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METAL HONEYCOME TO POROUS WIREFORM SUBSTRATE
DIFFJSION BOND EVALUATION
by A. Vary, P. E. Moorhead, and D. R, Hull

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Ohio 44135

ABSTRACT

Two somewhat novel nondestructive techniques were used to evaluate
diffusion vend quality between a metal foil honeycomb and porous wireform
substrate. The two techniques, cryographics and acousto-ultrasonics, were
found to be complementary in revealing variations of bond integrity and
quality in shroud segments from an experimental aircraft turbine engine.
Because of gross porosity and adverse geometric factors, conventional ultra-
sonic and other techniques were determined to be inappropriate. The tech-
niques described herein appear to merit consideration for use in similar
circumstances.

INTRODUCTION

Evaluation of diffusion or adhesive bond quality can be a challenging
nondestructive testing problem when it involves either similar or dissimilar
but otherwise continuous solids. 1he difficulty is aggravated when both
materials being interfaced are porous or discontinuous like honeycomb and
wire mesh. Lack of continuous media for signal transmission to and from the
bondline imposes severe constraints on technique selection.

Pulse-echo ultrason cs is usually the method of choice in attempts to
evaluate the integrity and quality of both adhesive and diffusion bonds.

The case treated herein involves bond integrity between a metal honeycomb
outer layer and a porous wireform, "poralloy", substrate. The usual ultra-
sonic methods were found inadequate due to the gross porosity and geometric
factors that made it impossible to recover appropriate signals. Instead,
bond evaluation was accomplished by t.wo somewhat novel techniques: cryo-
graphics and acousto-ultrasonics. The purpose of this report is to describe
the application of cryographics and acousto-t trasonics to evaluate bonding
integrity in porous media such as the honeycomb/poralloy combinations used
fur shrouds in a NASA Lewis turbine test facility.

TEST ARTICLE

One of irne shroud segments evaluated for diffusion bond integrity is
shown in Fig. 1. Eight shroud segments identical to the one showin comprise
a complete circular assembly in an experimental, high pressure aircraft tur-
bine test facility at NASA'« Lewis Research Center. The shroud surrourus a
high pressure turbine stage in which only small clearances are allowed
between the blade tips and siroud.

During operation, coolinyg gas enters through holes in the back of the
shroud body and exits through the honeycomb. After distributicn by channels



machined in the shroud body, the cooling gas is conducted through a porous
wireform multi-layer, illustrated in Fig. 2. The honeycomb through which
the gas exists consists of corrugated metal foil spot weldec together to
form the individual cells, As indicated in Fig. 2 the honeycomb layer is
diffusion bonded to the wireform rubstrate.

The primary purpose of the honeycomb is to provide an abradable surface
in case eccentricities cause the blade tips to rub against the shroud.
Figure 3 1llustrates the severe damage incurred by honeycomb that had sepa-
rated from the wireform substrate due to poor bonding. In addition to the
unacceptable ertrainment of large pieces of debiris into the gas stream, this
damage seriously compromised effective sealing against axial leakage.

TECHNIQUE SELECTION

Although contact prlse echo ultrasonics can indicate bondline integrity
(Refs. 1 and 2) it was reandered impractical by the geometry of the shroud
segment and its internal stricture and porosity. Attempts to rrcover bond-
line signals by coupling Lo the back surface would be frustrated by the dis-
continuities due to the gas distribution channels (Fig. 4) in addition to
the wireform porosity. Use of immersion scanning, although overcoming prob-
lems of direct contact, was ruled out becawse of anomalous effects that
would arise from water infiltration in the porous structure.

Use of a silicon rubber buffered transducer (as in Fig. 4) permits
direct, dry contacy.. With a l-centimeter diamecier by 0.15-centimeter thick
buffer, go~d coupling is reproducibly established with approximately
4.5-kilograins forcc. The buffer comforms to the shroud curvature and honey-
cciio cells. However, attempts to use a single transducer in pulse-echo mode
croved futile for distinguishing between good bonds and known disbonds. It
was found that the us2 of two transducers in the send-receive configuration
shown ir Figs. 4 and 5 gave excellent results using the acousto-ultrasonic
technicue describe. hereinafter. This technique yielded a quantitative
ranking of bord integrity.

Corroborative techniques such as thermography and b7 lography were con-
sidered (Refs. 3 and 4) but judged inappropriate because of the elaborate
procedures that would be involved. Nevertheless, some form of imaging tech-
nique was deemed necessary to supplement the limited number of readings
practicable with acousto-ultrasonics in the contact mode that was used. An
easily accomplished and rapid imaging techrique called cryographics was con-
trived, as explained in the nex* section.

CRYOGRAPHICS

The cryographic technique is a variation on thermography. In the pre-
sent case a thermal pattern is generated as the test article is warmed to
room temperature after being isothermally cooled by immersion in liquid
nitrogen. Under ambient conditions of humidity, thermal patterns are
revealed by frost formation as opposed, for example, to color changes that
would be obtaired by thermcgraphy with liquid crystals (Ref. 5).

For the shroud segments a frost patterr appeared on the honeycomb over
regions of disbond, s i1lustrated in Fig. 3. Under the ambient conditions
in our laboratory, 21° C (70" F) and 40 percent humidity (approximately)
during testing, a well-defined frost pattern emerged within about 4 min-



utes. A liquid nitrogen immersion time of roughly 5 minutes was found ade-

quate for the shroud segments. After removal from the iiquia nitrogen bath,
excess fluid rapidly drained out of the test picce and any residue remaining
had no apparent effect.

It should be noted that the relatively uniform reflectance of the
honeycomb over regions not obviously damaged aias in discerning subleties in
the emerging frost pattern., Also, it was determined in advance that tor the
high-nickel-base alloys that comprised the shroud segment no adverse etfects
would be engendered by the liruid nitrogen immersion,

ACOQUSTO-ULTRASONICS

Detailed aspects of the acousto-ultrasonic technique have been
descrited elsewhere (Refs. 6 and 7). The essence of acousto-ultrasonics is
in the combination of complementary feutures of acoustic emission and ultra-
sonics. Acousto-ultrasonics affords a method for sensing and measuring
ultrasonic pulses after pronounced attenuation and scattering by material
geometry and porosity factors as in the present case. In the configuration
illustrated in Figs. 4 and 5, an acoustic emission sensor and circuitry
receive the signals that arise after input by the sending transducer. The
acoustic emission circuitry provides the :acessary amplification, sensitiv-
ity, and processing methods for analyzing t..2 resuitant signals.

The physical arrangement of the transducers is such that the signals
sensed by the receiving transducer have propagated across the wiath of the
honeycomb. The character of the resultant waveform is influenced in part by
the boundary conditions between the honeycomb and wireform substrate.
Although the waveform is quite complex, 1t can be quantitized in terms of a
“stress wave factor". The stress wave factor is essentially a relative mea-
sure of stress wave propagation energy. This quantity will be larger for
good bonds and smaller for poor bonds.

Examples of the variation of the stress wave factor measured in terms
ot an energy curve are given in Fig. 6. The energy curve is proportional to
a volts (squared) seconds analog ¥ the acousto-ultrasonic waveform,

Because of the particular transducer spacing and orientation used (Fig. 4),
the energy variations indicate the cumulative effect of the several types
of bond cunditions that may exist in the volume included between the
transducers.

PROCEDURE AND RESULTS

Fifteen equally-spaced acousto-ultrasonic measurements .- ere made on
each shroud segmcrt. This gave a profile of bonding variations in the cir-
cunferential direct:on, Each segment was subsequently irmersea in liquiu
nitrogen ana the frost pattern that developed was photographed. Representa-
tive results are shown in Fig. 7.

The graph in Fig. 7 is a plot of the acousto-ultrasonic stress wave
tactor against each ot fifteen positions marked oft along the eage of the
segment. In this instance the instrument settings were adjusted to rate
r.ach position o a scale of 300. It is evident from Fig. ? that the lowest
values of the strezs wave factor corresponded to the two areas with the
poorest bonding according to the frost pattern.



Altogether, sixteen shroud segments were inspected. Of these, eight
were previously used in the high pressure turbine facility ana had been
removed after some were damaged, as in Fig. 3. A second set of eight seg-
ments had not been previously used. When evaluated, these were founo to
have significant variations in bond quality. In one of the unused segments
there was a total lack of bonding over an approximately b-cent imeter-long
region near the edge ot the honeycomb. This was initially revealeu by e
simole coin-tap test and tnen confirmed by probing with a knife blacc, This
infg:mation helpe!l in setting a baseline for the ?owest stress wive factor
reading.

Typically, all segments, both new and used, exhibited the strongest
bonding and greatest siress wave factor at either enu, i.e., in the region
of positions 1 - 3 and 13 - 15. From each end inward the bana gual'ty
worsened, usually reaching a minimum near the center. The acouste-
ultrasonic and crvographic indications were confirmed by peel tests on pre-
viously-used segmeits that had not sustained any obvious uamage. Starting
at either end (positions 1 or 15) considerable force was required to pry the
honeycomb loose from the wiretorm substrate. Approaching the center of the
segment (positions 5 - 10) the honeycomb peeled off easigy in girect agree-
ment with the nondestructive indications. After peeling, the substrate had
2 roughness pattern that corresponded exactly with the cryographic indica-
tions, the smoothest areas being those with either poor or no bonaing.

Obviously, poor ur no bonding between the honeycomb and wiref srm
resulted in lower energy transmission and hence lower values of the stress
wave factor. Any improvement in bonding should show an incrzase in the
stress wave factor, as in Fig. 8. That figure illustrates the improvement
in bonding obtained by making 600 closely-space spot welds over the honey-
cumb area. These spot welds were made through the honeycomb to increase the
bonded area of the honeycomb-wireform interface.

DISCUSSICH

Results of the nondestructive eviluations and subsequent destructive
tests made it appareat that there were deficiencies in the fabrication pro-
cess used to make the shroud segments. The overall bond quality between the
honeycomb and wireform substrate was poor. This was partly ascribable to
curvature of the segments and consequent difticulty in maintaining uniform
pressure and intimate contact at the bond interface. The diffusion bonaing
process included 2 consumable metal foil filler., This still failed to
assure uniform bnding.

Both nondestructive evaluaticn methodologies described herein had
shortcomings. The acousto- ultrasonic methou that was used gave only a rela-
tively crude indication of bond ‘ntegrity. The estimated error in the
stress wave factor reading was roughly #10 percent. A poor bona or dis-
continuity just under the transducers tended to give 2 lower reaaing than a
similar bond flaw between the transducers. The limited number of readings
per segment, i.e., 15 equally-spaced readings over the 19-centimeter
(7.5-1inch) length, gave an adequate but coarse spatial resolution. This
particular shortcoming was covered by the cryographic method which revealed
bonding patterns with high spatial resolution.

The cryographic frost patterns gave good indications of variations in
bonding. However, it was noticed that a shroud segment with uniformly poor
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bonding would not give a good differential fros. pattern and could be nis-
interpreted as being of good general quality. This misinterpretation is
avoi?able by comparing the cryographic results with the acousto-ultrasonic
reaoings.

The basis of cryographic frost pattern tormation is straightforward.
Once an object is isothermally cooled, it is obvious thal non-uniformities
will be revealed during warm-up to room temperaiure. The frost pattern that
develops depends on the thermal conductivity and heat capacity of the mate-
rials involved. In the present case, unbonaed c: poourly-bondeo areas
reached a “frosting" temperature sooner than well-bondea areas. 1nis 1s
consistent with the expectation that poorly-attachea material warms sooner
than material in good thermal contact with the cola heat sink providea by
the shroud body.

The basis of acousto-ultrasonic inaications is complex. Obviously, the
wave propagation path from the sending to receiving transaucer is tortuous.
Any signal sensed by the receiver will have experienced multiple reflections
at the various boundaries encountered. The honeycomb toil and wireform sub-
strate components act as waveguides in conducting the ultrasonic energy.
Judging from the typical trequency spectra, as 'n fig. 6, most of this
energy propagatea with wavelengths greater than the dimensions of the toil
or wires that comprised the materials. Tnis indicates tuat some form of
scattering was involveu in wave propagation. One ot the difficulties in
analyzing thec wave propigation is that ot determining how the energy is
partitioned between the honeycomb and wireform.

The rrsults shown ‘n Fiq, 8 can be interpreted as indicating that
increases in the stress wave tactor correspond to increases in the number of
well-bondea points of contact at the honeycomb-wiretori interface. From
this it can be inferred that the wireform substrate is more efficient in
transmitting acousto-ultrasonic waves than the honcycomb (four the Lransaucer
contiguration in Fig. 4). This latter inference was readily confirmeu by a
separate test involving transducers cuupled tu a sample oY tne wireform
multi-layer alone.

CONCLUSION

Nenaestructive evaluation ot bond quality between a metal foil honey-
comb and wireform substrate was successfully accomplisheu by twu complemen-
tary techniques: acousto-ultrasonics and cryographics. The acousto-
ultrasonic readings proved guite satistactory tor numerically ralting bonuing
quality while cryographic frost patterns renderea detailed imagings ot bona-
ing variations. The results obtainea with the two techniques inaicate that
they merit consideration in similar situations where either porosity or
geometric factors preclude the use ¢:. other more cunventional noungestructive
methods.
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(@) FRONT VIEW,

X

() END VIEW.

(c) BACK VIEW,

Figure 1. - Views of shroud segment, Layer of honeycomb for med from
metal foil is diffusion bonded to wireform porous metal layer, details
in fiqures z and 4,

(C) METAL FOIL HONEYCOMB LAYER

Figure 2. - Details of wireform substrate and ditfusion bonded honeycomb
Honeycorib cell size 15 0. 1-centimeter and foil (web) \"ickness 1s 0, 01
centimeter, approximately,
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(a) FROST PATTERN ON LOOSE HOWE YCOMB 1.5 min AFTER REMOVAL
FROM LN,

(b) FROST PATTERN ON LOOSE HONEYCOMB 2.5 min AFTER REMOVAL
FROM INp.

Figure 3. - Example of damaged hosieycomb se,2 ted from wireform
substrate due t- | Jor bonding. Whitened areas a . frost pattern
ofter dipping in ,uid nitrogen.
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Figure 4 - Details of transducer arrangement and cross
section of shroud segment,



ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

) mubrs 0 wn goegs OuInNbaly NuoSERIN pue (P wuDis
P 0en L)) o pesatwiedns aun) Absaul eubls Juoseayn
~“RSNOOE U0 A @Nd PUDY W IO -QWEOAIUDY 0 1D9:(3 - 9 aunbiy

WONASNVEL IND HIVINGE 1SN INDZ NI ONOS + (NN ()

-—.
5.

SHDNASNVAUL NTIMUIE AVMAIW INOZ NI ONOS NOIX TN (Q)

(M OpR3as PR |130 PRO| 3Y) JO SLPIAW AG (2104 LOW Sem 30 J0) P! idde
oy} bui N0l aq1NPoadas aunsse C)  Ayijend HUOY W IOsRIIM-y
QWOJAUOY JO LOHPN [AS ML OSR}| -Gy SNTIR 10) snjeseddy - G ainbiy




ORIGINAL PAGE
BUACK AND WHITE PHOTOGRAPH

[ s ¥ 1)

IR - QUOAIUDY ) 10 Butpuon (exbun)eew
LU o QEEDAIUOY Wy YbNoLG Wew 2sam
SO 08 peoeds- 4 anée . D9 Assyewixoddy
<05 I TR QUEDAIUOY UIIRIG PUOG IACICW! O

SUimam oS Ay pue 3.2089Q Judwl < pnouys @
MK T RO AR 5S4 0 UOSIURLO) - § 4Ny

Suipses Juawbes
- 005 Rye juswbes @ PNOIYS PRAIRIII-SY (B
NOI US04
{a ¢l ) S [ S S 4 | ® S I
T T T T )
|
_ |
L_ — oot
! ,

|

W \
i

- — 00¢

YOLIIVY JAVM SSINLS

1436 syybey

S8R0 papUOR - J00d 3040 Usayed JS0

MysesSodn butpuodsa i pue suog:sod

S\ <0} JOPE M SSINS HNUISERIN
~QSNEOE 0 Lo I Hdwex] -/ 3unbiy

NOI L SOd
ST €L 11 6 L s € 1

N N I

¥010V4 IAVM SSINIS



	1982010738.pdf
	0021A01.tif
	0021A02.tif
	0021A03.tif
	0021A04.tif
	0021A05.tif
	0021A06.tif
	0021A07.tif
	0021A08.jpg
	0021A09.jpg
	0021A10.jpg
	0021A11.jpg




