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'I DW3LOPMM"JT OF A T Z T  FACILITY I:ND PRCCDURES 
FOR EVALUATING AIRCRAFT HOSE ASSEMILIES 

SUMMARY 

I n  order t o  de te rmme  the   f l re   res l s tance  of f l ex lb l e   t ub lng  
assemblles  under  oreratlng  condltlons  wlthout  the  necessity of conducting 

f a c l l l t y  and t e s t  :x-ocedures f o r  SubJeCtIng  such  assemblles t o   cond l t lons  
f l l g h t  f l r e   t e s t s ,  a development proJect  was undertaken t o  produce a t e s t  

f l r e ,   v l b r a t l o n  of the  ty,e  encountered  durlng rough e n g m e   q e r a t l o n  and 
t h a t   e x l s t  I n  f l l g h t .  This f a c l l l t y  produces a t yp lca l   a l r c ra f t   pove r   p l an t  

the  var1ot.s f l l g h t  condltlons of 011 flow,  pressure and temperature. 

ducted on presently  used and  newly-developed  types of hose assembhes,   the  
r e s u l t s  of whlch are  presented I n  th l s   r epor t .  

Durmg the  conduct of tlus pro jec t ,  numerous f l r e   t e s t s  were con- 

INTRCDUCTIOM 

Regulation Release No. 259 I n  order   to   acqualn t   lndus t ry   ba th   the   f l re   p re-  
I n  August 19b7 t he  Clvll Aeronautlcs  Administration issued Safety 

ventlon  requlrements of mater la ls  used m a l r   c a r r l e r   a n c r a f t .  The por t lon  

m essence  defmes  "flreproofgt as wlthstandmg a 2000% flame f o r  15 mlnutes 
of t h l s   r e l ease   pe r t aming   t o   f l ex lb l e   t ubmg,   vn th  and  wlthout  connectlons, 

remalnlng  operable  for  not  less  than 5 mlnutes. A t  that tlme, it was gen- 
biithout  severe damage and "fire resistant" as  wlthstandmg  the same f l r e  and 

eral ly   bel leved  that   hose  assemblles ,  complymg >n th   Spec l f l ca t lon  MILH-5511 
wlthstoocl such a f l r e   t e s t  f o r  a t   l e a s t  10 mlnutes. Thls vas  consldered t o  
be  adequate f o r  f lexlble   tubmg  assemblles  used f o r  flammable f l u l d s  y1 

p o t e n t i a l   f l r e  zones. However, m 1950, both  the  Technlcal Development  and 
Evaluation Center and the  coupling manufacturers  independently  conducted 
f i r e   t e s t s  on the   Spec l f lca t lon  MIL-H-5511 assembllcs rn a l l   s u e s  commonly 
used, an< found  that  many of these  assemblles   fa l led 111 l e s s   t han  2 mnu tes  
when subJected t o  t h e   p r e s c r l b e d   f l r e   t e s t ,  Few assemblles  withstood  the 

s l s t a n t "   r e q u r e n e n t s .  Thls l e d   t o  more extensive t e s t m g  and mves t lga t ions  
t e s t   c o n d l t l o n s   f o r  even the  requlred 5 mlnutes  speclfled in the  IIflre re- 

lnvolvlng more r e a l x t l c   t e s t   c o n d l t l o n s ,  and f m a l l y   r e s u l t e d  I n  developmg 
t h e   t e s t  equipment and procedures whlch a re   descr lbed   In  t h l s  renort .  

vers lon 011 burner  Nodel PIC-P manufactured  by the  Bogue E l e c t r l c  Co, equlpped 
with a Konarch No. 2, 80' spray  angle  nozzle,  Kerosene 1 s  used  as  fuel. The 
r e t u r n   r e l l e f   v a l v e  1s s e t   a t  85 ps l  and a t  this pressure  the  nozzle   del lvers  

by f lve ,  1-inch  dlameter  holes m 1/16-mch  thlck sheet  metal. The pressure 
2 gallons of kerosene  per  hour. The a m  consumed by the  burner is cont ro l led  

d l f f e ren t l a l   ac ross   t h l s   shee t   me ta l  1s 0.35 Inch of water. Two d e f l e c t o r  
s t r lp s ,   each  3/b lnch wlde, a r e   f a s t e n e d   t o   t h e  end of t h e   b a r r e l  s o  t h a t  
the  ends  of t h e   s t r l p s   a r e  1-1/2 mches  apar t  and 1-1/2 lnches beyond the 

beyond the  end of t h e  barrel .  Th l s  has an openlng 6 Inches  hlgh and 11 lnches 
011 nozzle, A b a r r e l  extenslon was added to   the  burner   extendmg 10 lnches 

The burner  used t o  produce the  f lame  consls ts  of a gun-type  con- 
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wlde. The burner 1s located so  t h a t   t h e   h o s e   t o  be t e s t5d  1s b mches beyond 
t h e  end  of the  barrel   extons2cn. The flame  passes  equally  above and belou  the 
hose.  Thls  modlfled  conversion 011 burner  produces an 011 f l r e  a t  a temperature 
of 2000% and of t h e   s l z e   m d   s e v e n t y   t h a t  can be  expected m the  event  of a 
power p lan t  fire. 

The bench concls t s  essentially of a heavy s t e e l   t a b l e  60 lnches 
ulde, 28 Inches  decp,  and 32 Inches  hlgh,  ,,elEhlng  ap!~roxmatePf 1000 pounds. 
Kountzd on t h l s  bencil 1s a vibrating mechanlsm,  a hood, anL a light-sensltlve 

the  t ransmlsslon of t h e   v l b r a t l o n   t o   t h e   f l o o r  and keep t h e  bench  from " 1 r e l k u l g ~ "  
c e l l .  The legs  of the bench r e s t  on l/h l cch  thlc1.r rubber  pdis. These prevent 

The bench  and  burner  are sho+m I n  Flg.  1. The cont ro l   pane l  and  measurlng 
equpment   are  shown I n  Flg.  2. 

a t o t a l   l a t e r a l  dlsplacement of 5/32-lnch and a to t a l   angu la r   ro t a t lon  of 9' 
a t  2000 cpm a t  one  end  of the  hose  assembly. The o ther  end of t he  hose 1s 
flxed. The v lb ra t lng  end o f  t h e  hose  assembly 1s subJec ted   t o  flame. 

De ta l l s  of t he   v lb ra tmg  mcchanlsm a r e  shown m Flg. 3. Thls Imparts 

The I I O O ~  whlch  can  be  seen m Figs, 1 and 2 1s 25 Inches  mde and 
25 lnches  hlgh. :,s shor-m I n  P lg .  3, t h e   v l b r a t e d   f l t t m g  1 s  7 mches  back of 

draws a l r  through It a t  a v e l o c l t y  of Id00 fpm. Thls a l r  movement a d s  m 
t h e  o:,en f r o n t  of t he  hood. The r e a r  end  of the hood 1 s  ducted t o  a fan  whrch 

keepmg  the  f lame  horlzontal  and, when hose f a l l u r c   I n c r e a s e s   t h e   f l r e  s l z g  
it as su res   t he   t ruve l  of t h e  flame p a s t   t h e   h g h t   s e n s l t l v e   c e l l   n h l c h  1s 
loca ted  bb Inches down mnd of the   v ibra ted  end of the hose  assembly. A dc 
amollfler and r e l a y s   f o r   e f f e c t m g  autor,?t;c shutdom and t o   s t c p   t h e  chrono- 
meter  are  arranged s o  as t o  operate when t h e   c e l l   s e n s e s   t h e   h g h t  of the en- 
larged  flame. 

aga r t  horizontally, a re   cen t r a l ly   l oca t ed  1 ~ 1  t h e  flame m a l l n e  normal t o  
and 1/4 Inch ahead of t he  hose assembl-[. These measure the  flame  tem,>erature 
throughout  each  test. 

Four chromel-alumel  thermccounles of 22  gage m r e ,  spaced 3 Inches 

an electrically drlven 011 ?rn? and a 20-gallon 011 tank 311th a 300G-watt, 
The 011 circulating and heat ing equlprnent shovn m F1k. 2 comprises 

the rnos t a t l ca l ly   con t ro l l ed ,  lmmerslon heater .  The pump 1s r a t e d   a t  3060 1x1 
and 1s caTable of de l lve r lng   e l the r  10 gpm a t  100 p-1 or 5 gy,m a t  1750 PSI. 
The pressure  re l lef   valves ,   f low  ~ndlcators ,   pressure  gages,   control   and 
selector   valves ,   are   Included In t he  plumbme of t he  011 system. 

The hose  assemblles  tested were 2h Inches  long  and rrere  mounted on 
t h e  tes t  bench as   lnd lca ted  ln Flg. 3. 0 2 1  a t  the  deslred  temperature rlas 
circulated through  the  assembly t o  remove a l l  ~ L T  from  the piping system and 
t o  br lng  the  temixrature  of t h e   t e s t  assembly up t o  Oner-tmg  temperature. 
The 0x1 f low and pressure cere   then   regJ la ted   to   the   des l red   va lues .  The 
v l b r a t o r  was then   s t a r t ed  and the  a.sembly  checked t o  make c e r t a m   t h a t  no 
resonant whxppmg occurred. The fan  r-hlch e f f e c t s   t h e  a x  movement over  the 
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burner  and  startlng  the  chronometer  slrnultaneously. Two s tages  of fallure 
assembly was then  s tzr ted.  The f l r e  t e s t  was then   l n l t l a t ed   by   l gn l t l ng   t he  

were generalla  noted: (1) when the operator de tec ted   the  f lrst  v l s l b l e  Sign 
of an 011 leak, and ( 2 )  rrhen t i e  autolrwtlc  shutdorm was t r lggercd  by  the 

flame h4 Inches beyond the  assembly under t e s t  and s o  lndlcated a s lgn l f l can t  
l l g h t   s e n s l t l v e  cell., The second  stage  occurred When the  photocell   sensed a 

mcrease  of f l r e   s l z e ,  Thls 1s 1ndey;endent  of the  operators  JUdgment. 

assemblles  Lltenced  for a spcc l f lc   apyl lca t lon   such   as   the   p rope l le r  feathering 

was necessary   to   e f fec t  a q u c k  “sm.tch-over”  from low pressure lors r a t e  Of 
l lnes .  To slmulnte Lhe condltlons t o  whlch such  an  aszembly 1s subpc ted ,  1% 

f lov   t o   h lgh   p re s su re  hlgh r a t e  of flar. I n  o r d e r   t o  accomplish t h l s ,  a hlgh- 
low pressure  range  selector  was Ins t a l l ed .   In   o rde r  t o  prevent damage t o  
lnstruments, It 1Tas necessary  that   the   operator   c lose  the  valve  to   the laJ 
nresbure gage  and turn  the  f low  lndlcator   selector  t o  the  hlgh  f low  poslt lon,  
prior t o  the  tune  for   the  switch-over .  

A s l l z h t  va r l a t lon  m procedure bias necessary  In  conductmg tes ts  on 

The proceZure  used In   f l r e   t e s tmg   a s sembl l e s   l n t endpd  f o r  use m 
f l r e  extmgulshlng  systems was ccns lderably   d l f fe ren t   than   tho?  e previously 

but   the  011 l j n e s   t o  and from  the  bench were removed. I n  place of these,  
descrlbed, Such assemblles were mounted on the  bench I n   t h e  normal mannerJ 

bot t le   could  be dlscharged  tlrough  the  assembly t h l e  It Idas belng  subjectecl 
l l n e s  of a p r o p r l a t e  size were attached so  t h a t   a n   a l r c r a f t   e x t m g u s h l n g  agent 

t o   f i r e  and vlbrat lon.  A noLzle  wlth an area equal t o  65 per  cent of the   a rea  
of the  hose  assembly  bang  tes ted was a t tached   to   the   d l schnrge   s lde .  I n  

per lod,   usual ly  10 o r  15 r ruutes ,   a t   vhlch t l m o  the  extlngulshlng  agent was 
these   t es t s ,   the   assenbly  was subJected t o  f l r e  and v lb ra t lon  f o r  a prearrange? 

dlschsrged. If t h e  assembly  transmltted  the  extlngulshant  wlthout  excesslve 
leakage, It was consldered t o  be s a t l s f a c t o r y   f o r  use i n  an   ex tmgush lng  
system  passmg  through a f l r e  zone. 

The tycres of hose and sssemblles  tested were: 

(a) Hose meetlng  Speclflcatlon ANH-35 - Synthetlc  rubber,   cotton  brald.  
(b)  Hose meetlng f l r e   p reven ta t lve  requu-ements - Synthetic  rubber,  

( c )  Hose meetmg  Speclflcatlon KIL-11-5511 - Synthetic rubber,   slngle 

(L) .,ssembly meetlng  Speclflcatlon MS-287kl - same as   ( c )   bu t   w l th  

( e )  Asaembly meetlng  Speclflcation MTL-H-5512 - Synthetlc  rubber,  

( 6 )  SR-3600 assembly - Same as ( f )  bu t   rn th   asbes tos   and   neoprene   cover~n~,  
( f )  R-3800 assembly - Tef lon   lmer ,  step1 b r a l d   l a t h   f l x e d  end flttmgs. 

(h)  SqFR-3800 assembly - h m l a r  t o  ( f )   b u t   n t h  t h o  coverlngs  of  asbestos 

(1) Flexlble  metal  assembly - 811 s t e e l   o r   l n c o n e l   l l n e r ,   b r a l d  and  end 

cc t ton  and asbestos  brald. 

s t e e l  brdld. 

f l x e d  end f l t t m g s .  

double s t e e l   b r a l d ,   w l t h   f l x e d  end f l t t m g s .  

and  neo-rene  an& s h g h t l y   d l f f e r e n t  met.1cd  of end f l t t m g  attachment. 

f l t t m g s ,  velded,  bramed  or  mechanlcally  attached. 

of SAiE No. 20  011 a t  ’200% through a hose  ascembly m t h e   f o l l o n n g   q u a n t l t l e s :  
The term  [‘standard flow1’ as  uscd  ln  Table I1 1s deflned as the  f l o w  
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Hose 
Size - 
-Ir 
-5 
-6 
-a - 10 
-12 
-16 
-2 0 

2.80 
5.00 
7.50 

RSXJLI'S BiD PISCUSCIOW 

The a b l l l t y  o f   t h e   t e s t   f a c l l l t y   d e s c r l b e d   I n  t h l s  r eyor t   t o   p rov ide  
r e h a b l e  one: reFroduclb le   resu l t s  was demcnstratzd by con?mtlng  high  pressure, 
s t a t l c   f l o r j   f i r e   t e s t s  on t h m  r a l l   s t a l n l e s s   s t e e l   f l e x l b l e   a s s e m b l l e s .  Such 
asse~nbl les   are   general ly  more unlform than  composltlon  assemblles  smce  they 
are   not   effected by agmg o r  by ln t eg r l ty   d i f f e rences  of the  connections  between 
tublng and  end f i t t l n g s  of the  composltlcn  hose  assembhes.  Results of t he  
t e s t s  on the   s t a ln l e s s   s t ee l   a sYembhes   a r e   g lven  in Table I. 

T21RIZ I 

REPRODUCIBILITY TESTS 

SamFle 
Number 

1 
2 

5 m e  Tlme f o r   F a l l u r e  
Nonlnal Mm:Sec. - 

-6 0: 53 
-6 0:52 
-6 0:55 
-10 2 : u  
-10 2:u I  

m presen t   dLy   a l r c ra f t   a r e   q lven  m Table 11. The flrst two  Items m Table 
I1 glve t h e   r e s u l t s  of f l r e   t e s t s  on hoses o f  the  t p e  general ly  used % n t h  
hose clamps. The rellalnder of t he   t ab l e   g lves   t he   r e su l t s  of f l r e   t e s t s  on 
NIL-H-5511 hose and the  I*lS-Z87Ll assemblles whlch are  the  general   pur?ose 

res1stFnt  assemblles  that  have rep laced   the   ear l le r   hose  and hose  clamp 
arrangements. The r e s u l t s   l l s t e d   i n  Table I1 were obtalned i n  t e s t s  conducted 
under   the  s tandard  condl t ions  set   for th   In  t h l s  r e ? o r t   f o r   f l r e   t e s t m g   f l e x l b l e  
tublng  assemblles. Results of f l r e   t e s t s  on hose  assemblles of varlous  types 

t o  9 mcluslve.   t lesul ts  of sm11r.r t e s t s   a t  1000 p s l  are   glven I n  Flgs. 10 t o  
of construct lon and a t   v a r l o u s   r a t e s  of 011 f lowat  30 p s l  are   glven III Flgs .  b 

13 mclus lve .  

Resul ts  of f l r e   t e s t s  on hose  and  hose assemblies frequently  used 

Table I1 shom  the marked d l f fe rences  m f l r e   r e s l s t a n c e   t h a t   c a n  be 
expected of simllar pleces  of hose and the  even g rea t e r  spreac' t h a t   r e s u l t s  
when a number of asscmblles o€ t he  same s l z e   a r e   t e s t e d  under the  s m s  conddltmns. 



ZSULTL OF FiRC 
(yes t specimens 

I tern - 
AiJlI-35 (hose only) 

;-Ire  ?retentatlve 
(ho s c only) 

inL-6-5511 (hose  only) 

iliL-,:-5511 (hose  only) 

PIIL.-E-~511 (hose  only) 

IIIL-!:-s~ll (hose  only) 

I.IL-?-sSll (hose  only) 

hiL-i1-5511 (hose only) 

S-287h1 assembly 

riS-287hl asseplbly 

1,,-287L1 assembly 

~ ~ - 2 8 7 1 r l  assembly 

1,,-28741 assembly 

;1,-287&1 assembly 

idomlnal I o .  of Lime €or  Fal lure  
Size  Tests hin.  hax. ( ) Average - 

Tiin:,ec. M1n:Sec. hln:sec. 

-12  

-12 

-4 
-6 

-8 

-12 

- 16 
- 20 
-4 
-6 

-0 

-12 

- 16 

-20 

10 

3 

7 

10 

9 

10 

6 

7 

11 

9 

9 

12 

11 

4 

0:45 

6:59  

4:03 

6:42 

4:49 
3 6 0  

1: 25 

1:?7 

1: 25 

0:52 

1:12 

1:57 

1:20 

1:50 

1:lO 

0:38 

. 1o:oo i '  

,7 10 boo 

710 : 00 

10 : 00 

5:25 

1 :SO 

,> 10 : 00 

1- 1o:oo 

; 1o:oo 

; 1o:oo 

-; 1o:oo 

2:30 

1 :oo  

7 :31r 

6 :21 

9852 

8 : O O  

7 :05 

31 32 

I: 38 

6:02 

5 252 

2: 24 

b:15 

2:53 

2:03 

('.) i! m a n m u m  time of  2 1 O : O O  l n d x a t e s   t h a t  the tes t   contmued for a t o t a l  
of ten  conhnuous  mlnutes  rnthout  any  cqns of  f a l u r e  to the hose o r  
assembly, 
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6 assembly. Th l s  f a l l u r e  was not due to   rup tu re  of tubmg  but  t o   t h e  hose 
Thzs 1 s  c l e a r l y   s e m   I n   t h e   t e s t  whlch gave the  m~nmum  value f o r  t he  MS-28741- 

blowmg  off  the end f l t t m g .  The t e s t  on the  $IS-287b1-16 assembly t h a t  gave 
the  madmum  tlme f o r  f a l l u r e  was of greater   durat lon t h a n  sunllar t e s t s   f o r  
the  hose  only, less   f l t t lngs.  Thls T I ~ S  unusual,  but  dld  occur  occaslonally, 
posslble  clue t o  the   d l f fe rence   In   the  age of the  asscmblles. There were a l s o  
mstznces uhen t h e   f l r e   r e s l s t a n c e  of  a  hose Increased vhen t h e   f l r e   t e s t  was 
l n t e r r u p t e d   a f t e r  one or  tvo  mlnutes of operatlon. I n  most cases where such 
an   l n t e r r cp t lon   l n   t he   t e s t   occu r red ,  a much g r e a t e r   t u l e   u n t l l   f a l l u r e   r e -  

of the  hose body a s   v e l 1   a s   t h e   a b l l l t y  of the  end f l t t l n g   t o  remam  attsched 
sulted. Thls preheatlng of the  as-eribly seer'ed t o  lmprove t h e   f l r e   r e s l s t a n c e  

t o  the  bosy of the  hose. 

semblles. One  was the  separat lon of the  hose body  from the end f l t t i n g  and 
TTJO types of f a l lu rc   occu r red   wh l l e   f l r e   t e s t lng   t he  i.Is-287h1 as- 

the  other TUS the  leakage resulting from the damxged hose body. Fa l lure  of 
the  NTL-H-5512 and the   t e f lon   l lner   assembl les  was due to   l eakrge .  In none 
of t h e   t e s t s  conducted on those  assernblles  dld  the  hose  body  separate from 
the  end f l t t m g .  

m p r o p e l l e r   f e a t h e r l n g   l l n e s   a r e   l u t e d   I n  Table 111. The condltions of flre 
and v lbra t lon  were the  same a s  used I n  prevlous  tes ts   except  where noted, The 
condltlons of 011 flow and p e s s u r e  were; 0.3 gpm at  150 p s l  f o r  4-1/2 mnutes ,  
lmmedlately  followed  by 2.3 gpm a t  1700 ,os1 f o r  30 seconds.  Ihe MIL-H-5512 
assenbhes  used m t h e s e   t e s t s  had protectlve  sleeves  over  the  coupllng  nuts.  

A few f l r e   t e s t s   u s l n g  a less  compllcated  procedure  vere  conducted 

Resul ts  of t h e   f l r e   t e s t s  conducted on assemblles  lntended for use 

on assenbhes   ln tended  f o r  use  In  propeller  featherlng  systems.  In  these 
tes t s ,   the   assembl les  :'ere subjected t o  f l r e  and vlbrat lon  r rhl le   contalnmg 

method whlch simulates operatm6  condltlons.  However, resulLs o€ t h l s  type 
011 a t  1700 p s l  and no flow. Thls  method of  t e s t  1s more severe  than  the 

a re   no t  always the  same. Ac tua l ly ,   t h l s   pa r t l cu la r   t e s t   r ep resen t s   t he  most 
of t e s t   c a n  be depended upon regard less  of the  operat lng  condl t ions,   whch 

Severe  operatlng  condltlon. It a lso   smpl l f les   the   p rocedure  so t h a t  much 
l e s s  equlpment 2nd operatlng sklll 1 s  requlrad.  Results of t h e s e   t e s t s  where 
s t a t l c  011 a t  1700 p s l  was cont l lned I n  the  l lne  vere:  

MIL-H-5512-10 f a l l e d  m 3 mnutes  and 25 seconds. 
SSFR-3800-10 f a l l e d  m 5 mmutes and 24 seconds. 

A f e r   f u - e   t e s t s  were conducted on hose assembhes   to   de te rmme  the l r  
s u t a b l l l t y   f o r  use I n  ex t lngulsh lng   sys tems  loca ted   In   f l re  zones. I n  these 
t e s t s ,  some -10 flexlble  metal   asselnblles were subJected t o   f l r e  and v lb ra t lon  
f o r  10 mnutes ,  a t  whlch  tune Ir pounds of CO was dlscharged  through them m t h -  
Out loss  o f  agent. S l m l a r  t e s t s  on 1IS-287&10 assemblles   mdlcated  fa l lure  
in 1 t o  3 mmutes. 



l9OGOF flame 

1900OF flame 

12000F flane - no v lb ra t lon  

2UOOOF flame - no v lb ra t lon  



COMCLUSIOWS 

equipment and  crocedure  descrlbed I n  t h l s   r e p o r t   c o q r l s e  a su i t ab le  means 
fo r   sub jec t ing   f l ex ib l e   t ub lng   a s sembl l e s   t o  simulated fllbt f l r e  conditions. 

~OI4PTEJlJATIONS 

From t h e   r e s u l t s  of the  tes ts   conducted,  It i s  concluded t h a t   t h e  

It i s  recommended tha t :  

f l r e  t e s t s  on hose  and  hose  assemblies t o  deterrmne t h e i r   s u i t a b i l l t y   f o r   u s e  
i n  porrer p l an t   l n s t a l l a t lons .  

1. The t e s t   f x l l l t l e s   d e s c r l b e d   I n  t h s  report   be  used III conductlng 

operating pres>ure  of t h e   l l n e   b a n &   t e c t e d   l n s t e a d  of t he  previously specif led 
35 t o  40 p s ~  

2, The f l u d   p r e s s u r e   a p p l l e d   d u r l n g  the f l r e   t e s t  be the same as the 

3 .  In   conduc t ing   f l r e   t e s t s  on Lnes   ln tended   for   use  In a propel le r  
f e a t h e r m g  system, s t a t l c   p re s su re   (no  flow) be employed. 

he Condltlons of v l b r a t l o n   s m u h t m g  rou& engme  operatlon  be An- 
corporzted m the  conchct of t h e   f l r e   t e s t .  

The author  bushes t o  aclnovledge  the  excellent  cooperatmn of the 
Aeroqulp  Corporatlon,  Jnchor  Couplmg Company Inc.,  :tnca  Incorporsted, 
Dunbar Ka-ple Incorporated,  Reslstoflex  Corporation,  and  the  Weatherhead 
Company whlch s u b m t t e d   f l e x l b l e  hose  asse~nblles €or use UI tlvs development 
program. 
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N O T  TD SCALE - ALL DIMENSIONS IN INCHES 

FIG -3- VIBRATOR D E T A I L S  
AND TEST ASSEMBLY ORIENTATION 
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