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Abstract U-shaped containment ring is usually used as protection device for turbine starters. Under the condition that the
turbine rotor is contained, structural optimization of the U-shaped section containment ring was carried out to obtain a light and
inclusive structure, which improved aircraft safety and thrust-to-weight ratio. An optimal design method for U-shaped cross
section containment ring was proposed. The method adopted the optimal Latin hypercube design, numerical simulation, response
surface modeling, and multi-island genetic algorithm to achieve the optimal design of multiple parameters of containment rings
cross section. By combining simulation and experiment, the influence weights of different structural parameters on the residual
kinetic energy of debris and the volume of containment rings were analyzed. The influence of different structural parameters of U-
shaped containment ring on the containment results was studied. Containment test was carried out to verify the optimized
containment ring. The results show that the thickness of the containment ring has the greatest influence on the residual kinetic
energy of the debris, and the weight ratio is 38%. The main structural parameters affect the inclusion effect are thickness and
groove depth. The error of inclusion ring deformation is less than 2% in the comparison between simulation and test results , which
indicates that the optimization design method proposed is reasonable and reliable. The research results can provide prior
knowledge and optimization methods for the quality reduction of U-shaped containment ring structures.
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Fig. 1~ Containment structure of gas turbine starter
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Fig. 2 U-shaped cross section
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Tab.1 J-C constitutive relation and fracture criterion constant

#Hk Material ~ A/MPa  B/MPa n C m
TC11 1098 1092 0.93 0.014 1.1
GH625 447 1651 0.7 0.03 1.626

R Material D, D, D, D, D
TC11 -0.09 0.27 0.48 0.014 3.87
GH625 05377  0.89 -4 0.171  -0.32
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Tab.2 Range of structural parameters

SIS H IR {E fR/ME R
Structural parameter  Initial value  Minimum value Maximum value
T
9 7.5 9
Thickness t/mm
R
7.5 5 10
Groove depth d/mm
Siiif Ee==
s 3 L5 45
Groove edge width w/mm
i 2
o 28 20 30

Groove height A/mm
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Tab.3 Sample library of numerical simulation results

B J?JE“ A 2% 5 i £ 25 1A AR TR e i hhe e
Sample number Thickness Groove depth Gr'oove edge Groove height Effccfive volume of ‘ T}lrbinc disc thlhcr
t/mm d/mm width w/mm h/mm containment ¥/mm®  kinetic energy E,/kJ containment or not
1 7.70 5.70 2.20 21.0 118 841 1.06 7 No
2 8.54 8.80 2.25 21.2 145 647 0.88 7 No
3 7.55 7.40 2.10 21.4 123252 1.26 7 No
4 8.30 6.60 3.28 21.6 152738 0.68 7= Yes
5 8.76 5.60 4.20 21.8 170 501 0.71 JZ Yes
6 7.84 6.20 3.00 22.0 140 402 0.79 J& Yes
7 7.20 9.76 2.44 222 147 224 0.98 7+ No
8 7.40 8.66 2.15 224 132252 1.36 7 No
9 8.40 7.90 2.90 22.6 159 108 0.63 & Yes
10 8.14 6.54 3.80 22.8 163 169 0.49 J& Yes
11 7.26 5.90 2.50 23.0 126 079 1.14 7 No
12 7.80 7.55 3.47 23.2 158 932 0.50 = Yes
13 8.43 7.46 2.34 23.4 150 953 0.57 J& Yes
14 8.00 6.80 3.20 23.6 156219 0.67 = Yes
15 7.60 8.10 4.26 23.8 174 451 0.44 JZ Yes
16 7.73 9.00 2.30 24.0 146 683 0.95 7= Yes
17 8.30 9.48 4.10 242 195573 0.51 JE Yes
18 8.80 8.56 3.70 24.4 193 173 0.64 J& Yes
19 8.25 7.20 3.10 24.6 165 969 0.49 & Yes
20 8.47 8.47 4.30 24.8 199 537 0.66 J& Yes
21 7.44 7.10 3.40 25.0 156 657 0.63 & Yes
22 7.00 8.75 2.59 252 143 567 1.80 7+ No
23 7.15 5.80 3.23 254 143 801 0.67 J& Yes
24 7.15 6.45 3.37 25.4 158 213 0.49 & Yes
25 7.10 7.83 2.79 25.8 147 257 0.89 7 No
26 8.18 7.00 3.90 26.0 183 152 0.64 & Yes
27 7.37 10.10 4.16 26.2 191 033 0.40 J& Yes
28 8.10 8.38 3.62 26.4 186 565 0.51 J& Yes
29 7.33 8.20 445 26.6 185035 0.43 J& Yes
30 7.22 7.74 2.88 26.8 154719 0.52 & Yes
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Fig. 6 Influence weight of different structural parameters
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Tab.4 Comparison before and after optimization

JEBE LiheN lE S it Ji

Thickness ~ Groove  Groove edge  Groove Mass
t/mm  depth d/mm width w/mm height A/mm M /g
niai
Before 9 75 1758
optimization
. 3 28
UNar
After 7.7 5.1 1417

optimization
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Tab.5 Containment ring structure parameters

) = i -
ﬁ:ﬁ };E HlR Groove  HlZ% 58 Groove i
Serial Thickness . Groove
depth d/mm  edge width w/mm .
number t/mm height A/mm
I 7.5 5.1
| 7.7 5.1 3 28
I 75 7.5

FL A FR 2 T AE R S AL T 8 R RS Y B
DRAPZ A, DR G 1 280 S D a0 50 v 22 s Al %
RIS VAN A E e IR R 87N R B DS 78
TERE R P AL T A HRES AR b UJE SR AL By
B 2z 18R HRE ACKS 72 64 07 20K G B B8 58 , T KR
LA AL T ARBFRE . AN ZARALE
%% SAE Aerospae-ARP-85F2! {56 {442 25 i & 9 fir
71N s e A8 b Bl B R S S I i A A A
[ia] 107 3 35 3] i 6 AR A A0 BIR 5 88 DA T A A= B2 T

R i A R AR R A . A
W O =5 Oy R, U 5 S5 ™ AR - 3
il FNOKIR S ININE iR SN

e

E4h Spindle

4B Bt Transition stage

U AR

Ko IR
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Tab. 6 Summary of numerical and test results

IR AME

Initial outside

o BRI
Serial b Numerical result outside
erial number

diameter D /mm diameter D j/mm

g5 Sz

Outside diameter

SLBRAMEAE R

Actual outside diameter

AL
Whether
containment or not

after test D,/ mm rate of change u/%

I 185.2 — — — 75 No
185.6 221 225 21 J2 Yes
I 190.0 225 228 20 2 Yes
5w VO S R 0 £ L TF R IE g . X
=A

ORI T 5 25 48 ol 3 g 22 0 A Ak it I vk
T U ST L 2 P A RE 0 RO BB Dy SR SS g fe A

b5 B IR AR 15 1 DU 4508
1R IS BB A MEEUE ) 5 F & DOE
FEA S RO 23 B fg A ok L S5 7, 3145
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