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Abstract: Precision forged blades of aeroengine were a typical thin-walled parts with complex
curved surface. When milling the blade tenons, it was difficult to locate and easy to produce deforma-
tions and vibrations. Aiming at the above problems, a design method of multi-point clamping fixture
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for precision forged blades was proposed, and a low stress hard clamping fixture was designed. Static
analysis was used to optimize the clamping position, select the coping element materials and optimize
the clamping method. The effectiveness of the fixture was tested by modal tests and vibration tests.
The results show that the low-band amplitude of the system is reduced by 50% , the high-band ampli-
tude by 75% , the first-order resonance frequency is increased from 210 Hz to 402 Hz, the damping
ratio under the peak value is increased from 17.4% to 25.9% , the effective value of vibration displace-
ment signals is reduced by 35% , and the machining error margin is reduced by 59%.

Key words: aeroengine blade; Jig and fixture; finite element analysis; clamping scheme; modal
test
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Fig.1 Simplified model of TC11 titanium alloy

precision forging blade
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Fig.2 Precision forging blade processing flow chart
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Fig.3 Fixture design flow chart
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Fig.4 Six positioning schematic diagram and blade

positioning schematic diagram
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Fig.5 Positioning clamp model
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Fig.6 Copy element model
FAEAT I T AF R B0 2 R i e B &
G PERERN Oy B2, WM AR 2 05 B TRk &
U B SCHERO AR T, o e 2 S O g i B i B
TR B R R AET . 5T A SO BOR =
fig (PUR) (N i - T — M- 2 M 3L R ) (ABS) |
WM (PPYMIR M (PE)4 Fh 4K s A #iE
AR PEA R AT B 5T . o PUR SRR B &
PR BB B 5 O L SRR PEREAE O . ABS
e LA AR 3 9 O B S R RE L 2 R
WITZMREAEY . PP M PE #0252 5 32 4
BB R AR 0 s e RE L I Tk RE A AL e AR 2
PESY A B R SR R I A R RL TR R
Sk AR TE SR 6 I TR B EOR Y A L e o B
IDPAR S ZINOEZ R SR (PSS P 7PV % O
BHERES BN 1 fis.
x1 MPEESH
Tab.1 Material property parameter

Pz il E=N I‘I‘
Frk (gjy“fl/,g) IR gy | PRI
PUR 1.25 2500 0.30 40.0
ABS 1.06 2340 0.39 49.0
PE 0.91 172 0.30 34.0
PP 0.89 896 0.41 27.6
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Fig.7 Complete machine structure
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Fig.8 Blade fixture structure
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Fig.9 Baseboard assembly structure
3 RERTEWREALM

TEALBBOIN T, 28 067 J& F5 A7 B 1 35 5 4 ke
PN s i R e LN DR A N L 2 SR RNV
Tl B PR | 5288 BEAR T HI )X & AR
TV B 50 DT & 78 25 10 A n T 6. AR S i
AT R -Je B R G n AT R OT 7 AR AU R AR 4
I R 6 I T 3 X 2 ey R AT AR .

3.1 ERUERK

BT 2.1 R E A 7 F L R IRl B
Xt B #E Sk B T AR JE A Mises [ 3 #4743 97
AT LAAS B0 G 3 8 A Ol Je B Ak $ K

Mt . KR R 58 iR AR T2 R A
WML Z WA FEES . Anl&l 4b Fros, eI H
RE L2k — HIE i1 2k — 0 2 Je i B A AL T Z i i Ak
ZHCIFBOTHASR D RAEk 2 PR .

F2 ERUBRBHRERI

Tab.2 Clamp position test scheme design
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Fig.10 Encrypted grid calculation results
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Tab.3 Simulation results of clamping position test
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1 2 3 4 5 6 7 8

U/pm | 35 36 194 | 196 39 40 198 | 199
S/MPa| 766 | 766 | 865 | 884 | 766 | 766 | 896 | 899

PIBERS H hME—72 4, H=6 mm K& ALJ7
FEMET H=7 mm B&EN TS, R AR B
* 707 o




R EALAE TR 45 36 & 45 4 ) 2025 4FE 4 A

/I 0.003~0.004 mm , Fx KR SR 0~31 MPa,
X 45 R R LR H MBS it 5o TR A
—ER W AE M N . DAE AR — O ME—AF A,
(AT R R DAY I A - AT || DAl Ay I S 53
KA/ 0.159 mm, g K 7 AR 99 ~133
MPa, %X —Z5 R KB, G A0 4 — 1Y 2 BOR i
T AR K, DA A 2 — g M — 7% &, I
RV B ZEAR T T 2 VI E AL R B KA
R B/ 0.001 mm, fe KW JJBEAK 0~18 MPa,
XS5 R, E ALk R ORI RN TR
AEI VN

gi b, =AM g A — X R T AR R
Al Mises W 152 AR KBRS H FIENIZk — 5%
WA/, 25 2 i R A2 B & Mises I ) 43 A
e B it ROSF, BERR NN 2 47 7 %8 B m £& 11
RN 1.2.5 FRTER E N 4k — U 2 V
FEAL AL 3.4 FITTE By 5 67 2 s BUE 67 A5 1 FlE
M 2ZEMEE H N6 mm,

3.2 AT HMEAEK

B KM - BB S A ABAQUS 4%
PE AR TCL1 KA S TERES B E 1 405k &
M AR ST B A kR M. R AR B8 8 6L T
ESSCRUR N LY A SR OURELY A O e 2 e i Lt
8= Ei'd - 2| PO WA e RTINS RN TTR D&~ 3
M dih 159 B i 2 g . SRE A BEAE YA
T K 552705 B 1Y 2E 57 35 X8 07 ~F- T e fin = 48 €
LYo B 05 T8 T 1 45 TR TR G R A A AR T it
T 4R 7 2y, I AR AR a7 BT 5 RS RUE A5
PRI 29 SRR 1, X 5 52 S5 0 249 T At fin AH L 1 7
B/ A  AERE S AL it 100 N S b Iy e
yiIvy Sl N 1D ) (A S A 3 = (U K9S
SR I TCAE M RHE P B 5O [R5 O o0 4
BHPE A [\ 55 00 8 M R 09 ds R 72 B & F i K
Misesh 77, F4fE 3.1 75 PIA% JC Ok 3 ik, i 7 Al
5T TT A A% BT ROSF 2R 0.66 mm, BT 28 7Y
43 53 S VTR A RN S AR Ry L R AR R
75 009, "5 B T A A BB Dl 4557, M 0
T IT WA i oy 4632,

RRFEA RN TTAE AR i 5 #E Sk (9 T
i, AARTR 2 7 25400 8 i 7 B RSP & Rl K
Mises I JJ A i 45t b #E , X5 22 1 05 % 70 14 41 %} i
At . 2 LI Al RN e BB ISR R B ad # L
DIPTSR b N LRl o a3 (TS|
R GEASTA5TE TT A4 A R X I R 1 5 £ ) 52 i KR
AL X Rt 100 NORIE g, %5 45 T8 Je 4 3R 1
435 i 100 NL500 N,1000 N,1500 N,2000 N

< 708 -

1B 7 45 B WA BHEAS [ 5 0T T i R i
KA B Fl B K Mises W H1, W08 11 BTz .

30
£ —— PUR
N —— ABS
= PE
W ooq)

SN PP
o1t
_K
Jﬂ% 18}
15 1 1 1 1
0 500 1000 1500 2000
E%J P/N
(DM i KB &
. 1000 PUR
é E 800 —— ABS
= PE
wn)

E_R 600 PP

E

'S
o
(=}

500 1000 1500 2000
E®J1 P/N
(b)) F & K Mises i 1

—
©
1

—— PUR
\g —— ABS
S 16f PE
i PP
Ay
13t
K .
i

10 : : : :

0 500 1000 1500 2000
E%7J P/N
(O M H R RKBIE &

L 20 —— PUR
& 300} —— ABS
E PE
w 280+ op
E 260
S 240
K 220t
i3

200

0 5(;0 10IOO 15IOO ZOIOO
E%J P/N
(DI B K Mises i J1
B11 ARMBTEER
Fig.11 Simulation results of different materials
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Fig.12 Simulation results of variable compression force

Hi & 12 AT, % T PUR i et JE 8
1200 N ZJ5 it g d RS TE B | i B g RS TP
A B K Mises W ) B TR Ffe o . TER SR
J125 1200 N B, it F B RAETE 4 0.035 mm [
ik 0.016 mm, FEIRZY 54.3% ; M B i KB JE &
H1 0.022 mm B 0.01 mm, FEIEZY 54.5% ; i
B K Mises i J1 1 350 MPa [&{ik 4 207 MPa,
FEIR 2 40.9%0 . )i, At — LRI R VIH] T
T . PUR 5 To 2 15 BB A AL AR v B 1) Jg K A2
o B A K Mises R 77, 78 1200 N R T,
ASIE S RN K 20 ~200 N, 45 3 7 Fp 7 2 F i
SRR R 4 R

MATHEE R, MR J1 o 1200 N, DI
J143 5K 20~200 N B, in PUR 58 5 fF 2
J5 s M By 1 B K72 Y i R IR K Mises W g ¥ 47 By

x4 TUHARBHESER
Tab.4 Experimental simulation results of variable

cutting force
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Fig.13 Simulation results of variable displacement
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Fig.14 100 N cutting force simulation results
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Fig.15 Error model simulation results
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Fig.18 Response signal of force hammer excitation
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Fig.20 Vibration displacement signal during milling
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Fig.21 Three coordinate measurement diagram
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Fig.22 Machining accuracy test results
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