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PREFACE

This document contains abstracts of ongoing case studies which were
acceptable for presentation within the Ongoing Case Studies Session at the
Army Symposium on Solid Mechanics, 1978. Unfortunately , not all of the
papers could be scheduled for oral presentation at the symposium due to
t ime limitations. Those which were not presented orally are so identified
on page vi of the table of contents. This session was comprised of a series
of brief presentations and discussions of current (but t~ot necessarily com-
plete case studies relating to the theme of the conference: “Case Studies
on Structural Integrity and Reliability.” This meeting was held at Bass
River (Cape Cod), Massachusetts on 3—5 October 1978. The proceedings of
this symposium are published in a companion document: Army Materials and
Mechanics Research Center, Monograph Series Report, A1IMRC MS 78—3, dated
September 1978.

We acknowledge the contributions of the authors cited in the table of
contents and also the clerical staff of the Mechanics Research Laboratory
and the Technical Reports Office of the Army Materials and Mechanics Research
Center for their unflagging e f fo r t s  in the preparation and printing of this
document , the proceedings and numerous other symposium materials.
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IMUL I C-\ lION UI: III L~I liMPI GA IIIRU. SlOb CRACK
GROWTH UN C1 RAM I C MI 5511.1 RA1x~ME P151 CN

C. Pr i s coil , .1 . Peters • P. Neal and C. Preese
.~rmv Ma teria ls and M e c h an i c s  Research Center

Watertown , Massachusetts t.~~ 1 ‘~~

ABSTRACT

This  paper will summeri :e  AMMRC ‘s recent deve l opments in hi gh temperature
~up to ~~O0°E) c h a r a c t e r i  :at ion of sli p cast fused sili ca ~SCFS ) for strength
and s low c r ack growth behavior of specimens removed from h ig h and low stressed
radomes

Prohah i lit V of surviv al ~P )  est m ates are based upon emp i r i  cal  t i me to
fal lure tests in  c o nj u n c t  ion with statist i cal mechanics anaivs is for a tvp i cal
radome u s i n g  flight profile dat a Ime chan i cal and therma l l o a d i n g i  . Implicati on
of time dependent behav ior  at elevated temperatures are explored w i t h  regards t o
rademe life . the p ar t  i cu l ar  model is a SCES ceramic radome with f i b e r  g lass
and epox~ adap: .r ring bonded by an AF— 5~ adhes ive . P . est imates for Specific
structural elements , bond ing agen t , fiber glass and graphite epoxy • are deter-
mined from st rt S~ S -st rength W a r n e r  Diagram calculators . P • va lue s t’o:• individual
structura l elements of SCFS we re obt a ined  f r o m the Weibu I~ stati stics
represent ing the effects of volume , stress and materi al strength. P

~ 
results for

the entire structure are obtained by multi pl Y in g together all element s P
~ 

values
in the structure . l’he multi plic ation procedure introduces survival independence
between elements of radome , thereby , describing a more conservat i ve estimate.

In determinin g the stress distributi on , a finite element code was de-
ve l oped for both mechan i cal and thermal loads for radome a p p l i a ions.  t h e
code uti lt:es an S noded i sopa rame tr i c  element with substructuring capabili-
ties. Ea ch elemen t contains 1 ’ degrees of freedom w i th the’ entire ’ model
conta ining i~U degrees of freedom . .-\.~~lR C ’ s development of h igh  tempera t ure
characterizations of SCES combined wi th a new finite element code for
radome application s has prov i ded  the necessarY means for adequate reliab i lity
d e t e r m i n a t i o n s  of missile radomes .

A strength-pro bability-time iSPIl diagram is introduced for SCFS high
temperat ure dat a , p r o v i d i n g  an .uJ to  the desi gii eng i neers using SCFS in
missile radomes. For gi ven condition s of stress state and distribut i on ,
envi ronment . t emp era tu re  and component si r e’ , the diagram enables estimates of
a safe work tug st ress to he made for specific component lifetime and su r v i v a l
p rob abilities.

L I
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\ . C .  ~en v e r  and . II.
lt ockwel  1 I n t e r n a t i o n a l , l o s  \ngelcc l~iv i  ‘z i o n

L o s  Aiigc los , C i  i i  t u r n  .i

ilie 11 .5. Air b or c e  h a s  p l.ins to use the T—~~~\ as a u t i  l i t v  t r anspor t
t r a i n in g  a i r c r a f t  i n t o  t h e  1 ~~O s , a ccu r i n g  f t  i ght p ours  in e x c e s s  of t h e
cur ren t  lv r a t e d  f a t i gue I i  fe capab it it v . Thus the need C \ 1  s t s  t o  i ~I ent  I fy
the capab i 1 i t v  t u r  I i  fe e~. t e n ~ ion w i t h  and w i t h o u t  s t r u c t u r a l  mo di f i ci t ions.
This  case s tudy sh ow s how in .i i r crift w i n g  des i gned to t h e  f a t  i g r e  ui re—
m ents  of the l a t e  l~~ C’ s w o u ld p e r f o r m  to  t he  st ruc t ural  i n t e g r i t y  c r i t e r i a  of
the  l~~~ ‘ 5 as d e f i n e d  by n i l  i t  arv  spec i f i  ca t  ions ~1 IL—S ID— I ~~~ and MI 1. — . \ —  S~~~ 14 .

The ana lvs  is  t o  d~’ f i n e  the  mod i f i  ca t  i ot i s  and i n s p e ct  ions n ec es  s .t ry t o
double the ~er v i  cc 1 i fe  of t h e  w i n g  is  de sc r ibe d .  The an a lv s  i s and fa t  i gue
test ing  per formed d u r i n g  t h e  dec i gn p }i.ise i s discu ssed . The 1 oad spec t rum
repres ent  ing  curren t usage of t he  . i i  r c r a f t  f or  t he  l i f e  a s s e s smen t  as den ved

• from load and miss on pa rare I en da t  a c o l l e c t e d  f r o m  V GII recorders  i s shown.
compar i s on  of the  spe c t run , represent  j u g  . i  t o t  a I of I ~~~ f l i g ht  hours , t o
t h a t  used for  the m i t  i. il desi gn and t e s t  ing  is  m ad e .

l3oth du r a b i l i t y  and J . i m i g e  tolerance ,inalvscs use t h e  p r i n c i p l e s  of
l i n e a r  elas i c f r a c t u r e  mechan ic s  w i t h  emp h a s i s  on s u b — c r i t i c a l  f l a w  g r o w t h .
An ex ample  of the  a n a l y s i s  d e m o n s t r a t e s  t h e  m ethodo log y  and d i s c u s s e s  t h e
e f fec t  of the  c r i t e r i a  on p o s s i b l e  s t r u c t u r a l m o d i  f i c a t i o n s . Re sult s of the
ana lvs is  , t h e  s i gn i g i can t  c o n c l u s i o n s  , and the  r ecommend at  i ons for mod i f i  c a t  ion
and m a i n t e n a n c e  i n s p e c t i on s  art’ d i s c u s s e d .
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EVALUATION OF TI lE EFFECT OF SERVICE USAGE ON COMPOSITE MAIN ROTOR BLADES

Harold K. Redd ick , Jr., App l ied Technology Laboratory
U.S. Army Research and Technology Laboratories (AVRADCOM )

Ft. Eustis , Virginia 23604

Jack S. Ii .ffrichter , Boeing Vertol Company
Ph i l adelp hia , Pennsylvania 1914 2

ABSTRACT

The Army is currently engaged in major production procurements of compos-
ite main rotor blades for the AIl -IQ and CIl-47D helicopters . These blades will

• represent the fi rs t generation of compos ite blades in the Army ’s inventory ,
and for this reason there is relatively little data available on whether
long-term environmental effects (ultraviolet , humidity, moisture , heat , etc.)
incurred during service usage have any effect on the static , dyn amic , and
fatigue characteristics of composite blades . The 30-105 helicopter manu-
factured by Messerschmitt-I3oelkow-Blohm uses all-fiberglass main rotor blades .
Several of the more than 50 30-105 helicopters currently operated in the
United States have blades with accumulated service time in excess of 3,000
flight hours . To address the technical issue of long-term environmental
effects on composite blades , an investigation program is underway at the
Applied Technology Laboratory (AlL) of the Research and Technology Laboratories

• (AVRADCOM). The initial phase was contracted to the Boeing Vertol Company .
This phase cons isted of procuring two new and two service used B0-l05 blades ,
defin ing the used b lades ’ service history , nondestructively inspecting each
b lade , and statically and dynamically measuring the physical properties of
each b lade . The phys ical proper ty tes ts showed no di fferences between new
and used blades which were attributable to fiberglass deterioration . All
st iffnesses and frequenc ies we re w ithin the same range of sc atter for both
new and used blades. The only differences encountered were in the magnitude
of static flapwise deflection and in the damping rate experienced during the
chordwise frequency test. Both of these differences were attributed to a
deter ioration in the pott ing mater ial between the f iberglass root loop and the
titanium root end fitting . For assurance that this was the cause , the root
end of each used blade has been repotted and the blades are being retes ted for
flapwise deflection and chord frequency . Testing is scheduled for completion
by the end of August 1978. The nondestructive inspection by means of ultra-
sonic , rad iographic , and coin tap revealed no internal deterioration in the
fiberglass , the res~n , or internal interfaces of the nonmetallic materials.
Indica t ions of surface erosion , determined by the v isual inspec tion, were
minor except at the splice joints of the titanium nose cap .

The effort currently underway at AlL includes full-scale fatigue test
evaluation of the new and used blades to define any differences in their struc-
tural strength proper ties resul ting from in-service environmental exposure .
The first blade specimen is now being ins trumented and should be fa tigue
tested by the end of September 1978. The entire fatigue test program is
scheduled to be completed by mid-December 1978. Concurrent with this effort ,
the Army Materials and Mechanics Research Cen ter (AMMRC) i s conduc t ing a
chemical analysis of small specimens taken from each blade to define any
changes in the resin system with time .

3
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ARRI ST I Nt ;  Cl AR 1 100K SI L , .\N K 1 1 1 : 1  F X T I ;N S  I O N  PROC RAM

David .1 . l’~hit v
St ruc t nr a 1 I i  fe M~ui a gemen t

Votii~It t Co11~o i’a I I on
l)a I las • le xas T S_ t .’2

\ ou g ht  i s  cu r r e n t l y  under a N a v y  cou t ra c t  t o  dove lop t h e  en t o r i  a for
extending the serv i ce I i  it ’ of t h e  A — a r res t  i ng  gear hook shank .  b r a c t  t i r e
mechan I cs t edm I ques are being used to dot e r m i n e  the  proof load requ l red It )
guarantee  the s a 1e e x t  en dod 1 i fe of the Ii ook sh ank . The p rog rain rei 1 ii i  ros
s t r u c t u r a l t e s t i n g  to  p r o v i d e  i n f o r m a t i o n  c o n c e r n i n g  f r a c t u r e  toug h ness

• f a t  I gue c rack growth r ates  and cri t i cal f l a w  si :es for the  m a t e r i a l  and
geomet ry in  quos t i on

A-~’l arresting gear are currently ret i red from s e r v i c e  a f t e r  SOt)
arrest inents . Tb is life limit is based upon the hi gli loads  encotuit ered on
c a r r i e r s  with Mod 1 a r r e s t i n g  svs tens . Future usage of the A—~ i i i  r er a f t  w i l l
be on c a r r i e r s  with Mod 2 or Mod 3 a r r e s t  I iig gear , resu It ing in  lower ar res t  —
ing loads. There fore , it i s  a n t i c i p a t e d  t h a t  ( I )  t h e  sa fe  lift ’ of hook shanks

• cu r ren t  lv in  servi ci’ mar be ext ended , and ( 2 )  ret I red hook shanks  can be
s a fe ly  re turned  to s e r v i c e .

flw N .iv has i nit i at e d  a pi g rant w i t h  Voti g h t  to ev a l u a t e  po t en t  i a I Ii Fe
imp r ovem ents b y establishing proof load! inspect iou c r1  t o r i  it t o  gua ran t ee

• additional sit  it’ I i  Ic of the  structure . T h i s  e f f o r t  i s  based upon us lu g
f r a c t u r e  m e c h a n i c s  techn i ques to e st ab  I ish m e a n i n g f u l pr oot  test c r i t e r i a .
The an a lv s  is i s  suppor ted b y the st  r i t c t u r a l  t e s t  l u g  of 31) ret i red h ook shank
assemb 1 i es . Th e t es t s  ~ 

roy i do dat a concern ing  f r a c t  ure toughness  of the
ma te r  i a I , er it i c a I flaw s i es • and c r ack growth rat  t’s

The case s t tidy present at ion w i I 1 s ununa r I z e the  r’ ro t) I t es t theor  • f rae I tire
analysis , and structura l t e s t i n g  as w e l l  is j’i i tt’d li fe Imp rovements based

• upon p roil in in ary ~uia I vs  I s

- i

_ _ _ _ _ _  _ _  

______________________
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t t ) RRI  ( A I h O N  OF \ fli l ) RFTI t ’Al ANAI \ SIS •~N D l \l’I RIMINl\l S LRI ~.S l i h i t R I  i N C
STUDY OF A MA.1OR NAVY TFS’l PLAi FORM

Dr.  R .  C. K~i’.per
D r. F . A. Ma r a f i e t  m

Na y  a l  Underwat er  Systems ( ‘ou t  or
New London , Conn ect  i cut 0(,S’()

ARS URAt F

A comnp ar i son s t u dy  between a n a l y t ic a l  and some exper iment a l  resti l t s ot
a ma j or Navy 1’es t Pin t fo rm wil l  be presen t ed. ,\ number of s t a t  i c and
dvnami c force c o n t i  gurat  i omis wore atia I t  I c a l  Iv  i mposed on t h i o  s t ruc t ure v i i
math em at  i c a t  mo~ie 11 i ng ) si inn tat l ug  expected load requi remont s . The load
requi remen ts were p r i n c i pa l  I not ivated b~ a need to  In I Iii I 8 c t  ~mda rd c ra t io
lift cert I ficat ion program p r i o r  to commencing on s i t e  opera t  ion s . Put ’ t o
the nume roti s dep l oyment con fi gurat ions o t the c t i t i e boom • a number o t max t mum
and nu n i mum l oad p~iraineteis were and are present ly cons i t i ered.

The Navy Test riat form (800 tons) was placed through a comprehensive
stat i c and dyn amic stress an a iys is i n c  1 ud in g it chic ck on t he i~at nra 1 frequen ci e’
(normal mode a n a lv s i  s) and the suspected buck 1 ing charact eristi cs o I’ a si git I f—

• lean t substructure . This was fu r ther  related to the dominan t in  s i t u  surface
• wave dynamics and ene rgy spec t nuns (So~i State) in orde r to avoid  low frequ en cv

resonance problems . P l a s t i c  and plact ic stress states were addressed in en t i cal
in terconnecting Junctions of the ove rall tes t  plat term. Al I of the art oti s
an~i l y t  i cal e fforts  were performe d us ing the NAS TRAN (NAsa STructural •\\~i l ysi s)

• Code resident on the UNIVAC 1108.

The e XpC ri nie’nt a 1 resu l t s  we no obt a i ned by app lv t u g  app i’ox i m a t e  I 100
St rain gages at critical location s on the st ruc ture  w i t h  a cer t  t i n  ainotuit of
redundancy in  ke are as . The St F3~ ii gage dat a was processed automat i c~t I I
throug h the use of s i g n a l  c o n d i t i o n i n g ,  a d i g i t a l  computer  • and an ant om~mt Ic
plotter. Fur the rmore  • this en g i n e e r i n g  e t f o r t  pro~ ided ni ex~ e I l e n t  mne in s of
comparing bet ween t he full — s ca le  t e s t  and t h e  comnput or mat ii mode I in real t i m e .
Ihe  st r a i  it gage readings w ere used ~is an add it I out I sat’e~’umard durin g t he
aetna  I load Ii It cert i f ~I t .tt ion program . The ami,t Irs is  w a s  a s i gn t t i  c m  t t i d
in detennin ing key st ress areas thus p r ov i d i n g  an e (Ii ci out md lo gical sOnsOr
placement  gu i do Li no. Duo to a number of tumusua 1 gei’met r i c I ot ~l con I i gu ru I t  ott ’.
the buckling ant irs is p r ov i d e d  a si gui fi can t i n s t  glu t i m u c e  i m m i n e n t  bu ck I i n g
i t t  approximate Iv  n0’~. of’ t’til I Ii ft load was  di  ag~ osed ear  Iv in  t h e  m a  i v .  i c  t I

the king post and boo m areas .

flue to the importance of St ruetural integrit~ and ret i aFt It t~ ot’ thi s
measurement platform to the Navy ’s program , It was impera t ive that detailed
analytical/experimental efforts were vigorously pursued. Rased on the above
structural investigation , a number of key structural modifi cat ions have been
recommended and implemented .
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Ph I l I ~M l  N V h l t ) N  t~ } ~~I R I R I I l l~Al l U l l  AR t i l l  ‘
~ 115 1 NC \

h I \ h ~ S I M t h l A l ’ l ’ ~N SClI l MF

Joseph I . R l u h t n  , l1oiu a Id M. N t -al and D o n a l d  S. Ma son
• • \n ln v Materi t is  and M e c h a n i c s  I~e s e a r c h u  f e n t e r

h u i t O V t t ) w l i  , Mui~ sachittset t s t).~ I ‘~

R el iab i h it Cu t  lcul at ions i n c  made for  a cu mn ot u  l aunched gu i  ~led inis s i le
st nuetur e  u s i n g  t r ac t  nrc iu t ech iu m n I c s con c ep t  5 i f l  con i itu c t ion i% i t  Ii t h e  Moii t e
Carlo method. Re I i.ib i Ii t v  e s t i m a t e s  .il ’t’ e~. a lu.m ted and compared to n hot ii
Weibul 1 antI Warner  s t r e s s  s t r e n g t h  d i u i g r u u n  det ’i n it ions.

Ihe We itw i I sea Ic and shape h ) ui  riittiet crc a i’e obt ai tied I ron a di st ri  but ion
of a t  lowal ule stress v .ilm tes d ev e l o p ed  t rout K 1 ( t n . i c t  ti ne t o t i g h t i t e s ’.) r e l a t i on—

• s h ip s .  The c rack  l e n g t h  and o r i e n t a t i o n  i n  ~he K~~, l i n t e l  ion are tssuttt ~d to
have un i form r~uidomn r u t  r at  I otis w i t hu t no rma  I p rob at u l i t  y dens i t  y t u t i c t  ion
r ep resen t  at io n t’ot’ t h e K C nuinbe r . Types ot  c racks  cons I ~le red i t t  he s t  i’ttc —

ture are ‘‘through’’ cracks , edge cracks • su t ’ t , t c e  ( sem i  -ol 1 ip t  i c a l  c r a c k s ,
and the  corner  cracks , w h i c h  i r e  a l l  t - ; stune d re mote  I t o t i t  u n iv  Si  gui l t c .ttt t
effects ot’ neighboring di scou t inu i t i e s . In  the l’.e i biil I m ode I t h e  t c t u u t  I
st ness Va liies are oFt a I nod dote ru in  i st i call v f rom i •S —di niens I onui 1 l in t to
element code desi gned for st a t ic at ial vs is of t h i  m u shell ~ . Re Ii aFt Ii t y
numnb e vs a no det e rut i ned for e t ci e I omen t i i i  t h e  s t rite t u no us in t he tIc i bit I I
representat ion . ‘Ihese nutube rs a i’e mul ti p I t ed t o g e t h e r  i n  order t o  do t i  no

• r e l i abi Ii tv of the emi t i r e  s t r u c t u r e . The miam I I u p l  i c u i t  ton procedure i m u t  no~
duces no I i ~ih I l i t  v Independenc e bet wee’n e I entoil t o 1 t h u t ’ - t t u e  t i t  no • t he reh~
d e s e r t  b i n g  a Conse uvui t i t’e estimate.

~~ a l  t t ’r n a t  i ~~ re I i ii ’ i I i  t v  cal en l u i t  i ot t met hod t i ~. i i i i ~ t he t~um rner st  res~ —

s t r e n g t h  diagra m hi t s  i iso been app I led to e tc h .t ructuir .t l element . l it t hu l .

~‘pe ca l en t  at ion t h e ac t t iu m I st  resses a u’e as smimed t o h ive di st  ri t~~it ton of
vu l Iues in order to c I niul ate poss i b lo e m m —  in the i t  mu Ito o lenient so hit m on
who no at lowab Ic s tre sse s  a no dot e i’mu i ned f’roni the K me t a t  i onsh i 

~ 
Re Ii a -

hi Ii t v  (Warner  d i a g r u t t t u )  I s do t i  rtt ’ tI as the p robithi I i~ v ot the ii Iowuth ’I e st ross
being greater than  the actual st  ness ove r  a rat i ge ot ,ictu,t I st r e s s e s  in the
eletnent . Iotal vol lu i l ’ i 1 i t v  of  t h e  u t  ructure i det ermined i n  a m a t i t i er  S i t f l l  t u t u
to that descr I hod t’o r t hu e tIc I huh  I t i m e  t ion
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‘‘SUE LF LI FE” OF M 4 S4 CENTER B O l ) I l S

Jacob Greenspan
Army Mater ia ls  and ~lechanic s Re st arch Center

Wa ter town , Massachusetts 1l .~l72

ABSTRACT

This case study is of the “shell ’ l i f e ” of the M4~.. I (8 inch s h e l l )  center
body. The material is IJ -8 M o- l/2 Ti  a l loy . Three components , manufactured
approximately 17 years ago , and in deployment for approximately l~ years ,
have been re trieved , and are being examined for structural integrity. Initial
specifica tion s (19b2) required ten sile yield strength of l 3() ksi , tens i l e
elonga t ion o f 10% , and V-notch charpy impact strength of 4 foot pounds. Stress
corrosion studies in 1962 showed a critical stress leve l of about tuO ks i  for
a 10 year life for this alloy in ambient atmosphere .

In the present invest igat ion, ultrasonic scan , and dye check met hods are
being applied to detec t internal or surface flaw s that might have deve l oped .
Tensile , V-no tch charpy , and stress corrosion evaluations are being conducted
on samples removed from the bodies , Present values will he compared with those
of 1962 to determine the extent of deterioration , i f  any.

1
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S FRI 55 —CORRI)S h i  ) \ i h~ \i k I N i ;  IN •\ ChiN BARhtE I I)LIE ‘IN) TENS I LU IUS I IUJAI. SIRESS

John II. Underwood
( I . . \ n it ’. \ nnanten t Re sea rch and I1 t’~e 1 optncit t t.o itt tna nd

Bemue t i~o . I p o m i s  I .lh , Waterv l let • New York 1 . I S~
)

ABS FRA t”l’

R e s u l t - . t i c  Ic i m b e t i  o t  , i  curren t i n v e s t  ig.It iou  t o  ‘I . ” . i i i i t C  t h e  cut ti- .e
o t th u roug h — ~a i 1 c mack  in  .m I (t~ m u m  Il u , I 40 miii OP oc t  I ott o t .i gum bar no I
(m nu. z to  o I ‘II Y~ I 1 . Iwo crack s o I about nO and 100 turn l e n g t h  wore observed
on the UI) o t ’ t hue h,trre I alto r t i  r i n g  11 , Oi iu l  rounds . Si muc e th u is corresponds
to le ’.— thuuu nO~ of t h e  s u i t e  life of the ba rre l • V ar i o u s  t e s t s  and u i s s o c t a t o d
an ui 1 y s I s were per itt niued t o dot e run I tue the cause o t t h e  

~‘ 
romat ore cracking

Ultrasonic I mu spe ct on in  t he area ot’ the OIl c r a c k s  sh owed seve r a l
a d d i t i on al sh a 1 1 ow c r a c k s  n ea r the Il l , I to S nun deep. Photomi crographs o h  a
s ec t i on  throug h the barre l gave the best qua l i tat i ye i m u f o rmn at j olt n e g a r d i m i g
the cause of the  cracking. C l a s s i c  u nu l t  i p l e — b r a n c h  c r a c k i n g ,  typ ic al of
stress -corros i on-cracking wu ts seen along the 01) cracks as well as the shallow
cracks. Scanning—elect ron-mi crophotos of the fracture surface of one of the
01) cracks  showed inter granu lar  b r i t t l e  fracture , further con fi rming that s t ress -
corrosio n-cracking contr ibuted to th e premature cracking .

• Two types of residual s t ress  measurements , x-ray and s l i t t i n g  mn e a sur oumue nts
were performe d using d i s k s  cut front the barre l near the area of cracking.  The
measurements show general ly  lower residua l s t res ses  than tho se expected in  this
autofrettaged barre l , and they  show areas of t e n s i l e  res idua l  s t ress  near the
11) of the barrel , a locat i on where compressive s t ress  i s  expected.

Based on the tests titus far, the cause of the t h r u — w a l l  c racks  in t he
barre l is believed to he stress-corrosion-cracking which combined with the
expected fati gue cracking due to f i r i n g .  The t e n s i l e  s t ress  w h i c h  is r equ i r ed
for s t ress-corros ion-cracking was the res idual  stress , p o s s i b l y  r e s u l t i n g  front
the autofrettage process used ; the agressive environment required for stress-
corros i on-cracking was the fi ring products , wh i cli I t ue  [tide hl ,S, otto of the most
aggre ssive stress-corrosion-cracking environments ktuown for stoels .

8
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TRACK PIN INI)LICEI) STRESSES

S. B.
Army Tank-Automotive Research and 1)evelopment Command

Warren , M i ch i gan -18090

ABSTRACT

Work reported was for the period 1 October 1977 to 30 September 1978.
The objective was twofold: a) To follow track p in res id ual stres s hi sto ry over
the last few processing steps suc h as core hardening, induction hardening,
stra i gtening, grinding and shot peenin g . b) To examine the data for evidence
of harmful levels or patterns of residual stress that may contribute to track
pi n failure . A to tal of 100 track p ins were randomly selected for this pro-
ject from the las t seven stages of manufacture  at the manufacturer ’s plant .
Residual stress measurements were made in 1)0th the long itudinal direction and
hoop/transverse direction at 7 2  spots on each pin. Equi pment used was automated

• x-ray diffrac tion equi pmen t. Results of the measurements from each pin were
tabulated in terms of mean and standard deviat ion of readings on each p in.  Of
part icular interes t to TARAIX OM we re: I) h oop stresses 30K psi  less compre ssive
than the longitudinal s t resses measured at the same point were generated in
the centerles s grinding operat ion, 2)  The 30K psi difference in readings is
not removed in the stres s re l ief operat ion, 3) it is possible to remove the
30K psi difference by shot p eening.

11
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EMBRITTLEMENT AND RUPTURE OF A LARGE PRESSURE VESSEL

Bruce W. Chris t
Charles H. Brady

Frac ture and Deformation Division
National  Bureau of Standards

Washing ton , D.C. 20234

ABSTRACT

This presentation is based on work in progress at the Nat ional Bureau
of Standards which is sponsored by the Materia ls Transportat ion Bureau - U.S .
Department of Transportation .

This presentation describes the metallurg ical and frac ture analysis of
a large seam less steel pressure vessel which ruptured during f i l l i ng w ith
natural gas at the welihead. The cylindrical vessel was 34-feet long by
22-inches diame ter. Reported burst pressure was about 2200 psi-desi gn
burst pressure was 6 ,800 psi.  Tensile strength of this 0.44 carbon - 0.92
manganese steel was about 155 ,000 psi. The fracture originated at a part-
through crack which was growing radial ly  from the inside w a l l .  Several
smaller part- through cracks were found in the vicinity of the frac ture
origin. Often , they originated at tiny c ircumferent ial cracks in hard m icro-
zones close to the inside wall. Up to 500 ppm hydrogen sulfide was detected
in samples taken from the natural gas well. It is tentatively concluded
that the rupture was due to hydrogen-assisted crack format ion wi th further
crack growth being assis ted by service stresses.

Results of mechanical tes ting and frac tographic examination will be
presen ted . A discussion will be given of a fracture mechanics assessment
of crit ical defec t size as determined from duct ile and brittl e fracture
considera tions .

10
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WORKMANSH I P DEFI C’I’S 1)1 11 CT I ON

John W . Burt and M ic iuae l A. Condouri s
Army I R\I ii,’0~1 I e c h u t  m cu t  I Sm uh ip o ml Net i v it v

Fort Monnuouth , New Jersey O~~03

ABSTRAC’I’

In Apr i l  1977 , ii s tudy was initiated to evaluate the relativ e effective-
utess of fi xed frequency sinusoidal v i b r a t i o n , swep t frequency s inusoidal
vibrat ion, and random vibration, for de tec t ing workma nship de fec ts in
elec tronic equipments. The workmanshi p defects being considered in this pro-
gram are only those that ordinarily would be susceptible to being damaged by
vibra tion . After reviewin g a var i ety of these workmansh ip defects , it was
concluded that , for many reasons , it was i mnpractic al to include many of them

4 in a test program. One type of workmanship defe c t was selected whose
vibra tion natural frequency could be easil y varied over a wide frequency range
which also could be used to simulate a var iet  of other  types of workmansh i p
de fects. A device that meets this requi rement is a fastener-cantilever
combina tion . Variations in the fastener torque and the cantilever natura l
frequency provided si mulation of bad worku muansh ip over a wide range of
frequencies and “C” levels. The test results to-date indicate tha t  both

• swep t sinusoidal and random vibration are superior to the single frequency
sinusoidal vibra t ion tes t for detecting workman ship defec ts in elec tron ic
equipment.

11
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\PI’I ICA IlO N OF .‘OI l Ah’Si I1lI ORI~N \\I~ NON I TNt \i~ i i  NI I’I I I I  ~hh Ni ,
• \N.N1\ 515 FoR liii 1~l Si ( N  Oh PRO I I  C I L  ON B A R R I  h R  Oh : \F ’_ t l  AR Sl i t  I ’5

I’ . . Ch.in g
III PRUNU rI’ I CS • lute.

I , iu rel  • Muir ’ .  land •‘OS:’ i

1 RACT

S iluc e t he 
~ 
robat’ t lit v e I ce ll i 5 t ou ts  .i lt~ . tvs e xi st , adequa c p r o t e c t  t out

for the nuc lear reactor is e s s et i t t a l  for n u c l e a r  powered shi ps. lui the Pas t ,
the design and u u u a l v s i s  of the  p r o t e c t  ion i’ . t m ’ n i e n wa ~ based on exper iments
and semi — emp i n i  cat methods ot ’ .un .u l v s  is. I x i  st  i m ig  . iuu al ’ . ’t ical methods are not
.iec u r .t t c  1’~ e .tuse o t’ t h e i r  dev i  at t out t’rom the proper  co l l a p s e  t i t eoreu mus

Mos t  des i gners usu. i li v .1~ sumne t t u u i t  t h ue s t m e t  t ire i s  s.t f t’ I f the  Jos ign
I e. iJ t 5 s m a l l e r  th an  the cui I e t t i  . i t  L’l  .‘ .  I I  .ips t’ 1 o.id of ’ the st ruct nrc . Tb is i S

ta lid i t  •uud oui I’. it ’ the unet hod i s h.t-.ed oui the prope i’ co l l a p s e  theorem.  lii i s
~t nJ ’. de scr ibe s  the proper  coll apse theorems amid th e  eo mid u t i otis whi elm t he
u u i a t v  f t  ...-a l method must sat 1st ’ .  in orde r to  instt u ’e the  sa f e ty  of fli t’ pr otect  iou
bar rier. i rrors et’ t’x i sti ulg m et h t e d s  ar c . t l so  d i s cu s s e d .

For the  s a f e ty  o ’ t lt e  n u c l e a r  s h i p i m u v o l ved i t t  c e l l  isi omu , the coil apse
lo.tJ of the st rik it u g shu t 

~ 
nutist be smn a I b r  tiua uu the eel l ap s e  l oad of ’ the pro—

‘ I feet ion b . t r n i e r .  F~ r econ om u cal r eu l sout s the di t’fc remuec b etween those two
eel  I. i pse Ie.tJ’. must be suuuui Ii . \ u. t tl u eun utt m c.i I mode l (em’ t iue 1’redi ct  I omu ot’ th e
ce ll utpsc load of ’ t tue I ’ .i rr i t ’ r It as L’.eemi dove loped . The mutt  hienu~t t c a 1 model t o  V
t h e eel  lapse I e.tJ of the t r i k  i n g sli t ps w i I I  be Je~’e lo ped itext ‘ .e . t  r

flu i~~ s tud s’ i s  spomisored b’. the  [I~~S . ‘t a r t  t i m e  •\~t m i n i  strat ion i t t  ut coop er at ive

~ 
rtig ram w i t  it Ct’ rm uv uv

L~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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l .\RCI SAMPI , ! ST VI I S l I CAL Sil l i lY Oh I’ll Mi d IAN I t’A l
PR0PFRTI t~s FOR i~otu ~ GRAP1IITF — FPO X I  M A T I R I  :~I. S\STFMS’

Char l e s  I I . Reese
A s s o c i a t e  P ro t ’ess~’ t ot’ Mechani e.t 1 I n g i m m e o r i n g

u n i v e r s i t y  of K am u su t s
l a w  i’encc , Ka nsas  (‘(‘O h

Ah~SI’RAC t

•\ large sunup Ic st at 1st i c.t I s tudy of four grap lu i t o - e p o x y  m a t er i  ut 1 systems
are tinder in v e s t  i g .tt ion . The test prograun includes sluort beam s)ue,tr , tens i ouu
and compress ion tests. Both norma l and We i b u l  1 statisti c a l di st ribut i outs are
examined for best fits of the data. Speci ut l eom u s ide r a t  i omu is g i v e m t  t o  th e  t’i t
in  the  t a il regiomis ot’ the fal lure distribut io ius  ami d the  r e s u l t i n g  impac t  omi
design rd i .ihi l i t y .  The t e n s i l e  and shor t  beam shear t e s t  r e s u l t s  are t o  be
reported in  t h i s  case s t u d .

Tim is iu u vest ig a tio n provides stat ist i eui I data in support 01’ N ASA 1.uingle~’ ‘s
ongoing stud s ’  of the l o n g — t e r m  ground and f I t  glut env i ronment exposure on t h e
behavior of graphit e epoxy s p o i l e r s . The m a t e r i a l s  und er t e s t  were fabr i c a ted
for NASA Langley Lw Boeing Seat t Ic u s i n g  t h e  same fu ibri eat ion proced ure s tu t  —

l i  zed in the mam utfacture of ’ the  grap h i t e — e p o x y  spoi bers  (or the envi  r ot imemut a I
f l i g h t  test program. Three of the ma te r i a l  systems tested are U nion Carbide
Thorne 1 300:2544 • Nu i r m ee 5209 / 300 and Hercules  3501: A—S . The fou r th  n u a t e r i  a I
sys t em is a contro l group th a t  was t’ab r i c a t e d  along with 25 addi t i o m u a l  spo ile r s
that were prepared for static and environmental  tes ts  b y NAS.\ Langley . These
spoiler s and thei r contro l test m a terials were fal’ri cated by ice ing us i m ug the
Narmee 5209/300 material sy s tem.  I ’he tes ts  in  t h i s  invest  i~_ at i on provide an
opportunit y to examine the fa ilure s t .mt i s ti c u i l distributions for large san upl es
of three similar grap hi te—epox y material systems . The two N armco m n at e r i a l
groups were manufactured at di  ffer en t t i m e s  and provide  an oppor tun i ty  to ex-
amine the r e p e a t a b i l i t y  of mate r i a l  pro pert ies  amid manufacturing method for
t h i s  type of composite sys tem.  Re peatability and predictability of material
properties and ch ar a c t e u ’i s t i e s  is ess e nti a l to the design process. Th is
study provides  a large sample compari somu of the  r e p e a t a b i l i t y  of one g r a p h i t e —
epoxy system .

The s t a t  i s t  i cu u dat a ob tained thus fa r  indicates  tha t  w h i l e  both normal
and Wo i b u l  I pr oj ect ions  pr os’ ide .i reasonable fi  t throughout the midrange of
the d i s t r i b u t i o n , the l owe r t a i l  region (design r egiom i) is best represented
1w the W eihu l l criteria.

This  work performed under NASA Langley Cramit NSC l.~Sl
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