VETHI Dd: AND APPARATUS FOR MOLDI NG A HOLLOW PAN BLADE ,@@@ @M
FI ELD OF THE | NVENTI ON This invention pertains to fan bl % ;
i el 2o~ £

general and nore particularly to a method and apparatus for

fan bl ades using the resin transfer nolding technique.
BACKGROUND OF THE | NVENTI ON One common net hod of manuf aﬁ@irﬁ%éﬂ‘géﬁl gggN
fan blades is the resin transfer nethod- This nmet hod ¥ orci BE LA

injects resin into a nold that generally contains nunerous cloth strips
surroundi ng an inflated bag, [ S.o t [ r e injected resin to
saturate these cloth stri g’ég%%?%roel‘ |%1§?§§§%T%ér) Fcét}{]es. Afterwards, the
bag is renoved through an o | (gu t he neck of one-piece
fan bl ades) and the bl ade r%&ggefgo%&m I‘%%fgﬂ?girz subsequent cl eani ng
and i nspection. A probl em associated with the resin injection nethod
concerns air that may becone trapped within the nold. If this air is not
conpletely vented upon the i nfFEELDOOFQTHE TENVENSION (i.e, the resin repl aces
the air within the cloth within the nold), the blade will be cured with air
bubbl es t her ei Fhil§ dnveationgpetrtaims | {o riafuddadre inrgeperabfandandriade.
The result of air bubbles trapped within the cloth layers is the formation
of "dry" HuEdiIlagly ko ethod ol appprates P% neHEinG RILIOAR  of

restn. blades using the resin transfer molding technique.

BACKGROUND OF THE INVENTION

One common method of manufacturing hollow fan blades is the
resin transfer method. This method forcibly injects resin into
a mold that generally contains numerous cloth strips surrounding
an inflated bag. It is the intent for the injected resin to
saturate these cloth strips before it hardens or cures.
Afterwards, the bag is ;emoved through an opening (suéh as
through the neck of one-piece fan blades) and the blade removed
from the mold for subsequent cleaning and inspection.

A problem associated with the resin injection method
concerns air that may become trapped within the mold. If this
air is not completely vented upon the injection of the resin
{i.e. the resin replaces the air within the cloth within the
mold), the blade will be cured with air bubbles therein which can
significantly reduce the strength of the blade. The result of
aiﬁ bubbles trapped within the cloth layers is the formation of
"dry" areas of cloth which are not "“wet out" with the proper
amount of resin.

It is an object of this invention to provide a method and

apparatus that more evenly and uniformly distributes resin
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It woul d be advant ageous of at | east preferred enbodi nyg
I nvention to provide a nmethod and apparatus that nore ¢

SHEET ks, BEEN

distributes resin throughout the nmold. It would be adjant agBERIAGER at

| east preferred enbodinents of this invention to ovide ror. nner
of inflating an internal pressure bag while still enabling resin to be
transferred over the pressure port. |t w8dld be advant ageous of at |east

preferred enbodi nents of this invention to provide a

- 2- met parat us .that | apabl ' ' Qf
differentl r}%%??%ggﬁﬁoﬁhgww&r?‘bl a e%tcrteor %’%ﬁ%& c% g:lgltq% aj’r%%“t? %‘t l%ma}.tc’t er)
of ~ superi rfidel E¥r a mdinerVBY¥! fnrPStiAfUANI RS Rhrelbul-8a5dg RAANG M ed
enbodi ments of this invention to provide a nmeans of displacing air
entrapped still enkbeiabotbBsiayesSpantraidfasred besrnthe prédsurde porai.d and
saturate the cloth layers properly. It wuld be advantageous of at |east
preferred éelodinether objedt sof ithientingent don i dee prbwige oslueeihad \angf

nol ding fan blades since the rejection rate will be reduced. It would

be advant agRRe¥Fadusatthpgads ee@fempddingnt svabietniaf | d&friantlvo
Davant ages SR boTRAYeREDORLAdRE | [OF "O\giRzo ABICCEREPEnEIAE MARKFT) fof t her
I nvesti gat isqﬁ'erior quality. Anotl%]r \écg:og 'ﬁilsN:\L/Engxjﬂg\én is to provide
a means of displacing air entrapped within the cloth layers and
allowing resin to fill the void and saturate the cloth layers
properly. Yet another object of this invention is to improve the
productivity of molding fan blades since the rejection rate will
be reduced. Still another object of this invention is to provide
a means of molding more aerodynamic shaped blades. These and
éther objects and advantages of this invention willi become
obvious upon further investigation.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a top pictorial view of the invention with the
upper mold removed for clarity.
Fig. 2 is pictorial sectional view of the neck region of the
invention taken along lines 2-2 of Fig. 1.
Fig. 3 is a pictorial sectional view of the neck region of
the invention taken along lines 3-3 of Fig. 1.
| Fig. 4 is a pictorial sectional view of the neck region of
the invention taken along lines 4-4 of Fig. 1.
Fig. 5 is a pictorial sectional view of the resin injection

region of the invention taken along lines 5-5 of Fig. 1.
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In & first aspect the present invention provides a nolding system

conprising a first nold and a separabl e nat chi ng seconpijml
and second nol ds defining a recessed nolding region th ?Zlge%ﬁamggh%@' n
groove in at |east said first nold extending al ongsi del_huL, Df romgaid

nmol dirng region; a gap internediate said first and second nol ds when said
nmol ds are secured together said gap fornmT#r a passageway between said resin
groove and said nolding region; resin injection means coupled to said resin

roove for forc .ectin esin int a toove, .said r ntrael n
gl onjé sai d grooi}gl% aﬁnjﬂ'& ngﬁggg?lfﬁ'elrﬁ‘? llspé“? l%‘ﬂ;/()f t el i ngf%%%\ ;/?1 o:Jgﬁ
sai d gap, |{H§§ kgthIBﬁ i p ég a3 def gt and second nol ds; vent
means coupl e °to srﬁg' @g reg |§ ?nr venting sg mol di ng region, said

vent nmeans bei ng spaced from W@sbp P oMEeNaIdnseal neans for sealing
or enclosing said nolding region and said resin groove. In a second

aspect the presertat nientdisciysed dés a nrobéthof systdnnghadnptysicgllhe
steps of constructing and arranging a first nold and a separabl e matching
second nol deongists i etaafidrsbcnaddnsehds ad@ﬁpﬁrﬁlgl%l bek enatehing dseeendgi on
t her ebetween;_installing g re5| n groove in at least said first nold, sald

resin groovBOHkt endiPf§ealiorsi APDUTSSTRE JROFISm BEY ReFUNSH Fegebher.

define a recessed molding region therebetween. A resin groove
is made in one or both of these molds with this groove extending
alongside but spaced from the molding region. Between these
first and second molds exists a minute gap which occurs when
these molds are secured together. This gap extends between the
outer resin groove and the inner molding region. Resin is
forcibly injected into the resin groove, not the molding region,
via a resin injection assembly. This re;in then takes the path
of least resistance by first travelling along the resin groove
before being subsequently forced out of this groove, through the
gap, and into the molding region of the first and second molds.
A vent is secured or coupled to the molding region for venting
purposes as the resin is injected into the cloths in the molding
region. This vent is spaced from the resin groove and is located
and designed so that the cloths in the mold will first become
filled with resin before any such resin is vented. In order to
prevent the resin from leaking out of the molding region, a
manner of sealing between the first and second molds is included
which seals or encloses both the molding region and the resin
groove.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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formng a gap internediate said first and second nol ds when said nolds are
secured together, said gap extendi ng between said resin groove and said
nol di ng region; coupling a resin injection assenbly to said resin groove
for forcibly injecting resin into said groove, said resin travelling al ong
sai d groove and bei ng subsequently forced out of said groove, through said
gap, and into said nolding region of said4irst and second nolds; coupling
a vent assenbly to said nolding region for venting said nolding region,

said vent asse bei,ng spaced_from said resin groove; and sealing or

encl osi ng sai d"%%’%qqu edPO 18R dYs&Pd Fidsi b QFB%K'/% ¥ S0 A TR PR

BRI EF DES Fi 1 ] pLctorial view of an
enbodinenfp%¥g%ﬁ%ksﬁsgﬁ¥%€ﬁgg%?%§i%8 SSpgghﬁ%F%f?g%%v #%%SCFEY??é%on'

Fig. 2 is pigi®m 1RECEL SN 19 : j [ t of
Fi gure 1 tgﬁen :ﬂ%ﬁéﬁlai %\%5 2- 1%’) g%%béé};iu B$8¥ ﬂ(%?ig.% géﬁré&%&s?gggr@.

sectional viefoof claeiterkan®ghebcwing hEowsitadirenis ,0fbdtoWe vwhidkan-&l ong
lines 3- 3 of Fig. 1. Fig. 4 is a pictorial sectional view of the
neck regi orc@ifidwresniydtihmatclofngicgncavé nelicimgakregiohs nes therdint Rrg. 1.
Fig. 5is a pictorial sectional view of the resin injection region of the
enbodi ment Pt atRRie pregreve dashd 8 wasid sypigpliygbe placed withis thisy

pi ctori al ction view of the vent region of the enbodi ment of Figure 1
Paken ar ong §qaraednoyihd negion’ 18 it shia Hag  Battus 1im BRies cqysted

PREFERRED ENBG¥&£4¥$G§ cloth strips 20 in the normal manner. Generally,
these cloth strips would be constructed of glass fibers, but
other constructions of cloth strips 20 may also be suitable.

Extending along opposite sides of recessed molding region
16 are resin grooves 22 which, in this embodiment, are shown as
being created in lower mold 14. However, resin grooves 22 can
also be located in upper Aold 14 or in both such molds 12 and 14
if so desired. These resin grooves 22 would typically surround
most, if not all, of molding region 16. Resin grooves 22 may be
of any size or shape so long as injected resin 24 can freely
travel thérealong. Such resin 24 is injected into one resin
groove 22, as shown, via injection port 26, but if desired, a
duplicate injection port 26 can be installed with respect to the
opposite resin groove 22. Thus, resin 24 is not injected
directly into molding region 16 as would typically be the case,
instead, resin 24 is injected into grooves 22 through which it
travels before being forced into cloths 20 in molding region 16
through minute gap 50 that exists between upper and lower molds

12 and 14.



Referring initially to Fig. 1, there is shown a top plan view of nolding
system 10 as contenplated by this invention. This nolding system 10
conprises upper nold 12 (renoved fromFig. 1 for clarity) and matching

| ower nold 14, both of which are configured with matching concave nol di ng
regions 16 therein. An inflatable pressu%e bag 18 would typically be
placed within this recessed nolding region 16 with this bag 18 usually
bei ng covered by nunerous cloth strips 20 in the nornmal manner.

General |y, thepgcatolhastdddis regubd be &lemﬁbegygéeﬂlf@s id heresihut
ot her constructions of cloth strips 20 may al so be suitable.

Ext endi ng a&lresgooppaitdcrresBdagindh Hecessedoninithmgond@icenthd @ppoaitediyn

grooves 22 which, in this enbodi nent, are shown as
spaced resin grooves 22. as indicated in Figs. 2 and 4, this
crossover groove 30 1is created in upper mold 12, but it could
also be in lower mold 14 if so desired upon a simple design
change in molding system 10. Basically, crossover groove 30
provides a means for the oppositely spaced resin grooves 22 to
be interconnected and cross over air inlet 32. This is shown by
arrows 33 in Figs. 1 and 4.

Referring now to Figs. 1-3, air inlet 32 in neck region 28
provides direct access to the interior of pressure bag 18 thereby
allowing this bag 18 to become pressurized upon coupling inlet
32 to a pressure source (not shown) . This air inlet 32 is
surrounded by elastic seal strip 34 that fits within éroove 36
in neck region 28. Elastic seal strip 34 extends slightly above
groove 36 such that when upper and lower molds 12 and 14 are
sealed together, seal strip 34 is compressed thereby sealing
against groove 36 which will consequently prevent any resin 24
from leaking into bag 18 or out of neck region 28 along groove
36. Additional sealing is accomplished by transverse O-ring seal
48 which butts against seal strip 34.

Fig. 5 discloses a sectional view of injection port 26.
This port 26 would also incorporate elastomer seal 38 that fits
into groove 40. However, groove 40, as indicated, does not
extend all the way to molding region 16, instead, groove 40 stops
short of this region 16 and terminates instead at or just past

resin groove 22 as shown. Also, elastomer seal 38 extends



being created in lower nold 14. However, resin grooves 22 can also be

| ocated in upper nold 14 or in both such nolds 12 and 14 if so desired.
These resin grooves 22 would typically surround nost, if not all, of
nol di ng region 16. Resin grooves 22 may be of any size or shape so long as
injected resin 24 can freely travel therealong. Such resin 24 is injected
into one resin groove 22, as shown, via-fnjection port 26, but if desired,
a duplicate injection port 26 can be installed with respect to the
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upper and kBeeeLPOLES1idd 3§sidde groove 40 which prevents any resin 24
from leaking out of molding system 10 via groove 40. Instead,
all the injected resin 24 is forced into resin grooves 22.

Referring now to Fig. 6, there is shown vent 42 which would
typically be located at the tip of the molded blade (or other
object) as shown in Fig. 1. 1In other words, vent 42 is located
some distance away from resin grooves 22 so that vent 42 will be
the last area reached by the injected resin 24. Consequently,
by the time resin 24 reaches vent 42 (this resin 24 saturating
cloth strips 20 and displacing the air therein), the entire area
of molding region 16 exterior of pressure bag 18 will have been
filled by such resin 24. Thus, once vent 42 begiﬁs to bleed or
vent 100% resin 24, no further resin 24 need ke injected into
molding system 10 since all of molding region 16 outside of
pressure bag 18 will now be filled with such resin 24. When this
occurs, all of cloth strips 20 will also have been saturated by
resin 24.
However, before 100% resin 24 begins to escape via vent 42,

this vent 42 would first provide a means for air to leave molding
region 16 as such air becomes displaced by the injected resin 24.
Again, wvent 42 incorporates a pressure seal 44 placed within
groove 46 which may be created in either or both upper and lower
molds 12 and/or 1l4. This seal 44 will be compressed in the
typical manner upon the sealing of these molds 12 and 14

together. Such compression will cause pressure seal 44 to seal



Located at neck region 28 of nolding system10, is a resin crossover
groove 30 which is used to inter-connect the oppositely spaced resin
grooves 22. As indicated in Figs. 2 and 4, this crossover groove 30 is
created in upper nold 12, but it could also be in lower nold 14 if so
desired upon a sinple design change in nolding system10. Basically,
crossover groove 30 provides a neans for ~¥he oppositely spaced resin
grooves 22 to be interconnected and cross over air |nIet 32. ThIS i's shown
nom1 3 air inlet

32 in neck AuBiBsEARoRte dtiecMrreas RRRERS §ifnebs NER &7 BFE de°s§d11e
bag 18 t her ey w&&'w%qam? ot el Qobt;ﬁ}fa%?gfaeﬁs% athEln gsé&%”'
inlet 32 to a pressure sou sho isarr 8t

surrounded hg aehashbtasess éﬁctl:p; %Aant Q%Eafuétxhé’\"stmf&hnvghﬁoli?. 36 in neck

region 28. Elastic seal strip 34 extends slightly above groove 36 such
t hat when upper %hed dwawingwladsoldiseloded oattng seal 48 that extends just
inside the outer periphery of lower mold 12 in order to encircle
or enclose both resin groove 22 and molding region 16. Again,
if desired, O-ring 48 can be of any configuration and can be
constructed to extend along upper mold 14 as well. O-ring 48 is
sized to extend slightly above its respective groove in the
typical manner so that when upper and lower molds 12 and 14 are
closed, a seal will be formed. However, a slight or minute gap
50 will still exist between these upper and lower molds 12 and
14 in the vicinity of resin groove 22 with the gap 50 being in
the order of a few thousandths of an inch or so thick. It is
through this gap 50 that resin 24 is squeezed or travels as it
passes from grooves 22 and 30 into molding region 16.
Since resin 24 will be forcibly injected into molding system
10, this same energy will be the driving force causing resin 24
to squeeze through gap 50 toward molding region 16 along the
length of grooves 22 and 30. However, O-ring 48 will prevent any
such resin 24 from leaking out of molding system 10 instead, O-
ring 48 will contain this pressurized resin within is boundaries.
As a result of this method of construction, after resin 24 has
cured and molding system 10 is opened, a thin extension of cured
resin 24 will need to be chipped or otherwise removed from around

the perimeter of the now molded blade or object.



seal ed together, seal strip 34 is conpressed thereby sealing against
groove 36 which will consequently prevent any resin 24 fromleaking into
bag 18 or out of neck region 28 along groove 36. Additional sealing is
acconpl i shed by transverse Oring seal 48 which butts against seal strip
34. Fig. 5 discloses a sectional view of injection port 26. This
port 26 would also incorporate el astomer S&al 38 that fits into groove 40.
However, groove 40, as indicated, does not extend all the way to nol ding

[ [ , 4 t hort. of .this . region 16 and terninates
natead ai or  uer SERPRY e et Sna® B8R HsSe" Edhehichd Hang Thea
38 extends perimeter of Hd19AhhY=3RP¥E £ O0¥RsE0aSUHL tHBLnasn URRET 3‘%”%{:

| ower nolds 12
neck region 38 a small gap in O-ring 48 will exist which will be

just wide enough for elastic seal strip 34 to fit therebetween.
Thus, as this elastic seal strip 34 is compressed, it will not
only seal against its respective groove 36, but also against O-
ring 48 so as to prevent any escape of resin 24. Likewise, as
shown in Fig. 6, a similar gap in O-ring 48 will exist at vent
42 which will be just large enough for pressure seal 44. Thus,
upon the closing of molding system, pressure seal 44 will be
forced to form a seal with O-ring 48. In this fashion, while O-
ring 48 is, in reality, not continuous, it acts as if it were one
continuous O-ring. As shown in Fig. 5, O-ring 48 passes
underneath injection port 26 and its associated groove 40. 1In
this fashions O-ring 48 and elastomer seal 38 will be in contact
with each other to prevent the escape of any resin 24 from
molding system 10.

Thus, for operation, molding system 10 would be opened so
that pressure bag 18 and cloth strips 20 could be placed within
molding area 16. The end of bag 18 would generally extend
outside molding system 10 as shown so that air inlet 32 could be
placed in position to pressurize bag 18. The closing of upper
aﬁd lower molds 12 and 14 would effectively seal molding region
16 with O-ring 48 preventing any leakage or escape from within
system 10. Resin 24 would then be forcibly injected into resin
grooves 22 with any displaced air being vented via vent 42. This

resin 24 will take the path of least resistance and subsequently



and 14 are seal ed together, elastoner seal 38 is conpressed thereby
seal i ng agai nst groove 40 which prevents any resin 24 from/l eaking out of
nol di ng system 10 via groove 40. Instead, all the injected resin 24 is
forced into resin grooves 22. Referring nowto Fig. 6, there is shown
vent 42 which would typically be located at the tip of the nol ded bl ade
(or other object) as shown in Fig. 1. In®other words, vent 42 is |located
sonme di stance away fromresin grooves 22 so that vent 42 mﬁll be the |ast
area reached cted r 4. Conse Lme_resin 24

y. the inj

r eaches veﬁ't"lg tf?ﬁfag %igm %4 SSHJ aPTRg’e% F%r?”gﬁrﬁg (Yeﬁngr&ogﬁl Gi ng
the air thghel )suHi] fﬂé' fff!P&'eEi' Rg EEYLOD %15 s%iﬁe%fée%h‘ifou
pressure bag ig Eave een f?-ﬁ%) such resin 4. once 3ént 42
begins to Bhaed @dp steBh 109%dE o mdtainy ardat Ner bRseNradimend agins
injected into nolding system 10 since all of 'nolding region 16 outside of
pressure bag khter Imeoliirie &réd edew tit swicll resiurare eih t bksipsceors,
all of cloth strips 20 will also have been saturated by resin 24.

therein and f£ill the area between pressure bag 18 and upper and

lower molds 12 and 14. In doing so, any air within grooves 22

or 30 and any air within the region between bag 18 and molds 12

and 14 will be forced out through vent 42 until such time that

no more air is vented and instead 100% resin now escapes via vent

42. At this time, further resin injection will be curtailed with

the resin 24 within molding system 10 being allowed to cure.

Afterwards, molding system 10 would be opened and the molded

object or air foil would be removed.

i
While the above described molding system 10 is designed

primarily for use in creating a great many different hollow

airfoils or fan blade designs, the features of this system 10 can

easily be modified so that other devices can likewise be created

with this process and utilizing similar structure. For example,

by deleting pressure bag 18, solid devices can easily be formed



FbméVer,.before 100% resin 24 begins to escape via vent 42, this vent 42
woul d first provide a neans for air to | eave nol di ng——-ﬁe%rﬁg‘ﬁ%;
becones di splaced by the injected resin 24. Again, Ve SHEE] rpot
pressure seal 44 placed within groove 46 which nmay {be crRERIAGEBn ei ther or

bot h upper and |Iower nolds 12 and/or 14. This seal
in the typical manner upon the sealing of%hese nolds 12 and 14 together.

Such conpression will cause pressure seal 44 to seal
- 7-  agai NS{hopy ea §%. as shown in Fig. 6, vent 42 extends all the
way to nol ding region. “hat any air between pressure bag 18 and nol ds

Oring seal 48 that extends jus
(a) a first mold and a separable matching second mold, said

12 and 14 can esgape1dimy SYReCBbnflising: The draw ngs also disclose
t

first and second molds defining a recessed molding region
therebetween;

(b) a resin groove in at least said first mold extending
alongside but spaced from said molding region;

(c) a gap intermediate said first and second molds when said
molds are secured together, said gap forming a passageway between
said resin groove and said molding region;

(d) resin injection means coupled to said resin groove for
forcibly injecting resin into said groove, said resin travelling
along said groove and being subsequently forced out of said
groove, through said gap, and into said molding region of said
first and second molds;

(d) vent means coupled to said molding region for venting said
molding region, said vent means being spaced from said resin
groove; and,

(£f) seal means for sealing or enclosing said molding region and
said resin groove.

2. The molding system as set forth in cClaim 1 wherein the
molding system is elongated and wherein a said resin groove
extends along opposite longitudinal sides of said molding region.
3. The molding system as set forth in Claim 2 wherein said vent

means 1is located at a first longitudinal end of the nmolding

system.
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i nsi de tﬁe outer periphery of lower nold 12 in order to encircle or

encl ose both resin groove 22 and nolding region 16. Again, if desired,
O-ring 48 can be of any configuration and can be constructed to extend
al ong upper nold 14 as well. Oring 48 is sized to extend slightly above

its respective groove in the typical manner so that when upper and | ower
nmol ds 12 and 14 are closed, a seal will B¢ formed. However, a slight or
mnute gap 50 will still exist between these upper and | ower nolds 12 and

14 i he vi,ci ni f ] 22, W th bgi i rder
of afew thagsandihe B anY nERCos T heRt. TERL e GUGR LR s ‘DES0ED

that resin 24mpsisghgezgd Qbsihaveh®sadvhl BRsses fL@YaEEPOVEs 2208BHg30
into nol ding region 16. Since resin 24"wi || be forcibly injected into
mol di ng sysftemyit@dindil sesanefenrdegmalidihgbeybben(r sdiagresife ctagsoler
resin 24 to squeeze through gap 50 toward nol ding region 16 al ong the

| ength of gPEoo¥e Prtewcbrgectimgesenid GppositelFesinl gpoevent any such
resin 24 from|leaking out of nolding system 10 instead, O ring 48 wll
contai n thi 8-preSRer iBAAINGsi FYSFeRi RS s Sebunfritlesin  Claim 4  further

comprising an inflatable bag inserted within said molding region,
said inflatable bag being coupled to an air inlet for the
pressurization of said bag within said molding region.

6. The molding system as set forth in Claim 5 wherein said air
inlet is located at said second longitudinal end of the molding
system.

7. The molding system as set forth in Claim 6 wherein said
resin crossover groove is in said second mold.

8. The molding system as set forth in cléim 7 wherein said
molding region is in the shape of an air foil.

9. A method of molding comprising the steps of:

(a) constructing and arranging a first mold and a separable
matching second mold, said first and second molds defining a
recessed molding region therebetween;

(b} installing a resin groove in at least said first mold, said
resin groove extending alongside but spaced from said molding
region;

(c) forming a gap intermediate said first and second molds when
said molds are secured together, said gap extending between said
resin groove and said molding region;

(d) coupling a resin injection assembly to said resin groove for

forcibly injecting resin into said groove, said resin travelling

LLLL]




As a‘resﬁlt of this method of construction, after resin 24 has cured and

nol ding system 10 is opened, a thin extension of cured resin 24 will need
to be chi pped or otherw se renoved fromaround the perineter of the now
nol ded bl ade or object. It should be noted that Oring is

not continuous along the perineter of nolding system 10. |Instead, as shown
in Fig. 3, at neck region 38 a snall gapien Oring 48 will exist which

will be just wide enough for elastic seal strip 34 to fit t her ebet ween.
Thus, as this elasti.c seal strip 34 js conpresse ' not, only sea
against its iggﬁef’f“r"ée g§|°83\?e BRANG RPSRE YO f°”’r°|"="ﬁg N S%Pa\é g

prevent any,g

Qap in Or; %g g \Mﬁr&%ﬁls tr.L, vq'ahafe‘éﬂnﬁennélé s21P Wb 1Idi g $egBon?osi HhEE"
first and second molds;

(e} coupling a vent assembly to said molding region for venting
said molding region, said vent assembly being spaced from said
resin groove; and,

(f) sealing or enclosing said molding region and said resin
groove via a seal assembly.

10. The method of molding as set forth in Claim 9 further
comprising the step of constructing said first mold as an
elongated said mold and wherein a said resin groove extends along
opposite longitudinal sides of said molding region.

11. The method of molding as set forth in Claim 10 further
comprising the step of locating said veﬁt assembly adjacent a
first longitudinal end of said first mold.

12. The method of molding as set forth in Claim 11 further
comprising the step of installing a resin crossover groove
adjacent a second longitudinal end of said first mold, said resin
crossover groove interconnecting said opposite resin grooves.
13. The method of molding as set forth in Claim 12 further
comprising the step of inserting an inflatable bag within said
molding region, said inflatable bag being coupled to an air inlet
for the pressurization of said bag within said molding region.
14. The method of molding as set forth in Claim 13 further
comprising the step of locating said air inlet at or adjacent

said second longitudinal end of said first mold.
-
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42 Which will be just large enough for pressure seal 44. Thus, upon the

closing of nolding system pressure seal 44 will be forced to forma seal
with Oring 48. In this fashion, while O- ring 48 is, inreality, not
continuous, it acts as if it were one continuous Oring. As shown in
Fig. 5, Oring 48 passes underneath injection port 26 and its associ ated
groove 40. In this fashions Oring 48 arkB-el astoner seal 38 will be in
contact wth each other to prevent the escape of any resin 24 from

nmol di ng system 10. Thus, for, operation, noldin stem_10 woul d be
opened so Ihat THFediaiedhAf 1BOLHNE I3t hset r FPEtRoL G{‘Blﬁe 14 BFRE® hi n

ol g n9 2 ks il EnErde G (P LRI IRHL A IULLLL RXEERD, o\?éil Yelltve

nol di ng sysct air cou T Aced

position tqrp@gsiaugeégngalgoﬂ@ The cl OSI ng of upper and Iower mol ds 12 and
14 woul d effectively seal nolding region 16 wth Oring 48 preventing any
| eakage or 1@scapgel mubnadt M nSMEimM d9. sdeskortdd MaUkdatifen sberdraimeirbl y
injected into resin grooves 22 with any displaced air being vented via
vent 42. Thicsmprising the step of constructing and arranging said molding

region in the shape of an air foil.



resin 24 will take the path of |east resistance and subsequently

-9- wll travel along and fill grooves 22 and crossover groove 30 until
such time that it is forced to travel or squeeze through small gap 50 on
its way to nolding area 16. Once resin 24 begins to enter nolding area 16,
It will saturate cloth strips 20 therein and fill the area between
pressure bag 18 and upper and | ower m){lﬂs 12 and 14. In doing so, any air
wi thin grooves 22 or 30 and any air within the region betwen bag 18 and
nolds 12 and 14 will be forced out through vent 42 until such tine that
no more air is vented and instead 100%re5| nn now escapes via vent 42. At

this time, further resin | ETHORORAND Ag PPARAF th the resin 24
wi t hin nmol ding system 10 bei ng al | owed to cure.
MOLDING A HOLLOW FAN BLLADE
ABSTRACT

A method of and apparatus for molding hollow items using the resin transfer
molding technique in such a manner that the resin is more uniformly distributed about
and along the molding region of the mold. This is accomplished by installing oppositely
spaced grooves (22) in the mold and injecting resin directly into these grobves 22).
Upon such injection, the resin travels along and fills the groove (22) (by taking the path
of least resistance) before such resin is squeezed or forced out a mimute gap (50) that
exists between the molding surfaces (12) and (14) and into the molding region of the
mold (10). As such resin is being forcibly injected into the cloths (20) in the mold (10),
a vent (42) permits any air displaced from the cloths by the resin to be released.

Fig. 1
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AFfermardS,"hDIdfng.Syéi6ﬁ110 woul d be opened and the nol ded object or air

- L0i | "woul d be renoved.

Wi | e the above described nolding system 10 is

designed primarily for use in creating a great many different holl ow

airfoils or fan bl ade desi gns,

process and utilizing simlar struct
bag 18, solid devices can easily be
REPLACEMENT SHEET VWHAT 1S CLAI
conpri si‘ng:

the features of this system 10 can
be nodified so that other devices can |likew se be created wth this

(a) a first nmold and &
first and second nolds defining a recessed nol di ng region

easily

%83. For exanple, by deleting pressure
for ned

S: 1. A nolding system
par abl e mat chi ng second nold, said
t her ebet ween;
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(9) a:resin groove in at least said f irst nold extending al ongsi de but

spaced from sai d nol di ng region; (c) agap internediate said first and
second nol ds when said nol ds are secured together, said gap form ng a
passageway between said resin groove and said nol ding region; (d)

resin injection neans coupled to said resin groove for forcibly injecting
resin into said groove, said resin travelling al ong sai d groove and being
subsequently forced out of said groove, through said gap, and into said

nol di ng region of said first and seco% nol ds; (d) vent neans coupl ed
to said nolding region for venting said /3nDId|ng regi on, said vent neans
bei ng spaced fromsaid resin groove; and, (f) seal neans for sealing or
encl osi ng said nol ding regi on and qui sin groov 2. The nol di ng
systemas set forth in Cggn 1l whereih't nnlg stemis el ongated

and wherein a said resin gropve a9
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ext ends al ong opposite |ongitudinal sides of said nolding region. 3. The
nol ding systemas set forth in Cdaim2 wherein said vent neans is |ocated
at a first longitudinal end of the nolding system 4. The

mol ding system as set forth in Caim 3 further conprising a resin
cr-ossover groove adjacent a second |ongitudinal end of the nolding
system said resin crossover groove inté&/gonnecting said opposite resin
grooves. 5. The nolding system as dffé Lfrth in Claim 4 further
conprising an inflatable bag inserted Wit8Qi.#tsaid nolding region, said

i nfl at abl e bag being coupled to an air inlet for the pressuriza{ion of

said bag within said nplding [eg-pp / /
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6. 7" 'Tﬁe nol,ding systemas set forth in Caimb5 wherein sajRERIACEMENTeSHEET.
| ocat éd at said second | ongitudinal end of the nmolding syspem 7. THE
nol di ng system as set forth in Caim6 wherein said resi ??sgﬁgrﬁgzo>ve
is in said second nold. 8. The nolding systemas set fo |

wherein said nolding region is in the sﬁa%é of an air fofl A—ret-dd |
of nol ding conprising the steps of: (a) constructing and arranglng a first
nold and a separable natching second nold, said first an eCoTTdTTo S
defining a receysmiOWDDHI AND r RPPARATIISC FOR SHOMIEING 2 HOLLOW: 2ARi BOABET esi n
groove in at least said first nold, said resin groove extendi ng al ongside
but spaced fromsaid nolding region; (c) forn1ng a gap internediate said
first and second nol ds when sailtibgd) Q€ b Qo@ENId@M oget her, said gap
extendi ng between sahds ﬁﬁ'&éﬂtﬂé&g&’&t&ﬂﬁsSEbdf&@'Slé&eéeﬁiqafbne!(ﬂ) #@ipl i ng

resinin i on
ares j ect n?oreasgaerrgllc\{nlta%lialto a methd roov% apparatus for molding

hollow fan blades using the resin transfer molding

—+

technique.
' BACKGR! THE INVENTI
One common method of manufacturing hollow fan blades
is the resin transfer method. This method forcibly

injects resin into a mold that generally contains
numerous cloth strips surrounding an inflated bag. It is
the intent for the injected resin to saturate these cloth
strips before it hardens or cures. Afterwards, the

bag is removed through an opening (such as through the
neck of one-piece fan blades) and the blade removed from
the mold for subsequent cleaning and inspection. '

! A problem associated with the resin injection method
concerns air that may become trapped within the mold. If *
this air is not completely vented upon the injection of '
the resin (i.e, the resin replaces the air within the
cloth within the mold), the blade will be cured with air
bubbles therein which can significantly reduce the
strength of the blade. The result of air bubbles trapped
within the cloth layers is the formation of "dry" areas
of cloth which are not "wet out" with the proper amount
of resin. '

It would be advantageous of at least preferred
embodiments of this invention to provide a method and
apparatus that more evenly and uniformly distributes
resin throughout the mold. It would be advantageous of
at least preferred embodiments of this invention to
provide for a manner of inflating an internal pressure
bag while still enabling resin to be transferred over the
pressure paort- It would be advantageous of at least
preferred embodiments of this invention to provide a



- < ' ry
fofcibly injecting resin into said groove, said resin trav REPMCEMENT SH‘:ET
-12- al ong sai d groove and bei ng subsequently forced out Jof said groovs,
t hrough said gap, 'and into said nolding region of said fidst eyylﬁ@tqmﬂ
nolds; (e) coupling a vent assenbly to said nolding regiof fflor venting
sai d nol di ng region, said vent assenbly bei Ag-spaced from dai*t—-TesT™
groove; and, (f) sealing or enclosing said nolding regionjand said resin_

groove via a seal assenbly. 10. The nethod of nolding as rorth in

daim9 further meonpt iaidepiersatep thhtcdastapablingpfsaioddfingsa wakdeby an

el ongated said ngt dypieh MOANS B g DTSk NESH AOMRIRX1@RISLALPNEbect s
for that matter) of superior gquality. It would be
advantageous of at least preferred embodiments of this
invention to provide a means of displacing air entrapped
within the cloth layers and allowing resin to £ill the
void and saturate the cloth layers properly. It would be
advantageous of at least preferred embodiments of this
invention to improve the productivity of molding fan
blades since the rejection rate will be reduced. It
would be advantageous of at least preferred embodiments
of this invention to provide a means of molding more
aerodynamic shaped blades. Further advantages of this
invention will become apparent upon further

investigation.

SUMMARY OF THE INVENTION

In a first aspect the present invention provides a
molding system comprising a first mold and a separable
matching second mold, said first and second molds
defining a recessed molding region therebetween; a resin
groove in at least said first mold extending alongside
but spaced from said molding region; a gap intermediate
said first and second molds when said molds are secured
together said gap forming a passageway between said resin
groove and said molding region} resin injection means
coupled to said resin groove for forcibly injecting resin
into said groove, said resin travelling along said groove
and being subsequently forced out of said groove, through
said gap, and into said molding region of said first and
second molds; vent means coupled to said molding region
for venting said molding region, said vent means being
spaced from said resin groove; and seal means for sealing
or enclosing said molding region and said resin groove.

In a second aspect the present invention provides a
method of molding comprising the steps of constructing
and arranging a first mold and a separable matching



opp%s'i‘té,.__ | engi tudi nal sides of said nolding region. 11. Th¢q REB{.AGEMENT SHEET
nol ding as set forth in Claim10 further conprising the stdgplof Tocating

said vent assenbly adjacent a first |ongitudinal end of saild fif tq@@“ﬁﬁ
12. The method of nolding as set forth in Caim1l further |cqnprising The
step of installing a resin crossover groove, adjacent a secqgn ' '

end of said first nold, said resin crossover groove intercgnnecting said

opposite resin grooves. 13. The method of nolding as set f mrn oamIz
further conprisj e st of _Lnserti an.infl atabl e I thin said

nol di ng regi on, éséa}lgod'g(‘{i]n1‘“]so§t%gtbl 3a5§g ’eﬁ#g 28 pIEsop dﬁ°€f? AftdPingorat he
pressurizati on ofecsgskdagelding nregieh noiatiebgtween oninstdall1ifige arerasinof

molding as set [prddve Nikd ai Idaddlr 5A%H (ARUPT kRABY ATaSLARIA] LAGGLL NI

said air inlet at or adjacent said second |ongitudinal end of sard first

mol d. extending alongside but spaced Irom said molding region;
forming a gap intermediate said first and second molds
when said molds are secured together, said gap extending
between said resin groove and said molding region;
coupling a resin injection assembly to said resin groove
for forcibly injecting resin into said groove, said resin
travelling along said@ groove and being subsequently
forced out of said groove, through said gap, and into
said molding region of said first and second molds;
coupling a vent assembly to said molding region for
venting said molding region, said vent assembly being
spaced from said resin groove; and sealing or enclosing
said molding reaion and said resin groove via a seal

agsembly.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top pictorial view of an embodiment of
the invention with the upper mold removed for clarity.

Fig. 2 1is pictorial sectional view of the neck
region of the embodiment of Figure 1 taken along lines 2-
2 of Fig. 1.

Fig. 3 is a pictorial sectional view of the neck
region of the embodiment of Figure 1 taken along lines 3-
3 of Fig. 1.

Fig. 4 is a pictorial sectional view of the neck
region of the embodiment of Figure 1 taken along lines 4-
4 of Fig. 1.

Fig. 5 is a pictorial sectional view of the resin
injection region of the embodiment of Figure 1 taken
along lines 5-5 of Fig. 1.

Fig. 6 1is a pictorial sgectional view of the wvent
region of the embodiment of Figure 1 taken along lines 6-

6 of Fig. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBQDIMENTS



-13- “715...The nmethod of nolding as set forth in Cla|m14 fret-t=i3e:
conprising the step of constructing said resin crossover ngACEMENII SHEET

second nold. 16. The nmethod of nolding as set forth in Cgifi I5 TUrTHET
conprising the step of constructing and arrangi ng sai d nol di fg ' |
the shape of an air foil. 1?%‘?%9}?

-10=~
WHAT IS CLAIMED IS:
1. A molding system comprising:

{a) a first mold and a separable matching second mold, said
‘first and second molds defining a recessed molding region
therebetween;

{(b) a resin dgroove in at least said first mold extenéing
alongside but spaced from said molding region ;'

{(c) a gap intermediate said first and second molds when said
molds are secured together, said gap forming a passageway between
said resin groove and said molding region;

(d) resin injection means coupled to said resin groove for
forcibly injecting resin into said groove, said resin travelling
along said groove and being subsequently forced out of said
groove, through said‘gap, and into said molding region of said
first and second molés;

(¢) vent means coupied to said molding ;egion for venting saiad
molding region, said vent means being spaced from said resin
groove; and, ' |

{f) seal means for sealing or enclosing said molding region and
said resin groove.

2. The molding system as set forth in Claim 1 wherein the
molding system is elongated and wherein a said resin groove
extends along oppoéite longitudinal sides of ;aid molding region.
3. The molding system as set forth in Claim 2 wherein said vent

means is located at a first longitudinal end of the molding

system.
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