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TABLE IV— WEAR RATES OF VANADIUM-CONTAINING IRONS

Liner ~ Carbon  Silicon Manganese Sulphur  Phosphorus Titanium Vanadium Wnﬁ%ylgggh Cﬁir?cfgﬁén
A 312 0.72 0-95 0-105 0-16 0-01 0-01 205 14
B 3-45 100 1-03 0-083 0-12 0-01 0-01 346 11
C 2-98 1-35 0-83 0-108 01 0-015 0-08 9-2 1-00
D 2-85 1-36 0-92 0-096 0-10 0-015 0-14 9-0 0-7
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900 > 139 44 1376 3 5 2 3%
1000 45 634 553 1818 1267 9% 10 93

166



Factors in the Choice of Materialsfor Marine Engineering

Surface hardenrnﬂeefrther by case Eardenm rin ctron nrtrrdrnﬂ erfccordrl(? %tdo the gﬁa]resrﬁerb%prcychc qera dsegarhlrjch arg

Qardenr %/ InCreases the Tatigue st enqt Stf hee PW Wi e r naTn
ue par the Increase ren ace]maten de rfepbes are muc?\ Ha ower than for

W
the  COmeSae. Suessts proace the surfac arburized gear Ing a normal value with a surface
t 8 e ihii th & Surt
ese rocesse Se ¢ mpres rve sresses 10 2810 200 ard f N,

G0t ounaary, nce thick Tiess o e cases rms are U ua yma of carpon steeIs orI w allo
o Sifilent o ensyré tha uatrn rz1a steels. | condi o “cgmmonly. 1S
sesses, ale within® the cae ol malerl : r er c et on, Atimate tendie
am hat the ¢ ﬁse de[tr)h should ea eas rcet ep tserr]er]g th 40-45 t onr agg 2)9 ot?r e}rcen t carbon, uItrmabe

e maximuym shear s strength 4 these materras can
rE% % shows ?te effect of surface hardness on wear Induction ?r d

resis A}s rms and in artf)cPIar tpa main rm magt(J equrre

ain re wrement eemfsf to be hardness per se and Iargqre or rn%s thete 1s.a Pnss I (fs

in
ea Htg IdraI fal c%cumﬁnrﬁra‘i fa%e%mt/)vf Lihesz
rom Ingot cefects

hes ers ound 0 er nce r(“o rng resﬁtanc
etween n uctro ar ene u&rz teels dnd sho 0 su B g
them {0 esIr uperior o m fl eels. However, 0 orgin sto nsure freedom
tes[)ss P da g carhém C0 tent ecar urrze sur ace
ICla an ﬂe 1S car urrze en carbon (h .
sowe r&aé r resrs ance se fsrmrar ar ness Corrosion rsafactorw Ich hast? econsrd red in nearlx
v¥] r cent car on. re err pointe I marine en meerm mponents, The cpst 0f corrosion &
that s aIIm ax 8ccur Ina arburrz r r a networ the shi ovw e overem rze ece B surve
enrer e ga[]rcu ar rsg caro caewen Poted ng enwort slhf) lt
rro a %nee a e au arr cos ittri uta eerther drrec yorr rrec
Eorne esrrabr (?vordrn he use o Is o s,
rmhar mﬁ anrca operties arl) com sr n m matrng gears st cPrro on in boilers, air heaters fresh water and
St |r]ncreas ssceH il r% Iubrgcath oll systems IS often & problem, séa water corrosron
%reve r far e. strengt h an event tooth ﬂ art dl terest to the ma neegmeer an th sctron
brgakage orm is rm rta a{tdd e maxm m e confined to a consideration of torrosion of metals In

th
ﬁ US per rttgg h e tﬁotthe seorglse}ys foulg art% re 2K sea water.
achrnrad marEs g%oud (avorded maximum- resistance to TABLE VIIl—EE.S. EROSION TESTING APPARATUS

Fa‘ttrgue lure'is to be attaine veloci
YR
uraron ays

Materrals for Ph ions d Wheel Rim

ncreases ra tﬂ em \ho ob arnm h hstsrenglthursn a1 ts(teert\ JJ)] _ I "

actur rnons r m se swr gpoo har enabl : Natur Synthetic

QUGHC ? p P ne 5 e, usua é Material Sef igter seyft ef
owe Iarn ca on ste in the n? gha ze§ SR P

con rtron and the are runk on to a cast iron or a fabricate

R 8

cen t
PR e B e i
str n { 5 ES n{ege m tes(gﬂ\g/ 0 ETC

car st%el wheels avrdtgC nrn MM’ fact?rs mfluence %orrosron in sea water, but the
?rma ize ra pere tron Re ue mor h)g m in fac dors of Inte the ‘marine. en rne r aré vanchtP/
89( steels hecame es]sen aﬁp hon 0 do ects an galva IC £ ecs Sress orrosron rac Ing, dezinc)

reduction ansmrssron of higher powers In  cation. and raﬁ rrza ron are oft n encountered ”in marine

arin
ear 0Xf§% b Ceg?'nrceﬁem romiu moI bd num) pinions corrosron in
mate with @ per cen ca't]) T %: ﬁave or some  Whet er ?he fest
de %n hF aI ard com}matron ?o merchant maHne rTqeﬁrs water taken direct|
both.full sc etrrtals an servrce ex errence F IS hav been s
combtn tion o Ighly sucgesstul, with particular reference q?lust

ore sa[r d]hlrzetmg nonsgldnte%t(alre used. for case h}atdeneg

eLrsoom eoProsron tests rt is rmﬂortaﬂt t0 hnow
a en carrie duI rndo ce-t rou eﬁ
Oy Of e e fEH rhe S aLer Wi

¥ Ve 0 v\y?erc SF ater tha% W
Ejtes hfea 8aenceuoe elern atura %rrt ars ntDetrc sea wa er
carHe out at a corrosion es Ia%ﬂ Bg %I c\h
d comp aney IS assocraed arbaor or
r%hq rn]a and refer to tests carried out in wat er en drrec

ﬁrnrqtns and;e 36 0eanIc nt chromum/ olybdenum

excessrvedrstortrn edt Leatt bf CCESSP hzing I teos ftte
Lo ol
h% J Effe 0W er Velocit
an drﬂ some rd)rstgsrérsogtovrtnIE!1 rletsusltngroergtS thetgartrnanr tﬂ? an fﬁtseue n%(asrz% \ée Ki dn corrosion behaviour in sea water
ears fater ﬁar anrd) cteno h%h a surface ardngs n result VI]rr acecgrr%sﬁn ce be spt up on the metal

ace rac rng?qn%rrdd renjia aer ron eCts, tlow velocl-
% ils are used but the grinding conrnue % netion and

oper ronw reduce rtin ma occur 9 moHon ends omake] e

rrrd gnears aﬁeﬁ? sed, In, thi cseasteel contﬁrnm nvirohment more uniform thereby reducing loca
% mg ements which form harﬂ nifrides must be chos ack.

P nd mol denu[m] ar alloy ele ens norma X arine nulrn% may 1dccur an rve rse to 0

ur 0se e sorH]on resu mg rom t con entratron ells.” The me enea

nrtrr in rocgs 'ﬂ % oquced B“(\je of ox en and YV eco eano OT
carburizin t 15 often possible to omit any rinding af surro Ing meta xposed 0 aerated sea water. hrs

167



Factors in the Choice of Materialsfor Marine Engineering

can canlse sevgre éepeﬂ dpar |culfa on ne more CaV| ation, conditions can easm{ arise und? these velocit

alloys which on surtace films for their on 110ns a;F orrosmn rates in

o ee r
2) dera veI cmes 8. 3-20 ft mescen Ia oIS %T ¥
atteme surac erem ve anH arne H
onr;anlsms can. no onl?er sett I%n the surface,

@

0rTosive medium In
Inoysly renewed ang

he area 0
%Jves a ummar of corrosion behaviour of a
num ero mate |asu%ﬁ In mar n e me]en%;n

m|n tion of these e alloys can be

8&%?“?”% ende SlIlJe{e(ilmlnate dlv'f) Imﬁ ourm%on{)sh%%eoa remable corroshon rates and

cavitation ca

n the’ case of carbon steel the corrpsion rate | Pltt ”H rates in nmet ea water and whose, corrosion
freases V\alstswe Hmtysuc asns%gfnlceasesf)eel@% aelss\nvr?ace ate Ificreases with velocity e.g. carbon steel and cast
[i abgcome more i e 6n cog Hx}s ﬁl?ogs such as the C%unmetals and cuHronlckeIs which
%rgvse“a ce tgwacn I%Bav\?e(rm?a nq A acf Er\{gwn ag aYe SOEW eneraI rrosion rates and pitting rates In
%nphn ayc %y P Ho S SUC as 18/10/3 stainless steFI which have a
9 % 0, V%u"c i 'em 01y Se ind uwerds, ool a“efa are [bie t ra‘en“'éé’veerre  velocty conaians,
Pro?ec Ive ?llms un er t ese con “léns %’We ﬂnw cor- H V\ilh %Iﬁ% res| (ance {0 Xe ater 8orro |on
flon rates. n] ?st other alloys, the "corrosion UH r all vel oe Xcon nseg itanium “and nicke

rate Increases with veloci chrom denum a

1um/m
60” SIon 0
Table IX—Effectof velocity on the corrosion ?overned the av |ab|
OF METALS IN SEA WATER e corrodi

Quiet sea vrater o-2 ft/s

Frbon séee |n sea water i usuallfy
Issolved oi< ageen a(n IS

Pn fo 1 8 surface. n nor rated Sea water

n fully immersed conditions and lTow velocities, the corrosion

Alloy ﬂ) 21 ftls — 120-140.ft/s
c?rros n I\I/Ialﬁlmtrjnrnls Corgosmn orrgyeslon
"is? piting mils }year mils/yBar
gabon e, d &B % 6 0
Ad
m|"§ Mol i 0 % 43
g SCOHW 07f 3 7 53
en|t|c cast _§ & “ gg S
%98 0 Fig. 5—Effect of velocity on the corrosion of steel in sea water
f %&Ez ) 5 9 %
0cu 10- n|c N
allo Iron <1 8

18 3
(sataly (Averege 2
per cant
ToaCyNialoy <. 0 '

59
iron
iy

i<ng£ chromium/ ¢ . . -

Q

aéﬂes%seeelr
oy pper <ot 5 o 0-4
l Epﬂp <o* 5 05 04
i

iﬂ%aie < * 1 <1 0-3

< % nil <1 0-2

*3-year test at Harbor Island, N.C.
f42-month test at Freeport, Texas

tttK B 1 rntlmlnlm
fd'azpe cent |raon eerggﬁp ’mck(e:I OA‘ I;gyperoc% emacne et

art st at Kure Bea

Itie above Jang are[ (i<en from a | fest L ey Hs and are thu&egﬂ]t 0 \A(Dl)% n1§

S ARy 1 i . L Poon

168

3

Fig. 6—Effect of velocity on the corrosion of zinc in sea water
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*The Bulletin of the Sea Horse Institute, May 1963, Vol. 4, No. 1, p.s
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Piston Engine Heat Recovery Systems
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