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Fiber Metal  Acoust ic  Mater ia l  for Gas 
Turbine  Exhaust  E n v i r o n m e n t s  

Michae l  S. Bea ton  

A b s t r a c t .  FELTMETAL | fiber metal acoustic materials function as broad band acoustic 
absorbers. Their acoustic energy absorbance occurs through viscous flow losses as sound 
waves pass through the tortuous pore structure of the material. Exhaust gas noise attenuation 
requirements are reviewed. Their selection process for higher performance materials is dis- 
cused. A new FELTMETAL | fiber metal acoustic material has been designed for use in gas 
turbine auxiliary power unit exhaust environments without supplemental cooling. The physical 
and acoustic properties of mesh supported fiber metal acoustic medium FM 827 are discussed. 
Exposure testing was conducted under conditions which simulated auxiliary power unit op- 
eration. Weight gain and tensile strength data as a function of time of exposure at 650 ~ C 
(1202 ~ F) are reported. Fabrication of components with fiber metal acoustic materials is easily 
accomplished using standard roll forming and gas tungsten arc welding practices. 

I N T R O D U C T I O N  

FELTMETAL | fiber metal acoustic media (sintered 
stainless steel fiber structures in thin sheet form) are 
used to reduce the noise output from gas turbine en- 
gines, including the auxiliary power units (APUs) on 
commercial aircraft. Gas turbine exhaust silencers are 
exposed to the products of  combustion of  jet fuel. The 
severity of this environment will vary with the design 
parameters of  each application, with ambient condi- 
tions, and with other factors. The temperature limit 
for the use of  a given acoustic medium is primarily 
determined by the material (alloy) from which the 
medium is fabricated. New APU installation designs 
have imposed  higher  opera t ing temperatures  for 
acoustic media. Higher performance media capable of 
longer operating life at higher temperatures are re- 
quired for these applications. This report describes a 
test program whose objective is to determine the suit- 
ability of  a new acoustic attenuation material for op- 
eration in the 650 ~ C temperature range. 

~FELTMETAL is a registered trademark of the Brunswick Cor- 
poration. 

The author is with Brunswick Corporation, Technetics Divi- 
sion, Energy Conservation Systems, 2000 Brunswick Lane, DeLand, 
FL 32724, USA. 

N O I S E  R E D U C T I O N  

The gas turbine engine represents a source of  noise 
of  wide frequency range. The jet itself generates noise 
for several engine diameters downstream from the ac- 
tual exit. The frequeny of the noise decreases with 
increasing distance from the engine exit point [ 1]. In 
addition to the jet, noise is created by the f a n - - b o t h  
radiating forward from the fan and at the fan bypass 
exit. The compressor,  turbine, and combustors also 
add their own frequency contributions to the total en- 
gine noise spectrum. Efforts to curb the noise gen- 
erated by gas turbine engines have been exerted since 
the introduction of  jets for commercial aircraft [2]. 

Acoustic attenuation media may be point reactive 
or bulk absorbing in nature [3]. Bulk absorbing media 
may be physically unwieldy or mechanically unsuit- 
able for use in aircraft engine applications. A typical 
duct silencer might consist of  a thin sheet of  porous 
material with a fiat, smooth surface backed by cavi- 
ties of  depth appropriate to the frequency of  sound 
being generated. This arrangement provides noise at- 
tenuation over a broad band of  frequency with a light- 
weight structure. The smooth flow surface o f  the fiber 
metal sheet keeps self-noise generation low [4]. In the 
fiber metal structure, the pores are interconnected, with 
many tortuous flow paths. The energy of  an acoustic 
wave tends to dissipate within a porous material through 
viscous flow losses as the wave passes through the 
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porous medium. Among the F E L T M E T A L  | fiber metal 
acoustic materials,  layers of  screen mesh may  be em- 
ployed to structurally reinforce the material for ap- 
plication [5]. 

F I B E R  M E T A L  A C O U S T I C  M A T E R I A L S  

F E L T M E T A L  | fiber metal  acoustic materials are thin 
sheets of  carefully controlled aggregates of  metal fi- 
bers, The fibers are joined into a contiguous mass by 
sintering. A given product may  incorporate more than 
one fiber size or type, or layers of  screen may  be used 
to structurally reinforce the material  and assure prod- 
uct durability. Final product strength and acoustical 
properties are controlled by the sintering schedule and 
by compressing the sheet to a predetermined density. 
The density and fiber diameter  control the pore size 
and determine the specific surface area. These factors 
have controlling influences on the air flow resistance 
of  the acoustic material.  

Most  of  the F E L T M E T A L  | fiber metal  acoustic 
attenuation materials are fabricated f rom Type 347 
stainless steel. However,  any alloy which can be drawn 
into wire and sintered can be used to produce these 
materials. The Type 347 materials  function well in 
applications with temperatures up to 540 ~ C (1004 ~ F). 
FM 134 is a widely used acoustic material with 35 
rayl (cgs) flow resistance. Physical properties of  this 
material are listed in Table 1. This material is typi- 
cally used in exhaust silencers for gas turbine auxil- 
iary power  units for commerc ia l  aircraft. 

A new APU silencer design required a silencing 
medium of  the same acoustical performance as FM 
134, yet capable of  operating continuously at 650 ~ C 
(1202 ~ F). The gas turbine exhaust  gases are products 
of  combustion of  jet fuel, which are typically oxygen 
rich and contain sulfur. Therefore,  the design of  a ma- 
terial for the new application required consideration 
of  both the temperature and the chemical  nature of  
the environment.  

The combustion of  fossil fuels presents materials 
problems mainly due to impurities. Many studies of 
high temperature corrosion of  engine and power  plant 
components have been carried out [6,7,8,9,10,11,12]. 
Impurities deposit on operating hardware and can lead 
to corrosive reaction at the elevated temperatures of  
operation. Sulfidation is the most  studied class of  re- 

T a b l e  1. Properties of Selected Fiber Metal Products 

Fiber 
CTE x 106 , Diam, 

Alloy Composition 1/~ (1/~ p~m FM desig. 

Type 347 Fe-18Cr-llNi 10.4 (19.0) 102 FM 134 
Type 430 Fe-16Cr 6.6 (11.9) 25-85 FM 1304 
Hoskins 875 Fe-22Cr-5.5A1 6.3 (11.3) 142 FM 1401 
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actions relating to fossil energy conversion applica- 
tions [13]. While the corrosion mechanisms vary de- 
pending upon the level of  sulfur concentration and the 
oxidation potential o f  the system, it is generally rec- 
ognized that greater resistance to the corrosive reac- 
tions will be realized as chromium content is in- 
creased, and that additions of  secondary oxide form- 
ing elements, including aluminum, to high chromium 
alloys tend to strongly enhance the resistane to hot 
corrosion. 

In selecting an alloy for the new material, consid- 
eration was given to corrosion resistance, fabricabil- 
ity, durabdity in service, cost, and availability. The 
austenitic stainless steels, which include Type 347, 
have good corrosion and oxidation resistance at lower 
temperatures. However ,  the alloys in this group have 
high coefficients o f  thermal expansion (CTEs). Fer- 
ritic stainless steels generally have lower CTEs than 
austenitics, and also lower ultimate tensile strengths 
[14]. For screening tests, fiber metal materials of three 
different alloys were selected. Table 1 lists those mate- 
rials selected along with several important properties. 

The Type 347 fiber metal FM 134 was chosen as 
the control material for the test series. Its extensive 
field performance is available for comparison against 
actual operating conditions. The Type 430 fiber metal 
was selected as a nominal ferritic stainless steel. The 
configuration of  this fiber metal  is not optimized for 
acoustic attenuation service, but the physical prop- 
erties would allow direct comparison in environmen- 
tal exposure tests. The Hoskins 875 fiber metal is a 
material configured for high temperature oxidation re- 
sistance. Its composit ion includes substantial alumi- 
num, which renders the alloy highly resistant to ox- 
idation, and to sulfidation in a highly oxidizing 
environment.  

Ratings of  operating temperature and time for FM 
1401 were established through thermal oxidation ex- 
posure testing in still air [15]. Weight gain data col- 
lected for temperatures of  1900, 2000, and 2100~ F 
(1038, 1093, and 1149 ~ C) are shown in Figure 1. At 
1900 ~ F (1038 ~ C), stable oxidation behavior  was ob- 
served throughout the 3115 hr testing duration. At 
2000 ~ F (1093 ~ C) and 2100 ~ F (1149 ~ C), stable ox- 
idation continued up to 3 . 5 - 4 . 0 %  weight gain. Above 
4% weight gain oxidation behavior  changed. Product 
life is determined by the accelerated oxidation behav- 
ior. For 1900 ~ F (1038 ~ C) exposure,  the product life 
is estimated by extrapolation of  the data to 4% weight 
gain. Product life ratings for FM 1401 at various tem- 
peratures are summarized in Figure 2. 

S C R E E N I N G  T E S T S  

The first round of  testing consisted of  material char- 
ac ter iza t ion  (u l t imate  tens i le  tes t ing and sample  
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Fig. 1. Oxidation weight gain vs. 
time for Brunsbond | pad FM 1401 
at three temperatures. 

weighing) and oxidation in air. The target application 
temperature of  650 ~ C (1202 ~ F) was chosen for ex- 
posure of  the specimens.  The specimen base weights 
were recorded after a preoxidation treatment at 650 ~ C 
for 0.1 hr, then weights were determined periodically 
thereafter. Figure 3 displays the weight gain as a 
function of  time. Each data point is the average for 
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Fig. 2. Product life ratings for Brunsbond | pad FM 1401 
at various temperatures. 

three specimens.  Each weight  measurement  imposed  
one thermal cycle to room temperature.  After 1,000 
hr of  exposure and final weight measurement ,  the ten- 
sile strength of  each specimen was determined. Table  
2 lists the tensile strength and oxidation weight  gain 
properties affected by the oxidation exposure. 

Figure 3 shows that the T347 and the T430 fiber 
metals oxidized at similar rates for about the first day 
of  exposure. However ,  at about three days of  expo-  
sure, the rate of  oxidation for the T347 fiber metal  
had increased to almost  10 times that of  the T430 fi- 
ber metal. After the first "breakaway"  in the T347 
curve, the slope of  the oxidation curve for that ma-  
terial leveled out to the same slope as in the initial 
stage of  oxidation. By contrast,  the T430 material ox- 
idized at a constant rate throughout the entire 1000 hr 
period. The slope of  the H875 curve is also constant,  
but yet one decade lower than that of  the T430. Early 
data points for this curve are not included as they lie 
essentially on the abcissa. 

The distinction in oxidation behavior  between the 
austenitic product and ferritic products is related to 
the coefficients o f  thermal expansion of  the al loys,  
which are listed in Table  1. The oxide scale which 
forms on the alloys has a lower CTE than the sub- 
strate alloys. The CTE for T430 is 36% lower than 
that for T347. The thermal stress generated in cooling 
the oxidized fibers is lower  for the T430 than for the 
T347. This thermal stress is sufficient in the T347 
material to cause spallation of  the protective oxide layer 
and accelerated oxidation of  the underlying fiber. Ac-  
celerated oxidation is represented by the "breakaway"  
section of  the oxidation curve for the T347 material .  
In case of  the T430 material  , the thermal stress gen- 
erated on cooling is below the spallation level and 
oxidation proceeds without the breakaway behavior.  
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Fig. 3. Oxidation weight gain vs. time at 650 ~ C 
for three fiber metal materials. 

This phenomenon is treated in greater detail in [16]. 
The CTE for H875 is slightly less than for T430, so 
the thermal stress generated on cooling would be even 
less. This al loy's  higher chromium and considerable 
aluminum contents promote the formation of  alumi- 
num oxide, or a mixed chromium-aluminum oxide, 
which greatly retards oxidation in the temperature range 
of  the test. 

The data in Table 2 show that the T347 material 
gained 4.32% of its original weight through the 1000 
hr of  oxidation exposure, and incurred a loss of  ten- 
sile strength of  13.3%. In comparison, weight gain 
for the T430 material was only 0.22%, and the oxi- 
dized specimens had an average strength greater than 
the unoxid ized  cont ro l  specimens .  This apparent  
anomaly may be due to statistical differences of  sam- 

T a b l e  2. Product Properties Affected by Oxidation 

Tensile T e n s i l e  S t r eng th  Oxidation 
Strength Strength Change from Weight 

Product (Pretest) (Post-test), Pretest, Gain, 
Number (MPa) (MPa) % % 

FM 134 15,345 13,306 -13.3 4.32 
(105.8) (91.7) 

FM 1304 4,893 4,985 + 1.9 0.22 
(33.7) (34.4) 

FM 1401 4,997 4,680 -6.3 0.04 
(34.4) (32.3) 

piing pattern and material variation. The H875 ma- 
terial gained only 0.04% of original weight in the 1000 
hr, with an apparent 6.3% strength decrease. A strength 
variation of --- 10% is expected among the fiber metal 
specimens. 

F L A M E  E X P O S U R E  T E S T I N G  

The screening test results confirmed the initial expec- 
tation that the ferritic stainless steels would withstand 
the rigors of oxidation exposure in the 650 ~ F (1202 ~ F) 
temperature range better than would the austenitic 
stainless steel. Based on this indication, a new ma- 
terial was specified. The material would be manufac- 
tured to the same acoustical properties as is FM 134 
using the same fiber type and size with the exception 
that the alloy would be Hoskins 875. The new acous- 
tic material was assigned the designation FM 827. 

A test plan was formulated to expose both FM 134 
and FM 827 to a simulated gas turbine exhaust en- 
vironment. The conditions of  exposure were selected 
to represent the operating conditions of an APU. An 
atmospheric pressure fuel atomizing combustor would 
burn Jet A fuel with excess air. Combustion could be 
carried out with fuel /air  ratio up to 1:57, which cor- 
responds to approximately 400% theoretical air for 
combustion. Sulfur level in the fuel was determined 
to be 0.033% by weight. 

The specimen test configuration consisted of  two 
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half cy l inde r s - -one  of  FM 827 and one of  FM 1 3 4 - -  
mechanically held in a fixture. During exposure, the 
fixture was positioned within a shroud designed to 
contain the exhaust and assure uninterrupted immer- 
sion of  the specimens in the exhaust. Throughout the 
test the specimen assembly was rotated through the 
flame. The specimen temperature was controlled by 
optical pyrometry to the desired set point. Fuel flow 
to the combustor  was controlled based on the signal 
output from the optical pyrometer .  

The exposure schedule consisted of 500 cycles. One 
cycle consists o f  1 hr heating at 650 ~ C followed by 
15 min of  cooling, without regard to heating or cool- 
ing rates. During the first and last heating cycle of 
each group of 100 cycles,  the temperature was raised 
to 900 ~ C (1652 ~ F) for 1 min. At the end of each 100 
cycles, the specimens were removed from the fixture 
and weighed to determine weight gain. After the dry 
weighing ,  the specimens were immersed in deionized 
water and reweighed. The water  addition simulates 
rain and humidity exposure encountered in service. 
After 300 cycle hours were accumulated, specimens 
were removed for the determination of oxide layer 
thickness. 

Figure 4 shows the specimen holding fixture with 
a cylindrical specimen in place. With the top plate 
removed,  the specimens can be removed for weigh- 
ing. Figure 5 is photo of  the test rig during the shake- 
down run. The shroud is rotated in this photo to show 
the specimen fixture. 

To  a c c o m m o d a t e  the in te rmedia te  oxide layer  
thickness determination, the test procedure calls for 
four specimens: two larger specimens each comprise 
slightly less than half  of  a cylinder, while two smaller 
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Fig. 5. Flame exposure test in progress. 

specimens are included for removal  after 300 cycles. 
Sectioning of  the larger specimens is thus precluded 
and the progressive accumulat ion of weight gain data 
is not disturbed. The intermediate specimen was re- 
placed by a duplicate so that temperature measure-  
ment  was not affected. Prior to the test, ultimate ten- 
sile strengths of  both materials were determined,  and 
air f low resistances on the actual test specimens were 
measured for post-test comparison.  

F L A M E  E X P O S U R E  T E S T  R E S U L T S  

The specimens after 500 cycles are shown in Figure 
6. The FM 827 specimens exhibit  no dimensional dis- 
tortion. However ,  the FM 134 specimens have sus- 
tained a permanent  barreling about the specimen mid- 
line. Table 3 contains the specimen properties data as 
a function of  time. Weight gain is plotted in Figure 
7. As was observed in the screening test, the curve 
for the F e - C r - A 1  alloy FM 827 fiber metal  is ap- 
proximately  one decade lower than that for the T347 
FM 134. The total weight gains after 500 cycles are 
1.38% and 13.05%, respectively. The tensile strength 
comparisons are even more dramatic.  FM 827 re- 
tained 83% of  its original tensile strength through the 

Fig. 4. Test apparatus: specimen holding fixture shown with 
cylindrical specimen. Fig. 6. Specimens after flame exposure. 
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T a b l e  3 .  S p e c i m e n  P r o p e r t i e s  a s  a F u n c t i o n  o f  T i m e  

T i m e ,  hr  0 100 200  300 400  500 

F M  134 

Wt .  ga in ,  % 0 4 . 5 1 5 4  10 .2647  11 .2283  12 .2246  13 .0547  

U T S ,  psi  18,121 . . . .  4 , 0 6 0  

(MP a)  (124.9)  . . . .  ( 28 .0 )  

O x i d e  t h i cknes s ,  p,m 0 - -  12 .9  ~ - -  - -  37 .3  ~ 

A i r f l o w  

res i s t ance ,  

in. HzO 

0.65 . . . .  b 

0 .66  . . . . .  

0 .83 . . . .  2 .25  

0 .86  . . . . .  

0 .69  . . . .  

0 .738 2 .25  

F M  827 

Wt .  ga in ,  % 0 0 .3462  0 .7611  0 . 9 3 4 8  1 .1346 1.3792 

U T S ,  psi  12,903 - -  - -  - -  10 ,746  

(MPa)  (89.0)  - -  (74 .1)  

Ox ide  th ickness ,  p~m 0 - -  c __  _ _  c 

A i r f l o w  0 .77  . . . .  1.02 

r e s i s t ance ,  0 .66  . . . .  0 . 82  

in H 2 0  0.7 . . . .  0 .81 

0.65 . . . .  0 . 7 4  

0 .67  . . . .  0 . 94  

0 .69  0 .866  

~ A v e r a g e  o f  e i gh t  r ead ings .  

b S p e c i m e n  f r ac t u r ed  in m e a s u r e m e n t .  

COxide l aye r  th i ckness  u n r e s o l v e d  ( 4 0 0 •  for  500  hr  exposure .  F l ame  deposi t ion ( " s o o t " )  on fac ing  side o f  indiv idual  f ibers  o v e r  24 ~.m 

thick.  

I00.0 

10.0 

1.0 

0.1 
10 

FM 134 

TYPE 347 

0 

FM 827 

- -  HOSKINS 875 

I I I I I l t l l  I I I I I I I I I  
100 1000 

TIME, HOURS 

I i I I I I I I  
10000 F i g .  7 .  W e i g h t  g a i n  v s .  t i m e  a t  6 5 0  ~ C in  f l a m e  

e x p o s u r e  f o r  t w o  f i b e r  m e t a l  m a t e r i a l s .  
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500 cycles of  testing. In contrast, the FM 134 retained 
only 23% of  its original tensile strength. 

Air flow resistance readings were taken in five lo- 
cations on the test specimens before exposure. The 
pressure drop readings for FM 827 increased by an 
average of  20.7%. Only one reading was obtained on 
the FM 134 specimen due to its distortion; the mea- 
sured pressure drop in that location increased by 270%. 
Attempt to measure air flow in a second location re- 
sulted in fracture of  the specimen and no further read- 
ings could be obtained. 

Oxide layer thickness meaurements were made from 
metallographically prepared sections of  the exposed 
specimens. The values listed in Table 2 are the av- 
erage of eight readings of  each cross section. Figure 
8 exhibits the microstructure of  the T347 fiber metal 
FM 134 after 500 hr of  exposure. The entire material 
thickness is shown in the lower magnification view, 
Figure 8A. The light central areas are unoxidized metal; 

the gray surrounding material is the oxide fo rmed on 
the fiber surfaces. The large amount of  oxide accu- 
mulation has decreased the open area of  the material ,  
which is reflected in the air flow resistance measure-  
ments. The higher magnification view,  Figure 8B, 
shows the oxide layer on an individual fiber in close 
detail. Cracks,  globular discontinuities, and laminar  
growth of  the oxide are readily visible. Cracking of  
the oxide layer tends to reduce its protective nature 
by exposing the base metal to further oxidation.  
Cracking is promoted by the large difference in ther- 
mal expansion rates between the oxide layer and the 
base metal. 

The microstructure of  the F e - C r - A I  fiber metal FM 
827 after 500 hr exposure is exhibited in Figure 9. 
The lower magnification view, Figure 9A, displays 
the entire material  thickness. After this exposure  t ime 
the open area of  the structure remains unobstructed 
by oxide buildup on the fibers. However ,  a bui ldup 

Fig. 8. Fiber metal FM 134 cross section after 500 hr flame exposure. (A) 200• (B) 500x. 

Fig. 9. Fiber metal FM 827 cross section after 500 hr flame exposure. (A) 200• (B) 500x. 
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of  material external to the fiber is observed on one 
side of  the fibers in Figure 9A which have a line-of- 
sight passage to the outer boundary of  the structure. 
As seen in Figure 9A, no buildup is present on the 
opposite side of  the fiber. The buildup comprises ma- 
terial carried through the f lame and deposited on the 
fibers and not an oxide generated f rom the fibers due 
to heating. Apart  f rom the deposit ,  no other layer is 
measurable at the magnification of  the photomicro- 
graph. 

The presence of  an easily discernible deposit on the 
line-of-sight surfaces in the absence of  a significant 
oxidation layer on other surfaces suggests that the 
weight gain data collected f rom the specimens in this 
test are biased high relative to the actual thermal ox- 
idation response of  the materials.  As this effect was 
not anticipated in the test plan, no rigorous attempt 
was made to separate the contributions of  the deposit 
and of base metal oxidation to the overall weight gain. 
Since the specimens were exposed to the same flame 
for the same length of  time, the oxidation curves should 
be merely  offset by  some constant amount.  The ox- 
idation rate for the F e - C r - A I  fiber metal FM 827 is 
no less than one tenth that o f  the austenitic stainless 
steel fiber metal. 

F A B R I C A B I L I T Y  

The utilization of the new acoustic fiber metal ma- 
terial requires that it be fabricated into a device for 
use in actual applications. The usual methods used to 
fabricate an exhaust silener include roll forming and 
welding. A typical exhaust silencer might be a cyl- 
inder approximately 230 m m  (9 in.) in diameter  and 
914 m m  (36 in.) long. In preparation of specimens 
for the f lame test, cylinders of  76.2 m m  (3 in.) di- 
ameter  were roll formed with no damage  to the ma- 
terial. Min imum forming limits will be less than 38.1 
m m  (1.5 in.) radius, although the actual limits have 
not been determined. The alloy itself has ductility 
limitations common  to ferritic steels slow cooled from 
elevated temperatures.  However ,  the ductility chara- 
teristics of  the fiber metal  structure itself are such that 
the alloy ductility only minimally  affects the forma- 
bility of  the structure overall.  The interwoven and in- 
terlocking fibers which comprise  the fiber metal struc- 
ture are individually required to bend or stretch only 
relatively small amounts during any given forming 
operation. Yet the sum of  the shape changes of  all the 
fibers involved facilitate operations such as roll form- 
ing. 

Welding of the material is easily accomplished us- 
ing the gas tungsten arc process.  Because of  the po- 
rous nature of  the material ,  the use of  filler metal is 
recommended.  For FM 827 parts longer than approx- 
imately 100 m m  (4 in.), the filler should be chosen 
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such that thermal expansion coefficient is near that of  
the base alloy. Excellent weldability was obtained with 
the parent alloy Hoskins 875, and also with Type 430 
stainless steel, Inconel 82, and nickel. For best results 
in the application for which FM 827 is designed, Hos- 
kins 875 should be chosen. Type  430 or other ferritic 
stainless steels with at least 16% Cr (by weight) can 
also be used. Filler alloys with nickel should be avoided 
because of the sulfur content o f  the exhaust gases. 

The technique applied to welding the fiber metal 
material is similar to that which might be used for 
sheet metal o f  the same composit ion.  Weld specimens 
of  an actual application length were produced using 
the following parameters: 

�9 Joint preparation: sheared edge, butt joint without 
gap. 

�9 Weld configuration: longitudinal seam, filler added. 
�9 Work holding: chill fixturing on both sides of  weld 

couple. 
�9 Arc parameters: 
�9 v o l t a g e - - 1 0  V DC straight polarity. 
�9 cur ren t - -21  A. 
�9 g a s - - a r g o n  @ 15 cu f t / h r  (7.1 L/min)(a lso  back- 

side shielding gas). 
�9 high frequency superimposed to start arc. 
�9 e l ec t rode - -2% thoriated tungsten, 1.59 m m  (1 /16  

in.) diameter, 22 deg tip angle, sharp point, 6.5 m m  
(0.256 in.) tip stickout, 3mm (0.125 in.) tip to work. 

Specimens up to 991 m m  (39 in.) long (maximum 
stock size) were welded for demonstration of capa- 
bility. A silencer with FM 827 inner acoustic liner is 
shown in Figure 10. 

F i g .  10. Exhaust silencer with fiber metal FM 827 inner 
acoustic liner. 
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C O N C L U S I O N S  

Fiber  metal mater ia ls  can be effect ively util ized in noise 
reduct ion.  

Fiber  metal  acoust ic  materials  made  from Type 347 
stainless steel  func t ion  wel l  in appl ica t ions  wi th  tem-  
pera tures  up to 540 ~ C (1004 ~ F).  

FM 827, the new fiber metal  acoustic material made  
f rom Hosk ins  875,  can  ope ra te  con t inuous ly  at 650 ~ 
C (1202 ~ F) in gas  tu rb ine  exhaus t  condi t ions .  A ma-  
ter ial  o f  the  s a m e  a l loy  and  f iber  type ,  larger  f iber  
size and no mesh  r e i n f o r c e m e n t  is rated for 10,000 hr 
l ife at 982 ~ C (1800 ~ F).  

F M  827 can be  eas i ly  f ab r i cab le  using s tandard  roll  
fo rming  and gas  tungs ten  we ld ing .  
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