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Abstract

During repairing screw propellers by welding andaglic deformation it is indispensable to know thaaterial
features and strength properties relative to thegaller part subject to repair. The authors haveduacted statistical
and empirical research aimed at determining thasures depending on the propeller's chemical casitipm and
blade thickness. These dependencies are presentih@ iform of mathematical models useful both dogrty and
utilitarian-wise.
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Damage of screw propellers (fractures, fissureladids) occurs above all on vessels propelled
by combustion engines and is caused by unfavouralddapping of the ship’s vibrations, screw
propeller and propulsion engine (Fig.1). Besidessuires, bends and nicks of the blade rubbing
edges may occur when the screw propeller strikasnagfloating beams or ice floes. When the
screw propeller works close to the area’s bottans, worn by the erosion of sand raised from the
bottom. Screw propellers are also worn by fatigoeasion and cavitational erosion. Depending
on the kind and extent of damage, location on tiopgdler and the possibilities of welding or hot
straightening, screw propellers are repaired daoegl.

Fig. 1. Broken blade of a screw propeller [2]



There have arisen highly resistant multicomponempiper alloys for screw propellers, among
which there can be distinguished manganese brask¢&tegory alloys), aluminium brass (Cu2-
category alloys), aluminium-nickel bronze (Cu3-gaty alloys) and manganese-aluminium
bronze (Cu4-category alloys).

At present, in each category several kinds of copfleys screw propellers are produced, and
in the case of Cu3 category, even dozens of thepeaing under various trade names. Such a
large number of copper alloys produced is the catrgebefore the screw propeller is repaired the
exact chemical composition of the propeller mateisanot known (frequently the chemical
composition of propeller material is protected lgtgmt and constitutes an industrial secret),
neither the mechanical properties of the screw glfepare known, in particular the blades with
variable thickness of the cylindrical section oe ftropeller radius; whereas such information is
indispensable for selecting suitable parameters puagher repair technology for the screw
propeller.

Whereas the chemical composition of the propellatenial can be roughly determined without
destroying the screw propeller, it is more diffictd determine the mechanical properties of the
propeller in places repaired. Taking samples froegropeller blade for determining mechanical
properties is out of the question.

The mechanical properties of screw propellers gimetechnical documentation (certificate)
are determined by testing separately cast ingot®fmm diameter. The results of this
examination are only approximate, and are not ¢laé mechanical properties of the blades of the
screw propeller cast, and these can be determimigcby taking samples from the screw propeller
blade places we are interested in.

The knowledge of real mechanical properties, irtipaar the plastic properties of propeller
blades in the area of repair by hot straighteningvelding, permits to select suitable repair
parameters (copper alloys of categories Cul, Cu23 @nd Cu4 have different heating
temperatures for the repair of screw propeller dlag hot straightening, as well as welding —
Tables 1 and 2), facilitates performing the regagrmits the decrease of welding deformation and
stress and to avoid possible fissures in the wedblim the SWC of the welded joint.

Tab. 1. Recommended welding materials and tempesatf thermal treatment at  welding

Allo Minimal preheatin Maximal Temperature of
cate }:)r Welding materials | . | ergture rc)| | temperature | relief annealing
9o P between runs[°C] [°C]

cul Aluminium bronze' 150 300 350-500
Manganese bronze
Aluminium bronze
Cu2 Nickel-manganese 150 300 350-550
bronze
Aluminium bronze

Nickel-aluminium

Cu3 bronze? 50 250 450-500
Manganese-
aluminium bronze
Cu4 Manganese- 100 300 450-600

aluminium bronze

Remarks:
1) Nickel-aluminium and manganese-aluminium bronzelmapplied.
2) Relief annealing is not required if nickel-alumimilbronze is applied as welding material.



Tab. 2. Temperatures of straightening screw pr@pdilades made of copper alloys [3]

Alloy category Temperature of hot straightening [°C]|
Cul 500-800
Cu?2 500-800
Cu3 700-900
Cud 700-850

In connection with this, the idea was conceived tha mechanical properties of the screw
propeller in relevant places should be determimechfthe chemical composition of the propeller
material.

Fragmentary research conducted in the laboratofissrew propeller manufacturers, e.g. the
firm LIPS in Holland (a known producer of screw petlers), showed that the properties of screw
propeller alloys spread over the propeller bladkus

This stimulated an attempt to collect measurematd df copper alloys for screw propellers
(Table 3) and subjecting them to statistical analygich showed that the nature of changes in
mechanical properties with increased thicknesshefdcrew propeller cast is best described by
regression equation, WZ_WM = a+b-Ig(W).

Tab. 3. Mechanical properties dependent on thektigss of cast sections of screw propellers made
of copper alloys [4]

Mean Mean values

No| section Number Grain
thickness Copper alloy of casts| Rm ’ Roz 5 '06‘5 HB | diameter Source
[mm] [N/mm?] | [N/mm?] | [%0] [mm]

1. 25 33 679 262 223163 -

2. 45 4 636 252 18.8160 -

3. 67.5 3 613 241 18.0160 -

4, 92.5 4 589 230 19.3149 -

5. 155 3 582 210 20,7136 -

6. 265 CuAl9.5Mn1.5Ni5Fe4.5 12 503 201 14,029 - [5]

7. 300 5 511 199 15.0128 -

8. 340 12 487 196 13/8131 -

9. 370 17 496 197 15)0.28 -

10. 400 8 478 195 15.6126 -

11. 435 16 489 189 15.9129 -

12. 30 ) 3 620 - 20.0 - 0.15

13.| 175 CuAl9Fe4Mn1.5Ni2 3 580 = 228 - | oso0 | 6]

14. 30 . 3 700 - 22.0 - 0.05

15.| 175 CuMn8AI6Fe2Ni2 3 627 1220 - | 012 | 6]

16.| 30 3 650 - 19.0 - 0.04

17.| 175" CuMn13AI8Zn8Fe2.5Ni2 3 610 - 21.0 - 0.08 [6]

18.| 30 3 674 - 17.6 - -

19. 250 . 11 551 207 18.0 - -

0. % CuAl9.5Mn1.5Ni5Fe4.5 11 537 230 173 - - [5]

1) determined on separately cast samples

2) determined on propeller of 4.5 m diameter
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Fig. 2. Dependence of cast properties on the tl@skrof screw propeller section
WZ_R=Rn/679; WZ_R =R /262; WZ_A=As22.3; WZ_HB=HB/163; WZ_BD,/0.30 [4]

The graphic distribution of measurement pointdhdoordinate system (relative value — blade
thickness, Fig.2) and the lines obtained by wagnaftiple regression analysis describe fairly well
the location of mean result values and suggestwhan preparing statistically the measurement
data in a common coordinate system — thicknessessmn lines can be described by the
following equations:

WZ(R,,,R;,, A, HB,D,) =a+blg(W)
where:

WZ - relative value of properties,
W — propeller blade thickness [mm],
a - absolute term,

b - coefficient,

D, - grain diameter.

Regression lines designated in a common coordisggéem show that the changes in the
properties of screw propeller cast occur mainlyhvirtcreased blade thickness in the range from
25 mm to 175 mm and are close to the course oéase in grain diameter,Dwith further screw
propeller blade increase, on the other hand, trengds are not very large. This permits the
recognition that the deterioration of mechanicalparties along with increased thickness of screw
propeller blade is due to accompanying grain diamiecrease of the copper alloy from which the
propeller was cast.

In order to obtain regression equations, data almethanical properties and chemical
composition of copper alloys from various researdntres were collected and compared
according to categories. The data concerned screpellers made by various manufacturers, in
various conditions of casting. The casts within fremework of the category had different
designations, different chemical compositions aifi¢tr@nt mechanical properties. Differences in
the content of main alloy components in particalaiegories of copper alloys for screw propellers



are presented in Table 4. They are generally ireagent with content differences of components

in alloys given by Classification Societies.

Tab. 4. Differences in the content of main allognponents in particular categories
of copper alloys for screw propellers

COPPER ALLOYS OF CATEGORY Cul

Difference between main alloy components [%]
Cu Zn Al Mn Ni Fe Sn
58+4.0 | 37.5£2.5|1.75+1.25 2.25+1.75 0.5+0.5 | 1.5%£1.0 |0.75%0.75
COPPER ALLOYS OF CATEGORY Cu2

Difference between main alloy components [%)]

Cu Zn Al Mn Ni Fe Sn
59+9.0 | 35.5+2.5|3.03+2.55 2.5+1.5 |4.25+£3.75 2.75+2.250.77+0.72
COPPER ALLOYS OF CATEGORY Cu3

Difference between main alloy components [%)]
Cu Zn Al Mn Ni Fe Sn
81.80+4.8 0.62+0.37 9.0+2.0 | 3.25+2.752.92+2.67 4.0+2.0 | 0.2+0.15
COPPER ALLOYS OF CATEGORY Cu4
Difference between main alloy components [%)]
Al Mn Ni Fe Sn

Cu Zn
4.35+3.85 7.5+1.5 | 13.5+6.5

2.0+1.0 | 4.5+2.5 |0.55+0.45

73.0£10.5
The following regression equations were assumegrigparing statistical data:

- for copper alloys category Cul:
R, =& [c; +b [cy +c [c, +d; [cy +e [Cc + f, [cs, +0,; [%],
As =a, [, +b, L, +C,[E,, +d,[E +e, & + T, L5, +0,; [%]

- for copper alloys category Cu2:
R,=a/lc,, +b [c, +c [c,, +d,[cy +e[Cc, + f [Cg,+0,; [%0],
A =a, [E;, +D, [E, +C, [By, +d, [Ey +6& [E, + T, [C5,+0y; [%],
- for copper alloys category Cu3 without Zn and Sn:
R.=alc, +blcy, +clcy +dlc. +e; [%],
A =8, [ty +b, (8, +C [y +d, [C. +&,; [%)],
- for copper alloys category Cu4 without Zn and Sn:
R, =a,[cy +b [cy, +C [cy +d, [c e [%],
A =a, [ty +Db, [y, tC, [ +d, [, +&,; [%],
- for copper alloys category Cu4 with Zn, but witth&n:
[%],

Rm = al |:CZn +bl |:C’Al +Cl |:C’Mn +dl |:C’Ni +e.l. [CFe + fl'
[%)].

A5 :a2 |]:’Zn +b2 |1AI +C’2 EMn +d2 |]:’Ni +e2 E(I:Fe + f2’
as a result of which the following model parametexrge been obtained (Table 5):



Tab. 5. Regression equations of the model

N | Copper Regression equations for particular categorieopper alloys
o.| alloy for screw propellers with model parameters

. R, =-6931lc,, +61241c, —-18926lc,, -32660Ic,, -101284Ic,, —90363ic,, +907069
| Cul | A =—00670¢,, +3093%¢, —3.636[¢,, —11708, - 2.043(¢,, - 53758, + 34.312

, R, = 4595(c,, +43680Lc, + 2.154(c,, —~10632[c,, — 21.809(c,, —103980Lc,, + 442035
| Cu2 | A =00900t,, —1265(¢, +0.298¢,, +0.9830,, +1.5210¢,, +12.3390¢,, +8.233

Cu3

3. | (without R, =-63538¢, +17.021¢,,, +12.697(¢,, + 42.621[¢., + 978803
' Zn A =-7.277L¢, +2.704L¢,, —0977(¢, +4.010(¢., +71940
and Sn
Cu4

2 | without| Rn = 23528, +15837(8,,, - 27.970(¢,, ~37.395(¢,, +631727

Zn A =-1331¢, +0.308.¢,,, —9.205L¢,, +17.5450¢., —0.163
and Sn

Cu4

. (with | R, =-1612(¢, —2.804L¢, +1.383¢,,, +14.214[¢,, —8.111[¢., + 704306
' V%irt]ht())llj.ltt A =-0.0370¢,, -1.296l¢, —0.444(¢,, +1.6390¢,, +0.608L¢., +31.704
Sn)

In spite of certain differences in the contentstttd main alloy components (Table 4),
essential regression equations have been obtammeddst cases. Correlation coefficients and the
results of Fisher test for checking the essenyialitregression calculated for dependent variables
Rm and A have been presented in Table 6.

Tab. 6. Assessment of regression equations

Cooper allo Dependent Correlation Value of | Assessment af
bp Y| variables| coefficient Fisher test regression
cul R 0.937 5.989 essential
As 0.909 3.982 essential
cu2 Rn 0.966 16.247 essential
As 0.906 5.376 essential
(wit(h:(l)ft 7n Rn 0.836 12.179 essential
Asg 0.631 3.483 essential
and Sn)
(Witl(’l:(ljjjt 7n Rn 0.870 7.780 essential
As 0.933 16.903 essential
and Sn)
(Wi'[f?;ﬁ but Rn 0.806 0.370 non-essential
X As 0.997 32.597 incidental
without Sn)

Correlation coefficients indicate which of the mauclital properties correlate better with the
chemical composition of copper alloy for screw pmitgrs, and which ones worse. The fact that
Rm correlates better (Table 6) with the chemical cosmon than A results from the
measurement technique of results. The determinatfomalue A depends on the accuracy of
comparing both parts of the culled sample.



As shown by Table 6, only regression equationsfiarys of category Cu4 with the addition of
zinc proved to be non-essential for the valyg &d possibly incidental for the valug. A'his was
probably decided by the overly large discrepancyiot content in those alloys ranging from
3.0% to 8.2%, whereas in alloys of other categatiescontent of particular components is kept
within narrower bounds.

It can be stated on the basis of results obtaihatithe matching of the model is satisfactory
and that the prognostic value of the model highstatstically.

Conclusions

In result of statistical calculations conducted tbllowing conclusions can be drawn:

1. Regression equations of mechanical properties hathical composition of marine screw
propeller casts made of Cul, Cu2, Cu3 and Cu4sloay be essential and permit the
modelling the mechanical properties of the propeilgh an accuracy sufficient for repair
technology.

2. There has been formulated a new, original shapeegression equations of mechanical
properties and chemical composition values of sgepeller casts made of copper alloys
of categories Cul, Cu2, Cu3 and Cu4. There areaido squations in the world’s literature.
Similar equations are prepared, on the other h&rdhighly alloyed steel resistant to
corrosion and oxidation in high temperatures, dsrimed by Prof. F.B. Pickering in his
work “Physical Metallurgy and the Design of Stéelsondon 1994.

3. Vessel repair technologies have been given a metifodhodelling the mechanical
properties of screw propeller in the blade secbemng repaired, which will facilitate the
preparation of an effective technology (withoutiskage cracks) of repairing the screw
propeller by welding or hot straightening of blades
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