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This pamphlet examines in detail the basic characteristics of
stainless steels, which are being used to an increasing extent in the
production of ships' propellers of the highest and the normal classes;
presents comparative data relative to operational durability of stain-

less steel propellers and of those made of cast iron, carbon steel and
colored metal alloys,
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In the course of development of modern shipbuilding, requirements
imposed on the material used in their propellers are constantly growing
in severity. This is a result of the increase in power and number of
revolutions of the engines, increase in cruising speeds and in the
loads on the propellers, as well as from the effort to improve the
efficiency and durability of the propellers, The growth of navigation
in the Arctic and the Antarctic regions, where propellers operate at '
low temperatures and are subjected to impact and abrading loads also
influences the growing severity of requirements.

As a result, there 1s a growing number of caeses where the more
common metallic materials used in propellers - carbon steels and special
brasses - no longer meet the requirements” of designers and operators.
Carbon steel propellers have a very low resistance to corrosion and
erosion., Their service life often amounts to only 1.5 - 2.5 years.
Losszs resulting from rapid corrosive and erosive destruction of carbon
steel propellers amount to tens of millions of rubles per year.

Special brass due to its inadequate strength (Sm = 20-25 kg/mmn?)
is not suited for use in highly stressed propellers of modern vessels.
Under certain operating conditions brass deteriorates rapidly due to
de-zincing and corrosive disintegration. In a number of cases, pro-
pellers made of special brass have been destroyed due to their poor
resistance to corrosive fatigue. The currently growing trend toward
substitution of bronze-aluminum in place of special trassc¢s in some
cases also fails to satisfy fully the designers' requirements, due to
limitation in the strength of bronze-aluminum castings (‘§mf22'30 kg/mmz)

Consequently, prospective materials for fabrication of propellers
of various classes and types are the stainless steels, Use of stainless
steels with a low nickel content furnishes a manifold increase in
service durability of propellers of the conventional class and saves
iarge amounts of rare colored metals in the production-of the highest
type propellers.

Fabrication of highly stressed propellers of the highest class
with the use of highly durable and high-strength dispersionally hardened
stainless steels leads to an improvement in service characteristics
(mechanical strength hydrodynamic properties, etc.) of propellers, due
to a 1.5-2 fold increase in strength. In addition, stainless steels,
compared to bronzes and brasses, have a much better resistance to des-
truction due to erosion and cavitation and a higher resistance against
corrosive fatigue. Among the advantages of stainless steels should
also be listed their high resistance to corrosional cracking in sea
water and their specific gravity, lower than that of brasses.
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The tonnage of stainless steel used in the fabricaticn of propellers
is growing annually. A substantial number of stainless steel propellers
have been put into service in ships and have demonstrated their durability

under operating conditions.

Technology of fabrication of stainless steel propellers is being pex-
fected. New casting methods ar- -oming into use, bringing about an invest-
ment in quality of cast blade surfaces, New molding materials used reduce
sand crust and obstructions in castings; allowances for machining are re-
duced through calculation (in design of casting appliances) of the casting
deformations of the blades, etc. Introduction of such improvements permits
even a greater increase in production of steel propellers through elizina-
tion to a large extent, of the difficulties associated with the technological
properties of stainless steels (lower fluidity in casting and more difficult
machining). :

There is very little information in technical literature relative to
properties of stainless steels used in propellers or the technology of theirx
production. This hampers further penetration of this field by stainless
steels. This article makes the first attempt to assemble and systematize
the available information relaiive to this subject,

L. A. Glickman, A, M, Weingarten, V, K, Kupriyanova, ¥. E. Zabochev,
K. P. Lebedev, L. A. Suprun, V. F. Shchegolev, E. N, Lieberman, E. K. Remizova,
F. M. Katzman, B. E. Yudina, V. V. Kornevkin, A. V, Kornaushenkov, A, S.Kadin,
F. I. Domorkin, L. G. Mikhno, A. D. Mikhaylova, all took part im the work of
investigating the use of stainless steels in the fabrication of propellers
and the development and mastery of production techniques.

The authors also express their gratitude to Dr. of Sc. Professor Y. A.
Nekhendzi for a nucber of valuable suggestions.
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SiruCiJRAL STEELS, CAST IRONS, AND COLORED METAL ALLOYS USED

IN THE FABRICATION OF SCREW PROPELLERS FOR SHIPS,

The use of various metallic materials in the fabrication of ships'
propellers is basically governed by various standards and technical
specifications, both in the USSR and abroad. The most complete classi-
fication of such materials appears in GOST 8054-59, compiled in the USSR.

In compliance with this standard, metallic propellers of all types of
ships of the merchant marine are subdivided into two classes - the highest
and the normal. Propellers of the highest class are distinguished by a
Cleaner surface, greater precision of dimensionms, shape and weight and
also by their greater resi::ance to corrosion and erosion.

GOST 8054-59 establishes the uses for the following metallic materials:
for fabrication of propellers of the highest class:

1) mark LMtsG 55-3-1 brass per GOST 1019-47;
2) stainless steel - with no reference to trand (in accordance with
technical specifications accompanying the order)",

Footnote 1:gf 60 kg/mn; § . 35%; \[/ =2 35%; ¢y == 3 kgM/ cm?,

For fabrication of propellers of the normal class:

1) stainless steel - with no reforeuce to brand (in accordance with
technical -pecifications accompanying the order)l;

2) carbon steel marks 25L, 30L, and 35L in accorcance with GOST
977-58 (Group II);

3) cast iron marks SCh 21-40, SCh 24-44, SCh 28-48, SCh 32-52 and
SCh 35-56 according to GOST 1412-54;

4) high-strength cast iron VCh 40-10 according to GOST 7293-54.

In addition to the materials covered by GOST 8054-59, the following
are used in the USSR in the fabrication of ships' propellers:

1) aluminum brass having high strength and durability, designation
LAMtsG 67-5-2-2 (for small propellers of the highest class).

2) cast, forged and rclled steel of weldable type (for welded propellers
of the normal class, :

Abroad, screw propellers of the highest class are made chiefly of
special brasses and aluminum bronzes. Special brasses are being increas-
ingly displaced by aluminum bronzes because of greater strength, resistance
to fatigue, resistance to corrosion and erosion, absence of tendency toward
corrosive cracking and lower specific gravity of the latter.
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Stainless steels are used only to a limited extent in the production
of propellers of the highest class.

Abroad, propellers of the normal class are cast principally of carbon
steels and cast irons; colored metal alloys based on copper (brasses and
bronzes), stainless steels and structural steel alloys are used in some
cases. The latter are used instead of carbon steels, chiefly for the sake
of increasing the durability of propellers in the course of operation due
to their higher mechanical strength and the resistance to erosive deteriora-
tion possessed by the structural steel alloys.

Basic data reiating to the properties of materials used in the USSR
and abroad in the production of propellers is furnished below.

Structural Carbon Steels.

In accordance with GOST 8054-59, carbon steel designations 25L, 30L
and 35L (Group II) are used in the casting of propellers. Per GOST 977-58
the chemical composition of castings of the above steels must conform to
the values listed in Table 1. Their mechanical properties, subsequent to
heat treatment, must meet the requirements of Table 2,

_ Table I
Chenmical composition of 25L, 30L and 25L steels

' i

Chemical composition, & i

) P |

Steel t |
Jal | g o g1 || | Gosic | Aad \Basic | Acid
et | R oof \Sheel | Steel | Stee/

Jnela. Sheef |tee/ | Shee e

not over

25L 0.22-0.30]0.5-0.8[0.17-0.37] 0.3]0.3[0.510.045:0.0€ /.04 | ¢.06

0.06[0.04 Cc.cé

30L| 0.27-0.35|0.5-0.8(0.17-0.37| 0.3{c.310.3]0.545

35L | 0.32-0.40/0.5-0.8/0,17-0.37 0.3[0.3]0.3/C.045|C.06{0.04 | ©.06

b e e ———— e e L

]




Tabvle 2

Mechanical properties of 25L, 0L and 35L stecls

Om dV' 5‘3——/’"3’ ‘ : |
—}. a !
Steel 2 k 2 | Brinel Hardness
Designat ion kg/rm % kaM/em q
B
Not lecs 1haﬁ
_ |
251, 24 45 19 50 4.0 124 = 179 |
30L 26 48 17 30 3.5 -
351 28 50 15 25 3.5 138 - 160

In some cases, principally on comparatively small and low-speed vesscls,
(certain types of tugs, self-propelled barges, etc.), welded propellers of
normal class with stamped blsdes of rolled plate and rolled, forged, or cast
hubs are being used. The following designations of weldable steels are em-
ployed:

1) for blades - rolled plate St. 3C; St. 4C. -

2) for hubs - rolied sectioms St. 3C; St. 4C; 10; 15; 20. ¢

3) for forged hubs - St. 3; St. 4; 10; 15; 20; and other weldable
steels;

4) for cast hubs - 20L.

The chemical composition and levels of mechanical properties of carbon
steels used in casting propellers for vessels of the German merchant marine
(taking into account the requirements of German Lloyd /16/, /38/, are listed
in Table 3. Steel designation Stg 45.81 is specified for casting propellers
for cargo carriers, tugs and passenger vessels of medium displacement. Stg
52.81 steel designation is specified for propellers of large vessels and
icebreakers.

Accordir ; to the rules of English Lloyd (1956) /39/ steels having
4. = 4l - 55 kg/m2 and a relative elongation of not less than 207 must
be used in steel castings of propellers and other shipbuilding components.
The fcllo “ o - :la’ ionship between the actual values of ultimate tensile
stress an. .«  .ive elongation must also be maintained: :fv +4 — - 57.

Tension fallure tests must be made on specimens having the following

dimensions, mm: Dismeter d Calculated length 1
4 50
20 75

25 30
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o . Tavie %
Chemical composition and mechanical properiies of carbon steels for
cast propollers of the German ncrchant marirne.,

Steel Chemical cozpe.ition, 7.
[ ! o E N ? > :

Designation ¢ Hin ! 5 : - : > s
! Not Ligher than ‘
e 1 f i

} _ i ] i

Stg 45.81 0.25-0.5t:; C.5-0.7 0.55 ! 0.05 s C.Cs ! 0.09!
| | ! '
Stg 52.81 | c.28-0.22| 0.8-1.0 0.35 ‘ 0.05 % 0.05 ¥ 0.09}
Mechanical propertics |
Stecl 2 2 e o &nzlc® ! Eri i;

” . O~ . : “NZ4C i Tine
besi gnat don qgvykg/mm Cap kg/=a E@. % ogeiind ;ﬁardncas%

Qs '

L H
not less *than §
Stg 45.61 45 22 22 i s | 125 |
. ' : |
St 2.81 52 i 18 ~ ' ~ = ;
£5 5 25 | 29 % s

. . , C ooy .
Yandrei diameter in bending %“est is inree Uizes specimen trnickness

Bending tests sre made on rectangular specimens of 25 x 19 mm cross-
section, with corasrs rounded off to 1.5 mm, and on circular section ones,

with a d = 25 mn. These specimens must withstand 120° bends made over a
pi. having a diameter d = 50 mm.

According to "Rules for the Construction and Classification of Steel
Ships" of Bureau Veritas (France) /37/, shipbuilding steel castings, includ-
ing propellers, ure tested in tension, cold bending, impact fall (somet imes

replaced with impact blow tests) and hammer tapping.

Two types of teusion specimens sre used:
A(d=13.8 m; 1= 100 m) and B (d = 15 mm; 1 = 15d).

Ultimate tensile strength must be within 40-55 kg/nnz. Minimum values
of re.ative elongation correspouding to the ultimate tensile stress are

shown in Table 4.

&
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Table &
Relations between standard clonzations and ultircate

tensile strength for cast stecl for propullicrs accordin

cy

t0 Burcau Verites.

3
| GV, kz/za
Specimen o] s £0 55

o, /%

16 14

B 20 20 ' 18 16/ i

The cold bending test is made on rectangular specimens with 25 x 25 mm
sections, length = 250 mm, over a pin having d - 50 mm. Minimum angles of
bending of specimens without cracking, related to the magnitude of the
ultimate tensile strength, are shown in Table 5.

Table 5.
Relation between standard angles of ben¢ and the ultimate

tensile strength of cast steel used in propellers according
to Bureau Veritas.

o— kg/um? 401 45| s0 | 55
Angle of bend, degr. 120 ] 1201 S0 | 50

Impact test (in lieu of dropping the casting) is made on bars measuring
30 x 30 x 225 mm. The distance between supports is 160 mm; weight of drop

- hammer 18 kg; height of drop 2.75 M. The specimens must withstand 10 blows

without fracture.

Alloyed Structural Steels.

Alloyed structural steels, having higher strength and ductility than
carbon steels, are often used in casting propellers (complete and in parts)
of the normsl type. This leads to a certain reduction in weight of the pro-
pellers and reduces the thickness of the blades, it also increases their
capacity to take impact loading under operating conditions. The chemical
composition and mechanical properties of these steels are shown in Table 6.
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Nickel steel with a 3% average nickel content was formerly used for
cast propellers. This steel, along with an increase in strength, also
possesses greater plasticity and resistance to impact at low temperatures.
Because of these properties, this steel was used in casting prcpellers
(chiefly with demountable blades) for icebreakers. Currently, steel with
3% Ni is not used in the USSR in the production of propellers of the normal
type, since operational experieace does not confirm any appreciable ad-

vantages resulting from its use.

Steel alloyed by small additions of copper and chrome is used in
Holland in casting propellers. There are ‘ndications that such steel is
much more corrosion and erosion resistant than carbon stcel in sea water,

Chrome-nickel-molibdenum structural steel is used in Belgium for im-
proved resistance to erosive damage to propeller.

Taaie €

Chemical composition and mecchanicul propsrties of alloyed struct.iral steeis

used in propellers,

|<: v ' Chemical composition, & cenonicsl ;rdf;:.-cs
oicel leoniey ™ T T : e
| P U D Ry A DR
C IS! Mn }Nl .C" .CUH“:G S 2 : e /._"{' hd CL\ _'.,,-.‘._ AL
| Lo wifen vinid R N N
‘ | ! oo ! b 2k T iU S
ST T R R i ‘ : . - - -
Nickel | USSR lozeshorctlaseizzaz, — | — ——k‘--(v"-f} 25— 520t — —
Chesono |Sstiand s2¢4]e2- bsia — 116 26| ases 55250
o Sreds v K2 o"75 DAY RN N/, f V| — r"b$' ..a:.n'JD.C 'z? ;& i 4 e -5 ifv
) - ; ’ ' ; :
) :“ [ . - cqm! .. ! . 1 ) .
C."..-":.".‘.C‘ 02U e | e | = |35 1.23.—— i u-"; o }';:..._-'. 756042, 6  — 2.0
Altimel ! LT '
Iibattr, j R i
A '_E_ L i S - ‘ I. i : . o
Auckel-p USA CE | — [ |13 |—|= vl — 1 — (502 4La 30 SueTesr —
%Gnﬁﬁ‘“nﬁ ‘ ' A i : 57 tiee
i 1 ! i s
! \ | ‘ t : .oaiL
Y : [ — i e s | - . !
.'\“Ml | USA (08| — 1= |2.5|— -—:3‘.1‘)1—!—- 139.8 504 4 — NIh —
! [ i e ' : Wi e
. : l i P ! et ;
: { ¢ ) e,
— | S S M.
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CAST IRONS

Cast iron propellers of the normal class, conforming to GOST 8054-59,

are cas: of gray cast irom (
naticns (designations SCh 21

35-56).
irons per GOST 1412-54.

including a modified one) with graphitic lami-
-40; SCh 24-44; SCh 28-48; SCh 32-52 and SCh
Table 7 shows the levels of mechanical properties of the above cast

Designations SCh 28-48, SCh 32-52°and SCh 35-56
are produced by the modification method.

Mechanical properties of cast irons, according to GOST 1412 - 54 fabde T.
? ¥echanicael pronerties, not less tian
Cast iron ?emporgry Texzporary ‘Defleciion reading (mz)?
et mi, floe o s peingi | g
' % kg/m:r.2 kg/bmz % = g >0 L ;
& Ch2l-40 21 50 e s 170 -z
C Ch24~44 24 L4 S 3 170 - 24 ?
, i
| ¢ ch28-48 28 18 i s | 3 170 - 2l
i
¢ Ch32-52 32 52 | 9 3 167 - 25 |
~ :
¢ cn35-56 | 35 56 9 3 197 - 29 |
/”" Tuvle C.

Prescribed wechanical properties of cast ircu for use in ships!

accordinz to Bureau Veritas.

, Shear test i Jending test Zrinell
Harcrncss
Cast iron 2 i :
Pesignation SV, kg/zz & load at failure T Hy :
| ; kg. ° j
High strength o o o o |23 ! 500 160 =200
strong e ¢ o o o o 18 l: Z‘OO 1’40 - 230

S ——— NPT PR RN o
. ) %!
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For casting of more highly-stressed propellers GOST 8054-59 specifies
the use of high-strength cast iron, designation VCh 40-10, GOST 7233-54.
VCh 40-10 cast iron (containing globular graphite), on specimens cut from
trefoil-shaped stock, must have the following minimum values of mechanical
properties: a!v = 40 kg,mm d = 30 kg/mm2 / = 10%; ¢, (on specimens
10 x 10 x 55, without notching) 3 kg/cm?; Hy = 156 197.

Regulations of the Bureau Veritas require the metal from castings of
gray cast iron propellers to be tested in shear, bending and for hardness.
The shear - test is made on cylinders of 25 mm cross-section. Bending test
is made on rectangular. specimens 8 x 10 x 40 mm, with a 30 mm spacing of
supports. Table 8 lists the requirements for cast iron for propellers and
other components, according to Bureau Veritas regulations.

Table 9 gives the standards of chemical composition and mechanical
properties of gray cast iron for casZing propellers of the normal class
for merchant vessels, effective in Germany.. . =

,.—::"“

e

-—-:’-v j.
Cremicsl composition and mechanical propertics of casy iron I
propeliers, according 1o Gerzun spocilicutions.
| ] . .
iCast iron ‘ Chemical composition, o O
| . | /
|designat'n | c si I wun 7 ‘ )
| ' Vel
| , : * ' =
" 2. 03 . 6 £z y i . | . J . 1 :
Ge 22.91 j 2.6-53.01 1.0-1.2 1 8.8-1.0 §\<o.95 L0080 sz
i ! '
Ge 26 ! - - e 1 | z 'C.C8
091 : 2.8 3'2 l.o 1.5 l 1.0'-.2 ;<o';5 go.co % \/ \.6 5
B H | l

: i

-.Non;ferféus-Aiioys;>
Currenfly an overwhelming majority of the highest class propellers in
the USSR are cast of LMtsZh 55-3-1 ferro-manganous brass. The chemical
composition and mechanical properties of this brass are shown in Table 10,

Chemical Composition and Mechanical Pr wperties of LMtsZh 55-3-1

Type of Chemicai Composition, 7% Mechanical pro::rties,not dess

copper Cu | Mu FE | Zn | Total ad- angle of
mixtures kg/mm2 Icf Z bending

LMtsZh 55-3-1 [53-58 [3-4]0.5-1.5 Ost.'_e_:__z.o e ]2 30




gral with the blades).

has a 4

a2
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Under modern methods of designing propellers for strength one of the
basic quality indicators of a material is its elastic limit. The LMtsZh
55-3-1 brass has a (approximate) :j/c =20 kg/mm2 (on specimens cast inte-

Structure of LMtsZh 55-3-1 consists of ¢+ /5 - phases.

In order to increase the strength of a propelier, its efficiency and
resistance to corrosive cracking, and to reduce its weight, aluminum-
mangano-ferrous brass, designation LAMtsZh 67-5-2-2, is used for casting

small propellers.

A refined consistency of a similar type of brass used in
casting medium and large propellers is designated LAMtsZh 68-5,5-2-2,

Standards of chemical composition and mechanical properties of these
The LAMtsZh 68-~5.5-2-2 brasa

two brass designations are shown in Table 11,
=25 kg/mm2 (on specimens cast.integral with the blades). GIrass

LaMtsZh 67-5-2-2 has a structure consisting of Q{+75 = phases.

i

i
!

|
t

Chemical compesition and mechan

S~

-l

LAMtsZh 67~5-2-2 and

Cremical cozposition, %

Zrass desigation | | i | Tevel
end typc of pro- | ! ; | xTdias Sv %
peller. Cu! ¥n Fe | &1 In | e e &
] X : © - "y
| | : iy
| - | g
, o |
A¥t sZh 67-5-2-2. C i A ) TS o
(Szall propellers) | 67-70| 2. =3} 2= 3|5 =6 Teocs! 1,0 2 12 55
b i i ;
A¥tsZh 68-5.5-2-2 | 5 | .
- . ? ! | !
(Large and medium : ; | L ,
propellers) seeees | 66=70| 2 =5} 2= 3| 5.4 - 20.5- l 1.0 5518 - ;
5.8 § 22,0 i P :
C

Prior to World War II all the principal foreign firms in casting pro-
pellers of the highest class usadoX +,€ brasses containing from 35 to 42%
Zn and alloved with various additives,

/33/.

pellers.

Table 12 gives the data-relative to
the chemical composition and mechanical properties of these brasses /16/,

Continuing increase in the speed of vessels and in the power of prime
movers demands the imposition of greater proportional loadings on their pro-

This calls for the use of stronger alloys, however, an increase

in the strength of special brasses {in the manufacturing specifications for

g

’

. e . e ——— .a*—.qv < A - v ————
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propellers) can only actually be achieved by increasing the proportion of
alloying components, This in most caees leads tc an increase in the amount
of the A-phase in the structure of the alloy and, in consequence, increases
the tendency of brasses toward corrosive checking.

e T T Table  12.

Chexical coumposition and mechanical propsrties of forcizn special Lrasces

used for the casting of zrovellers

. .
Maecrhanica
d "

)

Chemical ceonscsition, %
Company Couziry . ! — e e

i
)

"
-1
[ E
4
Cd

Cu In| ¥n

[ . et

“
L3
P
R
S
[+
(&)
o3
W
N
~
o

PRI ST
]

'\J
<
n
(@]
[ ]
o
3
wm
[ ]
o

i
Ansaldo . | Iialy 55,0 | 40.68 1.8 @

»

]

.
)

.

o~

« Navy Yard Usa 56~62| PBes.! 1.5 - 5 j2.0 1.5 142,2-75-30
: | Sehe b
Coppers - ; 58.0| 39.¢,1.0 |- o |10 | = 59.G 3540
Stone .. England | 56.8! 40 ?0.22 1.0 l.lléi

C
.% 0.19 Mres
X ,
|

Teo.Zaiss, FRG 58.0| 38.cl 1.0 |~ 1.0 | 1.6 | 1.0%50.0 125.C
. { i
Loeps « . o Holland. |56=-59| Res.2.0-5.C =~ 1.0 | 1.0 - 15=83720.0 |
~. | s
Leeps (Spes + g 55-601 " D.5-2.5 = 0.5-0.00.5-2.0 } 26-55 22.C |
bronze). ! | ‘ f i
| ‘ f | |
: ! H i ! .
¥itzudbishi | Japan Bes. 53,0 o535 = 1e5=2,5 0,2 T - i -
36.0 :
W ; W " 58.OJ<£O.5 7eCm? i ; ;
% Lead 0.5 - 1.5 %;| total additives 0,25 % 4 17.6 = 281 Lzjfuz’.

e .

Continuing increase in the speed of vessels and of the power of prime
movers creates tie need to impose greater proportional loadings on their
propellers. This requires the use of stronger alleoys, however, an increase
in strength of special brasses (in the production specifications for pro-
pellers) can be only practically achieved through the increase of in the
proportion of alloying components. This in most cases leads to an increase
in the amount of the 3 phase in the structure of the alloy and, as a con-
sequence, increases the tendency of these brasses to be subject to corrosive
checking. ' ’

s
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As a result of research to find new alloys for casting propellers with
higher mechanical properties and a smaller tendency toward corrosive crack-
ing and de-zincing, the use of aluminum brass containing approximately 20%
Zn and 6% Al was proposed in the USA, even prior to the war,

For example, the following composition of aluminum brass was published
in their literature /16/: 5% Alé 3% Fe; 4% Mn; 18% Zn; Cu - remainder. This
brass had a g“y = 58 - 65 kg/mm*; ot - 31 kg,'/mm2 and o’u 18 - 257, and was
used for casting propellers for high-speed launches,

To obtain still higher resistance to corrosion and erosion, corrosive
fatigue and corrosive cracking, and to ensure higher strength, aluminum

" bronzes wholly devoid of zinc began to be used abroad even before the war.

These studies have been especially intensified recently. A number of prom-
inent companies, espefially in England, Holland, and the USA /31/, /32/,
/33/, have undertaken the production of large propellers (weighing up to
30.5 T and with diameters up to 6 M) using alloyed aluminum bronzes known as
"Nialite," "Nickalium," "Kunial," "Novostone", and others. *Table 13 pre-
sents the data relating to the chemical composition and the mechanical prop-
erties of these bronzes of which the strongest is the English "Novostcne."

According to the regulations of the British Lloyd (1956) ultimate ten-
sile strength_of bronze used in propellers and their blades must not be less
than 44 kg/mmz. Actual values of ultimate tensile strength and of relarive

elongation, obtained by testing, must satisfy the relation 0.635\J—V-+6323 48,

However, the absolute magnitude of elongation must at the same time be not
less than 15%. Tests for elongation are made on specimens with a d = 14 or
20 mm and an 1 = 50 mm.

According to the regulations of the French Bureau Veritas, (1951),
bronze used in propellers and in their blades must have o~ y ==43 kg/mmz.
The minimum relative elongation of the alloy used in propellers must
sacisfy the equation oy + 2 é ~== 83, depending upon the magnitude of the
ultimate tensile stress, Elongation tests are made on specimens with a
d= 18.8 mm and 1 = 100 mm.

As said before, the structural carbon steels, cast irons, and brasses

- designated IMtsZh 55-3-1, currently used in the production of propellers,

4

possese certain serious deficiencies which shorten the useful life of pro-
pellers and which in many cases fail to provide assurance that the re-
quired structural quality is being obtained.

Among these shortcomings are the following:

1) Low mechanical sttength (yield point) of carbon steel, cast iron
and ILMtsZh 55-3-1 brass.

2) insufficient plasticity and ductility of cast iron, as well as
the high critical temperature of tramsition of carbon steel and cast iron
into the brittle state.

* See page 16 for Table 13,
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3) low resistance to corrosion and erosion in sea water of carbon
steel and cast iron,

4) inadequate resistance of carbon steel, cast iron and brass to
destructive action of cavitation and to the mechanical wear caused by
operation in water containing sand in suspension.

5) carbon steeli's, cast iron' 8 and brasses' low resistance to fatigue
when imersed in sea water.

6) tendency toward corrosional checkhing and dezincing possessed by
the LMtsZh 55-3-1 brass. : s

7) high specific gravity of LMtsZh 55-3-1 brass.

Data relative to operational durabiiityiof propellers made of various
materials is presented below..

Carbon Steel Propellers of the Normal Ciass. On the basis/%%erating
experience at sea, extending over many years, it has been established that
propellers of the normal class made of carbon steel show a very low resistance
toward corrosion and erosion. As a result of corrosive and erosive deteriora-
tion of steel propellers during theinitial stages of their service, the
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In Table 14 (Engr. F.M. Katzman's data) there 1s a list of comparative
values of average roughnesses of propeller blade surfaces, made of carbon
steel, related to their length-in-service. It should be noted that thesc
figures apply to blade surfaces and do not represent the deterioration at
their edges, where the metal usually turns into a "sponge" after 1.5-2.5
years of service, is riddled by transverse cavities and has often broken
off due to loss of bktrength.

Due to such rapid increase in roughness, there is a substantial drop
ir the propeller's efficiency, decrease in the vessel's speed and capabili-
ties and an increase in fuel consumption. The ships must be dry docked
for overhaul and replacement of propellers, laading to substantial expanse
and loss of productive time.
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Substantial corrosive and - erosive damage to carbon steel propeller
blades occurs as early as 6 months after their installation. After 1.5-2.5
years of operation, such propellers are usually completely worn out, as
confirmed by the following. examples:

1) A carbon steel propeller installed in 1945 on the S.S. Captain
Gastello became useless in 1946. In 1947 this propeller was replaced by a
new one, also cast of carbon steel; the new propeller soon also became use-
less and had to be replaced in 1949. The loss in the vessel's speed over

a period of one year, due to deterioration of the propeller, amounted to
0.5 knots. e
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2) On T.S. Alexander Matrosov, during four years of service (1945-49)
two steel screws were replaced. Loss of speed of this vessel after two
years of service amounted to 1.5 knots,

3) On T.S. Dimitriy Donskoy, a carbon steel propeller installed in
1950 already had to be renlaced in 1951, due to heavy corrcosive-erosive
deterioration., The ship sciled on a Leningrad-Tsingtao-Stettin cruise and
on the return trip its speed had decreased by 1.2 knots. While traversing
the Red Sea, one of the propeller blades was lost, due to heavy corrosive

deterioration.

4) Steel propellers were installed on the S.S. Outess on 20 April 1952.
An inspection made on 25 September 1952 revealed transverse corrosive-
erosive cavities and pitting of the edges of the blades. These propeilers

were condemned,

5). On T.S. Akhmolinsk new carbon steel propellers were installed in
November 1955 and were found to be completely deteriorated after a period

of 21 wmonths.

6) Normal-class propellers of carbon s: eel were installed in the whal-
irg ships of the "Slava" flotilla and during the course of each cruise,
(approximately 30,000 miles) nearly 30% of the blade surfaces have been
destroyed thiough the action of corrosion and erosion. Edges of the blaces
assume the appearance of 'sponges". The corrosion and erosion damaged
areas are repaired each year by welding. Damage to the propeller blades
in some cases has lowered the speed of the ships by 17-20%. Average service
life of normal class carbon steel propellers under operating conditions en-
countered by the whaling ships of the 'Slava" flotilla (includino anaual
repairs) amounrs to 2-3 years.

Fig. 1, a and b, shows the steel propeller of a fishing trawler which
has been operating in the Barents Sea over a period of two years. The
blades of this propeller in the area of the leading edge and at the tips
are completely destroyed by corrosion and erosion. The surfaces of the
remaining parts of the blades, adjacent to the destroyed edges, are covered

by corrosional pits up to 10 mm deep.

Domestic information relative to corrosive-erosive destruction of
normal-class steel propellers agrees with similar foreign experience.
instance, blades of propellers made in Belgium of type 25L (C.2%% C) carbon
steel, in one year of operation showed considerable deterioraticn, both on

the compressive and the suction surfaces of the blades. Through cavities
penetrated the edges of the bdlades.

For

Apart from being put out of commission rapidly due to corrosive-
erosive damage, a great number of carbon steel propellers, especially those
operating in icy waters, have to be discarded prematurely owirg to mechanical
damage to the blades from impact of ice, rocks, submerged timber and sinmllar
objects. Such injuries are aggrevated due to the low mechanical strength
of carbon steel and by {ts comparatively low resistance tc brittle failure
{especially at low temperastures).
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Cast Iron Propellers of the Normal Class. Durability of normal class
propellers made of cast iron is considered (in the absence of mechanical
failures in the course of exploitation) to be somewhat higher than that of
carbon steel ones. If the maximum service life of blade surfaces before
their normal wear out averages 2.5 years of carbon steel, for cast irom
propellers it extends to 5 years.

However, other data fails to confirm this. For instance, Professor
1.N, Voskresenskiy /6/ states that a trawler's cast-iron propeller (2.9-3.0
m diameter; engine power approximately €00 h.p.) may be destroyed by co-
rosicn and erosion within 15 to 24 months. Corxcsive-erosive deterioration
of the blades of a cast iron propeller can be already observed after six
months of service and repairs become nccessary after 12 months, The most
severe corrosive-erosive damage is usually found at the tips of the pro-
pellers and along their leading edges.

Fig. i. Correosive-erosive deterioration o a carbon steel propeller
after 2 vears of service in the Burens Sea: a - overall

view of the propeller; b - damage to the blade.

M. Spitkovskiy and A. Verlhoshapov /13/ describe the corrosive-erosive
damage ro a fcur-blade east iron propeller 2650 =m in diamcter irstalled on
a tanker. After two years of service the tips of the blades were found to
be pitted over a distance of /00-500 ma; while the tips of three of the

lades were almost entirely destroyed, the fourth one still retained the
cazaged gpoagy part. .

Figure 2 shows an overall view of a cast iron propeller the blades of
which have undergone corrosive-erocsive destruction,

M-—-“_
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rresive-erosive destruction of the blades of a
st 1

ca ron propeller screw,

This evidence testifies to the fact that durability of cast iron pro-
pellers under scia-going conditions does not differ materially from that of
carbon stecl oues, -

bontmdn‘.ctory information relative to the comparative durability of

steel and cuast iron propellers evidently results from failure to account .
accurately for some features of exploitation of certain cast iron propellers,
The later are usually employed on vessels cruising on lakes .and rivers and
also in regions of the sea situated near the mouths of large rivers, that is,
in locatious presenting less severe conditions. Evidently this is exactly
the reason why certain people engaged in this type of research have formed
the conclusion as to superiority of cast iron propellers,

Table 15 presents the results of corrosion tests of cast iron and carbon
steel made in sea water, carried out by Y.E. Zobachev /12/. This data demon=-
strates that cast iron propellers should present no a. ‘antages in the matter
of corrosion resistance as compared with carbon steel ones, for operation in
sea water. Corrosion resistance of cast iron propellers is also very low.
Resistance of gray cast iron propellers to erosion also does not differ
materially from that of carbon steel ones. -

A serious disadvantage of gray cast iron propellers is their low strength
and brittleiness, both substantially below those of cast steel propellers.

These shortcomings of cast iron propellers can be somewhat diminished

by casting them of high-strength cast iron with spheroidal graphite, however,
this material has not yet attained the wide use which it merits.

BEST AVAILABLE COPY
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Means of increasing corrosion resistance of structural steel and of cast
iron propellers. Substitution of low-alloy structural steel for carbon
steel and cast iron resuits in improved mechanical properties of normal class
propellers, elightly improves their resistance to-erosion, but virtually no
improvement iq corrosion resistance,

L. A. Glickman and Y. E, Zobachev /12/ have done some important research
to investigate the possibilities of improving corrosion resistance of steel
propellers by means of enameling, electroplating with zinc, brass and stain-
less steel; thermal diffusional chroming and zincing; mechanical strengthen-
ing by shot blasting; electro-spark hardeniny with scrmite, ferrochrome and
the T30K4 hard alloy; electrolythic chrome and zinc plating; application of
non-metallic coatings (polyisobutilene, bitumen and polyten). However, ac-
cording to the authcrs' report, none of these protective treatments gave any
positive results.

Vulcanization of the blade surfaces and of the hub with a coating of
vubber is sometic~s used abroad to incresse the durability of steel propel-
lers, but this method has not attained widaspread popularity, probably .ue
to the difficulty of aciomplishwent and inadequate resistance of the rubber
coating to the various mechanical agents encountered in service (impact of
rocks, submerged timber; abrasive sction of steel cables which get wound
sround the propeller, etc.).

Favorable results are obtai~ed through the use ¢. the method of protect-
iang steel propeliers from corrozion described by L.A. Glickman, Y.E. Zodat-
chev, G.I. Mart'yanov, N.N. Plishkin an¢ . Xatzman '3/. This nethod con-
sists of facing the surfacez of & cast propeller of :-arbon steel with a thin
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(2 ==) sheet of volled stainless steel, designation 1Kh18N9T, fastened with

' electrically driven rivets and manual elcctroweldiag. It is however ob-

) vious that such a method cannot te used for protecting prepeller blades
having small thickness and sharp edges, falricated under rigorous limita-
tions as tn the accuracy of dimensions and shape. Besides, it is probable
that this method would not prove to be economically feasible for line pro-
duction of propellers, due tc high labor costs.

Propellers of tne Highest class, Made of Brass and Bronze. As men-
tioned before, the grest wmajority of propeilers of the higher class are in
the USSR are made of WMisZh 55-3-1 brass hzawing the following bvasic faults.

1. Insufficient strength: the zuaranteed magaitude o == 20 kg/mmz.
in the design of propellers for modern vessels there is often a possibility
of reducinz the blade thickness through the use of a stronger material
(.,‘t::f 25-35 a;/mmz), but due to the lack of such a material it becomes
necessary to employ wropeliers of greater tnickness and weight. Thickening
of the blades has an adverse eifect on the hydrodynamic properties of the
propel.ers leadiag to a decrease in efficicacy, to a non-productive in-
crease in the puwer of prime movers, drop in speed, increase in fuel con-
sumption and intensification of corrosive-erosive deterioration,

According to the data furnished by F. Hudson /31/ the use of special
brass with ST 17 kg/mmz leacds to tue thickening of propeller blades
amounting to approximately 8% and to a reduction in its efficiency of ap-
proximately 1.57, as compared with a propclier made of special -aluminum
bronze with ¢ <==225 kg/mm®. -

An increase in the weight of a prcpeiler resulting from tne use of a
lower-strength material also gives rise to the necessity of increasing the
engine power and accentuates the rate of wear of the propeller shaft bear-
ings.

2. Tae trend toward intensive corrosional deterioration as a result
of dezincing, occurring chiefly with the us2 of brass propellers in wooden-
hulled vessels,

According to availadble data, the dezincing process of LMtsZh 55-3-1
brass of some wooden-hulled vessel's propeliers during 1-1.5 years of
service procuces ccmplete destruction of the blades' edges. The radical
drop in strength of the blade material caused by dezincing frequently leads
to their ccmpicte break-down.

3. The likelyhood of corrosive checking duz to the effects of sea
water (or even of industrial air poluticn), and tensile stresses caused by
the application of external loads and the effect ot secondary stresses
(for instance, stresses produced by the welding of defects). The treand
toward corrosive checking of IMtsZh 55-2-1 brass grows with the amount of

.5 -phase in its structure.
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Foreigr experizsnce with the use of higher class propellers made of
special brasses, installed in high~speed vessels, has disclosed another
important shortcoming of non-ferrous alloys of this type, their inadequate
resistance toward corrosive fatigue. According to F. Hudson /31/, aboard
torpedo boats of the Royal Navy during World War II, there were frequent'v
cases of destruction of special brass propellers due to their low resistance
to corrosive fatigue., Growing fatigue cracks in the basal cross-sections
of the blades often caused their complete break-off.

Brass designation LAMtsZh 67-5-2-2 (LAMtsZh 68-5.5-2-2) used in the
USSR for the fabrication of the higher class propellers has a number of
advantages over LMtsZh 55-3-1 brass:. uigher strength (o = 25 kg/mmz),
higher corrosive resistance in turbuleut sea water, a lower tendency toward
dezincing and corrosive checking. Nevertheless, the strength of this brass
is still insufficient to meet all of tih2 requirements arising in the course
of designing modern propellers. Besides, the precence of 20% Zn in the
composition of the brass creates a certain tendency toward dezincing and
corrosive checking.

Special aluminum bronzes (see Table 13), used for casting propellers
abroad, do not have many of the major defects of the special brasses, With
the use of the aluminum bronzes of this type, there is an increase in
corrosion-eposion resistance of propellers, a virtual elimination of the
tendency toward selective corrosion (dezincing) and corrosive checking, a
greater resistance to corrosive fatigue, of 10-15%,lower weight of the
propellers (due to lower specific gravities of aluminum bronzes and smaller
blade thicknesses due to the greater strength of the material). Neverthe-
less, according to available information, strength of available aluminum
bronzes is also limited and is inadequate for most installations. The
elastic limit¢ of such bromzes, in Ehe face of the required level of piasticity
currently does not exceed 30 kg/mm”.

Thus, it is possible to conclude that the improvement in durability
of mormal class propeliers with the use of non-ferrous alloys in place of
steel and cast iron (bronzes, brasses) cannot be recommended in view of the
nced to achieve all possible savings in the use of copper and the inadequate
mechanical strength of non~ferrous alloys.

Plastics (aylom, plastic-glass fiber, etc.) have come into use in the
last few years in the fabrication of propellers of 1.5 -~ 2.5 um diameter,

The low specifie gravity of plastics, their high elasticity and dura-
bility In seca water and the possibility of fabricating propeller stocks by
pressing (virtually without any subsequent machinging) offer attractive
prospects for the use of these materials in the fabrication of a great
variety of propellers. However, adoption of fabrication of plastic pro-
pellers and their testing under service conditions (especially of the
larger types of propellers used on high-speed vessels) will undoubtedly
require a certain amount of time,

The problem of fundamental impro::ment in quality of me:erial used in

norm:l and highest class propellers c¢i- be rationally solved in many in-
stances through the use of stainless ¢ .eels, p
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CIAPTER 1II

STAINLESS STLELS USED IN THE
FABRICATION OF PROPELLERS IN FOREIGN COUNTRIES.

e

There is a scarcity of published material relating to composition and
properties of stainless steels used in casting propellers abroad, however,
existing information permits the establisnment of the following fundamental
rules which serve to guide the foreign companies using stainless steel for
such purposes.

1. *s compared to carbon structural steel, the use of stainless. steel
in the fa.rication of the normel class propellers provides a substantial im-
crease in corrosion and erosion resistance. and in many cases, in the mechani-
. cal strength and resistance to impact. In casting propellers of this classi-
fication, chromous martensite or martenisic-ferritic stainless steels (of
the 1 K1 13 and 2 Kh 13 types) are commonly used, sometimes alloyed with
small amounts of nickel (approximately 1% Ni). )

2. The use of stainless steels in the fabrication of the highest class
propellers in lieu of copper-base non-ferrous alloys (special brasses and
brornzes) results in a saving in scarce cclored metals, provides greater me-
chanical strength and resistance to corrosion fatigue, greater resistance &
to corrosive cracking, as well as better resistaunce to corrosional deteriora-
tion anu to that caused by the abrasive action of water containing sand in
suspension. s

Austenitic and austeno-ferritic types of stainless steels are most often
used for the fabrication of propellers of the highest class. There are some
cases of employment of less durable martemsitic and martensito-ferritic
stainless steels attributable to the following considerations:

a) scarcity of certain alloying additives, primarily that of nickel.
b) insufficient strength of austenitic and austenc-ferritic stainless
steels (their ..~ is inadequate to inmsure the reliability of certain types

of highly stresséd propellers);

¢) relative unewness and low availability of highly durable, high-
strength dispersicnally hardened stainless steels.

‘Available data relafing to propellers of the normal and the highest
classes made abroad of stainless steel is presented below.
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Stainless Steels Used in the Fabrication of Normal
Class Ships' Propelivrs,

1, Published /35/ data on the use of stainless steel propellers in
whaling ships. Such operatiovns are often carvied out in regions abounding
in floating ice. Under such operating conditions, prOpeller blades sub-
jected to low temperatures are also abraded by floating ice and suffer im-
pact. The ugse of stainless steel has resvited in a substantial increase
in the propeller durability of these vessels. The steel used contains
12-14% Cr and has asy = 65 - 70 kg/mm2. TImpact strength of the steel per
Izode is 15 .- 20 foot-pounds; . = 25%. The stzel is subjected to a cold
bending test., The indicated sct of characteristics makes stainless steel
particularly suitable fcr prepeilers of ships cruising in the Arctic,

2. A stainless steel propeller fabricated abroad is installed in one
of the whzlers of the "Slava" flotilla. The chemical composition of this
steel is as follows: 0,15% C; 0.52% Mu; 0.47% Si; 13.0% Cr; 0.95% Ni;
0.015% s; 0.02% P. The wna11no ship equij pad with this propeller has
cruised in the Antarctic for a period of 8 years, covering over 200,000
miles. The stainless steel propeller has shown no evidence of deteriora-
tion.

3. Stainless steel with the follewing chiemical composition is being
used in Belgium for the fabrication of propellers: 0.1%4 C; 12-14% Cr
1,0% Ni, Aniﬁ stcel has a ¢y = 50 - &5 kg/mm®; ¢ = 30 - 40 kg/mm

ag - 6 kgM/cm K = 150 - 480 .

4. Ships built in Holland have stainless steel propellers with the
following composition: (.08% C; 0.407 Si; 13 2% Cr; 0.1% Ni; and 0.30%
Mo. %¥he mechanical prope~tics of this steel dcteraned from specimens

taken from the propeller's blades: U7y - 46.9 kg/mm? ; cp - 34.3 kg/mm?;
= 5% a . =1.0-1.2 kON/cmz Judging from the structure and the me-

chanical prSertleo, this propeller has not been subjected to heat treat-
ment.,

5. On ships built in the GDR, stainless st cel propellers are installed,
having the following properties: ~— 0.,1% C; 0.3-0.5% Si; 0.3:6.5% Mn
13.5-15% Cr; 0.8-1, 2% Nl, 0.1~ 0.2% V. The fcliowing m;chanxcal pr0perties
are guaranteed: - > 38 kg/ma2; =y z%-75 kg/mam2; U g v~ 15%; Hp = 180 -
240; impact rebiSLJﬂce uvqpec*£1>d The propellers are delivered without
being heat treated, probably to preclude deformation of blades which occurs
in the process of heal treatment,
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Steinless Steeis Used in the Tabricartion of Propellers
of the Highest Class.

1. Propellers of the highest class of the passenger ship "Europa" /16/
were case in austenitic stainless steel V2AE, Their diameter was 4450 mm;
rough welight 15 T. Their composition: 0.1% C; 17.8% Cr; 8.5% Ni; 0.025%
P; 0.02% S. In addition, small amounts of Titanium and Tantalum were intro-
duced to reduce the grain size and eliminzte the tcndency toward inter-
crystalline corrosion. To reduce the deformation of the blades these pro-
pellers were not heat treated in the course of fabrication.

The stainless steel employed had the following mechanical properties°
= 18-24 kg/mmz, vy = 57-61 kg/mm?; = 20-28%; Hg = 155-190.

Stainless steel was used in the "Europa's" propellers in order to in-
crease their resistance to cavitational damage.

2. In the fabrication of highest class propellers for imstallation
on specizl ships in the FRG, according to Llcyd's data /16/, they use
austenito-ferritic steel with the following chemical composition: 0.1-
0.15% ¢; 1.5-2.0 8i; 0,5-1.0% Mn; 5.5-7.0% Ni; 21.5-23.0% Cr,

3. In France, as early as 1932 /36/, they developed and used in place
of bronze for highest <lass propellers, a stainless austenito-ferritic
steel with the following chemical composition: 0.06% C; 0.6% Si; 0.5% Mn;
20% Cr; 8.0% Ni; 2.5% Mo; 1.5% Cu. Heat treatment of this steel consisted
of austenization at 1150° and stabilization at 90Q0° with a 6-hour exposure.

4, 1In Belgium stainless austenitic steel, designation 18/8, with the
following composition is used for the production of the highest class pro-
pellers: 0.1% C; 18.0% Cr; 8.0% Ni.

The mechanical propertlus of this steel according to the manufacturer 8
data: y= 50-60 kg/mm?; ¢t = 25-35 kg/mmd; = 15-20%; ap = 15-20 kgM/cm .

5. A four-blade stainless steel propeller was Installed in the S8 Mat-
sesta, bullt in Germany in 1925, (diameter of this propeller 3.6M, weight
3.5 T). This propeller has been in service in the "Matsesta" for 35 years
and has never been overhauled. 1Its surface is smooth and bright, showing
no traces of corrosional or erosional pitting.

A chemical aunalysis and hardness test of the steel from the SS Matsesta
propeller furnished the following data: 0.19% C; 1.5% Mn; 21.5% Cr; 10.0%
Ni; 0.C2% 2?; 0.015% S; Brinnel hardness Hg = 242, .

6. Table 16 shows the results of chemical analyses of a highest class
stainless steel prepeller (diameter 3300 mm; weight 6019 kg), fabricated by
one of the German firms., Examiration of this data shows that the propeller
was cast of stainless steel alloyed with 23-247 Cr and 6% Ni. Small addi-
tions of Titanium and Vanadium were made cvidently to refine the basic
graaular structure.
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Table 16
Cremical coxznpstoitleon of a ctalnless sioel propeller of
o D.5 X diomotor.
- {oAnalysiz Crerierl cempocition, %
w ! at ‘ ey | - e '
oo | € |81 | Ma. Or ) ¥ TL Cu| V) P s
1 | 0.151 1.57) 0.8%] 2555 | 5.55 1 0,05 2| 0.015
, . )i ob,’ oL ! A0 0 j-?vi U-OD‘ OQCAO 0012 0.002 00019
: \ . : ! ; !
» [ M
: i . . Y L=t poAs me b2 Yoo ! : -
! 2. : Col(l. defs : 0.95! 0)-;): c)-‘?l/; 3005! 0.086 0-?1 00005 00010
Fronu. ., H ' . .

Mechanicsl properties of this stainless steel, obtained from specimens
cut €rom the blades of the propeller, are shown in Table 17. The low plas-
ticity and toughness levels of this steel are attributable to the fact that
the propeller was fabricated without resorting to heat treatment. The
steel's structure cousisted of austenitic polyhedrons, with oblong grains
of alloyed ferrite located along their circunference, Large accumulations
of carbide could be observad along the edges of the ferritic granules,
Table 18 presents the mechanical properties of this propeller's stainless
steel subsequent to a variety of thermal treatments. TFrom this data it is
apparent that the highest values of strength, plasticity and malleability
were obtained upon its austenization at 11509 without subsequent annealing.
The microstructure of the steel following its austenization at 1150° con-

sisted solely of austenite and ferrite.

Jzble 17.

zes owiained on s‘egizcns cut Jroex &

Al
.

z.—v,' FU X IR o= 0

¢35 ¥ = diametcr proneller '
F4d

Y

! i -
;Specimen : Location -a% which > ; ? i ;
fof ~ewe | ! _ % :
No. specimen was 4aken ;;; .:“u.i’ / 2l /.Q!Qu 3 : e |
! Kex P SPeeimen R/ Lo aRiG 5 kghfen” !
r " i e | i\) v é Q../cm :
ui by : “dee of blnd " | ‘ ' 5
y - e : Gande [ . - ! ; B! : 7 : ‘
e ; . P B 39.61 55.0110.0 | 1.4 |
2 Sore ¢ B | 2 : : : |
e location o« o o . . . ; é 40,0 81.,0011.0 | 1.4
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£20 3 i ' v ' |
3 | 550 = from edge of klade; | ; : ; ‘
surface layer . P TR : b
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Ge propelices’ Jalring and ics cover plates were made of 2 Kh 13
scecl with a sasli addivion of nickel; the fairing plug ~ of type 2 Kh 13
steel; the hub riny ~ of type 1 Kh 18 ¥ 9 T steel and the ring pin of 3 Kh

13 steel,

7. Chreme stainless stcel, martensite class, designation StgCrl4KM
was used for casting propallere of the highest class for the German Navy
waring tue war, it had the following chemical ¢omposition: 0.2% C; 13.0%

ey 0.7% Mnj  0.35%Si; . 0.0&% 25 - - G.03% S (4P .-. 0.07%).

tmont:, SthrléTN.crnel hgd th; following nechanical
5 kgfwmue®y ¢ 40 kg/mZ; {with 1/d = 5) =: 12%; a

]

angle of bend (over a pin w1*h d = 3a) 180°;. HB .3

AZtar neat trea
properties: g 0
{Menage) . ~ 5 kan/cm®
190 -~ 240.

3. J. R, Getz zad L. Refnes /28/ tell of the widespread use on Nor-
wegian coastal vessels of adjustable pitch propellers made of martensite
class siainless steel, with 13% Cr. The use of chrome stainless steel was

evidently brought about by the need for high strengths, not obtainable with

the use of austenitic and austeno-ferritic steels which do provide a higher
resistance to corrosion..

¥ 4. Benry /27/ tells of research carried out at New Orleans
ed te the use of the highest class propellers made of austenitic
SLd‘nlebS steel on tugboats cruising on inland waterways. In this case,
stainless steel propellers were used in licu of non-ferrous alloy ones in
rder to obtain higiher reslstance to abrasive action of water containing
sand in suspension (shallow water eruising), and also to reduce the number
of break-downs caused by impact of various debris floating in such waters,
In selecting the brand of stainless steel, the following requirements
governed:

\..')
T .
T D
H
s
(]
»
t\

a} the steel must have high resistance to wear in waters ?ontaining sand;

b) the steel wmust be uUlflLlpntly PldSulC and must deform without frac-
turing, when hent;

¢) steel must have adequate impact streagth;

d) resistance to corrosion of the steel in water must be not less than
that of non-ferrous alloys;

d) steel must insure simplicity of repairs of propeller blades with-
out resorting to heat treatment upon completioa of the overhaul.

. .

Tae stainless steel propellers of a tugboat were examined in drydock
after 6 months of sevrvice, Tt was found that the surfaces of the propellers
showed virtually no signs of wear, in spite of the severity of the operating
conditions, . ‘

Casting of the 2-m diameter propeller shape in a mold was done with a
teapot laddle; the steel was melted in an arc= type e;ectric furnace.l

1. According -0 data /30/ Ché T3-5 §teecl Tor piipellers with a very low

carbon conteat (belew 0.03-0.04%) has: < y=52,5 » Jum2; g - 24.5 kg/mmz
40-50%; % = 50-60%.
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L0, Donald ¥, Hawvvis ia his roview /29%/ paver furnishes data relating
to the followiay scainlese steals uscd Zox the fabrication of propellers:
chromous with 13% Or, chvose-nickel designated 18-8 and chrome-manganous-
nickel, The chemlcal composition and mehunlCal properties are shown in
Table 19

According to this source, chromous steel with 15% Cr is the one most
commonly used in the casting of propellers., The advantage of this steel
is lts tdglh stwength., Corwvosional stsbility of chromous steel in sea water:
cannot be coasidered good owing to its tendency to develop pitting. How-
ever, tha corrosional rasistance of this steel is certainly higher than
those vl low-alloy steals, 4 serious shortcoming of chromous steel 1is its
tendeney to develop huir cracks, . which form as a result of the disruption
of normal procusses of heat treatment,

Steel decignation 18-8 is ordinarily used in a heat-treated form which
insures the foemation of auvstenitic structure; howaever, the formation of
the sawe structure may also be obtained without thermal treatment through
stebilization of the composition through the addition of niobium and tan-
talum to the steel.

Corzoslve xesistance of the stee 1 subjected to stabilization is some-
what lower than that of tempered steel, but it is quite adzquate for the
satisfactory performance of the propeller in sea water, Steel of the 18-8
type shows some tandency toward pitting inm still water. 1Its over-all re-
sistance to corvosion is better thasn that of manganie brass, An advantage
nf the 158-8 type stael is also its high vesistance to fatigue in sea water,
Propellers made of this steel are successfully used in North America (Gui:
of Mexico), as well as in inland navigable waters, Such operating conditious,
due to corrosive effects (Lo mony cases) of sea water and of industrial
wastes, corrosive effecig of silt and wmechanical effects typlcal: of shallaw
waters are all ceemed to “be especially severe,

Chromous=-manganic-nickel austenitic steel used in the fabrication of
propellers of medium dismensions designed to seive under severe conditions
was selected by the American Xennedy firm. Testiudemonstrated that corro-
sional resistance of this steel is equal to that of manganese brass.
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. Table 19
Chemical Compound and Mechanical Properties of Stainless Steel for Screw Propellexrs
| Charactev- (Mechazical Properties _{ Chenical compound, %. 4
.. fsiic 5 - \ .cContrac | Brinmel i Ifrpact w
iSteel  dndices SN L tion [ hardner | !
: [ H Creroyl Tsod | € & Ma| 51 Cr | Hijle
&~ ! B H
i B { { i
; f
kg /1l % .\ ! { ‘
: : ! !
s ‘s - i BY ; ,
Chrome Minimum 63.3 145.7 {18 3¢ i =" - o w_ b :
w (13% cg) | ] (10.15 | 1.0}1.5{13.2511.0 j0.5
lypical 67.3 ¢ ~- 25 ¢ - . "7 iof T - : i
: i S ... j ; M
) Chrome- ~ t ! ! i |
. Niclel Typical 52.7 {24.6 {35 i 55 i 1€0 - 76/120 i0.C4 | -- --118.0 £.0; 3.0
18-8 ! m ; ' : |
: : i : : '
i : : {
|Chrome- Minimum 59.8 {31.6 ‘45 45 R T - w :
Manga- ! i i ! g } vuo.wo 15,00 --1{ 16,0} 5.0 --
2 ¥ 1
nese  Mypical 61.9 ! 32.3 156 51 | 170 .1 98 -- ,.. M
i - H 3 :
i ! m i i ;
i : ! t i ,
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Teehuical spocidiicarions for the prodection of propellers and the con-
ditions wnder which vhey are usad impose the following requirements on
stainless steel. The steel mosit:

1) have such 2 corresional end ercsicnal re”'stence in sea water that

eiter several years of sevvice the surfaczes of the propeller blades should
retain their oviginsl smsochoess and remzin free of pits which lower the
cificlency of Fiun p:~u:}.u:; : ) :

29 covnde s San g gl e L e gen g npian I Ty amd emny ‘ o de
&) conbailn a mivsmun anoual of CO8CLY and scarce Componeuts,’

Y heve @ higher sireagth thatu that of carbon steel ana, °pec1f1cally,
to have .. o - 38-35 Le/un’?, At the some vime insuring a, + 20%7°3 kgM/cm?,
and "adequate” uluuthJL,.; The. fabcicating specifications for propellers must
require stability of wechanienl properties, subsequent to simple heat treat-
ment, and must eliminate the vecassicy of tempering in llqued med ums which
su stroagly discort the tvue shave of the propcllerS'

4) nust have the cequleoed fluidity and have no tendency to form hot
and cold cracks during casting; o .

-]

dkng o fiinor castiang de:ects without

i
tive castings;

5) must persilt the use of we
2 en o)

\

H
1 ay . o P . s
the anecessity of preheating the

6) must be macbinea bl with the use of tools made of tool steels and
alloys readily availuble to the machine tool industry, and on the machines
cowmtonly avallable fovr the fabrxcutlou of pxopellcrs. '

Higa~chrome Steels Without Nickel and With
Wickel Content Up to 9.

N

Up to the start of wesearch leading up to the commencement ‘of stainless
steel propeiler production, the nomenclature of domestic stainless steeéls

suitable for casting of shapes was much more limited then-that of rolled

and forged staianlors Bt“ul& whioh had “l“eady gained widespread acceptance
in the industry. ,
-

Chrome stainlzss steels most nearly met the requirements of mechanical
properties, concent of scavce co nponents and cost, for use in the fabrica-
tien cf normaT class propellers, Depending upon the relative carbon and
chrome contaent, these steels are divided into ferritic and ferrito-martensi-
tic (SO‘»d‘AGd semi-ferrites), martensitic anc ferritlc-carbide.
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“in the awount Ui

~51- ’
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FeTribic sceals o nok undesse o

‘ coopiasal wvanrformationes during heat
” a.,., "~ RET - e, [ N Cma e : A 3
ceatmeont, sives tney Looi (he coen N ranadoemation, Thelr primary

sneasnged as o vesult of heat

ey aza chevacuesined by their coarsely-crystal-
line structuve, Uuch sieels tead to Lave an increasing size of grain with
an jncrease of temperature above 80UY and in the course of welding, A
certain reduction in size of graiu is achieved with the introduction of
nitrogen into the liguld steel, or through the acceleration of cooling
during the process of cvystaliization, The size of grain increases sharply
with delayed cooling.

i
crystaL line structure wemains virtuwaliy
treatment, aonseceently, the

()

Piasticity of chwomo-fervitic steel decresses with ¢ an increase in
chrone ecentent. This is 'very appavent vhen the chrome fontent veaches

16-17%.

Accovding to T, 4. Fecheadzy /17/, ferritic steels containirg 13-147
Cr have -, = 30 -40 kgfams, 207, and~’ = 30%. With a 16-20% Cr com=-
: d . v - ’ 3 '™
tent, elongution snd pockiag down drep © ~10%.

Ferre-chromiun shesls wich Iosa vhaw 14% O ave nla~t1c and duvctile
hut are nolLed for thoiy low corvosive wasistarce and are therefore suitcd
cnly £ow service in low-aggrassive mediume (fov example, in atmosphare),
but unsvited foco operations in ses wioes,  Fervoe-chromium steels with
16-20% Cr content have much higher coccosicn reslstance, dbub low plasticiiy
and ductility, '

Fercvitic-chrone stoal bla

: sble casting properties., They have
poor fluidity due o the | arbon and lgh chronlum content. Superhcating
the ligquid wetal (o focseaze its £luidivy resules’in an dnevease in primsry

ule
granulosity, leading to an abrupt drop 1n ductility and plasticity.
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P

Amonr tha hishly-aiioye? chromium stzinless sieels, the moest commonly

[¥ ] < . B 3

used ones os wiruchueal wmateriale are the fervitic-nartensitic (semi-

fervicic) eand the martencitic onus containing a r.atcr proportion oX rarbon,
()

Among these, the wost commonly uwsed ones are the 1Fh13L and 2¥hi3L, liet: 4

in GOST 2176-57 as "Castings of high-alloy steels with specinl properties Y1241,

Tt the eourse of test orentament chese sceels underpo transformations -
stial in vhe sewifervicic end camwslete fa the martensitic steels; due to
nis, a relabively high level of stxength, plasticity and ductility is ob-
tained, : '

) c0u;:1u- with that of ferritic
chetiy fluvidity, while the sovrosion wesistance is lowered
due to the formatioo ol chzonous carbd dea. Carbides reduce the chrome cou-
centration in solid solution because their clirome content 1s considerably
preater than that of carbon, For inastance, Jn the carblde, composition
coutrnu {1 17 times prestes thaa that of carbon, Increase
chromous carbides also .owers the ductility and elasticity

The incrense iu envhon conbent, o
stecls, ineyreosae:

W

<
-~
[

of steazl.
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Annealing at 600° leads to a further increase in the rate of trans-
formation of martinsite into sorbite and, probably, to coagulation of
dispersed copper occlusions. Hardness of ferrite and sorbite decreaaes.
The yield point and ultimate tensile strength are substantially lowered,
Elongation, necking down and impact strength values grow higher,

After annealing at 680-700° the structure consists of coagulated
sorbite and isolated grains of ferrite. Sorbite hardness drops down to
283 units. The lower values of yield point and tensile strength, highest
necking down, ‘elongation ard impact strength also develop at the same
time.

Increase in the annealing temperature to 7509, that is to 40% above
point A.1, probably leads to partial formation of austenite and to its
subsequent transformation into martensite during cooling. Hardness, yiéld
point and ultimate tensile strength all iucrease. Elongation, necking
down and impact strength values decrease.

In addition to the above investigation of the effects of annealing
temperature on the mechanical properties of 1Khl4ND steel, subsequent to
tempering, its mechanical properties were checked only after annealirg; '
with no preliminary tempering. This revealed extrqnely low values of i@-
pact strength, elongation and necking down (a, == 1 kgM/em?; J == 4%).

It should be said that the use of annealing alone cannot be recommended
for the 1Kh14ND steel, not only because of the low resulting mechanical
characteristics, but because such a method of heat treatment does not pro-
duce a maximum transition of alloying elements into the solid solution
and leads to an inferior corrosion resistance, compared to that obtainable
through tempering followed by annealing.

During the investigation of 1Kh14ND steel, the effect of cocling rates
of tempering and annealing on its mechanical properties were also ascer-
tained. The types of heat treatment and mechanical properties obtained
with different rates of cooling are presented in Table 22.

It was determined that the mechanical properties do not differ ma-
terially with tempering in water or in air. A reduction in plasticity and
in impact strength occurs with additional slowing of cooling process in

_tempering. This reduction was established at a cooling rate of 70° C/hr.

With slower cooling after annealing, the stcel shows no tendency to develop
annealing brittleness. -

Because it is possible for propeller blades to be above water during
short periods of time (in cruising unloaded), that is, exposed to the atmos-
phere at below:-zero temperatures (in northern waters), and with consideras-
tion of the pcssibility of the vessel being icebound in winter, tests to
determine the ‘mpact strength to 1Khl4ND steel were made at a temperaiture of
-10°. The te::s were made with specimens cut from trefoil-shaped stock,

40 mm in crosi-section, cast of metal taken from production smeltings
weighing 3-4 ¥, liquified in 2 and 3-ton basic electric arc furnaces.
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Specimens from 31 heats were tested, representing mets) used in casting
whole propellers and individual blades. Chemical composition of chese smelt-

ings and their mechanical properties met the requirements of the specifica-
tion for 1Xh1l4ND steel.

Minimun values of impact strength at -10° were as follows: 1in one

melting 3 kgM/cmz; in two others 3-7 kgM/caw? and in 28 others, over 7 kgM/cm?.

In addition, the temperature of critical buittleness (T) of the steell was
algso checked,

.

1. It was established that the temperature of critifal brittleness
equals -40° (at that temperature a; = 3} kgM/cm®)

Because the thickness of the hlades and the hubs of !--ge propellers
in some places reaches 250 m2, the mechanical properties of 1Kh!.ND were
checked on specimens cut from thick ingots. Slabs 150, 175 ard 250 mm in

thickness, as well as a molded blade of variable cress-section, from 40 to
450 mm thick, were cast for use {n these tasts,

The dimensions and cast weight of slabs and of themclded blade are
shown in Table 23.
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The choice of shar2 and dimensions of castings for testing was made in
view of the nead of determining the effect c¢f wall thickness of a casting
on the mechanical properties of the steel. In making the molded blade
specimea, an effort was made to approximately duplicate the cooling condi-
tions prevailing in castings of propellers in the molds and in the course
of their heat t-eatment. To this end. the zpproximate ratio of surface of
molded blade to 1its volume duplicated that ex.sting in the basic sections
of propellers of large icebreakers.

Specimens for the physical tzasts were cut out from various sections
of the model blade. Patterns for cutting cut specimens from thick stock
are shown in Figz. 14-17.

Srecimen stock was subjected to heat treatment along schedules pre-
viously established for 1Khl4WD steel: temperirng from 1000°; cooling in
air and aunealing at 680°, followea by cooling in air.

For slabs 150 mm thick, the following scheme of heat treatment was used:

&) temvering in air fram 100C°; exposure at 1000° - 4 hours;

b) two annealings at 650° with cooling in air; first exposure -
hours, and the second onme - 10 hours. ’

PN «a

The slad was cast of steel with the f{oliowing che.ical composition
. (smelted in 3-ton bLasic arc electric furnice): O0.U/% C; 0.32% Si; 0.49%
Mn; 14.40% Cr; 1.62% Ni; 1.48% Cu.

3
i

The results of the physical tests are shown in Tabie 24. 29 seen from
the data, properties of steel on specimans cut from the 150 x 150 x 200 mm
s§1ab were sufficiently high and virtually zhe -ace as those ootained froa
specisens made of standard, trefofl-shaped stock of 40 mm cross section.

Typically, thc mechanical properties of material from the middle of a
casting's sectica did not cilfer from those deterzined at the surfacae.
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. Fig., 14, Schemc¢ icor cutting Fig. 15. Scheme for cutting
gpecimens from very thick stock. - specimens from very thick stock.
150 mm slab thickness 250 mm slab,

Stock shown in Fig. 15-17 was cast of steel with the following compo-
sition: 0.1% C; 0.32% Si; 0.447% Mn; 14.89% Cr; 1.41% Ni; 1.53% Cu.

Tempering, as in the case of the preceeding smelt, was carried out from
1000° with subsequent air cooling (exposure at 1000° was 4 hours). Only one
annealing was used, at 680° held for 10 hours, followed by air cooling,

The results of mechanical tests are shown in Table 25, From this data
it is seen that the yield point and ultimate tensile strength of all speci-
mens, both the ones cut from slabs and from the model blade, met the require=~ .
mants set for trefoil-shaped stock of 40 mm cross-section, Exceptions were
thizindividual deviations typical of large ingots. In all cases the ulti-
mate tcasion was not less than 64-65 kg/mmz, with 62 kg/mm2 + the normal
value for this steel, while the yield point was as low as 47-49 only on a
few specimens, with 50 kg/mm? being normal.

Elongation, necking down and the impact strength values of individual
specimens of 250 mm thickness were comparatively low. To improve plastic
and ductile properties, the remainder of the cast stock was subjected to a

<c:ond heat treatment, The cutting pattern for these specimens is shown
in fig. 18 and 19.
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Schemes for cutting specimens from remnants of

Fig. 18.

slabs 250 mm thick after a repeated heat treatment.
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Fig. 19.
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A specimen cut from a siab 250

X 250 mm in

-7as subjected to a seoonnd annealing at 660-700°
Specimens stamped BKh and DKL went through a second tempering and anneal-

ing.
26,

From Table 26 it is seen that the elongation, necking down and impacé

cross section, stamped BA,
for a period cf 10 hours.

Their mechanical properties after this treatment are shown in Table

strength indicators have substratially improved even after the second an-
nealing and had reached the standards set Dr this type steel, as derived

from standard stock of 40 mm thickness.,

The fact that a second annealing,

without preliminary homogenization, materially improved the mechanical

properties, proves that the originally obteined iower values are independ-

ent of the nature of initial crystalizstionm.

After the first heat treatment, a complete curbide network was ob-

served in the structure aloug the borders of

appreciable portion of carbides within these gr

A similar structure can be normally found in specimens having low in-
dexes of icpact strength and plasticity.
can >: achieved by resorting to repeat aznrnealing.

the ferrite grains and on an
zins.

An i{mprov-ment in these properties
Typically, the first 150

2 thick slab tested shcwing high indexes of plasticity and impact strength

had bcen annealed twice.
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The possibility of attaining th cequired levels of impact strength and
plasticity through the use of a seccon? anncaling at 680°, without a second
tempering, was establichad through cousiderable practical expe.ience with
heat treatment of hecats smelted in 2-, 3-, 5-, and 10-ton electric arc
furnaces.l. The level of mechanical properties of 1Khl4ND steel, determined
from 3-4 ton production heats achieved during the last year and a half of a
plant's operation is snowa in Table 27.

1, Factors producing the necessity for a second annealing, and the
processes in taking place in its course, aie discussed in more detail
in Chapter V.

Corrosion Resistance of 1Khl4ND Steel. A check was made to determine
1Kh14ND steel's recistance to:

Ilowing stream corrosion;

corrosioa Curing inmersion ir still water, specimens isolated
froa cach other;

c) corrosion in aperture between specimens in contact with each
otheirr, iwrersed in still water,

| 9}
N

i

Flowing scream corrosica cests were made on 145 mm diameter, 1.6-2 mm
thick disks (Fig. 20), instailed in proups of 3 oa a vertical spindle device.
The specinens weve votatod arn 1400 zyo in a special tank filled with
synthetic sea water of a composition similar to that of the Pacific Ocean.
Four paciitions were ingtailed In Lhe tank, to reduce the motion of water
caused by tne vouatica of dhe disks, EZbonite sleeves 40 mm high were

placed on the spindle to separacte the disks [row each other. .The length

of the tast (rotatioan) of samples was 500 hours.- To test the effects of
welding oa ceorvusional stability scue of the disks were cut from previously
welded stock.

Tests of corrosion duringy staric fm:iecsion in sea water were made on
samples 25 wa iu diawccer and 2.5 mx thick.

Tests of aperture corresion worve also mude on specimens having d=25
wa, fastened in pairs with vinyl chleoride insulated wire. The gap between
specimens was formed because of the lcose Iit over the total surface. The
satples tesved consisved both of 1Kn1SUD sceel in contact with each other
and of 1Kh1l4ND steel samples in contoct with more highly alloyed stainless
steel uand with othev waterials (1MtsZh 55-3-1 brass; ehonite; carbon steel),
ae auration of tescs ranged {rowa 3500 to 6000 hours.

Results of te:ts to detzrnine flowing water corrosion resistance of
1IG14ND steel saupicy are lisved in T ble 2€ which, for comparison purposes,

aiso gives similas duta foc carhon steel, LMtsZh 55-3-1 brass -used in pro-
pellery and for 2:nl3 stainless steel.

Acrults of tests to determine aperture corrosion of specimens-in con-
toct gad of corrosica resistance during static ifumersion, o2t of contact,
w2 given in Tablie 2Y.
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Specimens of 2Kh13 steel snowed visibie evidence of corrosive damage,
not only on the covered sucfaces {ccntact surfaces), but also on the open
ones, The nature of the damage itscll wis noticeably different: speci-
mens were pitted much mcre deeply on the contact faces, The depth of

pitting reached 1.5 mm, while on the 1Kh14ND gpecimens it did/mot exceed
0.08=,05 ma,

Corrosion-fatigue resistance of 1 KhliXD steel, In the course of
service, propellers are oxposed to the concurrent effects of corrosion-

ally active sea water and stress reversals, that is, they operate under
corrosive fatigue conditions,
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: Disk specimen of carbon steel after being tested
for flowing water corrosion during 500 hours,

Due to this, one the mosi importunt properiies of material used in
propellers is its endurance limit (fatigue limit) for simultaneous effects
of load reversal gad a corrocive medium on the wetal, Today, in some in-
stances of designing propellers for strength (for iustance. in designing
VRSh), the limit of endurance of the steel under corrosive conditions is
a fundamencal derign cousidecation.

The iimit of corrusive endirance ie coasidered to be that maximum
stress which does not yet produce failure due to the effect of a set number
of load cycles in a given corrosive wedium

Figure 22 shows the vesuiting curves representing corrosion-fatigue
tests made by TsNIIMF associates with the use of meihods that they had de-
valoped. Tests were carried out on specimens having d = 10 mm, As com-
parisons, the curves ave pLlotted for 1Kh14¥D, 2Kh13K, and 18DGS steels.
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f IS Jig. 2Z. Rasults of come
: N I scrative corrosion-fatigue
j éiZil teste of 1Kh14ND, 2Kh13N
; ) ! and IBDCS steels,
3 Vool 1 ~ 1Xh14HD d in air;
; ‘; zoi,..._...:. Lilgnd tested in air H _
: ) : : ’
{ b ; 2 - 1%al4ND in a 3% solu-
: ! | tien of NaCl;
3 l\f. {
’ ! ‘
: | | 3 - 2Xn13YN tested in air;
[} [
i P S = Z&BI5N in a 37 solution
: m; T oi NaCl;
e
: ! Lo 5 - 10 LG8 in air:
.
% i f ; O - 18 IG5 in a 3% solution
1 Cool of NaCl.
A ¢
wmmremmsan Kapyuecmsa pitiingd
: Specimens of ithe ZKhI3N and 18775 stoels were cut out of the blades
7 of a2 hydraulic turbine, while the 1Xal4ND ssecimens, from a 60 mm taick
i iagot.
; As seen from this data, the iimit of corrosional endurance of 1Xh14ND
: steel during tests based on 107 eycles is 25 ky/um2 in air and 16 kg/rm2
° in & 3% selution of NaCl. The 2Xh13K steel =ested on the basis of 107 ’
: cyeles in air had an endurance limit of 22 kg/ma®, During tests in a 3%

\\‘: feCl solunicn and as increased nunder of eycles, the limit of fa-igue :
t indicators wore wadically lower (ho endurunce base), as was the case 3
. with cace 13 DGS struc ural steei. Zrobably thi: indicated low corro- &
i ‘ ¢ the 2KQI5N specimens, cut from the blades, is 3

sional enduvance o
attributadble not only to its composition, but to the specific character

of its cvystalication in large castings.

Iaducance of TX0l434D steel wnder the effects of cavitation., 1In
practice there are konown cases of extramely © an1id breakdown of pre~zllers
duc to the destructive cetion of cavitearion., 1ais daueage can be averted

eily through adoption of structural measures (chaaze ia the shape of
thc prosxeller, in the outline of the vessel's stera, ete.), however, an
irproveamit in the prepellec's resistence to che effects of cavitation
Curt L0 G certulu wxient be achieved through the adoption of more durable

.
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Many investigators have studied the nature of cavitational damage.
The most thorough exposition of this problem appears in L, A. Glickman's
book Lorrosive-Mechanical Strength of Metals’. According to this study,
the deterioration results from the mechanical action of "hydraulic im-
pacts" produced by the closure of cavitational bubbles on the surface of
the metal, as well as by the corrosional process.

It is considered established that corrosion, acting in combination
with cyclic mechanical influences, causes destruction of metals.,

The extent of the metal's resistance to cavitational effects depends
on a number of factors, including the composition of the metal, Brasses,
bronzes and stainless steels, especially austenitic ones, are much more
resistant to such damage than cast iron and carbon steels. Materials
having greater hardness and strength present better resistance to ef-
fects of cavitation at equal leveis of corrosional resistance.

Endurance tests made by Prof. L. A. Glickman and candidate of tech-
nical science Y. E. Zobachev, on a magnetostrictive vibrator demonstrated
a higher resistance of 1Kh1l4ND steel as compared to carbon steel and
IMtsZh 55-3-1 brass (Table 30). It was typical of 1Khl4ND steel tnat,
afcer tempering at 1000° with a hardness Ny = 388, it had a considerably
better resistance to cavitational damage than was the case after tempering
and annealing at a hardness Ny = 217.

Results of natural tests of propellers made of 1Khl4ND steel, The
1Kh14ND stainless steel has been widely used during the last few years
. for the fabrication of normal c.ass propellers,

Propellers cast of this type of steel are being used in the atomic-
powered icebreaker LENIN, ships of the SLAVA whaling flotilla, the
diesel-electric ships OB and LENA, which participated in Antarctic expe-
ditions, in new domestic-built whaling ships and in a number of over-
hauled ships of our merchant marine. The maximum diameter of a unit- -
cast propeller made of 1Khl4ND steel was 5.2 M,

Of much interest are the results of inspections of propellers made
of 1Khl4ND steel for use on 500-hp seagoing tugs, operating in the Black,
Baltic, and Barents Seas. The propellers were examined after different
lengths of service, ranging from one to six years.

Operating conditions differed, Some of the tugs cruised in ice-
filled waters for a long period of time. A few of the propellers showed
evidence of impact on rocks; there were dents and chips along the edges
of the blades. However, none of the propeller , including theones which
have been in service for six years at the time of the inspection,. showed
any visible evidence of corrosional deterioration.

As a comparison, the propeller of the same type of tug, made of 25L
carbon steel was examined at the same time. This propeller showed cor-

rosional pitting 3-4 mm deep, after only some seven months of service in
the Bavents Sea ,
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Comparative resistance to cavitational ceotruction

carson steol, L¥tsZh 53-3-i Lracs and 1XnldiD stcel.
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Yaterial : Totzl
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Carvon stoel (C.51% Cle o o 4706 E5.4 . é5. 2756l
55 ks & 0. 0k E
IN{oln 35-3-1 5ragss. « o« . 12.8 2.3 5745 157.6
52,8 5843 55.2 128.6
1RR14ND stecl
i efter teppering in air
Prom 1CCO° (N == 388) 5.7 1.8 14.C 33,7
V- 3.9 16,0 1.0 LhC
sMer tempering in air 17 =..0 - 5703 556 %
and snnealing 680° A N ¢ 5.5 27.€ 75.1

(Ny = 217) !

/
/

Similar findings were made during inspection of assembled propellers
of the diesel-electric ships OB and LENA after cruising one and three
years respectively in the Antarctic.

The comparatively high sea water corrosion resistance of propellers
- made of 1Kh14ND steel, together with the beneficial effects of its com-
position's properties can to a large extent be attributed to the bene-
ficial action of the protection system installed in the vessels, and to
the protective action of the outlines of the stern portion of the hull,
built of structural steels whose potential is much lower than that of
1Kh14ND steel. ‘

Uses of 1Kh1l4ND steel, In a number of seas, especially during pre
tracted inactive periods, there is a formation of marine growth over the
submerged parts of a ship, including the propellers. Stainless steel
propellers are likewise subject to this type of growth. Narrow apertures
(gaps) form between the layer of marine growth and the surfaces of the

’
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blades. Due to stagnation of sea water in these gaps, and the lack of
free access of cxygen needed for the maintenance of the inhibiting

layer on the surface of the stainless steel, there arises a favorable
medium of development of corrosive process2s. As a result of aperture
corrosion, damage in the form of pitted areas, or individual spots, ap-
pears on these surfaces, The number and extent of these ble~ishes varies
widely, depending upon the aperture corrosion tendency of the material.

In steel not strongly inclined toward aperture corrison the damage
may be insignificant, but in steels susceptible to such corrosion it may
be of very significant magnitude.

Tests indicate that machined plates (quality of machining \~ <’ 6)
of 1Kh14ND steel, continuously immersed in the Black Sea for six months
were covered with calciferous deposits several millimeters thick, After
removal of the deposits, individual pits approximately 0.5 mm deep could
be observed on the surfaces of the plates. This, as well as the results
of the laboratory tests described above, confirm the tendency of 1Kh1l4ND
steel toward aperture corrosion. '

The presence of such individual pits on the surfaces of normal class
propellers is acceptable and does not materially reduce their operational
properties. These propellers have unfinished surfaces and, in accordance
with standing specifications, isolated rough spots and shallow pits of
appreciable dimensions are permitted on the surfaces of such blades.

The situation is different in the case of certain propellers of
the highest class, the surfaces of whose blades must be grouand or polish-
ed, according to standard specifications; presence of corrosiocnal pits
0.5-1.0 mm deep on such surfaces is inadmissible.

Beccuse of the possibility of an extended lay-over of ships, the
probability of formation of marine growth on highest class propellers
and a resultant situation favorable to aperture corrosion should be com
sidered. Apertural corrosion can also occur in the clearances between
the propeller and shaft (if the latter is made of stainless steel) and"
between the propeller and its fairing. Consequently, the fabrication
of highest type propellers for particularly critical service conditionc,
preference should be given tc stainless steels having a better apertural
corrosion resistance than that of 1Khl4ND,

It should be noted that 1Kh1l4ND steel, in addition to beihg suitable
for normal class propellers, can also be used in those propellers of the
highest class which do not require especially high standards of blade
finish, such as propellers of certain merchant and service vessels. The
probability of wider utilization of 1Khl4ND steel in the production of
other propellers of the highest class can only be established upon the
accumulation of more practical experience w.th propellers made of this
steel on high-speed vessels.
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CHAPTER IV

DOMESTIC STAINLESS STEELS USZD FOR THE PRODUCTION OF THE
HIGHEST CLASS SHIP?S' PROPELLERS.

Stainless steel of high durability for use in propellers of the
highest class must be able to meet the follewing basic requirements:

1) have a yield point in tension and compression not less than
(preferably somewhat higher than) those of high-strength brass (LAMtsZh
67-5- 2 2 typc) and alloyed aluminum bronzes for use in propellers (that
is, (v = 25-30 kg/mm?), and at the same time have adequate plasticity
and toughness;

2) have corrosion resistance in still and in flowing sea water not
lower than that of brasses and bronzes used in propellers;

3) have a minimum tendency toward corrosional pitting of the vlade
and hub surfaces of propellers; .

4) have no tendency toward intercrystalline corrosion or corrosional
cracking under propeller service conditions;

5) be able to resist cavitational damage better than the brasses
and bronzes used in propelier;

6) contain no significant quantities of expensive and scarce com-
ponents (nickel, molibdenum, etc.);

7) possess good casting properties (fluidity, freedom from cracking,
etc.). prrmitting casting of propellers in accordince with ordinary
technical procedures. DlMechanical properties and corrosional resistance
must be obtainable through heat treetment nct requiring cooling subsequent
to tempering in liquid mediums. Should permit the repair of casting flaws
by normal welding procedures, without resorting to preheating;

8) must permit machining of propellers with the use of available
machine tools anc¢ the use of cutting tools made of materials available
to the industry.

With regard to corrosive resistance, the above requirements are also
met by a number of stainless steels listed in GOST 2176-57 for -astings
of high-alloy steel (Kh18N9TL, Rnl8N12M3TL, Kh25N19C21, etc.). However,
these have the following important faults, making them unsuitable for use
in propellers. These steels:

a) have low strength characteristics; guarantced yield point of the
Kh18NITL steel is 20 kg/mm2 and those of the Khl8N12M3TL and Kh25N19C2L
steels 22 and 24 kg/mm? respectively;

b) they coatain a large amount of aickel (8-20%Z); in addition,
Kh18N12M3TL steel has 3-47 Mo.

(2 3




Literature ocuzicins instaunces oI the uvse of {2505 type stainless
steel for the production of the highcst class propellers. However, this
steel has low flowabiiity, due ta its high chrome content, which compli-
cates production due to the required addition of 35-407% ferrochrome in

the course of casting.

According to Y. A. Nehendzy, Kh25N5 steel is brittle in untreated
form, due to separation of ~ -phases and carbides. Esperience has shown
that castings made of this steel have low plasticity and ductility, as
well as comparatively low strength. For example, steel with the follow-
ing chemical composition was smelted in & 3-ton arc furnace: 0.11% C;
1.80% Si; 0.65% Mn; 23-25% Cr; 5.37% Ni; 0.30% Ti; 0.21% V. In order to
obtain the optimum mechanical properties, a number of heat treatments
were tried out. Results of mechanical tests after various types of heat
treatment (Table 31), demonstrate that with all the various cycles of
tempering in air and in water, and with use of annealing, the impact
strength was within limits of 1-2 kgH/cmz.

Fror available information, stcel of the 25-5 type is also not used
abroad to any extent in the fabrication of propellers.
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TAIWLTZSS STEELS

CHXOME-NICKEL-CUPROLUS INT
"11 W4D&T

5
OXn17N3G4D2T and O

I

Structure &n’! Mochanical Proodertices. . aumber of investigators have
vade attempts to find the stainless stecis Cect suited for usc in highest
c.ass propellers, ones having a minimuam tendency tceward pitting and
apartural corrosion in sea wster.

»)

As a result of rescarch carried ouc by the cuthors in collaboration
with Sc. candidate A, M. ¥eingarten and V. K. Xounrianova, a new austenitice

ferritic steel has been developad, d's'n~~tLu CxXnl783CG5ue™, and an adjust-
nent made in the composition of c<ispersionally reinforced 0”"6\¢“¢T steel
with an increase of up to 0.1 in carbon ccr:c::.t The chemical composi-
tion ond mechanical p;O?EI:fLS oif theses stuels are presented in Tzbles

32 and 33.

1. Dr. of Sc. L. &, Glickman &nd Candidutes of Sc. Y.E. Zabachev
and L. N. Souproun auwd Engr. E. N, Kostrov participated in

the work,

Steel desiznsted OXNI7N3G4D2T (s of the zusteno-ferritic “ype. The
amouat of austenite is within 55-70%.

In a cast state, wiili no Reat trcatzent, the mlcrostructus . of this
stec. consists Of austenite, fervite and a considerable amcuat 5§ carbides
aloag the borders of the ferritic granules (Fig. 23). The ¢~ ldus become

AR}

dissolved upon heating tc 1000-1050° under austenizatien (F ,. 24},
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Annealing to 500° produce: no visible changes in the structure of the
austenized specimen. Further heating to 550-600° produces a considerable
fall-out of carbides around the ferrite granules (Fig. 25), and the com-
ponent whose nature is so-far insufficiently well understood, With the
raising of heat treatment temperature to 800° there begins a partiai dis-
solution of carbides located arcund the ferritic granules (Fig. 26).

The nature of the change in mechanical properties obtained as a re-
sult of austenization in air and subsequent drawing of the tempered steel
is shown ir Table 34. ' The chemical composition of the steel, smelted in
an inductive furnace, is as follows: 0.09% C; 0.70% Si; 3.80% Mn; 17.72%
Cr; 2.66% Ni; 2.40% Cu; 0.18% Ti. .

An exiensive history of testing OKhI7N3G4D2T steel shows that, within
the limits of its prescribed chemical composition, sufficiently stable
mechanical properties are obtaimed, virtually identical to those appear-
ing in Table 34, There is evident a certain improvement in the mechanical
nroperties of pruduction smeltings made in electrical furnaces, compared
o those made in the laboratory, using inductance furnaces.
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- Fig. 23: Microstruct .2 of

OKh17N3G4D2T ste2i in a cast
state; X 300

Fig. 25: Microstructure of
OKnl17N3G4D2T steel after
ausrenization from 1000° &
drawing 550-600°; X 300.
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Fig., 24: Microstructure of
OXnl7N3G4D2T steel after
austenization from 1000°;

X 300.

'\'\" "

Fig. 26: Microstructure of
OXh17N3G4D2T steel after
austenization from 1000° &
drawing 800°; X-300,

As seen from Table 34, change in mechanical properties due to heat
treatment fully corraesponds to the structural transfurmations o the

steel.

Maxinum plastic and ductile properties are shown by the steel

ofter sustenization without subsequent annealing, or with annealing to
500°; at that time the strncture consists of austenite and ferrite. No
carbidic separations can be observed alcng the edges of the ferritic

granules.
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An sbrupt increase in strength prooertiec ard decline in plasticity

and ductility takes place upon annealing from 600°, when ccusiderable
carbidic separations form around the ferritic granules; .he hardness in=
creases drastically at the same time (from 197-2C7 to 285-30- llp).

An additional increase in annealing tempareture up to 80u° produ:es
a partial dissolution of carbides, due to this there is a certa‘m increase
in plasticity, However, their complete dissolution (as vpon heating to

1000-1050°) does not take place. The plasticity and ductility remain at
a low level,

A repeated austenization with heaiing up to 1020-1050¢ produces the
dissolution of carbides and restores the plasticity and duccility,
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A C-shaped curve of isothermal transformation of austenite during the
cooling process of OKh17N3G4D2T steel is shown in fig. 27, As seen from
this curve, in cooling from 1000 to 6000°, there is no disintegration of
austenite and it begins only at 550°. At that temperature the amount of
disintegrated austenite reaches 30%, then it remains vietually unchaged
in cooling down to 100°,

The mechanical properties of this steel are sufficiently stable after
heat treatment consisting of austenization in air from 1020-1050°., This
temperature is held from 3 to 5-6 hours, depending upon the size of the
propeller., Mechanical properties of runs smelted in induction-type 100-kg
furnace are listed in table 35; of those smelted in 2-3 ton electric arc
furnace, in table 36, while the level of mechanical properties of a large
number of production heats from a 0.5-ton furnace are in table 37.
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* Fig. 27: Diagram of isothermal disintegration of
austenite of OKh17N3G4D2T steel (figures on the
curves represent the percent of disintegrated

austenite),

Mechanical properties were determined on specimens cut from trefoil-
shaped test bars 40 mm thick, as specified by GOST for formed steel cast-
ings. Test stock slabs 150 and 100 mm thick were case for use-in determi-
ning mechanical properties of large cross-sections, specimens for mechani- .
cal tests were cut directly from them, The shapes and dimensions of slabs
and locations of specimens' cut-outs were similar to those shown in-fig. 14,

Heat treatment of the slabs consisted of austenization in air from
1020-1056°, Because of the initial austenization was accomplished at a

short time-lab (about 1.5 h), a second austenization was carried out and
held at 1020-1050° for 5 hours was carried on.
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Mechanical properties were checked along the entire section in order
to determine the tempering of this steel and the effects of initial
crystalization in the various areas of the slab. Specimens 1 and 10 were
taken from the edges of the slab and 5 and 6 fiom the center. The re-
mainder were located between the edges and the center. The results ob-
tained are presented in Table 38.

Comparing the results obtained from tests of specimens cut from tre-

foil and from large-section slabs, it can be noted that they do not differ
much.

Assuring adequate stability of mechanical properties for given inter-
vals of chemical composition, this steel’s properties change materially
with deviations, especially in chrome content. An increase in chrome con-
tent over 18.5-19% normally lowers the impact strength. There were a -
number of heats in which, witn increase in Chrome above 197, tAe impact
strength fell to -3 kgMch

A decrease in both silicon and chrome content likewise h2s an adverse
effect. For instance, Heat No. 1364, made in a 3-ton arc furnace, had
0.41% Si instead of the_specified minimum of 0.70 - 0.60%. The impact
strength was 3.5 kgM/cm2 and a repeated heat treatment resulted in no im-
provement, Steel of Heat No. 114, containing 16.27 Cr and 0.50% Si also
had an ihadequate impact strength (aj »=— 3.5 kgm/cm?) at high yield point
values,

-

Fig. 28: Structural diagram of ferro-chrome-nickel
steels (according to Mauer and Sherrer). -

Decline of impact strength with an increase in chrome content above .
19%, or with a drop in manganese content down to 2%, is probably attribu- -
table tc the reduction in the quantity of austenite. But in the case of \\\
sizmultaneous reduction of chrome to 16% and of silicon to 0.5%, in accord- \
ance with Mauer's structural diagram (Fig. 28), the steel changes from .
austenitic-ferritic to austenitic-martensitic-ferritic. It is evidently
this formation of martensite which causes a decline in impact strength,
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Because of the above, maintenance of limits of chemical composition
analysis is prerequisite to the attainment of required mechanical proper-
ties, Wide limits of the specified chemical compositicn with relzcion to
silicon, manganese and chrome greatly simplify the problem. As to nickel
and copper, meeting the specified limits (2.6-3.2% Ni; 2.0-3.0% Cu)
usually produces no difficulties, since these elements virtually do not
burn out in the process of smelting.

OKh17N3G4D2T steel, due to a high content of manganese (3.2-4,27)
silicon (Up to 1.6%) and copper (up to 3%), in the preseace of chrome in
the amount of 16.5-18.5%, has a flowability con3siderably higher than that
of 1Xh18N9T steel, and especially of Kh25N5 steel, Experience has demon-
strated that, with a locse fit of the upper and lower half-molds. overflows
of considerable length and of 1-2 mm chickness can be formed along the
"seam," clearly demvastrating the actual high flowability,

A substantial number of highest class proepllers, with diameters
ranging from 700 to 2600 mm and cast weights from 150 up to 4500 kg, have
been cast in OKh1l7N3G4DZT steel., T[heir service history over a period of
several years has shown that this stezl .possesscs a number of advantages,
as compared with brass (especially over LMtsZh 55-3-1 brass).

For example, on a ship in which brass propellers deteriorated rapidly
due to dezincing, CKh1l7N3G4D2T stainless steel cnes did not deteriorate.
One of the ships was used for testing comparative corrosion rzsistence of
propellers made of varlous stecls, under severe service conditions. To
thie end, in replacing prop:llers, one 1Kh18N9T and one OKhl7N3G4D2T steel
propsllers were installed simultcneously. Condition of the blade surfaces
of becth propellers was found to be similar after a year-and-a-half of
service. This vest carried out under natural operating conditicus con-
firmed results of lahoratory experiments, thus it follows that OKh17N3G4IZT
steel, with approximately 6% less nickel than 1Kh18N9T steel, also posses-
ses sufficient resistance to corrosion in sea water. (It should be noted
that, to a large extent, these propellers were shie'ded by protection de-
vices installed in the vessel, as well as by the hull itself).

However, for a number of highly-stressed highest class propellers the
strength provided by OKh17N3G4D2T steel ( j’t -==-30 kg/mmz) is inadequate.
A highly corrosion-resistant stainless steel wich .77, == 50 kg/mm2 is
required for the production of such propellers. Dispersionally strength-
ened (intermetallic) high-strengti: and highly durable stainless steels,
which have rccently attalned wide ausage abrcad, could be used for such
purpcses in this country. There are known chrowe-nickel stainless steels,
additionelly alloyed with copper, aluminum, molibdenum; vanadium and other
components,

Based on requirements for the highest technological properties and a
maximum s:onomy in scarce cemponents, OKhi6MN4DAT steel shculd be recom-
mended., This steel is the only one dispersionally strengthened and has a

ﬁ/t = 60 kg/mmz; it can be used for both the fabrication oif highest
c¢lass propellers and for normel class ones, sublect to special losdings.
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. There is published data relative to stainless steel, close in compo-
sition to OKh16N4DAT steel, with an extremely low carbon content (not
over 0.07%). Actually, production of steel with such a low carbon con-

tent is very difficult, OKh16N4D4T steel, containing up to 0.10% C is
much simpler to produce,

In order to Select the optimum composition with a greater amount of
carbon, tests were made to determine the affects of: manganese (from 0,6
to 3%2); chrome (from 15-20%) and silicon (from 0.2 to 1.5%). Variation
in the manganese content was made to establish the possibility of a maxi-

. mm decrease of nickel content. The effects of varying the chrome and

silicon contents were checked to insure attaimment of optimal mechanical
properties. ' .
It was found that an increase in chrome content above 17.5% greatly

increases the amount of ferrite. The structure becomes austenitic-ferritic
instead of martensitic, leading to a radical drop of strength characteris-
tics. Of significance are the mechanical properties (obtained as a result
of temperipg in air) of three smeltings, differing solely in their chrome
content. ‘Compositions of ‘hese steels and their mechanical proerties are
shown in Table 39.

zffect of clirome on mechenical preperties.

r " B -
i ) f
i Heat Chemicel comroziticn, % ?fecl‘.n.'.ricn‘.';:'c;c:".i':: l
H { :

No. . g vey | <5t’2’ CSV';' 1\

c CE ¥n Cr Nt Cu ™ | kg/fes kg/z= i
I |0.c8]0.71]1.05}18.55/3.74| 4.17| 0.07] 4.8 | s8.C 20, |

l:e 1 [ 4 ' A 4
Ve o 7-—-/ L el ;
|
|11 |c.07 c.8s | 1.02 17.42]k2€ ) L2s ) ca2| Gss | gz.s 1. |
i i . €£.6 | ye.2 Lk '

L

! IIT|C T, 81 1.25015.9503.55 | L2s 0.1k g0.2 | 1072 €.7 |
' : 75 yng 2 < [
‘ l " * ! ,/-5 sV?vv \..C t

Substitution of manganese ir place of nickel gave no positive results.
Ta the coxyse f ols Tetelm=, ‘2 was fomnd Tt siliom erters Iy exoess
of 0.42 has an adverse effect on the impact strength (sccarding to published
dats, the silicon content was alloved to reach 1%1). Witk an Si content
0.7-0.9%, usualy &, - 4.5 k;l/cnz. vith most of the specimeus showing
7 & kgm/cmé, With a silicon content of 0.4-(. 5%, a = 4.5-5.5 kga/cu?,
ile individusl specimens had an &y - 6 kgm/cm?. In six heats, made in
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a 100 kg capncity inductive furnace, 90 of the 94 specimens tested had a
yield point == 65 kg/mn? at the above mentioned impact strength and
only 4 of them ﬁld sz — 59.5-64.9 kg/mm 93 specimens had Cj y =8
kg/mm? and only one had a G/V below that level

Change in nechanicnl properties at different annealing temperatures
in the course of dispersional hardening process can be traced from the re-
sults of mechanical tests (Table 40) of specimens of heat having the fol-
lowing chemical composition: 0.08% C; 0.91% Si; 1.25% Mn; 15.9 Cr;
3,95% Ni; 4,.25% Cu; O0.14% Ti.

(4

~m_ Lr.
ocal ~ ¢

Effect of annealing.on the mechanical propertics of CKhlélikLAT stc.l.

- >

— ' v T : Y
Heat trcatment proccss ¥echanical properilcs '
d ’ ' d -‘- | 2.0 !
v : ! t o] v’ i ’ - .-
Terpering Crawing :_JQ;E::;.;_X” e % S: B iyeifen® {
R —— O N i
, !
1050-1070%; held - 80.2 107.2 1 6.7 3.6
for 2 hours; cooling 1 75.6 107.56 | 8.0 3.
in air. , ) | .
l _As above 200°-6 hrs, 85.8 1C&.5 1C.8 3.8
2.3 | 107.5 11.3 3.8
. ' : ' . '
. " | 200°-6 hrs. | -91.7 | 113.7 8.2 1.8
: - 92.0 112.5 1Cc.2 3.0
AL 500°-6 hrs. | 99.c | 114.2 - c.5
b 98.9 110-0 - O.9
] o °
: 5& "6 hrs. 7903 97.8 14.) b.k
78.3 98.3 13.3 L,
LI 600°-6 krs. | 71.8 56.1 14,3 3.2
7C.5 g€.1 14.3 4.2
; i

As a result of dispersional hardening, vith an snnealing temperature
of 5000, the strength characteristics attain their maximm values and im-
pact toughness decresses. With a rise in annealing temperature to 3509,
the process of coagulation of :he dispersed phase beyins. Due to this the
strength characteristics decl:ae sharply while plalttcity pnd ductility

{ncrease.

. Critical points have been determined for OKh1SNADAT steels: Acy = 600°;
Acq = 795°. Structure of this steel after te-pcttng is shown in Pig. 29
uni after snnealing in the interval 580-620°, {n Pig. 30.
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The mechanical properties of OXKh16N4D4T steel were checked both on
specimens cut out of trefoil-shaped bars with 40 mm cross-section and from
those taken from large-section slabs. Slabs 100 and 150 mm thick and a
model blade of varying cross-section, from 40 to 250 mm thick were cast
for this purpose. The shapes and dimensions of these stocks, as well as
the locations at which the test specimens were cut o :, are similar to
those shown in fig. 14-16.

Mechanical properties obtained by testing specimens made trom trefoil-
shaped stock, poured from a production heat of 3.5 tons, appear in table
41, Prom this data it is seen that the figures for eiongation, reduction
of section and impact strength are somewhat higher after two annealings.

The grueral level of properties of steel smelted in a 3-ton electric
arc furnac wsas higher than that produced in a 100-kg inductive furnace.

Properties obtaincd by testing specimens cut out of large sectioms,
after tempering and one anuealing per schedule adopted for specimen No. 1,
table 41, are shown in table 42, As seen from this data, extremely low
values for elongatiou and reduction of section take place in sections 100
and 150 mm thick. In order to improve these characteristics, the effect
of two temperings and two annealings was carried out,

The mechanical properties obtained from 100, 150 and 250 mm sections
after one tempering and two annealings and after two temperings and two
annealings are shown in table 43,

An analysis of mechanical properties tests of OKh16N4D4T steel leads
to the following conclusions:

1) the following mechanical properties are obtained from tests of
specimens cut out of trefoil-shaped stock, after one tempering in air from
1040 to 10700 and annealing at 600-6200: 1(- = 62 kg/::g //n — 85 kg/-

; O — 12%; Y= 35%; a >3 kgm/cnz. The elongation, reduction of
lection and 1-plct strength figures become somewhat higher after a lecond
annealing; ,

2) on specimens taken from 100 and 150 mm thick slab sections. after
one tempering in air from 1040-1070° and one annealing at 600-620°, low
values of elongation (o = 4-8%), reduction of section (¢ = 4-13,5%),
and impact strength (s, = 2.1-5.9 kgm/cm?) are obtained. The use of a
second annealing improwes these properties appreciably. Even for a 250 mm
section the impact strength reaches 3.0-6.2 kgm/cw?. With two temperings

- and one annealing, clongation and impact strength values for 100 and 150

= sections are low, but they iocresse lnbltantinlly after a second an-
nealing (¢ =—11.4 - 14.0%; &) ==3.0-5.4 kgm/cm‘).
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Fig. 29: Microstructure of OKh1i6N4D4T asteel after
tempering followed by air cooling from 1050°; X 300.

- J S e e b
. ‘." . - ’—
. .. i
- i
.
VAR
A .
\ ’ t
LN
. ]
-
. - ]
-
)
- -—- . . R
L3
1y
H
|
[ Wy -— - mmm———. - - e a - - 1
.
'
:

Fig. 30: Micrastructuxe of OKLI6NADAT steel aftex
tempering and aunealing at SE0-620° temperature; X 300.
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lechanical propertics of OKnlERLLLT stouvl as deternined on trefoil -
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The abova data was verified on a second production heat. The riles
established during the study of production heats were similor to those

ones determined in laboratory studies, This confirme. the compe-ative
- stability of this steel's merhanical propverties,

Corrosion resistance, registance to the effects of cavitation and
corrosion fatigue resistance of OKh17N3G4D2T and of UKh16N4DAT steels,

Corrosion resistance of the above steelsg was checked by the same meth-
ods that were used in the case of IKh14ND steel. The results of these
tests are listed in table 44, For comparison purposes, data relating to™
25L carbon steel, SKhL-4 atructural steel, stainless steels 1Kh14ND, 2Kh13,

-
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OKh16NIT and of brasses are also tabulate ., From this tab’e it is seen
that resistance tu contact corrosion of (Kh17N3G4D2T and OKhi6&N4D4T
steels i: higher than those of brass and/2Khl3 stainless steels,
1Kh14ND

Samples of 0xh17N3G4D2T and OKh16N4D4T steels had insignficant weight
losses {same as all stainless steels) and, most important, only slight
pitting; actually they performed in the same manner as 1Khl8NST steel
ones,

But samples of 1Kh1l4ND and especially of 2¥h13 steel showed heavy
local corrosional damage, with a relatively small overall loss of weight.
For instance, the depth of some corrosional pitting in 2Khl1l3 steel reached
1.5 mm, Tests tc determina stream flow corrosion and that resulting from
immersion in still water, without contact, showeéd small weight leosses (less
than those of LMtgZh 55:3-1 brasses) end a total absence of pitting on the
exposed surfaces.

Resistance of OKh17N3G4D2T and OKh16N4DT steels to the effects of
cavitation was checked, a8 for 1Khl4ND steel, on a magnetostrictional
vibrator. The results are shown in table 45,

Comparing the results of these tests with corresponding data relating
to brass and 1Kh1l4ND stainiess steel (after tempering and annealing) shown
in table 29, it can be stated tht OKh17N3G4D2T and OKh16N4DAT steels have
a much higher resistance, especially in comparison to LMtsZh 55-3-1 brass.

Results of corrosional fatigue resistance tests of stainless steels
are presented in graphic form (fig. 31). These tests have shown that the
greatest corrosional endurance in -a 3% solution of NaCl is that of the
OKh17N3G4D2T steel (29 %g/mm?). Under the same conditions OKh16N4D4T
steel's limit of endurance is 18, aud that of 1Kh14ND - 16 kg/mm?,

Results of performance tests of propellers made of OKh17N3G4D2T steel,
Propellers made of this steel have been serving in vessels since 1556,
Inspections of these propellers were made after 1-3.5 years of cruising in -
the Black and Barents Seas.

During this period there was a recorded case of one of the propellers
striking a floating log. Due to the relatively high strength and tough-
ness of the material, the edges of the blades, though deformed by the impact,
did not break; the damaged propeller was straightened out and put back into
service.

All propellers of OKh17M3G4D2T steel in service are of the highest
clags category and were formerly made of brass. None of the propellers
examined showed any trace of corrosional or cavitational uamage, while at
the same time, a number of similar propellers made of LMtsZh 55=3-1 brass
had to be taken out of service after a short period of time due to dezinc-
ing and physical damage sustained as a resuit of the low-strength charac-
teristics of the brass, -

.
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Suzzarized comparative data of corrosicn resistunce tests of OXKW17UZG4L2T,
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T |WtsChl55=5-1 IKR142D 14,2 ¢35 |
| y OrXh1NOT 17.9 ob ‘o
i ’ OXh16N4DLT 3 ¢k T
" CRh17K3G4D2T 13.27 ob !
1Xn14ND 57.0 2457 25L 0.042 ;
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1Kh14)D Ss47 **
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~ CHAPTEK V

TECHNOLOGICAL .FEATURES OF CASTING PROPELLERS IN STAINLESS STEELS,

The techniques of casting propellers in stainless steel basically
differ very little from the familiar techniqucs of molding and casting
used in the producticn of propellers made of other metals, covered in
sufficient detail in technical literature (for instance, (16)). Conse-
quantly, only special features of casting propellers of stainless steel
will be discussed below.

Molding Materials., Completed laboratory research and practical ex-
perience in casting propellers of stainless steel have shown the chromo-
magnegitic mix to be the best fettling in the preparation of molds.

Acid molding materials (quartz sand), or semi-acid ones (chamotte)
cause the formation of a chemical crust on the surface of the castings.
Crust also forms on the surfaces of massive castings of stainless steel
produced by the precise casting method utilizing melting modéls., Covers
for the molds were made of ground quarts and ethyl silicate. It is known
that such covering is especially strong and forms an even, smooth surface,
one that is not eroded by the metal and which keeps it from penetrating
the pores of the mold. Therefore it can be stated that, in this case,
incrustation on the surfaces of the casting were of chemical, rather than
mechanical nature.

Use of other basic materials, particularly that of magnesite, gave
no positive results,

To secure a cleaner surface, it is recommended that the chromomagne-
sitic molds be coated with titanium oxide paint. Above all, the use of
this paint must be recommended for covering the cores of propeller hubs,
in cases where metallic pipes are used as cores,

Sometimes, due to [lack of chromomagnesite at the foundries, quartz -
sand 18 employed and such molds should also be covered with titaneum
paint, This tends to somewhat insulate the stainless steel from acid
molding materials and reduces the probability of low-melting oxides being
deposited slong the metal-mold demarkation. However, coating with paint
does not insulate the mold completely and the cleanliness of the castings'
surfaces is inferior to tnat obtained with the use of chromomagnesitic
mixes.

At foundries employed in casting stainless steel parts, toc save on
chromomagnesite, molds made of quartz sand are lined with chromomagnesitic
paste of sour cream consistency. This method has so far not been used in
the msnufsacture of propellers.

Table 47 lists the consistencies of chromamagnesitic pastes and of
paint used in'casting stainless steel propellers.

"’ e m——— P A R Ao e o —— - ‘W’« T
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The 3election of binder (cement or wa.:r glass) is governed purely by °

practical considerations. The advantage o. water glass over cement is
that molds made of a mixture based on water glass harden much faster, when
blown through with carbon dioxide. Cleanness of the casting's surfaces

is not affected by the type of binder chosen (provided the binders satisfy
the technical requirements),

There existed an erroneous belief that use of cement-based mixes in
some cases produces gas pits on the surfaces of castings. Long-term ex-
perience of one of our foundries indicates that use of cement results in
an abgence of gas pitting and furnishes the required quality of surface.

Titaniuz oxice*® and waterglass,
dilutcd in water (25% water i ' 4 :

Table 47,
Corzposition and properties of chromomayncsitic nastes and paint

. rade of titanium oxide for proseller rolds
|
Raw materials (composition frysical-uecranical prperties ;

in parts by weight | ;

P i ght) |Permeability . Raf s
Moisture,%‘l comgre-q}va%
‘ to gas. strengir.
I S rgfez=c.
Pasio or a basc of water glass Z
—— - - — - g l !
Fowdered chrozoragnesite - IOOJ i i
water glass (spe.grav.l.48-1.52; L : i
module 2.1-2,2)* - €.5 + 7.5; | | !
water 10 required moiutneas...i 5.C-6.5 } 25 C.2E8-C.2C f
Paste bon a cezent tase }
rowdared chrozozagnesite - 100; : ‘ i
cezent (mark 400-500) - 15; '
watcr to reguired moistnoss...‘ 7.0-8.C <5 0.25-0.35 §
-= : H ]
Paint ;
I : T :

Zlass to 7SR water) .e.veeecean

i |

®* In using water glass with a moduie edove 2.2, a 10% solution ;
of NalH should be introduced for iits reduction, in an szount which
troduccs a mocule of 2.1-2.2 .

*¢ Titlaniuo oxide is added in the ezount which produces a paint
cf 1.7-1.8 specific gravivy.

-




- —

-85

Chromomagnesitic pouder 1s usually obi:ined by grinding tailings of
chromomagnesitic brick. The brick or powdur are roasted at temperatures
above 900°, If stored for a long time, these materials should receive a
second roasting. _°

Depending upon the standerd technique for the preparation of molds,
various requirements are applied relative to the size of grain of the
chromomagnesitic powder. In preparing a paste based on water glass and
blowing the mold out with carbon dioxide gas, cuvarse-ground powder gives
the best results, furnishing the required gas permeability of the mold,
thus insuring good penetration of the carbon dioxide gas. When the
smoothest possible surface is required, a finer grind should be used.

Ordinarily, all material passing a 1.5 mm mesh sieve is used in the
preparation of the molding compound. Sometimes an even finer grind is
used, Recent experience has demonstrated that a much finer surface of
castings can be produced with use of chromomagnesite passed through a
sieve with 0.5-0.8 mm openings.

Method employed in molding one-piece propellers and individual blades.
Fabrication of forms for one piece propellers and for individual blades,
cast in stainless steel, is accomplished in the same manner as for similar
castings made of other metals. '

The following methods of preparation of forms for staiunless steel one-
piece propellers are currently most commonly used: sweep molding; core
box molding; from a complete pattern; from an adjustable blade pattern
(this pattern consists of only one blade and the adjacent sector of the
hub). Casting from meltable patterns and into skin forms is so far only
in the development stage and has not been employed in actual production
of stainless steel propellers. A

Forms for casting individual blades of sectionalized propellers are
ordinarily molded on & clean pattern or in core boxes.

It should be noted that the method of sweep molding, in spite of {ts .
improvement during the last few years, stili fails to produce castings
vith dimensional tolerances that satisfy GOST specification B054-59 (pro-
pellers). Deviatiocns in the pitch of the propellers usually exceed the
allowvable and are corrected ocn highest class propellers by machining off
considerable surplus allowances, amounting to 8-12 mm per face. On normal
class propellers, cast without allowance for machine finish, correction of
pitch is made by setting the propeller, or by manual cutting and buflding

‘'up. Execution of such corrections leads to a considerable expenditure of

time and labor. FYor this resson, lately, swveep molding in casting stain-
less steel propellers has bsen replaced more and more by methods which re-
sult {n s greater precision of castings: molding on s complete pattern,
core box molding, or molding on an adjustable blade pattern.
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Molding on a complete metallic patte:: results in the greates: pre-
cision of casting, but the complexity and length of time required for the
fabrication of such forms limits their application to mass production.
Molding in cores or' on adjustable patterns is employed when a single cast-
ing is called for. Molding on cores is satisfactory in cases where the
preparation can be accomplished with the aid of molding pachines; when the
preparation is to be accomplished manually, the wooden rigging gets out of
adoustment rapidly, so that if, for some reason, preparation of core molds
cannot be made on machines, it is advisable to do the molding on a trans-
posable blade pattern. The rig used to fabricate molds by this method is
shown in fig. 32 and consists of a metal spindle 3 installed in socket &
and of a wooden or metallic blade pattern, complete with a sector of the
hub, 1. The hub sector is provided with metal eyes which fit on the
spindle, permitting the assembly to rotate around it. The centerline of
the spindle coinsides with that of the propeller. The required rotational
angle of the blade about the spindle is rigidly fixed by the locking de-
vice 2. The number of fixed positions of the blade around the perifery
of the spindle equals the number of Llades of the propeller.

A pressure layer is first molded on the surface of the blade pattern,
secured in its required position, this is followed by pressure packing on
a removal section of the absorbing layer. Upon completion of its molding,
this piece is taken off and the blade pattern rotated about the spindle
through the required angle. For propellers using three blades, the angle
1s 1209, 90° for four-blade propellers, etc. After the blade pattern has
been secured in its new position, a second blade is pressure molded, etc.

Kepetitive wolding on the pattern results in relatively high accuracy
of reproduction, due to the sturdy construction of the angle of turn re-
taining device and the true vertical position of the pivot. Depending )
upor the size cf an order, the blade pattern may be made of metal or wood.

Metal patterns are castings made of sweep molds. The pattern, cast
with allowances, is machined to obtain the required geometry and surface
finish, To simplify the machining, these patterns are made of aluminum
or brass alloys.

b4

The necessity of making all equipment of metal, rather than of wood,
is sometimes dictated by strength considerations. For instance, adeuqate
strength of thin-blade propeller patterns (vith outer edge thicknesses
down to 10-12 mm) may ba obtained only through the use of metal patterns,

Use of a swinging blade simplifies the molding of outline of the pres-

"sure suface in the area AB of the propeller edge (fig. 33). 1In coatour

molding this part of the form can only ve made with the addition of metal
patterns (lndercuts", shown by dotted lines), shaped out after rounding
off the pressure surface. To eimplify the . iding, these areas of the
pressure surface are sometimes straightene out, leaaing to en excessive
sllovance vhich must be subsequently remov. < by minual cutting.
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Fig. 32: Transposable

blade pattern,

Fig. 33: Cross-sectiom

-_—— "*-’ 5 o




-88-

The labor of molding on a duplicete .ade, or on a complete pattern,
is considerably (20-307%) less than that cuanected with contour molding.
The necesaity of making a "false'" blade is eliminated. The complicated
operation of rounding off the bottom ridges is replaced by the less
laborious proccai of tamp packing.

Use of a8 pattern in lieu of a sweep mold has a number of other ad-
vantages., First it should be noted that it results, in higher quality
finishes of surfaces, due to packing rather than pointing up of the pres-
sure surface. The surfaces of the mold are also better on the vacuum

. faces. In sweep molding the form is packed cu the '"false" sand blade
which, becsause of certain inevitable uneveness of ccmpaction, commonly
leads to local roughnesses in the upper part of the mold. Tamp packing
of the suction surface on a pattern (especially a metal one) prevents the
occurence of such defects impossible.

The method under consideration should gain wide acceptance in the
production >f cast-in-block stainless steel propellers, calling for the
use of more perfect techniques resulting in precision castings.

In the development of molding techniques suitable for stainless steel
propellers, becauce of the particular casting properties of these steels
and employment 6f chromomagnesitic pastes with higher heat conductivity,
the approach to the selection of a‘'pouring schewme wust differ somewhat
froz that used in casting a carbon steel progeller. For cast-im-block
FTcrellers ttese pectliiarities cas e so—meTizel &5 Scllows,

The rute of filling the mold musi, as a rule, be more rapid. This is
especially important in filling the outer sec:ions of blades having blade
thicknesses less than 10-12 mm. In filling these areas, in addition to
the overall gravimetric speed of casting, linecar speed of advance of the
metal cthrough these sections is extremely important. It is desirabie to
have the metal enter such locaticns in {ts hottest state. Due to this,
the methiod of siphoning the pour through the hub, used in casting carbon
steel propellers, is not acceptable for stainless steel ones, with dia-
meters over 3 M (especially with the use of 1Kh14ND steel which has a
lower flowability than OKh17N3G4D2T and OKh16N4D4T steels).

When the pour i{s made through the hub, metal enters the outermost
sections of the blades in {ts coldest state. To eliminate this fault, {t
is best to introduce the metal directly into the blades. This routing can
be accomplished by locatiag the feeders along the trailing edge in the
central and outer portions (fig. 34), or at the tips of the blades (fig.
35 and 36). The first scheme is recommended for wide-bladed propellers
with & large pitch, the other ocnes, for narrow-bladed propellers.

Tueuers . DLIdIYPE TEeUE OUb THEUGIITUHLUEL, D1 SWNHUTLC ULALCTTYL e
livery of metal, thus reducing local overheating. Cross-sections of the
feeders at their points of juncture with the propeller casting must be
considerably larger than the normal crcss-section of the flow gate system,
tc minimize spouting of metal upon its entry into the mold cavity. At the’
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Fig. 35: Casting scheme for
pouring a narrow-blade pro-
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Fig., 36: Casting
scheme of a system
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same time, the maximum dimension of the feeder at its point of juncture
with the blade must not exceed the thickness of the latter, mecasured at
a distance of 10-20 mm from its extreme outer edge. To preclude the
breaking off of the feeder together with 4 purtion of the blade, it
should be ''grooved," &. shown in fig. 34.

In casting rarrow-bladed propellers of less than 3 M diameter and
with a minimum blade thickness greater than 10 mm, delivery of metal by
siphoning through the hub usually results in successful filling of the
mold. This method of delivery is simpler and is« conseqeuntly widely used.
The risers and casting runs should, as a rule, be made of ceramic material,

In determining the dimensions of casting systems, in addition to the
above fact rs, rapid filling of the mold to preclude its scorching should
be considered. Because of this, the casting time of even large propellers
with a cast weight of 8-10 T, must not exceed 100-120 seconds, The fol-
lowing weight rates for pouring unit-cast propellers are used in practice:
20-25 kg/sec for propellers with cast weights below 1 T and 40-55 kg/sec
for propellers weighing 2-4 T. The above rates are achieved by pcuring
through one inlet of the stopper arrangement. Propellers with cast weight
of over 4T are normally cast through two stoppers. In that case the
weight rate of pouring is 60-85 kg/sec., depending upon the total weight
of the propeller,

The molding scheme and pouring system for casting individual biades
of large assembled propellers iz showvm in fig. 37. When the casting
weight 1s over 4 T, the pour is usually made through two stoppers from a
single laddle or from two laddles, simaltazecusly. The pouring system
izdicazed 3y dotted lizes izirodoces tTia melal :.:-::r:;.’; tte adze =< iIs
crdinarily used only for casting propeilers having blades of over 2.5 M
diameter, with blade edge thicknesses of 12-14 mm,

Ordinarily, to simplify the lay-out of the casting system when the
blades are very thick, the metal is fed only through the flanges. Al-
though this insures complete filling c¢f the mold, it still cannot be con-
sidered best practice, since it heats up the flanges and induces the for=
mation of shrinksge porés. Delivery of metal oanly to the flange with an
insufficient head dimension is especially dangerous (there are actual
known cases of formation of hot cracks in the region of the flange). 1In
this type of scheme the metal is forced to travel over the entire mold.

More logical is the decentralized, simultaneous dalivery of metal,
both to the edges and to the flange of the blade, this shortens materially

" the path taken by the metal through the form cavity and contributes to a

more uniform rate of cooling of the casting,

Blades of heavy-duty propellers, especially those of icebresakers,
should be cast in a vertical, rather than a horizontal position. Only
wvith vertical casting, with the flange up, can the shrinkage frisbility

be largely eliminated by the ferrostatic pressure. This type of porosity

cen be found in almost any section of a blade cast in a horizontal posi~
tion. Existance of shrinkage fxiability in the most highly stressed base

-,
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section of a blade is especially dangerous. Vertical position of the

blade during casting also insures the exclusion of non-metallic occlusions’

from the body of the casting.

The dimensions of the heads for casting propellers and individual
stainless steel blades are so far determined in the same manner as that
used in the case of carbon steel castings., Preheating of the hz2ads with
exothermic mixes has recently gained wide acceptance.

One of the most vital and complicated problems of the entire techni-
cal complex relating to the production of unit-cast stainless steel pro-
péllers is the estimate of proper allowance for distortion of the propel-
lerds pitch, made in the course of preparing thre mold. Experience shows
that, even in casting from the same pattern, thereis insufficlent accuracy
of reproduction of shape and dimensions of blades in a propeller casting.
Change in the nature of distortion due to variations in the disk ratios
of a propeller is so 5§r not adequately determined. However, gs a result
of processing a large yolume of statistical data covering the d}mensional
dispersions of propeller castings, it was possible to establish the
spproximate magnitude «f distortion which must be taken into consideration
in designing the molding equipment,

It is currently considered an established fact that the pitch of
narrow-bladed, unit-cast propellers, with a disk ratio approximating 0.6,
is reduced somewhat in the first and second sections and increases, begin-
ning with the third-fourth one, as a result of differential deformations
due to cooling in the mold, or in the course of heat treatment., In view
of this the pattern should be made with a distortion of pitch,

For example, for a propeller of a 3.3 M'diameter, with a disk ratio.

of 0.45, in making amodel of a blade duplicate the following coefficients -

of distortion of pitch were adopted, Ly sectidns:

ro— e [ e ma s - — e . e a o

first and 5ecOnd o o o ¢ o o o = 4 o o o (+1.0)2(F1.5) &

’

“

‘Chird one » . o » .. v o o 6 o 8 o .o . 0 70
fourth . L I I I I - 1.0 %
fiﬁh md Sixth @ ¢« © & 0o & ¢ ° o ¢ o o - 105 %

seventh o o o ¢ o o o o v v v v v 0w o (-l0)=(-1.5) &

However, the nature of pitch distortion of different propellers is .
not always the same. There are figures for individual narrow-blade pro-
pellers with diameters of 2 M, which show that the increase in pitch in
the outer sections of the blades reaches 4~5% as a result of warp.

“
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Fig. 3°: Mold and pouring arrangement
for individual blades of assembled
propellers:

~ 1 ~ chromomagnesitic mix; 2 - rapid-
" drying mix; 3 - brick base.

. Fig..38:__ Assembly scheme of individual
blades in preparation for welding.
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The nature of pitch distortion of wiu. bladed propellers, with disk
ratios approaching unity, has not been suificiently established. Accord-
ing to individual available figures, the pitch of these propellers is
reduced as a result of warping. This reduction approximates 1.5-27% in
the outer sections of the blades and becomes smaller in sections located

closer to the hub, becoming 0.25-0,507 in the first and second sections
of the blade. :

The bbundance of factors influencing the magnitude of pitch of the
propeller casting and difficulty to properly estimate the deviation ac-
count for the fact that a large number of propellers of even the normal
class (for which specifications permit deviations ig pitch*of up to 3%)
require straightening due to excessive deviation. This corrective pro-
cess 18 difficult and not always successful, '

Propellers of the highest class (with allowable pitch deviations not
over 1.5%) are cast with substantial machining allowances. The allowance
is normally set so as to insure the ability to eliminate casting discrep-
ancies by machining. The allowance must be made greater than the minimum
required for cutting in producing the required surface finish.

All these difficulties related to attainment of proper pitch for the
finished propeller are to a large extent eliminated in the nroduction of
ordinary assembled propellers and adjustable pitch ones, consisting of
individually cast blades attached to the hub by mechanical means. However,
assembled propellers, because of the larger diameter of their hub, have
inferior hydrodynamic characteristics and a lower efficiency, so that their
field of application is limited and their cast tonnage represents a dimi-
‘nishing part of the total for all propeller production. Adjustable,
variable pitch propellers have not yet attained wide applicatioms.

Considering that production difficulties connected with monolithic
propellers stem from large dimensions and couwplexity of shape of the cast-
ings, there is a strong probability of widened use of welded propellers
(cast in parts and subsequently assembled by electric arc welding, accord-
ing to the schewe illustrated by fig. 38). This method of fabrication isg

in the development stage. At present, e:=cording to A, Y Zelichenko /11/,
active production of welded propellers is limited to small-size ca.'on
steel ones. Ihe technique of producing such propellers calls for welding
stamped blades to & cast as a unit hub.

In examining the maze of problems connected with the obtainment of
requisite propeller quality, it is necessary to pause for an exaaination
. of specific casting surface defects peculiar to stainless steel ones.

Defects commonly occurring in blade surfaces can be divided into two
basic groups.

In the first one are the non-fusibna and waviness caused by pouring
cold metal and pouring through a casting system which does not provide
linear velocity of metal propagation within the mold cavity. Normally ~
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these defects are located in the outer sec ions of the blades, nez. their
edges. With the use of casting systems insuring delivery of metal to the
blades and permitting filling at the requisite rate and at the specified
temperature, these defects do not occur.

In the second group of defects are the gas pockets in the surfaces.
The fundamental reason for their occurrence is inadequate drying out of
the mold. Because of the low gas permeability of chromomagnesitic mixes,
the danger of getting this type of fiaw is grcat and is especially inten-
sified 1f casting is done with cold metai. These defects are normally
located in the lower (compression) surface. The opinion that this type
of flaw occurs only with the us~ of cement is erroneous, since experience
has demonstrated that similar defects occur also with the use of other
binders, specifically, dextrene and water glass.

Fig. 39 shows gas porosity located chiefly in the edges of blades of
a propeller made of 1Khl4ND steel, poured into a mold of chromomagnesitic
mix, with dextrene used as “inder. The predominant distribution of
porosity in the edges of the outermost section of the blade is attribu-
table to the fact that, in drying out the mold with portable driers in-
serted through the hub, this portion of the blade was not adequately de-
hydrated.

Typical is the over-all superficial gas rash (fig. 40) on the com-
pressed surfaces of the propeller casting whose mold became damp during
the 80-hour interval between the completion of dry-out and the pour, A
brief secondary drying with a portable drier did not succeed in removing
the newly accumulated moisture.

Typical also are the defects on the surface of special slabs, cast of
1Kh14ND steel. Chromomagnesite was used as _fettling: in one mold - on a
water glass and in the other one, on & cement base, Both molds were sub-
Jected only to a surface dry-out penetrating 10-15 mm. Because of such
inadequate drying, both castings had a wrinkled surface typical of such
cases, shown in fig. 41.

To eliminate the occurrence of this type of defect, it is necessary
to insure adequate drying of the molds. In blowing the mold through with
carbon dioxide, it 18 necessary to use an additional drying in a kiln, or
with portable driers. Thermal drying of the molds after a brief blowing-
through with carbon dioxide materially increases the strength of the mold
by removing the moiature.

According to data of A. G. Doukor, E. V. Ivanov and P. M. Sitchev
/9/, sandy mixes on a water glass base, after blowing through with gas
for 45 seconds, have a compressive strength of 8.5 kg/cmz. The same wix
had a strength of 64.0 kg/cm? oven air dry-out lasting 15 minutes.




Fig. 40: Gas pores on the
pressure surface of a pro-

peller, cast in a damp
mold.
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Fig. 39 Gas pores onm
edge of propeller blade
cast in a mold with

chromomagnesitic lining
and dextrene base.
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Fig. 41: Wrinkled surface of a

plate cast in an {nsufficiently
dried mold,
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Smelting of gteel: heat treatment . castings; cutting off surplus °
allowances and welding of defects. Founding of stainless steels is done
in basic electric arc furnaces or in inductive furnaces. Smelting of
1Kh14ND, OKh17N3G4D2T and OKh16N4DAT steel designations is in no way dif-
ferent from that of comparable stainless steels.

Temperature of 1liquid steel in the laddle must be at least 1540° by
thermocouple, whi~h insures the requisite flowability and creates favor-
able conditions for the elim!nation of non-metallic inclusions which
polute the steel and render it suceptible to local corrosional damage. A
check showed that a casting temperature of 1540-1600° results in the high-
est level of mechanical properties of 1Kh14ND, OKh17N3G4D2T and OKh16N4D4T
steels,

Castings of propellers and of individual blades are subjected to heat
treatment with schedules depending upon the steel designations.

Heat treatment of 1Kh14ND steel consists of tempering with air cooling
and of one or two drawings. The heat-up for tempering is carried out to
980-1020°. The temperature is held at this level for 4-6 hours, depending
upon the thickness of the casting. For propellers having especially thick
blades (in the order of 250 mm), it is well to use two temperings with an
exposure of 5-6 hours after the temperature is stabilized, in each case.

Due to the nature of isothermal breakdown of austenitic 1Kh14ND steel
(see fig. 3), cooling of castings must be carried out to a temperature be-
low 1009, If the cooling is stopped above 100°¢, there remains a consider-
able amount of undecomposed austenite; in that case, the structure con-
sists of martensite aud austenite and products of their incompleted trans-
formation. A single drawing of steel having such a structure leads to a -
transformation of martensite, formed in the process of tempering, into
sorbite, The residual austenite is transformed prabably into secondary
martensite or trostomartensite. Presence of martensite or trostomarten-
site after one drawing is evidently the cause of lowered plasticity and
impact strength of the metal of many heats. Concurrently, there is an
increase in ultimate tensile strength and yield points. The following
data ir typical, ‘

Two ingots of 1Kh14ND steel were heated to 1000° and held at that tem-
perature for 2 hours, Both were then cooled in air, one to 15-20° and the
other one to 3000, after which both were drawmn at 690°, the normal tempera-
ture for this steel, for a period of 6 hours. Mechanical properties tests
indicated that specimens taken from the ingot cooled down to 300° has an
ultimate tensile strength of 92.0 kg/mw? and a hardness of 269-277 Hp;
while their impact strength did not exceed 1.5 kgm/cm?. At the same time,
specimens taken from the ingot cooled to 15-20° after annealing had an
ultimate tensile strength under 74 kg/mnz, hardness of 215 Hy and an im-
pact strength of over 9 kgnlcnz. Requisite properties could not be ob-
tained from the metal of the castings which had not undergone complete

cooling in heat treatment, even in an extended exposure in the drawing (up -

to 30 hours).
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Greater hardness and lower ductility o ten occur in thick sections
cf & casting, where incomplete curing in ine tempering may take place,
even in cases vhen the thinner sections of the casting had ample time to
cool, L

Measurements of hardness made on massive blades, from 15 to 200 mm
thick, have shown that, as a result of incomplete cooling in the process
of heat treatment of messive sections, their hardness after one drawing
at 670-700°9, held for 30 hours, was as high as 300 Hg, while the unardness
in the thin sections, completely ccoled in tempering, was no higher than
230 Hg. This leads to the conclusion that one drawing is not sufficient
with existance of residual sustenite at the end of heat treatment.

A second drawing substantially changes the level of mechanical prop-
erties., Hardness and strength indicators are considerably lowered. This
is explained by the fact that-after a second drawing, the secondary mar-
tensite is transformed into sorbite and the sorbite formed in the process
of the first drawing is subjected to further coagulation.

In order to increase stability of mechanical properties in the heat
treatment of massive propellers, and especially of propeller blades for
icebreakers, the use of two drawings with simultaneous adherence to cool-
ing of massive portions of rhe casting to a temperature below 100° is
recoumended.

Hardness of castings should be checked along with testing of epecimen
plates, to maintain quality control through the heat treatment of the
product,

Etistance of 255 Hﬁ, or higher, hardness in 1Kh14ND steel is a sure
indication of the fact that elongation, reduction of section and impact
strength figures will be unsatisfactory; the required properties are firm-

ly sssured at a hardness of 240 HB and lower (the best hardness range is
202-236 Hy).

Castings made of OKh1?N3G4D2T steel are subject to austenization only
upon being cooled in air’from 1020-1060° temperature level. Massive cast-
ings should also undergo double austenization. Exposure at a temperature
1020-1060° should be 4-6 hours.

OKh16N4DAT steel castings up to 200 mm thick should undergo one tem-
pering from 1040-1070°9, followed by atmospheric cooling, and two drawing
cycles at a temperaturs 600-620°. Two temperings and two drawings are

" recommended for castings over 200 ma thick.

Cooling of casticgs after drawing should be dece ia afir for all three
cf the above steel desizzaticas.

Removal of allowances and sprues is made with an oxyacetylene torch,

Before removal of the excess material, massive castings of 1Kh14ND and
OKh16N4D4T steels should ba drawn at 700-73G°, followed by cocling in a -

-
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furnace for removal of casting stresses aru irawing of martensite. thus
reducing-the danger of cracking in the pro:.ss of cutting off exces
metal,

The preliminaYy drawing is often omitted in the case of smaller cast-
ings and preparations limited to taking precautions normally reducing the
danger of cracking. To this end, the cutting is done indoors to protect
the casting from drafts. The cutting itself is performed rapidly, without
 interruptions, so as to avoid repetitive heating and cooling of the work,

Welding of defects must as a rule be made prior to heat treating the
casting, Only correction of minor defects is permitted after completion
of heat trcatment. Should major defects appear and have to be repaired by
welding after the completion of a full cycle of heat treatment, the cast-
ing must undergo a repeat treatment consisting of tempering and annealiang,
or only of annealing.

Welding of defects in 1Khl4ND steel castings is made with SyOKh14
electrodes complying with GOST 2246-54, their coating consisting of (parts
by weight): '

O

:"-ﬂrv:-le (GCST u‘lé-%) ] » s s L] L] - [ e o e . L . » e @ . . 57.
2

\n

Ferropanganesc ¥n0 and Fnl (CCST 4755-49) . « . . ¢ . « « . . 2.5
Fluorsper (GOST 4421=U8) ¢ « v o ¢ o ¢ o o s o o o o s o o« o 33,5
Ferrosilicon Si 75 (GOST 1415-49) . . . . v . . . . ¢ oo« &3
Ferrctiteniti TiO and Ti 1 (GOST &4761-57) v v ¢ ¢ v v o n v o 2.5
Bertonite (GOST 3226-49) v v v v v v v 4 v v v W v v v v .. 1.

Class A water glass; spe. gzrav. 1.34-1.36 (3CST LL1G-48; . o 45=52

Lacking S,,0Khl4 rod, SylKhl3 GOST 2246-54 rod may be used. This type
of rod containing more carbon (up to 0.15%) than the 1Kh14ND steel, and
less chrome (12.0-14.0%), which may lower the corrosional resistance of
the welds. To improve the corrosional resistance of the wveld metal, addi-
tional chrowe, copper and nickel are sdded to the coating of the S,1¥hl3
wire electrodes. Chrome is introduced in an amount vhich will produce a
content of at least 12% in the solid solution of the weld and copper and
nickel in amounts of not less than 1.0% of each.

Defects in castings of OKh17K3IGAD2T and OKh16N4D4T steels, found be-
fore heat tresztment and aftervards, as vell as minor defects in castings
of 1Xh14ND steel discovered after heat treatment, are velded with SyOKh18N9
- GOST 2246-54 wire electrodes. The consistency of their coating {s the
same as that of SyOXhl4 electrodes.

-
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CEAPTZ: V1
[
 SPECIAL FEATURES OF MECHANICAL FINISHING OF
. STAINLESS STEEL PRCPELLERS.

Mechanical finishing of stainless steel propellers (one-piece and
assembled), does not differ raterially “~om similar operations on struc-
tural steel propellers, or on copper-b.se non-ferrous alloy ones, neither
in the character or the sequence of operations, nor in the type of machine
tools required.

H-wever, machinability of st inless steels is inferior to that of
other mentioned materials. Tnis requires m.difications in cutting
schedules, design of cutting tools, ~hoi.e of tool steels and hard alloys
for tools and a general -tiffening o. thr system: lathe - fitting -:pro-
peller stock - cutting tooil.

Infer{or machinability of sta.nless steels (compared to structural,
low-alloy steels, carbon ste ; and, espacially, copper-based non-ferrous
alloys) is & consequence of .. :e following basic peculiarities of their
physical-mechanicsl propertcies;

1) low thermal conducti ity of austenitic steel, lowering heat disi-
patior and thus causing l-:-a. overheeting of both the part being cut and
the tcol;

2) greater tendency of austenitic steel toward impact hardening,
leading to substantial toughening of tha layer being cut and the formatiom
of a stepped cutting. Proneness tc vibration during the cutting process;

3) greater friction at the point of. contact of the tool with the work,
due to the presence of hard carbides in the structure of some stainless
steels and greater adhesion to the metal of the cutting tool;

4) increase in toughness and hardness at raised temperatures;

5) higher resistance to formation (at cutiing temperatures) of oxide
films, which prevent binding between the work and the cutting tool at their
point ¢ contact.

Because or the above characteristics of the material, machining of
stairiess steel propellers calls for:

1) use of a tool with a cutting edge made of fast-cutting steel, or
or higher-strength hard alloys;

2) stiffening of the system, 1l the-fitting-propeller casting-tool
(reinforcing of clamps for holding the work and the tcol, increased
rigidity of the chucks and cutting tool hclder, reduction {n cutter sweep,
etc.);

-

3) greater cooling capacity for cooling the tool;

il =3
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4) betcer dressing of the tool's cut ng edge with total ats 'mec
of flaws (dentd, clogging, etc.), cutting <dges for tools and millirg
cutters for finishing stainless steel must be ground to a sharp edge;

5) avoidance of impact on the tcol in machining; very accurate
centering of aulti-blade tools in the lathe.

There i8 a need for additional automation in a number of finishing
steps which are often accomplished manually in finishirg non-fecrous
alloy propellers.

The technique of finishing propellers m dec of non-fecrous alloys and
of structural steel, and the equipment and devices employed, is described
in sufficient detail in certain papers (for instance /10/), therefore
this chapter discusses only the results of research relating to the mach-
inability of stainless steels recommended for use in propellers and
clarifies certain features of finishing techniques. Considering the
limited amount of available data relating to production of stainless steel
propellers, the authors naturally do not lay claim to complete clarifica-
tion of all the problems involved.

Machinability of stainless steels used in propellers. As ment?oned
previously, thiee stainless steels ¢-e recommended for the cascing of pro-
pellers - 1Kh14ND, OKh17N3G4DIT and OKh16N4D4T, Relative machinabil.ty of
these steels has been established (and, as a basic of comparison, that of
mark 30 carbon steel and of austenitic stainless steel designation 1Khi8NIT),
These tests were made in the laboratory of the machine building t>chno’ogi-
cal depariment of the M. I, Kalinin Leningrad Polytechnicai Institute (by
A. V., Schegolev, P. P, Zagretsky and V. A, Skragan). Cutti.g speed, per-
mitted by a tool of a given durability, and the effort exerted in the ’
process of cutting were cetermined in the course of this study.

1. Establishment of comparative wachinability of stainiess steels
through determination of allcwable cutting speed Veg- A''owable cutting
speed for a given tool life or 60 minutes (Vy(, was Jetermined by facing
& number of disks (Dmax,' 290-300; thickness H = 100-150 r=2) on a lathe,

The facing ocut wis made with through cutiers made of marx P-18 rapid-
cutting steel, 20 x 30 mm in cross-section, Ge_wmetry of the cutters '’as
controlled by table-mounted angle gages. Variations in the angle of cut
vas withic allewadle limits of (*+ 1©). Befcre proceedizg with the tes s,
tne cutters were caiibrated by the method of a locgitudineg?® cut run on a
lathe., Carbon gteel stock mark 40 was used for this test ana was m~chined
&t a cuiting spexd of 42 Main, a feed of 0.3 wm/rev., depth of cut 2 mm
and a totai run of 400 M. Wear on the leading edge of the cutter was de-

. termined upon the completion of machining with the sid of & microscope.
" This calibraticn showed that all the cuttess seiected had virtually the
same amhunt of wear, substantiating their {Jentical cutting capscity.

~ Hasrdness of tue heat treated cutters was withiv the limits R, = 62-64.

> . . - T . S—
g e m
- -
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Machining of the test disks was done on a surfacing lathe with a
stepless rotary speed control ranging from 23 to 400 rpm. The rotary
zpeed was selected so that in all experiments blunting of the futter would
take place during the first pass under the condition /

R, = 2 R,

Where Rn - radius of blunting, Fm; Ro - radius of cut hole, mm.

\ .
The diameter of blunting was measured with a2 sliding caliper with an
accuracy of 0.05 mm, Q\\ :

In carrying out the first tests it was determined that the commonly
accepted indication of the cutter's blunting - appearance of a bright
streak on tha machined surface - was useless in the case of stainless
steels due to difficulty of determining the moment when such a streak first
appears. Therefore, the external appearance of the cuttings was chosen as
an indicator of cutter blunting.

In observing the machining of stainless steel disks, it was determined
from the wear on the cutter and appearance of the chip that the instance of
destruction of the cutting edge of the tool was marked by formation of a
divided (bifurcated) chip with a typical black streak on the undercut side,
Transition from a coiling to a bifurcated cutting occurs during a fraction
of a second, followed by a catastrophic wearing out of the tool. During
the machining of the carbon steel disks, the most visible indication of
blunting was the color of the cutting. At the moment of destruction of the
cutting edge of the tool, the cutting turned blue (iridescent) in addition
to the appearance of the biight streak,

From test data for each type of steel, graphs were drawn on logarithmic
scale, with the number of revolutions of the disks per minute (m) plotted
on the ordinate and the radius of blunting R, in mm for a given pass along
the abscissal axis. '

Angles < (inclinations of the functional lines with respect to the
abscissal axis) were determined from the graphs. and then from the expres-
sion m, = tgor+ 1 was determined the quantity m,, inverse of the

tgex = T '

- * .

‘{:’,’:’Qn} e R ‘JC‘O M e [y Tiin,

V = cutting speed;
C. = constant coefiicicnt;
T = time for comslete tluniing ol iie culter, min.;

¢

nm = relative cursbility index.
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The constant coelficicnt € iu ceteriined from the formula
f'.":;“—,‘- [ R
! g
c = Vv \ / 2 -
=4 &, (e~ 1} 4
« po b B 4
wrera

V_ = cutting speed corresrzonding tc the inmstant of tluniing

S oel . & i 3
of the cuiter, ¥/ =min.;

1

‘R, - Pluniing rediuve, =z
S5 - feed, zx/rev.;

n-= .'.‘.p.m-

Afiter determining the above values for each steel, permissible cu”ting
"speed for a given tocl life of 60 min (V . Then by dividing the perm.s-
sible speed Vin of each ome of the stain ess steels investigated by the
permissible speed V., of mark 30 carbon steel, the coefficient of machina-
bility Kv’ of stainless steels was determined. '

Table 48 lists the results of determination of permissible cutting
speeds for a given 60 min. tool life, and also the coefficient -of compara-

tive machinability Kv of stainless steels. -
, Telle  4E.
Permissible culting spceds for lwring stainlcos checls. at a given
+oc) life o &0 zinulce . ;
; i , L i . .
; Constant €O~ ! Permicsidle Aulatlive me-
o oy B . N efficicny icuuulnv speed: chinahilly;

. 2 5] A NSy 3 ol H Py 2 )
: willCa bulgnﬂt.son 8 ¢ !1 C ! O’ u/”““ LeouTIicint, ‘(',J
:‘ - * B =
? x - y : - | 1.8
{ Cavbon steel 30 ¢ o o of 1.33 102 j &7 i 1.C
N ’ '. .
i vy - - LYol Fol I . ' -
; 1_‘..".11fo o ¢ o & o o o, 10 Lﬁp ', U.‘.gp . LIO i 0.6
| ] i ! }
i “ 4 o ey | .1, ! N ' |
| CKRLONAOAT o o o o o o b 137 =4 i 2h.4 | 0.26
| . ‘ b -

- : o : rom)
{ CHRlITNEGED2T o 0.0 o o of 125 37.5 22,8 { ‘ .34
; : .
! men | —_ . : . \ .
‘ 1&.&18.\9” B R -‘ 1.‘)5 H '/..:u? ; ...'8.; i O.‘gu

4
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0f all stainless steels investigated, stainless steel mark 1Kh1l4ND
has the best machinability (for turning on a lathe).

2.’ Investigation of comparative machinability of stainless steels
through determination of cutting force. The vertical component of the
cutting force is a criterion of machinability characterizing the energy
output and the forces acting on the work, tool apd lathe, For steels of
the same type, the cutting force depends principally on the ultimate ten-
sile strength and the hardness. Increase in the values of the above
properties causes an increase in the cutting force. 1In machining stain-
less steels, an importan: effect of the cutting force may also be produced
by secondary hardness resulting from the cold hardening of the surface
layer of the metal being machined, '

Cutters used in facing tests were also used in measuring cutting

forces. Rings made of steels being tested were secured to the chuck and
machined.

m L. 11_‘—-
cal e /o

Comparative machinability of

required cut:;ng Tarce.
« | o .
Cutting | Preporilenal Cocfiiclieny :
o ! Secano £3 ok i
' zorce { Igree (ol c....cz.f;.sl--uy
Steel Designation ! :
n e, - - K :
S g *E* Pt ! o) |
. e ! ;
¥ark 30 carbon stcil 160 150 ‘ 1.0 3
; |
- - - -~ . H xS " i
-I‘.:'].LND e o+ e & o o & 102 ‘92 ! ...QC.. {
i !
a‘ihlé\lml&T o ® ¢ o » 196 :7705 : . .'-QJ.5 ;
i : d/ i
. - oy rd = : ooy - .
'C-‘\.H$7:\?G4D2To o o o o 10&_ 1/7 ; lo 7 :
. i % :
"y 17k i TS :
G- 518:\?9’1‘. ®» o o o o 186 ‘ -‘-7’1‘ ‘ . -o-';r . H
The proportional force was couputec Irom forzule
)
‘o
C' == . e "
. Pz SJp .5 )
in which Yp= 0.75 and Xy = 1 (for o#nlliiDd? steel, y. = C.83).

The confficicnt of machinedilily X

c Pz (O inve

Data presented in table 49 shows a relatively emall variation in

cutiing force betwsen carbon and stainleus stoclse
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The vertical cutting force was measured with a three-component, aute-
matically recording lathe dynamometer. Ilicasurement of cutting force P,
was in accordance with the following regimes: cutting speed V = 20 M/min;
depth of cut t = 3 mm; feeds S:0.15; 0.3; 0.58 mm/rev.

- Table 49 lists the determined cutting forces P,, proporticnal cutting
forces Cp, and the coefficients of machinability Kp for the investigating
steels (at a feed of 0.3 mm/rev).

3. Determination of comparative machinability of stainless steels in
milling. This investigation was made with 1Kh18N9T and OKh17N3G4D2T steels.
Ingots measuring 100 x 100 x 300 mm were subjected to this type of machin-
ing. The work was done on a vertical milling machine with a facing miller
of 250 mm diameter, with one or two cutters. The milling cutters were made
of high-seed steel. Special precautions were taken to insure precision of
installation when two cutters were used; the allowable play could not ex-
ceed 0.05 mm, :

These tests showed that in milling, OKh1l7N3G4D2T steel is easler to
machine than 1Kh18NIT steel; this is expressed in terms of an approximately
3b6% higher durability of the cutting tool.

Features of the technical process of machining propellers made of
stainless steel. Table 50 enumerates the basic operations of machining a
one-piece stainless steel propeller (based on experience of a plant special-
izing in the manufacture of propellers made of various materials); and
lists the basic instructions covering the machines and tools involved,

The Basic operations_in machininz stainless stcel orc;aller:

- - —— 2 - — ‘
Aame o combined § : § i
PP i machining Yachine Type | Cuiting Tool | fezaric ;
No.‘ operations® i : E
1 ! Remove excess Vertical - Passing and rT‘o eliminate visraticn |
! boring and cu-off cutiers land exsessive wear on {
turning. with Vi8 nardicucters, rigidizy o? E
alloy slades. |cutier prone* and of §
jpolder in carriadg :
A ' must be increased. S |

{ 2 {3rill and bore cut Turning end | Spiral drills:
cone-shaped hole | vertical boring = ‘and ‘To elirinate displece= i
in hub. Face hub. latkes, | cutters wizh t of cutter in orins
o VA8 nard ailoy  cone-shaped openingz, .
blades. looring chuck.¥ :
}
| {

-
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For mechanical finishing of staiuless steel propellers, use of
belt-type buffing machines is highly recommended. This equipment can
be used for finishing blade surfaces after milling (for

ridges) as well"”

as on the rough surfaces of blades for

ing scale and other roughness present on cast surfaces,
operating expense are low; the machines operate without
master forms (belt position is governed by the shape of
Belt-type buffing machines are widely used in finishing
gas and steam turbines made of stainless and heat-resistant steels,

removal of
removal of cast-
Their cost and
the use of

the castings).
the blades of

Tables 51 and 52 present data pertaining to machining schedules
used in finishing an experimental propeller of the highest class, cast

of austeno-ferritic steel.
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Cutting schecules used in mechinine an austeno~ferritic

H
D s . Cutting Schedul
| Naze of Cperation i Tco . St ok .
; ! VLN min g,-u/rhv t, ==
; 3
Removal of excess ; Cut-9£f 1oel with o 1 h.5-5.0 Col -
VA& :tluac. ; (“anu 1y,
Facing hub (forward). | Faciny toci wiih o e L0 c.2¢ 5
I Vi€ tlaca. :
Boring recc.s in hud. Az cbove. 25 C.z2¢ 3
. i
Soring cone-shaped ncle: Cutter on brackei '3,8- 21 (.26 0.35-5.C
:tnrough hub, to size. | carrier, Vnd clzdc.

Facing hub (afi)

Turning hub for threa=-
ding.

Cutting thrcad inside
| hud.

i
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Schedules used in pilling auslunc-forritic oteel wropeller:c.

~ R f
R U LI
Yame of operation hooi | Cuttin: Sehecwes .
S S,nmfrsesi, Vol
¥1lling of leading and | Spucinl milling | 3 -5 &3 . 33
irailing blade surfaces| cuttecrs witi Vil | ! 3
(Cr hydro=-duplicating Lisdese ; | !
pachira). : | :
! ' +
¥illing exterior-sur= | Cpucinl milling | 6-10 & G.25 | 2
faces of hud and tna cuticr. ! f ;
. ¥ .

2illets at point of |
transition frox hub to
blade. (On cleciric
duplicating machine).

From data supplied by A. Sh, Shifrine /20/, tables 53 and 54 present
a list of tool material designations for blades of cutters and milling
cutters, and cutting schedules for chromous stainless steels of martensitic
type and chrome-nickel austenitic stainless steels. In using this data for
finishing propellers of 1Kh14ND, OKh17N3G4D2T and:OKh16N4D4T stainless
steels, consideration should be given to the relative machinability of
these steels compared with that of 1Kh18N9T-type steel (see tabla 48).

Table 55 presents data relating to cutting schedules and .naterial for

the cutting tools based on expevience with machining of OKh17N3G4D2T
austeno-ferritic steel parts.

Scredules for mechining of stainlcss steclc and material of cullers usec.

v 1

i Stainless stcel i Tyse of | Cutter 3luds Cuiting Schedulc.
° . i -
H e ] 4 s .
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; 1
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i N N ~ : . - -~ -~ -
i austenitic. Finishing | 75CKL 120C-230 C.2<C.4 C.2-1.C
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’
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e
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¥illing Schedule for Stninlous Joaslu.
] ¢ . - . o !
! Stalx‘.lo 'Cu..t : Vil 3187 wChlLliC,
- \ - b ISP
Stocl Bladc i Type of Willing N
Pap ne Lt z ! vz 2,om
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! H
1 .
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2xnl5 29 Fucing 0= L3 'T0 Cu2; 320 -7 75
i i H )
{ { B ]
. ] e o ! ,. 1
P9 Cylinérical c 1757 Cll2 0 72 io5=€ . 32
' { ; | . i
; ~ - ? ~ v - !
. P18 | Disk tyge Z; C.ll icc ¢+ 3 L -
; :
: ]

O
(0,8

i | -
! | ‘ i e i
l ! | { 3
o . 5] lar, =z 1 2oL . -
P18,¢9 : rrOf-le I'(_\d /7 C.-.G.O; 60 \ J -t . ;
' ~ - ?
, | | :
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Cutting Schedules and Tools for Maghining URR1TA3GLD2T sicel Paris.,
f ! ; e ;
% Ti$le of machine i Cutting Screcules |
; operaticn Tyva of culting tcol !
; | lv, Ty Em S zofrev
i . ; ',
Sezoval of excess Cutters with tlades ¢ 9.42 - P Cl2=ll3
[ « v, P '
Ti8K6 end 7910 alloys ! ; :
i v i
- . o N . . b 2 p =s
Rough turning Cuttors with T13X6 cllioyy 23-25 | &4=5 , C.3-C.33
bledes. ’
Sexe but o VK3 po22 CC.S
. i . }
Finishing | Cutters witnTlSié alloy f~ & 10.5-1.0 0.15- . -
blades. . { -C,2 N
1 : i
¢ : .
Filling ;Xi’lxug cutters wiin Y th5=6.0 =2 ;
| - 71526 alloy blades, : i . zz/zin
. J H
| t N
- . S '~ -
Eoring Drill, repicd-cutting 75 S S i
F.8 siecl * ;
| ! ; | ‘
Nackining on grooving! Rouga stripping, cutters 1.5 | =~ | - :
Lathe. witn T1s54€ alloy 3iades; ! ! |
| Finish cutters-2l8 steel . : : ’
>
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CHAPTER VII

QUALITATIVE REQUIREVENTS APPLIC:3LE TO THE PRODUCTION OF
' STAINLESS STEEL PROPELLERS,.

Table 47 furnished the chemical composition and mechanical property
standards of stainles.: steels used in casting propellers. The following
data relates to fundamental qualitative requirements for finished stain-
less steel propellers according to GOST 8054-59, covering standards for
surface finishes and dimensiocn and shape tolerances.

Required surface finishes of blades and hubs. Table 56 presents the
standards relaving to surface finish of blades and hubs of machined pro-
pellers, according to GOST 8054-59.

These requirements do not apply to casting defects remaining after
machining, accepted under the terms of contract specifications.

Table 57 lists criteria of acceptzance of casting defects on finished
propeller surfaces.

Tolerances in dimensions and paramoters. These tolerances for pro-
pellers, according to GOST 8054-59, are givea in table 58.

According to the above specification, measuremcats of propeller pitch
and of blade thickress in:st be checked at not less than 5 radiuses (0.3R;
0.5R; 0.7R; 0.8R; and 0.95R), indicated on the drawings and ‘at not less
than 3 points at each section outside the area of the edges. According to
specifications, the pitch of stainless steel propellers of the highest
class must be checked at each section shown on the drawings (outside the
area of the edges).

Checks of blade thicknesses must be made at the same locations as
the checks for pit:ch accuracy.

Length of sections must be measured on the same radii that are used
in checking pitch and thickness. By agreement with customer, an increased
deviation in pitch is permitted if it is caused by a corresponding change
in propeller diameter.

Tolerance in pitch, thickness and length of blade sections on inner
radii up to 0.4R inclusive may be 50% greater than those given -in table 58.

Requirements related to local pitch do not cover propellers with a
pitch of 1 M and less, nor do they apply to sections of propellers with &
pitch in excess of 1 M, limited by a central angle of 25° and less.
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with the customer, it is permissible to machine the cone-slaped opening
-in the hub to fit the cone un the shaft. 3y similar agreement, it is
aiso permissible to machine the conical opeuing and recessed keyways

" with allowances for the final fit-up.

Static and dynamic balancing; marking, packing and shipment of pro-
pellers., Static balancing of propellers must be carrisd out in accord-
ance with a prescribed sequence. Dynamic balancing is done in accord-
ance with the special instructions set forth in the technical contract
specifications. In the matter of requlations for static and dynamic
balancing, marking, packing and shipping, stainless steel propellers arc
treated in the same manner as those made of cother materials.

The ahove operatisns are regulated by the general rules of GOST
8054-59, or by individual controct specifications.
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