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Investigation on stiffness of circumferential distributed tie-rod
roter with curvic couplings of trochal disk
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Abstract: Based on the circumferential distributed tie-rod rotor model with curvic cou-
plings , the stiffness of every part of the rotor was acquired with analytical method. Three-
dimensional finite element nonlinear contact method was adopted to analyse the flexural stiff-
ness and torsional stiffness of the curvic couplings after preloading by using the commercial
finite element software ANSYS. The stiffness correction coefficient and stiffness nondimen-
sional coefficient were obtained. Coefficient of tie-rod stiffness ratio was adopted to describe
the relation between the stiffness of tie-rods and disks. Results show that stiffness correction
coefficient keeps steady when the stiffness nondimensional coefficient is less than 1, while it
drops abruptly and the coefficient of tie-rod bend stiffness ratio increases when stiffness non-
dimensional coefficient exceeds 1. This means the preload is not enough and slip between
curvic couplings happens. Stiffness nondimensional coefficient reflects some certain stress
status of the curvic couplings, providing a basic guide for design and fault diagnosis of gas

turbine rotor with curvic couplings.

¥ B H9 :2012-07-11
) 4% HH KRt 3k - hetp: //www. enki. net/kems/detail/11. 2297. V. 20130711. 1810. 201307. 1618_031. html
TEE B 20 (1988 —) , J B vidg s AL, B -2k BF 5% 7 1) Ry e F 45 M ik i S5 92 5.



£ 2 A 2 TR 0K T e B R 1) AT T R RE T 1619

Key words:

circumferential distributed tie-rod rotor; curvic couplings; preload;

finite element method; stiffness correction factor;

stiffness nondimensional coefficient; coefficient of tie-rod stiffness ratio

6 2 T U4 S5 48 B A H St e AR AT 5 NI
PER 8 AN B A5 0 20 05 E A =S R Sh LR B
RURSFCAILEL 7 A5 20 732 b 1. e %6 48 s 170 147 179
iRy, FEA WAL K 5 —Fh o F T 5 A o
T, WA 2% A (Hirth coupling) , E & A F KT
FALEIR BN O PLAT B BB WL T
L FAL FL 5 55 = Ry SO 56 45 36 10 25 (curvie cou-
pling) , B H T i 25 K shHLEE  F1 J 1) P A1 22 7Y
I | S = VA S L | RN/ NS 1 s o3
B0 SIS % 25 i T A7 32 4282 1) o] o) oz A B A,

ST s 45 i TED 247 XoF FH A B W 65 91 14 28 R M
VAT A5 2H B I SR SR B I O Aok SE B A ke
£ v T A BT PR A AR 1942 FFE PR L HET
ity 1T 15 PRI 3 43 1T I T P B 9 SCR AT AR 2. B
SCHRBIFFE 322 AR T AR IS T ) s — A D IF 5 il T
Vi 1 3 3 A B X AT A 1 AR s SCigkE4
38 o SR RS o B A BRIT 4 G ok X A i
(TR S LN AV 551 WA 0 v &= S s DA R 1 |
SR BB SOk 5 SR FH 4k il = A Rk
B 70 R340 350 07 YA T 5 TG 4 il B U T R L OF
W A5 2 B N7 g 4R i R EON R T S AR SRR A BR 0T
TR A5 305 N g o3 A, SCHRT 6 L ik ot 38
S UG I i AN AT PR e Ar 4l % Lo, v B R IE O T
S s T, AR T T B S A e T I ) 4 2R
EAE M. SCRRLT JEE L T R AR LE 7%+
[ = 4E i 300 6 BB Y, B3 T RS B L A
FE T 0L 56 4% v T (A7 RN RE AN B 1 1A N T 3 A s SC
BRC8 ISR I =4 A BR o 75 vk 1 5 i 25 & s HL 4 4%
ity TR 14 3% F2 AE I 1 kv A5 B0 T B FT B 7, IF X
JUAT 25 K AT AL, SCHRC9-11 T N7 1 48 4% vy 1A
Vi TR B G S, A5 300 F A i T A7l ) 0 ) W
PRI, BAF 5 2 v 1D A7 A B oL 25 e S HIL A - B
TR . 55 — A58 7 0] S S804k 15 %
TAHAAIE S puil. SCHRL12 v 43 7 %8 B o 1 47
PNCE 2 HE A5 8 O B 0T R TS AL B
W (CAD) 3445 2] 46 2 i 11 15 0 T 2 80k 1
FLLOSCHRL 13 ] 3 T 5 e 458 s 1D 447 0 T % e X 147
T 22 fnk 69 5 10, 43 BT T AS [] L AT 2 550K 88 6 AR
A fol TR0 AR A 52 ) L 45 3] TS R4 22 T A AR iR

P SO T A 45K v TR AT T Y D 1 L AT e A
G a3 M A B B 1 A R AR I L SR = 4k
A BRITAR e P 12 fih 75 2 T H 3 U 0 A T e 2k
TET 147 3 42 B 25 Y P S R0 AT 5 W EE L 45 3 I 4 1
FHORA 2 TG i 49 2 B0 G 2 20 7 A [ B AT
I 52 1 25 M 385G 2, 45 2 J1 1) B2 AT M E L 491 2R
B P A ah e al s e £ i 11 45 AL 1Y B 1A
BB R LA B

1 BEEffFETFITERE

VL L A 1) 253 A5 o 2 A58 ot TR 147 34 422 A
I O SCTi B8 T8 BT ) | 5%+ B PR o
Ak Y s A G S A AN 12 MR R A R 4R
T VR it 368 2ok 88 50 it o 55y e Ak i TR Ok X g TV
P A BTG 1T s T TR S 8 18 2 e [
Jiy 1) 2945 247014, SR A X e FAL B A AR L A
YIRS AR 1 TR,

dl
| —>|
dZ
™d T
v v
I I
d?v
P og

B JE AT e T A
Fig.1 Model of circumferential distributed

tie-rod rotor

k—»}t 0

h,

h

h,

®

2 £ T 5 4 E
Fig. 2 Teeth profile of curvic couplings of
trochal disk



1620 i 2

g N o

%28 &

x1 BARANETFYUESH
Table 1 Physical parameters of circumferential

distributed tie-rod rotor
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Fig.4 Force analysis of curvic couplings of trochal disk
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