. }
16 x 16 2.28 | 2.36 . 242 948 | - 2.58 2.68 | 2.78 | 2.90 3.04 |

18x18 | 2,54 2,62 | 2.71 2.7¢ | 2,90 3,01 214 3.27 3,43 !

- 20x20 271 1 2.82 , 2.92 3.03 i 3. 15 3.29 5.43 1 5,59 3.76 |
22 x 22 | 3,14 | 3.27 ; T 3.52 i _ 3,87 3.82 3. 68 ' _4__1'7 37 '!

24 % 24 ’ 3,51 3.66 . 3.86. | 3.06 f a15 | 431 asi| 47 .98 |
| | ; B | |
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Table 5. Relationship between Types of Casting and Foundry

Sand in the United States.

i Compressgive ) P
_MOIStuI‘e ) . Storerllgth Deforlning Clay L.«].Ly aralin Refractc-.
. Aeration - _ 8ize index riness
(apfc) . of Green Capacity .
| Sand (Lbs) G (aFa) B
. : _ £.018 ~
Aluminum Casting - 6.5~8.5 i~ 6.5~7.5 | " 75 0y, 112~18 | 225 ~1280 | 2350 (1200)
2 . ~ ‘ 0. 014~ - )
Brass and Bronze Casting 6.0~8.0 13 ~20 7.0 ~8.0  g9.g9a |12~14 1 150 ~140 | 2350 (1290)
- : . - ~ 4 “~ T i o
Wickle Bronze Cas_tmg_ .0~ '7 5 37~ 58 6.5~8.0 9. OC}.*OZO 12 ~14 1 130~120 | 2400 (1320)
_ | - | ©0.018~ -
Thin Iron Casting o 6.C~8.5 10~ 15 5.0 ~17.5 9. 02g |10 ~12 % G5 ~180 | 2350 (1290)
| 1 T
Thin Iron Casting . ¢ ] 8.0~7.5| 18~25 6.9~17.5 0. 00190-52 12~14 | 120 ~ 87 | 2400 (1320)
Medium Iron Casting - 5.5~7.0 40~ 80 n 5~8.0 C. G}f’q’;’ 11~ 14 85 ~ 70 | 2400 (1320)
Medium Iron Casting S | - _ﬂ“ : 0.618~ P T ) : .
(Syntletice Sand) 2.0~6.04 80 _8? 7s~8.5 | OOET 1 4~10 |5~ 55 | 2450 (1340)
S : — - _ 0.012~ | - 1 o
- Heavy Iron Cast_l.ng o | 49~6.0 8¢ ~ 120 50~7.5 g 018 | 8~13 1~ 50 ] 2590 (1383)
Thin Mallcable Cast Iron | 6.0~8.0 20 ~ 30 6.5~7.5 | 0% | 8~13 | 120~ 92 | 2500 (1380)
) ] I - | 0,012 ~ |
Heavy Malleable Cast Iron 5.5~ 75 - 40 ~ 80 6.5~17.5 78016 8-_1.:> 85 ~ 70 | 2500 (1380)
s g il yer aan o 0,020~ | 4~10 | 56 ~ 45 | 2800 (1430)
Thin Steel Casting(Green sand) | 2.0~4.0 | 125~ 200 B 6.5 1.5 o 039 | |
He: (G 4 ~350. 0.020~ | 4~10 | 62 ~ 38 | 2700 (1490)
W_-Heavy Steel Ca.stl_ng(Gre_en sand) |- 2.:0_ 4,0 139 ~300 6.5~7.5 2.030 | 4 e | .
S ' Lo ' : - . 030 ~ 2 . 00 (14
‘Steel Casting (Dry mold) | 4.0~6.0| 100~200 6515 | gy | B2 | 80~ 46 | 26000 30
- 333 -
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Table 7.

Tabulation of Defect of

R
A B Foundry| - b
. flask &
Defects De- | Pat-its equ- | Ga.te
. ) device
sign | tern |ipment
Blow © P &~
 Sear 3 O ) @
Iron shot G #
Shrinkage cavity o) @] O &
Hot fear and sliver O o) e O
Mags hardness
Hard spot & chilled spot O O O o |
Warped coasting O O O ]
| Coarse . . structure O O ST
‘Defficient flow and bump Misrun | O O )
"Tnclusions _ O Tk
[Cut and wash | O Y
"Hrosion scab 3 G @)
| Swell o) O el
'Crush - O 1 L
Drop O O O
ISticker - O e 0 e
Rough surface O O 0. \C)'“m1
Peneteration O O e O
” - - O |
o} O (O
9] 2 (@)
. i 6 ] _ #
Ram-off O O 0
Core defects O O L
| Run-out @) ®) O
Damaged cast . . O ' 3
“|Inverse chill
| Poured short n
1 Kish- ' .
Defective test specimen
Number of defects caused in each)| - y [ :
casting process - : 19 . 19 19 _2_2
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Gray Cast Iron and Its Causes

Indicates relatively infrequent cause
Indicates major causes

Mold- . . actors in
. ing E  inen- |Casting each casting
Sand |{Core ing . GCthers | process for
meth- method ;
‘ defects
33 3% b O 3 . O
_9 O O O ey O o] 11
# O &) - T ! 5
) C [ 6 1TG R
O | O O #_ 1 oo |G O 11
SMe w0 o o 5
O | O O O G G o 11
O O O G C I o o T
O 1 3 3 ] (% _(:?__,_{ ]
SN e, SR I I N ST WO 11
) @) ) 0O O g
0O O . < 6
o E G | g8
G 10 o i O 8
O 1 o 7 ]
- U o om0 8
W O ' 1
Q 39 ¢ S
% T B X g
5\‘._ C.J - e C.J =
@) i o 8
\-EC —— 5
O O ) 4
: T O 2
EoR eI 3
O 1
e % 2
_L 1S 3 1
22 | 24 13 17 25 i5
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Tabkle 4 . i . )
‘Table of Standard Time for Manual Operations in Vcl"wnrf
type,. 1 Cperations ‘ :)tartmpr & end | Influentizl f“CtOr“ . ' _ . : Starting & end point [Inf ‘1c=~»t":i—“f"- tor
Mo, : . point for conceivanl Typel Mo yor et} _ & ntluential factors
| i essurement ceivable ype| Vo, vperatlng for measurcinant lconceivable
. T - _ . Y !
i Floor 1eve111ng From hands on Floor conditions - 34 | Core zrint fix
shavel to off the | & Plate size 38 |Sieve handling
shavel after floor _ 35 _}':“a.ce sand screening
i levelling - Come 37 | Face sand handling
' i : ' 33 | Face sand fill
o ! i : -
2 | 2 Flate handling A step towards - Plate size, weight 39 | Cope preparation
f‘—: | plate and place it | & distan 4 { Crane preparation
3 o ane 11 1 C etti
3 Clate Fixi : [ ) 41 ope geiting
late fixing . iPlace the plate on| Flate size & 42 | Gate setting
_ the floor and weight 43 | Back sand fill
N = bTing h:\,n.:‘._s off 4% | Back sand fill up
= s8¢ ; ' 45 | Ramming
5 | Fattern handling : 42 gt-vr:ﬁmw :
€ | Pattern fixing . &' gff the excess sand
S, a8 ate nattern off & repa
7 Spray powder 49 | Marking P
'€ Sieve handling D | Gas veﬁinﬂ
T N L3 - - [ - - =2 -V_m -
E | ¥ace sand screening 2051 | Floor levelling for cope
a! . . : o] — — IS ; ¥
1% { Face sand handling : & 182 | Crane preparation
11 |Insert face sand ' - _ fu | 53 | Upper flask off A
12 | Crane preparation : : ' ' 5% BPrag surface cleamncv - !
. 58 |1 R i
13 | Drag Setting q | B8 [y I_a.llh}g
14 | Bock sand i : Bo1E3 .r atering for draw -
14 a and 1 _ux | se BT E attern draw bolt off
i Back sand fill . '§ 5| €3 .r’a_ttern loose & draw -
i€ | Back sand fill up 7958 | Loose piece off
17 | Back sand rammir g o 6T | Mold repair i
15 | Stamping & 61 1Graphite powdering ]
1 ey g } oz :
15 | Off the excess sand z | 82 | Cope surface cleaning - |
20 blr%?'?glggaliléggfor g gg : ﬁopﬁ face levelling
Lie G 5 -
. “ k] = c,‘..L "IF
21 Clamp‘ drag & plate = G5 C'xt].n*'
22 | Crane preparation g |83 |Cope Araw watering
o r_‘:r
w| 23 | Drag roll-over =R B"g off e
P L . : B e
£ d ' A- | ve X Fattern ! Traw
A zé 5}19-11113 off o |39 |Loose piece off
old repair e /3 {Miold repair !
_2_‘;3 Iold cleamnr _ O 171 Graphite powderm’r |
27 f)a}J{!:m,’ sand & owﬂe _ ‘ ‘ !
an 1ng ) . . . } C o e N ;
-, ’ . e o a1 . . H
23 | Sporay powder : : b _ Coaral oo Earﬁ cle;nmg : : J
29 [ ESpray Parting sand o ' I A Rk oet‘ 17 et
[ 30 | Blow parting sand F e ‘21"""10 preparation
- —— A v . i
v | 31 i Pattern handling . ' @ *&;f_'\’f’ roll- \‘Wgr & close : |
£ 133 | £ssembling Q- 'a’% < P SQLO & drf,ﬁ _ P
"~ . d P oYLl . . - ot
O 133 | Pottern setting $) 7 [ Fouring cup finis ‘ _ L |
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Inspec- | B S - DAILY MELTING REPORT = | Date
Bl ea1 Mo,

Job classification . —  Weather

™5 - - Kg THymi TAirore- eratior] EBElast [Elagt, l\f'eltm T:% ping - Do, ol r-ga e
Fig # . g _ o Tgppera) ' v Adrpre gt%rt time Start  |®nd fime mé Cemp. P78 ti%nré
iron n ) I — 1 st - Hme
- : A | 2 nd- )
Steel Scrap _ : ad
w | e 3 1A
—i Gate ‘
= 4.th ] ] ]
P scrap | o Variation of Analysis Time i
) - : S C Si Mn 3 B%ast preSSure
H ! E " ICalculate Blast
g ' o lCa.\J?%Tlll%ted _ temperature
& . _ - _ 2a o heat :
S A In FUTNACE - e oo, L SO SeXCnange.nea . 1
Total Kg ' time
oz 8 Rate of Blast X
- ) e o creagse o peee e . ast pressure
i L]{T"‘e stone _ ' I{’g : oo ‘ 7 ?-E—L"@&S&_ Elast amount
] - ‘ : Yield . | N YA )
: : Anzlyais :
2, Fe - 5i o .
B : ' | Slag % ' Mietal %
e | T
<| Fe - Mn o A _ L Fel Si0g Cald C Si Mn F S T u
09 : O U S _
= Al 18t ]
= o
4 B
Q : 2 nd
wmy o T - — - - -
Amount of melt - : _ . ' ‘ : : +
ot T T— ; .. = - 4- t}l ) . .
j . K ‘ ‘ :
, Lamp coal - : 8 N l ‘ o ' . :
| Coal : ' T R - In - furnace corrogion. . Melting speed (Heavy oil)
| Fine coal : ' - . : ' ) _ (p ine coal)
! Weight BT [ _— B2 Amomtofflnor 2 2 4
f Coke - N _ SR N h = __ :
b Coke ratic| - . . N SR AT -/ c =
'__“ i. ) . ,@ . . - ] . 7‘1 C: .
4 Heavy Gll g ' g s
E'--! ; - - i o h ‘ o
| h_rcoal o ' : '
[ : : o : N 1. . -
![- nr“*lmg wood |- LT o L o -
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