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Development of Jig for High-precision Turbine Blade Machining
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A machining jig optimized for high-precision
machining of turbine blades, which are principal parts
in aviation gas turbine engines, was developed. The
objective was methods of manufacturing that are high-
precision, low-cost, environmentally considerate, and
capable of application to mass production.

Turbine blades are airfoil parts with three-
dimensional geometry, and they are the most important
parts in determining the performance of high-speed
engines. They are manufactured by precision casting
because they employ large amounts of heat-resistant
alloys that are difficult-to-machine materials. The
blade attachment part has a special shape and requires
high precision, and is therefore finished by precision
machining. It used to be that low-melting-point alloys
would be poured into a fixture jig, using the airfoil
surface geometry as a reference, and the piece would
then be machined. However, fixing the blade in place
and removing it involved a high-temperature dissolution
process, and the labor required for the manual steps
made this method unsuitable for mass production.

An alternative material was sought in the recyclable,
low-cost resins used in motor vehicles. The resin
jigs were in a compact form machined to standards
that would allow multiple blocks to be placed on the
machining equipment; the material could be formed
simply using the insert molding manufacturing process;
it possesses the rigidity to allow high-precision
machining; removal of the jig after machining would
not result in blade deformation; and the resin should
be recyclable. Based on experimentation, PPA was
selected as the material and adopted for the fixture jig.
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Fig. 1 Image of turbine blade
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FRTP block

Fig. 2 Overview of turbine blade with FRTP block

Gap between mold and blade >0.05 mm

Inject FRTP

Fig. 3 Section view of insert mold
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Table 1  Material data sheet of selected FRTPs
PPA PLA PP
Resin content Polyphthalamide | Polylactic acid | Polypropylene
Fiber content Glass Bamboo Glass
Fiber weight ratio
45 60 40
(%)
Density (kg/m?) 1560 1390 1220
Young’s modulus
13.8 4.4 9.5
(GPa)
Charpy absorbed
10.3 3.3 37
energy (kJ/m?)
Mold shrinkage
0.6 0.3 0.7
(%)
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Fig. 4 Injection speed - mold temperature diagram



2—E Tl - FERENLAHBEEAREDRASR

PP, PPA IZHWTHMIES ERIEDOBRIZ DWW T ISR
#fT-72 (Fig. 5). £3 PP TOHEBMEREZDIIT 5. PP
DH T ZAEREITFERUTTH D, ERNBETE 57
BWEEE RS, ZO0a )% 50 MPa & K812
E L, RIS HITE & DK 20 MPa 225 kA &, #
NED FEIIRRE & WG 3 5 Bz 1T - 7= RIEZSHET &
WL 50 MPa & LCEPHFEICK 2D KREL, AAEHAE
EEENET BB, IRIEZGFHED FIZ ER &5 L0

MUGE XN, A 100 MPa l23# 9 5 £ CTRIllBRIT i
TEBENZ DL 72, I E 0 2ZREL, &
i 80 MPa A £k L 7=.

T PPA OFEFRERZFT 5. PPA TIIEERRE
AT ZEERIE K DK<, SIS S EDICRE SN T
W3 729, MEMESAELIET 5. Zhk TN
A =7 —HEFHE L D L EDD 200 MPa I23%7E L, RIEIR
PP AR & DK 80 MPa A 6 LA &8 CTHH
IRFEDMER A 1T > 72, R 80 MPa lZB W CIEHA TDOFIHA
TE BB I zn, RED LA & LB IC8GE SN

. RIEAY 150 MPa #i#8 4 5 & BIBRN DL S iz 7z
b,iﬁibé%ﬁbflmmwa%m@@aﬂﬁbt._
OEFHHET & D K.

200
T FRTP leaks
—~ [ J
s 150 Limit holding °
= pressure of PPA o
0 FRTP leaks | Limit holding .
7] ° pressure of PP ® | Short
% 100 *"ghot
5 0 <— Poor yield rate °_J
o \ PPAe®
k= Adopted conditions
% S0 Short shot
L .J ort sho
PP e
0
0 50 100 150 200 250

Injection pressure (MPa)

Fig. 5 Holding pressure - injection pressure diagram

hs Hl' . st s
Fig. 6 Turbine blade with FRTP block

Z D& ITHEFEE %17\ PPA, PP, PLA ZhZhT
BHERNZEZ S aVWKBRTERET 2 LB TE .
DTic7v— V&4 v9— L, PPA CHEE L 7261%
Fig. 6 1287,

B DRE IS DN TIBAE DI D 4 LIS TRl 2475 .

5. #iERY 5L

51. WA LA
T L — F#EE LT 22BN T%IC R a 2 D

12, B TH ) S & R hud e 6 v, BIfEOED AL

FBEIZODWTLL R A DD K% iEt L, FEI k25

ERT L — FEBIROIREZ AL, B) gz

Wik S EERDRE A E & BT L 7=

(1) ¥t
BHRIZE KL, B4 HE. 7L — 2SI s
h, BBk, VEHE, 2B aERBaIhs. “EW TR
RIEEA B D, BHED ) ¥4 7 VIR,

(2) In#k
TU—FEFIZAND &L L, BlEEINE, WL T
O35 7L — FRIICES L 22BilE & RE
LENRD B, BIED Y B A 2L ATHE.

(3) oLt
B E XSRS TR & ek X ¢ THD A4
PR R <, MEEE ORAEMEIR D BT ik i
MREPDIZHD 7203 2 FBEN. BIlEDOY 4 2
JUIEANT]BE.

(4) wH
Big &2 AR SR e & TmHAIL, Mk 2 Tr 5H) 5t
THLE WESLETEEDOREMRPLEE K 5.
BIgD V) %4 7 LA RE.

(5) 7l
BRI E 2N A, #lo CTHO Zh-5 5. IREZE LR
<, RO g0, BIlED Y 4 2L 8 ufEg. 7
2L, B A4k, BfRICmA 22EIc kD 7L —F
WAL Tid k5 k.

5.2. SENC L BHHEE ) 4 L

FENC K BB AL FRIZ T L — PR L RN Z
EMTHREIETH 5. ZO7=DRBIIKIZM A 2HiEE/NE <
TORLENRD B.

VAT AL, TYR—Hy bDENTL—FIIEH
WCHEERZT - 72 WENY F 7L 2 CRHIRICHEE AR %
A, FICK 255K I CTHINE FIiZ&T 72< SO
RO F9»o@BREER X (Fig. 7).

ZDL EpENZ A E s ffEIZ PPA T1800 N, PLA T
500 N, PP T 1500 N TH O @D TV — FADEE, 7
L — FZFIZ PPA, PLA, PP EhIZE Rohknr o7z,



Honda R&D Technical Review

Vol.23 No.1 (April 2011)

PPA & PLA T4 U 7- 8203 BRB 0 12 FWr i o piig il 5 5
FOMIANGERE U, Bifgi: - 2lc#EhTZnEE 7L — &
O Z & TE. PPARWENbD > THI Y 4 —
MUEIE T 0w o I LIAE R, BEL T2 6 7 v FITH
HRA->THNZz, PLA KIS KEL, BT e v
INFEAEMLUATA WS BIZTay 2 RENRTT
L—RFEROATZERNTEL PP IZEAROERE S ET
Tk, HLAATHEZMAHT TEHIENEET 2
EUTTVUV—-FEROANTZENTE AL 7. TNy
FALZLREZTTT L — FEHRD e v, FIEE
THig & #El 5> TBRE L2z PPIZED 4 L CAF AT
H B &Pl LA 54 L 7= (Fig. 8).
ZOEBRIZBENTT L — FOEFITED 5 725, ZD5
HIFREEIE T g v 2 OERIC K > T/ v FICRRERE
X379, 7L — FOMIEMENEGA, 7L — FOEF
NEEINFERANTEOEHW L TV — FORMIMIZH

X 4

Notch

Fig. 7 Breaking method with notch

AN

Wedge

Fig. 9 Breaking method with 2 wedges

Table 2 Comparison of breaking load

Breaking load
Notch 2 wedges
PPA 1800 N 100N
PLA 500 N 30N
PP 1500 N N/A
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Fig. 10 Breaking method with 3 wedges from 2 sides
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Table 3 Results of breaking method with 3 wedges
from 2 sides

Yield rate
Breaking load Results
(%)

Crack was unstable.
PPA 500 N 50
Half of blocks were left.

Crack was unstable.

PLA 50 N 10
90% of blocks were left.
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Result of breaking method with 3 wedges
from 2 sides
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Fig. 12  Stress contour of FRTP block
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Fig. 13 Breaking method with 4 wedges from 4 sides

Fig. 14 Result of breaking method with 4 wedges
from 4 sides
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