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POWDER METAL HONEYCOMB 

This is a continuation of Application Ser. No. 
l0O,l40, ?led Dec. 21, 1970, now abandoned. 
This invention relates generally to a honeycomb-like 

structure adapted to be employed as a high tempera 
ture and low friction abradable seal, particularly for 
turbine engines. 
Signi?cant effort has been undertaken in the past to 

provide a suitable seal between the blades within a tur 
bine rotor and the housing enclosing the blades. The 
nature of the gases employed to drive the turbine en 
gines usually develop temperatures in the high, or ex 
tremely high, temperature ranges. It has been found 
necessary to provide a metal seal of an abradable na 
ture to curb the leakage of gases between the rotor 
blade and the annular turbine housing. 
Such past efforts have been concentrated mainly in 

the areas of honeycombs composed of rolled foil de 
formed into individual hexagon cells which are con 
nected together by welding. The resulting structure is 
brazed to a backup shroud. In more advanced honey 
combs there has lately been a tendency to ?ll the sheet 
metal honeycomb structure with a powder metal of oxi 
dation resistant and abradable material such as a nick 
el-chrome alloy. 
Other, and perhaps somewhat less prominently ac 

cepted, approaches include seals of felted ?ber mats 
which are densi?ed to 20 to 30 percent of theoretical 
density and which are either secured to a backing mem 
ber or directly brazed to the annular shroud of the tur 
bine housing. 
A third type of seal which has heretofore been uti 

lized involves abradable metal powders which are hot 
gas or plasma sprayed onto the shroud. Again, the ma 
terials are of the oxidation resistant type. Finally, ef 
forts have been made to utilize a seal composed of oxi 
dation resistant powder metal alloys with a varying den 
sity and thickness and secured on a backing member. 
These powder metal seals generally provide excellent 
abradability with, however, a relatively poor resistance 
to the erosive forces generated by the hot gases and the 
erosive particles which are present in the environment 
of the jet engine. 
The experience with the various abradable seals of 

the type described above has been somewhat less than 
satisfactory and has led therefore to investigations for 
a suitable and more satisfactory substitute. For in 
stance, it has been found that the sheet metal type hon 
eycomb experiences leakage in the turbulent gas envi 
ronment of the jet engine and is subject to flutter fa 
tigue fairly typically at the brazed joint between the 
honeycomb and the attached backup strip. While such 
deleterious effects can be somewhat reduced by mak 
ing the individual cell size smaller, this solution is unat 
tractive due to the disproportionate increase in weight 
and cost of fabrication. Similar considerations are en 
countered when such honeycomb cells are ?lled with 
powder metals although the performance can be signif 
icantly improved. 
The use of the felted matrix has been found to be 

troublesome in the areas of the brazed joint, i.e., be 
tween the material and the backup shroud. Aside from 
the problems arising with the joint, the felted ?ber has 
found, so far, limited aplicability due to its low abrada 
bility and high wear factors. 
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2 
The sprayed powder metal seals are characteristically 

de?cient in bond strength between the particles and the 
substrate to which they are applied. This is due largely 
to the inability to apply ?nely divided powders in a high 
temperature environment without some degree of sur 
face oxidation. 
The powder metal seals with or without randomly 

dispersed ?bers establish properties comparable to 
those properties established by sprayed powder metal 
seals. While such seals tend to have a greater structural 
integrity than sprayed materials the mechanical 
strength is still inadequate, at the density levels neces 
sary, to provide good abradability and resistance to 
erosion. 
A great many of the deleterious effects of the prior 

art construction have been essentially eliminated, or at 
least signi?cantly minimized, by the concept in accor 
dance with the invention in which a cellular surface, 
such as a honeycomb, is composed, itself, by densi?ed, 
compacted powder metal of an oxidation resistant ma 
terial. The cellular powder metal structure can be used 
either in the open faced honeycomb form or in a mode 
in which the individual cells are ?lled with a powder 
metal having the desired characteristics. The objective 
of the invention is to provide a material wherein all ele 
ments of brazing and welding are eliminated and 
wherein the structure is a unitary totally solid state 
bonded components of high structural integrity incor 
porating in solid state association the erosion resistant 
and abradable metal elements; such provision enabling 
a wide degree of adjustment of the ?ller and honey 
comb materials not readily possible in conventional 
honeycomb structures, through the variation of density 
of the powder metal material. 

characteristically, the honeycomb in accordance 
with the invention eliminates not only the costly weld 
ing normally employed in joining of the honeycomb el 
ements to each other but also the subsequent need for 
brazing the honeycomb to a backup strip. Since the 
honeycomb in accordance with the invention has a 
solid state bond throughout it will be appreciated that 
the strength of the powder metal honeycomb is signi? 
cantly superior, on a comparable basis to those of the 
prior art components. 
Another signi?cant advantage of the invention re 

sides in the ability to provide a honeycomb structure 
having an extremely small cell con?guration without 
any substantial increase in the cost of manufacture. 
Moreover, such small dimensional cell con?gurations 
can be accomplished with a reduction in weight over 
conventional small cell honeycomb. 
while the invention is primarily adapted for employ 

ment as a labyrinth seal the same is not limited thereto. 
lt will be appreciated that because of the wide latitude 
of material manipulation the powder metal honeycomb 
lends itself for the production of clutch plates, bearing 
materials, disc brake pads and the like, as well as a low 
density structural backup for accoustical damping ap 
plications. 
For a better understanding of the present invention, 

together with other and further objects thereof, refer 
ence is bad to the following description taken in con 
nection with the accompanying drawings, and its scope 
will be pointed out in the appended claims. 

in the drawings: 
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FIG. 1 is a fragmentary, perspective and sectional 
view of the shrouded section of a turbine engine em 
bodying the present invention. 
FIG. 2 is an enlarged fragmentary perspective view of 

a powder metal honeycomb; and 
FIGS. 3 and 4 are views similar to FIG. 2 showing 

modi?ed versions thereof. 
Referring now to the drawing there is shown in FIG. 

1 a radially extending rotor blade 10 of a turbine engine 
(not shown) the tip of which faces in close proximity 
an annular shroud 1.2 to which a seal in the form of a 
honeycomb-like structure 14 is secured. The honey~ 
comb-like structure 14 provides a coherent and struc 
turally continuous body of compacted metal powders 
in which by means of selectively impacted regions a 
net-work of cavities 16,18 is formed with the cavities 
being arranged and distributed uniformly in a repeating 
and predetennined manner substantially over the en 
tire surface of the honeycomb. These cavities l6 and 
18 may be of various geometric con?gurations such as 
diamonds, squares, circles, sinusoidal patterns, cres~ 
cent or straight lines parallel to a single axis and the 
like. 

Particular attention is invited to FIG. 1 wherein the 
impacted regions 16 are continuous and intersect each 
other at right angles as compared to the discontinuous 
cavities 18, shown in FIG. 3. In the preferred embodi 
ments shown in FIGS. 2 and 3, the impacted regions 
provide a bottom surface, see 16 and 18, of metal pow 
der particles densi?cd to a greater degree than adjacent 
non‘impacted or raised regions, see 20 and 22. 
The honeycomb structures 14, 14a, 14b shown in 

FIGS. 1 to 3 can be utilized as a labyrinth seal when 
composed of material having suitable properties of oxi 
dation resistance and selected abradability. The honey 
comb may be used with or without a powder metal 
backup strip 24 composed of suitable and conventional 
high density material. Ordinarily, the backup strip 24 
is fully dense. A bonding interlayer (not shown) inter 
posed between the honeycomb 14 and the strip 24 is 
composed of a relatively ?ne powder metal material 
which may be of the same or similar to, or at least met 
allurgically compatible with the material used for the 
honeycomb-like structure, the term “compatibility" 
being used herein to signify that the two metals will dif 
fuse and alloy with each other. 

In the preferred embodiment of this invention, the 
continuous and discontinuous cavities 16, 18 are filled 
with compacted metal powders, see 26, metallurgically 
compatible with the basic honeycomb-like structure 14 
so that a solid state bond can be readily established be 
tween the powders in the cavities and the metal pow 
ders of the adjacent regions. 
The metal powder ?ller material, see 26, is densi?ed 

to a pre-determined level which may differ from the de 
gree of density imparted into the honeycomb-like 
structure 14 and, more particularly, the raised regions 
20, 22 and the impacted regions l6, 18. As a result, the 
total structure consisting, in this instance, of the filler 
material and the honeycomb, may have three different 
levels of density. This multi-density body can be readily 
achieved by a method hereinafter further described. 
The honeycomb-like structure. 14, 14a and 1411, the 

tiller 26 and the backup layer 24 may all be composed 
of oxidation resistant material such as nickel, chro 
mium, aluminum, iron, molybdenum, cobalt, tungsten 
or particular alloys thereof. The degree of desired abra 
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4 
dability can be imparted to the powder metal structure 
by varying the density or composition. 

Usually, it will be desirable to impart abradability to 
either the honeycomb or the tiller. 
Typically, the abradable powder metal material, e.g., 

for the tiller, will be comprised of relatively coarse par 
ticulants and consequently less dense in the gravity sin 
tered state providing relatively lower mechanical prop 
erties than required for the honeycomb-like structure 
10, as the case may be. The honeycomb-like structure 
14 (or, alternatively, the ?ller 26) is comprised of com 
paratively fine metal powder particles having the capa 
bility to sinter to relatively high densities. The density 
of the higher density component will range from 35 to 
95 percent of theoretical density of the base material. 
The density of the abradable ?ller material 26 will gen 
erally be within the range of 20 to 60 percent of theo 
retical. 
For most typical applications it has been found that 

-325 mesh powder particle size is satisfactory for the 
honeycomb-like structure 14, whereas the typical 
screen size for the comparatively coarse filler material 
26 is —l00 mesh. The above described invention can be 
fabricated by various powder metallurgy methods. The 
following method has been found to achieve satisfac 
tory results. 
The materials for both the honeycomb and the tiller 

are prepared separately. A —l00 mesh alloy metal pow 
der of 80 weight percent nickel and 20 weight percent 
chrome, including possibly 1 percent aluminum and 
produced by water atomization, is blended with 2 per 
cent carbon pore formers of a speci?c size, not to ex 
ceed l0 microns per particle, in a twin shell blender. At 
the proper time, prior to application to a mold, a con 
trollable l to 2 percent alcohol is added to the mixture 
as a suspension vehicle. The material which forms the 
honeycomb-like structure 14 is prepared in the same 
fashion using a —-325 mesh alloy of the same composi 
tion which is blended with a 1 percent carbon pore for 
mer. Again, prior to its application, a l to 2 percent ad 
dition of alcohol is added to this material to act as a sus 
pension agent. A graphite die having a channel of width 
su?icient to accommodate the desired strip plus trim 
and of su?icient thickess to compensate for sinter 
shrinkage is prepared by pre-coating with a slurry of 
magnesium oxide which is subsequently dried. 
The foil backup strip 24 has a thickness of l to 5 mils 

and is composed of the same or similar alloy which is 
properly cleaned to render it devoid of surface contam 
inants. The strip 24 is then sprayed with a suitable vola 
tile adhesive and, while still wet, a dusting of ?ne —400 
mesh metal powder is applied over the strip 24 to pro 
vide a high density bonding interface to the strip 24. 
The excess material after the adhesive has dried is 
dusted off. The coated foil backup 24 is then placed in 
the die cavity. Following this step, the powder forming 
the honeycomb is placed upon the backup strip 24 and 
together they are placed into a furnace and sintered in 
vacuum for 1 hour at a suitable temperature. After 
cooling, the strip is compressed l to 3 percent between 
steel plates in a hydraulic press to flatten the same to 
uniform dimension. Thereafter, the network of contin 
uous or discontinuous cavities which form the honey— 
comb is imparted into the sintered structure by means 
of a tool which is pressed into the structure. The tool 
has a con?guration complementary to the pattern de 
sired. The punch or tool is pressed over the sintered 
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material with a load suf?cient to provide penetration to 
the depths desired, usually 80 thousandths of an inch. 
For a diamond pattern, the punch is rotated in order to 
establish the desired con?guration. The structure is 
then dusted to remove loose material and placed in a 
?xture for application of the ?ller 26 material. Metal 
powder composing the filler material is doctored into 
the cavities established by the tool and the excess is re 
moved by standard blade strike-off techniques. The re 
sulting honeycomb structure in which the cavities are 
?lled is then re-sintered in vacuum under suitable con 
ditions, for instance, at a maximum pressure of 1 mi 
cron and at a temperature of 2,100°F for 1 hour. if de 
sired, the ?ller material within the cavities is com 
pacted before and after sintering to the desired degree. 

lt will be understood by those skilled in the art that 
the honeycomb-like structure may be made with or 
without a back-up plate 24 and with (as shown in FIG. 
3) impacted regions constituting the bottom of the cav 
ities or a honeycomb-like structure in which such im 
pacted regions have been completely removed as 
shown in FIG. 4. The honeycomb-like structure Me of 
FIG. 4 is in all other respects identical to the embodi 
ment described with the respect to FIG. 3. 
While there have been described what are at present 

considered to be the preferred embodiments of this in 
vention, it will be obvious to those skilled in the art that 
various changes and modi?cations may be made 
therein without departing from the invention, and it is 
aimed, therefore, in the appended claims to cover all 
such changes and modi?cations as fall within the true 
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6 
spirit and scope of the invention. 
What is claimed is: 
1. A grid-like structure of powder metal, comprising: 

a coherent and continuous body of porous material 
of compacted metal powders providing a grid es 
tablished by mechanical impacting of selective re 
gions thereby forming a network of cavities ar 
ranged and distributed in a repeating and predeter 
mined manner uniformly over substantially the en 
tire surface of the grid with said body having a den 
sity of 35 to 95 percent of theoretical, and sintered 
in situ material of compacted metal powders within 
and substantially ?lling said cavities and having a 
density of 20 to 60 percent of theoretical, with the 
area in said body of the grid below each cavity hav 
ing a density substantially greater than the density 
of the wall areas de?ning said cavity. 

2. A grid-like structure according to claim 1, wherein 
the material establishing said grid is dissimilar in com 
position from the material ?lling said cavities. 

3. A grid-like structure according to claim 1, and a 
metal backing strip on said grid closing off one end face 
of said cavities. 

4. A grid-like structure according to claim 3, wherein 
said backing strip is diffusion bonded to said grid. 

5. A grid-like structure according to claim 1, wherein 
said body is composed of an abradable material se 
lected from the group consisting of nickel, chromium, 
aluminum, iron, molybdenum, cobalt, tungsten and al 
loys thereof. 

* s * * a 


