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NONDESTRUCTIVE T B T I N G  OF SPACE VEHICLE: 
LIQUID PROPELUYT ROCKET ENGINES 

D. Hagemaier 

This repor t  describes the  various nondestructive t e s t  methods employed 
t o  evaluate mater ia ls  and processes used i n  the  manufacture of large  
l i q u i d  propellant  rocket engines a t  t h e  Rocketdyne Division of North 
American Aviation, Inc.  The contents of the  paper were purposely or iented  
f o r  an audience of aerospace, design and mater ia ls  engineers. 

A b r i e f  descr ip t ion of l i q u i d  propellant  rocket engine r e l i a b i l i t y  i s  
presented. The re la t ionsh ip  of standards and spec i f i ca t ions  t o  non- 
des t ruc t ive  t e s t i n g  i s  discussed and various t e s t  methods are  described 
along with a discussion of t h e i r  appl ica t ions  and l imi ta t ions .  The se- 
quence of events leading up t o  the  use of nondestructive t e s t i n g  i n  pro- 
duction inspect ion i s  presented. F ina l ly ,  the  organizat ion of labor 
d i r e c t l y  r e l a t e d  t o  nondestructive t e s t i n g  i s  given. 

The author i s  associated with the  Materials  and Processes Group a t  
Rocketdyne, a  Division of North American Aviation, Inc. ,  Canoga Park, 
California.  This paper i s  scheduled f o r  the Western Metals Congress, 
15 Piarch 1967, Los A q e l e s ,  California.  



Nondestructive t e s t i ng  (NDT) encompasses the en t i re  electromagnetic 
spectrum (except fo r  cosmic rays) and also includes other t e s t s  such a s  
l iquid penetrant, u l t rasonic ,  magnetic par t ic le ,  leak tes t ing ,  etc.  
Basically, we might say tha t  NDT includes any t e s t  method which can y ie ld  
qua l i ta t ive  or quant i ta t ive  evaluation of a material or process without 
harm t o  the par t  being tested.  Although a vast array of t e s t  methods 
have been developed f o r  use i n  NDT, I w i l l  confine my discussion t o  only 
those t e s t s  used a t  Rocketdyne f o r  inspection of large l iquid rocket 
engine components. 

The select ion of useful and economical nondestructive techniques re- 
quires an understanding of the comparative capabi l i t i es ,  advantages, and 
l imita t ions  of a l l  basic nondestructive t e s t  methods. Evaluations pre- 
sented i n  t h i s  paper are based upon the experience of the author and the 
successful application of the specified nondestructive t e s t s  f o r  inspec- 
t i o n  of production hardware, 

LUGE LIQUID ROCKET ENGINES 

Throughout the modern era  of rocketry, l iquid propellant rocket engines 
have demonstrated t h e i r  capabil i ty t o  provide high performance, high r e l i a -  
b i l i t y  and operational f l e x i b i l i t y .  It has always been desirable t o  have 
high launch vehicle r e l i a b i l i t y .  With the advent of manned missions, high 
r e l i a b i l i t y  became mandatory. A summary of the space launch record (1) 
shows there  have been 378 launches of vehicles using l iqu id  propellant 
engines since the f i r s t  United States  s a t e l l i t e  was launched. Over 410 
major propulsion systems involving more than 1600 engines have been used. 
Including a l l  the propulsion systems used i n  space launches, a propulsion 
system f l i g h t  r e l i a b i l i t y  of 0.965 has been demonstrated. The Rocketdyne 
engines which par t ic ipated i n  some of these space launches are  l i s t e d  i n  
Table 1. 

Table 1. Rocketdyne Liquid Propellant Rocket Engines 

m i n e  
Designation 

LR89 -NA-7 
LR105 -NA-7 
I;R79-NA-11 
LR3-NA- 18 
LR.43-M-1 

H-1 
J-2 
5-2 
F-1 

.L 

Thrust 
(sea level) ,  

pounds 

154,500 
57,000 

170,000 
150,000 
78,000 

205,000 -- -- 
1,522,000 

Thrust 
(vacuum), 
pounds Oxidizer 

80,500 
195,100 
174,500 
87,700 

230,500 
230,000 
230,000 

1,748,000 

Fuel 

RP-1 
RP-1 
RP-1 
RP-1 

Alcohol 
RP-I 
La2 
L82 
RP-1 

Vehicle 
Application 

Stage 
Prime 

Contractor 

Atlas 
Atlas  
Thor 
Jupi te r  
Redstone 
S-I 
S-I1 
S-NB 
S-IC 

GDC 
GDC 
Douglas 
Chrysler 
Chrysler 
Chrysler 
SHD 
Dougias 
Boeing 



The engine r e l i a b i l i t y  program begins with design and manufacturing 
t o  ensure accurate,  high-strength, fa i lure-f ree  hardware. Extensive in -  
spect ion procedures f u r t h e r  a s s i s t  t h i s  phase. Engine component t e s t i n g  
follows inspection,  and f i n a l l y  the  l iqu id  propellant  rocket engine can 
be subjected t o  extensive t e s t i n g  in  t he  development phase t o  uncover any 
po t en t i a l  weakness, This extensive t e s t  e f f o r t  provides a  high degree of 
confidence i n  t he  engine r e l i a b i l i t y .  Liquid rocket engines a l so  provide 
the  capab i l i ty  of t e s t i ng  the  a r t i c l e  t h a t  w i l l  be used during the  ac tua l  
launch. Also, each engine i s  t e s t ed  before it i s  delivered t o  the  cus- 
tomer and l a t e r  each s tage  and engine i s  t e s t ed  a s  a  un i t  and completely 
checked out p r i o r  t o  the launch. Figure 1 shows a completed Rocketdyne 
F-1 engine. Five of these  1,500,000-pound-thrust engines w i l l  be used on 
t he  manned Saturn moon rocket  booster  stage,  

Small hypergolic ab la t ive  engines used f o r  descent and maneuvering of 
the  Gemini and Apollo comntand modules were manufactured by the  Rocketdyne 
Small Engine Division. A complete discussion concerning nondestructive 
t e s t i ng  of these  small ab la t ive  engines i s  given i n  Ref. 2. 

RELATIONSHIP OF STANDARDS AND SPECIFICATIONS TO NDT -- 

Much a t t en t i on  has been given t o  NDT during recent  years.  Its favor 
o r  disfavor usual ly  ensues from arguments over the va r ia t ion  i n  t e s t  re-  
s u l t s  from d i f f e r en t  t e s t  methods or from var ia t ion  i n  i n t e rp r e t a t i on  of 
spec i f i c  t e s t  r e su l t s .  Nondestructive t e s t s  a re  not " t e s t s , "  but r a t he r  
measurements, i n  t h a t  the  s i z e  of defect  i s  usually indicated r a the r  than 
the  performance capab i l i t i e s  of the  material  or device. I n  a  t e s t i ng  o r  
measuring operation,  it is necessary t o  have a  comparative o r  reference 
standard which i s  general ly  accepted by other people i n  order t h a t  the  re-  
s u l t s  be meaningful. I f  t he  r e s u l t s  of a  measurement or  t e s t  a r e  t o  be 
meaningful, the  condit ions o r  method of t e s t i ng  must be hown, I f  the  
t e s t  r e s u l t s  a r e  t o  be reproducible, then the method of t e s t  must be uni- 
form. Hence, standards control  the  t e s t  s e n s i t i v i t y  and spec i f i ca t ions  
speci fy  the method of t e s t  o r  t e s t  conditions (3 ) .  

What should be included i n  a  speci f ica t ion which deals  with non- 
des t ruct ive  t e s t i n g ?  The answer i s  somewhat d i f f i c u l t  and accounts f o r  
some of the  problems surrounding NDT speci f ica t ions .  Frequently used 
working i n  qua l i ty  spec i f i ca t ions  i s :  "The par t  s h a l l  be f r e e  of d e t r i -  
mental defects." This r a t he r  conservative a t t i t ude  i s  convenient f o r  
spec i f i ca t ion  wr i t e r s ,  but unfortunately,  an X-ray machine o r  X-ray f i l m  
reader  i s  not  able t o  determine whether a defect  i s  detriment21 or not ,  
It seems r a the r  obvious t h a t  the  spec i f i ca t ion  must include a  descr ip t ion 
of an acceptable qua l i ty  level .  This qua l i ty  l eve l  must be defined i n  
terms or  r e l a t ed  t o  reference standards which can be understood by persons 
performing the  inspection,  o r  by persons who a r e  responsible f o r  i n t e r -  
pre t ing t e s t  r e su l t s .  

There i s  an explanation f o r  the  general  and noncommittal de f i n i t i on  of 
acceptable qua l i ty  l eve l s  in speci f ica t ions .  Nondestructive t e s t s  only 
indicate  the  defect  s i z e  r a t h e r  than measure the defect  s i z e  absolutely,  
For example, i n  a surface inspection t e s t ,  such a s  penetrant or  magnetic 
p a r t i c l e  inspection,  the length of a defect  on the surface i s  f a i r l y  wel l  





defined, however, the depth of the defect can only be estimated, The 
ac tua l  defect  s ize  i n  X-ray and ultrasonic tes t ing  i s  not absolute even 
with the best  techniques and taking in to  account a l l  of the var iables  
which may influence t e s t  r e su l t s .  An even more d i f f i c u l t  problem i s  t h a t  
of determining the e f f ec t  of a defect  on the service l i f e  of a par t  or  
piece of material  even i f  the  absolute defect s ize  and location i s  Imown, 
Considering the  var iables  involved then, such as  s i ze ,  shape, or ientat ion 
of defect ,  complex s t r e s s  d i s t r ibu t ion ,  var ia t ion  i n  properties of mate- 
r i a l s ,  etc.,  it i s  no small wonder t h a t  NDT t e s t  specif icat ions  do not 
describe acceptable qual i ty  levels  i n  def in i t ive  terms. 

There a r e  l e s s  obvious reasons why nondestructive t e s t  specif icat ions  
lack spec i f ic  acceptance c r i t e r i a .  Persons specifying materials f re -  
quently believe materials a re  homo~eneous and i n  every way perfect  unless 
they are  obviously defective. I n  r e a l i t y ,  our materials possess discon- 
t i n u i t i e s  which may vary i n  s ize  from the dimension of the atomic l a t t i c e  
up t o  v i sua l ly  apparent defects.  Also, the nondestructive tes t ing  too ls  
used possess su f f i c i en t  s ens i t i v i t y  t o  detect  discont inui t ies  t h a t  would 
not be harmful t o  the par t  or material. 

Recognizing the d i f f i c u l t i e s  i n  specifying acceptable qual i ty  l imi t s  
f o r  mater ia ls ,  it i s  an inescapable necessity t ha t  the specif icat ion re- 
quiring NDT must define the  limits of acceptable quali ty.  Fail ing t o  do 
so i s  l ike  asking an inspector t o  check a par t  t o  a drawing which does 
not have dimensional tolerances specified. When engineering problems defy 
theo re t i ca l  solut ions ,  then empirical or cut-and-try methods are used. 
Correlations of service performance, fa t igue l i f e ,  e tc . ,  t o  N5T r e s u l t s  
a r e  desirable .  The number of variables involved, however, necessi ta te  
vast  quant i t i es  of correla t ive t e s t s  and much work is  yet  t o  be done i n  
t h i s  regard, 

There are  three major sources of information which can a id  i n  the 
establishment of acceptable qual i ty  levels :  (1) theore t ica l  considera- 
t i ons  and/or s t r e s s  analysis ,  (2) correla t ion of nondestructive t e s t  re- 
s u l t s  with mechanical properties,  destructive t e s t s ,  or service l i f e  
r e s u l t s ,  and (3)  qual i ty  leve l  of similar par t s  used i n  the past  success- 
fu l ly ,  I n  view of the d i f f i c u l t i e s  of using information from theore t ica l  
analysis  or empirical t e s t  correla t ion r e su l t s ,  one of the  best  sources 
of information f o r  establishing acceptance levels  i s  the bas i s  of past  
experience, 

A n  inspection acceptance leve l  arr ived a t  on t h i s  bas i s  not only 
gives  reasonable assurance t h a t  the material  or pa r t s  w i l l  serve t h e i r  
purpose s a t i s f a c t o r i l y ,  but a lso permits an acceptance leve l  which i s  
economical. Naturally, mater ia ls  producers1 qual i ty  level  cannot de- 
termine design requirements, but on the other hand, it i s  extravagant t o  
es tab l i sh  a qua l i ty  acceptance leve l  beyond t h a t  which has existed f o r  
s imilar  par t s  t h a t  past  experience has shown t o  have performed s a t i s -  
f ac to r i l y .  The best  nondestructive t e s t  specif icat ions  o r  specif icat ions  
incorporating nondestructive t e s t  requirements are f o r  spec i f ic  parts. 
The more general  the specif icat ion,  the  more worthless it becomes. A com- 
p le te  l i s t i n g  of current specif icat ions  and standards f o r  NDT can be 
found i n  Ref. 4. 



Now t h a t  you a r e  aware of some of the  problems is in t e rp r e t a t i on  of 
t e s t  r e s u l t s ,  l e t  us look a t  the  t e s t  methods themselves and see how and 
why they a r e  used. 

TEST METHOD DESCRIPTION AND APPLICATION 

RQDIOG-C INSPECTION 

X-ray absorption i s  a function of the  atomic number and thickness of 
the  absorber, therefore  the  se lec t ion  of energy i s  dependent upon the  pa r t  
being inspected. For sect ion thickness of 2 t o  8 inches, 1- o r  2-mev 
equipment, located a t  the  Los Angeles Cancer Cl in ic ,  i s  employed. Sec- 
t i o n s  ranging in thickness from 8 t o  20 inches can be penetrated using 
15- t o  25-mev Betatrons o r  Linear Accelerators. The radioactive isotope 
of Iridium-192 f i l l s  the  energy gap between 300-kv and 1-mev X-rays. 
Ir idium emits gamma rays  of average energy equivalent t o  approximately 
450-kv X-rays and i s  used f o r  s t e e l  equivalent specimens of 1/2 t o  2-1/2 
inches thick.  Radioactive Cobalt-60 emits gamma rays  of approximately 
1.2-mev-equivalent X-ray energy and i s  used f o r  s t e e l  equivalent sect ions  
of 1 t o  8 inches th ick.  cobalt-60 has a ha l f - l i f e  of 5 , 5  years and 
Iridium-192, 75 days. 

To make a radiograph: (1) f i lm  i s  placed i n  a l igh t - t igh t  holder and 
placed close t o  the  pa r t  t o  be inspected,  (2) the  rad ia t ion  is  passed 
through the  pa r t  and exposes the  f i lm,  (3)  the  f i l m  i s  processed and dr ied ,  
and (4) the  negative f i lm  image i s  in te rpre ted  (I?ig. 2). Radiographic 
emission from d i f f e r en t  sources i s  i l l u s t r a t e d  i n  Fig. 3. 
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C-6- Film Holder 

- 

Figure 2. Radiographic Inspection Method 
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Radioactive Isotope Standard Conical Rod-Anode X-ray Beam 
Gamma Ray Ehission X-ray Beam 360 x 30 Degrees 

i n  a l l  Directions 

Figure 3. Radiation Emission From Different  Sources 

Radiography i s  used t o  detect  i n t e rna l  defects  i n  a l l  Class-I weld- 
ments and high-strength cas t ings ,  t o  determine braze a l loy  d i s t r i bu t i on  
i n  brazed t h ru s t  chambers o r  components, and t o  i n t e rna l l y  inspect  elec-  
t r i c a l  assemblies f o r  missing o r  broken components. Laboratories are  
located i n  each of four  manufacturing buildings azld the  Santa Susana 
F ie ld  Laboratory. The X-ray machines range i n  energy from approximately 
50 t o  300 kv.. Wpical  radiographic inspection enclosures a re  shown i n  
Fig, 4. 

LIQUID P ~ T R A N T  IKSPECTION 

When the  surface of a t e s t  object  has been wetted with l i qu id  pene- 
t r a n t s ,  cap i l l a ry  ac t ion  causes the f l u i d  t o  flow i n t o  i n t e r s t i c e s  and 
cracks which a r e  open t o  exposed surfaces. A period of time i s  required 
t o  permit the  penetrant t o  migrate i n to  very f i ne  cracks. When penetra- 
t i o n  i s  complete, the  surface i s  quickly washed clean of the  penetrat ing 
f l u id ,  without g r ea t l y  disturbing the  penetrant which i s  deep i n  discon- 
t i n u i t i e s .  To develop c l ea r  surface indicat ions ,  the  exposed areas a re  
next coated with a su i t ab le  porous material .  This developer provides a 
contrast ing surface against  which the  indicat ions  a re  c lea r ly  revealed, 
and the coating a l so  a c t s  as  a b l o t t e r  by supplying cap i l l a ry  channels 
through which the  penetrant f l u i d  can flow outward. Af te r  a shor t  period 
of time, t he  penetrants flow t o  the surface where they a r e :  (1) evident 
a s  wet spots ,  (2) dye the  coating with b r i l l i a n t  color ,  or  (3)  f luoresce 
b r i l l i a n t l y  when i l luminated with u l t r av io l e t  (black) l i g h t  ( ~ i ~ ,  5). 

Penetrants a re  applied by dipping, spraying, or  brushing. They d i f f e r  
i n  s e n s i t i v i t y  and a r e  se lected f o r  a pa r t i cu l a r  inspection. There a r e  
dye or f luorescent  types consist ing of o i l -  o r  water-base const i tuents .  
The water-base penetrants a re  used on p a r t s  which w i l l  be i n  contact wi th  
l iquid  oxygen or o ther  ac t ive  oxidizers,  



Fieme 4. Radiographic Enclosures for 
Production Inspection 
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Figure 5. Penetrant Inspection 

Before pa r t s  can be penetrant inspected, they must be cleaned of scale ,  
dirt, o i l ,  pa in t ,  or s imilar  materials and i n  many cases the par t s  require 
an acid descale t o  remove smeared metal. Leak t e s t i q  i s  accomplished by 
applying penetrant on the  inner surface and developer on the outer surface. 
The penetrant leak time i s  based on par t  thickness and desired sens i t iv i ty .  
The penetrant leak t e s t  i s  used t o  detect  unbonds i n  many brazed assem- 
b l i e s  a t  Rocketdyne. All Class-I and Class-I1 weldments, tubing (5), a l l  
cast ings ,  forgings,  and i n  general a l l  nonmagnetic-finished machined par t s  
require penetrant inspection. 

Penetrant inspection areas are located in each of the  four manufactur- 
ing buildings and portable inspection k i t s  are located i n  a l l  manufacturing 
areas conducting welding, A typical  fluorescent penetrant inspection sys- 
t e m  i s  shown i n  Fig. 6, 

?he "penestrip" process was developed by North American Aviation, Inc . 
i n  Inglewood, California. This par t icu la r  penetrant i s  solvent base and 
has demonstrated the  a b i l i t y  t o  enter  very t i g h t  cracks i n  periods l e s s  
than 5 minutes (6)- The excess penetrant i s  removed with a detergent-type 
remover and a f i n a l  wipe with a water-dampened rag. The pa r t  i s  then 
sprayed with a white lacquer whose solvent i s  the same a s  t h a t  used i n  the 
penetrant. Defect indicat ions  appear immediately and the par t  is con- 
t i nua l ly  sprayed u n t i l  a c l ea r  indicat ion i s  obtained. I f  a record of the  
inspection i s  desired,  the  par t  i s  sprayed with a c l ea r  lacquer which aids  
fur ther  development and provides body t o  the c o a t i q  which can be s t r ipped 
off i n  15 t o  30 minutes. Because of the s ens i t i v i t y  of the "Hy-Reztl* in- 
spection, it i s  only used t o  f ind very f ine  cracks such as  shown i n  Fig. 7, 
It i s  used i n  the engieering NDT Laboratory f o r  f a i l u r e  analysis and 
process development. 

*Magnaflux Corporation 



Figure 7. Fluorescent Hy-Rez Indications of Cracks 
in Chromium Plating on 440C Material 



Magnetic particle inspection is a nondestructive means of detecting 
discontinuities in ferromagnetic materials. It consists of three basic 
operations : 

1, Establishing a suitable magnetic field in the test object 

2. Applying magnetic particles to the surface of the test object 

3. Examining the test object surface for accumulation of the par- 
ticles (indications), and evaluating the test object 

The method can detect all discontinuities at the surface and under certain 
conditions, those which lie completely under the surface. Nonferromag- 
netic materials, which cannot be strongly magnetized, cannot be inspected 
by this method. 

The sensitivity of the test is usually controlled by the applied cur- 
rent and the density of the magnetic particles employed. The magnetic 
particles vary from a red or black dust only, to similar particles sus- 
pended in a nontoxic oil base. Fluorescent particles suspended in a non- 
fluorescent oil base have proved to be a very sensitive indicator. 

The use of a longitudinal or circumferential magnetic field is de- 
termined by possible defect orientation as illustrated in Fig. 8. Parts 
inspected by this method are demagnetized before subsequent processing or 
use. Test equipment is located in each of the four manufacturing build- 
ings, Inspection is performed on all ferromagnetic materials and parts 
during processing and after final machining or heat treatment. A fluor- 
escent magnetic particle inspection unit is shown in Fig. 9. 

TJIITE~~SONIC TESTING 

Ultrasonic inspection is usually performed by one of two basic methods: 
through transmission or pulse-echo (Z'ig. 10a and lob). Inspection is 
accomplished because the uPtrasonic beam travels with little loss through 
homogeneous material, except when it is intercepted or reflected by dis- 
continuities. Ultrasonic inspection utilizes high-frequency mechanical 
vibrations for MDT of material. Most industrial testiw is done at fre- 
quencies between 1 and 25 megacycles per second (megahertz). 

Applications of ultrasonic inspection include: 

1. Flaw detection in thin or thick plates, bars, rods, forgings, 
tubing, or weldments 

2, Thickness~measurement of metals (0.010 inch to 12 feet) from one 
accessible surface (pipes, tanks, plates, etc .) 

3. Evaluation of the influence of processing variables on the 
specimen 
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Pigure 8. Magnetic Particle Inspection 

hgnre 9. Fluorescent Magnetic Particle Inspection Unit 
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Figure 10. Ultrasonic Inspection Methods 



The advantages of this inspection method include: 

1. High sensitivity, permitting detection of minute defects 

2, Great penetrating power in elastic medium 

3. Accuracy in the measurement of flaw position and estimation of 
flaw size 

4, Fast response, permitti% rapid and automated inspection 

5 .  Need for access to only one surface of the specimen 

The limitations are : 

1. Unfavorable sample geometry, i.e., size, contour, and defect 
orientation 

2. Undesirable internal structure, i.e., poor elasticity, porosity, 
inclusion content, or grain boundary precipitates 

Piezoelectric transducers are used for ultrasonic inspection above 
200 kc. Piezoelectric materials generate electric charges when mechan- 
ically stressed and, conversely, produce mechanical sound waves when 
electrically excited. The transducers differ in materials, size, shape, 
sensitivity, application, and wave mode propagation. Basically, only 
three wave forms are used for ultrasonic inspection each having different 
velocity ( ~ i ~ .  10c, 10d, and 10e). 

The reflected or indicated pulse from the material being inspected is 
fed into various electronic systems for presentation and evaluation. The 
three most popular presentation methods are shown in Fig. 10f, log, and 
10h. The A-scan presentation is a point-by-point inspection of the part 
with results indicated on the time baseline oscilloscope. Inspection may 
be conducted by direct contact or immersed methods and the equipment is 
portable and can be brought to the job. 

~ulser/receiver units, Fig. 11, are located in the Engineering Labora- 
tory, each of the four manufacturing buildings, and in the receivinf; 
inspection area, The immersion tanks in the Engineering Laboratory and 
Manufacturing Building No. 2 are equipped to perform C-scan facsimile re- 
cording inspection. Automated imersion C-scan ultrasonic facsimile re- 
cording systems are shown in Fig. 12 and 13, B-scan inspectian is not 
available at Rocketdyne. 

Thickness testing of metals (0.004 to 3.0 inches) is performed in 
accordance with ASTM E-113, "Recommended Practice for Ultrasonic Testing 
by Resonance Method." The Branson Vidigage (Fig. 14) is the instrument 
employed. Vidigages are located in the ultrasonic inspection area in the 
main shop building, Receiving Inspection, Manufacturing Building No. 2, 
and the Engineering Laboratory. Automated recording Vidigages, for 
measuring the thickness of thrust chamber tubing, are located in Manufac- 
turing Building No, 4 and the Exineering Laboratory. 



Figure 11. Ultrasonic Fulser-Receiver Inspection. U n i t  

Figure 12. Automated I m r s i o n  C-Scan Ultrasonic Facsimile 
Recording System f o r  Production Inspection 



Figure 13. Automated Immersion C-Scan Ultrascmic Facsimile 
Recording System for  Engineering Research and 
Development 

Figure 14. Resonant Ultrasonic Thic.kness Testing Unit 
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The application of ul t rasonic  tes t ing  fo r  inspection of weldments and 
brazed assemblies i s  rapidly growing a t  Rocketdyne. Some weld assemblies 
cannot be inspected by radiography because of thickness or par t  geometry; 
i n  these cases, u l t rasonic  inspection i s  employed. It i s  used extensively 
t o  detect  disbonds i n  brazed in jec tors ,  hot-gas generators, s t a to r s ,  and 
th rus t  chamber tube-to-jacket and tube-to-band braze joints.  It i s  
applied t o  a l l  forgings, OF'EC plates  and bars,  ~ e n e '  41, Inconel-X, and 
Eastelloy-C p l a t e  stock. A l l  Inconel-X thin-wall, seamless, th rus t  cham- 
ber  tubing i s  inspected f o r  longitudinal defects. An automated system 
was b u i l t  f o r  inspecting s t r a igh t ,  and straight-tapered tubing. The sys- 
tem i s  presently being used t o  evaluate welded, Type 347 CRES, tapered 
tubes, 0.012 inch thick. 

The f e a s i b i l i t y  f o r  the system was conducted by Bob McClung a t  Oak 
Ridge National Laboratory (7)- 

EDDY CURR;ENT TESTS 

I n  many eddy current (or electromagnetic induction t e s t s ) ,  the object 
i s  placed i n  the varying magnetic f i e l d  of a c o i l  or probe carrying an 
a l te rna t ing  current (ac). The a-c magnetic f i e l d  induces eddy currents i n  
the  t e s t  object. These eddy currents,  i n  turn,  produce a back emf i n  the 
v i c i n i t y  of the t e s t  object. Various co i l  and probe designs are required 
f o r  spec i f ic  t e s t  objectives.  Indications are obtained wiihout e l e c t r i c a l  
contact with the  t e s t  object ,  i n  extremely short-time intervals .  Physical 
proper t ies  measured include: a l loy var ia t ion,  heat treatment, hardness, 
magnitude of defects ,  dimensional changes, and conductivity or permea- 
b i l i t y .  Eddy current t e s t  applications include: 

1. Inspection of rods, bars,  wires, p la tes ,  tubing, and b a l l  bearings 
f o r  physical proper t ies  and defects 

2. Thickness measurement of t h i n  nonferrous metal tubing or sheets 

3. Thickness of nonconductive coatings on a nonmagnetic substrate 
(anodize aluminum) 

4. Sorting d i f f e r en t  a l loys  (347 from 2920) or sorting one material  
i n  d i f fe ren t  tempers (7075-~6 from 7075-~73) 

Eddy current t e s t  parameters are  i l l u s t r a t e d  i n  Fig, 15. Test equip- 
ment i s  located i n  the Engineering and Qual i ty  Assurance Laboratories. A 
general purpose instrument, the Magnatest ED-500 i s  shown i n  Fig. 16. The 
Magnatest FM-110 Conductivity Meter, a lso shown i n  Fig. 16, was used t o  
e s t ab l i sh  a re la t ionsh ip  between conductivity-hardness-strength of heat- 
t r ea t ab l e  aluminum al loys ,  Verif icat ion of the 7075-T73 heat treatment (8), 
proper a r t i f i c i a l  aging of 2024-~6 t o  prevent s t r e s s  corrosion ( g ) ,  and 
overaging of 2014-~6 during welding (10) was established. 

E A K  TESTING 

Leak t e s t i ng  a t  Rocketdyne i s  conducted by various departments having 
the  necessary equipment, The subject  i s  very broad and beyond description 
in t h i s  report ,  except f o r  some basic  information given i n  the  following 
paragraphs. 



= primary f i e l d  of c o i l  i n  (Hd absence of t e s t  object 
I 

(HQ)  = secondary f i e l d  created by 
eddy currents i n  t e s t  object 

f r 
Significant 1 n s t r k e n t  Characterist ics 

(fr) = frequency of a-c f i e l d  i n  t e s t  
c o i l  . 

(d) = distance of t e s t  c o i l  from 
t e s t  object 

D 
Size and shape of t e s t  c o i l  

f Significant Properties of Test Object 

( y )  = e l e c t r i c a l  conductivity 

( p )  = magnetic permeability 

(D) = dimensional change 

Presence of discont inui t ies ,  such as  
cracks 

Figure 15. Eddy Current Testing 

Figure 16. Eddy Current Instruments General Purpose 
ED-500, and Conductivity Meter FM-110 

17 . 



The expressions, "no leakage allowable" and "zero leakage," have been 
used i n  specif icat ions  and on drawings t o  specify the leakage limits of a 
p a r t i c l a r  system or component. This statement indicates  a r e l a t i ve ,  
r a the r  than an absolute "zero, since "zero leakage," a s  an absolute term, 
would connotate t h a t  there  i s  no leakage present which could be detected 
by any method o r  instrument whatsoever. For t h i s  reason, the specifica- 
t i ons  and drawings should specify the method by which the system i s  t o  be 
tes ted ,  Most specif icat ions  cover t h i s  area by including the following or  
equivalent statement : 

ttAcceptable leakage r a t e s  for  t h i s  t e s t  are  confined t o  those 
obtained using the equipment and t e s t  methods specified herein. 
When 'no leakage allowedt i s  expressed o r  implied, t h i s  sha l l  
be construed t o  mean the r e su l t s  obtained under the circumstan- 
ces of the  t e s t s  per t h i s  specif icat ion only." 

Usually the engineering drawing w i l l  specify the:  (1) method of t e s t ,  
(2) pressure, and (3) leakage r a t e  per unit  time. A basic breakdown of 
the various leak t e s t s  i s  shown i n  Table 2. 

Table 2. Comparison of Leak Detection Methods 

Method 

Sound of Escaping Gas 

Soap Bubbles 

Immersion 

Halogen Flame 

Acid Gas + -% 
Gel-Reactive Gas 

Liquid Penetrants 

Odor 

Pressure vs Time 

Ionizat ion (3alogen) 

Mass Spectrometer Probe 

vacuum 

Radioactive Gas 

Prac t ica l  
Limit 

atm cc/sec 

10-I 

10-3 

lo4 
10'3 

10-3 

10-5 

10-5 

As sensi t ive  
as measuring 
device 

loe6 

10-14 

10-l2 

Relative 
Test Time 

Short 

Depends on she  

short to long 

Depends on size 

Depends on size 

Long, depends 
on s ize  

Long, depends 
on s ize  

? 

Long 

Rapid 

2 ft/mi.n 

10 t o  20 min 

Depends on size 
and volume of 
pa r t s  

Locate 
Leaks 

X 

X 

x 
X 

X 

X 

X 

? 

X 

X 

x 

Quantitative 
Determination 

X 

X 

X 

X 

x 
X 



llwmmD OR !cHER!h.fAL TESTING 

Infrared encompasses an area i n  the electromagnetic spectrum between 
microwaves and v i s ib l e ,  i.e., wavelength 10-3 t o  10-6 meters a t  a frequency 
of 1012 t o  1015 cps, Every object emits heat a t  some intensi ty  and wave- 
length, When a s t ructure  has been a l te red  or a defect i s  present, the 
emitted heat w i l l  vary on the object 's  surface. To detect  t h i s  change, 
the object may be heated and scanned f o r  variations during the cooling 
down period, or conversely, as  it i s  being heated. 

A second method is t o  slave the detector t o  a moving heat source and 
record var ia t ions  i n  heat absorption or emission while scanning the 
pa r t ' s  surface. The scanners or detectors used i n  infrared tes t ing  are  
cal led radiometers o r  radiat ion thermometers. Since scanning and tempera- 
tu re  sensing a re  performed without contact, the observed surface i s  not 
disturbed or  modified i n  any way, The scanning system consists of a 
scanning mirror, mirror posit ion transducer, radiat ion thermometer, and 
auxi l iary read out or display. The collecting mirror focuses radiat ion 
onto the infrared detector which generates an e l ec t r i ca l  signal exactly 
proportional t o  the incident radiant flux. The signal i s  amplified and 
serves t o  modulate the brightness of a glow modulator lamp which is 
focused onto Polaroid film. The posit ion of t,he lamp image on the f i lm 
i s  controlled by the motion of the scanning mirror, resul t ing i n  a re- 
corded thermal pat tern having one-to-one correspondence with the infrared 
scanning pattern,  The thermal pat tern may also be observed on a cathode 
ray tube or  storage (memory) tube display. Infrared nondestructive t e s t -  
ing i s  a rapidly growiq new f ie ld .  It i s  obviously used t o  detect  heat 
t ransfer  problems i n  thermal or e l ec t r i ca l  units. 

Thermal t e s t  equipment i s  not available a t  Rocketdyne and EW) studies 
are  conducted under contract with Automation Industr ies ,  Boulder, 
Colorado. A typ ica l  thermal t e s t  system used fo r  these studies i s  shown 
i n  Fig. 17, 

Thermal indicating paints AIRCO Detecto-Temp 915 are  being used t o  
evaluate thin-facing sheet braze joints,  The pigment i s  mixed with four 
par t s  alcohol and sprayed on the par t ,  After the paint d r i e s  ( i n  a few 
minutes), the  par t  surface i s  exposed t o  short-duration heating using 
quartz lamps. Detecto-Temp 915-0951 turns  from l igh t  green t o  vivid blue 
a t  140 F and 915-0950 turns  from l igh t  v io l e t  t o  vivid blue a t  104 F. 
Unbonded areas heat up f i r s t  due t o  a lack of heat s ink and are  evident 
by a color change which i s  semipermanent. 

ICINEFLUOROGRAPHY AND CINEFLUOROGRAPEY 

Operates on passing X-rays through the object and observing the ima 
on a fluoroscopic image in tens i f ie r .  I n  kinefluorography, the  image i s  
taken from the output phosphor of the X-ray vidicon and presented on a 
te lev is ion  monitor, The Norelco Searchray i s  presently being used t o  
spect (by kinef luorography) e lectronic  components and thermocouples a t  
Atomics Internation Division of North American Aviation, Inc., f o r  
Rocketdyne engineering evaluation. Cinef luorographic (motion picture ) 



studies were conducted at Rocketdyne (ll), to evaluate failure modes in 
small ablative thrust chambers during hot firing. 

THICKNESS TESTING DEVICES 

The following instruments are used at Rocketdyne to measure plating 
or material thickness: 

1. Permascope ES (Win City Testing Co.) : Operates on magnetic 
attraction through substrate and an a-c coil established magnetic 
field. Used to measure any nonmagnetic coating on a magnetic 
substrate, i.e,, paint on steel or cadmium on steel (~ig. 18). 

2. Dermitron (unit Process ~ssemblies): Operates on the eddy current 
Used to measure anodize on aluminum or other non- 

conductive coatings on nonmagnetic substrates ( ~ i ~ .  19). 

3. - Betascope be win City Testing Co,) : Operates on the beta-ray 
backscatter intensity variation from the bare substrate and ultra- 
thin coatings. The coating must be 15 units different from the 
substrate along the atomic number scale before this method is 
applicable. We use it to measure gold on copper (0 to 10 mils 
thick). It is also used to measure chrome on aluminum ( ~ i ~ .  20). 

4. Process~Nucleonics Thickness Gage (~iannini Controls carp.) : 
Operates on the gamma-ray backscatter principle. Photons emitted 
by a radioisotope source are reflected by material in their path; 
a detector shielded from the source picks up the reflected photons. 
The number of reflected photons is proportional to the mass of 
matter directly in their path; this number is converted into a 
reading by electronic circuits. Thickness and type of material 
govern which of the following sources are used: Americium-241 
(60 kev), Cesium-137 (660 kev), Cobalt-60 (1.2 mev). We recently 
purchased a gage for measuring the thickness of small-diameter, 
tapered, thin-wall thrust chamber tubing. 

r n N E S S  TESTING 

One of the oldest and most familiar NDT methods is the hardness test. 
Because of its general acceptance, I will not go into detail concerning 
the methods involved because they are generally understood by most 
metallurgists. In the engineering metallurgical laboratory is a vast 
array of standard and portable hardness testers and comparators. In the 
fabrication inspection areas, the Rockwell tester is used. In the heat- 
treat areas, standard and superficial Rockwell, Brinell, and Riehle 
testers are used. Generally stated, all parts which are heat treated are 
hardness tested for conformance to engineering specifications or drawings 
(~ig. 21 and 22). 

VISUAL 

The first nondestructive test was a visual one and it is still nec- 
essary for sorting obvious defectives from a lot of parts. Large cracks, 
pits, scratches, misruns, dimensional errors, color, hue, etc., are quite 



Fignre 17. Thermal Nondestructive Test System 

Figure 18; Permascope ES, Used to Measure Thickness of 
Nonmagnetic Coatings on Steel 



Figure 19. Dermitron, Used t o  Measure Thickness o f  Nonconductive 
Coatings -on Nonmagnetic Substrate 

Figure 20. Betascope, Used t o    yea sure Thickness .of U l t ra th in  Coatings 



&.gure 21. Standard Hardness Testing Machines 

Figure 22, Portable Hardness Testers and Comparators 



discernible by visual inspection. Many visual aids and mechanical 
measuring devices have been added to assist in visual inspection. For 
defect-detection optical magnifiers, boreoscopes, and fiberoptiscopes are 
employed. Experience has indicated that parts should receive a 100- 
percent visual inspection. 

All too often, the more exotic inspection methods pass obvious dis- 
crepant parts because the discrepancies were outside the measuring or de- 
tection capabilities of the exotic inspection methods. 

A general synopsis of the forementioned test methods is outlined in 
Table 3. A general illustration of results from the majority of test 
methods previously discussed is shown in Fig. 23, as extracted from 
Ref. 12. 

SELECTION OF TEST METHOD 

The engineering drawings for W and production hardware are reviewed 
for NDT inspection methods to control the quality of the material or 
process. In general, all forgings require ultrasonic and penetrant or 
magnetic particle inspection; all castings require radiographic and pene- 
trant or magnetic particle inspection; all Class-I weldments require 
radiographic or ultrasonic and penetrant or magnetic particle inspection. 
A long list of standard callouts could be cited but the few listed above 
are given as typical examples. If a part cannot be inspected by standard 
NDT methods then new methods are developed or, as a last resort, the part 
is redesigned so it can be inspected. This phase of the planning requires 
good communication between the designer, materials and process engineers, 
Manufacturing and Quality Control departments, 

As the RED hardware is being fabricated, it is thoroughly inspected 
using standard, modified or newly developed NDT methods to ensure quality 
reliability and establishment of quality acceptance standards or a change 
in material selection, process, or design. Usually, the completed R&D 
assemblies are statically and dynamically tested for design conformance. 
During this time, the articles are often periodically inspected to detect 
weak spots and prevent premature failures. Parts which fail are sub- 
mitted for failure analysis and metallurgical evaluation in which NDT is 
used to locate the nonobvious defects or failure mode. Also, fai>nes 
may indicate the need for additional, or a change in, test methods, It 
is during this phase that report writing takes place, specifications are 
prepared, and equipment selected and purchased. 

Production inspection requires the establishment of firm techniques 
and specifications, Shop and supplier surveillance is mandatory until 
communication is completed and acceptable quality hardware is being 
fabricated. Additional R8J) inputs or design changes are rapidly incpr- 
porated to avoid delays io production. Nondestructive testing techniques 
not covered by a general specification are controlled by an NDT sketch 
which specifies detail requirements. Figure 24 illustrates typical 



Table 3. Nondestructive Testing Methods for Inspection 
of Liquid Propellant Rocket mines 

Etagnetic P a r t i c l e  

Surfnce and 
s l i g l l t l y  subsurface 
d e f e c t s  

Ferromagnetic  
m a t e r i a l s  

1. Advantage over  
p e n e t r a n t  i n  t h a t  
i t  i n d i c a t e s  sub- 
s u r f a c e  d e f e c t s ;  
p a r t i c u l a r l y  
i n c l u s i o n s  

2. R e l a t i v e l y  f a s t  
and low c o s t  

J. Elay he p o r t a b l e  

1. Alignment of mag- 
n e t i c  f i e l d  may 
be d i f f i c u l t  i n  
some complex 
sliapea 

2. Demlynetizat ion 
of  p a r t s  r e q u i r e d  
n f t e r  t e s t a  

J. P a r t s  must be 
c l e w e d  a f t e r  
i n s p e c t i o n  

E H 

. . 
E 

+, 

.A 
+ 

3 
' 

3 

Garmpa Rays 

I n t e r n a l  d e f e c t s  and 
v a r i a t i o n s ;  poros i ty ,  
i n c l u s i o n ,  c r a c k s ,  
l ack  of f u s i o n ,  geom- 
t r y  v a r i a t i o n s  

Ueually where X-ray 
machines a r e  not  s u i t -  
a b l e  because tubes  
cannot  be p laced  i n  
p a r t s  wi th  small  open- 
i n g s  and/or power 
source  no t  a v a i l a b l e  

1 .  Low i n i t i a l  c o s t  
2. Permanent r e c o r d s ;  

f i l m  
3. Small sources  can be 

placed i n  p a r t s  wi th  
smal l  openings 

1 .  One m e r g y  l e v e l  . 
p e r  source  

2. Source decay 
3. I lndiat ion hazard 
4 .  Trained operntorm 
5 .  Unaharpneas of image 

Eddy Cur ren t  

1. Sur face  and sub- 
s u r f a c e  c racks  and 
seams 

2. Alloy 
3.  Heat t r ea tment  
4 .  Wall t h i c k n e s s  
5. Coating thickness 
6. Crack dep th  

1.  Tubing 
2. Wire 
3. Ba l l  bea r ings  

"Spot c l ~ r c k s "  on a l l  
4' t y p e s  of  aurfacem 

1. No s p e c i a l  o p e r a t o r  
s k i l l s  r equ i red  

2. lligh speed,  low c o s t  
3. Symmetrical  p a r t s :  

may be automated 
wi th  permenent 
r e c o r d s  

4. No coupling m a t e r i a l  
o r  c o n t a c t  between 

. probe and p a r t  

1. Conductive 
m a t e r i a l s  

2. Depth of p e n e t r a t i o n ;  
t h i n  w a l l s  only 

3. Masked o r  f a l s e  i n -  
d i c a t i o n s  caused by 
a e n a i t i v i t y  t o  v a r i a -  
t i o n a ,  such a s  p a r t  
geometry 

Pene brantm 

Defec t s  open t o  
a u r f a c e  of partm 

A11 p a r t s  wi th  non- 
absorbing aur facea  
- Note : Bleedout from 
porous eur fuces  can 
mask i n d i c a t i u n s  
from d e f e c t s  

1. Low c o s t  
2. P o r t s b l e  
3 .  l n d i c a t i o n a  m y  

be f u r t h e r  ex- 
amined v i s u a l l y  

4 .  i k s u l t s  e a s i l y  
i n t e r p r e t e d  

1.  S u r f a c e  f i l m e ,  
such a s  c o a t i n g s ,  
s c n l e ,  and 
smeared metal  may 
preven t  d e t e c t i o n  
of d e f e c t s  

2. P a r t s  must be 
clenned a f t e r  
inspec  t i o n  

X-Reye 
(F i lm and Fluoroscopy) 

I n t e r n a l  d e f e c t s  and 
v a r i a t i o n s ;  p o r o s i t y ,  
i n c l u s i o n ,  c r a c k s ,  
l ack  of f u s i o n ,  geom- 
t r y  v a r i a t i o n s  

1.  Cas t ings  
2 .  E l e c t r i c a l  Assemblies 
3. Yelds 
4. Smal l ,  t h i n ,  com- 

p lex  wrought 
p roduc t s  

5. Nonmetnll ics  

1. Permanent r ecorda ;  
f i l m  

2. Adjus tab le  energy 
l e v e l s  

3. lligh s e n s i t i v i t y  t o  
d e n s i t y  changes 

4. No coup lan t  r equ i red  
5. Geometry v a r i a t i o n a  

do no t  e f f e c t  d i r e c -  
t i o n  of  X-ray beam 

1. High i n i t i a l  c o s t s  
2. O r i e n t a t i o n  of 

l i n e a r  d e f e c t s  i n  
p o r t  mny no t  he 
favorab le  

3.  Hndia t ion  hazard 
4. Depth of d e f e c t  n o t  

i n d i c a t e d  
5. S e n s i t i v i t y  de- 

c r e a s e s  w i t h  in -  
c r e a s e  i n  thiclmeam 
of p n r t  

Ul t rason ic -Son ic  
( P u l s e - ~ c h o  and 

Resonance) 

I n t e r n a l  d e f e c t s  
and v a r i a t i o n s :  
c racks ,  l ack  of 
f u s i o n ,  p o r o s i t y ,  
i n c l u s i o n ,  delnm- 
i n a t i o n s ,  lack of 
boud 

I .  Wrought meta l s  
2 .  Welds 
3. Brazed j o i n t s  
4 .  Adhesive-bonded 

j o i n t s  
9. Nonmetnll ics  
6. In - se rv ice  p a r t s  

1 .  nos t  s e n s i t i v e  
t o  c rucks  

2 .  Tes t  r e s u l t s  
known immediately 

3. Operat ion can be 
made simple wi th  
nutomation and 
permanent r e c o r d s  

4 .  P o r t a b l e  
5.  Grea t  p e n e t r a t i o n  

1.  Liquid couplant  ' 

r e q u i r e d  
2. Smal l ,  t h i n ,  com- 

p lex  p a r t s  may he 
d i f f i c u l t  

J. Lack of r e f e r e n c e  
s tnndnrds  

4. Trained o p e r a t o r s  
f o r  manual 
i n s p e c t i o n  

Thermal 

Lack of bond 

1. Brared j o i n t s  
2. .Adhesive-bonded 

j o i n t s  wi th  
metal  s k i n s  

3 .  Metu l l i c  p l a t i n g s  
o r  c o a t i n g s  

1. Very low i n i t i a l  
c o s t  

2. (:an be r e a d i l y  
a p p l i e d  t o  s u r -  
f a c e s  which may 
be d i f f i c u l t  t o  
i n s p e c t  by o t h e r  
methods 

3. No s p e c i a l  opera-  
t o r  s k i l l s  

1.  Tlrin-walled su r -  
f a c e s  only 

2. C r i t i c a l  time- 
t empera tu re  
r e l a t i o n s l ~ i p  

3. l m g e  r e t e n t i v i t y  
e f f e c t e d  by 
humidity 

l e a k  T e s t i n g  

Leaks 

Joiot. 
1. Welded 
2. Brazed 
3. Adhemive-bonded 

High a e n s i t i v i t y  
t o  extremely 
s m a l l ,  t i g h t  
s e p a r a t i o n s  n o t  
d e ~ e c t a b l e  by 
o t h e r  NDT methods 

Accesmib i l i ty  t o  
bo th  s u r f a c e 8  of  
p a r t  



A. Radiographic Method 
.. ,- . . . 

B. Reverse Ultrasonic 
C-Scan Facsimile 
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Figure 23. Nondestructive Test Results From Inspection of Brazed Open Face Honeycomb 
Ring Seals (Arrow Denotes Same Defective Area During Each Test ~ethod) 





drawings o r  sketches se lec ted  a t  random t o  i l l u s t r a t e  the d e t a i l  c a l l o u t s  
f o r  radiography o r  u l t r a son ic  inspect ion of a  p a r t i c u l a r  pa r t  or  assembly. 
The NDT sketches a re  i l l u s t r a t e d  port ions of the  engineering; drawing with 
applicable notes.  They are  prepared and control led  by the  Qua l i ty  Assur- 
ance Laboratory and issued t o  the production inspect ion areas  within 
Rocketdyne and t o  approved NDT inspect ion l abora to r ies  performing work f o r  
Rocketdyne, o r  one of our subcontractors. These h?DT sketches are  extremely 
important f o r  c o n t r o l l i r g  the  t e s t  techniques or  procedures. 

The f i n a l  phase of NDT i s  i n i t i a t e d  t o  evaluate those p a r t s  or com- 
ponents which f a i l  during dynamic o r  hot - f i re  t e s t i n g .  I n  some cases,  
t h e  t e s t i n g  i s  done a t  t h e  t e s t  f a c i l i t i e s  a t  Santa Susana o r  Edwards Ai r  
Force Base, California.  I n  most cases,  the  components are  removed from 
t h e  engine and sent  t o  the Materials  and Process Laboratories f o r  evalua- 
t i o n  and f a i l u r e  analys is .  The r e s u l t s  of the  f a i l u r e  analys is  genera l ly  
i n d i c a t e  a discrepant  process which i s  quickly control led.  The determina- 
t i o n  of p a r t s  having t h e  discrepant  process o r  d iscont inui ty  i s  usually 
determined by one of t h e  NDT methods. I f  the  discrepancy i s  determined 
detr imental  t o  the  funct ion of the  p a r t ,  then a general  production l i n e  
stoppage occurs with a r e s u l t a n t  expedite s i t u a t i o n  prevail ing throughout 
t h e  organizat ion u n t i l  t h e  problem i s  solved and a l l  discrepant  p a r t s  ac- 
counted fo r .  This i s  accomplished by complete t r a c e a b i l i t y  of f o r g a s ,  
cas t ings ,  weld assemblies, e t c . ,  and a good t e s t  repor t  r e t r i e v a l  system. 

I n  conclusion I might-say t h a t  nondestructive t e s t i q  along with many 
other  t e s t s  and inspect ions  ensures product qua l i ty  assurance and system 
r e l i a b i l i t y ,  

It i s  n a t u r a l  i n  most la rge  organizations t o  divide the  labor burden 
and have d i f f e r e n t  u n i t s  working on s p e c i f i c  t a sks  organized f o r  optimum 
productivi ty.  At Rocketdyne, NDT i s  divided bas ica l ly  i n t o  three  groups: 
(I) Engineering Development Laboratory, (2)  Quality Assurance Laboratory, 
and (3)  Production Inspection.  

The Engineering Development Laboratory (EDL) i s  responsible f o r  design, 
review, spec i f i ca t ion  preparat ion and revis ion,  f a i l u r e  analys is ,  ma te r i a l  
evaluation,  t e s t  method research and development, and in t roduct ion of new 
t e s t  methods i n t o  production inspection.  

The Quality Assurance Laboratory (QAL) i s  responsible f o r  NDT drawings, 
inspector  t r a i n i n g ,  production inspection support,  in-house and suppl ier  
survei l lance ,  f i e l d  t e s t  support,  and in t roduct ion of new t e s t  nethods 
i n t o  production inspection.  

The Production Inspect ion Departments (PII)) main funct ion i s  t o  sup- 
port  manufacturing and evaluate components, mater ia ls  and processes i n  
accordance wi th  engineering drawing requirements and spec i f i ca t ion ,  o r  
QAL drawings. Well-trained inspectors  working i n  f a c i l i t i e s  equipped with 
modern instruments ensure both rapid flow of hardware and r e l i a b l e  t e s t  
evaluation.  The PID are a l s o  responsible f o r  much of the  planning o r  
sequencing of t e s t  methods during fabr ica t ion.  



The success of nondestructive testing at Rocketdyne is related to the 
fine equipment obtained from numerous suppliers and- a working team of 
dedicated personnel. It was my pleasure to present this information in 
behalf of the many people directly related to NDT at Rocketdyne. 

I want to extend my gratitude to the ASM Program Committee of the 
Materials for Space Exploration Session and especially the chairman, 
Mr. Leo Gatzek, for asking me to prepare this paper on nondestructive 
testing. 
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