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FOREWORD

This report represents the work accomplished by Fiber
Science, Inc. during the period December 1974 to October
1975 on NASA Contract NAS3-18926, "Composite Hub/Metal
Blade Compressor Rotor." The work was administered by
the National Aeronautics and Space Administration, Lewis
Research Center, Cleveland, Ohio with Dr. T. T. Serafini,
Project Manager.
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1.0 SUMMARY

A composite-hub/sheet metal blade compressor rotor, first
stage, was designed in accordance with NASA-furnished en-
velope dimensions. The rotor is made up of a hub, blades,
blade keepers and circumferential windings. The hub is
designed with twelve (12) cavities to accept 12 pairs of
sheet metal blades and their keepers. The circumferen-
tial windings hold the keepers and blades to the hub. Re-
cesses are provided on the hub and keepers to house the
windings so that a smooth contour with the hub is main-
tained. Figure 1 shows the completed rotor.

The hub, blade keepers and the circumferential windings
are all Thornel 300/epoxy and the blades are steel.

A total of two hub assemblies were fabricated and shipped
to NASA for testing.




Figure 1. Composite-Hub Sheet Metal
Blade Compressor Rotor '
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2.0 INTRODUCTION

One of the major deterrents to small jet engines is the
high cost of the compressor rotor. Fiber Science, Inc.
conceived a design concept which combines sheet metal
blades with a compression molded composite hub that offers
low cost potential. The objective of this program was to
demonstrate this design concept with the fabrication of
two rotors.

This report contains a description, drawings and photo~
graphs of the composite hub/metal blade compressor rotor
and the tooling used in its fabrication.




3.0 CONFIGURATION

The configuration of the composite-hub/sheet metal blade
compressor rotor is shown on the following drawings:

Drawing

609-001 Compressor Rotor Assembly Composite Hub/Metal
Blade

609-002 Hub

609-003 Keeper Blade

Cb659688 Sheet Metal Blade Pair (Flat)

The hub, blade keepers and the circumferential windings are
all made of Thornel 300 graphite (product of Union Carbide
Corporation) and_APCO 2447/APCO 2345 resin (product of

Applied Plastics Company). The fiber volume ratio is 50
percent.

The blades are sheet metal and were NASA-furnished for
this program.




T00-609 °ON burmexd ‘opeTd TeISW/ANH
s3Tsoduo) ATquessy 1030y XossaidwoDd

‘0T @anbtd

Z2NI "3ON3IDS Y¥3aid

SIHON) NI TY SHOISNINIG

0N THIHLO SSTINN
- SIVIHILVI [ao3y A0
o [380Z] NouvoLsIaas TINLLVN NOWAINISIG on a4 |1~
0 3060
v SEREE AR
2 Son | woo-%03] V| |
€ 2avaE | 88765900 21
+ w2923 | 900-609 | 2
< BiiHaVAD BNIACS ad
E) AROaR WIISAS Nomsw v

D Eoanx] — —  heavacsap aasanes|v] |

INOIRIATN
LLLILIL: L

AL A

=

E
e ——

{30 | 133HS Fe-$1-1 3u¥Q IS¥A1IY | 50v 25 03 FWIS .F
100-609 Lpoiam NO 0350 255Y LGN LRRLON
- ‘0N Ma I Odd¥ ANV NS *3,000 3 58WZ S0Nd 3,092 A S3HZ SN 3,0 PSakD 330D T, N kDO = vaav
—— o Ao, IWNOLDIS SA0E T IWA0A FAWI 406 (9P S SWIL TMISA GMIM VI INIEIIWADED |
3AYIQ WEIW /20H 311S0dW0D TR iz A3 20 JNIAGE IUMAVED O IINACHL 30 1EAVD NOINAKE]
Ao A g Twos 10w 00 . . -
XIBWISSY JOL08 NOSSTIAWOD ] pege A ST ANTIYAO03 O (3Hd TL MILEAT M53B SVEE O/ L 03V 03 UG a3NE]
Juu e I
$rZ06 YINHOJITVD "YNIQUYS R w0l

1BV aBNEININS INIUNIIAODEY




€00-609 °ON butaraqg ‘eperd xadeosy *TT =2anbtg

[ 2
120 \ 133M5 5157 3lva 3SVA138 | T od 3wos A1 Leo” NOLYO VY . ‘S 310N
o] NO G3SN ASSY DXGAN )
MQQ- @O @ 00szZe w.Mm 100-602 3IWNONAT23RVA 4 aS \MIQ 'L CANIWAINO A
‘ON_9W3 | IN3GE 3000 OddV ALAILY NODISIQ - AN3INLYIRL
O WILSAS NISTY Svez oxdV/Lbbe O3
SLos1-1] NMoand H yons LSLTEL AWVAWOT NSV A3NGLY AN VYAIND 2 a0
AN D -H3d433H R S N O o o 3811 ALHOIDO0E VINIOH L 3G \FIVD NOINM = IABLNIN *)
OVA S woisaa] oo %. o T .
N fe/-5 -y QVA'S womuo| ‘MvinoNy  HSIN  TvwiD3a 3,007 T Samz song
8YZ06 VINYOITYD ‘VNIQUVD SC-ai-] WSS o | I v o, 3,952 B $aH2 014 3.0€1 B SN - 31040 3O "2
UZ— Wuzw—um “Wﬂ_& uva QUON SSTINA . ,.:v. R o .
STVISILVA 40 1S1 10034 ALD| a =N SIINUED 3 S3IVAT AJIYHS NIV IAOWIE ‘<
/l\ \I(Q L — ez |!"

Ay R B

| ~ /l‘o,.ov.ﬂ
I~ ~ Gwyue | //

S——(AYNIWON LS1) 1N

~

]
b
N B2 60

€0
L N

NOILYINIIIO WNOANYA
3393 GIAAOHD ONON 0T —

s ) SR N ~——
NOUNANIRO ) 5 \/
\ \ - .-
A3g1Y T NOUWIAAIQIND wvw L‘ﬂO@, /’\ ™
//

(dAL) anv 2]° d3oa¥
@\ 88 T gar e sumge 1|8 hl g @
fiktzs] c¥.el SvM 6.4 Sily
[AXr] ODSAIAS,
e | on 3 ED
imerarare




8896G9 °ON bHutmeaqg ‘xojoy
xossaxduod-opeId HmumZ\nsmlmuﬂmomEOU 2T 2anbta

OIHO ‘ONYHAITY

L - e ——— — — - —_ L
— E 6
o WUND WY ST PSRt €
€212 D NOUYBISINIWGY gl
“13OV4S ONY SHILAYNONIY TYNOLYN |- S SF IO T .
ZC_Twm wlscirancs 2 $OCT ML i e s
—-3TvE v/.lu\.,\f.vv \\ F omim o
F Ui
(1v12) Bive VB vima 13 A o5y 5T | s o s
E 3Uvg NOISIATN ON | 29NYH2 | ERlCEN T |35
NI 20 930aY 1
¥ S2v g3oaQv|?
010- 500" 53963 A4 o
R NOLLYAGY 10 ‘Sixy -
a7 IL5 718 ¥OE SYAM VW] ¥ ’ \\ o
- P
\ ’ i ﬂ \ ]
T e
1 TR e s [ \-
= b o e AL
e TR T s R
LG Vaurdou 2A0L5H L

X - 11 A
: )
SANI H10B dAl - HL9N3T -

AINAZ QNOAIR NIW 20—,
(O

€=

EERLATES
dhL ¥ G2V,

*

~Fraear L

€192

BIINONT 1530CBe 338wk 2§

BING TV A
Bkad

10




4.0 TOOLING

The tooling to fabricate the hub, blade keepers and
assemble the blades and keepers (circumferential wind-
ing) are shown in the following drawings.

Drawing

609-101 Mold-Fan Blade Hub

609-102 Mold Keeper

609-103 Keeper Fixture

609-104 Loading Tool Mold-Fan Blade Hub

Photographs of the tooling are shown in Figures 7
through 9. :
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5.0 FABRICATION

The hub and blade keepers were fabyxicated by compression
molding as follows:

Hub

l.

The hub mold (609-101) was coated with Ram 225 mold
release (product of Ram Chemcial Company) and baked
for 60 minutes at 200°F.

The keys were assembled (bolted) in place and the
mold made ready for loading.

Chopped (.50 inch long) Thornel 300 graphite fibers
and APCO 2447/APCO 2345 (7.5 PHR) resin were mixed
in a 50% fiber volume ratio (39.31% resin by weight).

A portion of the graphite fiber/epoxy resin mixture
was loaded into the mold using the loading tooling
609-104 to compact the mixture beneath and between
the keys in the lower portion of the mold.

The remaining quantity of graphite/epoxy was loaded
into the mold and the mold closed. Pressure was
applied by a press to close the mold.

While under pressure the resin was cured four hours
at 130°F plus two hours at 250°0F.

The part was slowly cooled to room temperature and

removed from the mold. Keys were unbolted from the
mold and removed from the mold with the part. The

keys were then removed individually from the molded
hub.

Blade Keepers

1.

2.

The blade keeper mold 609-102 was coated with Ram
225 mold release and baked 60 minutes at 200°F.

Unidirectional Thornel 300 graphite impregnated with
APCO 2447/APCO 2345 (7.5 PHR) 50%. fiber volume were
laid into the bottom of the mold and the remaining
portion filled with the same material except the

20




2.

(Continued)
fibers were chopped into a .50 inch long lengths.

The mold was closed and pregsure applied by a press
and cured four hours at 130 F plus two hours at 250°F.

The part was slowly cooled to room temperature and
removed from the mold.

The part was cut into  lengths approximately 1.8
inches long and 12 sections were secured with a
banding clamp to the keeper fixture 609-103.

The keepers were machined on their outside surface
while supported in the keeper fixture. The blades
and blade keepers were coated in their attachment
areas with resin (APCO 2347/APCO 2345) and assembled
to the hub and secured by overwinding the keeper
edges with Thornel 300 impregnated with APCO 2447/
APCO 2345 (7.5 PHR). Following winding the assembly
was cured four hours at 130°F plus two hours at 2500F
plus two hours at 400°F. The rotor assembly was
slowly cooled to room temperature, cleaned up and
shipped.

21




6.0 RESULTS

A total of two composite hub/metal blade compressor rotor
assemblies were fabricated and shipped to NASA. The
rotors demonstrated the feasibility of fabricating low
cost rotors by this process. However, precise blade align-
ment was difficult to achieve with the tooling use.

22




7.0 CONCLUSIONS

It is concluded that composite hub/metal blade compressor
rotor assemblies are practical to fabricate. The tooling
used was adequate except the slots in the hub cannot be
relied upon to give precise alignment of the metal blades.
The alignment problem of the blades can be eliminated by
changing the blade base configuration from a curve to a
flat surface. This flat surface would provide positive
alignment and eliminate the rotation problem of the blades
during assembly.
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