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Prediction of hoop mode burst speed of disk considering

local stress effect
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Abstract; Prediction result of burst speed of a aeroengine disk is usually slight larger
than-testing résult when using the average stress method. The error tends to be much larger
especially for the disk with a bolt hole, The average stress method was modified taking con-
sideration of the effect of local stress. A correction factor was implanted to distinguish
weight effect of the average hoop stress from that of the local stress of critical position at
disk burst speed. Tensile test of standard cylinder and notched specimens of GH4169 and
burst speed measurement test of two simulated disks were carried out. Notch strength ratio

related to correction factor was calculated. Then the relationship between correction factor
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and notch strength ratio was obtained. Burst speed of a disk was predicted using these two

methods and the burst speed measurement test was conducted. It concluded that the predic-

ted result was larger than test data when using the average stress method with the error of

9.4%. When local stress was taken into consideration, the result was closely approximated

to test data with the error of 2. 67%. The prediction method of hoop mode burst speed of a

disk considering local stress effect was of remarkable engineering practical worth value to its’

simple formality and the reliable results.

Key words:

notch strength ratio
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Table 1 Tensile specimen arrangement of GH4169
7 TR
t/'C
K, =1.0 K,=2.5 K,=3.0 K,=3.5 K,=4.0

20 3 3 3 3 3
400 3 3 3 3 3
500 3 3 3 3 3
650 3 3 3 3 3

2.2 HMIAERREERF

GH4169 )t 5 120 HE A ik 11 328 FE 43 1 78 20,
400,500,650 C #1473 W 5 & 2 3o+ W B L fift i
BEH 3 Yk g 45 R i P YL 25 R IL R 2. R
JIEE T R BT (A% KL A 5 50 0 3 B R Ol
Vi 0 AR B Mo 3 B0 L B A4S I S T R
R, ARG RIE 3.

F 2 GH4169 i 1% IR 58 B
Table 2 Ultimate tensile strength of GH4169

0 1) B 332 VP
Ve K=1.0/K =2/5 K =3.0 K =3.5 K,=4.0
20 1412 2535 2496 2480 2371
400 1224 2176 2065 2215 2144
500 1200 2055 2064 2158 2179
650 1111 2025 2105 2185 2190
=3 GH4169 BROGEELL
Table 3 Notch strength ratio of GH4169
B 1 5R T e
t/C
K,=2.5 K/ =30 K =35 K, =4.0
20 1. 795 1. 768 1. 756 1. 679
400 1.778 1. 687 1. 810 1. 752
500 1.713 1.720 1.798 1. 816
650 1. 823 1. 895 1. 967 1.971

2.3 EHEXWRIHN

BIER T s 5 R 1 5¢ & AT LU o il 2455 3l
05 1 45 SR R N g o0 B 5 SR R AT RO L D I i
HIFMI T 2 i itk GH4169 AU 8. W
HHMEY Ny 214 mm, KA B TR AR D
A% 0] RS 70 mm, O FLINAE R 48. 7 mm, B
% AR AN BN AL A Bt T RAL AR 2 (RTAR
B2 m e RoF 2y 73 mm, ot fLIN AR 48,7
mm, §E AL AR IFAL .

(b) #2

Bl 2 BRI A
Fig. 2 Model of simulated disks
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Fig. 3 Finite element model of simulated disks
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Fig. 4 Hoop stress of simulated disks
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Fig.5 Burst test wreckage of simulated disks
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Table 4 Calculation results of the-correction factor s and notch strength ratio R,, of simulated disks

t, dys / speed, loca / t,av, Jloca / ca / { ursl.t/
2{4: fﬂ”ﬁ Ot.dyg K( Ospeed. local Ol Ob.local Neal ny, Rm s
MPa MPa MPa MPa (r/min) (r/min)
A 3.03 814 1.767 0. 836
&1 268. 8 40516
B 2.72 732 1412 1412 20000 1.783 0. 823
&2 C 209. 1 3.53 737 45933 1. 752 0. 851
£S5 GH4169 HIEERF
0.850 1 = HdE S Table 5 Correction factor of GH4169
ALk
0.845 s
y=-0.874x+2.381 t/C
0.840 K.=2.5 K,=30 K =35 K=4.0
“
0.835 20 0. 812 0. 837 0. 846 0.914
Ll 400 0.828  0.907  0.800  0.851
0.825
, , , , , , 500 0. 885 0. 878 0. 810 0. 794
1.755 1.760 1.765 1.770 1.775 1.780
650 0. 788 0.726 0.663 0. 659

R,

K6 s 5R.MKER
Fig. 6 Relationship between s and R,
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Fig. 8 Turbine disk and the finite element models
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Fig. 9 Temperature field of the turbine disk
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Table 6 Analysis cases

o TR N
1 8 0> B

: 2 B0 IR
3 AL 0 B o

’ 4 B0 3R+ L

3.3 HFETN
MK C3) B A, o S EL ) WO E RS 5 A
A 5, BV 5170 1 13 S8 B R T 6 T

J& 7] B F1/MPa
1030.90 (max)

928.85
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724.79
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418.69

I 316.65

— 214,62
|

112.59
10.55

—-91.48
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—-295.55
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(a) LB1

JAlia) R F1/MPa
876.35 (max)

I 782.89
689.43

— 59597
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— 3522

— —58.24

— —151.70
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(b) L2

& 10 MRS 1A ] R g 4y A
Fig. 10 Hoop stress of model 1
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Fig. 11 Hoop stress of critical positions under

centrifugal load
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Table 7 Hoop stress of critical positions

JE 13 5 73 / MPa
T
R RO BB EZ BRATHR
1 1031 724
2 321 876
3 1390 1467
4 1024 1217
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Table 8 Prediction results of the burst speed

. o Ot,avg Liavg Lioca Ospeed.local  Obt.avg Ol local I

ik R e e e Ko P MPal MPa (e/min

HE A 166 473 585 2.24 1031 1206 1150  0.830 33567

AT AR K& 460 173 498 3.02 13907 1206 1200  0.876 33789
AL F 2% 460 473 475 3.19 1467 1206 1206 0.856 33421

SPSARL T 460 473 1206 37550
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Fig. 12 Assembly of turbine disk test parts
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Fig. 13 Test loading course and vibration level



4 B RS 7 R T L B8 4 A T T R R T 1497

K14 R Ak %
Fig. 14 Wreckage of the burst test
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