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Rotor for Whole Territory Design Requirements
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Abstract: In order to meet the whole territory design requirements of a turboshaft engine in plain, plateau,
high cold and marine environment, the size optimization and topology optimization were used to reduce the weight
of the core—engine disc. Firstly, a Radial Basis Function (RBF) network surrogate model construction method
based on Proper Orthogonal Decomposition (POD) is proposed. Through supplementary sampling in the key ar-
eas, the optimization efficiency is improved and the optimization time is shortened on the premise that the total
number of samples is equal. This method is used to optimize the disc size of core—engine rotor, which reduces the
weight and makes the stress distribution and strength reserve more reasonable. Then, the topology optimization
method of Solid Isotropic Material with Penalization (SIMP) is used to optimize the topology of the region near the
bolt hole of the turbine disc, and an innovative configuration with lug shape is obtained, which solves the prob-
lem of bolt hole stress rising too large caused by the disc thinning after optimization. The results show that the

weight of optimized core—engine rotor is reduced by 15% which meets the requirement of rotor weight for the
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whole territory design on the premise that the strength and life of core—engine rotor meet the standard require-

ments.

Key words: Whole territory design; Core—engine rotor; Size optimization; Topology optimization; Prop-

er orthogonal decomposition; Radial basis function network
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Table 1 Parameters setting

Number Number of Nu.mb'er of Number
Test . samples to principal
X R of initial R of new
function format the component
samples . . samples
snapshot matrix retained
1 200 50 1 50
2 1000 300 2 200
3 5000 1000 5 500
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Table 2 Optimization results

Test Optimum Number of Surrogate model
function Jf-value total samples  RBF+POD RBF
1 -1.0316 250 -1.0315 -0.9682
2 -195.831 1200 -182.6 -174.1
3 0 5500 250.3 608.9
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Fig. 6 Schematic diagram of design variables of disc (mm)

() PEAL LR E AR B A B A S F R E
b bR L 3B Ay o EFER 6 124 SO B
RSy ol R TR SR L DAPA BN S o TR |
Jal 1o 57 T3 i R e DR 2 g RN g R R R N A
Jo T2 Bl 2R 2R A 1R, LUAE B AR B H AR e
Beo Hrp A B A W P B AR 1) B | A T 2 R
Tia] Jo7 7 B i {4 AN 2o 0.1 9% J I B o, R BE A
R o, HUAE Y B 20 L R R 2 BN T — 2/
LA R MR RS O B N g BIR (R AR B AR A
P4k -39 B 3 LA B ARAG 3595 55 77 fim 2R B2 o Hs
BRI

210328-5



TH i) 2 R R BT 375 R A9 5 T il & S LAZ O AL sl A1 £k

2022 4F

A3 A5 21
FlndX = (x”xzy...’xn)
min V
sit. o, ., <520
o <560
6
T e < 350 (6)
T\ e < 320
T e < 1100
T, R R SR

Ao X AR % VAR AR, mm’ o, 7@
B KSR T, MPa; o, o8 A IR R R Y
B J1, MPas o, , jyfzﬁiﬁéﬂiﬁ%@ﬂjémr“jj MPa;

jaﬁﬁi%ﬂ%]fﬂr“jj MPa; o e W EAR K
éﬁﬂ?ﬂjﬁlmﬁﬁ,mdo

(3)KH T 2T POD #b 7t R A 1Y RBF A 245 7Y
P35 T o T e ok B TR ST 7 B R T iE AT 220
YR 5 T8 220 41 i v, ¥ AN Tl 2 29 o) S5 1 1 ik LA S
A 22 W AT AT R HEBR B, A5 5 80 41 T AT i o B A5 Y
80 ZH AT AT fiff A Ay DR BRFEAS | A= Jli e BRAE B 5 #E 47 POD
O3, SR AR R B CRI S Dy ) ) o A i oR BN N (Y
RFEAE B /N B W T 1% 56 pR 500 PR R AR B 1 Tk o Ol
RF I ABL 4% BB /NS AT HE S T E 5 A A R AR (EL 1Y
DURRAR . % OTBR MUK BE R IR B 3 S ki B, RS
TERI IR FEA TR T 5 AN B0 A5, 76 LB O X 3 3
JIT 60 A AR A 805 BB R A S0 AREA S 4 5K
Ji i3 57 RBF AR BRAR A

X H 5 #AF Patran/Nastran #4758 )& 087 o 31
SR B IR 5 — S I R A A0 B 6 AR BEAE Sk T SR
R BREAT AR B S 20 0 IR T iR . Bk
W& LE 4 AL, 2 R B0 SRR 1 1S AR AR R
B SR 228 T 1%, LA N b A% BE i 14

SO R . TR R T B0 oy IR 3
o FUAl 0] UK Ty, Z0E T M RS BT s, R
A R 4E oL 2 p 38 18 7F Patran/Nastran JE6ill F i —
T & R 4 L RRR 7 0 4 o], S BA AL A AL A B
G3 W LB RT3 SR R A4 R RS A
P R Matlab #0044 5 #2157 52 8L 1 POD 4317 &

Fig. 7 Finite element model

(4) 3 F L4 F &5 (Isight) #F 17 4 B ATOE 16,
B 8 i o % Tsight H 7 1Y Pomteriﬂﬁﬁm’tﬁ‘&ﬁ
731k

JEAML—Z S A AT 5 B S X
3, ARG S B AR R AT R XS L W AR 4.
b5 e 35 A A I AT T B AR ) R ) R T T
Y J&] 1) 2 3 A B BT AR B R N S A T
BEAAH Y R SR O B R M i WA BE AR A L
WAL T 11.3%. R TR, J g R — 2t
R TEA AL R, AR R Z 2B, Fok 45 8
T RS, RALHET JE DL AR X W9, Y
N )R L UL 10, 3RS AT AR AR R R AL
BN & AL W LS E R N AR S5 s i [ =]

Table 3 Comparison of design variables of the first stage

blisk before and after optimization

Design variables Before optimization/mm  After optimization/mm

I 95.0 95.9
P, 5.0 5.5
Ps 33.0 35.0
Py 10.0 10.9
Ps 31.1 29.0
P 9.5 8.4
Py 4.0 5.0
Py 6.0 5.0
Dy 18.0 35.0
Pio 31.0 27.5
Pi 0.0 40.0
P 14.7 11.5
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Parameterlzatlon of Strength Result of Parametenzatlon Strength Result of
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Fig. 8 Optimization process integration diagram

210328-6



Fa3k K2 e i

#HooR

2022 4F

Table 4 Comparison of constraints and objective functions of the first stage blisk before and after optimization

Constrains/objective functions

Before optimization  After optimization Rate of change/%

Maximum von Mises stress of blade root/MPa 542 555 2.4
Maximum von Mises stress of disc center/MPa 536 511 -4.7
Constrains
Average radial stress of the most dangerous section/MPa 260.4 338.5 30.0
Average circumferential stress of meridian section/MPa 285.9 312.5 9.3
Objective functions Mass of the first stage blisk/kg 3.595 3.188 -11.3

Table 5 Comparison of constraints and objective functions of the rest discs before and after optimization

Optimized . L . Before After Rate of
. Constrains/objective functions L. L.
object optimization optimization change/%
Maximum von Mises stress of blade root of second stage blisk/MPa 533 616 15.6
Maximum von Mises stress of disc center of second stage blisk/MPa 681 749 10.0

Average radial stress of the most dangerous section of second

279 446 59.9
stage blisk/MPa
A sircumferential str f idi :ction of sec
verage circumferentia stress. of meridian section of second 432 599 8.7
Second—third  Constrains stage blisk/MPa
stage blisk of Maximum von Mises stress of blade root of third stage blisk/MPa 545 604 10.8
compressor Maximum von Mises stress of disc center of third stage blisk/MPa 688 703 2.2
Average radial stress of the mos erous section of thi
verage radial stress of the m.()it dangerous section of third 329 434 319
stage blisk/MPa
Average circumferential stress of meridian section of third stage blisk/MPa 351 415 18.2
Objectiv
]ec' e Mass of second—third stage blisk/kg 4.37 3.89 -11.0
functions
Maximum von Mises stress of blade root/MPa 686 759 10.6
Maximum von Mises stress of disc center/MPa 667 734 10.0
Constrains
Average radial stress of the most dangerous section/MPa 366 370 1.1
Impeller
Average circumferential stress of meridian section/MPa 387 448 15.8
bjective
Objective Mass of the impeller/kg 7.14 6.54 -8.4
functions
Maximum von Mises stress of disc center/MPa 1097 1141 4.0
Constrains Average radial stress of the most dangerous section/MPa 587 731 24.5
First stage
turbine dise Average circumferential stress of meridian section/MPa 596 723 21.4
Objecti
)Je(_ e Mass of the first stage turbine disc/kg 4.6 3.6 -21.7
functions
Maximum von Mises stress of disc center/MPa 1164 1200 3.1
Constrains Average radial stress of the most dangerous section/MPa 571 736 28.9
Second stage
: . Average circumferential stress of meridian section/MPa 524 723 38.0
turbine disc
Objecti
Jective Mass of the second stage turbine disc/kg 4.5 3.5 -22.2

functions
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Fig. 9 Structure comparison before and after optimization
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Fig. 10 Comparison of von-Mises stress distribution before and after optimization
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Fig. 11 Finite element model of turbine disc for topology

optimization
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Fig. 14 Comparison of von-Mises stress distribution before

and after optimization
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