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NOTICE 

This repor t  was  p repa red  a s  an  account of Governrnent-sponsored work. 
4 Neither  the United States ,  nor the National Aeronautics and Space Admini- 
\f s t ra t ion  (NASA), nor  any pe r son  acting on behalf of NASA: 

1.A. ) Makes: any war ran ty  o r  representat ion,  expressed  o r  
I . 

I implied, with r e spec t  to  the accuracy,  completeness,  o r  
usefulness of the information contained in this  report ,  o r  ' i  
that the use  of any information, apparatus ,  method, o r  
p rocess  disclosed in this  r epor t  m a y  not infringe privately- I . 

owned r ights ;  o r  , 	 . . , 

.I
I 

B. 	) Assumes  any l iabi l i t ies  with respec t  to the  use  of, o r  
f o r  damages  resul t ing f r o m  the use  of, any information, /
apparatus ,  method o r  p rocess  disclosed in  this report .  I

iAs used above, "person acting on behalf of NASA" includes any employee 
o r  cont rac tor  of NASA, o r  employee of such contractor ,  to the extent that 
such employee o r  cont rac tor  of NASAor  employee of such contractor  p r e -  
pa res ,  .disseminates ,  o r  provides a c c e s s  to any information pursuant  to his  
employment o r  cont rac t  with NASA, b r ' h i s  employment with such contractor.  . . 	 I 
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This r epor t  summar izes  the resu l t s  of the studies 
. . 

. . . : . . ., , , .,.. 

conducted under contract  NAS10-7250, "Method of . . - . .! ,  

A s s e s sing St ruc tura l  Integrity fo r  Space Shuttle ... . ,  ., I, .  . 

Vehicles." The study was  conducted by the Space .. . . .. .  
Division of North Amer ican  Rockwell Corporation for  
the John F. Kennedy Space Center  of the National 
Aeronautics and Space Administration. The following 
individuals contributed to this repor t :  J. Bosler ,  
C. K a m m e r e r ,  F. Moskal, R. Poe, and E. Scherba 
of North Amer ican  Rockwell Corporat ion and 
T. DeLacy and R;'-A;Tideef'son of the Genera l  Dynamics -

Corporation. 
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PREFACE 

Fbr the f i r s t  reusable space vehicle, the Space Shuttle, technology 
mus t  be determined and/or  developed for assessing i ts  s tructural  integrity. 
These assessments  may be necessary  pr ior  to launch, from launch to 
landing, and during turnaround operations. Through the proper use of 
modern nondestructive evaluation (NDE) technology, high reliability of such 
operations and s t ructures  can be maintained in  a cost-effective manner.  
This Phase I1 repor t  presents  system and equipment specifications and the 
evaluation of selected NDE techniques a s  identified in the Phase  I report. 

.It i s  the intent of this repor t  to form a baseline concept of nondestructive 
testing for  application during detailed Shuttle design. An analysis of applica- 
bility and specific requirements i s  made. This report  forms a bas is  upon 
which to incorporate on-board NDE into the Space Shuttle. design; i t  a lso 
details long-term NDE equipment requirement6 f0.r the launch/turnaround 
facility, . 
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INTRODUCTION a 

Current  Space Shuttle vehicle design concepts project the requirement 
f o r  repeated flights up to 100 miaeione. This  capability i s  required to pro-
vide low-cost t ransportat ion for  crew, passengers ,  and a variety of payloads 
between the surface of the ear th  and a space station o r  satellite, o r  other  
al ternate missions.  The requirement to conduct refurbishment, maintenance, 
and sys tems verification in no m o r e  than two weeks, necessitates utilizing 
ground and on-board checkout equipment. Among the variety of available 
methods to accomplish this purpose a r e  those which fall  into the category 
of nondestructive evaluation (NDE) methodology. 

P resen t ly  recognized means of nondestructively assess ing  the integrity 
of s t ruc tures  and assemblies  include penetrant examination, radiography, 
eddy current ,  C-scan ul trasonics,  visual inspection, and magnetic particle,  
testing. These disciplines a r e  not only limited in flexibility, 'but a r e  also 
time-consuming and a r e  not readily adaptable in their present  f o r m  to rapid 
assessment .  These technologies must  be advanced and new ones developed 
before refurbishment and s t ruc tura l  checkout procedures for  multimission 
space vehicles can be established. 

The Phase  I repor t  identified the s tate-of- the-art  for  nondestructive 
evaluation methods which a r e  capable of assess ing  Space Shuttle s t ruc tura l  , 

integrity. Emphasis  was given to those methods which could support Shuttle 
turnaround requirements .  Specific technologies were  established based on 
the Phase I study and designated a s  candidate methods for  Phase  II evalua-
tion. These methods fal l  into two general  categories,  on-board NDE and 
ground support NDE. These methods include the following techniques: 

On-Board NDE Ground support NDE 

1. F ibe r  aptics 1. Radiography 
2. u l t rasonics  2. Ultrasonics 
3 .  Radiographic tunnels: 3 .  Electroinagnetics 
4.  Acoustic e m i s  sion 4. Penetrants  

5. Holographic interferometry 
6 .  Acoustic emission 
7.. Thermography 
8. Optics 

These techniques a r e  general  categories  and can be  subdivided further.  F o r  
example, radiography can be broken down into conventional, nkutron, 
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s timulated electron emission,  isotope, autoradiography, etc. Similarly, 
u l t rasonics ,  e lectromagnet ics ,  penetrants  and thermography can.be fur ther  
divided. 

a 

Experimental  efforts to implement  some of the techniques discussed 
in the P h a s e  I r epor t  have a l ready begun and initial resu l t s  a r e  discussed 
herein.  

This repor t  documents the resu l t s  of a detailed analysis of the above 
nondestructive evaluation methods to support Space Shuttle prelaunch and 
turnaround ope rations.  P re l imina ry  specification and design manual infor -
mation has  been generated and i s  included in the appendices. Cri t ical  a r e a s  
in the Shuttle design and defect c r i t e r i a  for  proposed s t ruc tu res  a r e  analyzed 
in t e r m s  of existing al ternat ive Shuttle design concepts. The study has been 
formulated around the NR 180-day review baseline vehicle, SV70-32, and 
subsequent in te rna l  t rade  studies in various s tages of completion. The need 
to update this study to ref lect  Shuttle configuration change should be recog- 
nized. The specifications and design manual information represent  the best  . 
present ly available information and exper t  es t imates .  Limited experimental 
verification of proposed NDE techniques has been made and i s  included in  
the body of the report .  

0 

f
In-depth studies a r e  necessa ry  in  m a n y 3 r e a s  and sys tems specifics-

tions changes and a design manual to ref lect  definitive in-depth studies 
 1-
should be anticipated. Generic  to this effort has  been the philosophy to 1 
generate  NDE design c r i t e r i a ,  on-board s t ruc tu ra l  checkout equipment, fo r  1 

iincorporat ion into the detailed Shuttle design p r io r  to the establishment of I 

that detail  design in  P h a s e  C. In the normal  course  of NDE applications i 
development, the requi rements  and defect c r i t e r i a  must  be identified p r io r  
to-me thods selection and verification. However, these requirements  and . tI *  
defect c r i t e r i a  a r e  highly dependent on the specifics of the detailed vehicle ' ,	 ! 
design. Only through an effort  such  a s  compiled in this repor t  is i t  possible r 
to generate  NDE design c r i t e r i a  fo r  incorporation of NDE techniques into 
the detailed vehicle design. 1t 

Considerable  thought and consideration has  been given to  the problem : 
* of data  interpretat ion,  both with r e spec t  to opera tor  dependence and opera tor  t , 	 sk i l l l t ra in ing  requirements .  This i s  reflected in a separa te  section devoted 

I-

I 
to this subject. - i

i 

Conclusions and recommendations with respec t  to scope, direction, 
and degree  of NDE implementation should become evident in subsequent 
studies a s  the Space Shuttle vehicle design concepts become f i rm.  i 

! 
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APPLICATION O F  NDE METHODS TO THE SPACE 
SHUTTLE VEHICLE 

a 

Phase I effort identified twelve gener a1 categories of nondestructive 

evaluation (NDE) technologies applicable for Shuttle use. No attempt was 

made at  that time to discuss in detail the specific methods which comprise 

the general categories. For  example, ultrasonics was identified a s  a tech- 

nology which would have application during an operational environment a s  

well a s  during maintenance and refurbishment. This general statement 

however, does not apply to each specific ultrasonic evaluation method avail- 

able. Through-transmis sion ultrasonics implemented by a tank and record- 

ing system i s  highly applicable for certain inspections that might be 

performed during turnaround but has no place a t  al l  on board the Shuttle 

vehicle i t  self. 


The next sections detail application theory for individual NDE methods 

being proposed for use to. assess  structural  integrity during maintenance . 

and refurbishment. 


ULTRASONIC METHODS 

Bonded In-Place Transducers 

Bonded in-place transducers a r e  piezoelectric angle probes which 

have been adhesively. bonded to selected a r ea s  of the Space Shuttle vehicle. 

A prototype configuration i s  shown in Figure 1. One angle transducer 


.. . .acts as  the ultrasonic transmitter  while the other angle transducer acts as 
the receiver.. A c ros s  section of the angle transducer i s  shown in 
Figure 2. Figure 3 shows one possible application to the LH2 bisector 
tank as sembly. 

The piezoelectric crys ta l  i s  anisotropic material  which, under the 
action of a strong electr ic  field, exhibits a dimensional change, normally a 
contraction. This movement may be along the electric field o r  perpendicular 
to it. The degree and manner of movement depend on the cut of the crystal.  
The best piezoelectric materials ,  that i s  those which exhibit the greatest  
movement, a r e  combinations of f ired ceramics including barium titanate, 
lead zirconates, and lead metaniobates. These ceramics a r e  fired in a 
strong magnetic field to induce the piezoelectric property.' The crys ta l  cuts 
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PIEZOELECTRIC CRYSTAL 

SECTION A-A 

Figure 2. .  Cross Section of Angle Transducer 

TO ULTRASONIC DETECTORS \ 

Figure 3 .  Bonded In-Place Ultrasonic Transducers 
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a r e  made perpendicular to the axis of magnetization in order to maximize 

g axi s, the piezoelectric coefficient. 

gaxis = strain developed/applied voltage fiyld 

Direct bonding of such a crystal  disc to the surface of a critical 
shuttle s tructure would allow generation of compression waves which a r e  
normally l ess  attenuated than other bulk modes such a s  shear and surface 
waves. However, compression waves so generated'would only serve to 
dis sipate the ultrasonic energy through overlapping internal reflection, If 
a wide enough edge i s  present ,  then effective use of compression wave moni- 
toring may be established by bonding to this  edge. By introducing an angle 
wedge, propagation in a directional pattern i s  induced. At the critical 
angle (normally around 30 degrees) ,  compression waves are  no longer 
induced in the plate. Instead, the pr imary mode of propagation becomes 
shear waves. At these angles the directional pattgrn becomes quite pro- . 

nounced and pulse echo operation i s  feasible. 

The receiving transducer i s  fixed a t  the same angle as  the transmitter  
and exhibits a directional reception sensitivity. 

In order  to monitor a shuttle cri t ical  s tructure o r  a weld line, the two 
angle transducers would be bonded at  opposite ends of the object on a line 
facing each other. 

. .High voltage coaxial leads would be necessary to activate the trans-  
mit ter .  Because of the reversibility of the transmission and receiving 
transducer, s imilar  electr ical  leads will be used for the receiver although 
the voltage pulses a r e  substantially lower. The amount of ultrasonic energy 
generated i s  directly proportional to the intensity of the induced voltage field. 

. 

I t  i s  common to use voltages approaching the dielectric strength of 
transducer crystal.  Because the transducer crystals a r e  thin membranes, 
resonant mechanical vibrational modes a r e  associated with their geometry. 
By using electrical pu'lse frequencies near the mechanical vibration reso- 
nance, much greater  energy may be introduced into the tes t  structure. $ 

Greater  movement i s  normally achieved in thinner membranes, but the 
dielectric strength and mechanical strength limit considerations limit the 
thinness of such structures.  The diameter of the membrane i s  then fixed 
a t  that predetermined by resonance considerations. The frequency becomes 
larger  (or wavelength shor ter)  a s  the membrane diameter becomes smaller.  

Conventional circuits  can be used for on-board ultrasonic checkout 
equipment. However, i t  will be necessary to develop miniaturized versions. 
Selective application of bonded in-place transducers for Shuttle s tructures 
will be determined during detail design phases. Only critical s t ructures  
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will be monitored and scheduling of the tes ts  will depend on the particular 
mission, how far  into the program it i s ,  and the operational constraints 

.Iwhich would apply to that particular mission. 

1
Rotating Ultrasonic Wave 'Directors 1 

Rotating ultrasonic wave di rectors  a r e  piezoelectric angle transducers 
which have been cqnfigured into a rotating assembly. A voltage pulee, 
approximating 1500 volts, i s  applied to one transducer. The resultant 
mechanical wave front i s  radiated into the structure in a directional pattern. 
Upon encountering a soul?d wave scattering center,  that i s  a crack, inclusion, 
or  other defect, a secondary sound field i s  propagated. The receiving rotat- 
ing ultrasonic wave director,  when i t s  directional reception pattern i s  pointed 
at  the scattering center,  receives a maximum secondary acoustical pulse. 
With sufficient energy in this secondary sound source, the receiving t rans-  
ducer generates a voltage pulse. This quasi-through-transmis sion mode of 
ultrasonic inspection i s  also common to the use of bonded in-place t rans -  
ducer s .  What makes the rotating wave director more flexible and desirable 
i s  the feasibility of using i t  to scan a surface, a s  shown in Figure 4. The 
rotary motion of the transducers i s  controlled so that the intercept of the 
directional receiver and directional t ransmitter  is moved across  the surface 
in a logical pattern. 

In o rder  to maintain precise angular location data, a small variable 
res is tor  o r  potentiometer i s  fixed in the scanning head. Small electric 
motors such as those which drive electr ic  wrist watches may prove a simple 
inexpensive driver.  

Because of the location of edges, holes, etc. , and the occurrence of 
side lobes in the transmitter  radiation field, the receiving transducers will 
never receive a null signal. For this reason, signal signature analysis 
techniques must be employed. Three  methods of handling the background 
signal can be identified (1) A synchronized signal f rom a transmitter and all  
the receiver ,  signal can be directly proces sed by a computer. The obvious 

expense and redundant monitoring of acceptable signals make such an 
approach highly unattractive. (2)  A base magnetic disc recording of the 
acceptable condition could be built directly into the scanning head. The 
real- t ime receiver.  signal would be synchronized, inverted, and i t s  gain 
automationally controlled, and the signal compared with the acceptable 
scan recording. The output signal would finally be a null signal for accept- 
able conditions. Data compression could then be achieved by a counter 
accumulator with a readout dump. ( 3 )  Much of the background variation 
could be eliminated by mounting the receiver and transmitter  t ransducei  
in the same rotating scanner. By using shear wave devices, a limited 
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area  of defect sensitivity would be established, which could be a two-foot 
diameter circle. This device would be located within the Shuttle structure 
so that no edges, holes, etc. ,  fall within this small  defect sensitivity area .  
This approach is ,  at present,  the simplest and most advanced in develop- 
ment. Figures 5 through 7 illustrate typical applications o f  the rotating 
wave director  concept to Shuttle s t ructures  and assemblies. These 
approache s will require strong interfaces with Shuttle de sign engineering to 

> identify and properly apply the rotating -wave director concept. 

Portable Ultrasonic Hand Scanning Techniques 

portable ultrasonic hand scanning i s  a generic t e r m  used to describe 
those ultrasonic-defect detection methods which a r e  used in the field and 
more  recently classified a s  portable. They a r e  portable in that equipment 
i s  moved to the vehicle to examine the par t  being questioned with a minimum 
of disassembly. Many different types of transducer probes can be used. 
Quite often, one particular transducer gives better response and exhibits 
better detection levels than others of the same model number. The lack of 
meaningful specifications and quality standards for ultrasonic transducers 
undoubtedly contributes to this condition, The fact that ultrasonic inspection 
i s  always done with standards which establish the capability of the t rans -  
ducer, provides control of this  situation. 

The heart  of all ultrasonic inspection sys tems is  the pulser /receiver. 
Great  operator capability i s  required in establishing proper equipment 4 

operating conditions. The pr imary requirements and responsibilities for , 
accomplishing this task may bel is ted  as follows: I 

i 

1. Interpretation of requirements f rom specification or print 
1--- -. 

2. Definition and location of standard 
. _ +  

3 .  Selection of operational mode 

,.*, 4. Selection of transducer 

5. Establishing equipment settings f rom response of standard 

r 
6 .  Verifying expected response f rom par t  being tested. 

The need for trained and qualified personnel to successfully perform 
these tasks i s  evident. Often standards must  be made with a limited knowl- 
edge of the tes t  structure. These and other problems illustrate the need 

i 

for qualified personnel. I 
L 
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Figure 6 .  Rotating Wave Director- 

LH2 Splitter Application 
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Data interpretation can be partially automated by using a l a r m  levels,  
and these a r e  se t  by an operator .  The degree of the signal variation around 
a pre-se t  o r  given a l a r m  gate setting i s  often a strong clue as'to the nature 
of the indication. a 

Development costs  for  these methods for  the Shuttle will be very 
small.  Their  capabilities and limitations a r e  well known. Specific a r e a s  of 
development activity would involve establishing their particular application 
to individual Shuttle s t ruc tures .  F o r  a two-week turnaround, the application 
of ul t rasonic hand scanning must  be limited. To do any amount o.f this 
inspection in so short  a period will requi re  a la rge  number of trained 
inspection personnel. The alternative to this approach i s  the development of 
a total on- board capability. 

Ultrasonic hand scanning will be used during maintenance operations 
where a few people can cover many requirements  at  various s tages during 
the two-week turnaround operation. It would appear that ultrasonic hand- 
scanning during turnaround would b e s t  be applied to unexpected repa i r s  as  
deemed appropriate.  Figure 8 i l lus t ra tes  sever  a1 applications for ul t r  asonic 
hand-scanning during the turnaround phase of the Shuttle vehicle. 

Permanent  Ultrasonic Sys tems 

Most major  aerospace manufacturers '  have found it desirable to  
operate permanent  ultrasonic inspection sys tems  for  l a rge  s t ruc tures  man- 
ufacture.  Typical ul t rasonic inspection facili t ies a r e  pictured in Figure 9 
and 10. In o rde r  to  achieve cos t  effective operation, three main factors  . -

have been dominant. 

1.. High speed operation 
-... .. 

2. Work load 

3 .  Reliability 
i 

The ul trasonic equipment i s  essentially the same a s  that used for 
ultrasonic hand scanning. The s a m e  ul trasonic probes and pulser r ece ive r s  
a r e  used. ~ d d i t i o n a l  electronic equipment is necessary  to process the sig- 

1 	 nal f r o m  the pulser rece iver  s o  that facsimile o r  other type recordings can 
be obtained. The scanning and pa r t  holding equipment can be quite la rge  
and expensive. Digital control has  been successfully applied, and future 
sys tems for sophisticated s t ruc tu res  will probably use  numerical and 
computer control. Longer operating life and higher reliability a r e  being 
achieved by implementing t r ans i s to r  electronics integrated circui ts  and 
l a rge  scale integration. However, low turnover and complex circui try 
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keep this changeover a slow methodical process. Higher speed operation 

i s  being pursued through the development of multiple head scanners. How-

ever, for aerospace operation, versatili ty i s  probably the pri-mary factor 

affecting overall  long - t e rm  cost efficiency. 


3 

F o r ,  smal ler  s tructures 'df  approximately two by three feet, commercial 

equipment i s  available off-the- shelf. These systems a r e  primarily labora- 
' 

tory development systems. For wrought material,  the inspection ,depayt- . ...I 

ment normally have their own facilities. For large sophisticated aerospace . . 
hardware, the ultrasonic equipment manufacturers normally build custom 

',facilities. . Many different overlapping operational modes can be identified. 
Many of these have been previously discussed in the Phase I report.  

Squirter operation implies that sonic entry into the tes t  surface i s  

established through a water s t ream.  A,properly applied immersed method 

provides maximum sensitivity. Also, a great  amount of flexibility can be 

achieved by wing metal reflectors, various movement jigs, through- 

transmission attachments,. etc. An explanation of a typical immersed- 

inspection operation further i l lustrates the usefulness of such technique s 

and serves to explain some of the terminology. 


In the pulse echo mode, a single ultrasonic transducer i s  used to 
inspect the tes t  object. At each interface a certain percentage of the sound 
energy is reflected. This information i s  normally displayed on a cathode . . ' 

ray tube. This display of signal amplitude versus arr ival  time i s  commonly 
called an A scan. The theoretical response i s  illustrated i n  Figure 11, 
while the actual photograph of such a t race  i s  shown in Figure 12. 
The gated portion of the A scan allows a signal proportional to the gated 
time- aver aged amplitude. This signal can be amplified for recording a s  
either a B scan or a C scan. The B scan i s  usually an oscilloscope presen- 
tation of the gated A on the ordinate while'the movement. of the transducer 
across  the object controls the abscissa. 

Lamb Wave Techniques 

Lamb wave propagation i s  of particular interest  to Shuttle turnaround 

application because of the low attenuation associated with the mode. Lamb 

wave ultrasonic-wave propagation i s  a resonant wave form which can only 

be established in  plates of uniform thickness. This mode of sound propaga- 

tion i s  tr ansrnitted and detected, using angle transducers, Methods utilizing 

rotating wave directors a r e  also envisioned for Lamb wave testing. For a 

given flat plate configuration, either shear o r  Lamb waves may be utilized 

using essentially the same apparatus. The only difference i s  in  the angle 

a t  which the piezoelectric transducer is s e t  in the ultrasonic traneducer. 




Space Dlvislon 
NorthAmencanRockwell 

. . 

FLAW 

TRANSMITTE 
PULSE 

, . BACK .SURFACE 

. , 

. . 

Figure 11. Theoretical "A" Sc.an for Ultrasonic . 
Pulse Echo Detection 

J?igurk 12. Actual Ultrasonic "A" Scan 



Space Division 
NorthAmencan Rockwell 

The feasibility of using such techniques i s  dependent on the occurrence 
of large cr i t ica l  a r ea s  of uniform thickness. P r ima ry  candidates for  Lamb 
wave monitoring a r e  the various tankages and titanium squa re  tubing in the 
orbiter of the Space Shuttle. Lamb waves a r e  able to t ravel  in metal sections 

1 


that a r e  too thin to be resolved by conventional compression and shear  wave 
techniques. This thickness normally corresponds to metal thickness near  
the ultrasonic wavelength in  the metal. Although Lamb waves a r e  normally 

# 	 only considered in t e rms  of plates, i t  i s  found that they can be employed 

to detect certain types of flaws lying close to the surface in work metals of 

geometry other than plates. In contrast  to the single-crystal pulse-echo 

technique (where the t ime length of the transmitted pulse becomes a limiting 


r factor in near-  surface flaw detection), using Lamb waves the pulse duration 
time i s  of no concern and higher energy levels may be used. The front 
surface echo, which i s  normally present  in immersed testing, can be essen- 
tially eliminated f r o m  the receiver  with the Lamb wave technique. Hence, 
residual ringing, front surface  echoing, etc.  , do not mask flaw signals. 
These a r e ,  in fact, just the right combination of shear and compression 
wave components to f o rm  the resonant deformation configurations. The 
Lamb waves t ravel  a t  velocities intermediate between those of compression . 
waves and shear  waves. The velocity with which each mode (harmonics and 
overharmonics) propagates in a given plate can be calculated. 

The r e  sonant nature of Lamb wave .propagation makes the mentioning 
of sympathetic resonance appropriate he re .  Of course Lamb waves do not 
propagate ac ros  s i r regular i t ies  in uniformity of the plate thickness. How-
ever,  the possibility of induced sympathetic resonance across  such i r regu-  
larity i s  worthy of study. The c lass ica l  sympathetic resonance example 
i s  shown in Figure 13. Note that in  the figure when pendulum C i s  excited; 
pendulum A, B, and D swing in sympathetic resonance. 

. . 

With the established pract ice of optimizing tank strength to weight 
ratios by employing waffle patterns, etc. , the '  feasibility of using Lamb 
waves in such s t ructures  may depend on the .  strength of the sympathetic 

. coup1;ing ra ther  than the geometric internal  reflection. 

Digital Ultrasonic Thickness ~ & e s  

The u'se of pulsed ultrasonic testing methods to determine mater ia l  
thickness i s  a well established a r t .  This technique i s  primari ly used on 
large  assembled s t ructures  where the thickness must be measured f rom one 
side only. In making such a measurement,  the velocity ,of sound in the 
material  being measured mus t  be known and the t e s t  equipment adjusted to  
that velocity. Often this i s  accomplished with a reference thickness plate 

I 
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of the same material.  Within recent years  these thickness gages have become 
quite small  and the data readout has been digitized. Battery-operated models 
a r e  available, 

8 

The output of binary-coded digital signals can be the direct  input to 
computers o r  s imi lar  electronic processing gear  with a minimal amount of 
interfacing. Because of ultrasonic near  field effects, the minimum meas-  

.urable thicknee e i e  somewhat limited. Depending on the material ,  no 
thickness reading can be obtained for mater ia ls  thinner than, typically, 
0.015 inches. The design of the digital ultrasonic thickness gage has 
advanced to the extent that i t  can compete with the mechanical micrometer  
caliper s. The instruments a r e  simple to use  and inexperienced operators  
have little problem. The older ultrasonic thickness gaging method, reso-
nance tuning, i s  no match for the la tes t  pulse echo techniques. The fine 
reputation established by the "Vidigage" ( a  commonly used thickness meas - a 

uring device) has  preceded and accelerated the acceptance of digital pulse- 
echo equipment. 

The need for ultrasonic thickness gaging during Space Shuttle turn-  
around i s  not specifically evident a s  a detailed requirement at this t ime. 
However, i t  is  evident that the high versat i l i ty  and low cost dictate future 
airline maintenance usage and eventual Space Shuttle turnaround utilization. 
F r o m  present  design configurations, only one thickness gaging requirement 
for Space Shuttle turnaround has been positively identified. Thinning of the 
silicide coating on columbium heat shield s t ructures  can be expected and 
mus t  be detected and monitored. The use  of reinforced pyrolyzed insulation 
( R P I )  would also require measurement  of thickness changes. Even i f  a low 
density ablator i s  used, i t s  thickness undoubtedly would be checked during 
turnaround. All th ree  of these solutions to the high-temperature heat 
shield problem require thickness gaging; however, none of these applica- 
tions a r e  appropriate for digital ultrasonic gaging. Future Shuttle detail 
design considerations will establish appropriate applications for digital 
ultrasonic thickness gaging. 

Four instrumentation methods a r e  applicable to pulsed t rans i t  t ime 
thickness gaging. The echo height method converts the echo height into a 
voltage for  further evaluation. The integration methods i s  an accumulation 
procedure. The starting pulse initiate's a charging or  discharging 'process 
o r  the flopping over of a bistable circuit .  .The echo stops this process.  The 
voltage reached i s  then a measure  of the . t rans i t  time. 

. . 

r. 



1
IThe counting method i s  a gated technique. The initiating pulse s tar ts  

a counter which then counts the frequency-stabilized oscillations of an oscil-
lator and is  switched off again by the echo. It i s  this techniqce which i s  
being used in most  digital equipment and provides the coxpputer data which I 

can easily be handled. The fourth method involves wave-phase monitoring. 
The phase method uses continuous waves of constant frequency. To measure i 

ithe transi t  t ime,  the phase of the echo wave i s  compared with the phase of 
ithe emitted wave. Because most  thicknesses a r e  many ultrasonic wave 
i

length long, ambiguity i s  present  and an approximate thickness must be 1 
known to identify the proper cycle. + 

ACOUSTIC EMISSION 1 
I 

Acoustic Emission Proofing Techniques [ 
: 

By monitoring the acoustic emissions during a proof-loading test  on i 
i 

specific materials ,  a precursor  of imminent failure can be detected and the I 

condition of the tes t  article, after proofing, can be determined. Monitoring 
operations for determination of fatigue failure signatures a r e  just now being 

! 
, 

studied. The present  studies a r e  confined to laboratory simulations where 
accelerated loading conditions a r e  employed. The emission of sporadic low Ilevel sound throughout the structural  life of a metallic structure destined to 
fail because of metal fatigue, appears to be theoretically correct  but has not 

. I II 

been expirimentally demonstrated a s  yet. Acoustic emission proofing tech- I / 
niques , as  applied to the Space Shuttle vehicle for turnaround/maintenance 
operations, would imply the existence of a proof loading facility a t  the 1 /
turnaround site to perhaps pressur ize  a tankage system o r  apply a controlled I '  
weight to wing structures.  (See Figure 14. ) ? l 

Besides the impact on the cost constraints,  a major technical problem 
exists for applying acoustic emission proofing techniques on a repeated 
basis (such a s  between flights) because of the Kaiser effect. Once a metal 
has been s t ressed to a given value, i t  will not emit further emissions until 
that s t r e s s  level i s  exceeded in a subsequent tes t  or  the metal i s  heat treated 
and retested. It  stil l  may be feasible to allow a delta measurement of 
proofing for each scheduled proofing over the life of the vehicle. For 
example, after the f irst  flight the structure could be proofed at  70 percent 
of ultimate, and after the second flight, at 7 2  percent of ultimate. If no 
emission occurs, then the design limits have been exceeded. After the tenth 
flight, proofing could occur a t  74 percent, and so forth throughout the life 
of the flight article. Such an approach requires much development, and the 
ultimate value of such a method i s  not obvious and needs to be analyzed 
during the subsequent phases of the Shuttle development. 
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Figure 14. Acoustic Emission Proof Loading Operation 
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On-Board Acoustic Emissi'on Systems 

Based on three cri t ical  factors,  the natural extension of acoustic 
emission proofing techniques would be to implement an on-board monitoring 
system. Acoustic emission monitoring transducers will be' placed in s t ra -  
tegic positions on Space Shuttle s tructures,  probably with a preamplifier 
and counter attached (see Figure 15). The total count history should be 
monitored; however, data t ime compression must be accomplished. The 
digital data bus would t ransmit  the accumulated count total onto a tape of 
the flight record. The central  on-board computer would control the data 
accumulation and perhaps do some analysis, at least to the point of locating 
gross changes. Effective monitoring would suggest placement of t rans-  
ducers on suspected high s t r e s s  members ,  with many monitoring positions 
pos sibly being required. 

The three cri t ical  technical factors for implementing such a 
system a re :  

. .1. 	 The materials  must  lend themselves to acoustic emission 

monitoring by emitting a detectible noise level at low s t r e s s  

values. In technical t e rms ,  the Frank-Reed dislocation 

distance must  be long enough. 


2. 	 A method of eliminating background noise, such as  propulsion 
engine noise and aerodynamic flutter, must be developed. 

3 .  	 The effect of wide temperature variations on acoustic emission 
mechanisms must be favorable. 

Of course, many other technical questions must be answered including 
method of count accumulation, best fil ter bandwidths, etc. However, these 
questions can be resolved with sufficient time and effort, while the three 
critical factors just cited. determine technical feasibility. 

Hvbrid ~ o m ~ u t e r  Acoustic Emission Techniquess 

The more  successful acoustic equipment now in use normally handles 
data i n  analog format through the amplification and filtering stages. A 
digital counter then accumulates the counts. This digital format i s  partic- 
ular ly us eful in that statistical analysis techniques can conveniently be made 
with existing digital computer facilities . The need for statistical analysis 
of burs t  acoustic emission i s  well documented. Although filtering techniques 
a r e  very useful for eliminating background noise, i t  should be recognized 
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1 1  

j' ithat the periods of grea tes t  s t r e s s  loading in  the Shuttle vehicle life his tory 

occur during launch and reentry.  During these periods, the background j j
noise levels will be extremely high. A readily recognizable approach i s  to I' 
use t ransducers  located a t  different positions in the Shuttle vehicle, with i 	 1, 1
the difference in the sound paths f r o m  the different t ransd6cers  used to i 

1 

employ interference techniques based on phase mismatch of incoming !. /
acoustical signals. Although two transducers  operated in such a differential 

: c 	 amplification mode appear  to suffice to accomplish signal sorting, i t  is 
evident that more  t ransducers  will yield s t ronger  acoustic emission monitor- ' 

? 	 ing signals. Such a technique would involve the use of relative complex 
i 

i 	 hybrid computer techniques. I 

FIBER OPTICS METHODS P v 	
1 

Portable Inspection Devices 

Commercial  fiber optics equipment now exists  which will suffice for 
many Shuttle NDE applications. Some of the fiber optics devices which a r e  
currently available a r e  tabulated.' 

Relative 
Optics Light Transmission 

I 

A. C. M. I Latera l  
A. C. M. I .  Foroblique 

Sass  and Wolf La te ra l  

Sass  and Wolf Foroblique 

Gardner L a t e r a l  

Drapier  F o r  oblique 

Drapier  Forward  

Hopkins La te ra l  

Hopkins For  oblique 


+ 	 The interaction of cos t  and fiber length and diameter is extremely 

important. With respect  t o  image quality, resolution, and optical flexi- 

bility, the individual fiber diameter  i s  cr i t ical .  Many of the g lass  fiber 

optics devices a r e  formed f r o m  fibers  in the 2 to 8 mil diameter  range. The 


v 
 coherent fiber optics devices with individual f ibers  in the 10-micron s ize  
range (about 0.025 mi ls )  r ep resen t  a dramat ic  improvement over their -
predecessors .  Image quality will suffer if breakage in the individual f ibers  
occurs.  Information on in-service  breakage is limited; however, it is 
generally agreed that it is difficult t o  make perfect fiber optics devices,  and 
most individual fiber breaks  occur during manufacture. 
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A typical portable fiber optics inspection device i s  shown in ' ~ i ~ u r e  -16. 
As a portable inspection 'tool, many aspects  of the design a,re important 
beside the flexible fiber bundle (which will be discussed later  ;elative to  
on-board devices).  a 

A lens sys tem is required on each end of the fiber bundle. At the 
detector end, a lens sys tem mus t  project the object f r a m e , .  in focus, onto 
the polished fiber bundle end. At the viewing end, a lens sys tem must take. 
the image on the fiber bundle end and project  it on"the recording device, 
i. e . ,  f i lm, vidicon, o r  eye. Normally, a single adjustment i s  located a t .  
the viewing end which can  manipulate the focusing mechanism a t  both ends 
of the device. The flexibility achieved by interchanging lenses to vary the 
field of view or adaption of p r i s m s  o r  m i r r o r s  to change the direction of 
viewing i s  evident, and the acquisition of al l  accessory i tems for  a partic-
ular  fiber optics scope i s  normally desirable.  Fur ther  flexibility i s .achieved 
by making full use of detector end manipulators.  These controllable~deflect- 
ing tips allow pointing of the final inch of the detector through an angle of 
about *45 degrees f r o m  on-axis. This movement i s  controlled by the 
observer  at his viewing end. Although the movement is only in one plane., 
full conical coverage is achieved by' rotating the fiber optics bundle assembly. 

The  LoPres t i  Foroblique Fiber  Optical Esophagoscope System includes 
a light source, a light path through a n  integral  bundle, and an optical probe 
with an optimum field-of-vision using a 90-degree, controllable, articulated 
t ip for direct ,  r ight angle, or  "foroblique" viewing. The capability for tip 
manipulation is most  important for  scanning. This  allows maximum move -
ment of the optical end devices.  The light bundle has proved to be well 
within the requirements  for NDE studies. 

A complementary closed -circui t ,  high- r e  solution TV system can be 
c'oupled with fiber optics units a s  i l lustrated in Figure 17. The tank shown 
contains the inaccessible a r e a  to be viewed for NDE evaluation. The f i r  s t  
object at the right side of tank is the intensified light source.  The second 
object f r o m  the tank i s  the TV camera .  Directly in front of the TV camera  
is mounted the integrated- combination flexible fiber optics bundle. This 
bundle contains f ibers  t o  t r ans fe r  the light f r o m  the light source to the a rea  
being viewed. It a lso contains the coherent fiber bundle to t ransmit  the view 
of the a r e a  being evaluated back to  the f iber  optics eyepiece. With a closed 
circui t  TV c a m e r a  coupled to the fiber optics bundle, it is possible t o  have 
remote  o r  group viewing of the NDE a r e a  by looking a t  the T V  monitor 
screen.  
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Figure 17.  .Closed Circuit T V  Fiber Optics System 
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On-Board Fiber  0 ~ t i c s  Devices 

' 

The state  of the a r t  of portable fiber optics devices has  bekn reviewed 
in the Phase  1 report .  If the usage of fiber optics technique8 i s  low, then the 
presently available models represent  the most  cost  effective approach. How-
ever,  i f  widespread usage i s  anticipated, then methods of speeding up the 
fiber optics inspection procedure become attractive. One of the eas ies t  

r 	 approachesistodesignaccess~forfiberopticsunitstothoseinaccessible 
areas  which must be examined. In the more  complex case,  perhaps sealed 
in-place fiber optics devices would be required. In no case  would the image 
be transmitted electronically. The fiber optics channels would terminate in  

' ' .r 	 various protected access  hatches such a s  in the landing wheel wells. 
. .  	-

. . 

Several  factors  influence the potential of plastics fiber optics, 
a s  follows: 

1. 	 F iber  cost  comparison i s  0. 6 cents per  foot (plastic fiber) 
ve r su s  10 cents per  foot (glass  f iber) ,  

2.  	 Maximum bundle length available i s  12 feet for best  quality 
g lass  (estimated 20 feet in mid- 1970's) versus  unlimited 
length for  plastic. 

The relative light t ransmission light loss  for plastii: and glass f ibers  
i s  shown in Figure 18. The influence of the finish of fiber optics bundle 
ends i s  quite important and improvements a r e  possible. 

.-... ...---

The relat ive weight saving of plast ic  fiber optics compared to  g lass  
fiber optics technology i s :  

(glass  densi tylplast ic  density) = (2. 541 1. 28). = 2 . 

In general,  the plastic fiber optics a r e  eas ie r  to work with' during 

fabrication, a n d  the' individual f ibers  a r e  l e s s  expensive. The plastic fiber 


+ 
optics technology i s  in an ea r l i e r  state of development than the' glass  fiber 
. . 
optics technology. This  i s  reflected by: . . .  

. . 

1. 	 Only plastic f ibers  down to 0.010 inches in diameter a r e  now 
available. 

2.  	 Transmiss ion losses  a r e  generally grea ter  than in glass.  

3 .  	 Very little image carrying plastic fiber' optics technology exists.  

I 
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The effective absorption coefficient for glass i s  0.085 per  foot while . '' I 

the value for plast ics  i s  0. 18 per  foot. However, the effects of end losses  i 
are significant and improvements can be made, 

1 


on-Board Fiber  Optics System 

An on-board fiber optics sys tem would fundamentally involve the use 
of a fiber optics sys tem built into the Shuttle design. At i t s  detector t e rmi -  1 
nation, a vidicon pickup would be provided with a miniaturized television , i 

camera. The vidicon pickup could be either mechanically switched or ,  more 
preferably, electro-optically switched to other fiber optic lines which would 
centrally terminate a t  the vidicon. Maximum use  for this purpose should 
be made of rigid optical t ransfer  units. For  sealed access into a tank o r  
line, the fused high- r esolution fiber optics technique appears appropriate. 
For long, s traight  lengths, the rod lens concept i s  most attractive and could 
possibly extend the maximum line length to 40 feet. 

Because.of the high information density in optical images, the digital 
data bus could not readily handle the information load. However, control of 
optical switching and image sampling can be handled by the bus. The optical I 
information would require  an RF- data bus. . I,I 

1 
To attain complete access  to all  s t ruc tura l  pa r t s  of the Shuttle vehicle, i

a m i n i m u m o f a b o u t  1400cen t ra l f ibe r  optics t e rmina l swouldbenecessa ry .  ' 

Such complete access  i s  neither pract ical  nor required. However, a sys tem .of about 20 cent ra l  points would probably suffice and could provide sufficient 
8 I 

. 1 , '
dinformation about the condition of c r i t i ca l  Shuttle s t ructures  . When the 


number of central  pickup points drops below five, this approach becomes 
 1 
unattractive, pr imar i ly  because the requirements  for RF data have not been i 

-. diminished correspondingly. At this point, only selected on-board fiber 
optics concepts (No. 2 above) should be .considered. . i 

RADIOGRAPHY 

t. 


Radiography i s  not a rapid method of nondestructive testing; however, 
the capability i s  mandatory as  par t  of turnaround ma in t epnce  operations. 
The extent that this method should and will be used i s  dependent on the 
detailed applications and requirements  as  they a r e  established for '  the 

1 

Shuttle vehicle. Suspect problem a reas ,  fatigued parts ,  repai r  a reas ,  and 
replacement pa r t s  a r e  probable applications for radiography . 

http:Because.of
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Radiographic support for maintenance operations i s  considered in 
essentially three  categories:  permanent X-ray facilities, portable X-ray 
equipment facili t ies,  and smal l  cabinet operations . 

1 

Permanent  X-ray facilities by definition imply that all facilities 
required to perform radiographic inspection a r e  in a fixed location. This 
facility should consist  of a lead-lined room s imi lar  to that shown in Fig- 
u r e  19. This room must  be large  enough to house removable o r  replacement 
s t ructures  requiring radiographic examination. X-ray equipment with a 
sufficient voltage range to provide good contrast  over a wide range of object 
thicknesses and densities should be available. F i lm development equipment, 
including an automatic processor  which produces consistent processing in 
minutes, should be included in the facilities planning. . 

A viewing a r e a  for f i lm interpretation and disposition i s  normally 
required. Other detailed equipment and accessor ies  a s  required fo r  a 
functioning X - r  ay inspection laboratory normally require half again a s  
much space as the above. 

Dependent on the resul ts  f r om the proposed neutron radiography study 
for  space vehicle hardware,  a smal l  neutron radiographic facility should be 
included in the permanent facilities . The neutron radiographic equipment 
may possibly include a smal l  reactor  such a s  L88. (See Figure 20.) 
Studies a r e  in progress  to define the extent of Shuttle utilization. 

A storage a r e a  for portable radiographic equipment should be located 
adjacent to o r  a s  pa r t  of the permanent facilities. All on-site portable 
radiography may be assigned and emanate f r om the central  permanent 
facility. 

. 

Portable X-ray equipment facilities a r e  those capable of moving f rom 
s i te  to site o r  spacecraft  to spacecraft  for performing radiographic 
examination. 

Collimating the X-ray beam 'and radiation shielding with s t r ic t  
adherence to the safety laws permits  X-ray inspection in localized areas.  
Other maintenance operations may be performed near  by. The type of 
portable equipment necessary  to perform on-site radiography depends on 
the application, pa r t  requirements ,  and accessibility. See Figures 21, 22, 
and 23 for views of typical equipment. A mobile hydraulic tubestand con- 
t r o l  console, high-voltage generator ,  high-voltage cables,  and water cooling 
pump a r e  shown in Figure 22. A Norelco 100-kilovolt tube and a Seifert 
constant potential unit a r e  typical equipment. The collimator shield i s  useful 
f o r  welded tubing and 'brazed joints. Tripod tubes tand, control console,' 



Space Division 
NorthAmerican Rockwell 

Figure 19.  X-Ray Lead- Lined R o o m  
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. .Figure 2 1. Mobile X- Ray Unit 
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Figure 22 .  X-Ray Tripod Tubestand 
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Figure  2 3 .  Cabinet X-Ray Equipment 
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high-voltage generator and water cooling pump a r e  shown in Figure 2 1. 

A cabinet X-ray machine, the Faxitron 804 table-top radiographic system, 

100 K V P  c a r t  i s  shown in  Figure 23. 


Among the portable X-ray accessor ies  used in the performance of 

on-site inspection a r e  radioisotopes. Examples include Americium 241. 

This has  a half-life of approximately 460 years  and emits  gamma radiation 
 \ 

'with maximum energy a t  approximately 60 kilovolts. Ytterbium 169 has 
a half-life of 332 days and falls in the 65 to 7 5  kilovolt range. A 
2-1 /2 curie source  camera  with a 2-mil l imeter  pellet focal spot size i s  
commonly used. Iridium 192 has a half-life of 75 days with maximum 

' average  energy of 0. 6 MEV.  See F'ig'ure 24. 

Californium 252, a neutron isotope, i s  being evaluated by the Atomic 

Energy Commission for use  and marke t  potential. Although a limited 

quantity of Californium 252 i s  available a t  present ,  increased production 

i s  anticipated. If the application of neutron radiography as  an inspection 

procedure for  Shuttle hardware i s  defined, then cal ifornium 252 may be 

utilized. 


A lightweight, compact, automatic developer and proces sor  , the 

Pakorol CTX has  recently been marketed by the Pako Corporation. By 

means of a daylight loading magazine accessory,  i t  eliminates the need of 

darkroom facilitie s for portable X-ray inspection. The operating weight of 

100 pounds and the power requirements  of 11 5 volts make it readily adaptable 

to a cabinet base  o r  c a r t  for on-site X-ray inspection. Automatic replen- 

ishment, temperature control, and precise  processing time provide con- 

sistent processing in minutes. The Pakorol  CTX handles f i lm up to 5 inches 

wide in  virtually any length, and the variable speed control permits  up to 

30 inches of f i lm to be developed per  minute. 


F i lm  t racks ,  f i lm tunnels, and isotope tunnels a r e  being considered 
for inclusion into the Shuttle design. This  concept will permit  placement 

t'
of X-ray f i lm to facilitate radiographic inspection during post-flight inspec- 
tions without s t r u c e r  a1 disassembly . See Figure 25. 

.Tunnels can-be  made f rom a low-density homogeneous material .  
b 
Structural beams  and channels could be used to house f i lm and isotope 

tunnels to  provide an inspection capability for inaccessible areas .  


I 
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Figure 25. Film Tracks 
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HOLOGRAPHIC INTERFEROMETRY 
& ' 

Faci l i ty  Type Operation 

Initial e f for t s  to implement  holographic nondestructive testing 
(HNDT) were  based on maintaining a r e a l  t ime capability. The r e a l  t ime 
capability allows variat ion and determinat ion of proper  loading techniques. 
To provide this r ea l  t ime capability, the continuous wave holographic sys-  
tem m u s t  opera te  on a vibration-free isolation table. This means that 
sys  tems a r e  anything but por.table, somet imes  weighing seve ra l  thousand 
pounds. Portabi l iz ing such  a s y s  t em i s  both impract ical  and unnecessary. 
Honeycomb o r  diffusion bonded panels,  brazed s t ruc tures ,  e tc . ,  a r e  t r ans -  
ported to the inspection facility and vacuum-chucked to a Y-Z movement 
table. Working typically with an 18-inch d iameter  l a s e r  light disc,  a 
hologram of the t e s t  panel i s  made. Typically, this can be done in a few 
minutes  using high speed in p rocess  development techniques. The panel is 
then loaded, using a heat gun o r  internal  p r e s s u r e ,  and interference : 
fr inges f o r m  on the panel surface.  Once the proper  alignment and loading 
i s  established, defects a r e  apparent a s  i r r egu la r i t i e s  in the fringe pat terns .  
'See Figure  26. 

-A photograph of the r e a l  f r inges  is made, usually using 35mm film. 
Each  section of the panel is tes ted  i n  a s imi l a r  manner.  The resul tant  ro l l  . 

of film i s  then developed- and in terpre ted  a t  a separa te  facility using estab- 
l ished reference  in t e r fe rograms .  This  type of holographic in te r ferometry  
facil i ty,  shown in Figure  27, can a lso  b e  used  f o r  var ious engineering tes t s ,  
including vibration and f lut ter  analysis ,  s t r e s s / s t ra in  distributions,  etc.  
As an NDE method, holographic in te r ferometry  is b e s t  applied to l a rge  
thin-skinned contoured honeycomb, s t r e s s -  skin, o r  s imi l a r  composite 
s t ruc tures .  

Because holographic NDE is based on surface,movement ,  this  technique 
cannot compete with ul t rasonic  techniques for  detecting small ,  deep sub- 
sur face  defects . However,  because  the information display is fundamentally 
multipoint o r  optical.  imagery ,  the holographic technique has  the potential 
t o  achieve much higher inspection speeds than ul t rasonic  techniques where,  
even for  C scan  type applications, point-to-point da ta  collection techniques 
a r e  employed. The  facility-type holographic operations i s  modeled af ter  
radiographic operation. Standards and s tandard interferographic images 
must ,  in general ,  still be developed. 

Portable  Operat ions 

Holographic in t e r f e romet ry  was  discovered during work on a surface 
which was anything but  vibration f ree .  By using pulsed l a s e r s  whose pulse 



Space Division 
NorthAmencan Rockwell 

Figure  26.  Holographic Interferogram 

Figure  27.  Holographic Faci l i ty  
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length or  duration is measured  in nanoseconds, the need for vibration isola-  
tion i s  eliminated. Such an operation fo rms  a sound theoret ical  bas i s  on 
which to develop a portablc-type holographic in ter ferometr ic  tes ter .  Several 

i'
aerospace  /instrumentation manufacturers  have been developing equipment 
along these  l ines.  However, the pulsed holographic in te r f i romet r i c  opera-  
tion h a s  seve ra l  drawbacks. The mos t  objectionable, at least  for holographic 
NDE, i s  the laclc of a r e a l  t ime capability. The interferographic image i s  
formed ei ther  a s  a t ime  average o r  a double exposure image. The loading 
condition cannot be adjusted during set-up operations. Other drawbacks 
include the difficulty in  operating and controlling a pulsed l a s e r  compared 
to continuous-wave gas  l a s e r s .  Another drawback i s  the inherent s ize  of 
the l a s e r s .  They a r e  normally too l a rge  physically to  be  pract ical  for 
portable operations.  Development of sma l l e r  high powered l a s e r s  i s  
progressing,  however. 

P rac t i ca l  approaches to implement portable continuous-wave holo- 
graphic in ter ferometry  a r e  a s  follows: 

1. 	 Develop a light collecting capability such a s  the use of l a rge  
F r e s n e l  lenses  to  condense the object beam after reflection 
and diffusion f rom the object. This allows shortened exposure 
t imes .  When a continuous wave sys tem is used with exposures 
in the 0.  0 1 to 1 millisecond range, the majori ty  of the  vibration 
isolation requi rements  a r e  removed. 

Develop the concept of double reference  beams to allow quadratic 
t r ans  formation of the s tored holographic images. Surface 
movements in  excess  of 200 microinches can then be tolerated. 
This  technique, which has only recently been devised, greatly 
reduces the cr i t ical i ty  of the loading ope ration. Maximum 
load conditions can be applied without the restr ic t ion that 
interference fr inges form.  It  should be noted that maximum 
load conditions occur  a t  a very low level such a s  surface heating 
of no more  than 20 degrees  Fahrenheit .  These the rmal  loads 
could not cause  in terna l  damage and do not approach proof 
loading ranges  . 

The portable holographic s y s t e m  i s  operated in a manner s imi lar  to 
that used for facilitized operations.  The f i lm s t r i p  i s  sent to a development 
and interpretation laboratory.  For  portable operation, the holographic sys -  
t e m  i s  indexed over the workpiece ra ther  than moving the workpiece itself. 
Application of holographic NDE methods to Space Shuttle vehicles during 
turnaround mus t  be predicated on the application of thin-skinned outer panel 
s t ruc tures .  Original baseline configurations projected extensive use of 
Haynes 188, Rene 41, sil icide coated columbium, and reinforced pyrolyzed 
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plast ic ,  etc. , a s  diffusion bonded, cor rugated  or  s t resskin- type s t ruc tures .  
I 

Reusable ex terna l  insulation in  the f o r m  of porous ce ramic  blocks with a 
thickness of inches r a the r  than m i l s  o r  thick ablator s t ruc turgs  do not lend 
themselves as well  to  holographic N D E  techniques. Laboratory evidence 
indicates that holographic in te r ferometry  i s  direct ly  applicable .to thin- 
skinned s t ruc tu res  for the detection of subsurface unbonding, s t ruc tura l  
m a t e r i a l  weakness,  and (of the g rea te s t  importance),  to give information on 
the at tachment  of the panels to the substructure.  The feasibility of achieving 
high-speed operation is m o s t  promising. Holographic interferometry is a 
relat ively new NDE technique and can  benefit f rom method improvement and 
development. 

P r e s e n t  Shuttle t e s t  panels a r e  often sma l l  and not s t ructural ly  con- 
figured. Some resu l t s  of testing on the m o r e  applicable l a rge r  tes t  specimens 
i s  presented  in Appendix A. As l a r g e r  and m o r e  var ied  tes t  panels a r e  made  
and developed into s t ruc tu ra l  configurations, m o r e  appropriate  and extensive 
testing can  be done to  establ ish experimental  verification data. 

Specialized Applications of Holographic In ter ferometry  

The  labor efficiehcy loss  inherent  in inspection operations 
when compared  to  facil i t ized operations has  prompted minimal  usage of 
portable equipment. In actual  pract ice,  the labor loss  resu l t s  in effort th ree  
to  ten t imes  g r e a t e r  for  portable  operations.  At the s a m e  time, Shuttle 
operations specify minimal  d isassembly  during turnaround. The solution to 
resolution of these  conflicting requi rements  has  been identified and l ies  in 
the implementation of on-board checkout procedu,res. The ready access  of 
the outer the rma l  protection shield for  inspection makes  removal  of the panel 
a f te r  every  flight impract ical .  Hence appropriate  NDE techniques for these 
panels should be portable  in  a facil i t ized manner .  The question of whether 
-the examination should be a v isua l  one for discoloration o r  fretting, o r  a 

sophisticated NDE technique such a s  holographic interferometry,  has  not 

been decided yet. 


7 
The extension of holographic in te r ferometr ic  techniques to de termina-  

tion of c r e e p  and s t ruc tu ra l  relaxation within Shuttle vehicles would be a 
na tura l  extension for  this developing technology. As an  on-board technique, 
a r e a l  t ime technique could be employed by permanently fixing sma l l  holo- 

\-

graphic f i l m  s lots  in appropr ia te  locations. A holographic sys t em would be 
bolted into place and a re ference  hologram exposed. After an  appropriate  
number of flights, a l a s e r  of sufficient power would once again be attached 
to the s t ruc tu re  and the object field viewed with r e a l  t ime fringes. Metallic 
s t ruc tu ra l  c r e e p  and relaxation should be detectable and measurablc  f rom 
the fr inge pat terns .  Such a technique might  even be applicable for in-flight 
monitoring when used with a f iber  optics vidicon system. 



. Initial development effor t  should center  around ground engineering 

tes ts .  F igure  28 i l lus t ra tes  such a n  approach. 


Another holographic in te r ferometry  spec ia l  application ,is that involving 

inspection of in te rna l  t he rma l  insulation in tankage. The possibility of using 

internal  insulation is being considered for possible  application to LH2 p r o -  

pulsion tanks. The insulation i tself  i s  readily access ib le  to a var ie ty  of NDE 

methods,  principally acoust ic  methods such a s  acoustic impact, acoustic 

resonance, sonic brush,  etc. These  techniques a r e  slow, ineffective and 

possess  inherent sensi t ivi ty  l imitations.  The possibility of applying holo- 

graphic in te r ferometry  is plausible but difficult. A holographic sys t em 


, 	 would bolt on to a manhole opening a s  shown in  F igure  29. Double exposure 
holographic interferog.rams a r e  made  over the complete inside sur face  using 
maximum a r e a  coverage of 25 squa re  feet  to 200 square  feet  in  each exposure. 
The holographic loading technique would be to apply a slight vacuum between 
exposures,  s a y  one exposure a t  1.0 a tmosphere  absolute and the second 
exposure a t  0. 7 (es t imated)  a tmospheres .  

The operation would be s imi l a r  to  that now used to examine the inside 

c o r e  of t i r e s  using holographic interferometry.  That i s ,  the sys t em would 

index a'round the inside surface.  The  na ture  of the in te rna l  insulation, a 

coated foam, would lend itself  well to this type of inspection. One could 

reasonably expect to find coating b l i s te rs"2  inches o r  g rea te r  in diameter ,  

delamination in  the foam, 4 to  6 inches in diameter ,  and c r a c k  and c razed  

foam conditions caused by cryopumping. Because the tes t  object surface i s  

quite f a r  in genera l  f r o m  the holographic sys tem,  l a rge  F r e s n e l  lenses  would 

have to be used  to shape the object beam. 


Anticipated problems include the need to  compensate the reference beam 

distance f o r  changes in the object beam distance, vibration problems, and 

pro6ably a higher l a s e r  power requirement .  Also a relatively shor t  exposure 

t ime, 0.1 seconds (est imated) ,  m a y  be necessary .  The opening for the holo- 

graphic sys t em m a y  have to  be relat ively large,  say  2 feet by 5 feet ,  and 
 1 
should be located ei ther  on the longitudinal o r  ve r t i ca l  b isec tor  of the tank. 
Development of such a technique m a y  be  difficult in that fa ir ly  l a rge  vacuum 
tankage would be necessary .  If this tankage i s  of the double o r  t r ip le  bubble 
concept, the problem becomes even m o r e  difficult. The benefits f r o m  such 1 
a n  approach m a y  be rea l ized  f r o m  an examination of the inspection speed and, 

" of course ,  they a r e  predicated on the establ ishment  of a rea l i s t ic  need (engi- 

neer ing requirement)  to  inspect  such insulation for repeated usage. pe rhaps  

the t e s t  subject should be examined af te r  every  ten detankings (estimated).  


Based on a 4000 -square-foot  in te rna l  a r e a ,  sonic brush  inspection 

would requi re  400 manhours .  This  f igure is based  on being able to  do 

10 squa re  feet  p e r  hour  which i s  somewhat optimistic i f  a conscientious effort  


- 4 2  -
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Figure 28. Holographic Engineering Tes t  Facili t ies 
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i s  to be made. It would be rea l i s t ic  to  expect to  be  able  to accomplish the 
s a m e  task in for ty hours  doing i t  holographically. This figure i s  based on 
only four shots  p e r  hour covering only 25 squa re  feet each. .Both these . 

f igures  a r e  conservat ive,  and the possibil i ty of completing the inspection i n  
four hours  i s  well within the r e a l m  of plausibility. The application h e r e  is 
ambitious but dese rves  fur ther  study. 

With insulation attached direct ly  to  the outside of the tank, i t  i s  diffi- 
cult  t o  determine the condition of the insulation itself. P r o p e r  on-board 
techniques should be  employed. However, the condition of the bondline is 
normally readi ly a s s e s s e d  using pulse-echo ul t rasonic  methods in a portable 
operation occurr ing inside of tank. 

ELECTROMAGNETIC TECHNIQUES 

Eddv Cur ren t  Thickness  Garzing 

Eddy cu r  r en t  NDE methods involve establishing an  electromagnetic 
field in the metal l ic  s t ruc tu re  r a the r  than t ransmit t ing radiation through it. 
Hence, eddy c u r r e n t  techniques evaluate the near  sur face  of a workpiece. 
Eddy c u r r e n t  devices can  detect and m e a s u r e  the depth of c racks ,  m e a s u r e  
the thickness of m e t a l  shee ts  and coatings on meta ls ,  and determine the 
e lec t r ica l  res i s t iv i ty  of m e t a l  s t ruc tu res  (which can often be interpreted a s  
m a t e r i a l  proper t ies  such a s  the heat  t r e a t  condition or  alloy composition). , 
A wide range of commerc ia l  devices i s  available, many of which can  be  used 
for  s e v e r a l  of the functions mentioned. In cus tom installations, eddy cu r ren t  
devices can be  C-scanned o r  used to cont ro l  a sor t ing operation by being 
scanned o v e r ~ 1 0 0  percent  of the sur face  of tube, sheet,  and b a r  stock. 
Extremely high speeds can  be  achieved. However, m o s t  of these installations 

- -.a r e  designed to  handle wrought s tock and would not be applicable to complex 
iand varying finished hardware.  
I 

F o r  Shuttle turnaround operations,  i t  i s  bes t  to think in t e r m s  of point 

'Q 	 measuremen t s  r a the r  than total  a r e a  scans .  F o r  s t r e s sk in  composites and 
other ma te r i a l s  which a r e  only access ib le  f r o m  one side, eddy cu r ren t  
devices provide a convenient means  to  make  sample measurements  of thick- 
ness .  They a r e  sui ted for  the range below 0. 020 inches where digital u l t ra -  . 	 sonic thickness gages cannot operate  due to wavelength and nea r  field 
l imitations.  Determination of coating thickness can  in  most  c a s e s  be made. 
Eddy cu r ren t  thickness gages cannot be  applied to me ta l  coatings on a me ta l  
subs t r a t e  when the difference in e lec t r ica l  resis t ivi ty  is small .  Typically, 
gold plate thickness on copper cannot be measured  with eddy cu r ren t  devices. 
Here ,  the e l ec t r i ca l  res i s t iv i ty  difference is l e s s  than 20 percent  and the 
e lec t r ica l  conductivity is quite high, s o  penetrat ion i s  low, However, nickel 
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platings on i ron  a r e  readi ly measured ,  with the resis t ivi ty  difference being 
slightly g rea te r  than 20 percent.  Eddy c u r r e n t  instruments  provide a con-
venient means  of verifying the thickness of coatings and thin me ta l  facing 
sheets .  t 

Eddy Cur ren t  F law Detection 

Current ly  available eddy c u r r e n t  flaw detection and measurement  
devices provide a convenient means  of measur ing  the depth and extent of 
c r a c k s  detected by the on-board ul t rasonic  and acoustic emission systems.  
Because of the g r o s s  effect of holes,  r ibs ,  and the proximity of other 
metal l ic  s t ruc tu res  in s t ruc tu ra l  configurations, eddy c u r r e n t  flaw m e a s u r e -  
ment  techniques m u s t  be  developed on an individual basis.  

Some Shuttle ma te r i a l s  a r e  in  the low conductivity range below 10 LACS. 
Hence, the operating range of the eddy c u r r e n t  equipment mus t  be carefully 
specified to  provide capability below this l imit .  

When detailed design knowledge becomes available, a r e a s  where eddy 
c u r r e n t  development would be useful and appropriate  can  be  specified. The 
p r i m a r y  eddy c u r r e n t  p a r a m e t e r s  a r e  coi l  diameter  operating frequency and 
coi l  inductance. Too often the commerc ia l  equipment manufacturers  a r e  
reluctant to provide flexibility i n  these  a r e a s .  However, some  v e r y  excellent 
var iable  frequency equipment i s  now becoming available. Because the probes 
(packaged coil) a r e  c r i t i ca l  with r e spec t  to  operation and a r e  influenced by 
many l e s s  important  fac tors  such a s  coi l  insulation potting mater ia l ,  etc., 
the probe design is often propr ie ta ry ,  and cus tom coi ls  can be  difficult to  
specify. The p r i m a r y  coi l -probe relationships a r e  well known. 

Typically 
A 


phase velocity v = ( 4 ~ r£ /up)  112 

self inductance L = K (n2 A l l  ) ' 
0 

I 
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involving 

f = t e s t  frequency 

y = permeabil i ty  

' cr = conductivity 

D = coi l  d iameter  

n = number of turns  

Ho = excitation field s t rength I 
f 

Capability for providing proper ly  designed coi ls  for par t icular  applications 

can  be  v e r y  useful for eddy c u r r e n t  defect detection and analysis.  


Poss ib le  a r e a s  for  eddy c u r r e n t  applications r e sea rch  a r e  ill defined, 

but possibil i t ies include measuremen t  of si l icide coating thickness on 

r e f r ac to ry  alloys. Initial studies in this a r e a  were  discouraging, but l i t t le 

sophistication was attempted. The r e a l  problem appears  to center  ar'ound 

the fact  that the interface i s  poorly defined and sil icide coatings a t  the t ime 

of these studies were  not uni form and. homogenous. Interdiffusion occurs  in 

the s i l ic ide-coated r e f rac to r s  during usage a t  high temperature.  This com- 

pl icates  eddy c u r r e n t  application s tudies  and even r a i s e s  r e a l  questions a s  to 

what i s  rea l ly  meant  by  the thickness of the diffused coating. 


Carbon-carbon sys t ems  rep resen t  another a r e a  where eddy cu r ren t  o r  
perhaps,  m o r e  appropriately,  radiofrequency field probes m a y  have applica- 
tion. An N D E  technique for measur ing  parent  ma te r i a l  thickness and coating 
thickness should be developed for these  reinforced pyrolyzed plastic ( R P P )  , 
ma te r i a l s .  The e lec t r ica l  conductance of these mater ia l s  is quite low-about 
0.05 percent  LACS and no commerc ia l  eddy c u r r e n t  equipment extends beyond 

1 percent  LACS. However, finished R P P  mate r i a l s  a r e  expensive and not 


4 
readily available,  development p rograms  in the field of R P P  mate r i a l s  

r e s e a r c h  should a l s o  include prac t ica l  NDE development. 


Radio Frequency Techniques 

F r o m  a theore t ica l  standpoint, R F  N D E  meth0d.s a r e  a s  applicable to 

nonmetals a s  eddy c u r r e n t s  a r e  to  meta ls .  Radio frequency equipment to  . 


m e a s u r e  mois tu re  content i s  commerc ia l ly  available. Metal proximity 

devices have been used to  m e a s u r e  foam thicknesses  on metal l ic  substrates .  

High voltage R F  probes  a r e  commonly used to  locate vacuum leaks in gla'ss 

sys tems.  The  feasibi l i ty  of using these  high voltage probes to detect pinholes 
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and c racks  in sil icide-coated r e f rac to r i e s  has  been experimentally examined. 

It appears  that the p resen t  coatings with their  fine mic roc rack  s t ruc tu re  a r e  

ex t remely  porous. In fact,  a f te r  water  soaking, the coating i s  e lectr ical ly  

conductive to the subs t ra te .  If this condition i s  to be  represent ive of the 

s i l ic ide coating used  on Shuttle vehicles,  then i t  would be feasible to develop 

a low voltage R F  leak c u r r e n t  technique to  m e a s u r e  the amount of cracking 

in sil icide coatings . 


< 

R F  dielectr ic  probes have been used  to m e a s u r e  the quality of the 

ma te r i a l s  which go into the RE1 manufacture.  (See Figure  30.) The use  of 

R F  devices to  m e a s u r e  thickness and mois tu re  build-up in RE1 s t ruc tu res  

during turnaround will be  available soon with some laboratory development 

effort. 


THERMOGRAPHY I 
tLiquid Crys ta l  Techniques , 

t 
. Applications development r e s e a r c h  using liquid c rys t a l s  a s  an  NDE 


method has  been pursued by many companies.  The p r ime  motive for this 

intense effort has  been the possibil i ty of achieving a high-speed, low-

resolution NDE t e s t  method. The  high-speed possibil i t ies a r e  due direct ly  

to the abili ty of liquid c rys t a l s  to  cover  l a rge  a reas .  Thermal  NDE methods 

a r e  inherently low speed. That  i s  t o  say, i t  takes t ime to t ransfer  heat. '
' 

Diffusion and t r anspor t e r  phenomena a r e  involved. Heat t rave ls  slower than 

sound o r  X - r a y  radiation and i s  h a r d e r  to  control  and direct.  However, i f  a 

l a r g e  a r e a  can b e  examined a t  one t ime, the slow interaction t ime i s  

dwarfed by the amount of a r e a  which i s  covered  a t  one time. The recent ly 

developed f i lms of encapsulated liquid c rys t a l s  have £urther  st imulated 

t he rma l  NDE r e s e a r c h  because  the films a r e  eas i e r  to handle and to use  than 

the sprayed  or  painted liquid c r y s t a l  application techniques. 


T h e r m a l  NDE techniques a r e  bes t  applied to active heat s0urce.s. This 

i s  reflected in present  usage where the m a j o r  applications a r e  in the elec-  

t ronic  module /c i rcu i t  board  field and in  examination of hea ter  blankets, s team 

' l ines ,  e lec t r ica l ,  junction boxes, etc. F o r  application to  a passive s t ruc ture ,  

the the rma l  conductivity m u s t  be  low enough to minimize l a t e ra l  thermal  

diffusion but yet high enough to pump heat  through the s t ructure.  This useful  

range is est imated to  b e  between 0. 1 and 15 B T U I h r l s q  f t /F / f t .  


The higher conductivity l imi t  i s  p r i m a r i l y  related to  the the rma l  t r a n s -  

f e r  coefficient a t  the s t r u c t u r e l a i r  interface,  whicfi i s  normally 3 to  30 BTU/hr  

it2 F. Many Shuttle ma te r i a l s  fa l l  in the c o r r e c t  t he rma l  conductivity range, 

including titanium, Haynes 188, Inconel 71 8, etc. Because the rma l  NDE' 
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techniques a r e  basically sur face  techniques, resolution of deep defects i s  not 
possible.  It has  been commonly postulated that a defect must  have a mini-  
m u m  dimension a t  l e a s t  twice the depth f r o m  the surface.  The . t iue fuctional 
relationship is considerably m o r e  complicated than this  l inear  " ru le  of thumb." 

Typical applications r e s e a r c h  has  been d i rec ted  toward thin-skinned 
honeycomb s t ruc tu res  and other sandwich- type composites. The  m o s t  s e v e r e  
and press ing  problem has  been the availabili ty of uniform heat  sources  and 
sinks.  In theory, a wide var ie ty  of defects  should be resolvable i f  enough 
heat  can be  t ransmi t ted  through the s t ruc tu re  in the c o r r e c t  direction. 

Experimental  data relevant to  using the rma l  NDE methods on the Shuttle 
s t ruc tu res  i s  presented  in Appendix A. Feasibi l i ty  of application has  been 
shown. Honeycomb ce l l  walls a r e  vis ible  and defects in candidate the rma l  
protection shield (TPS) ma te r i a l s  a r e  shown in F igure  31. 

Infrared Scanning 

Where in f ra red  the rma l  NDE techniques appear  to be applicable to 
Shuttle turnaround operat ions,  they will be considered. Shuttle vehicles will 
land with a hot ex terna l  TPS. The hea t  loads .and tempera tures  impos-ed on . 

these mate  r i a l s  during atmospheric  en t ry  a r e  a ma jo r  concern. Certainly, 
the sur face  tempera tures  and the rma l  pa t te rns  will be of in t e re s t  to engi- 
neers .  The possibil i ty of detecting broken thermal  isolator  standoffs f o r  the 
TPS i s  good. Infrared scanning of the hot outer  Shuttle skin just  af ter  and/or  
p r i o r  to landing i s  s i m i l a r  to active thermal  NDE techniques. (See 
F igure  32 .  ) It i s  a l so  reasonable to think in t e r m s  of determining which 
panels and s t ruc tu res  were  exposed to the seve res t  thermal  environment. 
These panels perhaps should be subjected to g rea te r  scrutiny. Conventional 
means  would be used to accomplish this,  and these means were  discussed 
and evaluated in the P h a s e  I report .  

Another method to enhance the information gained f r o m  thermal  testing 
i s  to introduce the t ime  variable .  When in f ra red  (IR)  scans  a r e  made a t  
different t ime intervals ,  a g rea t  dea l  m o r e  information can be made available. 
F o r  example, i f  a panel was a t  t empera tu re  T1 and one hour l a t e r  was a t  
tempera ture  T2,  (T1 > T2 > (ambient  tempera ture) ) ,  data can  b e  accumulated 
describing hea t  dissipation. It then follows that confidence in the knowledge 
of a broken standoff would be grea ter .  This  conclusion i s  supported by  NDE 
data showing slow cooling, a s  opposed to basing the conclusion on the fact 
that the panel is hot te r  than expected. Labora tory  experimentation on s m a l l  
t e s t  samples  is relat ively meaningless  for establishing feasibil i ty and tech- 
nique l imitations for  this application. Operational evaluation during the 
flight tes t  p r o g r a m  would quickly r evea l  the usefulness of such a technique. 
Some theoret ical  analyses  would be appropr ia te  to  f o r m  a bas is  on which to 
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Figure 3 1. Liquid C rystals-Honeycomb Cell Structure 
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operate  and to  establ ish what should be expected and what to  look for. Once 
the detailed vehicle geometry and ma te r i a l s  a r e  established, the feasibility 
of using t ime-integrat ion the rma l  scanning techniques a s  a b a s i i  f r o m  which 
to estrapolate  ac tua l  r een t ry  conditions using mathematical  modeling tech- 
niques would be possible.  

It should be noted that the g rea te r  the TPS  insulating propert ies ,  the 
? 	 l e s s  appropriate  such t h e r m a l  techniques become. A perfect  insulator might 

make  the design of the c r e w  and passenger  a r e a s  and cryogenic tanks l e s s  
difficult, but would c ' reate  other design problems such a s  TPS cooling, etc. 
Hence, the TPS  s t r u c t u r e  will probably be  moderately insulative and would 
be m o s t  responsive to  in f ra red  scanning. 
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SHUTTLE SYSTEMS APPLICATIONS . 
CRYOGENIC SYSTEMS 

Cryogenic t anks  tha t  a r e  repeatedly subjected to high s t r e s s  Loads, 
super imposed  vibrat ions ,  and t h e r m a l  cycling m u s t  be careful ly  designed, 
fabr ica ted ,  and tes ted  to maintain  adequate s t r u c t u r a l  in tegr i ty  to accomplish 
a specif ic  s p a c e c r a f t  miss ion .  To a s s u r e  that  the s t ruc tu re  re ta ins  this 
adequate in tegr i ty  during u s e ,  a n  insta l led monitoring s ys tern i s  e s s  ential. 
The magnitude of the testing o r  checkout problem for  l a rge  tankage makes 
the u se  of a n  automatic  moni tor ing instumentation sys t em neces sa ry  to allow 
the accompl i shment  of requi red  inspect ions  i n  a reasonable  period of time. 
F u r t h e r m o r e ,  l imited o r  difficult a c c e s s  to  ce r t a in  a r e a s  makes  the use  
of built-in provis ions  impera t ive  to r e v e r i f y  s t r u c t u r a l  in tegr i ty  a f t e r  
fabr icat ion has  been completed.  Studies a r e  being conducted to define and 
s e l e c t  advanced nondestruct ive testing techniques which will give informa-  
tion about  the s t r u c t u r a l  in tegr i ty  of c r i t i ca l  vehicle m e m b e r s  such a s  high- 
s t r e s s  weldment  a r e a s ,  t he rma l  insulation,  etc. The se lec ted  techniques 
have the feasibil i ty of being incorporated into a n  on-board insta l led sys tem.  
After  se lec t ion  of the m o s t  appropr ia te  techniques, one o r  m o r e  will be 
tes ted under labora tory  conditions to de te rmine  i t s  response  to a previously 
es tabl ished defect  c r i t e r i a .  The s y s t e m  o r  s y s t e m s  that  respond adequately 
to  defect  c r i t e r i a  and indicate  the m o s t  potential  for  a n  on-board s t ruc tu ra l  
moni tor ing capabil i ty will  be a s s  embled into a prototype s ys tem and tested 
on a l a r g e  tank under r ea l i s  tic environmental  conditions. 

The extension of cryogenic  tankage to  long durat ion miss ions  s ugges ts 
that  the uti l ization of on- board s y s  tems to m e a s u r e  the s t ruc tu ra l  in tegr i ty  
of cryogen?c s to rage  containers  m a y  provide impor tan t  informat ion re levant  
to var ious  possible  m i s s i o n  a l te rna t ives .  The development of such  measur ing  
techniques w i l l  probably be r equ i r ed  for Shuttle and space  s ta t ion operation.  
As m i s s i o n  durat ion i s  extended even fur ther ,  such techniques will become 
a necess i ty ,  'with 'development of in- f l ight maintenance and repair ' .  

k 	
The p r e s e n t  s t a t e -o f - the -a r t  with r e s p e c t  to on-board s y s t e m s  is quite 
l imited.  In o r d e r  to achieve re l iab le  and meaningful s t r u c t u r a l  in tegr i ty  
a s se s , smen t  i t  i s  impor t an t  that development  i n  this field be acce le ra ted .  -

Three  approaches to p rob lems  of on- board s t ruc tu ra l  integrity checkout 
can  be recognized:  

1. 	 Operational e lec t ron ic  checkout - widely used for  e lectronics  and 
fluid s ys t ems .  
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2.  	 Nondestructive tes t ing i n  space  - es  s entially proposes  using 
those conventional techniques .which can be used i n  space  
(man-opera ted  and in te rpre ted) .  -

3 .  	 On-board sys  tems  - essen t ia l ly  a combination of the above but 
with nondestruct ive techniques which can be adapted to automated 
non- manual  operation.  

i? Because of the ex t r eme  usefulness .of visual  inspection,  the adaptation 
'of f iber  opt ics  through an e lec t ron ic  l ink ' s e e m s  m o s t  a t t ract ive.  Such 
devices a r e  not  now available but c l ea r ly  within the g r a s p  of p r e s e n t  

-? technology. 

i~ h ;  creaking and crackl ing of cryogenic  foam s t ruc tu re s  during 
cryogenic  tanking i s  audible to  the unaided e a r .  The feasibil i ty of using 
acoust ic  emis s ion  techniques t o  de t e rmine  on a s ta t i s t i ca l  basis  the 
occu r rence  of cracking i n  foam insulation i s  promising.  Using the me ta l  
load-bearing s t r u c t u r e  a s  a sounding board,  l a r g e  a r e a s  could be monitored. 
The s igna l  levels  would be significantly higher  than those encountered i n  
acoust ic  emis s ion  monitoring of meta l s  under high s t r e s s .  Most  probably, 
the emiss ions  f r o m  the foam will be quite sporad ic ,  perhaps allowing 
monitor ing of the me ta l l i c  high s t r e s s  a r e a s  a lso.  

The feasibi l i ty  of extending p r e s e n t  thermocouple and cryogenic flow 
m e a s u r e m e n t  techniques to a network which might  d i rec t ly  r evea l  the 
insulation functionality of the cryogenic s to rage  container i s  being inves ti-
gated i n  other  s tudies  and des e rves  consideration.  

F r o m  the above suggested techniques, i t  m a y  be s u r m i s e d  that  high 
emphas is  i s  placed on developing g r o s s  techniques.  The need to achieve 
comple teness  ye t  maintain  low-weight r equ i r emen t s  has prompted this 
approach.  With inc reased  sophis t ication and in-use  experience,  development 
of spo t  techniques w i l l  become important .  

4 The usefulness  of impa i r ed  scanning techniques around cryogenic 

liquid s ys tems  i s  another  t he rma l  NDE application.  The feasibil i ty of 

i n s p e ~ t i ~ g 
the cryogenic  liquid t r ans fe r  l ines i s  a l s o  a reasonable  application. 

9 The inves t iga tor  would be working with the nea r - toe  of  the emit tance 

curve of F igu re  3 3 .  Subsur face  defects can  be  detected i n  th i s  manner .  

F igu re  34 shows the in f r a red  f i lm detection of s q u a r e  unbonds i n  a phenolic 

honeycomb panel  (20-mi l  thick facing shee t ,  1/4-inch to 2-inch s q u a r e  

unbonds). In f ra red  f i lm  i s  e a s i e r  to  work with than i n f r a r e d  scanners ,  but 

the ma jo r i t y  of the applications a r e  based on ref lected light r a t h e r  than on 

emit tance.  
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Figure 3 3 .  Toe of LR Emittance Curve 
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F i g u r e  34. IR F i lm-Detec ted  Unbonds 
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SILICIDE- COA TED R E FRACTORIES 


Stimulated e l ec t ron  emis s ion  radiography and the use  of 2adioactive 
labell ing has been investigated to de te rmine  s i l ic ide coating quality. The 
, techniques provide labora tory  evaluation da ta  which h a s  be en inst rumental  in 
identifying appropr ia te  process ing  techniques and ma te r i a l  composition. 
Stimulated e l ec t ron  e m i s  s ion  r equ i r e s  clos e f i lm- to- s i l i  cide- coating vacuum 
hold- down techniques. Methods to implement  thes e techniques and isotope 
tagging autoradiography a r e  shown i n  F igu re  35. Both thes e techniques 
provide useful m a t e r i a l  composit ion and thickness informat ion on si l icide- 
coated panels which have undergone s imula ted  en t ry  t he rma l  cycles.  The 
da ta  co r r e l a t e s  wel l  with e lec t ron  mic rop robe  analysis .  

Because of l imited application,  i t  does not appear  that  commerc i a l  NDE 
ha rdware  will r e s u l t  f r o m  this method and custom facil i t ies would be required.  
When r ea l i s  t ic ma te r i a l i s  t ic turnaround requi rements  can be established for  
the s i l ic ide coating, high-speed NDE methods can  be developed. I t  has been 
found that  beta backsca t te r  techniques can be used to m e a s u r e  oxygen con- 
centrat ion i n  the coating. Low energy  sou rces  a r e  n e c e s s a r y  and the 
accu racy  i s  low and i l l  defined. The questions of how deep to go into the 
su r f ace  and what kind of ave rage  value the readings indicate would have to be 
examined i n  m o r e  definitive s tudies. Pene t ran ts  under high s t e r eos  copic 
magnification (about  200  t imes )  show the m i c r o c r a c k  s t ruc tu re  and a l s o  
indicate the p re sence  of holes o r  tunnels i n  the coating. The mic roc rack  
s t r u c t u r e  appea r s  to become filled with oxides while the tunnels grow l a r g e r  . 

S e e  F igu re  36. 

High-frequency u l t rasonic  s h e a r  and su r f ace  wave techniques should be 
considered for  measu r ing  c r a c k  depth, providing the mic roc rack  s t ruc tu re  
becomes l e s s  c lu t te red ,  that  i s  having fewer  c racks .  However, p r e s e n t  
r e s e a r c h  s e e m s  to indicate that  a f iner  m i c r o c r a c k  s t r u c t u r e  is des i rab le  
r a t h e r  than trying to e l iminate  the c r acks .  X- ray  f luorescence could be 
applied to de t e rmine  chemica l  composit ion and coating segregation.  All the 
NDE methods p re sen t ly  applicable r equ i r e  extensive development for turn- 
around application. The techniques a r e  inherent ly  s low and r equ i r e  highly 
t ra ined inves t iga tors .  I t  i s  s o m e w h a t  of a misnomer  to cal l  them inspection 
techniques a t  this t ime.  

F o r  turning the Shuttle vehicles around within two weeks with p r e s e n t  
s i l ic ide-  coated columbium inspect ion technology, two r a the r  unreasonable  
approaches a r e  avai lable .  A t eam of inspec tors  can  visually examine the 
skins  for spall ing and indications of white and yellow oxide par t ic les  and 
perhaps h i t  the panel  with a rubber  m a l l e t  to s e e  i f  i t  f r ac tu re s .  Al terna-
tively, the panels  could be removed and a new s e t  installed.  The old s e t  
would then be inspected and verified for  f l ight worthiness between a l te rna te  
flights. The p rob lems  a r e  s e v e r e  and perhaps  i t  i s  m o r e  cos t  effective to 

1 
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Figure 36. Penet rants  on Silicide Coatings 



Space Division 
NorthAmer~canRockwell 

examine the panel s t ruc tu ra l  s t rength  using holographic in te r ferometry  o r  

a t tempt  to develop a coated r e f r a c t o r y  ma te r i a l  requiring Little examination. 


REINFORCED PYROLYZED PLASTIC t 


f 
Reinforced pyrolyzed plast ic  ( R P P )  t e s t  specimens were  not available 1 

during the per formance  of this study. In the nea r  future,  samples  will be i 
* 	 available and NDE development initiated. Because R P P  i s  a thin mater ia l ,  I 

about 0; 060 inches,  with a thick coating (0. 003 inches),  i t  should respond 
well to a l a r g e  var ie ty  of NDE techniques. Digital ultrasonic thickness gages 
can  b e  used to  m e a s u r e  the overa l l  thickness.  Penet rants  should be able to 

.\ 	 detect  c r a c k s  in the coatings. Radiofrequency ( R F )  dielectr ic  probes could 
detect  r e s in  loss ,  the amount of res idual  reinforcing mater ia l ,  and absorption Iof mois ture .  Modified eddy c u r r e n t  and R F  techniques should be applicable 
for  measur ing  coating thickness.  Holographic in te r ferometers  can detect 1i 
s t ruc tu ra l  weaknesses caused by c r a c k s  or  ablation of mater ial .  Micro X - r a y  
techniques should provide useful data on porosi ty  and micros t ruc ture .  Neutron 
radiography provides a means  of determining changes in  the residual  hydrogen 
of the pyrolyzed hydrocarbon resin.  Ultrasonic techniques should yield I 
interest ing data about porosity,  reinforcing m a t  alignment, an'd delamination. 
The  R P P  m a t e r i a l  should respond well to the rma l  NDE for  detecting l a rge  
delaminations. Naturally, these  suppositions m u s t  be experimentally verified, 
appropriate  NDE techniques for turnaround operatione selected, and appro-  
p r i a t e  data display methods developed. 

REUSABLE EXTERNAL INSULATION I 
Thick porous c e r a m i c  m a t e r i a l  attached to metal l ic  subs t ra tes  and 1 

coated with a densified quartz-f iber  m a t  r ep resen t s  another high-temperature 
m a t e r i a l  being considered for  Shuttle application. RE1 microwave and R F  
tecLniques a r e  considered p r i m e  candidate techniques. Wide field me ta l  
proximity R F  gages can  be used to m e a s u r e  the total  thickness, and shor t  I 
field capacitance R F  devic,es should be ab le  to determine the quantity of 
coating. Oxygen penetration and chemica l  composition changes can  be detected 

d 	with X- ray  fluorescence. Low frequence ul t rasonic  sca t t e r  methods based on 
the delta technique dese rve  attention. Moisture accumulation can be.detected I 
with R F  devices or  microwave techniques. Holographic interferometry can 1." 

b e  expected to  detect s t ruc tu ra l  weaknesses  caused by extensive cracking and 

in te rna l  damage. Definitive s tudies  of appropr ia te  turnaround NDE methods 

should be predicated on experimental  r e su l t s  based on the above analyses.  

Engineering analyses  to define turnaround requirements  for this m a t e r i a l  a r e  

in  the development stage. F i g u r e  37 shows a radiograph of RE1 mater ial .  
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Figure  37. Radiograph of RE1 Mater ia l  
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DATA INTERPRETATION AND MANAGEMENT 
1 

A m a j o r  concern of this  study has  been the establishment of methods 

? which minimize opera tor  dependence, opera tor  training, and thc need for  
. opera tor  judgment. Completely automated on-board techniques a r e  the 

m o s t  desirable .  This  can be  achieved basical ly  in th ree  ways a s  follows: 

1. 	 Computer automation ( r e a l  t ime computer .links) 

2. 	 1nstrument.automation ( i .  e . ,  go no-go lights) 

3 .  	 Instructional automation (s tep-by-step instructions with 

pictures  of a l l  possible r e su l t s )  


Only the constraint  of cost  i s  of importance relat ive to  the mix  of these 

techniques. All a r e  achievable with existing technology. However, none 

a r e  available a s  off-the-shelf hardware.  A successful  fully-automated 


b
operation must  concern itself with the m a r r i a g e  of three  disciplines: NDE, 
instrumentation avionics,  and computerization. The general  relationships 
of the important  underlying cost  f ac to r s  a r e  indicated in Table 1. 

Table 1. Type and Cost  of Automation 

Development Cost hnplementation Costs  

Type of Operational 
Automation Labor  Equipment Labor Equipment Labor 

Computer Moderate  Moderate  Moderate High Low 
Instrumentational Low High Low Moderate Moderate 
Instructional High Low Moderate Low High 

Computer automation would typically involve a signal converter,  	 a 
data  c o m p r e s s o r s ,  and digi ta l izers .  F o r  on-board sys tems,  the information- 
would then be  bused onto a common signal l ine through a multiplexer where . . 
i t  would be analyzed by the on-board computer,  entered into an ea r th  station 
t e l eme t ry  sys tem,  o r  be s to red  in . the  flight record.  GSE equipment would 
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take the digitized data,  probably e i ther  on punched ca rds  o r  magnetic tape, 
and feed i t  to a l a rge  computer which converts  i t  to specific repa i r  s ta tus ,  
i. e . ,  replace,  acceptable "as  i s ,  " e tc .  This  would compress  the present  
interpretat ion p r o c e s s  f r o m  hours  to  a few minutes  and, m o r e  importantly, 
eliminate arguments  over the interpretat ion of the resul ts .  h computer 
would a l so  schedule and d i r ec t  the operation. 

Instrument  automation i s  a well known concept. This essentially 
involves a go no-go t e s t  determination. Ideally, the no-go r e su l t  i s  then 
analyzed fur ther ,  for  example, with a punched ca rd  describing the defect 
and recomrnended repa i r  procedure.  The bas ic  problem of achieving 
flexibility has  been the ma in  difficulty with th is  approach. 

b 

Instruction automa tion i s  s imply a detailed instructional approach. 
With proper  coordination and direction, this  approach has  resul ted in 
excellent resu l t s .  However, speed can only be  improved by increasing the 
number of technicians on the job. 

NDE MODES O F  OPERATION 

On-board Space Shuttle s t ructural- integri ty  data-processing require-  
men t s  can be divided into two separa te  modes .  The f i r s t  is an on-ground ' 

complete preflight s t ruc tura l - in tegr i ty  evaluation. Maximum information 
i s  produced to allow rapid maintenance and cor rec t ive  measures .  With 
the vehicle in an access ib le  configuration, additional ground support equip- 
m e n t  m a y  b e  utilized for  thorough checkout and verification. 

The second mode of data process ing  is performed during spacecraf t  
flight operations,  which include launch, orbi t ,  and reentry.  Structural  
integrity tes t ing i s  per formed but exact defect location of identification i s  
not established. As m o s t  cor rec t ive  action can only be performed by ground 
stations,  p rec i se  location of defects i s  not required.  Data i s  passed to the 
cent ra l  computer  which predic ts  an impending fai lure .  

N 
Two NDE techniques can be utilized. The f i r s t  technique i s  ultrasonic 

pulse echo. This  technique i s  ve ry  s imi l a r  in operation to ,s tandard pulse 
echo sonar  where echo re tu rn  t ime  and amplitude a r e  the operating var i -  
ables.  The second flaw detection technique i s  acoustic emission.  . A count 

, 	 of high frequency b u r s t s  of sound i s  continuously monitored. A l a rge  total  
count o r  a rapidly increas ing  count r a t e  a r e  the operating variables .  
Acoustic emiss ion  has  the g r e a t e r  capability fo r  predicting impending flaws, 
but utilization of this  capabili ty simultaneously imposes a higher  data- 
processing requirement .  

. . 
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All flaw data wil l  go d i rec t ly  to  the flaw detection p rocesso r  for  
analysis ,  a s  shown in F igure  38.  When operating in mode 1, on-ground 
preflight, complete flaw information i s  passed  to  the ground processing 
interface for  recording.  These  data a r e  ul t rasonic  t ransducer  pa ramete r s  
including periodic cal ibrat ions,  a representat ive continuously 'recorded 
acoust ic  enlission sample,  and individual acoustic t ransducer  count totals.  
Operation in mode 2, launch, orbit ,  and reent ry ,  passes  only detected flaws .	to  the on-board computer.  Detected flaws include echo re turns  f r o m  an 
ul t rasonic  t ransducer  which exceeds a cer ta in  established threshold, a 
rapidly increasing acoust ic  emiss ion  count, a high acoustic emission count, 
o r  a dominant r ecu r r ing  pat tern s tat is t ical ly  removed f r o m  the acoustic 

, 	emission recording. 

The ul t rasonic  module i s  ve ry  s imi l a r  in operation to  standard pulse 
sonar ,  except a shor t  pulse of ultrahigh-frequency sonic energy i s  t r ans -  
mitted in a na r row beam,  and re turned  echoes f r o m  s t ruc tura l  flaws a r e  
detected. F laws  can be  accura te ly  located by knowing the direction of the 
high energy b e a m  and measur ing  the t ime  f r o m  the init ial  pulse to  the 
returning echo. One t r ansduce r  is used to  both t r ansmi t  and receive ul t ra-  
sonic energy. A graph of t r ansduce r  voltage v e r s u s  t ime i s  shown in 
F igure  39. T ransduce r s  1-4 a r e  attached to one s t ruc tu ra l  member  and 
a r e  fed to  a co-ion mixe r .  A developing flaw on this  m e m b e r  \\-illbe 
received 55- a l l  t r ansduce r s  u-ith c o n s t ~ ~ t  A grea te r  number t ime  delays. 

of -these periodic s ignatures  \vi l l  be generated and can be  statist ically 

isolated us5-z - ---= Couat data  r eg i s t e r s  m d 
e-ec+L-p c o n p u t e r  t e c h i q u e s .  

.-.. =--ye,-= -30-s -2% a c-rL=r;;i2ted O-J+ULato-,sT:c 	 _p 

-. -
125 ILZ\X- detec?iox p r o c e s s o r  s -hul ianeous ly  d i r ec t s  the operations 


of the acoustic exi iss ion module md.the ul t rasonic  module. These  opera- 

tions *-clude s>xcilronized s ignals  to  t r igge r  the ul t rasonic  pulser  and 

advmce  the i raxsducer ,  count r eg i s t e r ,  and m i x e r  commutators.  Output 

f r o m  the tu-o n ~ o d u l e s  i s  maintained in buffer s torage  for  output to  the 

ground processii ig i i t e r i a c e  when operating in mode 1 or  for  comparison 

u-ith s tored  s tandards \\-hen in mode 2. Only out-of-tolerance conditions 


#l.vith. s tored  s tandards ar 'e  outputed in mode 2 to minimize the load on the 
on-board computer.  

# 

Flaw s ize  m a y  be  approximately determined by comparing the magni- 
'tude of the returning echo voltage with a known standard. Continuous 
monitoring of each individual t ransducer  i s  not required. A sampling 
interval  of 1 to 10 seconds i s  m o r e  than adequate fo r  establishment of flaw 
generation t ime.  Multiple t r ansduce r s  can be  connected to  one ultrasonic 
module with a commutator  a s  shown in F igure  40. Echo , re tu rn  t ime  and 
voltage amplitude a r e  requi red  ' to  completely locate,  identify, and evaluate 
a flaw o r  defect. 
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Figure 39. Ultrasonic Transducer  Response 
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The acoustic emiss ion  module continuously records  total  emission 
f r o m  each microphone located throughout the s t ruc ture .  Total emission 
count i s  an indicator of max imum s t r a in  within the structure. '  Accurate , 

fai lure  predictions can be made  by  correlat ing total  c0unt.s with established 
fai lure  c r i t e r i a .  Fa i lu re  predictions become m o r e  complicated, however, 
a s  s t ruc tu re  s ize  inc reases  and will necess i ta te  an inc rease  in t h e  total  
number of acoustic t r ansduce r s  attached to  a s t ruc tura l  member .  A 
localized a r e a  nea r  a t ransducer  m a y  be  used for  fai lure  detection by l imit-  
ing input c r o s s  talk between adjacent acoust ic  t ransducers .  To predict  
fa i lures  and accurately locate  the'growing flaws will requi re  s ta t is t ical  
analysis  of the continuously recorded  acoustic mixture  of a l l  the t r ansduce r s  
located on a single s t ruc tu ra l  m e m b e r .  This  analysis will remove the 
r ecu r r ing  periodic component requi red  fo r  flaw location using triangulation. 
The acoust ic  emiss ion  module i s  shown in  F igure  41. 

Since ins tallation of an  on- board ul t rasonic  s ys tem to per form s t ruc-  
tura l  integri ty  checkout i s  technically feasible a t  this t ime, the following 
discussions detail  a potentially automatic on-board ul t rasonic  sys t em for 
Shuttle use.  Discussion has been limited to ul t rasonic  methods s ince acoust ic  
emiss ion  methodology s t i l l  requi res  r e s e a r c h  and development for i ts  
ul t imate availability. 

ON- BOARD U L  TRAS ONIC TECHNIQUES 

The u s e  of on-board ul t rasonic  detection techniaues has been demon- 
- 4 

s t r a t ed  i n  feasibil i ty prototype configurations. F igures  42 and 4 3  show the -
pos s ib le  NDE s t ruc tu res  configuration. The adoption of these techniques 
to computer ized data  handling des e rves  careful  attention. 

-. Figure 44 illus t ra tes  the pr inciple  of ul t rasonic  flaw detection. The 
ul t rasonic  t r ansmi t t e r  and r ece ive r  which convert  high- frequency e lec t r ica l  
energy to high-frequency sonic  energy for  this application a r e  one device 
o r  t ransducer .  The s h o r t  duration b u r s t  of sonic energy is shown traveling 
through the s t ruc tu re .  1f.a flaw o r  defect is  encountered, some  of the 
energy is  re f lec ted  back into the t ransducer .  A graph of voltage ac ross  the 
t ransducer  versus  t ime i s  shown i n  F igure  39.  
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Figure 41. Acoustic Emission Module 



STRUCTURAL-  TESTS. 

T R A N S D U C E R S  

F i g u r e  42. P ro to type  Ul t rasonic  Application-Stabilizer 
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TRANSDUCERS 

RIGHT ILLUSTRATES A POSSIBLE APPLICATION O N  
.SPACE SHUTTLE STRUCTURES. IN ORDER TO DIRECT 
SUCCESSFUL LABORATORY EFFORTS TOWARDS PRACTICAL 
APPLICATION, COMPLEX STRUCTURES BE1 N G  TESTED I N  
PHASE B SPACE SHUTTLE EFFORTS WILL BE INSTRUMENTED 
WITH THlS TECHNIQUE. ONE SUCH STRUCTURE WITH 
THE DESIGNATED TRANSDUCER LOCATIONS SHOWN I S  
PICTURED IN THE TOP. THlS STRUCTURE I S  A SINE WAVE 
WELDMENT TEST STRUCTURE. 

TRANSDUCERS 

Figure 43 .  Pro to type  Ul t rasonic  Application-Sine Wave Weldments 
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Flaw location with respec t  to  the ul t rasonic  t ransducer  c a n  be de ter -  
mined using the following s imple formula: 

. . 
,e where  

D = Distance f r o m  t ransducer  along beam ' 

V = Velocity of sound in m a t e r i a l  

A T  = Time between init ial  pulse and echo 

Flaw s ize  m a y  be  approx'imately determined by comparing the magnitude of 
the returning echo voltage with a known standard. 

In o r d e r  to  identify, locate ,  and evaluate a flaw o r  defect completely, 
a t  l eas t  two separa te  and simultaneous measurements ,  delay t ime and 
voltage, m u s t  be  made.  A th i rd  pa ramete r ,  r e a l  t ime,  i s  required to 
complete the definition. See F igure  45. 

F o r  a vehicle a s  complicated and demanding a s  the Space Shuttle, the 
t ime  a flaw o r  defect occur red  m a y  have g rea te r  value fo r  future prevention 
than the cha rac te r i s t i c s  of the flaw itself .  Continuous monitoring of the 
t ransducer  i s  not required.  A sampling interval  of once every  second 
should be m o r e  than adequate fo r  establishment of flaw generation t ime. 
Multiple t r ansduce r s  can be  connected to  one ul t rasonic  processor  with a 
commutator ,  a s  shown in F igure  40. 

-. 

Each t ransducer  i s  operated once pe r  rotation of the commutator.  If 
the commutator  ro ta tes  a t  100 rpm,  then the sampling ra te  i s  100 t imes  p e r  
second. A flaw event can then be  bracketed within 1/100 of a second. This  
t ime  bracket  can be inc reased  o r  reduced by changing the commutator 
rotation ra te .  

-. 
 A standard method of s tor ing these  data  would be  the utilization of a 

commutated t e l eme t ry  channel. F o r  maximum information, two cornmutated 
lugs would be requi red  - one f o r  echo voltage and a second for  t ime delay. 
A r e a l  t ime clock is normal ly  attached to  a te lemetry  channel, and i t s  
availability i s  assumed.  The ar rangement  of F igure  46 shows a typical 
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attachment of the ultrasonic processor  to a cornmutated telemetry link. 
Lug 1 i s  tied to the r ea l  t ime clock with lugs 2 and 3 connected to echo volt- 
age and delay time. Lugs 4 through 9' a r e  connected to other telemetry 
inputs. 

Transducer No. 2 i s  shown being activated by the ultrasonic processor.  
Echo voltage, if a flaw was detected, and the associated delay time data a r e  
stored until readout by the te lemetry  commutator. Lug No. 3 i s  currently 
being read. The telemetry commutator must  have a complete rotation 
before another ultrasonic output can be made. The telemetry processor 
must  provide synchronization signals to the ultrasonic processor to advance 
the t ransducer commutator and tr igger  the ultrasonic burst.  Proper  timing 
i s  important to ensure positioning of the t ransducer rotor ,  triggering of the 
ultrasonic burs t ,  and returning echo analysis prior  to telemetry readout. 
Output to the s torage device i s  in t ime data f rames ,  Each time data f rame 
contains one time entry, one ultrasonic entry comprising two signals, and 
the various other telemetry inputs. The ultrasonic commutator i s  advanced 
one transducer for  each time data f rame  output. 

In Figure 47, two complete t ime data f rames  and a portion of a third 
a r e  shown being produced by the telemetry processor.  One t ime data f rame  
i s  produced for  each rotation of the telemetry commutator. An output 
record  i s  produced for each position of the rotor.  Nine positions a r e  shown 
in the above figure for  simplicity of illustration. Output i s  shown starting 
with data produced when the rotor  was in the clock position o r  position No. 1. 
When the rotor was in positions 2 and 3,  t ime delay and echo voltage data 
were  recorded f rom -- ----- Rotor positions 4 through 9ultrasonic t ransducer 1. 
generated the remainder of the time data f rame ,  making one complete 
rotation of the rotor .  As each complete rotation advances the ultrasonic 
t ransducer commutator,  flaw detection i s  now performed on transducer 2. 
The second t ime data f rame  contains clock output and ultrasonic time delay 
and echo voltage f rom transducer 2. After another complete rotor  rotation, 
ultrasonic t ransducer 3 i s  activated. An echo voltage record i s  shown being 
written. 

The a r ea  of f law.scan can be greatly increased by stepping the t rans-  
ducer through some angle. A s tep  angle equal to the transducer beamwidth 
would provide maximum flaw scan with a minimum of steps. The .ultrasonic 
processor  would provide the stepping pulse for  each scanning type transducer.  

Two scanning-type and two fixed-type t ransducers  a r e  shown in Fig-
u r e  48. Each transducer i s  processed in o rder ,  starting with stepping 
transducer No. 1. The ultrasonic processor  .provides a pulse through the 
stepping commutator to advance the scanning transducer after completion . . 
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of the pulse echo analysis.  Pulse echo analysis i s  the same for both fixed 

and scanning transducer types. ,The following flaw search is produced: 


a -
1. 	 Output f rom t ransd ice r  1 


Step transducer 1 


2. 	 Output f r o m  transducer 2 

Step transducer 2 


3 .  	 Output f rom transducer 3 

5. 	 Output f rom transducer 1 (in new position) 

Step transducer 1 


6. 	 Etc. 

The ,fixed t ransducers  perform flaw search repeatedly in the same 

limited a rea  while the scanning transducer sweeps a large a r ea  covering 

any one a rea  f a r  l e s s  frequently. This can be useful where time of flaw 

occurrence i s  important. A fixed transducer bounds flaw occurrence to  

the t ime data-frame generation ra te  (commutator rotation rate).  As the 

scanning-type transducer searches  the same a r ea  once per stepping cycle, 

flaw occurrence t ime i s  bounded by time data-frame rate t imes the step 

number. 


The ultrasonic processor  responds to .s t ructure  deviations, clearance 

holes, flanges, welds, etc. , just a s  efficiently a s  s tructural  flaws. These . 

deviations can easily be removed in postflight computer processing. However, 

methods can be incorporated to prevent their inclusion at  the ultrasonic 

processor .  


Returning echoes a r e  time dependent and can be gated. If the t h e  . 	gate shuts before the echo re turns  f rom the deviation in material ,  no flaw 
signal i s  produced. Any flaws that l ie  inside the gate will be detected. 
Accurate adjustment of the time gate will allow detection of flaws that a r e  
between the transducer,  but just short of the deviation. Fo r  the scanning - t ransducers,  a gate adjustment must  be provided for  each step position. 
This allows deviations that a r e  well within the range of the transducer to  
be ignored. 

These s t ructura l  deviations can also be used a s  flaw standards. A 

switching network would change the gating to include echoes f rom deviations 

o r  built-in standards placed in noncritical areas .  A typical configuration 

i s  shown in Figure 49. 


1 
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The ultrasonic processor  shown periodically switches f r om t h e  flaw 
scan mode to one complete cycle of calibration. Output f rom the telemetry 
processor  i s  a continuous s t r e a m  of t ime data f rames .  Each t ime data f rame 
contains one or  more  ultrasonic signals. These signals, in turn, cycle 

. 	 between individual ultrasonic t ransducers  which periodically alternate f r om 
the flaw scanning mode to the calibration mode. This s t r e am of data i s  
decollated by t ime dependent event vectors  which point to individual t rans-  
ducer data. Each data f r ame  and i t s  associated time a r e  in buffer 

*,. storage a s  the data s t r e am i s  scanned. P r i o r  to decollation, however, the 
flight data must  be converted f rom analog fo rm  to digital form. This may 
be an integral pa r t  of the te lemetry  processor  o r  a postflight operation per-  
formed immediately af ter  landing. Decollation of the data s t r e am operates .* on one t ime data f r ame  placed in temporary  work storage. A, new data 
a r r a y  word address  i s  computed, which i s  common to both t ime a r r ays  and 
data a r r ays ,  for  each complete cycle of the ultrasonic commutator. 

Five data storage a r r ays  a r e  tabulated above running horizontally. 
....	The'se a r e  the t ime a r r a y  and four t ransducer data a r rays . .  This example 
shows that four time data f r ames  a r e  required for one ultrasonic commutator 
cycle. The time a r r a y  contains the t ime word, T l ,  .and transducer a r r a y  1 
contains the data word, Dl ,  1, both f rom the f i r s t  t ime data f rame.  The 
remaining data ent r ies ,  D2, 1, D3, 1, and D4 1, a r e  f rom time data f rames  2 ,  
3 ,  and 4, completing the ultrasonic comrhutator cycle. The cycle now s ta r t s  
again with time and data f r om f rame  5 and continues until the ent ire  s t r eam 
has beens scanned. This information i s  s tored (see Figure 50) on a d i rec t  
access  device which allows $election of any particular transducer data with 
a minimum of t ime and computer operations. 

Each transducer data i s  analyzed separately, using the common t ime 
a r ray .  Time delay and echo standards a r e  compared with calibration data 
for each transducer to  verify operation during ,the reentry period. Any flaws 
a r e  verified with subsequent t ime-data pair's and the magnitude, location, 
and occurrence t ime  stored. 
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. ,FLAW GATE CALIBRATE GATE ULTRASONIC ' . . 
TRANSDUCERS, " WIDTH Wl DT H 

FLAW SCAN I ,  I I4 


ULTRASONIC 1-04 CALIBRATEPROCESSOR -
S Y N C  OUTPUT 

Figure 49. Switching Network 

TRANSDUCER 2 ARRA 

BUFFER TRANSDUCER TELEMETRY DATA 
DATA STORAGE (TIME -DATA FRAMES) 

, 
, . 

. . . . 
. . 

Figure 50. Data Storage 
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The historical  data bank is  scanned for  identical flaws which occurred 
i n  previous flights. . A List of flaws, including approximate magnitude, . , 

location, and occurrence,  is  printed along with al l  pertinent hi8 torical 
information. The historical '  data bank i s  then updated to include flaws f rom 

. ' the la tes t  flight. . Hence the defect has been detected, located, and recorded. ' 

. .This then constitutes a complete on- board ultrasonic s ys tem. Several  other 

operational modes a r e  under study. 


* 
The extension of on- board s t ructura l  check-out methods to the optical 

images of fiber optics monitoring could not be accomplished with digital 
methods alone. The use of optical matched fil ters and optical t ransform 

' 

techniques will probably be required. Future  s tudies should consider 
this approach. 
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EVALUATION OF SHUTTLE NDE METHODS 

valuation of candidate NDE technique s i s  specifically and irrbvocably 
dependent on detailed requirements  in t e r m s  of mater ia ls ,  geometry, and 
defect c r i t ~ r i a .  The NDE tcchniquse which w e r e  identified for this l~ltudy 
f r om the Phase I effort appear in Table 2. This table indicates the opera- 
tional mode and pertinent data display information. Specific Shuttle design 
requirements  re la t i i e  to NDE a r e  only broadly defined. Table 3 l i s t s  some of 
these requirements  fo r  the Shuttle Orbiter  and Table 4 for the Shuttle Booster. 

The NDE techniques were  evaluated using the rating factor matr ix  
approach of Table 5. Several  important factors  have' been introduced beyond 
those initially considered in the general  rating-factor analysis of the Phase I 
report.  Columns have been established to ra te  the availability of the tech- 
niques and the present  s tate  of development. A high 'rating would indicate- I 
present  availability or  a grea t  degree of development. Cost effectiveness i 
fac tors  have be'en introduced by rating the facility cost, operational cost, : 8 

l 

and development cost. The Phase I repor t  considered only operational speed 
and applicability a s  indicators of cost effectiveness. The weighting matr ix  

ref lects  the adverse effects of high cost by assigning a negative factor for  
 I? 

a high rating relative to operational costs. '  

' The effectiveness of this approach i s  indicated by applying simple logic 
,during interpretation. If the applicability i s  high but the state of development 

i s  low, then development work i s  necessary.  If the applicability i s  high but 
the operational speed i s  low, then bet ter  techniques need to be used. 

This rating evaluation i s  based on the Shuttle requirements a s  defined 

in N R ' S  Phase B proposal,  the 90-day review briefing, and the 180-day 

review briefing, along with extensive interfaces wit\h many NR Shuttle design 


* 	 personnel. The changing' nature and the nature itself of the information 
available does not permit  detailed NDE analysis. The rating analysis then 
reflects  broad Shuttle ope rational requirements.  An individual rating can be 
made for  each specific Shuttle turnaround requirement when these detailed . 
requirements  become available. As the influence of significant general 
fac tors  such a s  flexibility and automatability become more  apparent, the.  , 

relative weights assigned can be sharpened and the introduction of off-axis 

elements considered. The use of s tat is t ical  inference (game theory) may 

then be appropriate.  The rating factors  of Table 5 indicate that on-board 
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Table 2 .  Shuttle N D ~Techniques Classification 

h~othod/Tcchnlque.  

Ul t rasonic  
Bondcd in-place t r a n s d u c e r s  

Conrpreasion wave 
Shcar  wave 
Lamb wave 

Rotating wave directors 

Lamb wave (through) 

Shear  wavc (pulse  echo) 


. 	Comprca_sion wave ( through)  
Shear  wave lthrough 
Surface wava (pu l se  echo) 

Po r t ab l e  hand scanning 

Pernlancnt  s y s t e m  

Spectroscoplc  techniques 

Digital th lckncas  gage 


Optlcal device. ( l lbcr  optlcm) 

Po r t ab l e  lnapactlon 

Selected on-board dev l ce s  

On-board s y s t e m  


Pens t r a t l ng  radlat lon 
Po r t ab l e  machlnes  


X-ray m ~ c h l n e s  

Iootopa c a m e r a 8  

G-251- neutron 

X-ray cablnst  


Pe rmanan t  facllltle. 

Lead-llnad r o o m  (X-ray)  

Neutron r e a c t o r  


Tunnel concepts  

Simulated e l ec t ron  emlmmlon 

Beta  backacat ter  

X-ray f l ou re scence  


Ho log raphk  in t e r f e rome t ry  
Po r t ab l e  on-line t ea t  
Pe rmanen t  t s ~ t  lacl l l ty  : , 

Special  appl icat ions  

Penetrant  
Penetrant  f a d l l t i s s  
Po r t ab l e  pdnetranta  
Magnetic pa r t l c l e  

The rma l  
Llquid c r y s t a l  
M r a r e d  scanning 
In f r a r ed  l l lm  
T h e r m a l  paints  

Acouatlc emiaalon 
Prooflng techniquea 
On-board s y s t e h  
Signature  compar l son  techniqus  
Po r t ab l e  s y s t e m  
Hybrld compu te r  technique 

E lec t r i ca l l e l ec t ron t c  
Eddy cu r r en t  th lckneas  
Eddy cu r r en t  defect  
Eddy c u r r e n t  m a t e r i a l  properties 
R F  dielectric probe 

R F  l eak  c u r r e n t  p robe  

R F  thlcknena gage 

R F  voltage probe 

M l c r w a v e  ( s ca t t e r )  


Infllght 


X 


X 


X 


X 


X 

X 
X 

X 

Appllcatlon 

On-board 

,X 

' X 

X 

. 

X 

X 

X .  

X 

X 


X 

Dlgltal Oporatlon 
Ponslbi l l t les  Space Shtnltlc 

Inlplementatlon Tarnarotrnd 
Po r t ab l e  Fac l l i t l e s  Available Oporntions* 

GSE GSE Data Output . Now Control  Readout Recommendat lo  

Analog - . Uae 
Null annlop No Good Good ,Develop 
Null analog No Gaod Good Develop 
Null analog No Goorl Cood Develop 
Null analog No . . Good Good Develop 
Step analog ' ,  No ' Good F a i r  Dovelop ' 
Step analog No Good F a l r  Develop 
Step analog No Good F'alr Develop 
Step analog No Good F a i r  Develop 
S t sp  analog No . Good F a I r  Develop 
Step analog No Good F a l r  D;velop 

X Pulsed analog No . Poor  F a i r  Use  

X Pulsed analog No F a l r  Good Use 

X Analog 
 No ' Poor  F a i r  Eliminate 

X Dlgltal Yes Good Good Urns 

Optical NO Good Poor  Use  ( n u s )  
X . . Optical No Poor  Poor  Uae  

Optical No F a i r  Poor  Develop 
Optlcal No Good F a l r  Analyze 

. F i l m  nepat lvc  No F a i r  Poo r  Use  Imln) 
X 	 Fl lm  n e ~ a t l v e  No Poor  Poor  Use  

F l lm  ncgntlvo No Poor  Poor  Ume . 
Fi lm  negatlva No I'oor Poor Uae 
F i l m  negat ive  No Poor  Poor  El iminr tc  
F i lm  ncgst lva  No - Poor  Use (mas )  

X 	 F i l m  nepat lve  .No F a l r  Poor  Use  
F i lm  nepat lve  No Poor  Poor U s e  
F i lm  negat ive  No F a i r  Poor  Develop 
F i lm  neeat iva  No F a i r  Poor  Develop 

X F t l m  negatlva' No Poor  Poor Analyze 
X Digltal Yes Poor  Good Analyze 
X X Counts  Maybe F a i r  F a l r  Analyze 

Optical i m a g e  No F a i r  Poor  Develop , 

X Optlcal No Poor  Poor Develop 
X Optical No P a i r  Poo r  Eliminate 

Optical No Good F a l r  El iminate  
4	 . 


No Poor  Poor  Uaa 
X Optical No Poor  Poor  U s e  

X Optical No Poor  Poor  Use  (mln) 
X Optical No Poor  Poor  El iminate  

No Poor  Poor  ' Analyze 
X Optical No Poor  Poor  El iminate  .	X F i lm  poaltlve No F a l r  F a i r  Develop 
X Optlcal No Poor  Poor  El iminate  
X Optical No Poor  Poor  Analyze 

- Good Good Develop 
X Digl ta l lanalog Yca Poor  Good El iminate  

Dipi ta l lanalog No . Good Good Develop 
X Analog No Good Good Analyze . 

X 	 Dipi ta l lanalog Yea Poor  F a l r  E l i n ~ i n a t e  
Cornputcr-analog No Good Good Develop 

X Diei ta l lanalog . Yen Poor  Good Use  (mln) 
X Analog No Poor  F a l r  Uae (mln)  
X . Analog Mayba Poor  Good Uae (mln)  
X Analog No Poor  F a l r  El iminate  
X Cur ren t  analop No F a i r  F a l r  Analyze 
X Analog No Poor  Good Uma (mln) 
X Voltage analog No. ' F a l r  F a l r  El imlnate  

X 	 Analog No F a l r  Good Analyze 



Table 3: Shuttle Orb i t e r  NDE Requirements  



Booater Requirements 

Fuselage s tructures  

Wing structures  

Subsurface thermal  insulation 

Boost LHZ tank wcldment 

Boost LH2 tank thermal  insulation 

Boost LO tank wcldment 

Boost LO tank thermal  insulation 

TPS reusable heat shield 

TPS connector 

Orbi ter lbooster  attachment structure 

Hoist attachment s t ruc tu re  

Wing box 

Pilot cockpit high s t r e s s  members 

Pilot cockpit thermal  insulation 

Engine suspension t r u s s  

Air breathing engine system (ABES) 

Electronic systems 

Fuel  Lines and controls 

Cargo container system 

Landing s e a r  

Reaction co i t ro l  th rus te r s  

Elsctr ical  generator (fuel cel ls)  

NDE htethod NDE 

NDE Defect Sample Scheduled Manpower 
Task Siring Cr i t e r i a  hlonitor 100% Test Tes t  Time Requirements Schudul.: 

22.400 ft2 

4.500 i tZ 

28,400 ftZ (EST) 

8.000 ftz (EST) 

8.000 ft2 (EST) 

3.500 f t2  (EST) 

3.500 itz (EST) 

.-. 

6 
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techniques require development, that many conventional NDE technique s will 
.be useful during turnaround, that high-epeed GSE NDT techniques require 

.development, etc. The techniques have already been described in this 
report. Methods to implement these  techniquee are as specifica- 
tions in Appendix B. 



-- - 

NONDESTRUCTIVE EVALUATION DESIGN CRITERIA 

Nondestructive inspection m,ethods appropriate for Shuttle Operations 
i (turnaround and prelaunch) were  selected from Table 2 based on the analysis . 

presented there and detailed consideration of requirements and techniques 
' 

I 

dis cus s ed in  "Applications of NDE Methods of Space Shuttle Vehicle, " The 
data were then organized into equipment specifications which a r e  presented 

b: in Appendix B. ?he rationale i s  summarized in Tables 6 and 7. 

The specifications of Appendix B were  dweloped from the following ' 6 
outline of general  requirements.  4 

On- Board Equipment Specification 

1. Functional characteris  tics 
I ,  

2. Weight /I11 

3. Power requirements 1 I;? 
8 
t4. Size :!, 1 

5. Method of installation . . 

-..- .. 6. Checkout 

7. Interconnecting requirements  

-7 Facilit ies Specification 

1. Operability 

2. Space requirements  

3.  Electr ical  requirements 

4. Water and drainage requirements  

5. Location. requirements 
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Table 6 .  General Classification of NDE Methods 

Material Type 
Defect 
Type Metals Non- me tala 

' E :  

$ 2 
o 
 Holographic Interferometry 4 .,-I Moire ' Gaging 
C, 
U 

0 . . 

ix2 
Q 
E 

Strain and Fatigue Gages 

Visual Fiber Optics 

al 

U 

Id 


rcl Penetrants Leak Detection. 
2 
V3 


The rmal 
. . Methods a 

al Eddy Current u 
Devices2 $ Radio- Frequency 

$ 2  Devices 

--. . Acoustic 

V) Emis s ion 

C, 

U Microwave0.4 al 

0 rcl Ultrasonics Technique s
6 4 

2 V) 

c X-Ray Radiography 
;.; 

d 7 

.2 "u 
hf i  Gamma Neutronal 
C, ~ a d i o g r a ~ h ~  Radiography
I d > 
C (d 
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Table 7. NDE Methods Evaluation Survey 

G a n c r a l  Condi t ion  
~ d v a n t a ~ e s '  Disadvantages  S t a t e  of A r t  Kccon~nlendat lon  

h le thods  Appl ica t ion  Dctcc tad  

U i t r a a o n i c s  

Necd a c c e s s  Well dsvalopad Ume am developed onVoids Signal  l o s s  I 'crl~ranant ro ta t ing  	 Honcyconlb  Limited baela  llna 
r y s t e n l  throuph t r n n a -  phcnollc Unbonds if not u ,orklnp,  I r o n ?  2 l ldoa  

r e ~ t ~ o v a b l sunltm. 
n ~ i a a i o n  clcfoct de toct lon  a t n t c t u r e a  . al lgnnlcnt  of 

quarters.' 

Al ignment  Well derc loped Unc a s  developrd  on 
L a m i n a r  C a n  t i m e  g a t e  P e r m a n e n t  ro ta t ing  	 h lc ta l  p la tcn ,  l ln>ltcd banin .  

a y r t e n r  pulsa  e c h o  wold ,  d i l lunion voids  o r  
Lino roniovahlo  

bonrlm. dolani ina t lon .  
lovol Limi tad  pona- 

t r a t i o n  nnd 
d e f e c t  d a t a c t i o n  	 . . unl ts .  

p a r e d  t o  
through 
t r a n s m i a s i o n .  

echoa c o m -  

Immediate Analyze  fur ther .  
C r a c k 8  Long r a n g e  Lower

L a m b  w a v e  t e s t i n g  	 Unilarn7ly t h i c k  ' 
c o v e r a g e  senal t iv l ty .  baaic  exper in lenta-  

defec t  detection m e t a l  p l a t e  or.  tlon.
hollow a q u a r e  

tubing. 


No c o n > m c r c i a l  P r e l i m i n a r y  Develop and urns. On-board  ,Rotating w a v e  d i r e c t o r  	 h le ta l l ic  s t r u c t u r e  C r a c k a  
h a r d w a r e  
avai lable .  

P l a t e s  Iornla t ion  technique  

F o r g i n g s  

Machined p a r t s  


O p e r a t o r  Well developed Muat b e  used.  but 
Welds .  	 Unbonds V c r y  f lexib le  Hand scanning u s e  t o  minlniunl  dependance .S m a l l  a d h o s l v o  	 C r a c k s  . 

extent.  .Slowbonds  

M o n i t o r s  Difficult., P r c l l m l n a r y  El iminate  
S p e c t r o s c o p i c  	 Heavy m e t a l  G r a i n  s i z e  

g r a i n  growth Outs ide  -
techniquam 	 s tock.  

Laboratory. 

Well developed U s e  a s  a b p r o p r t a t e .  Onc s ided Point - to-pointT h i c k n e s sT h i c k n e s s  m i c r o m e t e r  	 P l a t e .  
c o v e r a g e .machined. 

P r e l i n l i n a r y  D=velop and use .  C r a c k  ' On-board  	 L i m i t e d  
c o v e r a p e .Bonded- in-pla te  	 Weld Hnca  high 

l o r  m a t i o n  technique  
m s n x b e r s .  

t r a n 3 d u c e r  	 s t r e s s  m e t a l l i c  

Acoust ic  E m i a a l o n  

M o s t  a v a i l a b l e  roof load I n t e r m e d i a t e  E l i m i n a t eProof ing t e c h n i q u e  Load c a r r y i n g  Incip ient  

memb'era c r a c k i n g ,  and developed.  d a m a g e .  


Acoust ic  , 


e n l i s s i o n  

technique .  


Analyze
Moni tor ing  s y s t e m  F o a m ,  a d h e s i v e  Incip ient  

bonda, load . c r a c k i n g .  s y s t e m .  n o i s e  p r o b l e m .  
c a r r y i n g  I n t e r n a l  H i g h  speed.  
m e m b e r s  d e g r a d a t i o n .  

On-board  Background Conceptual  

Analyze  .On-board  Background Conceptual. . S i g n a t u r e  c o m p a r i s o n  	 F o a m ,  a d h e s i v e  Incip ient  
bonds ,  l o a d  c r a c k i n g .  s y s t e m .  noiae  problem.  
c a r r y i n g  C r a c k  High s p e e d .  
m e m b e r s .  	 growth.  


I n t e r n a l  

degradat ion .  


P r e l i m i n a r y  EliminateIncipient  G r o u n d  	 Proof  load 
d a m a g e .

P o r t a b l e  s y s t e m  	 Load c a r r y i n g '  ' 

m e m b e r s .  	 c r a c k i n g .  s y s t e m .  

Conceptual  evel lop
Hybr id  c o m p u t e r  M e c h a n i c a l  S t r u c t u r a l  G e n e r a l  i n d i -  Background 

a t t a c h m e n t .  c a t i o n  of ' n o i s e  p r o b l e m .  
' Bonded and Incip ient  s t r u c t u r a l  R e q u i r e  Hfe-  

welded load c r a c k i n g .  aoundneas .  t i m e  mounting. 

b e a r i n g  C r a c k  
m e m b e r a .  growth.  

Holographic  

i n t e r f e r o m e t r y  


Vibra t ion  P r e l i m i n a r y  Develop
P o t a b l e  s y s t e m  	 r o r g c ,  t h i n -  S u b s u r f a c e  ~ i p hs p e e d 


wal led  c o n t o u r e d  d e g r a d a t i o n .  c o v e r a g e  p r o b l e m s .  

s t r u c t u r e s ,  s u c h  	 Voids. potent ia l .  

as honeycomb.  unbonda. 

s t r e a s k i n ,  e tc .  s t r u c t u r a i  


weakness. 
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Table 7. NDE Methods Evaluation Survey (Cont) 

Gencral  Condition 

histhodm Application Detected ' Advantage. 


Pernlanent tast  laclllty Larpc,  thin-	 Sursu r face  High speed Analyze 
walled contoured dcgradatlon. coverage renrovsble 
s t ruc tu res ,  such Voids, potential. units 
a s  honaycomb, unbonda. 
strcnmkln, etc. 	 s t ructural  


weakness. 


Spacial technlques Structural  	 Structural  Monitoring Welght. N l developed Eliminate 

relexstlon. internal  Lack 01 
 I 
Structural  s t ructural ,  prel iminary 
weakness. uslng flber development. 
Creep.  optlcs/vldicon 

monltorlng. 

Electromagnatlcm I 	 I I 
Eddy cur ren t  thlcknems 	 hletal plates. ' Slmple to use. Elfect of Well developed Use am appropriate. 

, 	 Melalllc o r  non- metalllc 
metallic coatings s t ructurea In 
on metalllc near proximity. 
substrate .  	 Requlrcs 

standarda. 

Eddy cur ren t  Metal structures. Heat t reat  o r  Simple to use. Limited appll- Wall developed Use am approprlate. 
mater ial  propert lss  alloy cation and 

need.

I 	 IEddy cur ren t  delect  Metallic su r faces .  	 Crack depth Determination Requlrea Modarately Develop techniques 

I
01 aeriouanems access  end developed am necesmary. 
of crack. development 01 
(depth). technlqua for  

I 
each 

Radlo frequency Nonmetallics on Proxlmlty 01 Simple to use. Moderately Ume a s  appropriate. 
thickness metallic bass .  metal  developsd 

Radio frequency Nonmetallic 	 Porosity Of Coatlnp Slow. Prel iminary Eliminate 
leakage cu r ren t  . 	 coating on coating porosity Lack 01 


metallic sub- measurentent. flexibility. 

s t r a t e .  


Radlo frequency Nonmetallic 	 Crack o r  One 01 few Lack of Prel lmlnary 
dlelectr lc  voltage probe 	 coatings on diacontlnulty technlques . llexibillty. 


metallic sub- through available lo r  High voltage 

s t rate .  coating thln poreoua hazard. 


dielectr ic  
coatlnps. 

I 

Radio frequency Dlclectrlc Measures Poaslble Prel lmlnary Analyze. 

d l e l s c t r k  conmtant constant aa uaeful appllcatlons Develop am 

device ellacted by propert ies  for  a r e  not approprlate. 


resin,  glass .  nonmstslllcs. 

molature. 

etc.. content. 


Microwave (scat ter)  Nonmetallics. V0lds. One 01 few Strong Intermediate 

Cracks.  techniques mater ial  and 


applicable t o  geometry 

deeo defects in dependance. 


Better mlc ro -  

wave equlp- 

ment needed 

(variable 

f r equendes  

etc. ) 


Penetrating RadiationI 	 I 
Portable machines 	 Welda, joints. Material  Well Slow and costly Well developed Use wlth tunnels 

Internal  absences. established and tracks.  
allgnmsnt apatlal No disassembly. 

relatlonshlps, 
c racks .  voids 

Permanent  faci l l t lss  	 Welds, jolnts. Matcrlal Cost-effective Requires l ine Well developed Use am appropriate. 
internal  absences. technlquc can removable 
alignment apstlal be developed. unlts 

relationships. . . 
cracks,  voida 

Tunnel and t r ack  Welds, joint^. Matcrlal On-board Design Intermedlate Maximum umaue. 
concepts internal  absence.. requirement 

alignment spatlal 111-defined. 
relationshlps. 
crack., voids 

.. 
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Table 7. NDE Methods Evaluation Survey (Cont) 

G e n e r a l  Condi t ion  
Diaadvantapca  S t a t c  o f  A r t  l < e c o n ~ n ~ e n d a t l o nXlethods Appl lca t lon  , Dctcctcd  Advantages  

Need vacuulrr L a b o r a t o r y  El ln l ina to ., S t i m u l a t e  e l e c t r o n  Si l ic ido  c o a t i n g s  I .h ickncss ,  Now belnp u s e d  
c a a s e t  and b a r e  techniqueonlla s ion  u n i f o r m i t y ,  In C o l u m b r l u m  

c o t ~ ~ p o s l t l o n  d c v c l o p n ~ e n t  f i l m  touchlng 
p r o y r a n t s .  p a r t .  300 K V  

r cquir  ed. 

Wall Yie lds  usoful  Li l t -of f  intermediate Analyze  f u r t h e r .  
( a v e r a g o  a t o m i c  t h i c k n e s s  m a t c r l a l  p r o -  scns l t lv i ty .  
nunxbar) C o o t l n ~  por t lea  de tn .  

B e t a  b a c k a c a t t e r  	 S u r f a c o  c h e n r l a t r y  

Lnck of 
t l ~ l c k n u s e  aduqunto 
S u r I a c c  sons l t lv l ty .  
r o u p h n e a s  Slow point-by- 
Oxids t lon  of polnt. 
hiph a t o m i c  
n u m b c r  
m e t a l s  

Yielda u s e f u l  Slow point -by-  Under  Analyze  f u r t h e r .  
out ,  and o t h e r  n ~ a t c r l e lp r o - point. development  
apcci f lc  p a r t i e s  d a t a .  
metals. 
Oxygen wl th  
v a c u u m  
techniques 

X - r a y  I l u o r a s c o n c o  	 S u r f a c e  c h e m i s t r y  C h r o m e  boi l  

Radla t ion  Not developed Analyze  f u r t h e r .  I s o t o p e  a u t o r a d i o g r a p h y  S u r f a c e  chemistry Tnggablc  May yie ld  
conat l tuenta  u s e f u l  s u r f a c e  h a z a r d .  

p r o p e r t i e s  Low 
data .  sensitivity. 

I n t e r m e d l a t e .
T h e r m a l  Multipoint A p p r o p r i a t e  

c o v c r a g c .  heat  a o u r c e s  
and a l n k s  
r e q u l r c d .  

U s e  t o  d e v e l o p  IR R e q u i r e s  In termedia te .Liquid  C r y s t a l  	 T h e r m a l  p r o -  S u r f a c e  t e m -  Multlpoint scanning techniques .  
tec t lon  s y s t e m .  	 p e r a t u r e  a s  c o v e r a g e  s u r f a c e  

e f f e c t c d  by r e v e r s i b l e .  appl ica t ion .  
voids .  
c r a c k s ,  e tc .  

Uae  a s  a p p r o p r i a t e .  High speed Lack o l  flex!- IR advanced.  

tec t lon  s y a t e m .  e m i t t a n c e  a s  u s a b l e  d e t e c -  
I n f r a r e d  scanning 	 T h e r m a l  p r o -  S u r f a c e  

b i l i ty  i n  NDE 
e f f e c t e d  b y  t o r s  t o  c o m p l e x  i n t e r m e d i a t e .  

s u r f a c e  5 m l c r o n s  i n  acanning 
e n l i s s i v i t y ,  infrared. machines. 
voida. fibld -of-view. 
c r a c k s .  e tc .  senaiv i ty ,  c tc .  

Opera t ionabi l l ty  
difficult. 

I . 

H igh s p e e d ,  Only n e a r  Preliminary. El lmlnateI n f r a r e d  f i l m  T h e r m a l  p r o -  S u r f a c e  
tec t ion  s y s t e m .  e m i t t a n c e  a s  low c o s t .  i n f r a r e d  r a n g e  

t o  about  . .. 	 e f f e c t e d  by 
s u r f a c e  1 m i c r o n .  
c m i s s i v i t y .  
voids ,  
c r a c k s ,  etc.  

. . . . 
T h e r m a l  pa in ts  . . T h e r m a l  p r o -  

tec t ion  a y s t e m .  
S u r f a c e  
t c m p e r a t u r e  

P o s s i b l e  

on-board  u s a g e  

Nonrevers ib le .  
R e q u i r e s  

I n t e r m e d i a t e .  Analyze  f u r t h e r .  

am eIfec ted  by with f i b e r  s u r f a c e  
voida, opt ics .  appl ica t ion .  
c r a c k s ,  c tc .  L i m i t e d  r a n ~ e s  

available. 

P e n e t r a n t s  

Uae a s  neceamary F a s t ,  c o a t - R ~ q u l r e sHne Well developed. P e n e t r a n t  f a c i l i t y  	 Meta l l ic  . S u r f a c e  removablestructure. 	 c r a c k a .  e f fec t ive .  
unit.  

Minimal  usage .  S lmple .  Slow. Well developed. P o r t a b l e  p e n e t r a n t  	 Mcta l l lc  S u r f a c e  
s t r u c t u r e .  c r a c k s .  Cost ly .  

A c c e s s  
r e q u i r e d .  

P e n e t r a n t s  are Well developed.  Minimal  uaage .  
Magnet ic  p a r t i c l e  	 Meta i l lc  S u r f a c e  and N e a r  s u b -  

s t r u c t u r e .  n e a r  s u r f a c c  s u r f a c e  d a l e c t a  a l m o s t  a s  

crack..  i n  f c r o -  ef fec t ive  and 
m a g n e t i c  p a r t a .  p c n e t r a n t a  a r e  

m u c h  c a a l e r  
and f a a t e r  t o  
ume. 

L 
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Table 7. NDE Methods Evaluation Survey .(Cant) 

-General  Condition 
Method8 Application Detected Advantagam Disadvantages State ol Art  RecommendatIan 

Fiber  optics 

Portable  Inspection Inacce#mible General Simple. Stow. Wall developed Ume mnd develop. 
area#.  condltlon, but lmprova- 

corrosion, mont possible. 
g ross  
damage. 

Selected on-board lnaccamslble Gonnrnl Simple, Noad to Conceptual Develop. 
davtce. a reas .  condition, eaaily under- Identify 

corrosion, stood and selected a reas .  
g ross  interpreted.  Require# 
damage. design 

Implementa-
tion. 

On-board sys tem Inaccessible  . General Well defined Weight. Conceptual Ana1y.e Iurther. 
a reas .  condition, monltortng. Development 

corrosion,  Ilsxiblllty, costs .  
g ross  usalulness wlth 
damage. other lnstru-  

mentation; 
high speod. 
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6. Lighting requirements 

.
7. Communication requirements 

' 

.8. Air conditioning and environmental contr 01 . . 
0 

NDE Vehicle Design Manual 
-Cl 

1. Where to apply NDE 

2. Why .apply NDE 
v 

3. What NDE to apply 

4. How to apply NDE 


Techniques 


1. Bonded in-place ultrasonic transducers 

2. Rotating .ultrasonic wave .director 

3 .  Lamb wave ultrasonic techniques 

4. Fiber optics ports and tunnels 1 
5. Fiber optics on-board devices 

6. Fiber optics on-board system 

I 
-. 

7. Radiographic isotope tunnels 

8. Radiographic film tunnels 

-3 

9. On-board acoustic emission system 

I, 10. Acoustic emission signature comparison technique 

I '  11. Acoustic emission hybrid computer technique 

12. - On-board holographic interferometric frame 

13. On-board thermal NDE techniques 
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Portable Equipment Specifications 

1. Function I 

, . 2 .  Operation 

3. Description 
tl 


a. Portable ultrasonic hand scanning 

b. 'Ultrasonic digital thickness gage 

c. Portable fiber optics methods . 	 . 

d. Portable radiographic methods 	 . . 

e. Portable acoustic emission system 

f. 	 Portable holographic testing method . . . 

. .  .g. Liquid crys ta l  portable technique. 

h. Infrared scanning 
. 

i. Infrared film 

j. Eddy current  thickness gage j . 

k. Eddy current  defect detection 

--- -. 
1. Portable penetrant 

m. Portable magnetic particle 

n. Backs catter thickness gaging 

o. Nondestructive chemical analysis 

p. R F  voltage probe 

q. Direct radiation counting (Geiger-Muller counter) 



i 
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Facility Equipment Specif ications 8 . . , 

1. Function 

2: Operation 

3. Description 

a. Permanent ultrasonic inspection system 

b. Spectroscopic techniques 

c. Permanent radiographic facilities 

d. Cabinet radiographic facilities . 

e. Acoustic emission proofing technique 

f. Hybrid computer acoustic emission 

g. Holographic interferometric tes t  facility 

. . 

. h Liquid crys ta l  test  facility . . 

i. Penetrant booth . . 

j. Magnetic particle facility 

k. Electron emission radiography 

. 
1. Nondestructive chemical analysis 

m. RF  voltage probe 

Baseline Shuttle configurations considered in this study a r e  shown in 
Figures 51 and 52. The surface a r ea s  for the various types of external 
structure a r e  shown in Figure 53. Based on these data and inspection speed 

-
h information,, estimates can be made for the amount of time required to 

inspect the external TPS structure. Prec i se  definition of inspection speed 
is difficult without well defined and established defect cri teria.  Based on 
Apollo/Saturn history and laboratory experience, general and relative inspec- 
tion speed information i s  presented in Table 8. 

SD 71-112 




CONFIG 


AE ROI 

THERMAL 

STRUCTITPS 

SYSTEMS 

PAYLOAD 

' 

GROSS WT - 935,740 LB 

INTEGRAL LH2 TANK, FLOATING LO2 TANK 

ENTRY LID: 0.7 to  2.5 
SUB LID: 7.8 
WIG s: 54 LBIFT~ / 

PRIMARY: TITANIUM 
TANKS: ALUMINUM 
HEAT SHIELD: RE1 

MAIN PROPULSION: 2 X 620K LB ENGINES 
ACPSIOMS-INTEGRATED COMMON TANKAGE 

ACPS-29 THRUSTERS @ 2100 LB THRUST EACH 
OMS-3 THRUSTERS @ 10,000 LB THRUST EACH 

ABES: 4 X JTF22B-2, JP FUEL 

25,000 LB 

1

1-

WLO 
STA 4 

.. 

I I I 
1 22.4 FT ---------I I 1

~ ' 1 3 . 3FT 

GIMBAL PLANE 
O t-173FT5*6 

Figure 51. Long Cross -  Range Orbi ter  Configuration 



<;!;OSS WT = 852,984 LB ---.--CONFIG ' '. ' - 'EG~(AL LH2 TANK, FLOATING LO2 TANK 1 ENII* 

.. . \ Y  L!D: 0.56 

ACPS ,I'HOPULSION: 2 X 574K LB ENGINES 
SYSTEMS . :I&~s-INTEGRATED COMMON TANKAGE 

Gj;,F~-29 THRUSTERS B 2100 LB THRUST EACH 
ABES."dS-3 THRUSTERS @ 10,000 LB THRUST EACH 

. 4 X JTF22A-2, JP FUEL 

STA 200 

. I 

r168.2F:9yGIMBAL PLANE 1 
STA 2220 

%Figu re  52. Shor t  Cross-Rang.: Orb i t e r  con fig^. . ..ation 
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TPS MAX AREA WEIGHT AREA WEIGHT 
MATERIAL TEMP 

RE1 2000- (13,434) (11,735) (10.52$ (19.323) 

RPP 30W0 (665) (2.835) (720) (3,055) 

CARRIER PANELS (3,250) (2,270) (4,350) (3,040) 

INSULATION, + A L P  (16,248) i4.430) (15,735) (5,685) 

SUBTOTAL 27,270 31,105 

H I 8 8  I 54 100 I -

a I N C  718 567 2,550 710 3,195 

THERMAL PROTECTION SYSTEM 

&TED DlMENslONS 
ARE IN INCHESOF RE1 

mlsm,rw!crNrr, 

DELTA WING ORBITER HCR INSULATION SIZ ING 

250' TEMPERATURES ('0 

T I T A N I W  
r- INCONEL 718 

RENE' 41 
L- TD-NiC OR COATED COLUMBIW . -OR CARBON/C ARBON 

COATED COLUMBIUM OR 
CARBON/CARBON # 

*TEMPERATURE LIMITED TO VALUE SHOWN BY HEAT SINK DESIGN 

BOOSTER MAXIMUM TEMPERATURE & MATERIAL DlSTRlBUTlON 

Figure 53 .  Thermal Protection Systems 



On-board 
(inspection task 

1000 cu f t )  

10 h r  

15  min 

1 min 

1 h r  

3 min (fiber 
optics system) 

15 min  (fiber 
optics sys tem)  

Ultrasonic 

Holographic 
Interferometry 

Genera 

Detaile 

Table 8. General and Relative NDE Inspection Speed 

*Type of Operation 

Coverage 
Coverage (weld l ines,  etc. ) 

Facili ty Portable  Facili tyI 
(ft21 

manhour-) manhour) manhour)/ (ft21 1 
Portable  

( f t l  
manhour) 

Point 
Coverage 

(joints, etc. ) 

*Based on a 2-man team, I 
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CONCLUSIONS 

Effort  conducted to sat isfy requirements  of the Phase II study has 
included the development of 12 specifications ( s e e  Appendix B). ,'$hes e 
provide iriltlal equipment and facility requirements for N D E  systems during 
maintenance and turnaround of the Shuttle. Four  of these specifications 
provide design c r i t e r i a  for  on- board testing; eight provide design cr i te r ia  
for ground- support NDE facilities. In addition, a design manual must  be 
developed i f  on-board NDE technology is  to successfully support turnaround. 
The specifications providing design c r i t e r i a  a r e  the products of the Phase I1 
effort and thus form conclusions. The content of these documents has been 
derived f rom the body of the report .  

In addition t,o these specific conclusions, the. following general  con- 
clusions a r e  presented. 

I
I 

NDE TECHNOLOGY FOR IMMEDIATE APPLICATION 

XDE technology ready for immediate  application to the Shuttle for 
on-board and GSE use  includes: 

On-Board 

I 1. F i b e r  optics - selected on-board devices 
-

2. Radiography - isotope and fi lm tunnel concepts I . .-' 

GSE-
4 1. Ultrasonics  - portable hand scanning devices 

2. Ultrasonics - permanent  laboratory facilities 

3.  Ultrasonics  - digital thickness gages 

4. Fibe r  optics - portable devices 

5. Radiography - portable machines 

6 .  Radiography - permanent laboratory facilities 
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7. 	 Radiography - cabinet machines 

8. 	 ~ 1 e c t r o m a ' ~ n e t i c seddy current thickness devices -

9.  	 Electromagnetics - eddy current materials properties 
determination 

10. Penetrants - permanent inspection facilities 
,i 

11. Penetrants - portable s ys tems 
d 


Y NDE TECHNOLOGY FOR APPLICATIONS DEVELOPMENT 	 1 . 
! 
IThe following NDE technologies will be ready with applications develop- I 

ment programs established to determine the limits of applicability: 
i 

On-Board 

1. 	 Ultrasonics - bonded in-place transducers 

t
I 

, 2. Ultrasonics - rqtating wave directors 	 I 

3. Fiber optics - on-board systems 


GSE 


1. 	 Radiography - neutron radiographic facilities 

2. 	 Radiography - beta backscatter techniques 

3. 	 Radiography - stimulated emission 

4. 	 Radiography .- X-ray fluorescence 

5. 	 ~ l e c t r o m a ~ n e t i ' c seddy current  defect detection -

6. 	 Electromagnetics - microwaves 

7. 	Electromagnetics - RF thickness gages 

8. 	Acoustic emission - proof loading technology 

9. 	Holography - permanent laboratory facilities 
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10. Thermography - liquid c rys t a l  techniques 

1i .  Thermography - in f rared  scanning 

12 .  Thermography - in f rared  fi lm 

NDE TECHNOLOGY FOR RESEARCH AND DEVELOPMENT v 
NDE technology which will requi re  a grea t  deal of ~ ' e s e a r c h  and,ldevelop-

mekt for both the technique itself and i t s  application to th r Space shuttle i s  
l is ted below. ' .J 

I ! 

1 On-Board 
I
1 1. Acoustic emission - on-board sys t em 

I 
2. Acoustic emiss ion  - signature comparison methods 

3. Acoustic emission - hybrid computer techniques 

GSE ... .-
1. Electrornagnetics - R F  voltage probes 

2. Electromagnetics - R F  dielectr ic  probes 

I 
3. ~ l e c t r o m a ~ n e t i c sR F  leakage probes -

4. Holography - portable on-line sys tems 

5. Elec t r  omagnetics - thermoelectr ic  methods 
I 

I 
6. Radiography - d i rec t  radiation counting 
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P R ~ I N GPAGE B U N K  NOT I?-

\ 

RECOMMENDATIONSII 
Nondestructive evaluation methodology a s  discussed and evaluated in ' this study will provide operational personnel for the Space Shuttle vehicle 

substantial  help in achieving a two-week turnaround capability. All N D E  
I: sys tems and techniquesf should be  implemented a s  Shuttle structural-integrity 

' 	 checkout devices within the constraints  of their  individual specifications. It 

i s  therefore recommended that the essent ial  requirements f rom the specifica- 

tions appended to thi's r epor t  be included in any NASA statement of work for  

ult imate Phase  C / D  proposals f rom industry. 


\ 
It i s  a l s o  recomme,nded that a follow-on program be conducted to further 

develop the technologies l is ted a s  requiring further development. This pro-  
g r a m  should be  conducted to develop detail  requirements  for NDE technology 
to support the Space Shuttle design effort. It will be the objective of this 
follow-on p rogram to fur ther  develop, establish feasibil ' ty,  design prototypes, 
and p repa re  specific specifications for the identified NDI,C technologies. 

As the Space Shuttle design becomes f i rm,  revisions of the specifica- 
I 

. tions in Appendix B will yield m o r e  definitive requirements for Space Shuttle 
operations. Implementation of the on-board concepts and designed -in , I 

1 I inspectability for the Space Shuttle will require  d.esign manuals. It i s  recom- I :  

mended that a design manual incorporating the requirements of the specifica- 
tions and extending these requirements  be initiated. The design manual will 
function a s  a source  of specific design information for the inclusion of I 
on-board NDE methods into the Shuttle vehicles. Design manual data would 
include access  requirements ,  installation techniques (such a s  bonding or  
attaching methods for t ransducers ) ,  power,. and weight information. In 
addition, specific techniques and methods to be employed in utilizing other 
on-board sys tems,  such a s  computers ,  display equipment, data bases ,  etc., 
would be included. I ' 



Space Division ' 

~ ~ r t h;imencan~ d w d i  

BIBLIOGRAPHY 

Nondestructive Testing Handbook, Vol. 1 and Vol. 11, ed. R. C. McMasters .  
New York: Rona'ld P r e s s  Company (1963). 

I 	
Nondestructive Test ing,  ed.  H. B. Egerton.  London, England: Oxford 

University P r e s s  (1969). 


t 
Krau tk ramer ,  J. Ultrasonic Testing of Mater ia l s .  New York: Springer 
Verlag (1969). 

I 

Nakamura,  Y. "Acoustic Emiss ion  Monitoring Syst.,m for Detection of 
, - .Cracks  in  a Complex S t ruc ture ,  " Mater ia l s  Evaluation (Jan. 1971). 

I 

Hulten, K. "NDT Panel i s t s  See Grea t  Potential  for Neutron Radiography, I '  

Mater ia l s  Evaluation (Nov. 1970). 

Hagemaier ,  D. J . ,  e t  a l . ,  "Nondestructive Testing Techniques for 
F ibe rg l a s s  Graphite F i b e r  and Boron F i b e r  Composite Ai rc ra f t  Structures ,  I t  

Mater ia l s  Evaluation (Sept. 1970). 

Weldon, 	W. J. , "NDT Techniques f o r  Airl ine Maintenance inspection, I t  

Quality P r o g r e s s  (Nov. 1970). 

I 
McMasters ,  R. C . ,  "Holographic Role in NDT During the 19701s, I t  American 
Society for  Nondestructive Testing 1970 F a l l  Conference, Cleveland, Ohio 
(Oct. 19-22, 1970). 

Baker ,  R. A. , Sandia Laboratory,  "Ultrasonic Evaluation of Carbon-Carbon 
Composite Mater ia l s ,  " American  Society for  Nondestructive Testing 1970 
F a l l  Conference,  Cleveland, Ohio (Oct. 19- 22, 1970). 



APPENDIX A 


RELATED LABORATORY EFFORT 




Space Division 
~ o r t h~rnetkanRockwell 

! 

J s  

j 

APPENDIX A .  RELATED LABORATORY EFFORT 

To aid in the engineering assessment  of NDE techniques for  Space 
Shuttle application, limited laboratory testing was employed. The mater ia l s  
tested were  representat ive of those being proposed for the Space Shuttle pro- 
gram.  The configuration of the tes t  specimens was typical of thosi;designed 
f o r  engineering tests  and manufacturing development studies. In o rde r  to 
provide rea l i s t ic  tes t  data, special  emphasis  was placed on securing f rom 
Shuttle engineering and manufacturing groups engaged in Phase B work, 
actual defective test  s t ruc tures .  In that this study contract provided for  
only l imited testing, only four of the twelve technologies studied had any 
significant laboratory effort expended on them. They were holographic 
in te r ferometry ,  ul t rasonics ,  thermography, and acoustic emission. These 
technologies were  selected over  the other  eight because i t  was felt that more  
development effort was required for  these methods. With the exception of 
ul t rasonic  NDE, the sklected methods a r e  embryonic in development and not 
fully exploited f r o m  a pract ical  standpoint. 

Development efforts to establ ish cost effective NDE technology for 
Space Shuttle operations studied a t  NRISD emphasize high-speed methods 
and on-board techniques. Holographic NDE i s  being evaluated a s  a manu- 
facturing inspection sys t em and for  TPS inspection during maintenance and 
overhaul. F igure  A-1 shows the laboratory sys t em which i s  being used to 
develop holographic equipment pa ramete r s  and requirements.  Acoustic 
emission equipment shown in F igure  A-2 i s  being evaluated for i ts  ability to 
detect meta l  fatigue and adhesive delamination. Although acoustic emission 
techniques a r e  p r imar i ly  a laboratory r e sea rch  tool, the feasibility of using 
emiss ion  proof -loading techniques for  nondestructive inspection has been 
recognized by many investigators.  The possibility of applying acoustic 
emiss ion  monitoring during flight has  received close examination by SD 
investigators.  

Liquid crys ta l  thermography will pos sibly find application in the Shuttle 
p rogram where the lower thermal  conductivity of titanium, cobalt, and nickel 
alloys allows g rea te r  flexibility in their  application. Pre l iminary  laboratory 
evaluation work will define the usefulness of this thermal  NDE technique for 
Space Shuttle s t ruc tu res .  

4 
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LIGHT METER 

HOLOGRAPHIC SYSTEM . 
SPATIAL FILTER 

. . 
4-INCH MIRROR C O M M O h  CONFIGURATION FOR 

BASEBEA)VI SPLITTER AND 

1.5-INCH MIRRORS 


. ... . . . . 
. ..PLATEHOLDER - . ~. ATTENUATOR.?; :. .? ,; .. ..' : .' -TIMER - SHUTTER 

F i g u r e  A-1 . . Labora to ry  Holography Sys tem 
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Ultrasonic NDE was performed on selected Space Shuttle t e s t  
specimens to  determine i ts  basic capability for the detection of defects 
peculiar to those s t ructures .  Laboratory testing was limited to conventional 
C-scan presentations using longitudinal waves. 

HOLOGRAPHlC INTERFEROMETRY 

t 
The p r i m a r y  objective of this  laboratory study was to establish 

feasibility data. Since the installation of a holography facility, a wide 
i' variety of maderials have been ex'amided. Table A-1 details these iesul ts .  

1 \ i 
t' Many different a r rangements  of optical components a r e  possible, with the 


p r imary  constraint being to  maintain the same length in the object and 

re ference  beam. The plan view of a typical optical component arrangement  

i s  shown in Figure A-3. Five methods of proof loading specimens for 

holographic examination a r e  generally recognized. (Se Table A-2. ) The 

majority of t e s t  s t ruc tu res  examined thus f a r  have been8subjected to  a 

t he rma l  loading technique using a heat gun. Generally, the t e s t  specimen i s  

thermally excited with hot a i r  for a few seconds, with the surface tempera-  

t u r e  r i s e  being normally l e s s  than 15 degrees  Fahrenheit. As shown in 

Figure A - 4  pr io r  to  loading, a uniform fringe pattern i s  normally present. 

The holographic i n t e r f e r ~ ~ r a ' m s  
show a broad and a narrow band fringe 
pat tern on a Haynes 188 brazed panel. The two white spots a r e  braze  mater ia l  
and not holographic ar t i facts .  The typical pattern caused by dust on the 
optical components i s  indicated by the a r r o w  and mus t  not be confused with 
defect indications. The loading o r  thermal  s t r e s s  level is quite low, and 
interpretat ion of fringe wiggles i s  questionable. Although appearing a s  
paral le l  l ines,  the fr inges a r e  p a r t  of the circular  bulls- eye pattern. In the 
dormant  o r  r e s t  condition, the ~ a r a l l e l  l ines a r e  little disturbed. Figure A- 5 
shows the holographic in te r ferogram of a Haynes 188 Shuttle thermal  protec- 
tion s ystew, t e s t  s t ruc ture  a f t e r  loading. This panel measured 18 by 39 inches 
and was a brazed, corrugated structure.  The facing sheet thickness is 
20 mi l s  and has  1-inch-wide shallow stamped corrugations with brazed 
z-section r ibs  a s  st iffeners between the corrugations. The fine fringed 

t pattern is typical of that which f i r s t  appears  af ter  thermal  loading. 

This pat tern may be manipulated over  the surface using the object o r  
reference beam m i r r o r s .  Because spherical  wavefronts a r e  universally 

'r used in holography, a bulls-eye pat tern i s  always present  in the image 
plane a s  shown by the a r row in this  interferogram. A defect indication 
associa'ied with the l a rge  white braze  spot appears  real.  However, ultra- 
sonic testing shows i.t. i s  not an  unbond, and it i s  presumed to be associated 
with some other type of mater ia l  abnormality. By accurately adjusting 
ei ther  the object o r  reference m i r r o r ,  the fringes may be broadened a s  the 
center  of the bulls-eye pat tern i s  approached o r  made fine a s  the fringe- 
coherence resolution l imits  a r e  approached on the edge of the c i rc les  in the 

I 



' igure  A- 2. Labora to ry  Acoustic Emiss ion  Equipment 

LASER POWER SUPPLY 

I 1 
VIBRATION ISOLATION 


. TABLE 


SPECTRA PHYSIC 125 LASER 

'OBJECT BEAM 
SPECIAL FILTER 

Figu re  A- 3 .  Useful Holographic Optical 
Component Arrangement  
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Table A-1. Re sult s of Cursory Holographic Examinations 

Mater ia l  

Honeycomb 
Phenolic  c o r e  
Phenolic  facing 

Honeycomb 
~ h e n o l i ' cc o r e  
Atuminun- facLng 

Honeycomb , 

Aluminum c o r e  
Phenolic  facing 

Honey comb  
Aluminum c o r e  
Aluminum facing 

Boron a luminum 
composi te  

Brazed  TGynes 188 
hedt shield s t r u c t u r e  

~ o t - s h o t  honeycomb 
panels  

S t r e s sk in  panel 

Columbium 
diffusior! bonded 
t e e  pane ls  

Step weage facing 
sheet  honeycamb 

Important  Holographic 
Mater ia l  P a r a m e t e r s  

Adhesively bonded, 

15-mil thick facing 


A-dhesively bonded, 

15-mil thick facing 


Adhesively bonded, 

15-mil thick facing 


Adhesively bonded, 
15-mil thick facing 

20-mil thick 

Adhesively bonded, 

114-inch co rk  


20-mil  thick facing, 
"Z1' r i b s  

Ti tanium diffusion 

formed 


Ti tanium diffusion- 
bonded, 53-mil thick 
facing 

20-mil thick facing 

A1 c o r e  ~ i - ' f a c i n g p  -
adhesively bonded 

Defect 

Unbond 

Unbond 

Unbond 

Unbond 

Delamination 

Unbond 

Unbond 

Unbond, etc. , 
none presen t  

Unbonds, no 
known defects  
p r e sen t  

Unbond 

Unbond 

Resul ts  

112-inch defects  
resolvable. 

112-inch defects  
resolvable. 

1 /%-inch defect 
resolvable. 

112-inch defect 
resolvable. 

G r o s s  defects  only. 

4-inch defects  detectable 
with difficulty. 

Interest ing resul ts .  
Interpretat ion develop- 
ment  needed. 

Weakness in formed 
section evident. 

Standards needed. 

Interest ing resul ts .  
Interpretat ion work 
necessary.  

114-inch defects  
resolvable  under 
1116-inch face sheet  
thickness. 
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Mechanical 
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Vibration 
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Table A-2. Holographic Loading Techniques 
T 

Description Advantages Disadvantages 

Applying a force  Simple, good Limited 

with a weight, control application 

vise  clamp, etc. 


Heating o r  cooling Simply, broadly Poor control, 
L

of t e s t  specimen applicable heat distoition. 
: 

Using a shaker ,  With pulsed o r  Resonant condi- 

piezoelectric,  etc. high power CW no tions in t e s t  

t ransducer  to  vibration isolation specimen too 

setup, resonant is necessary  e r r a t i c  and 

vibration modes specific. 


Applying ei ther  a Good penetration Excessive setup 

vacuum o r  p r e s -  t ime  and spe- 

s u r e  to  a l l  o r  par t  cific tooling 

of t e s t  specimen needed. 


Hitting par t  with a Unique and Pulsed tech- 

hammer  o r  drop- unusual effects nique only a t  

ping it making a a r e  often present. 

double exposure uncovered 


bulls-eye. The pat tern normally disappears  on application of the thermal  
load; then af te r  a short  wait (typically 20 seconds), a fine bulls-eye fringe B 

pat tern appears  on the surface. Over the subsequent t ime  period, the 
fringes broaden out to  cover the whole surface and to  eventually set t le  down 

"I 
to t he  original pat tern observed p r io r  to  loading. Defects such a s  unbonds in 

honeycomb which cause i r regular i t ies  in this  fringe pattern a r e  shown in 
 I

3 
Figure A-6. i 

-. 
Figure A-6 shows in ter ferogram "8"on a I-foot-square adhesively 

bonded honeycomb panel with a 4- by 6-inch a r r a y  of various s izes  and types 
Fof unbonds. The aluminum facing sheet was a step plate varying f rom 


118-inch thick to  15-mil thick. The ti tanium core  gives a good thermal  
 ( 

coefficient of expansion mismatch,  and voids a r e  readily detected. An 

ultrasonic C-scan of the panel verified defect location. In the  C-scan, 

defect s i ze  i s  readily apparent while holographic interferometr ic  interpreta-  

tion of s i ze  is complex and involved. Howevers the C-scan would require  
 i 





\ 
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Figure  A- 5. Holographic Interferometr ic  Pa t te rn  
After Thermal  Loading 

Figure  A- 6 .  Holographic Interferogram "A" 
of Honeycomb Panel  



i 
about 50 minutes of actual testing hile the holographic interferogram can ia
be shot in a few minutes. , i:, , 

%;'.Figure A-7 shows interferog Ja m  "B" of the same panel under a differ- 
; 

. :: 
t ,  

ent se t  of loading conditions. ~ e f e k snot apparent in Figure A-6 a r e  , .  . . :Ii 

vividly brought out here. The varikty and nature of the loading variables . ' ' , . , , .  . . iI, 
and wide latitudes in the holographdc sys tem variables represent  a . formi-  , . . . ,: ,...' ,. .. . - ,  1
 
dable "techniques search"  t o  uncover proper  operating conditions. - The kind. ; ;: ...,::: . .. : 


, * ,

p '  5 : . :$nd tgpes bf defects! which cab  be fdund depend on the defect depth .i,stiffness.,, ..j;:,, 

.. .., . . .I - ; ' , : I  _ ,,. ' . IQf thd m a t k r i a L  st<uctures.  i n d  t h t  t j p e  ahd method of loading, among cithsr;,! ;::'
* .' 

, $ . . . I  ., ,h h \ ,,,!
factors.  .. ., .. ..:.&;!,:! ,t. , ! 

, .: 
:',. ;;." .. ,j ..,,,, ;.,3;:- '. . . .  1 

It i,s believed that the greategt usefulness of the present  holographic ';!-. ~ , L , ~ ; $ ~ . ~ . ~ ~ ;,.I... .  ' 
studies for the Space Shuttle will derived f r o m  the continued examination 

, : ,.. : . ." . ' 1  
. .of manufacturing and engineering. tes t  specimens. . . '  i 

This is reflected in  the presented in this  reportp ,.:; 
I 

i 
. 

, . . 
. . . . !  

the majori ty of development t e s t  specimens. . ; -:.. .. . .., 
. 
. j.

At the s a m e  holographic nondestruc- . -:.-,..2Jr..:'.;:::;:... / (  , . .. . ! 
$ . , .  .t ive testing Pursuant t o  these ;,:-,:;, :  1;, 

, .. .,;,.,;:: . , * ~. . ?
a ims ,  to  determine , . ,  - . . . . ,, . !i:( . " :  I 

2.. . . .  
costp etc. . .  . .:.:?, * . .  . ji 

. . 
-evident a s  a white area .  . In the  m ~ r e  severe  condition, this can completely, .. ' ..."... . 

. . 

wash out the da rk  fringe pattern. l ~ h eillumination i s  quite nonuniform 
. .~, . ,. . . ,  , . : ' 

a c r o s s  'the object. Although this  lionuniformity i s  often photographically . . , .._. . ..... , . '. 2 ..< . 
, .. . ,difficult to handle, it r a r e l y  gives)  a problem with visual investigation. . .  . , . 

.,: . .:. :. ' . . .  I ~. ,Exposure t imes  of a few seconds (typical) often r e s u l t  in a blurred image , '  : ; ,.,,. ., .. . ;i 
,I ' :since, under the t rans ient  therma? loading conditions, the pattern i s  con- , . , : .,. .. .. . ' .  . . . . .I ; , . . tinually changing especially during the high-stress  levels encountered 

! , . .  , . .  .! 

immediately af ter  applying the thgrmal  load. Although these photographic. ,z,,.:::,:.:::..;;:, .  ..,,,,.a:., ' .  , :
, . ', 

1 
 .a .:
problems have been a nuisance, nbthing has-been encountered which coula... ';L:;:.:.::..''~.<;. 
.,. :;L'-$,:.,../:. 

:$:.!:.;,,,:;$.;.: 

....,:';.,::'., . * j , , :  j 

L: . . ,,,
not eventually be resolved. , :,-A,. . c;!' a ;..,,., 

,.;,,:: 5.. . .  *.  . 
,.; ",.* , :' ., . : 

" g,.;;,.:.. , " 
Holding fixtures and methods of attachment a r e  important considera- -1:;. , . ,: .  ,. i:. ,I,.; .....- :: 

' % I':t ions which also 'must be understdod in interpreting such fringe patterns. . , . ., ... I! 
L .  ..;< . ,

. .  , .. . . .
Figure  A-9  shows a n  a r r a y  of severa l  s t ructures.  Thie have proven t o  be , . , : , , f ; , : ? : y . : , : . , , ,. , .  :: . . ii
a useful laboratory approach. Pdnel X is a diffueion-bonded columbium r i b  , . . . . . ,- 1. .  . 

s t ruc ture  with th ree  i ibs .  panel  / Y  ie  a 4-by-6-inch boron aluminum panel . ' , 
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Figu re  A- 7. Holographic In t e r f e rog ram "B" 
of Honeycomb Pane l  

F igu re  A- 8. Holographic l n t e r f e rog ram 
of Phenol ic  Honeycomb 
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with severa l  defects readily evident. The background fringe pattern shows 
on the angle block Z to  which everything has  been clamped. The optical 
adjustments were  such that the fringe pat tern was lost on the ceramic  
block W. However, the fringe pat tern could be developed on this blockby 
readjusting.--

At present ,  a s  a nondestructive inspection tool, holographic inter- 
fe rometry  s e e m s  best applied to  large,  thin-skinned, contoured s t ructures .  
Noted, however, that the,'fringes a r e  half-wavelength spaced and that g;eat 
amounts of quantitative data about surfdce displacements a r e  available? 

tOther  investigations h a d  shown the fea'sibility of not only obtaining on-axis 
movement but a l so  in-plane displacements. The usefulness of such tech- 
niques fo r  fatigue, c reep ,  and s t r a in  analysis  studies deserves  careful 
consideration. 

ULTRASONICS 

One of the candidate the rma l  protection systems (TPS) studied for . 

possible appiication on the Space Shuttle i s  the alloy Haynes 188 a s  base 
material  with diffusion bonding a s  the presently selected attachment process.  
Manufacturing engineering effort has  produced many laboratory t e s t  s t ruc-  , 

tures  constructed f rom this  alloy and joined by diffusion bonding. These 
specimens were  constructed for testing during the t rade  studies pursued to  
determine the baseline TPS for  the SD Shuttle candidate. During these t r ade  
studies, ultrasonic NDE was conducted to  determine the feasibility of utiliz- 
ing this technology to determine the integrity of the diffusion bond. The ., 

results of this  effort a r e  direct ly  applicable to  the satisfaction of the objec- 
tives of this  study. The basic purpose of the ultrasonic examination, once 
feasibility was established, was correlat ion with destructive testing to  show 

: the absence o r  presence of disbonds and delaminations in the diffusion bond. 

A double box t e s t  panel overlapped in the middle, a s  shown in Fig- 
ure A-10, was positioned in a laboratory ultrasonic bond inspection sys tem . equipped with C-scan o r  plan-view recording capabilities, utilizing Longi- 
tudinal waves. The interface of the diffusion zone was held a t  90 degrees t o  
the face of the  t ransducer .  A C-scan was made using through-transmission -

reflector principles. The attenuation o r  absence of signal detected by the 
- t ransceivei  i s  shown by the white a r e a s  of the recording a s  pictured i n  

Figure A-11. 

After the  ultrasonic recordings were  made, the t e s t  panel was sec-  
ti'oned and divided into s ix separa te  pieces shown ( see  Figure A-1 1) a s  2A, 
2B, 2C, 2D, 2E, and 2F. The two narrow sections 2B and 2D were  mounted, 
polished, and photographed. The two 75X macrospecimens indicate par t ia l  

L 
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Figu re  A- 9. Holographic h t e r f e r o m e t r i c  

T e s t  Specimen A r r a y  


Figuie A- 10.  Double Box Tes t  Pane l  

A- 14 

SD 71-112 
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contact and complete separat ion respectively f rom top to  bottom. This 
co r re l a t e s  well with the comparable ultrasonic recorded results.  The 300X 
microspec imen 2B shows the diffusion zone with grain boundaries extending 
through the zone. This bond condition, although l e s s  than optimum, does 
co r re l a t e  with the ultrasonic recorded resu l t s  which a r e  indicated a s  dark  
a r e a s  upon the  C-scan recording. 

At the ultrasonic sensit ivity established for this nondestructivk evalua- 
tion, the  defective a r e a s  a r e  readily apparent. The good to 'optimum a reas ,  
although shown a s  good, cannot be evaluated a s  to  the degree of acceptability 
that they p o s ~ e s s . \  he fussion zone, when complete, allows sound to 

# 

propagate a c r o s s  the boundary without too much opposition to the zone 
impedance. However, the ultrasonic sensitivity can be adjusted to  a level 
that is sensit ive to  the m o r e  subtle changes of a zone boundary impedance, 
provided reference s tandards can be established for control. Many t imes  it 
is m o r e  difficult t o  fabricate the s tandards for accurate  reference control 
than it i s  to  detect the subtle inconsistencies.  F o r  this reason, it i s  an  
advantage to  be able to  evaluate t e s t  specimens nondestructively and destruc-  
tively a t  the design stage. Feedback information of defect analysis related . 
t o  future hardware will provide baseline information for acceptance stand- 
a rds .  Fabrication of reliable acceptance standards with real is t ic  defect 
s izes  will help to  optimize the NDE process  to  be used on Shuttle hardware. 

ACOUSTIC EMISSION 

Since internal cracking and delamination f rom subs t ra tes  of foam-type 
insulation of p r e s s u r e  vesse l s  will be a source  of concern during Shuttle 
operations and maintenance, acoustic emission NDE was tested a s  a candi- 
date method for  rapid assessment .  Pre l iminary  t e s t s  were  conducted'using 
acoustic emission to monitor spray-on foam insulation (SOFI) used a s  t e s t  
p r e s s u r e  vesse l  substrates .  Initial t e s t s  indicated that t he re  woyld be good 
t ransmiss ion  of sound through the foam although the t ransducer  was mounted 
on the base metal.  SOFI i s  a closed-cell  mater ia l  with entrapping a i r  
pockets;  consequently i t  i s  an  excellent thermal  insulation. 

After selective gain adjustments were  made, extraneous motor and 
hydraulic pump noise were  effectively eliminated from the acoustic signal. 
The SOFI-insulated t e s t  specimen was then placed in a tension t e s t e r  with the 
t ransducer  attached to the  t e s t  specimen a s  shown in Figure A-12. A slowly 
increasing load (0t o  170 pounds) was applied to  the t e s t  specimen. A 
definite p recur so r  of imminent f r ac tu re  was obtained eight minutes pr ior  to  
fai lure  through the c r o s s  section. F igure  A- 13 i s  a photograph of the plot 
obtained during the test .  Explanation of the events are shown on the charts. 

8 

I 
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F i g u r e  A- 12.  Acoustic Emiss ion  Testing of SOFI Specimen 
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Three  significant observations can be made from the work performed 

so far. The f i r s t  i s  that it i s  possible to  separate  and ultimately eliminate 

ambient noise f rom information signals during testing. This was illustrated . ' Ei 


by the success  in removing the noise of the motors  and pumps of the t e s t e r  

during test .  The ult imate goal in this  a r e a  would be to develop acoustic 

emission methodology to operate  i f  necessary  during a high noise-level 

environment such a s  launch o r  landing, The second observation that can be 
 i
r-' made f rom this  t e s t  i s  that it will be possible to  successfully monitor foam 
insulation for ear ly  indications of failure. SOFI concepts a r e  being proposed I 

for  the  Shuttle vehicle and will be used most  probably in  insulating hydrogen i 

storage and p r e s s u r e  containers. Acoustic emission will provide information I 


. . ..
 during flight o r  on the ground which can  be used a s  an indication of the quality 1.
I
of a specific s t ructure.  

THERMOGRAPHY 

f . 
Cholesteric liquid c rys t a l s  were  evaluated a s  detection systems during t. 

the thermography evaluation. Several liquid c rys ta l  manufacturers were 
contacted i n  o rde r  to  obtain information regarding the i r  products. Table A-3 
 1
I 

lists the organizations contacted and the major  liquid crystal  compounds they 	 i 

produce. 	 i 

I 


I 


All the manufacturers  basically offer mater ia l s  in the bulk form with 	 1
t 
approximately equal tempera ture  and sensitivity ranges. Although the bulk . ! 
mate r i a l  can  be encapsulated by the  u s e r ,  NCR offers the i r  liquid c rys ta l s  
a l ready encapsulated .on ei ther  paper o r  mylar. . . I  


One of the p r imary  problems with the u s e  of liquid c rys ta l s  a s  an NDE 
@ '. 


tool i s  that of providing a n  even application of thermal  energy into the speci- 

@ !men being evaluated. Information on various heating methods was obtained 	 i 


f r o m  severa l  suppl iers  ( s e e  Table A-4) so  that different sys tems could be 	
f 

I 

evaluated to  locate the optimum methods for heating. 	 I 


I 


1
In conjunction with the  manufacturers '  information obtained f rom the 	 i 
. % 4. 

l i t e ra ture  search ,  many known applications and techniques for the use of t 

liquid c rys ta l s  a s  an  NDE method were  disclosed. A11 applications were I
basically s imi lar  in  that they used bulk liquid c rys ta l s  with infrared heat 1 


sources.  No routine production usage of liquid c rys ta l s  a s  a NDE method . .  . ! 

I' was known o r  anticipated by the u s e r s  contacted. 


I
A s e r i e s  of initial t e s t s  were  conducted on a se t  s f  phenolic-aluminum-
- honeycomb t e s t  panels for familiarization a s  to  mater ia l s  and application 1 


techniques. The t e s t  panels consisted of one-half phenolic co re  and one-half 
 1 

i 

i 

I 

I 


I

! 
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r able A- 3. Liiquid C r y s t a l  Manufacturers  and Produc ts  

Manufacturer  Mater ia l  Description 

Vari-Light Corp.  

9790 Conklin Road 

Cincinnati ,  Ohio 45242 

513/71,4-6330 


P r e s s u r e  Chemical  Co. 

3419-25 ~ m i l l m a h  St. 

P i t t sburgh ,  Pa .  15201 

4121682-5882 


Liquid C r y s t a l  I ndus t r i e s  

460 Brown Ave. 

Tu r t l e  C reek ,  Pa. 15145 

4121823-1500 


Westinghouse E l e c t r i c  G o r p  

Resea rch  and Development Cente r  

P i t t sburgh ,  P a ,  15235 

4121242-1500 


Dist i l lat ion P roduc t  Indus t r i es  

Division of Eas tman  Kodak CO. 

343 Sta te  St. 

Rochester ,  New York 14603 


Capsule P roduc t s  Division 

National C a s h  ~ e g i s t e r ' c o .  

Main and K S t r ee t s  

Dayton, Ohio 45409 " 


5131449-2697 


Pen insu la r  Cherriresearch 

Box 1466. 

Gainesvil le,  Fla.  32601 

9041376-7522 


Fr in ton  Labo ra to r i e s  

Box 301 

South Vineland$ N. J. 08360 

6091692-6902 


! Bulk ma te r i a l  
5 1  to  132 C,  wide . . range 

Bulk ma te r i a l  
-7 to  68 C, nar row ranges  

Bulk ma te r i a l  
Z e r o  t o  154 C ,  na r row ranges  
Sheet f o rm,  memory- type 
c r y s t a l  

Bulk ma te r i a l  
-3  to 106 C, na r row ranges  

Bulk m a t e r i a l  
10 to  200 C, wide range 

S lu r ry  o r  encapsulated f o r m  
30 to  37 C, wide o r  nar row 
range  

Typical  types  by chemical  
n a m e  and formulas  bulk 
m a t e r i a l  

Typical  types  by chemical  
Dame and formulap  bulk 
m a t e r i a i  
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Table A-4. Heating System Suppliers and Products 

Suppliers 

Thermal  Systems,  Inc. 
13920 S. Broadway 
Los Angeles, Calif. 90061 

George W. Leseman Co., Inc. 
1251 W. Redondo ~ e a k h  
Gardena, Calif. ' 

Fos tor ia  Corp. 
1200 North Main St. 
Fos tor ia ,  Ohio 

Bis cot Manufacturing Co. 
P. 0. Box 628 
Columbus, Ohio 432 16 

Wall Manufacturing 
P. 0. Box 3349 
Kins ton, N. Carolina 28501 

Product Description 

Heating blankets, printed 
circuit  hea ters ,  custom built 
t o  requirements 

IR heating units ?. 

IR heating units 

Heating blankets , heating 
tapes,  heating jackets 

Small  point hot a i r  guns 

I 
I - -aluminum core ,  with face sheets  of 0. 020-, 0. 040-, 0. 062-, 0. 080-, and t 

0. 100-inch aluminum corresponding with 2-, 4-, 6-, 8-, and 10-ply phenolic 
face sheets  on the opposite side. Each panel contained four se t s  of face 1 
sheets to  co re  adhesive cutout voids of 114 inch, 112 inch, 1 inch, and I 
2 inches, with two se t s  of voids on ei ther  side of the panel. All the t e s t s  i
were  conducted with the liquid c rys ta l s  on the phenolic face sheet, which wks i' 
designated a s  the top surface.  The resu l t s  of these  t e s t s  4;;ith respect  to  j
defect s i ze  and location in  relation to  face sheet thickness t ~ n d  heating tech- , 

1
nique-are shown in Table A-5. 

! 
The following conclusions were made a s  a resul t  of these initial 	

i 

i 
familiarization tes t s :  	 i 

! 
I 

1. 	 Top and bottom surface heating can be utilized for the location of 

top surface defects. 
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Table A-5,  Void Size Detectable by Heat Method 

Heating Method 
f i n e 1  F'ice 

Sheet Heat F r o m  Heat F r o m  Oven Heat Air 
Dimension Top Surface Bottom Surface Gun Cool-Top 

. 
0. 020-inch 11 14-inch top 114-inch top 

3. 

2 -p ly  1 /4-inch bottom 1/Z-inch bottom 112-inch bottom 

0. 040-inch ' 1 /4-inch top 114-inch top 114-inch top 


4-ply 1 12-inch bottom 


0. 062-inch' 114-inch top 1 14-inch top 


6-P ~ Y  1 12-inch bottom 112-inch bottom 


0. 080-inch 114-inch top 114-inch top 112-inch top 

8 -ply 1 12-inch bottom 1 12-inch bottom 


0. 100-inch 114-inch top I /4-inch top 1 1.2-inch top 

10-ply . 1 -inch bottom 112-inch bottom 


2. 	 Increased  bottom surface defect detectability can be obtained f r o m  
bottom surface heating. 

. . 

3. 	 Increased  sensitivity and defect definition can be obtained by 
thermal  pumping techniques, 

I
such a s  back surface heating and 

front surface cooling. 

4. 	 Even coating thickness i s  required when utilizing bulk liquid 
crystals .  

5. 	 Vacuum hold-down of encapsulated liquid c rys ta l s  i s  required to  
*> 	 eliminate uneven surface contact, which can cause false  

indications, 

. . 6. Encapsulated liquid c rys ta l s  possess  longer life, increased color 
P brlghtnes s ,  and freedom f rom atmospheric  contamination when 

compared to  the bulk liquid c rys ta!~ .  

Typical resu l t s  of liquid c rys ta l  thermography on the phenolic alumi- 
num panels can  be seen in F igure  A- 14. The photograph was taken of a t e s t  
on a 0,020-inch aluminum face sheet and 2-ply phenolic face sheet honeycomb 
panel, which had encapsulated liquid c rys ta l  i n  the 35 t o  36 C tempera ture  

.-
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sensitivity range bonded to the phenolic face  sheet. A quartz lamp IR heater ,  
12 inches f rom the r e a r  surface,  and an  input voltage of 120 vol t s  were used 
a s  the heat source.  The photograph in Figure A-14 was taken during the 
ear ly  portion of the color transformation. Voids of 2 inches, 1 inch, 

112 inch, and 1 / 4  inch can be seen a t  the edge of the panel. 


;,I Upon completion of the initial familiarization tes t s ,  several  types of 
candidate Shuttle configuration t e s t  specimens were used tol evaluate various. 
liquid c rys t a l  tFermographic techniques. The t e s t  procedui-e and resul ts  
a r e  detailkid in the following sections. 

Diffusion- Bonded Columbium Panel 

A t e e  ̂ configuration diffusion-bonded columbium panel with known dis-  

bonds in the center  t ee  was evaluated using liquid c rys ta l  thermography. 

Encapsulated liquid c rys ta l s  with a 35 to  36 C color transformation range 

were  bonded to the panel top face sheet. A quartz lamp IR  heater ,  using 

one lamp a t  130 volts, was placed 12 inches f rom the r e a r  surface a s  the 

t he rma l  source.  The disbond could be detected a s  a resul t  of i ts  slower 
 I I 

color change in response to  thermal  energy being t ransmit ted up the t ee  leg 

t o  the top face sheet. The resu l t s  of this t e s t  a r e  shown in Figure A- 15. 


1 

Brazed Haynes 188 Panel  4 -

A brazed Haynes' 188 hot s t ruc ture  t e s t  panel was used to determine if 
liquid c rys t a l  thermography could locate smal l  unbrazed a r e a s ,  which had 1 , 

previously been located with ultrasonic C-scan techniques. Because of the 1 ( 

surface configuration.of the panel, a bulk liquid crystal  was utilized. The r 
isurface of the panel was coated with an  ultra-flat  black paint and a 35 to  37 C 

color t ransformation range crys ta l  was applied by spraying. Thermal  inputs 
were  provided by a quartz  lamp IR heater  a t  various distances f rom the I 

panel surfaces.  Four quartz  lamps were  energized a t  various voltages in 
t h r e e  heating techniques (front surface heat, back surface heat, and back 

s surface heat in conjunction with front surface cooling). In addition, two 

1000-watt photographic lights were  used f rom the front surface for a slow 

heat input. None sf these sma l l  b ~ a z e  voids could be seen. 

http:configuration.of
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APPENDIX B . SPECIFICATIONS 

NDE hardware and predevelopment specifications have been generated 
to sat isfy design c r i t e r i a  requirements  of the contract. Following the 
format  of NP500-1, detailed specifications for the 1 2 N D E  methods' 
follow. \ 4 

On-board optical NDE methods 


On-board ultrasonic NDE methods 


On-board radiographic NDE methods 


On-board acoustic emission NDE methods 


~ a d i o g r a p h i c  facility 


Ultrasonic ground support 


Electromagnetic NDE techniques 


8. Penetrant  facility 

9. Holographic in te r ferometr ic  facility 

10. Acoustic emission ground support 

11. Thermographic NDE facility 

1.12, F iber  optics for  ground support i. ! ,  

Libera l  use has  been made of the designations EST (estimated) and I 
TBD ( to  be  determined).  This ref lects  both labor and state of the art ! 
limitations inherent in  this  study. As the Space Shuttle design becomes 
f i rm,  revis ions of these specifications will yield m o r e  real is t ic  and 
definitive requirements.  11I 

1 I 
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SPECIFICATION SSV-NDE-FO-OB 

ON-BOARD FIBER OPTICS SYSTEM 
i 

1.0  	 SCOPE 

This specification defines the performance and design requirements 

for the on-board optical nondestructive t e s t  system for the Space Shuttle 

s t ruc tu ra l  integrity checkout system and establ ishes requirements for i t s  

design, development and tes t  and i s  the single authoritative document 

stating the program technical requirements .  All elements and contract end 

i t ems  of the on-board fiber optic system shal l  conform with the require-  

ment s specified herein. -


The on-board fiber. optics system includes those devices listed a s  

follows: 


1. 	 F ibe r  optic devices 

2. 	 Boroscopes 

I 

3. 	 Remote a r e a  surveillance devices 
.'I 

4. 	 Optically aided visual inspection devices. 

2.0 	 APPLICABLE DOCUMENTS B 

The following documents of the exact i s sue  shown, form aspart of this 

specification. Specifications, standards,  drawings, bulletins, and other 

publications a r e  to  be determined. 


3,O 	 REQUIREMENTS 

+ 	 3.1 Per formance  

3. l. 	P Charac ter i s t ics  

1. 	 The on-board optical NDE system shal l  allow visual access  an4 
surveillance s f  a l l  load-bearing s t ruc tura l  member and cr i t ica l  

B-5 
SD 71-112 
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functional units which a r e  not readily accessible and shall  be one 

of the following: 


! 
a. 	 Type I. Access ports  and t r acks  shall  be provided to  permit  1 .  

visual access  to  c r i t ica l  Shuttle s t ruc tures  and functional r .  . .  

components. This system shall  involve minimal  usage of : \ , ,. 
on-board optical components. The t racks  and tunnels shall  .;- . 
be compatible with commercially available optical NDE, .(: . - , \ 
equipment. 

, . i 
b. 	 Type 11. Optical sys t ems  including both the flexible and rigid @ 

types shall  be provided t o  permi t  visual observation of 
inaccessible c r i t ica l  Shuttle s t ruc tures  and functional com- u 

-	 ponents. This sys tem shall  not involve usage of the on-board 
digital data bus, computer, or other Shuttle functional 
electronics.  

c. 	 Type 111. Provis ions for incorporation of optical sys tems 
including the possibility of an  on-board closed circuit  vidicon 
system shall  be provided to  permi t  visual observation of 
inaccessible  c r i t i ca l  Shuttle s t ruc tures  and functional corn- i 
ponents during the flight tes t  program. The digital data bus 
shal l  be used to  control  and d i rec t  this  optical system and an 1

1
R F  data bus shal l  be used to  t ransmi t  images to  a monitor i 
which permi ts  viewing by the Shuttle flight crew. 	 / 

2. 	 Rigid devices shall  be used in preference to  flexible ones. 1
1 1 

3. 	 The tunnels and t r acks  for the Type I system shal l  meet  the 
following requirements:  

a. 	 Minimum diameter  to  c l ea r  optical device - 518 inch (EST) 1 .  
t.
Ib. 	 Maximum distance to  s t ruc ture  being viewed - 18 feet (EST) 

4. 	 ' .  The on-board optical components of the Type 11 and .Type 111 
sys tems shal l  meet  one of the following requirements:  

i 
a. 	 Maximum length - 6 feet (EST) 

Minimum diameter  - 1 /4  inch (EST) 
Maximum weight p e r  foot of length - 3 g r a m s  (EST) I 
Rigid type minimum resolution - TBD I 
Flexible type minimum resolution - TBD It 

i 
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b. 	 Maximum length - 12 feet  (EST)  
Minimum d iame te r  - 112 inch (EST) 
Maximum weight p e r  foot of length - 10 g r a m s  (EST) 
/

Flexible type min imum resolut ion - TBD 

Rigid type min imum r e  solution. - TBD 


. -

C. 	 Maximum length - 18 feet  (EST)  
Minimum d iame te r  - 5 / 8  inch (EST) 
Maximum weight p e r  foot of length - 12 g r a m s  (EST) 
Flexible type min imum resolut ion - TBD 
Rigid type min imum resolution - TBD 

The  vidicon optical  imaging sys tem sha l l  mee t  the  following: 

a. 	 S tandard  r a s t e r  s cans  sha l l  be  used. Object resolution shal l  
be  controlled by the  field of view and object d is tance for the 
at tached optical  scope. 

b. 	 The  vidicon c a m e r a  shal l  have a c c e s s  t o  an R F  data bus a s  
controlled by the  digi ta l  da ta  bus. 

c. 	 The vidicon camer i  $.hall b e  capable of being switched to  a 1 

maximum of 10 (EST) different optical  channels.  I 

i 
i 

d. 	 The numbe; of vidicon optical  c en t e r s  shal l  b e  between,. 
j

4 and 10 (EST) I? 

I 

Al l  Shuttle s t r u c t u r e s  sha l l  b e  optically resolvable  t o  the  extent 
of one of the  following: 

a. 	 G r o s s  damage  - 114 inch o r  g r e a t e r  displacement  (EST)  

b. 	 Minor damage - 0. 1 inches  o r  g r e a t e r  displacement (EST) 

e ,  	 Major c r a c k  0.050 inches  o r  g r e a t e r  (EST) 

d. 	 Minor c r a c k  5 m i l  o r  g r e a t e r  c r a c k  discernible  

Viewing a c c e s s o r i e s  of the  following capability shal l  be at tachable 
t o  the  f a r  end of the scope: 

a. 	 Direct  v i s ion  forward , 

F ie ld  of view - ( a )  60 degrees  to 70 degrees  and/or  ( b )  Less than . i 
10 degrees  (EST)  

. . 
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:: 

b. 	 Foroblique 

\ 

Viewing angle - 45 degrees  (EST) . 
' , F i e ld  of view - ( a )  60 degrees  to 70 degrees  and/or  (b )  Less 

than 10 degrees  (EST) 

c. 	 Right angle 

Viewing angle - 9 degrees  (EST)  
F ie ld  of view - ( a )  60 degrees  to 70 degrees  and/or  (b )  Less 

than 10 degrees  (EST) 

d. 	 Retrospect ive 

Viewing angle - 175 degrees  (EST)  

Field  of view - 45 degrees  to 50 degrees  (EST) 


8. 	 The light sou rces  used with f iber  optics devices sha l l  be one of 

the following: 


a. 	 Integral  to scope attached to viewing end 

Light intensity a t  ,exit - TBD 


Wattage - 500 watts (EST)  

b. Integral  to  scope attached to  viewing end s t robe  type. 

Light intensity exi t  - TBD 

Strobe type - TBD 


' High intensity - TBD 

c. 	 Independent of scope,  has own non-coherent light pipe t ra in  
o r  has  light sou rce  a t  end of inser ted  bundle 

Minimum length - 18 feet  (EST)  

Maximum diameter  - 114 inch (EST) 

Light intensity - TBD 

Wattage - TBD 


9.  	 The Type I s y s t e m  sha l l  be supported by ground optical sys tems  
including appropr ia te  f iber  optics,  r igid optics devices,  etc. , 
i r o m  a f iber  optics c r i b  operation.  The Type 11 and Type III 
optical  sys  tems sha l l  r equ i r e  min imal  ground support  equipment. 
These on-board optical  sys t ems  sha l l  be used by ground support  
c rews  to visually inspect  inaccess ib le  Shuttle vehicle a r e a s .  
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10. Trained inspection personnel shall  be capable of using the optical 
sys tems with the aid of an operating handbook which shall be i 
originated and maintained by optical laboratory personnel. 

3. 1. 2 P r o g r a m  Definition 
' I 

T' The on-hoard optical system shal l  consist  of par t  or  a l l  of the 
following sub systems: 

1. 	 optic;l access  tunne'ls 

2. 	 Optical entry por ts  

3. 	 Optical t r ans fe r  l ines 

4. 	 Vidicon optical information access  module 

5. 	 Optical lighting system 

6. 	 Radiofrequency data bus 

7. 	 Optical digital data bus interface 

8. 	 Optical/computer interface equipment 

9. 	 Data display /optical monitoring system interface equipment 

10. Optical system/auxi l iary 'power interface equipment 
I 

11. Communications /optical monitoring interface equipment 
it
j

3. 1. 3 Operability 

1. 	 The on-board fiber optic system shall  be designed for a perform- 
ance life compatible with other on-board checkout sys tems (TBD). 

2. 	 Environmental s tandards which a l l  on-board optics hardware shall  
b e  designed to  withstand a r e  a s  follows: 

a. 	 T e r r e s t r i a l  
, 

Protected in  "hangar" type atmosphere (TBD) 
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b. 	 Space 

Class  I Environmentally controlled electronic bay 1	 ; 
Tempera ture  40 - 120 degrees fahrenheit (EST) 
P r e s s u r e  0.1 to  1.1 a tm (EST) (TBD) 

-.. 
Class  I1 On Protected Non-Environmentally Controlled .' 

Shuttle Vehicle Hardware (TBD) 

3.2 	 P rogram Design and Construction Standards 

1. 	 The onboard optical equipment shall  be t o  the grea tes t  possible 

extent ruggedized commerc ia l  hardware. 


2 .  	 The design and construction standards for the on-board optical 

equipment shall  be consistent with the intended use and expected 

environmental conditions. 


3. 3 	 Requirements for Functional Area (TBD) I 
4.0 	 QUALITY ASSURANCE 

4. 1 	 Phase  I Integrated Pro jec t  Tes t  Requirements 

1. 	 Developmental and qualification'testing of this  equipment shal l  be  

performed on t e s t  s t ruc tu res  appropriately configured to  represent  

typical Shuttle mater ia l s  and s t ructures .  Such t e s t s  shall  consist 

of functional demonstration of the fiber optics system 


2. 	 Demonstration of the on-board optical NDE system shal l  be 

accomplished on a n  engineering flight t e s t  Shuttle vehicle used in  

the horizontal flight t e s t  program. u 
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SPECIFICATION SSV-NDE-ULT-OB 

ON-BOARD ULTRASONIC NONDESTRUCTIVE EVALUATION SYSTEM 

1.0 SCOPE 

i 1 

This  specification defines the performance and design requirements 
for the on-board ultrasonic evaluation system for the Space Shuttle integrity 
checkout system and establishes requirements  for i t s  design, development, 
and t e s t  and i s  the single authoritative document stating the program technical 
requirements .  All elements and contract  end i tems of the ultrasonic system 
shal l  conform to the requirements  specified herein. The on-board ultra- 
sonic nondestructive evaluation (NDE) sys tem i s  composed of the following 
elements.  

. j  . 

I. Bonded in-place t ransducers  

2 ,  Bonded scanning t ransducers  

3. Rotating ultrasonic wave d i rec tors  

4. On-board Lamb wave ultrasonic evaluation 

5. On-board ultrasonic phased a r r a y s  

The requirements  contained i n  th i s  specification shall  be compatible 
with those for the launchlturnaround facility with respect  t o  ultrasonic 
support and maintenance. 

The following documents of the exact i s s u e  shown, form a part  of this 
specification. Specifications, standards,  drawings, bulletins, and other 
publicatior-s a r e  to  be  determined. 
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3.0 	 REQUIREMENTS 

3.1 	 Per formance  

3.1. 1 Charac ter i s t ics  

1. 	 The on-board ultrasonic NDE system shall  provide indicatibns of 
t 

defect origination (especially c racks)  in selected cr i t ica l  metall ic 
s t ruc tu res  on the Space Shuttle Orbi ter  and Booster. 

*. 

2. 	 The on-board ultrasonic sys tem shal l  be one of the following . 
types: 

a.-	 Appropriate ultrasonic t ransducers  and sensor s  shall  be built 
into the Shuttle vehicle and connected to  external  ports  in  the 
wheel wells, cargo bay, electronic bay, etc. By connecting , 
appropriate  ground support equipment, defects in  the 
monitored s t ruc tures  shal l  be  detectable. 

4 
 E 
b. 	 The on-board ultrasonic NDE system shal l  provide a method 

to  record  defect indications during flight for analysis upon 
landing at the launch/turnaround facility. 

c. 	 The on-board ultrasonic NDE system shall  meet  a l l  the 
requirements  of ( a )  and (b) above. In addition, for s,elected 
s t ruc tu ra l  elements,  the on-board ultrasonic system shall  
provide in-flight indications of defect origination (especially 
c racks )  to  the Shuttle flight t eam on a scheduled sampling 
bas is  (once per  1 /2  hour EST). 

d. 	 The on-board ultrasonic NDE system shal l  have provisions for 
being directed and used by either the Shuttle flight team o r  by 
ground stations via te lemetry.  

v 

3. 	 The ultrasonic t r ansduce r s  shall  be  secured to appropriate Shuttle 
s t ruc tu res  and be one of the following: 

v 	 a. Bonded in-place t ransducers:  c rys ta l  piezoelectric chip f a 
= 3.7 x 10- lo  meter /vol t  minumum (EST) 

d33 

d j l  	 = -1.7 x l 0 - I 0  rneter/volt  maximum (EST) I 
d15 = 5.8 x 10- lo  meter /vol t  minimum (EST) 
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= 24.8 x (vol t lmeter )  /Newton minimum ('EST.). I 
833 

= 11.4 x 10-3 (volt/meter)/Newton maximum (EST) 
. .3 1 

Mechanical Q = (TBD)  
I 

f i Resonant frequency 1.0 or  2.25 or 5 MHz (Es t )  

Size 

(1) Angle 45 degrees  shear  (EST) 

112 inches by 314 inches maximum 
314 inches high max. (EST) 

(2) Compression flat 

314 inches diameter  maximum 
1 / 8  inches max. height (EST) 

. . Weight 

(1) Angle 


I 25 g r a m s  maximum (EST) 


(2) Compression 

4 g rams  maximum (EST) 

Connector - micromini,ature microdot (EST) 

b. Rotating ultrasonic wave d i rec tor  
! 

(Scan mode only) i 

ICrys ta l  - piezoelectr ic  chip 
I 

dg3 - 3 . 7  x 10- lo  meter fvol t  minimum (EST) 

- 24.8 x (volt/meter)/Newton minimum (EST) 
833 I 

IMechanical Q - 75 maximum (EST) : 
i 

1 
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Frequency - 2.25 MHz (EST) 


Type of dr ive  for movement (TBD) 


Transducer  angle: 


(1) 	 Cr i t ica l  angle for  Lamb wave propagation i n  mater ia l  

to  which it i s  attached (TBD). 


I 
I 

(2)  	Shear  wave angle for propagation in mater ia l  to  which 

i t  i s  attached (TBD). 


(3) Surface wave angle 


Weight - 6 ounces o r  l e s s  (EST) 


Size - 2 inch d iameter  maximum; 1-112 inch high (EST) 


Operation - t o  t ransmi t  o r  receive only 


c. 	 Rotating ultrasonic wave d i rec tor  (s ignature comparison 
mode) 

Crys ta l  - piezoelectric chip 


d33 - 3. 7 x 10- lo  meter fvol t  minimum (EST) 
 l i 
24.8 x 10-3 ( v o l t / m e t e r ) / ~ e w t o n  minimum (EST)' 

g33 	
-' 

. . .  

~ e c h i n i c a lQ - 75 maximum (EST) 


Frequency - 1.2. 25, or  5 MHz (EST) 


Elec t r ic  motor  dr ive  (EST) 


Preampl i f ie r  attached (TBD) 


Disc r eco rde r  (TBD) 


Angle - adjustable 


Weight - 12 ounces o r  l e s s  (EST) 


-Size - 2-112 inch diameter  maximum (EST) - 2-112 inch high maximum (EST) 
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d. 	 Rotating ultrasonic wave d i rec tor  (pulse echo mode) 

Same a s  (b) above. In addition, two isolated chips shall  be 
present  i n  rotating head to  allow pulse-echo type operation. 

4. 	 The sensitivity of the on-board ultrasonic systems ehall conform 
to  one of the following categories: 

a. 	 Short-range pulse echo to detect 0.060 inch hole 18 inches 
from detector (EST). 

b. 	 Shear  wave pulse and receive pa i r  t o  detect 60-mil hole 
- 36 inches from detectors  on centers  (72 inches) (EST). 

c. 	 Lamb Wave pulse and receive pair  t o  detect 118 inch hole 
24 feet f r o m  detector on center  (EST). 

d. 	 Surface Wave(TBD) 

The pulser - rece ivers  used to  activate the sensor- t ransducer  
sys tem shal l  conform to the following requirements: 

a. 	 Operating frequencies: 1, 2.25; and 5 MHz (EST) 

b. 	 Pulse  repetition rate: 

50, 125, 250, 500, 1250, 2500, o r  5000 pulses per  second 

(EST) 

c. No vidicon display - r e a l  t ime  signal data will be 6onve.rted 
. t o  digital format  and computer analyzed. 

d. 	 Output voltage: 


1 kv minimum a t  1 amp (EST) 


e. 	 Output power: 15 t o  25 watts (EST) 

f. 	 Pu lse  r i s e  time: Pess than 9 nanosecond (EST) 

g. 	 Pulse  fall  time: l e s s  than P 2 nanosecond (EST) 

h. 	 Size: 8-1 12 inches by 8-112inches by, P B  inches 'maximum 

(EST) 

i, 	 Weight: 10 pound maximum (EST) 
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6 .  On-board ultrasonic wiring and switching network (TBD) 

3. 1. 2 Program Definition 

1. 	 The ultrasonic ground support laboratory shal l  be capable of 
repair ing and maintaining on-board and at-s i te  ultrasonic 
checkout gea r  by ordering replacement components and par t s  7 

f rom the approved suppliers.  . A$j 

2. 	 The on-board, ultrasonic system shal l  be capable of fully automated 
operation with appropriate  connection of supporting ground support . 
equipment. Computer analysis  programs shal l  be generated where 
necessary  t o  analyze and in terpre t  system response. 

3. 1. 3 Operability 

1. 	 The on-board ultrasonic NDE system shall  be designed for 'a 
performance life compatible with other on-board checkout 

, . sys tems (TBD). 

I 3 . 2  Program Design and Construction Standards 

i 1. 	 The on-board ultrasonic equipment shall be ruggedized commercial  
hardware  a s  far a s  i s  possible. 

I 

2. 	 The design and construction s tandards for the on-board ultrasonic 
equipment shal l  be consistent with the intended use and expected 

i ! 
. . environmental conditions. 1 

' 3. 	 All transducer.^ of the s a m e  type shal l  be interchangeable. 
Transducer  design shall  be specified in a m o r e  complete manner 
in lower level specifications. 

1 3. 3 	 Requirements for Functional Area (TBD) 
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4.0 QUALITY ASSURANCE 

4. 1 Phase 1 Integrated Pro jec t  Tes t  Requirements 

4. 1. 1 Development and Qualification Testing 

Development and qualification testing shal l  be performed on tes t  
.,I 

s t r uc tu res  appropriately configured to  represent  typical Shuttle mater ials '  
,.. . and s tructures .  Such t e s t s  shall  consist  of two types: 

I 

I \ ! I 
~ ~ I - e$ fun=tionil  demonstratibn of t ransducer  design . . 

Type I1 - functional demonstration of ultrasonic interfacing equipment 
.. configured to  simulate ultrasonic on-board interfacing 

# 

concepts . I?, 

V , , 

4. 1..2 De.monstration 

Demonstration of the on-board ultrasonic NDE system shall  be accom- 

plished on an  engineering flight t e s t  Shuttle vehicle used in thehorizontal  

flight t e s t  program. 


. . 

B-17- .  
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P R m I N G  PAGE ~LANICNOT 

:i
ISPECIFICATIONSSV-NDE-PRT-OB . ii 

1: 
ON-BOARD RADIOGRAPHIC TUNNELS AND TRACKS I! 

L 

1.0 	 SCOPE 

I 

This' specification defines the performance and design requirements 	 I , 
Ifor  on-board r a d i o g r a ~ h i c  tunnels for  the Space Shuttle s t ruc tura l  integrity 

11 

checkout system and establishes requirements  for i t s  design, development, 

and t e s t  and is the single authoritative document stating the program 

, I  

! 


technical requirements.  All elements and contract end i t ems  of the on-board 
 1 
radiographic system shall  conform with the requirements  specified herein. 	 1 

i 

On-board radiographic tunnels detai l  those NDE requirements  which 
a r e  generally recognized a s  follows: 

1. 	 Isotope tunnels 

2. 	 F i lm tunnels 

3. 	 Radiographicaccess  por t s  11 
ii 

2.0 	 APPLICABLE DOCUMENTS ! I  

+1, 

The iollowing documents, of the exact i s sue  shown, form a part  of this 
specification. Specifications, standards,  drawings, bulletins, and other 
publications a r e  to  be determined. 

3.0 	 REQUIREMENTS 9.', 
. . 

i 

3.1 	 Per formance  

3. l. 	1 Charac ter i s t ics  
I 

P. 	 The on-board radiographic tunnel system shal l  provide tunnels I 

and/or  t r acks  for inser t ing and removing film and/or  isotope I 

c a m e r a  ends into selected a r e a s  of the Space Shuttle vehicle in  I 

o r d e r  to  obtain radiographs of selected cr i t ical  s t ruc tures  on 1 
I 

the Shuttle vehicle. 



v 
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. 2 .  	 The on-board radiographic  tunnel s y s t e m s  shal l  be  hand operated 
and self-contained with r e spec t  t o  moving and locating the film o r  
isotope within the  Shuttle vehicle. 

3. 	 The hardware  neces sa ry  t o  a t tach  the  tunnel sys tem shal l  be  of 
one s tandard  configuration and universally used. Overal l  tunnel 
hardware  configuration concepts a r e  a s  shown. 

/---z 	 i 

Tunnel Ha rdware  Configuration Concepts 
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I 

i 

4. 	 Specific on-board radiographic hardware requirements a r e  a s  i 
, 

follows: II 

I 

a. 	 C a r r i e r  w i re  1 

IMaximum Length - TBD 


' 
 Weight - TBD 

Suppor t  requirement - 500 g r a m s  min. (EST) 
\ 

Tunnel d i r ec to r s  - 2 to  3 foot centers  o r  a s  necessary (EST) to  
follow contour . 

Minimum clearance above wire  - TBD 
. , 

b. 	 Tunnel d i r ec to r s  
. . 

Maximum size - 112 inch cube (EST) , 

Maximum weight - 2.0 g r a m s  (EST) B 
# 

c. 	 C a r r i e r  car t r idge  -

Application - film or  isotope 

Maximum s ize  folded - 314 inch high (EST) 
12 inches long (EST) 
2 inches wide (EST) 

Unfolded c learance  - 2 inches height (EST) 
8 inches wide (EST) 
12 inches long (EST) 

Maximum allowable weight - .  50 g r a m s  (EST) 

d, Tunnel end fittings 
1 


Movement - r e e l  type 

Maximum s ize  p 	1 inch wide (EST) 
112 inch high (EST) 
1- 112 inches long (EST) 

Weight - 15 g r a m s  maximum (EST) 
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5.  	 The isotope camera  used with the on-board isotope tunnel system 
shall  meet  the' following requirements:  i 

a. 	 Source - Americium 241, 1 curie  (EST) 

b. 	 Tube end - attachable to  tunnel isotope c a r r i e r  

c. 	 Tube length - 30 feet (EST) 

6 .  The X-ray machine used with the on-board film tunnel system 

i shall  rheet the fdllowing requirements:  


* 
. . 

a. 	 Voltage - 150 kv or  100 kv min (EST) 

b. 	 Shielding - TBD 

c. 	 Maximum jackinq height - 0 to  8 feet (EST) 

d. 	 Maximum weight - 25 pounds (EST) 

7. 	 All equipment and operations shall  meet s ta te  and federal 

radiological requirements  a s  applicable. 


8. 	 The sys tem sha l l  be designed such that a l l  maintenance and 

repa i r  activit ies may be performed a t  the turnaround site. 


9 .  	 Personnel  and training - Personnel  authorized to operate the radio- 
graphic sys tem shall  be trained in radiological safety by a radio- 
logical safety officer who shall  originate and coordinate such 
activit ies.  Laboratory personnel shall  bk responsible for operating 
and maintaining the on-board radiographic system. This group shall  
be the same a s  the group responsible for  on-site radiographic NDE. 

.. 	 3. 1.2 P rogram Definition (TBD) 

3. 1. 	3 Operability 

7 
1. The on-board radiographic system shall be designed for a 

o performance life compatible with other on-board checkout systems. 

2. 	 The iadiographic NDE ground support team shall  maintain the ,-

on-board radiographic hardware. 

3. 	 Safety - Radiological safety s tandards per  the USA AEC Code of 
Federa l  Regulation Title 10 and .applicable s ta te  codes shall  be 


.- adhered to. a 
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3 . 2  P r o g r a m  Design and Construction Standards 

i 

The design and construction s tandards for the on-board radiographic 
0 

equipment shall  be consistent with the intended use and expected environmental 
conditions. 

4.0 QUALITY ASSURANCE 
Y 

4. 1 Phase  I Integrated Pro jec t  Tes t  Requirements 

1. Developmental and qualification testing shall  be performed on t e s t  
3 	 s t ruc tu res  appropriately configured to  r ep resen t  typical Shuttle 

ma te r i a l s  and s t ructures .  Such t e s t s  shal l  consist of functional . 
demonstration of tunnel design. 

2. F o r m a l  qualification of the on-board radiographic NDE system ' .  

shal l  be accomplished on a n  engineering flight tes t  Shuttle vehicle 
' ' . . 

during the horizontal  flight t e s t  program. 



Space Division 
North Amencan Rockwell 

\ 

PmEDWG PAGE B U K  NOT E m 

SPECIFICATION SSV-NDE-AE-OB 

ON-B0AR.D ACOUSTIC .EM,ISSION SYSTEM 

.This'specification defines the performance and design requirements 
* ior  the on-board acoustic emission for the Space Shuttle s t ruc tura l  integrity 

checkout system and establishes requirements  for i t s  design, development, 
'67


and t e s t  and is the single authoritative document stating the program tech- 
nical .-equirements. All elements and contract end i tems of the on-board 
acoustic emission sys tem shall  conform with the requirements specified 
herein. 

2.0 	 -4PPLICABLE DOCUMENTS 

The following documents, of the exact i s sue  shown, form a part  of this  
specification. Specifications, standards,  drawings, bulletins, and other 
publications a r e  to  be determined. 

3.0 	 REQUIREMENTS 

3. 1 	 Per formance  

3. 1. 1 Charac ter i s t ics  

1. 	 This  sys tem shall  provide a mezns of detecting incipient 
s t ruc tu ra l  fa i lure  of selected cr i t ica l  s t ructures .  

2. 	 The launch/turnaround s i te  shal l  have supporting facilities which 
? 	 a r e  compatible with and complementary to  the requirements  which 

have been established in this specification. 

3. 	 The acoustic emission monitoring system shall  be one of the 
following: 

a, 	 The acoustic emission system. shall  provide a flight recorc- 
of a l l  NDE indications, the severity of the indications, wk.i._h 
probe gave the indicatioa, and at  what point in the flight t h i :  
indication occurred. Analysis of the acoustic emission flight 
record  shal l  be  accomplished at the, launchjturnarouna s i t? ,  
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I t  

3. 	 The acoustic e m i s s i o , ~  system shall  meet a l l  the requirements 
of ( a )  above. In addition, in-flight monitoring by the system 
shall  be provided to allow scheduled cursory monitoring with 
the s tatus  te lemeterzd to  ground stations and/or  displayed for 
flight c rew observation during the flight tes t  program. 

c. 	 he acoustic emission system shall  meet a l l  the requirements 
of (b) above. During flight tes t ,  there  shall be provisions for 
an  in-flight access  sys tem to  allow determination of the sensor  
location and the sensor  indication history for the flight4in 

: 	 p r o g l e s s  upon~command?from either ground stations, on an 
llnscheduled te lemeter  command basis,  o r  a flight crew 
command. 

Sensor transduc'ers shall  be of the high sensitivity piezoelectric 
type a s  follows: 

sensitivity - 200 millivolt per  32.4 pounds/sec2 of force (EST) 

resonant frequency - TBD 

frequency range - 0 to 0. 5 MHz minimum (EST) -

s i ze  - 0. 5-inch diameter  m'aximum; 0. 375-inch high maximum (EST) - -- I . 
weight - 4 g r a m s  maximum (EST) 

1 '  
5 

w 

operating tempera ture  range -
Type I 50 degrees to 300 degrees F (EST) 

Type I1 50 degrees to 700 degrees F (EST) 

Type 111 400 dkgrees to 300 degrees F (EST)  	 I 
i 


connector --microminiature microdot 	 I 

The  	preamplif iers  for  the acoustic emission system shall  be  of the ' 1 
high gain - low noise type a s  follows: 

gaiii 	- 40 db minimum (EST) 

noise - 5-microvolt  noise equivalent maximum peak to peak (EST) 
i 
I 

-s i ze  - 0.05 cubic feet maximum, 4 inches by 5 inches by 
3 inches (EST) 
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c. 	 Amplifier /accumulator /f i l ter  drawer 

d. 	 Switching and wiring network 

e. 	 Acoustic emission/digi ta l  data bus interface I 
f.  	 Acoustic emission/computer  interface 

g. 	 Acoustic emission data compression 
I 

I I 
h. 	 ~ c o u ~ t i c  supply interface d8rniss~onlpower 

i. 	 Acoustic emission/ telemeter ,  communication interface 

2 .  	 The on-board acoustic emission NDE system shall be  functionally 
operative a s  shown 

( 1 )  	 T R A N S D U C E R S  - L r '  'r',
(2) 	 PREAMPLIFIER 

(a) 	 POWERSUPPLY -
(7) 	 D A T A  COMPRESSION-  


' 
 9 r 
(4) 	 M U L T I P L I E R  D A T A  BUS- 


I N T E R F A C E  


I 1 1 
(5) 	D I G I T A L  -f 

D A T A  	BUS f 

C O M P U T E R0 

On-Board Acoustic Emission NDE System 



1. 	 The on-board acoustic emission system shal l  be designed for a 
performance life compatible with other on-board checkout 
sys tems (TBD). 

P ' 

2. The system sha l l  be designed to be a s  maintenance f ree  a s  &: 
? oos sible. 6 

i - f I 6 

j! 3. I . S n v ~ r o n & ~ e n t ~ lt .  co&ditions for the on-board acoustic emissi2n 
i 1 . .sys t sm shall 'be a: follbws: ' ... . 

V 

sensor  tempera ture  - 40 degrees  to  700 degrees F (EST) 

p r e s s u r e  - 0 to  15 pounds per  square  inch absolute (EST) 

electronics tempera ture  - 60 degrees  to  120 degrees F (EST) 

p r e s s u r e  - 5 to  15 pounds per  square  inch absolute (EST) 

3 . 2  	 Program Design and Construction Standards 


The on-'board ultrasonic equipment shal l  be to  the greatest  extent . . 
 j
possible rugged commerc ia l  hardware.  	 . . i!' 

..The 	design and construction s tandards for the on-board ultrasonic 
. , 

t 

I 

. . ,equipment shail  be consistent with the intended use and expected environ- 
mentai conditions. 

All t r ansduce r s  of the  s a m e  type shall  be  interchangeable. Transducer  

Jesign shall  be specified i n  a m o r e  complete manner in a lower level 

document. 


1 	 4.0 QUALITY ASSURANCE 

. i Phase  I Zntegrated Pro jec t  Tes t  Requirements 

* 	 1. Developmental and qualification testing shall  be performed on test  
s t ruc tures  appropriately configured to represent  typical Shuttle 
marer ia l s  and s t ruc tures .  Such t e s t s  shal l  consist  of two types: 

a ,  	 Functional demonstration (TBD) 

b. 	 Functional demonstration of acoustic emission interfacing 

. -
equipment configured to  simulate acoustic emission on-board 

interfacing concepts. 
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2. 	 3emons t r a t i on  of the  on-board acoust ic  emiss ion NDE sys tem 
shal l  be accomplished on a n  engineering flight t e s t  Shuttle vehicle 
used in  t he  hor izontal  flight t e s t  program.  
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SPECIFICATION SSV-NDE-PR-GSE 

RADIOGRAPHIC GROUND SUPPORT FOR TURNAROUND1 

LAUNCH OPERATIONS 


> 

1 . 0  SCOFE :
i 1 t i \ . 

T h i s  specification defines the  per formance  and design requi rements  fo r  
radiography in  the  Space Shuttle s t ruc tu ra l  in tegr i ty  checkout s y s t e m  and 
es tab l i shes  requirements  fo r  i t s  design,  development and t e s t  and i s  the 
single a.uthoritative document stat ing the p r o g r a m  technical  requirements .  
All  e lements  and contract  end i t e m s  of radiographic  ground support  sha l l  
conform with the  requi rements  specified herein.  

Radiographic ground support  f o r  turnaround/ launch operat ions  details  
those NDE requ i r emen t s  designated a s  follows: 

1. C o n v e n t i o n a l o r x - r a y  radiography P . 

2. Isotope radiography 

3.  Stimulated e lec t ron  emis s ion  radiography 

t., Tagged autoradiography 

f o r  ground support  during turnaround and launch, and p re sume  the existence 
of compatible and complementary  on-board NDE requi rements  i n  the  speci-  
' f ication.of the o rb i t e r  and boos te r  design. 

*. 

specification. Specification, s tandards ,  drawings,  bulletins, and o ther  
publications a r e  t o  be  de te rmined  (TBD). 

. 

http:fication.of
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3. 1 Pe r fo rmance  

3 .  1. 1 Cha rac t e r i s t i c s  I 
I. 	 Radiographic ground support  operat ions  s h a l l b e  responsible for  


and support  the following functions: 

I 	 r r 

a. 	 X?dlog:raphic inspection f o r  proper  location and f o r h a m a g e  of 
inaccess ib le  s t ruc tu re s  and functional units using the on-board 
a c c e s s  tunnels and radiographic  t r a c k s  and in  conjunction with 
appropr ia te  X- ray  machines ,  isotope cameras ,  and supporting 

- equipment a s  specified herein.  

Radiographic  inspection of l ine-removable  units for  in ternal  
flaws. 

Determinat ion of the uniformity, thickness,  and composition of 
changes i n  the sur face  of r e f r ac to ry  me ta l s  due to oxidation o r  
su r f ace  me ta l  segregat ion using X- ray  fluorescence,  beta back- 
s ca t t e r ,  s t imulated e lec t ron  emiss ions ,  and /o r  tagged isotope 
auto-radiographic  techniques and /o r  d i r ec t  counting techniques. 

d. 	 Repa i r  and maintenance of on-board radiographic tunnels. I , ,  

2. 	, 'The radiographic  support  operat ion shal l  be capable of detecting 

the  following type defects  and conditions: 


a. 	 Misal ignment  and displacement  of s t ruc tu re s  and components 
of 118 inch,  min imum (EST). Components shal l  be  designated 
radiographical ly  resolvable  when the par t icu la r  component o r  
p a r t  thereof is shown to  give a 5 percent  o r  g r ea t e r  radiation 
attenuation change (between source  and f i lm  locations) f o r  the 
specified radiation (type and wavelength) re la t ive  to the tota l  
radia t ion attenuation along the source- to-f i lm path. The  
t o t a l  radia t ion attenuation shal l  be between 20 percent  (EST) 
and 80 percen t  (EST) of unattenuated radiation with the s ame  
sou rce  and source  - to - f i lm distance calculation. Attenuation 
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coefficients ( in  percent)  shal i  be calculated f r o m  the following 

table where: 


P 
 .-'3'3----e -\Pi----100 1/10 (percent)  = e - 5  1 
l 

I
and pi i s  the l inear  attenuation coefficient of the ith element 
and 	Pi i s ' the path length. 

5.-	 Fore ign  ma te r i a l  and corrosion when the foreign mater ia l  o r  
cor ros ion  i s  shown to give 2 percent (EST) o r  grea ter  radiation 
~ t t e n u a t i o n  change. 

c. 	 'Changes in the average surface layer (3 mills thickness, EST) : 
atomic number of 3 o r  g rea te r  (EST), 

8 
d. 	 Variations in amount of braze ,  liquid interface diffusion bonding, 

o r  adhesive ma te r i a l  which re.sults in  a 2 percent (EST)o r  
g rea te r  change in  the radiation attenuation. 
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3. 	 Fif ty  kilovolt x - r iy machines  shal l  mee t  the following 

requirements :  


a. 	 P o w e r  input 115 volts ,  60 Hz, 10 amps  max imum(EST)  

b. 	 Output capable of 10 mi l l i amps  a t  50 kv (EST) 

c. 	 ,Maximum head s i ze  

'weight: 9 pounds (ESTj  


L 	 i size:  3 -inch d iameter  (EST)  

\ 7-inch long (EST) 


1 

do 	 Beryl l ium window with 1. 8 - m m  focal  spot s ize  (EST) 

. . 
e.  	 Minimum "tube t o  genera tor"  cord  length.50 feet  (EST) 

P 


f. 	 Col l imators  and tube shie lds  neces sa ry  to  l imit  and d i rec t  the 
radiat ion in a 10 degree  (EST) f ie ld  of view shal l  be supplied. 

P 

4. 	 One-hundred-and-fifty-kilovolt X- ray  machines  shal l  mee t  the 
following requirements :  

a. 	 P o w e r  input ..llO volt to 120 volt, 60 Hz, 25 amp  maximum 
(EST) 

b. 	 Output capable of 10 mi l l i amps  a t  150 kv (EST) ' 

c. 	 Maximum head s i ze  
Weight: 20 pounds (EST) 
Size: 6- inches  d iameter  by 18-inches long maximum 

(EST) 

d, 	 Bery l l ium window with 1. 5 - m m  focal  spot s ize  (EST.) 

4 	
e, Minimum "tube to genera tor"  cord  length 30 feet  (EST) I 
., 	 Col l imators  and tube shie lds  n e c e s s a r y  to limit and d i rec t  the 

rhdiation i n  a 10 degree  (EST) field of view shal l  be  supplied. 
* 

5. 	 Four-hundred-kilovolt X-raymachines s h a l l m e e t t h e  following 
requcrement s: 

a. 	 P o w e r  input 220 vol ts ,  60 Hz, 1 phase,  maximum amperage  
TBD (EST). 

http:length.50
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b. 	 Output capable of 1 G m i l l i a m p s a c  400 kv minimum (EST). 

c. 	 J igging and c r a n e  faci l i t ies  fo r  positioning head for  use i n  
lead-lined r o o m  sha l l  be  provided. 

d. 	 Lead-lined room approximately '20 feet by 20 feet  sha l l  be  
provided to  allow safe  operat ion of the 400-kv X-ray  machine. 

e. 	 M'Bximbm fbca l  Spot i i z e  'shall  be 4. 0 mm (En,ST). r 
i i F 1.-

i , i  i i . . 
6. 	 Isotop$ c a m e r a s  of the fo ; lodhg  types  sha l l  rneecthe following .. 
 , ,  


requirements :  

a. 	 1sotope c a m e r a s  (EST): 

P e l l e t  
Foca l  

Source Half Pe l l e t  Spot Source 

T Y P ~  Intensity Life Size Size .Energy 

Amer i c ium 241 	 50 mi l l i cur ies  460 y e a r s  1 /2  inch TBD 60 kv 

and dia m a x  

200 mi l l i cu r i e s  (EST) 


(EST) 

Ytterbium 169 	 2 112 cu r i e s  32 days TBD 2 m m  7 5 k v  

I r id ium 192 	 TBD 75 days TBD 600 kv 

Thulium 170 	 TBD 127 days TBD TBD 

b .  	 When the sou rce  i s  s to red  in the isotope camera ,  the total 
radia t ion intensity shal l  m e e t  appropria te  safety s tandards  
5 m i l l i r e m s / h r  a t  the sur face  (EST) .  

c .  All c a m e r a s  sha l l  have a n  i n s e r t  length of 3 to 30 feet  

(EST) ,  with a max imum d iame te r  of 5 / 8  inch (EST).  


7 .  The neutron radiation sou rce  shal l  be  of the reac tor  type with 

. -w fzci l i t ized operat ion to m e e t  the following requirements :  

a. 	 Minimum the rma l  neutron intensity level  over  a 2 foot by-
2 ioot (EST) window sha l l  be  2 x 1 0 ~ ~  neutron/cm2 p e r  second 
(EST)  a t  the f i lm  plane. 

b .  	 The gamma radiation intensity shal l  be  l e s s  than 10 percerit 
o i  neutron radiat ion intensity (EST) ..-

B-35 

. . SD 71--112 - . -
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c. 	 The rat io  between the maximum window diameter and the 
window to f i lm plane sha l l  be 6 /  1 minimum (EST). 

d. 	 Appropriate collimators,  imaging screens,  etc. , shall  be 
provided. 

8, 	 Portable  beta-backscatter equipment shall  meet  the following "3 
requirements.  

f 
I 

i a. The sources  l isted in the following table shall  be provided 

I* t ' (EST): 1
I 

Radiation 
Soufce Beta Energy Half Life Intensity 

Carbon 14 	 0. 16 Mev 5600 yea r s  TBD 

Promethium 147 0. 22 Mev 2.6 yea r s  T BD 

T h a l l l . ~ m204 0. 77 Mev 3. 5 yea r s  TBD 

Strontium/ 2. 18 Mev 19 years  TBD 
Yttr ium 90 

b. 	 Three-p lace  digital readout shal l  be provided, with provision 
for  direct ly  inputting count value to  the supporting comput6r 
terminals .  

c. 	 The  device shal l  be capable of operating on 110 volts, 60 volts 
o r  a s  a self-contained battery-operated unit. Rechargeable 
ba t te r ies  sha l l  be used with recharging capability built into the 
unit for  operation f r o m  the 110 volt, 60 Hz power outlets. 

d. 	 The. devices shal l  be capable of providing accumulated counts 
over  the following t ime  intervals:  10 second, 112 minute, 
i minute, 5 minutes (EST). 

e. 	 The detector /  source  head sha l l  be capable of portable ripe;. z -
t ion on sur faces  (TBD) and have a maximum weight of 5 p ~ ~ n d s  
(EST). 
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9. 	 X-ray fluorescence equipment shal l  meet the following 
requirements:  

a. The output shal l  be in digital format. 

I 

b. The detectors  shall  be of the cryogenic lithium type (EST). 
:i' 

c. 	 Minimum detection l imits  a r e  (TBD). 

10. The automatic fi lm developer and processor  equipment shal l  meet  

I 
the fdllowing requirements:  

a. 	 P r o c e s s  f i lm s izes  up to 20-inch width (EST). 

b. 	 Variable speed up to 30 inches of fi lm per  1.1inute (EST). 
.Y 

c. 	 Maximum t ime to  process  f i lm 5 minutes (EST). 

d. 	 Operate on a 115 volt, 60 Hz power outlet. 

A radiographic interpretation room shall  be provided to meet the 
following requirements: 

a. 	 High intensity lights (250-watts minimum (EST)) with 12-inch 
to 1-inch (EST) windows shal l  be provided for viewing 
radiographs. 

b. 	 Appropriate radiographic standards shall  be available (TBD). 

c. 	 Light intensity levels shal l  be (TBD). 

Logistics. The radiographic operations shal l  be operated f rom a 
shop-type facility. Laboratory personnel shall  be responsible for 
establishing operating procedures,  interpretating radiographs, and 
maintaining radiographic equipment, 

Pe2sonnel  and training. Only properly trained and certified 
.ape r a to r s  shal l  be designated radiographic inspectors. Laboratory 
pe;. sonnel shal l  have had appropriate training courses and experi-  
encc and shal l  be responsible fo,r the radiographic operations. 

A l l  radiographic equipment and facili t ies shall  conform to al l  
applicable local, state,  and federa l  safety standards. Personnel  
s h d l  be t rained in radiation safety a s  required by the above safety 
stzndards anh shall. conduct radiographic operations accordingly, 
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3. 1. 	2 ' P r o g r a m  Definition 

1. 	 The radiographic facil i t ies shall  be provided f rom appropriate 
commerc ia l  sources  on an individual unit bas is .  Requirements 

for  specialized test  facil i t ies requiring extensive construction or  
unusual building faci l i t ies  shall  be restr ic ted to the neutron radio- 
graphic equipment and the lead-lined room for  the 400-kv x-ray 
machine. 

2. 	 The r,adiographjc faFili ty shal l  consist  of the following mdjor 
components: 1 

a .  	 Interpretation room 

b . .  	 Radiation machines 

c .  -	 Lead-lined room 

d. 	 Fi lm-processing facil i t ies 

e .  	 Neutron facility 

3. 1. 3 Operability 

The  equipment shal l  be designed for  a ten-year o p e b t i o n  life.. 

3. 2 	 P r o g r a m  Design and Construction Standards 

1. 	 All radiographic equipment with the exception of the neutron 
equipment shal l  be procured a s  single elements f r o m  appropriate 
commerc ia l  sources.  The neutron facility shall  be constructed by 
one genera l  contractor who shal l  be responsible for  meeting a l l  
intended operational and equipment requirements. 

2. .. 	 Construction s tandards (TBD) 

4.0 	 Q U A L I T Y  ASSURANCE 
.:q 

1. 	 Detailed t e s t  plans shal l  be generated to  provide for  functional 
demonstration of equipment requirements  a s  specified in  Section 3. 0 
of this  specification. These  plans shal l  take into account past  
h is tor ica l  development of the equipment in the sense that functidriaUy 
accepted prac t ices  need not be demonstrated while recently 
developed concepts and hardware must  be proven. Simulated 
Shuttle t e s t  s t ruc tu res  and t e s t  s tandards shall  be used to demon- 
s t r a t e  functionality where deemed necessary,  a s  follows: (TBD),. 
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A periddic maintenance and calibration schedule and operation 
sha l l  be established and maintained to  a s  su re  operational 
functionality of the t e s t  equipment. 

a. 	 Maintenance and zalibration schedules shal l  be based on 
defect trend data: Initial maintenance and calibration 
schedules a r e  a s  recommended below: (TBD). 

Detaile'd te s:t requirements  for  the equipment shal l  be bf
I 

, p:,imarily based on functional operation ra ther  than on 
I

equipmental paramet$rs .  ' I 

c. 	 Prevent ive maintenance procedures  shal l  be emphasized 
while calibration ope rations shal l  be minimized. -
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SPECIFICATION SSV-NDE-PEN-GSE 

PENETRANT NONDESTRUCTIVE EVALUATION TECHNIQUES 
FOR GROUND SUPPORT DURING LAUNCH/TURNAROUND I .  


SHUTTLE OPERATIONS 
I 

It i ! 
1 . 	 i I i 

I 

1.0 	 SCOPE 

This  specification defines the performance and design requirements for  . ,. 

the penetrant facility for  the Space Shuttle s t ruc tu ra l  integrity checkout 
sys t em and establ ishes requirements  for i t s  design, development, and test. 
Th i s  specification i s  the single authoritative document stating the program 
technical requirements.  All e lements  and contract end i tems for the pene- 
t r an t  facility shal l  conform' with the requirements  specified herein. Penetrant  
ground support for  turnaround/launch operations details those nondestructive 
testing requirements  generally recognized a s  dye penetrant and magnetic 
par t ic le  methods. 

2.0 	 APPLICABLE DOCUMENTS 

The following documents, of the exact i ssue  shown, f o r m  a par t  of 
th is  spe cification. Specifications, standards,  drawings, bul le t i*~ ,  and other 
publications a r e  to be determined. 

3.0 	 REQUIREMENTS 

3. 1 	Per formance  

3. 1. 	1 Charac ter i s t ics  

1. 	 The penetrant ground support operation shal l  provide indications of 
siirface cracking i n  appropriate s t ruc tures  of the Space Shuttle 
Orbi te r  and Booster. These  s t ruc tu res  sha l l  be pr imari ly  metall ic 
line removable units (LRU) where surface cracking i s  anticipated 
o r  suspected. Ground support penetrant operations shal l  p r imar i ly  
be accomplished a s  a facility operation as opposed to portable 
operations. Por tab le  penetrant methods shal1,be available on an 
unscheduled bas is  only. y I 

t * 
V 
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2, 	 The penetrant techniques shal l  be capable of detecting the 

following types of surface cracks: 


a. 	 Machined metal l ic  s t ruc ture  c racks  0,006 inch minimum 
depth. 

b. 	 Nonmachined metall ic s t ruc ture  c racks  0. 015 inch minimum 
depth. I 

c. 	 Nonmetallic, smooth, nonporous s t ructure cracks 0.005 inch 
minimum depth. 

d. 	 Nonmetallic, nonsmooth, nonporous, s t ructure c racks  
- 0. 	025 inch minimum depth. 

e. 	 Penetrant  methods shal l  not be used on porous s t ruc tures  such 
a s  polyurethane foam, etc. 

3. 	 The  penetrant used on Space Shuttle hardware shal l  be one of the , 

following types: 

I 	 Low sensitivity, water washable 

I1 High sensitivity, water washable I -

I11 	 LO2 compatible 

All penetrants sha l l  be of the fluorescent type. 

4. 	 The penetrant facility sha l l  meet  the following requirements: 

a. 	 The operation shal l  be a tank and basket type of operation. 
Six tanks 60 inches by 40 inches by 36 inches deep shal l  be 
provided, two of which will be water spray tanks .(EST), 

b. 	 A darkened a r e a  12 feet by 6 feet wide with appropriate work 
tables  shal l  be provided for  interpretation of inspe ct'ion 
resul ts .  

5. 	 Ultraviolet lamps shal l  be used to  illuminate the fluorescent 

penetrant. ' The lamps sha l l  be no m o r e  than 18 inches f r o m  the 

specimen being examined. The  ultraviolet lamps shal l  meet  the 

following requirements:  


a, 	 Inputpower: l l O v o l t s ,  6 0 H z  
..-
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b. 	 Minimum ultraviolet intensity (TBD) 

c. 	 Maximum light intensity outside ultraviolet range (TBD) 

Portable  magnetic par t ic le  equipment shal l  meet  the following . , 

requirements:  MIL-M-6867B. 	
, . 

The permanent  magnetic particle.  machine shal l  meet  the following 
requirements:  MIL-M-6867B. 

i 

Appropriate demagnetization equipment shal l  be provided to meet  
the following requirements:  MIL-M-686 7B. 

. . ' .. 

9. 	 he penetrant ground support facility shal l  be operated f r o m  a 
shop facility. Laboratory personnel  shal l  be responsible for  
establishing operating procedures  and interpretation aids and 
developing new techniques. Penetrant  shop opera tors  shal l  be 
responsible for  performing penetrant inspection and interpretation. 

10. 	 Operating booklets and detailed instructional manuals shall  be 
generated to  allow performance of penetrant operations by 
inspectors  with minimal  experience and training. 

. 
3. 1. 2 P r o g r a m  Definition 	

, 

' I k e  p r i m a r y  purpose of the penetrant ground support operation shall  
be  to provide a dye penetrant inspection facility for processing line removable 
units. ;-'ortable operations shal l  be minimal  and performed on an unscheduled 
basis.  ,Lrlagnetic par t ic le  inspection operations shal l  be applicable to 

I 

approprihte ferromagnet ic  ma te r i a l s  where near  subsurface cracking is 
suspectes.  F o r  ferromagnet ic  ma te r i a l s  where surface cracking is sus-
pe cted, .appropriate penetrant inspection operations shal l  be employed. 

II  The penetrant facil i t ies shal l  be procured a s  a single element composed 
of the fo'ilowing th ree  major  components: 

P e r ~ e t r a n t  line 

Interpretation room 

Magnetic par t ic le  facility 


The penetrant nondestructive evaluation sys tem shal l  be designed to 
operate  ior  t en  y e a r s  with minimal  maintenance. 
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1.. :3. 2 P r o g r a m  Design and Construction Standards 

The penetrant facility shal l  be constructed by one general  contractor 
who shal l  be responsible for  meeting a l l  intended operational and equipment 

, , requirements .  

'3 
 Construction s tandards a r e  to be determined. 


3. 3 Requirements for  Functional rea as-

To be determined. 

4.0 QUALITY ASSURANCE 

1. Detailed test  plans shall  be generated to provide for  functional 
demonstration of equipment requirements ,  a s  specified in Section 3. 0 of 
this  specification. These  plans shal l  take into account the his tor ical  
development of the equipment in the same sense that accepted functional 
prac t ices  need not be demonstrated but recently developed concepts and 
hardware  must  be proven. Simulated Shuttle tes t  s t ruc tures  and test  stan- 
d a r d s  shal l  be used to demonstrate functionality, where deemed necessary,  
a s  follows: (TBD). A 

2. A periodic maintenance and calibration operation shall  be scheduled 
and maintained to a s  su re  operational functionality of the t e s t  equipment. 

3 .  Maintenance and calibration schedules shall be based on defective 
t rend  data. Recommended init ial  maintenance and calibration schedules a r e  
a s  follows: (TBD). 

4. Detailed test  requirements  f o r  the equipment shall be pr imari ly  . 

based on functional operation r a the r  than equipment parameters .  

5.  Preventive maintenance procedures shall  be emphasized, and 

, 

.a, calibration operations shall  be minimized. 
' 
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SPECIFICATION SSV-NDE -HIT -GSE 

HOLOGRAPHIC INTERFEROMETRIC'TEST FACILITY FOR GROUND 
SUPPORT DURING LAUNCH/TURNAROUND SHUTTLE OPERATIONS 

I 

1.0 SCOPE 

Th i s  specification defines the performance and design requirements for  
the holographic in te r ferometr ic  t e s t  facility of the Space Shuttle s t ruc tura l  
integrity checkout sys tem and establ ishes requirements for i t s  design, 
development, and test. This  specification is the single ~uthori ta t ive docu- ' 

ment stating the program technical requirements.  All r,lement s and contract 
end . i tems of the Space Shuttle s t ruc tu ra l  integrity checkout system'for  
holographic interferometry sha l l  conform with the requirements specified 
.herein. The requirements  contained in this  specification de ta i l  those 
requirements  necessary  for high- speed inspection of thin-walled outer 
the rma l  protective sys t em (TPS) s t ruc ture  and insp@ ction for the attachment 
of the T P S  fo r  the Orbi te r  and Booster Space Shuttle vehicles. . 

2.0 APPLICABLE DOCUMENTS 

The  following documents, of the exact i ssue  shown, f o r m  a par t  of 
th i s  spe'cification. Specifications, standards,  drawings, bulletins, and 
other '  publications a r e  to  be determined. 

3.0 REQUIREMENTS 

3. 1 Pe r fo rmance  

3. 1. 1 Charac te r i s t i c s  

' l G  The  holographic in te r ferometr ic  t e s t  facility shal l  consist of 
a laboratory room with vibration isolation/interpretation facilities 
and a portable r a i l  trackJholographic interferometr ic  c a r t  for 
deploying the holographic sys tem around the space vehicle. 

2. The holographic in te r ferometr ic  sys tem sha l l  be capable of 
exposing 50 square  feet minimum (EST)of Shuttle vehicle outer 
skin in one exposure at  a minimum rate '  of 120 square feet per  
hour (EST). 
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Holographic in te r ferometr ic  interpretation shall  be a separate  
operation located in the holographic interferometr ic  facil i t ies 
room. A pa i r  of matched, twin (o r  double) reference beam sys-  
,terns shal l  be employed. The  holographic system shal l  be 
capable of the following: 

a. Operation a t  the ambient vibration level around the space 
vehicles a t  the turnaround s i te  (double-exposure 'mode). 

b. Operation on a vibration-free isolation. table in the holographic 
facil i t ies room ( rea l - t ime mode). 

4 . .  The holographic in te r ferometr ic  sys t em shall  be capable of giving 
useful images with exposure t i m e s  in  the 0. 1 to 10 millisecond 
range. 

5. The l a s e r  used in the holographic interferometr ic  sys tem shal l  
meet  the following requirements:  

a. Single -mode, 
output (EST). 

continuous -wave operation: Argon bur s t  

b. Minimum operational output power: 500 milliwatts (EST). 

c. Coherence length: 36 inches minimum (EST). 

d. Cavity length: 6 feet maximum. 

e. Light output in  visible band: IT BD) 

6. The  optical components used in the holographic interferometr ic  
sys t em shal l  mee t  the following requirements:  

a. Large  F r e s n e l  types of plast ic  lenses  5 feet in diameter (EST) 
shal l  be used to condense object beam light to give exposure 
in  the 0. 1 to 10 millisecond speed range. 

be A double reference beam shal l  be used with an optical zoom .-
type of lens in  one leg to facilitate observations of deflections 
between 200 microinches and 1 inch. 0 

c. The beam spl i t ter  sha l l  be of the ,continuous variable ratio 
type to  facilitate maximum employment s f  available l a se r  
light. 
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d. 	 The object ar,d reference m i r r o r  shall  be large enough, 

4 inches (EST), to  not l imit  the projected image a r e a  and 


e. 	 All optical sur faces  shal l  be 114 wave o r  better finish.' 

ment, 35-mm ro l l  f i lm exposure operation, o r  real- t ime 
: ester.na1 plate development (replaceable for real-  t ime 

holography). 

following requirements:  

a. 	 Maximum weight: 5000 pounds (EST). 

b. 	 Maximum size: 8 feet  by 6 feet by 10 feet high (EST). 

c. 	 Applicable requirements  of i t ems  1 through 7 of this paragraph. 

The holographic in te r ferometr ic  ground support facility shall  be' 
operated f r o m  a laboratory facility, This  laboratory shall  be 
responsible fo r  maintaining the holographic equipment, establishing 
operating procedures ,  and interpreting the holographic interfero- 
grams.  Shop operation of the portable holographic interferometr ic  
c a r t  sha l l  be accomplished by t rained inspection personnel 
following appropriate operating procedures.  All development work 
and interpretation shal l  be done by laboratory personnel in 
laboratory facilities. 

Personnel  and training: Operating booklets and detailed instruc-  
tional manuals shal l  be generated to allow operation by opera tors  
with minimal  experience and training. 

and shal l  be responsible for  the holographic inspection operation 

~ n dthe maintenance of sys tems and applications specifications. 


. 

. 
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3. 1. 2 P r o g r a m  Definition 

B 
The holographic interferometr ic  facility shall  be procured a s  a single 


element composed of the following three ma jo r  components: 


1. 	 Laboratory room adjacent to operational a r e a  to allow storage 
and operation of the holographic c a r t  e i ther  on o r  off a vibration- 
f r ee  isolation table. .. 

I 

' 2 ,  	 Portable  Holographic in te r ferometr ic  cart .  

d 3. 	 Rail  t r a c k  sys t em platform and jacking capability for directing 
the ca r t  t o  any portion of e i ther  Booster o r  Orbi ter  Shuttle vehicle, 
to within 10 feet minimum (EST). This  sys t em shall  allow control 
and operation by an  inspector on the platform. 

The  functional interface between ground support operations shall  be a s  

i l lustrated: (TBD) 


3. 1. 	3 Operability 
. . I 

The holographic in te r ferometr ic  sys tem shal l  be designed to operate 

for  ten  yea r s  with minimal  maintenance. 


3. 2 	 P r o g r a m  Design and Construction Standards 

. . The  holographic in te r ferometr ic  sys tem shal l  be constructed by 

' contractors  who shal l  be responsible for  meeting a l l  intended operational 


and equipment requirements.  


Construction standards a r e  to  be determined. 

4.0 	 QUALITY ASSURANCE 

?$ Detailed t e s t  plans shal l  be generated to provide for functional demon- 

s t rat ion of equipment requirements ,  a s  specified in Section 3. 0 of this 

specification. These  plans take into account the his tor ical  development of 

the equipment in the sense that accepted functional pract ices  need not be 


? 
demonstrated but recent ly developed concepts and hardware must  be proven. 

Simuiated Shuttle t e s t  s t ruc tu res  and t e s t  s tandards shal l  be used to demon- 

s t r a t e  functionality, where it i s  necessary,  a s  follows: (TBD) 
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A periodic maintenance and calibration s chedule shall  be scheduled and 
maintained to a s  su re  operational functionality of the te  s t  equipment. 

1. 	 Maintenance and calibration schedules shall  be based on defect 
t r end  data. Re commended init ial  maintenance. and calibration 
schedules a r e  a s  follows: (TBD)  

. , 

2. 	 Detailed tes t  requirements  for  ;the equipment shall  be pr imari ly  
based on functional operation ra ther  than equipment paaar&ter s. 

~. 

3.. 	 Prevent ive maintenance procedures  shal l  be emphasized, and 
calibration operations sha l l  be minimized. 

t..' 

P ' 
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THE RMOGRAPHIC NONDESTR UCTIVE EVALUATION 

GROUND SUPPORT TEST FACILITY 


1.0 SCOPE 

This  specification defines the performance and design requirements 
f o r  the thermographic nondestructive t e s t  facility of the Space Shuttle 
s t ruc tu ra l  integrity checkout sys tem and establishes requirements for i t s  

"Thermographic Nondestructive T e s t  Ground Support" details those 
nondestructive testing requirements  that a r e  generally recognized a s  

2. 	 Infrared NDT 

3. 	 ThermalNDT 

2.0 APPLICABLE DOCUMENTS 

The following documents, of the exact i ssue  shown, f o r m  a pa r t  of 
t h i s  specification. Specifications, standards,  drawings, bulletins, and other 
publications a r e  to  be determined. 

'a 
3.0 REQUIREMENTS 

. .  . 

1. 	 The t h e r m a l  nondestructive evaluation ground support devices shal l  
provide sur face  tempera ture  and/or  emittance cha rac te r i s t i c s  
over appropriate Shuttle s t ructures .  
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2. 	 Variations in surface tempera ture  a s  smal l  a s  0. 2 F (EST) shall  
be detectable over  the tempera ture  range, ze ro  to 500 F ,  

3. 	 Liquid c rys t a l  f i lm sheets  shal l  meet  the following requirements: 

. . 

a. 	 Tempera ture  ranges: TBD 

b. 	 Sheet size: 24 inches by 36 inches minimum 
:z 


. * 


c. 	 Reusable adhesive backing 

d. 	 Black background p a r t  of f i lm sheet 
.,. 

e. ' Liquid c rys t a l  encapsulated type with 1 / 10 to 114 inch cel l  

s ize  


d 

4. 	 T h e r m a l  indicating paints sha l l  meet  the following requirements: 

a. 	 Tempera ture  of color change: 104, 554, 1184, 1632 F, and 
o thers  (TBD)  

b. 	 Nonreversible color change 

c. 	 Brush application 

5, 	 Infrared scanning c a m e r a  sha l l  meet  the following requirements: 

a. 	 Liquid nitrogen cooled - indibm antimonide detector shall  be 
specified for  operation to 350 F (EST);  lead sulfide detector 
shall  be specified for  operation above 350 F (EST).  

be 	 Field-of-view: 60 by 60 degrees and 12 by 12 degrees (EST) 

c. 	 Real-t ime operation, 16 frame-per-second minimum (EST) 
\ 

d. 	 Range of focus: 4 feet to infinity (EST) 

e. 	 Ras ter  scan 100 lines per  f r ame  EST minimum, 100 elements 
per  line EST minimum. 

P. 	 Input power requirements  1 15 volt, 40 Hz, 3 amps maximum ,. 

(EST) 

Object tempera ture  level  ze ro  to  500 Fg. 

8 
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i. 	 Seven-tone gray scale  shal l  be displayed a s  par t  of video 

image. 


6 .  	 Appropriate thermal  laboratory supporting equipment shal l  be 
provided to include: 

. 	 I 
, 

a.' 	 Sil icon'grease t h e r m a l  couplant 

b. 	 Heat guns 

c. 	 Small  spray  paint gun 

d. 	 Thermocouples and potentiometers 

e. 	 Ovens and tempera ture  - controlled baths 

~ 
f. 	 F inch  the rma l  conductivity hot plate 

g. 	 Color por t ra i t  c a m e r a  

h. 	 Appropriate heat sources  and sinks "I 

7. 	 Logistics: The thermographic ground support operation shall  be 

ope rated f r o m  a lab0 ra tory  facility. Laboratory personnel shal l  

he responsible for  maintaining the thermographic equipment, 

establishing operating procedures ,  interpreting the thermographic 

images and profiles,  and performing thermographic NDE inspec-

tion operations in the shop facility. 


8. 	 Pe r sonne l  and training: Laboratory personnel shal l  have had , 


appropriate training courses  and shal l  be re'sponsible for the 

the rmographic inspection operation, maintenance of sys t ems ,  and 

maintaining application spe cifications. 


3. 1, 2 P r o g r a m  Definition 

The  thermographic laboratory facility shal l  consist of the following 
ma jo r  elements: 

1. 	 T h e r m a l  sensing ma te r i a l s  and equipmei.le (including inf rared  

camera )  


@ .  

2. 	 T h e r m a l  sources  and heat sinks 

I 

http:equipmei.le
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3. 	 Camera  and other data recording equipment 

4. 	 T h e r m a l  image s tandards and interpretation standards 

3. 1.3 Operability 

The thermographic t e s t  facility sklall be designed for a ten-year C t  
operational life. 

3. 2 	 P r o g r a m  Design and Construction Standards 

! All thermographic equipment shal l  be procured f r o m  appropriate 
comme r cia1 sources.  . . .  

3. 3 	 Requirements  for Functional Areas  

A tnermographic NDE laboratory operation adjacent to vehicle 
turnaround inspection facility shal l  be responsible for  the equipment and i t s  
usage (400 f t 2  (EST)) .  

4.0 	 QUALITY ASSURANCE 

1. 	 Detailed tes t  plans shal l  be generated to provide for  functional 
demonstration of equipment requirements  a s  specified in 
Section 3. 0 of this specification. These  plans shal l  take into . 

account past  h is tor ica l  development of the equipment in the sense 
that functional accepted prac t ices  need not be demonstrated while a 
recent ly developed concepts and hardware must  be proven. 

2. 	 Simulated Shuttle t e s t  s t ruc tures  and t e s t  standards shal l  be used 
to demonstrate functionability where deemed necessary,  a s  
follows: (TBD) 

\ 

3. A periodic-maintenance and calibration schedule and operation ( 
sha l l  be established and maintained to a s su re  operational func- 
tionality of the t e s t  equipment. 

4. 	 Maintenance and calibration schedules shal l  be based on defective ? 
t rend  data. Initial maintenance and calibration schedules a r e  a s  
follows: (TBD) 

6' 




Detailed t e s t  requirements  for  the equipment shall  be pr imari ly  

parameters .  

calibration operations sha l l  be minimized. 

SD 71-112 
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SPECIFICATION SSV-NDE-FO-GSE 

OPTICAL NONDESTRUCTIVE GROUND SUPPORT DURING 
LAUNCH/TURNAROUND OPERATIONS 

1.0 SCOPE 

This  specification defines the performance and design requirements  
f o r  optical nondestructive t e s t  ground support for the Space Shuttle 'struc- 
t u r a l  integrity checkout sys t em and establ ishes requirements for i t s  design, 
development, and test. It is the single authoritative document stating the 
p r o g r a m  technical requirements.  All  e lements  and contract end i tems of 
the optical NDE sys tem sha l l  conform with the requirements specified 
herein. 

"Optical Nondestructive Ground Support During Launch/Turnaround 
Operations" detai ls  those nondestructive testing requirements that a r e  
generally recognized a s  follows: 

F ibe r  optics devices 

Boroscopes 

Endoscopes 

Optically aided visual  insp i  ctions 

The  requirements  a s  detailed here in  a r e  complementary to compatible 
requirements  in the design specifications for  the orbi ter  and booster. They . 

principally relate  to assembly and location of entry ports. It i s  the intent 
of this specification to se t  for th  equipment requirements  that a r e  compatible 
.with existing commerc ia l  hardware yet meet  specific detailed Space Shuttle 
requirements .  

bi 

2.0  APPLICABLE DOCUMENTS 

Tire following documents, of the exact i ssue  shown, f o r m  a par t  of 
C' 

t h i s  specification. Specifications, s tandards,  drawings, bulletins, and other 
publications a r e  to  be determined. 
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3 . 0  REQUIREMENTS 

3. 1 P e r f o r m a n c e  

3 .  1. 1 C h a r a c t e r i s t i c s  1-

1. Opt ical  nondest ruct ive  t e s t  ground suppor t  devices  shal l  provide 
v i sua l  a c c e s s  whe re  ;equired, t o  a l l  Shuttle vehicle s t r u c t u r e s  not a cce s s ib l e  
by  v i sua l  inspect ion techniques.  

2. Damage o r  defects  occu r r i ng  i n  Shuttle s t r u c t u r e s  sha l l  be  

r eso lvab le  with the f i be r  optic device a s  de sc r i bed  by one of the following 


,
f ou r  c a t eg o r i e s :  

a .  G r o s s  damage,  114 inch o r  g r e a t e r  d isplacement  

b .  Minor  damage,  0. 100 inches  o r  g r e a t e r  d isplacement  t 
c .  Ma jo r  c r a c k ,  0.  025 inches  o r  g r e a t e r  I 
d .  Minor  c r ack ,  0. 005 inches  o r  g r e a t e r  I 

3 .  Appropr ia te  ground suppor t  wi l l  b e  maintained fo r  ut i l izat ion and 
main tenance  of the on-board f ibe r  opt ics  s y s t e m s .  

4. Rigid opt ics  devices  wi l l  be  used i n  p re fe rence  to f lexible f ibe r  
opt ics  dev i ce s .  Rigid optic devices  sha l l  be  one of the following: . . 

a .  Minimum length: 24 inches  

. I 
Maximum d iamete r :  m u s t  b e  able  to c l e a r  0. 1-inch d i ame te r  ' . I 
hole 

- .  
. . Maximum light  t r a n s m i s s i o n  loss :  40% (EST)  

F 


Light  s o u r c e  type: No .  B 

b .  Min imumleng th :  3 f e e t  

Maximum ove ra l l  length: 5 f e e t  

Maximum d i ame te r :  m u s t  b e  able  to,c l e a r  0'. 25-inch 
d i a m e t e r  hole.  

Maximum light  t r an s rn i s  s ion  loss :  4570 (EST) 

Light  s o u r c e  type: N o .  2 o r  No. 3 
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c .  	 Min imumlength :  6 f e e t  

Maximum length: 7 feet  

Maximum diameter :  m u s t  be  able  to c l ea r  0. 375-inch 
d iameter  hole 

'E*' 

Maximum light t r ansmis s ion  108s: 65 percen t  (EST).. . 

, . . . Light sou rce  type: No. 3 

d. 	 Minimum working length: 12 feet  


Maximum overa l l  length: 13 fee t  


Maximum diameter :  m u s t  be  able to c l ea r  0. 5-inch 
d iameter  hole 

Maximum light t r ansmis s ion  10s s: 80 percen t  (EST) 

Light sou rce  type: No. 3 

5. This  scope will  be  capable of being disassembled into sec t ions  
approximately  two to thr-ee feet  i n  length each.  

6. 	 The flexible f iber  optics devices  shal l  be  one of the following: 

a .  	 Minimum working length: 6 feet  

Maximum overa l l  length: 7 feet  

Maximum individual f iber  d iameter :  (TBD) ., 

Maximum diameter :  m u s t  be  able to c l ea r  0. 25-inch diameter  
hole 

Minimum bending radius:  m u s t  be able to pas s  2-inch rad i i  

Maximum'  l ight t r ansmis s ion  10s s: 60 percen t  (EST) 

Resolution type: (TBD) 

Light sou rce  type: No. I o r  No.  2 
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b.. Minimum working length: 10 fee t  . . 

Maximum overa l l  length: 12 f ee t  
I 1 

Maximum individual f iber  diameter:, (TB D\ 
I 

Maximum diameter :  m u s t  b e  able  td c l e a r  0 . 375-inch'4 	 . 
d iame te r  hole ' 	 -..I 

Minimum bending radius:  m u s t  b e  able to pas s  3. 5-inch radiub 
I11 ' 1 1 

I 
. . .. .. .. . 9Maximum light t r a n s m i s  s ion  SOBa: '(TBD). .- . . . . 

, .. , . 	 , * # .. , . .  ' ~ 

I ' .  3 .: -. . 
Resolutidn type: (TBD) 

1 

Light source:  No. 2 

Data collection type,: No: 1 o r  No. 2 
1 . . . 

c .  Minimum working length: 18 fee t  
,'. 

/' . . . I .

&Maximum overa l l  length': 18 fee t  	 . . , . I 
, ,/' 	 I . .  . .- / . 	

, ' .  . ,  , . . , . Maximum individual f iber  d iameter ;  rfiust bd able  to c l e i r  . , . ... . , ' . . 
I r ..,. 

. 0. 5-inch d iameter  ho l e .  	 . . . . . . .  
, . I . I . 

1 . .  . I . . .  . $. , 

Maximum bending radius:  m u s t  b l  abl'e Yo pabs5-inch radiue, . ,,': ,, .... 
. . f 

. 	 1.. ., 	 . .
' I  , 

Maximum light t r a n s m i s s i o n  loee: (TBD) L 1 1 , 

-. 	 , . 
I 	 . -Resolution type: (TBD) 

0 I 

. - .  .1 * 	 . .Light source:  No. 3 

Data collection type: No. 1 

7.  The light sou rces  used with f iber  optics devices shal l  pe one of I. , .' the' following: 

. . 
. , 

. a. Integral  to scope attached to viewing I end: . . ' .  . . 
. .. . ,  . 

- .  . . .
Light  in tensi ty  exit: (TBD) ' 	

, . 
.. , , . . ,. . I  1 

. . ,  
i I . . ' : , 

! I  ';wattage: ,  500 	 i . 
. . 

I 	 ..- . ,  , .  I . .  , 6 

I . , .  . .  . 
I -

I 
I . . I  	 . I . 1i 	 ..  . 

! . . 	 I 

. ,  . 
4 4I , .  ; I . I , . . .  8 1 . . . % 1 , \  1 , .  * 

I ' 

' 'B'-60 0 .  

.: 
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b. 	 Integral  to scope attached to viewing end: 

Light in tensi ty  exit: (TBD) 

Wattage: (TBD) 

Strobe type: high intensity 	 1 
I 

c .  	 Independent of scope,  has  own non-coherent. light pipe t ra in  

o r  h a s  light ' source a t  end of inser ted  bundle: 
 . 

Minimum length: 18 feet  

Maximum diameter :  1 / 4  inch 

Light intensity: ( TBD) 	 . .. I-
Wattage: . ( TBD) 

: 

8. 	 The da ta  collecting method shal l  be  one of the 'following: 

a .  	 T o  be  viewed with the unaided eye, focus 2cces so r i e s  

i 

i,
requi red .  

b .  	' Provis ions  for  a c a m e r a  a t tachment  shal l  be  provjded with 

the genera l  c a m e r a  p a r a m e t e r s  a s  follows: The c a m e r a  shal l  

be of a high quali ty mot ion pic ture  type with provisions for  

single-shot exposure .  The image  a s  received a t  the viewing 

end of the scope sha l l  f i l l  the f i lm f r ame .  Image quality 

l o s s e s  through the c a m e r a  shal l  be negligible. C a m e r a  

weight shal l  be  l e s s  than 5 pounds. 


c .  	 P rov is ions  fo r  a c losed c i rcu i t  television attachment shal l  

be  provided with gene ra l  requi rement  a s  follows: 


(1) 	 Total  vidicon weight as  used by the inspector  shal l  be 
25 pounds maximum.  

{ 2) 	 Centra l ized monitoring,  data interpretation,  and data 
s to r age  shal l  be  employed. 

( 3)  The facil i t ie s vidicon s y s tern shal l  be  compatible with 
on-board vidicon s y s t e m s  and interface shal l  be provided. 

(4 )  	Conventional 525 r a s t e r  scan  shal l  be  employed. High I 
r e  solution sha l l  be  achievable by changing the field-of-view, I 
l ight intensity, and obj ec t  distance.  

B-61 

SD 71-112 - -.-- I 
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9. Viewing accesso r i e s  shall  be attachable to the f a r  end of the scope 

and shall  be one of the following: 


a .  	 Direct vision forward: field-of-view, 60 to 70 degrees 

b. 	 Foroblique: 

Viewing angle: 45 'degrees 
. . 

~ield-of- 'view:,60 to 70 degrees and l e s s  than 10 degrees 
. .4 

c.  	 Rightangle:  

Viewing angle: 90 degrees 

Field-of-view: 60 to 70 degrees 

d. 	 Retrospective: 

Viewing angle: 175 degrees I 
Field-of-view: 45 to 50 degrees 

The optical NDE GSE sys t em shal l  be controlled f r o m  a cr ib operation. 
Repair  of the optical devices and support of the on-board optica1;systern shal l  
be maintained by a sma l l  laboratory function. 

Operating books and detailed instructional manuals shall  be generated , 

to allow use by opera tors  with minimal  experience and training. Inspection 
personnel  sha l l  have appropriate training and shal l  be responsible for  both 
maintenance and repa i r  of optical devices,  generation of instructio'nal data, 
and establishment of new techniques. 

The  bes t  available ' commerc ia l  off-the-shelf devices shall  be used. 

3. 3 	 Requirement fo r  Functional Area  -.- --

The devic,es shal l  be used in  enclosed hanger areas .  

1. 	 Standard 60 Hz, 110 a c  voltage sha l l  be available., 

2. 	 Not l e s s  than 20 devices sha l l  be required (EST) with in te r -  . 

changeable accesso r i e s  and cameras ,  
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3. 	 Tfie devices shal l  be usable with little o r  no training. General  
operational instructions shal l  be attached to devices. 

4. 	 A centralized cr ib,  repa i r ,  and maintenance center shall be 
responsible for  the devices and their  usage. 

4.0 	 Q U A L I T Y  A S S U R A N C E  
d, 


Detailed t e s t  plans shall  be generated to provide for functional 
demonstration of equipment requirements ,  a s  specified in Section 0 of 
this specification. These  plans shal l  take into account the his tor ical  ' development of the equipment in the sense that accepted functional pract ices  
need not be demonstrated while recently developed concepts and hardware 
must  be proiren. 

Simulated Shuttle t e s t  s t ruc tu res  and t e s t  standards shall  be used to 
demonstrate  functionality, where it i s  necessary,  a s  follows: (TBD) 

A periodic maintenance and calibration operation shall  be scheduled 
and maintained to  a s  sur-e ope rational functionality of the te s t  equipment. 
Maintenance and calibration schedules shal l  be based onlclefective t rend 
data. Initial maintenance and calibration schedules a r e  r e  commended a s  
foiiows: (TBD) 

Detailed t e s t  requirements  for the equipment shal l  be pr imari ly  based 
on functionai operation ra ther  than equipmental parameters .  

Prevent ive maintenance procedures  sha l l  be emphasized while cali- 
brat ion operations sha l l  be minimized. 
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r SPECIFICATION SSV-NDE..ULT-GSE 

* 	 ULTRASONIC GROUND SUPPORT FOR 
t 

I 
, < 	 TURNAROUND1 LAUNCH OPERATION 
t . 

! 	 1.0 SCOPE 
i -
1 ) 
I 

This specification defines the performance and design requirements 
for ultrasonic nondestructive evaluation ground support for turnaround/ i 
launch operations i n  the Space Shuttle s t ruc tura l  integrity checkout system I 

t 	 and establ ishes requirements  for i t s  design, development, and test .  . I t  i s  
4 	 the single authoritative document stating the program technical require-  

ments. All elements and contract end i tems of the ultrasonic ground support 
system, shall  conform with the requirements  specified herein. 

"Ultrasonic Ground Support f o r  Turnaround/Launch Operations" 
details those nondestructive testing . requirements  which a r e  generally '  
recognized a s  follows: 

1. Digital ultrasonic thickness gaging 

2. Portable  ultrasonic inspection 

3. Permanent  pulse-echo /through t ransmiss ion  facility 

1 	 4. On-board ultrasonic support 

The requirements  contained in this  specification a r e  those necessary 
for ground support during turnaround and launch and presumes  the existence 
of compatible and complementary requirements  for on-board nondestructive ( 
evaluation in the specification of the Orbi ter  and Booster design, 

It i s  the intent of this  specification to  basically se t  forth equipment 

11 requirements  that a r e  compatible with existing commercial  hardware yet 


meet  specific and detailed Space Shuttle requirements.  


. .  . 	 2.0 APPLICABLE DOCUMENTS 

The following documents, of the exztct i ssue  shown, form a par t  of 
this  specification. Specifications, s tandards,  drawings, bulletins, and other 
publications a r e  to  be determined. 
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3.0 	 REQUIREMENTS 

3. 1 	 Pe r fo rmance  

3. 1. 1 Cha rac t e r i s t i c s  

The ul t rasonic  ground support  operat ion shal l  support  the  following 
functions: , . . 

1. 	 Por tab le  ul t rasonic  inspection functions. (Por tab le  NDE 

techniques will be utilized t o  min imum extent. ) 

, I 


2 .  	 Ultrasonic  technique development and analysis  a s  confined t o  t he  

l abora tory  a r e a .  


3. 	 Direction and in te rpre ta t ion  of on-board ul t rasonic  sys t ems  

utilization, p r imar i l y  during turnaround operations.  (Flight 

r e c o r d s  will be computer  analyzed. ) 


The ul t rasonic  support  operat ion shal l  be capable of detecting the  
following type defects  and conditions: 9.' 

1. 	 Metallic c r a c k s  0. 050 inch, min imum dimension I :: 

2 .  	 Nonmetallic cracking (high density plastic:  2. 4 g / c c  o r  g r e a t e r  

(EST)) .  0. 100 inch,  min imum dimension 


3. 	 Nonmetallic crackinglvoid formation: (low density plas t ics  
2 .4  	g / c c  o r  l e s s  (EST)P) .  1. 0 inch,  min imum dimension 

4. 	 Adhesive unbonds metal-to-metal:  1/ 2  inch, minimum dimension 

' 5. 	 Brazed  unbonds: 1/ 4  inch, min imum dimension I 
6. 	 Honeycomb, S t r e s sk in  s t ruc tu re s ,  4 t imes  ce l l  s ize ,  minimum 


dimension 


7 .  	 &?etallic thickness:  0. 0 16 inches  min imum 

8 .  	 Weld bead defects (espec ia l ly  e l ec t ron  beam)  15 percen t  of weld 

bead width min imum 
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Equipment operat ions  cha rac t e r i s t i c s  shall  be a s  follows: 

1. 	 A labora tory  ul t rasonic  wate r  tank and recording sys tem shall  be 
provided with the  following requirements :  

a. 	 Minimum tank size:  50 inches by 40 inches by 24 inches  deep 
with a min imum tank capacity of 150 gallons (EST) 

b. 	 Scan speeds:  adjustable  f r o m  0. 1 t o  200 f t lm in  (EST) 

c .  	 R a s t e r  speed: adjustable f r o m  0. 01 to 5 inch lmin  (EST) 

d.-	 ~ i n i m u m"C" Scan Width: 30 inches (EST) 

e. 	 "C" Scan recording: adjustable  f r o m  4 to  1, t o  1 to  10 t i m e s  
actual  s ize ;  and shal l  have a seven-tone g r a y  sca le  recording 
capability. Prov is ions  f o r  a s t r i p  g ray  s ca l e  record  on the  
"C" scan  shal l  a l so  be possible.  

2. 	 Appropria te  t r a n s d u c e r s  and electronic  cables,  etc. , shal l  be 
provided (TBD). 

3. 	 A high energy pu l se r  shal l  be provided with the following 
requi rements :  

a. 	 Frequency: adjustable  f r o m  5 KHz t o  10 MHz 

b. 	 P u l s e  repeti t ion ra te :  3 t o  100,000 pulses  p e r  second 

c. 	 Voltage: 0 t o  2000'volts  a t  10 A 

d. 	 Output power: 0 t o  20 kw 

e .  	 Input power: 650 watts  f r o m  B 15V to  60 H i  maximum 

4. 	 Digital u l t rasonic  th ickness  gages  shal l  be available with t he  
iollowing capabil i t ies:  

a ,  	 Operation: pulse  echo 

b. 	 Accuracy: f0.000 1 inch min imum 

F o r  meta l l i c  th ickness  range: f r o m  0. 010 to 1 inch 

c:. Readout: 3 digit min imum 
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Ul t rasonic  l abora tory  personnel  shal l  be r e s p ~ n s i b l e  for maintaining, 
repa i r ing ,  and providing operat ional  p rocedures  for a l l  u l t rasonic  sys t ems  
and equipment. These  operat ions  shal l  be accomplished by order ing appro-  
p r i a t e  components and equipment f r o m  commerc i a l  sources .  

Tra ined  and cer t i f ied inspection personnel  shall  be capable of operating 


, the  ul t rasonic  s y s t e m s  with the  aid of a n  operating handbook. 

$2 

3. 1. 2 P r c g r a m  Definition 	 I .  

The p r i m a r y  purpose  of the  ul t rasonic  ground support operation shal l  
.I 	 be to  complement on-board ul t rasonic  test ing.  Por tab le  ul t rasonic  inspec- 


t ion operat ions  shal l  be min imal  and shal l  be on a n  unscheduled basis.  

Appropria te  dn-board monitoring techniques shal l  be applied to  c r i t i ca l  and 

t roublesome Shuttle s t r u c t u r e s  and Shuttle components. Modification work, 

a s  contras ted with r epa i r  and check operation,  shal l  be supported by the  

u l t rasonic  l abora tory  using techniques and procedures  equivalent t o  those  

techniques used in  the  or ig ina l  manufacture.  


The ul t rasonic  t e s t  equipment shal l  be procured  f rom appropr ia te  
commerc i a l  s o u r c e s  on a n  individual unit basis .  No specialized t e s t  facility 
requir ing extensive construct ion o r  unusual building facil i t ies shall  be 
required.  

3. 1. 3 Operabil i ty 
. . 

1. The labora tory  equipment shal l  be designed to  hav'e a n  expected 
'I 

life of 10 years .  

2. 	 All i l l t rasonic s y s t e m s  shal l  be maintained and repa i red  o r  r epa i r  P 

di rec ted  by labora tory  personne l  by order ing components, modules,  
o r  rep lacement  equipment, etc. , f r o m  appropria te  commerc i a l  
sources .  

,._-

i '  3. 	 The ul t rasonic  l abora tory  t e s t  equipment shall  be operated in  a 

l abora tory  environment with t he  following environmental  

conditions: 


a. 	 Tempera tu re :  65 to  85 F 

-. 	 b. Humidity: 20 t o  50 percen t  re la t ive  humidity (EST) 

i 

c.  	 P r e s s u r e :  14.7 * 1. 5 ps ia  (EST)' 



C 

3 . 2  	P r o g r a m  Design and Construction Standards 
/ 

No specific construction standard shall be imposed. 

3. 3 	 Requirements for Functional Areas  

The ultrasonic laboratory shall occupy a maximum of 400 square feet 
(EST) and shal l  be a 'conventional room which will; be equipped by responsible 
engineering personnel. 

i' 4.0 QUALITY ASSURANCE ,' 
1. 	 Simulated Shuttle t e s t  s t ruc tures  and t e s t  standards shall be used 

to' demonstrate  functionality where deemed necessary,  a s  follows: 
(TBD). 

w 

2 .  	 A 'periodic maintenance and calibration schedule and operation 
shal l  be established and maintained to  a s s u r e  operational func- 
tionality of the t e s t  equipment. 

a.  	 Maintenance and calibration schedules shall be based on 
defect t r end  data. Initial maintenance and calibration 

,schedules a r e  recommended a s  follows: (TBD), 

b. 	 Detailed t e s t  requirements  for the equipment shall be pri; . 
. . 

mari ly  based on functional operation rather  than equipment 
, .- parameters .  

c. 	 Prevent ive maintenance procedures  shall be emphasized 
while calibration operations shall  be minimized. 

(' -' 

!,\ 
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SPECIFICATION SSV-NDE-EM-GSE 

ELECTROMAGNETIC NONDESTRUCTIVE EVALUATION 
TECHNIQUES FOR GROUND SUPPORT DURING 

LAUNCH/TURNAROUNDOPERATIONS . 

1.0 SCOPE 

I) 
This specification defines the performance and design requirements 

for  electromagnetic nondestructive t e s t  techniques for the Space Shuttle 
s t ruc tura l  integrity checkout sys tem and establishes requirements for  i t s  . . 

design, development, and test .  It i s  the single authoritative document stat-  
ing the program technical requirements.  All elements and contract 'end 
i tems of electromagnetic nondestructive t e s t  operations shall conform with 
the requirements  specified herein. 

"Electromagnetic Nondestructive Evaluation Techniques for Ground 
Support During Turnaround/Launch Operations" defines those nondestructive 
t e s t  requirements  that a r e  normally recognized a s  follows: 

- 1. Por tab le  eddy cur rent  flaw detection 

2. Portable  eddy cur rent  thickness gaging 

3. Por table  eddy cur rent  mater ia l  identification 

4. Microwave ( sca t t e r )  

5. Thermo-e lec t r ic  testing 

i 6. Radio frequency voltage probe 

7, Radio frequency thickness gaging 

,k 
1;: i s  the  intent of this  specification to  set  forth basic equipment 

requirements  that a r e  compatible with existing commercial  hardware.  

2 .0  AidPLICABLE DOCUMENTS 

':?~e following documents, of the exact issue shown, form a pa r t  of * 

th i s  s:Jecification. Specifications, s tandardsp drawings, bulletins, and other 
- public~cions a r e  to  be determined. F 9 
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3. 1 	 Per formance  -

3. 1. 1 Chzrac ter i s t ics  

1. 	 Portable  eddy cur rent  equipment shall be capable of measuring 
metal  thickness f rom one side in the thickness rarige of 
0.0001 to 0. 020 inches. -

2. 	 Portable  eddy cur rent  thickness measuring equipment shall meet '  
the following requirements:  

a .  Power input: 115 volts 60 Hz, 80 watts maximum 

b. 	 Frequency: 50 KHz to 5 MHz variable 

c.  	 Drift: l e s s  than 1.6 x l o W 6ohm/cm on s i lver  
l e s s  than 3 x 10-3 o h m / c m  on graphite 

d. 	 Resistivity resolution: 10-8 ohm/ c m  minimum 

e. 	 Sample t ime: 1 millisecond maximum 

i; P robe  coils: (TBD) 


/II 1 

5. 	 Portable  eddy cur rent  flaw detection equipment shall be capable i 

-4.1 ; . I+.:of detecting and measuring surface c racks  and flaws in metall ic ? I I  

s t ructure.  

4. 	 Portable  eddy cur rent  flaw detection equipment shall meet  the 
following requirements:  

a. 	 Power input: 112 volts 60 Hz, 1 amp  maximum (EST) 

b. 	 Frequency 1 to  4 MHz (EST) 

c. 	 Sensitivity: 15 percent accuracy for c rack  depths . . 

d. 	 P robe  coil: (TBD) 

5. 	 Portable  eddy cur rent  equipment shall be capable of determining 
electr ical  conductivity between one to  107 percent IACS (based on 
copper 100 percent) ,  in o r d e r  to  determine heat t r e a t  for specified 
alloy o r  alloy when heat t r e a t  i s  known, 
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Por tab le  eddy cur rent  mater ia l  propert ies  equipment shall meet 
the following requirements:  

a. Power input: self contained rechargeable bat ter ies  

b. 	 Frequency: low range (TBD) 

high range (TBD) 


c. Sensitivity: minimum one percent change in IACS (EST.) 
' .  

d. P robe  coil: 	(TBD) 

Appropriate eddy cur rent  probes shall  be developed for specialized . .. 
'applications dependent on t e s t  geometry and mater ia l  and defect . . 

c r i t e r i a .  Eddy current  equipment manuals shall specify required 
-e lec t r ica l  propert ies  of the test  coil to include allowable probe , 

res i s tances  and inductances. 

~ ~ ~ r o ~ i i a t esupporting devices and probe holders shall be 
developed for  specialized applications dependent on tes t  geometry 
and mater ia l s  and accessibility. _i 

'I 

Radio frequency thickness equipment shall be capable of measuring 

the thickness of nonmetallic mater ia l s  on metallic substrates  in 

the  thickness range of 0 to  5 inches (EST) with an accuracy of 

0. 1 inch. Nonmetallic mater ia l s  to be mea ured must have 

dielectr ic  constants between 1 and 40 (EST) a n d  an  electr ical  

res is t ivi ty  g rea te r  than lo6 microhm c m  (EST). 


I '  

Microwave defect detection equipment shall be capable of detecting 

112 inch square  by 0.050 inch void type flaws in nonmetallic 

mater ia l s  with dielectr ic  constants and electr ical  resis t ivi t ies  

a s  descr ibed in  I tem 9. 


Electromagnetic nondestructive evaluation ground support opera- 

t ions shall  be conducted f rom appropriate facilities as  follows: 


Laboratory I Tool Crib 

Eddy cur  rent  defect Eddy current  thickness 

R F  voltage probe Eddy current  mater ial  

Microwave (sca t te r )  R F  thickness 


I 
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12. 	 Electromagnetic nondestrictive evaluation personnel shall be 
responsible for maintaining, repairing, and providing operational 
procedures  for a l l  electromagnetic sys tems and equipment. These 
operations shall  be accomplished by ordering appropriate compo- 
nents and equipment f rom commercial  sources.  

13. 	 Trained and certified inspection personnel shall be capable of 
1-	 operating the electromagnetic nondestructive evaluatidn equipment 


with the aid of an  operating handbook. 


7 	3. 1. 2 P r o g r a m  Definition 
/' 

The p r imary  purpose of the electromagnetic nondestructive evaluation 

operation shall  be to  provide appropriate  portable equipment to allow meas-  

urement  and detection of pertinent mater ia l  propert ies ,  such a s  thickness, 

c r acks ,  etc. These portable electromagnetic techniques shall be used to a 

minimal  extent on an  unscheduled basis. Facility operation shall be 

established where necessary  for use  on line removable units. 


Shuttle s t ruc ture  modification work, a s  contrasted with repair  and 

check operation, shall  be supported by the electromagnetic NDE laboratory 

using techniques and procedures  equivalent to  those techniques used in the 

original manufacture. 


The electromagnetic NDE equipment shall  be procured f rom appro- 

p r ia te  commerc ia l  sources.  No specialized t e s t  facility requiring extensive 

construction o r  unusual building facil i t ies shall  be required. 
-

' . 	 3. 1. 3 Operability 
' :I 

1. 	 The iaboratory equipment shall  be designed to have an expected 
life of 10 years .  

0- ' 

2. 	 Ali electromagnetic NDE sys tems shall  be maintained and repaired 
3r  rzpa i r  directed.by laboratory personnel by ordering compo- 
nenets, modules , o r  replacement equipment, etc. , from ap?ropri- 
a te  commerc ia l  sources.  

-. 
3. 	 The zlectromagnetic NDE laboratory t e s t  equipment shall  be 

o p e ~ a t e din a laboratory environment with the following environ- 
:neZ~tal conditions: 

a. 	 Temperature:  50 to  120 F 

b. 	 Humidity: 0 to  50 percent relative humidity (EST) 
..-

I 	 . P r e s s u r e :  14. 7 i1. 5 psia  (EST) 
I! I 

http:directed.by


3.2 	 P r s g r a m-. Design and Construction Standards 

-. ..
i\o specific construction standard shall  be imposed. 

3. 3 	 Re&rements for Functional Areas  

' 	
--

The electromagnetic NDE laboratory shall  occupy a maximum of 
400 square feet  (EST) and shall  be a conventional roomwhich-will  be equipped 
by r e s p o n s ~ b l e  engineering personnel. 

1 

"t 4.0 QUALITY ASSURANCE 
I .i 

I .  Simulated Shuttle t e s t  s t ruc tu res  and test-  standards shall be used , a 


t o  demonstrate  functionality where deemed necessary,  a s  follows: 
(TBD), 

. , 

2. 	 A periodic maintenance and calibration operation shall  be scheduled 
and maintained to  a s s u r e  operational functionality of the t e s t  
equipment. 

, .. . 

a. 	 Maintenance and calibration schedules s la11 be based on . 
defect t rend  data. Initial maintenance aLd calibration 
schedules a r e  -recommended a s  follows: (TBD), 

7 

. .-. 
b. 	 Detailed t e s t  requirements  for the e'quipme'nt sha.11 be pr i-  

mar i ly  based on functional operation ra ther  than equipment . , 

parameters .  

2 
c .  	 Prevent ive maintenance procedures  shall be emphasized 

while calibration operations shall  be minimized. 

#! 
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PREEDIfaG PAGE BLANK NOT F I L W  

SPECIFICATION SSV-NDE-AE-GSE 

ACOUSTIC EMISSION GROUND SUPPORT 

AT LAUNCH/TURNAROUND FACILITY 


1.0 	SCOPE 

.? This specification defines the performance and design requirements 
for  acoustic emission support for the Space Shuttle s t ructural  integrity 
checkout sys tem and establishes requirements  for i t s  de,sign, development, 
and test .  It i s  the single authoritative document stating he program tech- 
nical requirements.  All elements and contract end itemb of the acoustic 
emission sys tem shal l  conform with the requirements  specified herein. 

The details contained i n  this  specification a r e  for those requirements 
necessary  f a r  ground support during turnaround and launch. The require- 
ments  presume the existence of compatible and complementary evaluation 
in the specification of the orb i te r  and booster design. 

The requirements  contained i n  this  specification detail the necessary 
and sufficient facil i t ies to  support a n  on-board acoustic emission nondestruc- 
t ive evaluation presuming the existence of appropriate computer and 
computer support facilities. 

It i s  the intent of this  specification to set  forth basic equipment 
requiremlents that a r e  compatible with existing commercial  hardware. 

2 .0  	 APPLICABLE DOCUMENTS 

T k - foilowing documents, of the  exact i ssue  shown, form a part  of , 

( th i s  speiificaiion. Specifications, s tandards,  drawings, bulletins, and 
other  pcblications a r e  to  be determined. 

$, 3.0 REQUIREMENTS 

1, 	 Ground support operations for acoustic emission testihg shal1:b'e 
l imited t o  those laboratory functions necessary  to complement the 
on-board acoustic emiss ion  system. 
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2. 	 The ground support operations personnel for acoustic emission 
testing shall  be capable of activating and operating the on-board 
acoustic emission system. 

3. 	 The ground support acoustic emission laboratory shall  have 
equipment and personnel necessary to simulate background noise 
encountered in launch, reentry,  and operation of air-breathing 
engines. t 

4. 	 At leas t  two complete acoustic emission sys tems equivalent to,  
o r  better than, the on-board system.shal1 be provided. 

P 
5., 	 Tensile t e s t  hardware  shall be provided. 

I 

6. 	 Necessary electronic equipment shall  be provided to  support a 
typical e lectronics  laboratory operation. 

7; 	A t ime-shared  computer terminal. shall  be provided. 

8. 	 Audio and ultrasonic spec t rum analysis equipment and recording 
capabilities shall  be provided. 

9. 	 Appropriate means t o  measure  (on site) sonic intensities and 
simulate sonic distribution shall  be provided. 	 f't 

< .,-

10. For  personnel and training, operating booklets and detacled 
instructional manuals shall  be generated to  allow maintenance and 
. repair  by opera tors  with minimal experience and training. 
.Laboratory personnel shall have had appropriate training courses  
:tnd shal l  be responsible for  a l l  acoustic emission testing 
qperations,  maintenance of sys tems and maintaining applications 
specifications. 

11. i ippropriate computer p rograms  shall  be generated to  analyze 

i: 2nd interpret  acoust ic  emission flight record  and in-flight data. 

3. 1. 2 P~i;;rari? Definition 

Ac;,..dtic emiss ion  t e s t  equipment shall  be procured f rom appropriate 

commerc ia l  s;surces. No specialized t e s t  facility requiring extensive con- 

s t ruct ion c;-~r:.usual building facil i t ies shall  be required. 


Acciiisti; emission monitoring techniques shall be developed a s  a pr i -
m a r y  Spzc * Slh.:ttle s t ruc tura l  integrity monitoring sys tem in conjunction 
with fiber opt..,;, holographic interferometry,  and conventional NDE tech-
niques. OK-b,: ;rd ultrasonic sys t ems  shall  s e r v e  a s  a back-up technique. 

,> 
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i .  

3. 1. 3 Operability 

Laboratory equipment to support acoustic emission nondestructive 

evaluation technology shall be designed to operate  for 10 years  with minimal 

maintenance. 


The acoustic emission laboratory t e s t  equipment shall be operated in 
4,a laboratory environment with the following environmental conditions: 
\ 
'I' . .... . 1. Temperature:  65 to  85 F 

.' r;

' P , 
. . 2. 	 Humidity: 20 to  50 percent relative humidity (EST) 

3. 	 P r e s s u r e :  14. 7 *1. 5 psia (EST) I I 
3 . 2  	P r o g r a m  Design and Construction Standards 

To be determined. 
8 

3. 3 	 Requirements for Functional Areas  
t 

The acoustic emission laboratory shall occupy a maximum of 

800 square  feet (EST) and shall  be a conventional room equipped to support 

acoustic emission technology. 


'4.0 	 QUALITY ASSURANCE 1 .  I 
Simulated Shuttle t e s t  s t ruc tures  and t e s t  standards shall be used to 


demonstrate  functionality where deemed necessary,  a s  follows: (TBD) 


A p e ~ i o d i c  maintenance and calibration operation shall be scheduled 

and mairitained .to a s s u r e  operational functionality of the t e s t  equipment. 


1. Maintenance and calibration schedules shall be based on defect 

i ,rend data. Initial maintenance and calibration schedules a r e  
:r,ecommended a s  follows: (TBD) 

2 .  	 Detailed t e s t  requirements  for the equipment shall be pr imari ly  A 
based on functional operation :ather than equipmental parameters .  

3. 	 Prevent ive maintenance procedures  shall be emphasized while 
calzbration operations shall  be minimized. 

. . 
. . 
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