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Ex&min&iion of a Faelled Exhaust Ring
from a Lysander IITA Ajrcraflt,

ORIGIN OF REQUEST AND PURPOSE OF TNVESTIGATION:

(This information is suppllied, on the
nex®t page, Ly Plgure 1, o phobtostatie
copy of the official wequsst letter,)

Nature of Sample:

The plece submitted for examinsitlon ig shown in
Figure 1 (placed upon lower left corner of letter), Part of
the fracture ol the surface ssemed of recent origln and parg

was oxldized. MFlgure © shows & close-up of the fracture,

(Text contimmed on Page &)
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Spactrographic'ﬁnalysiss

Major constituent - Fe.

Strong tracea = Mn, Ni.
Traces -  Co, Al, Cu.
Faint btraces , : - P, Pb, Si, Cr.
Very queationably pr;senﬁ o Mo .

Physical Tesbts:

There wag not enough sample for physical tests,
but it was evident from the microstructure that the meaterial
would not have 28 per ceat slongation In B inches as specified

in Specilication 3-84.

Micro-Examinatlions

The new fracture showed no oxide coating. The old

Fal

fracture had a heavy coating of oxide. From this it would
seen bthat considsrable time elapsed bebtween the first corack

and the final failure.

(Continued on next page)
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APPENDIX
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Alrvcrart Bxnaust Systems,

STEEL(l) points out thet ordinary steel cannot
stand up wnder conditions of excessive heat and the corvosive
and érosivé actiona of exhaust gases, Stainless steeld,
however, gives setisfactory service.

e 2 :
Oberhoffer(®) gives the Tollowing composition

jor)

for exhaust pipes on avtomoblles:

Per cent

- RO AT AT R R IR

Garbon Q.06 - 0,18
Manganese 0,05 = 0,06
Phosphorus 0,045
Sulphur 0,048

Automebile exhaust pipes are subject te much
lower taﬁp@r&tﬂras than are alrcralft exhausts, R, T,
Rolfe(ﬁ) states, "For use at high temperature, where ssvere
scaling may oceur, carbon steels are useless,m

Plain carbon steel cealed witﬁ pure aluminium has
its heat corrosion resistance greatly lwproved, Gyanide
pots, salt batha, furnecs trays and obther -rittings are
coated elther by mebtal sprey or by a progess known &S
Galorizing, A diffusion heat treatment efter the aluminlum
coating has been applied is used to onhance the heat-resisting

properties, ' ,

(Continued on next pags)

(+) Stalnleas 3Steel in the Hot Spot, STEEL, April 2lst, 1942,
2

'( ) Dag Techulshe ¥isen, p, 482,

(3)

tsteels for the Usar !
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(Alrveraft Exhaust Systems, conk’d) «

{4 =
LToHT METALS'Y) reports the composition of

eluminiim wire for spraying as being:

e oy

Silicon = 0,3
1lron = Q8%
Manganese = Traces
Copper = Nil

ENGINEERING ALLQEB(5§ rgfers to aluminiume
conted steel belng uvsed 1In exheust systems,

Pure aluminiuvm melits at aboud 18200 P, but when
heated in contact with steel 1t will digsolve lron, and
ag its iron content incrﬁaﬂ@sy'its mel ting peolnt 1ls wralised.
A%t 20 per cent iron content the weliing polnt is about
1800° Fa(ﬁ) 3ince exheust pases exceed 1400° FOQ{?) it is
avident that aluminium-coated steel should Serve o resist
heat corrosion for g limited timen‘

Vibratien and movewent between engine and manifold .
can cause considerable atresses Lo be devsloped in the exhsust

ring. The universal joint exhaust manifold is now used
~ .

7 A - e < : {
extensively in advanced type military snd commercial alrcraf5:8>

Mexible Jolunts reduce the possibllity of brititleness {ailurs
simllar to the one deascribed in this report,

{(Continued on nexbt page)

4)

May, 1942, issue,
5y
American Society for Metals publicsbhion,

{€)

Metallography of Aluminliuwn and Its Alloys, V, Puss,
(Translated from German by R, J., Anderson,)

(7)

ATRQ DIGEST, April, 1940, Custom=Rullt Manifolds
on & Production Pasis,

8 .

(8) AERC DIGEST, June, 1941, Exhaust Manifolds,
Ralph Havexr,




{Adreraft Ixhaust Systems, conbt'd) -

Acid content of fuels is recordsd as a cause of

I
corrosion in exhaust systamsoigl

Corrosion and piliting due -
%0 exhaust gases are a common malntenance problem in exhaust
Systemsq(g)

n 1951 0) the 1ife of ordinary steel manifolds
was five or six months, with frequent overhauls and repalrs,
The Introduction of stainleas steel rasulted in an increase
of over 300 per cent in manifold life,

ENGINEERING ALLOYS (M) vefers to the following as
suitable for exhaust manifolde:

Carbon Churomi um Nicite

ERLATTU SRS R 4 AN T O

“-Per ceng -

0,30 . 20
0,156 max, 11 = 15 . 70
0.2 18 8 + titaniam

Haver(lg) reports that columblum stabilized 18-1Q0
stainless steel is used throughout on Rysn manifolds,

H, &, Campbell{(13) says, "Exhaust manifold systbtems
are made usually from chromiumenicliel steels within types
321 (titenlum=bearing 18-8) and 347 (columblum~bearing 18-8)
analyses, and also from high-nickel-base materlals such asa
79=-80% Ni, 13% Cr, 6.5% Pe, No conclusive evidsnce of super=
lority of any ons of these materisls over the others has
appeared, "

(Continuad on next page)

(9) AVIATTION, June 1942, Service Problew of Alrcrald
Engine fExhaust Systems.

Custon-pullt Manifolds on a Production Basls,
AEBRQ DIGEST, April 1940,

Publication of the American Soclety for Metals,

(10}

(11)
(12)
(13)

Exhaust Manifolds, AERO DIGEST, June 1941,
METALS AND ALLOYS, Jenuary 194&,
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G. P, Tittartonglﬁ) sssistant chlel eaglneer of
the Grwmen Alreraflt Enginesring CGorporatlon, mentions the
use of stainlesa 18-8 for exhaust collsctors,

There are meny other references to the use of 18-8
and similar stainless siteels for exhaust sevrvice., Baln,

. s - e o . "t sl N(l‘ﬁ >
Aborn ‘and Rutherford, in "The Book of Stainless Steel,
describe the method of stabilizing 18-8 stalnless stesl by
heat treatment, and also explain the beneficlal effecta of

tltanivm and columbiuvm,

hether plain steel,;, aluminluvm=c¢oated stesal, or

stainless steel ls used depends wpon the service life required,

The aluminiuwm=ceated ateel described in this report had

reached the end of its uselful life, Steinless could be used

An 1ts place to obtaln far greater and safer life in service,

Stalinless ateel, of course, contalns large quantitles of

strateglc alloys.

v enr e

HHP:GHB .,

(14)
(18)

Publication of the American Soclety for Metals,

In METALS AND ALLOYS, January 1942,

54



