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ABSTRACT

Th s paper introducesthe Rolls Foyce wide cho.d fan b ade and exp ains ts advantaqes

ratio, snubbered fan bLades. The aiest generat on supePlast callv lomed lan b ade is compared w lh other

svles ofran, showing rhe pinclples ol its conslruction and the dutv it has to pelrom

one ol the many requnemenls ior lhe Jan islhat mustbe abLe lo withstand the impactotbirds and srill

produce adequietirusl. The designwork andtestswhich lead eplo eng ne cenn'aionior bnd ingeslon
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inproved, nowever, such a fan woutd also be inpossit'ty
hea!a.. The RoUs-Royce solution is tc nake the blades

l lo l tow wide chord fan b lades are sr i f f ,  e f f ic ient  aqd.
u I L n  L h e  r : q h t  r a r u L a c L L ! i n o  r e c h n r q u e s ,  d r e  d  t s o  v e 4 ,
l i o h r  f o r  ! h e : r  s - z c .  T h .  l i r s L  o . n e r a r i o n  R o I . L s - R o y - e
hol loa fans weie iabr i .a ted f rom r i taniu.a outersk ins
stabilised by a titanim honeyconD core. These btades
have been in service since 1984 and can be found in rhe
RB21L-53584,  the IAE V2500 and the R8211-524C.

The seconat genelation side chord blades have diffusion
bonded superplasticauy forned (DBspF) riraDiun internal
structures lrhich are nore sr.rited to robotic manufacture
and which allow nore efficient usc of the blade core in
carry lng cenrr i fusal  loads,  resul r tng in  a 15% weiqt l t
s " v i r o  a n a  a  ) 0 i  c o s r  s a v r n o  r e I - ! i v -  r o  l o n e y c o m b

The DBSPF wide chord fan is a leature of the Trent 700
selaes of eng'ines goirg into service on the A330 and the
Trent  800 which wi l l  powe!  thc Boeing 777.

so, to sunmarise. the nodern jct enqine fan blade has an
arduous job to do. In a Rolts-Royce enqine such as rhe
Tren! 700, it is approxinatcly one netre tong, on iake
o f f  i L s  t : p  i s  ( r d v e l l i n q  a .  1 e a r l y  1 . 4  - i r e s  ( h e  s p e e o
of  sound,  the aerofo i l  is  cxer t ins a loaal  of  over  90
tonnes force o. the disc. each blade is producinq eell
over  2 t ines the th lust  of  Frank Whi t r le 's  f i rs !  ie t
e i s _ _ e  :  t h c n  r t  n i r s  a  ' . o c l  o f  o j ' o s  -  a n d  r r  n u s t

pesiq:rdnq fo! bild i-Epact

B i r d  j r q e s E i o n  i s  n o  a  r a r e  c v e n r ,  0 1  s v e l d g e  j r
h d p p e n s  o n c e  l n  5 0 0 0  t l  i q h - s .  1 n e  9 ! e d r  r . j o r r  I  y  o t
angestlons cause no engine ddage ar aft. but
occasionally, v,tlen hea!.y birds are involved for
instance, the consequences can be more serious. Fiqure
3 shows an R3211-514E4 shich inqesred 3 or  4 canada
Geese on take off fron Chicago. In this case rhe enqine
continued !o run and was only shut down by the crew when
a safe altitude had Lr€en reached.

This is an extrene exdple : the certificarion
regulations of the FAA and JAA are ained at nore
c o r m o n t y  e n c o u n r e r e o  s j  L u a L i o n s ,  e n s u L r n g  L h e  e n g i n e s
can continue to deliver thrust after inqesting the tFes
of bixds likely to be encountered in flocks (medium
birds current ly  11 ]bs,  soon to be increased to 2+ 1b
for larqer eDqines) and tha! enqines can be safety shur
d o v n  ' t  h e y  i n q e s r  s : n q  e ,  n e a v y  b i r o s  I  ' d r g c  b _ r d s
currently 4 1bs, soon to be increased to 6 or 8 fbs for
larqer  engines) .
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per fomance of  enqines in  serv ice can be
the severity of the regulations to which
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i f  the fan dces not  suf fe!  rhese fa i lures,  the der th of
r n -  I e - d j n o  e o d e  d e n r  m d y  o e  r e s r r i c i e d  " s
the dents dlslurb tire airflow through the fan and can
cause v ib iat ion and thrust  toss which,  as def ined bv a i r

r P q ! l a r ' o n s ,  m u s t  ' o t  e x c e e d  / r 9 ,  o t  L a k e - o f f
thrust after the inqestion of a ntllnber of nedim birds.

The inqestion of a larqe bird is permilted to cause
metal foss fron the aelofoit as lons as rhe out of
balance force qrenerated does not exceed the caDa.bilirw
o l  L h c  e n q i n e  L o  d - b s o r o  j  ,  J s u a r r v  d e m o n s r r a r ; o  b y  a
blade-off. test, and as Ionq as the enqine can be shut

All th:s nust be achieved at ninirM reigbt.

The structure of the DBSPF fan blade tip has evotved
o - a d - . l l / ' ,  r n c o r p o r d c i n s  r n e  r e s L l , s  o I  i n g e s c i o n
!ese"rch work,  honevcorn_o b ldde exper_cnce ano r  inrLc
elemenL sEress rode-Ll !n9.  roody re can very qLic t< ly
p ! o d u c e  - n  f n ! t - d -  o e s i q n  b y  c a . c u r a L i n q  ! c l . t i v e l y
sinple ir0pact pareeters and this apFloach is used to
set the basic layout cf the btade, b,ut increasinq use is
beans made of conplex dl4dic stress modeuinq to
f  , r r h A r  r a F i  n a

- h e  a n d - v s i s  r o o l  - a a r  R o I I s - F o y c e  p r e l e r s  t o  u s e  t s
Dyna3D. This is a finite etencnt code vbich can handte
qeonetrical and haterial non-lineariry and Bhich ras
w l i t r e n  s o e c i l i c d l l v  L o  d e a l  v : - 1  i n p a c L  p ' o b t e h s .
Figure 5 shows a t!?ical nodet, illusrraring hop the
blaale ilefoms undcr the bird iEpact foad.
_ o l l o w ; n o  L n e  d e s - q n  p n a s e ,  E h e  b l a o e  L h e n  h a s  r o  q o
i h r o J o h  d  r i o o r o L s  E e s ! i n 9  p r o a r f f i e ,  t e a o _ n q  u p  r o  r , ] e
f ina l  engine cer t i f icat ion test .

Biral IngestioD Testj-Eg

A s  a  f i l s r  s  e p ,  R o . l l s - R o v c e  u s e s  a  s r m p r r t i e d  b i r d
anpact testing techni.Ile in which a sinqle rotating
b l a d e  i s  j m D a c t e o  b y  "  o e ' a l i n c  d . l m y  o - r o  w h i c h  i s
dropped lnto the fan (fig 5). The tjring of rhe duEq.
bird and the rotation of the fan is closelv controLled
s o  r h a  n e  b l . d e  s l j c e s  o t t  - h e  - o r r e c r . i . .  " ,  r r ' .
correct incialence angle/ thereby reproducing exactfy rhe
pressure loailinqs and ddaqe rhich would be experienced
by the blade in the engine. The blade shosn in figure 7
h a s  , - s (  s l i . e d  r h r o - s h  a  s l n u r d . _ e d  8  t o  d u . m y  b i ! d .

l s  t h i s  r e s '  T e L h o C  s h o w s  a n  o b v : o J s  . o s l  s a v i n q  o v e r
the a l ternat ive of  us inq a fu l ly  b laded fan,  i t  !s
subject to continuous implovehenr, not teasr in the
definitrion of the du@y bird.

It is inportant to have the correct shape, dinensions
and material for tire dumnj'bird in order ro avoid under
or  over  test ing.  Rol1s-Royce is  inrerested io  enrer ing
into collaborative research on this sutiiect not onlv to
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SNUBEERED FAN ALADE

FlG2 wlDE CIiOffD FAN BLADE



FIG 10 TFENT 7OO MEDIIJM ERD CERTIFICATION TEST

FIO 9 }.IOESTION TEST AED
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FIG 7 TBEM FAN BLAOE IMPACTING
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FIG 8 TRENT FAN AFTEF II.GESTT.|G
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FIG 5 DYNASD MODEL OF BIRD IMPACT
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FIG 6 SO|GLE S-ADE RIG ASSS'BLY

Bird release
High speed mechanism

The base probe to
proMoe a once/rev
tngger pulse

Blade canier
assemov



FIG 3 R8211-535E4 AFTER INGESTION

OF 3 OR 4 CANADA GEESE
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FIG 4 BIRD SLICINO IECHANISM


