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ABSTRACT 

A fuze assembly. vhich cons i s t s  of th ree  major par ts .  i.e., nose. c o l l a r  
and sleeve. w a s  designed t o  survive severe t ransverse  impact giving a maxi~um 
base acce le ra t ion  of 20.000 G. Experiments shoved t h a t  hoop f a i l u r e  occurred 
i n  the  c c l l a r  a f t e r  the  impact. They a l s o  shoved that by bonding t h e  c o l l a r  t o  
the  nose. the  c o l l a r  was ab le  t o  survive the  same impact. To f ind out the  
ef fect iveness  of the  bonding quan t i t a t ive ly .  a x i s m e t r i c  s o l i d  elements TRAPAX 
and TRIAAX vere  used i n  modelling t h e  fuze and d i r e c t  t r ans ien t  analys is  was 
performed. The dynamic s t r e s s e s  i n  se lec ted elements on the  bonded and 
unbonded c o l l a r s  vere  compared. The peak hoop s t r e s s e s  i n  the  unbonded c o l l a r  
vere  found t o  be up t o  th ree  times higher than those i n  the  bonded co l l a r .  
IUSTBLLA r e s u l t s  successful ly  explained t h e  observed hoop f a i l u r e  i n  the  
mbonded co l l a r .  I n  addit ion.  s t a t i c  and eigen value runs vere  performed a s  
checks on the  aodels  p r i o r  KO the t r ans ien t  runs. Their r e s u l t s  a r e  compared 
v i t h  experiments. Coarents on the use of the  I4PCAX cards. the  exis tence  and 
contr ibutors  of the  ca lcula ted  f i r s t  severa l  near ly  i d e n t i c a l  na tu ra l  
frequencies, a r e  a l s o  addressed. 

INTRODUCTION 

The H732 E2 A r t i l l e r y  Proximity Fuze corpr i ses  an aluminum fuze body vhich 
houses a sa fe ty  and arming module. detonator bulkhead, and pover supply a f t  of 
a center  bulkead. Forward of the  bulkhead is the  fuze processor e l ec t ron ics  
and loop o s c i l l a t o r .  The o s c i l l a t o r  is housed i n  a 30% g l a s s  reinforced 
modified Polypheoylene Oxide (PPO) nose cone vhich is secured t o  the  fuze body 
v i t h  a 30% g l a s s  reinforced PPO threaded re ta in ing  co l l a r .  See Figcres 1 and 
2 - 

When a p r o j e c t i l e  i s  f i r e d  f r m  a gun. the fuze is subjected t o  s ide  loads 
approaching 20.000 G ' s .  I n  the  laboratory. a machine -Jas developed t o  simulate 
t h i s  loading. The fuze is secured t o  a r a i l  guided e tee l  f i z t c r c  v t i c h  is 
s t ruck  from the  s i d e  by a s t e e l  weight. The impact is t a i l c z t d  co give a 
20.000 G peak l a t e r a l  acce le ra t ion  v i t h  a 30 f p s  ve loc i ty  ..zc;ge. 

While fuzes a t  ambient temperature experienced no Ca . -u res  -&en subjected 
t o  the t e s t ,  fuzes vhich vere  temperature conditioned a t  - 40J ,  :ailed v i thou t  
exception. The major f a i l u r e  mode, named hoop fa i lu re ,  appeared t o  be hoop 
s t r e s s  on the  re ta in ing  c o l l a r  causing a longi tudinal  crack frcm end t o  e ~ 3 .  
See Figure 3. 
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It w a s  discovered t h a t  by solvent bonding t h e  re ta in ing  c o l l a r  t o  the  nose 
cone during assembly. t h e  low temperature f a i l u r e s  could be avoided. Since the  
mechanism by vhich t h e  solvent bond a l l e v i a t e d  the  problem was not well  
understood nor was the  sa fe ty  f a c t o r  of the  bond lmovn. it was feared t h a t  
fu tu re  modifications t o  the  fuze could not be evaluated v i t h  respect  t o  the  
impact on the  fuze j o i n t  in tegr i ty .  Therefore. HASTRAN vas used t o  w d e l  the  
forward sec t ion  of t h e  fuze i n  an att-pt t o  b e t t e r  understand t h e  behavior of 
the  current  design. ana b e t t e r  predic t  the  behavior of fu tu re  designs. 

The given fuze forward sec t ion  cons i s t s  of th ree  major parts. i.e., nose. 
c o l l a r  and sleeve. A s  depicted i n  Figures 4a. 4b. and 4c. 105 W A X  and 9 
T B W  elements were used t o  model t h i s  fuze and it* i n t e r i o r  e l ec t ron ic  par ts .  
These e l m e n t s  a r e  inter-connected a t  180 d i f f e r e n t  r ings  o r  c i r c l e s .  S t a t i c  
and eigen value analyses were perfcrmed p r i c r  t o  the  f i n a l  t r ans ien t  runs. 
Wlnerical r e s u l t s  f r a  the  s t a t i c  and eigen value runs were ca re fu l ly  m i n e d  
and compared wi th  the  ava i l ab le  experiment data. Constraint  condit ions and 
boundary conditons had been modified accordingly. We w i l l  d iscuss  i n  more 
d e t a i l  l a t e r .  

TEST WDEI. I 

A canti levered.  hollow slender c y l k d e r .  a s  depicted i n  Figure 5a. was 
modelled by TRAPAX eleaents  a s  a preliminary study. S t r e s s  analys is  of t h i s  
cylinder was performed. Axial presscre  load o r  concentrated t ransverse  t i p  
loading was separa te ly  applied. M e r i c a l  r e s u l t s  from these t e s t  cases 
provided bas ic  understanding on TRAPAX'S behavior and charac te r i s t i c s .  Axial 
pressure loading condit ion was f i r s t  considered. see  Figure 5b. A s  expecred. 
HASTRAN r e s u l t s  showed t h a t  the  cyl inder ' s  cross  sect ions  vere  d i ~ ? l a c e 4  
uniformly and a x i a l  s t r e s s  was developed uniformly across each cross  section.  

Figure 5c shows the  t r a r sve rse  t i p  loading condition. The cyl inder  was 
modelled by regular  8 x 2. 16 x 2. 32 x 1. 32 x 2. 64 x 1 meshes. Both the  t i p  
de f l ec t ion  and the  bending s t r e s s  a t  point  A were checked f o r  convergence v i t h  
respect  t o  mesh refinement. A s  noted '.n Table 1. with the same number of 
elements. 64 x 1 mesh gave b e t t e r  r e s u l s  than 32 x 2 mesh. Blsed on t h i s  
observation,  we used only one l aye r  across  the  thickness of the  r e a l  model. 

TEST HODEL I1 

A canti levered.  hollow s lender  cyl inder  of d i f f e r e n t  s i z e  (Figure 6 )  vas 
used i n  the remaining preliminary s tudies .  It was modelled a l s o  by TRAPAX 
eiements but with 4 x 1 o r  5 x 1 mesh. This model served f o r  t e s t i n g  MASTUN 
r i g i d  formats 3. 9, and 12. simulating the  gresecribed base accelera t ion.  and 
a l s o  f o r  t e s t i n g  NASTRAN checkpoint and r e s t a r t  fea tures .  

Free v ib ra t ion  ana lys l s  was performed on the  canti levered lo?low cylinder 
i n  Figure 6a. Different  frequency ranges were speci f ied  requesting the  
ex t rac t ion  of na tu ra l  frequencies and mades, 



Given V lc 30 f t l s e c  a f t e r  t he  impact and the  maximum acce le ra t ion  of 
20,C)OOg. t he  dura t ion  of t h e  impulse depends on the  assum t i o n  of i t s  shape. PI For a 8 i n ~ t  shaped impulse. t h e  dura t ion  is aboot 70 x 10 sec. For a s i n ' w t  
shaped impulse, t h e  dura t ion  is about 90 x 10 sec. Impulses of both shapes 
were t e s t ed  on We1 11. Howver, only t h e  s i n A o t  shaped impulse was employed 
i n  t he  ana lys i s  of t he  r e a l  model because it sirrulter the  r e a l  impulse more 
closely.  

Several schemes t o  input t he  prescribed base acce l e r a t i on  a ( t )  were a l s o  
ca re fu l ly  examined. F i r s t .  a near ly  r i g i d  layer  with huge mass X was at tached 
t o  t he  bottom of t he  o r ig ina l  cyl inder .  Dynamic fo rce  F ( t )  = Xa(t) was then 
appl ied t o  t h i s  l a y e r  i n  severa l  vays t o  achieve t he  desired prescribed base 
motion. The dynamic force  can be d i r e c t l y  applied t o  t he  COSINE term of t he  
r i n g  l o .  2 i n  Figure 6b. It can a l s o  be applied, using POINTAX cards. a t  
s e l ec t ed  points  i n  t h e  bottom layer.  A s  observed i n  t he  test runs. both 
approaches gave the  same re su l t s .  The "WINTAX" approach was taken on the  r e a l  
model. 

The appropriate  Elp r a t i o  was determined t o  be of t he  order  of 10- . This 
s p e c i f i c  r a t i o  gave an uniform base acce l e r a t i on  a s  desired. I n  addt i t ion .  
both C O W  and TRAPM elements were t e s t ed  ou t  IS t he  base layer.  The TWAX 
e le sen t  was employed i n  t h e  r e a l  model. 

Modal t r ans i en t  ana lys i s  was performed on t h i s  test model. r -ever. a s  
noted from t h e  eigen value ana lys i s  on t h e  r e a l  model, t he re  a r e  a la rge  number 
of na tu ra l  modes i n  the  lov frequency raoge. Also. t he  impulse durat ion i s  so  
sho r t  t ha t  modes with extremely high frequencies  a r e  expected t o  p a r t i c i p a t e  i n  
t h e  dynamic response, Obviously. modal t r ans i en t  approach w i l l  not be accurate  
without using a l a rge  number of modes. vhich i n  tu rn  w i l l  make it extremely 
time-consuming. Therefore. d i r e c t  t r ans i en t  approach was taken f o r  t he  
ana lys i s  of r e a l  model. 

STATIC AYALYSIS 

S t a t i c  ana lys i s  of both bonded and unbonded cases were performed a s  checks 
on the fuze model. The load condition considered was t ha t  of 100 lbs .  
t ransverse ly  applied a t  node 9. 

For t h i s  loading case. def lec t ions  a t  the load point and nodes 17. 21. a r e  
l i s t e d  f c r  d i f f e r e n t  choices of harmonic terms. (See Table 2 )  Based on i ts  
converaence c h a r a c t e r i s t i c s .  AXIC = 3 was spec i f ied  f o r  t he  t r ans i en t  ana lys i s .  
This means one constant and three  harmonic funct ions were combined t o  descr ibe 
the  deformation f i e l d  along the  circumferent ia l  d i rec t ion .  S t r e s s  d i s t r i b u t i o n  
i n  d i f f e r e n t  p a r t s  were lxamined, and the  MPCAX cards were modifid accordingly 
t o  achieve appropriate  cons t r a in t s  between nose. c o l l a r  and p l a t e .  

In order t o  c a l i b r a t e  the  model, simple experiments were devised t o  
perform s t a t i c  t e s t s  on the  fuze nose cones. A force gage was used t o  apply a 
s t a t i c  load onto the  t i p  of t he  fuze. The fuze was mounted i n  a r i g i d  base and 
a d i a l  ind ica tor  was used t c  record the  fuze de f l ec t i on  a t  t he  point  of t he  
load. The test se tup  is shown i n  Figure 7. 



Loads were applied near the tip of the fuze, incrementing the load from 20 
lbs. to 140 lbs. and recording the deflection of each increment. This test was 
performed for bonded sample of the fuze. Comparison of NASTRAN and experiment 
results is in Table 3. Note that the noticeable differences say have been 
caused by the fact that the tip of the force gage made a slight indentation in 
the surf ace of the nose cone. 

EIGEN VALUE ANALYSIS 

Eigen value analysis vere performod to further check the appropriateness 
of the N A S m  model. WPCAX condition; between nose-collar-plate were 
repeatedly examined and modified. The final arrangement of these conditions is 
listed in Table 4. This specific arrangement induces only relatively low 
stress in the plate while maintaining stability of the model. It is worth 
mentioning that in the seventh field of the WCAX Card, the HID number should 
take he form of (Integer 20) instead of (Integer 70). Otherwise. undesirable 
rigid body modes may be present in the model. 

Ten fundamental frequencies and modes were extracted for both bonded and 
unbonded cases. As listed in Table 5, the first 9 eigen values of both cases 
are exactly the same. Also from Table 5, the lowest four frequencies are very 
close together at 30 cps. It was identifed, very interestingly. that each 
harmonic contributed to one of them. 

DIRECT TRANSIENT ANALPSIS 

- 4  
Transient responses from t = G sec to t = 270 x 10 sec, which was three 

times the woulse duration, vere obtained for both bonded and unbonded cases. 
Solution convergence with respect to different time steps is listed in Table 6. 
at = 2 x lo-' sec was chosen for the time increment in the analysis. The base 
displacement time history compared very well with the prescribed one. The 
dynamic stresses in the plan? of impact in elements 104 and 105 were plotted 
and compared between both cases (see Figures 8-11). 

Figures 8 and 10 show the hoop stress time histories of both cases. The 
peak hoop stress ic unbonded collar is up to about three times higher than that 
in the bonded collar. This explains the hoop failure in the unbonded collar as 
was observed from experiments. 

Figures 9 and 11 show the axial stress time histories of both cases. The 
peak axial stress in bonded collar is significantly higher than that in the 
unbonded collar. 

CONCLUSION 

The NASTRAN results presented in Figures 8 through 11 lead to the 
following conclusion: 

By bonding the nose and the collar, the nose joint will take dynamic load 
mainly in the form of axial stress. The peak hoop stress experienced in the 
bonded collar will thusly be reduced by a factor of 4. Hence. the hoop failure 
was effectively avoided in the bonded collar. 



TABLE I. SOLUTION CONVERGENCE WITH RESPECT TO MESH REFINEMENT 

EENDING 
STRESS 

AT POINT A 

--- 

798 

2151 

2085 

2314 

2292 

TIP DEFLECTION 

0.001832 

0.003029 

0.003568 

0.003631 

0.003775 

0.0039 18 

MESH 

8 x 2  

16 x  2  

32 x 1 

32 x 2 

64 x 1 

ANALYTICAL 

ASPECT 
RATIO 

7.5 

3.75 

0.94 

1.875 

0.47 

---- 



TABLE 2.  CONVERGENCE OF LATERAL DEFLECTION 

U l T H  RESPECT TO THE NUMBER OF HARMONICS (BONDED COLLAR) 

TABLE 3. COMPARISON OF STATIC RESULTS 
(TmSVERSE LOAD AT 0.27" FROM NOSE TIP) 

NO. OF 

HARMONICS 

3 

4 

7 

1 

LATERAL DEFLECTION 

NODE 9 

-0.00676 

-0.00737 

-0.00767 

NASTFUN 

-0.00676 

-0.0082 1 

-I 

Y 

CASE 

i3Oh'DED 

UNBOLXIED 

EXPERIMENT 

-0.014 

-0.020 

NODE 17 

-0.OG467 

-0.00467 

NODE 21 

-0.00375 

-0.00375 

-0.00467 ! -0.00375 



TABLE 4. CONSTRAINT CONDITIONS ON HARMONICS 
BETWEEN NOSE, CCLm AID PLATE 

C 

CONSTRAINED 
RING 

PAIRS 

35 

3 7 

40 

43 

4 6 

L 9 

52 

55 

5 8 

6 0 

63 

6 4 

6 5 

70 

BONDED 

235 

237 

240 

243 

246 

249 

252 

255 

258 

260 

263 

364 

365 

370 

UNBONCZD 

z 

0- 3 

0- 3 

G- 3 

0-3 

0-3 

0- 3 

0- 3 

0- 3 

0-3 

0-3 

0-3 

0 

0.1 

0.1 

r 

0-3 

0- 3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

--- 

0.1 

--- 

r 

0-3 

0-3 

0-3 

0- 3 

0-3 

0- 3 

0-3 

0-3 

0-3 

0-3 

0-3 

! 

--- 

0.1 

--- 

8 

0- 3 

0-3 

0-3 

0-3 

0-3 

0-3 

0- 3 

C-3 

0-3 

0-3 

0-3 

--- 

--- 

--- 

8 

0-3 

0-3 

0- 3 

0-3 

0- 3 

0- 3 

0- 3 

0- 3 

z 

0- 3 

0- 3 
I 

0-3 I 
0- 3 

0- 3 

0-3 

0-3 

0-3 

I 

--- I 
1 0-3 

I 

--- I 0-3 

i --- i 0-3 
I 

--- ' 0 

I --- 
I O v l  I 

--- 0 . 1  



E I G E N  VALUE ANALYSTS BONDED NOSECONE 

W D E  EXTPACTION 
NO. CRDEP 

E I G E N V A L U E  

EIGEN V A L V E  ANALYSIS UNi3ONDED NOSECONE 

lWDE EXTRACTION 
NO. ORDER 

I A N  C Y C L I C  
F R E Q U E N C Y  FREQUENCY 

R E A L  E I G E N  

RAP1 AN 
3 E O U  ENCY 

V A L U E '  

C Y C L I C  
FREQUENCY 

TABLE 5. FIRST TEN NATURAL FREQUENCIES OF 
FUZE EXTRACTED FROM NASTRAN 



TABLE 6 .  CONVERGENCE OF TRAKS?EK SOLUTIOKS WITH 
RESPECT TO TIME STEP SIZE 

- 
I 

r i E M O T I O K  r t = . p ~ e c  

1 Acceleration A t :  
I 

a t - 1 ~ ~ ; ~  . I ~ = ? P S ~ C  A t = o . 5 b ' S ~ C '  

5-92 x 105 

j 
t = !UU sec  --- 0.22 x lo5 I 9 .13  x l o5  9 .09 x : J ~  

1 
I 

, Displacement At: 

t = 8 sec  

t = IOU sec  I 
I 
! I 

6.08 x lo5 5.98 x 105 I t = 8 r  sec  6 . 7  x 105 









Figure 4a - Finite Elemznt Mesh 
Of The Fuze Assembly 
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Figurc 5b- Axial Pressure Loading 

Condition 
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Figure5a - Test Model I 
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F'i.gy!re 5c-  Transverse Tip Loading 
Conditio,~ ( 8  x 2 biesh) 



Figure 6 - Test Model I1 

"guret, FEN Model For 
Free Vibrat!on A..aiysis 

( 4 x 1 Mesh) 
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Figure6b - FEN Mo?-' An; Base 
E;-citarrcns Transient Analysis  

(5  x 1 Mesh) 
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Figure 8 - Dynamic Hoop Stresses (Element 104) 
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