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Abstract Turbomolecular pumps, as critical equipment for maintaining a clean high-vacuum environment,
are widely utilized in various fields such as semiconductor manufacturing and space simulation. However,
accurately and efficiently predicting the performance of turbomolecular pumps has been a challenging issue.
Existing methods often suffer from a lack of generality and computational efficiency, making them less than
satisfactory. This study focuses on developing a performance prediction method for turbomolecular pumps based on
a neural network model to address these challenges. A neural network model is proposed, which can effectively
learn and simulate the complex dynamic behavior of turbomolecular pumps. The model is trained using a
combination of numerical simulation results and experimental test data, endowing it with excellent generalization
and predictive accuracy. Through dual verification via numerical simulation and experimental testing, it is
demonstrated that the neural network model can accurately predict the pumping performance of turbomolecular
pumps. Additionally, a comprehensive analysis of the factors influencing pumping capacity is performed based on
experimental test results. The results indicate that this model can serve as a tool for evaluating the structural design
and performance assessment of turbomolecular pumps, aiding in the optimization of their design to enhance
pumping efficiency and applicability.
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Fig. 1 Geometric structure of turbine blade row model
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Fig. 4 The change of MSE in neural network prediction results

during training

WA S Fros, 6 U2 Ja A5 0 %) T Il A B A (i 2
A ARG — 2k, R LA e R R
$=y+1.6x107° (14)
A TG H R=0.99998, £ 4 1 52 b7 1 1 28 W) 4%
LR B FUINDRG 2

1.0

0.50
051

0.45
0.46 0.48 0.5

output
=

® data
fitting

-1.0
-1.0

-0.5 0 0.5 1.0
target

K5 HARESHE

Fig. 5 Target values and predicted values

YNZREE R
K 6 AETT XL y = 1 I, M-S St
A2 H R LA L . 7R B < 0 T 2
3 B4 B2 Tl A RS, > O Y R I8 9 1 1) £
AR, B = 0 1155 AR A2 I 1 ) e 3R 1) 2
RS HE R 0 i3] B9 IE S 1 AL s R, AP Al LAFE
Y HE R 0 I, AR AEANR] A BE T 25 WA A Y
i RE 734978 0, (UG A A9 F BE BTG R, IE %
i) A2 M R B4 S S M M A o TR LU, L
JER T AN KA RO T — i T™MP, Hont A
LS H, BT LERZ H/INT 0.5), #7 2 RETE
J5 G5 i3 e A7) v A F i) A i AR 5K BB
JEXTEH A 31 A S A BT A e A
TEM R AJE o AZRTEOLT, NP o= 45007
JE 7R i £k, Bl JRE LG B3 O, R T 1 1%
AR AR Se R, AE B =1 B U R AR, B R B
JE FERHE R BTN, O TAE o IR N LELE
] e A< (> 0) Y FE B0 T, Y BB BE e/ (0 <
B < 1), W R SR IE 1] 4% 4 9 4 FH AN SR AR B I,
HA DRI 9> T3 3 1 7 BB, 45 2 1) H 1%
B Bl i, BEE R LRI OR, AR TR T
AL 3 Y Bl S LR (1 < < 2) I, A2
R MR TR B2 S I BE TR A A 2RI,
HOR AR BB AT G Kruger 42 H 9 LA
B, Z 5 R R PR 2 0k Z BT 43R5
9 TE ) B JEE, DR G A i ME 30 22 7 s ThT S 2 1L 3 >

1.2.3



o9

FE 7K BBt 552 T 28 O 2 1) o e 0 AP RE TN 815

2 I, JLF A B AR TR s S R R A 2K
fll 4, SRR 2ol TR, ST — B

[ 7 I P BB LE BRI 5% L, AP R 1Y
il £ on] AW A% fan S BE A A A A AR Ak
W 11 J3E 1328 BT O, K1 B I 1] A i AR R L i
R, BN KA SOZEHs/ N, 18 252 A7 BUR R (B

S =
o O

0.6

S =2
oo b s

transmission probability

Klo fi LM T @y =1

Fig. 6 Transmission probability response surface @ y = 1

1.2.4  PRE AR =R

TEA7 B, A T SN2 52 1 1 A 428 190 2% 33k £ 7
PERE TN, FEBRALAT L, 4 Bl FHAL > (IR 28
PRI AR LY | b 2 0 24 A5 780 X 20 -5 R F400-3500 Y
TMP 484" MM RE J7 204 T30, G0 SR e R
FE22ZH,

®2 BEGIEITEREN

Tab.2 Time required for each case calculation

BB Tk HEIN/s
JIRIE (RS 0.0212
MG 17.7861

i 22 o 5 A R 0.0312

X b, ASHE A LA R ELA AR R AU BILI f
0, KRR R JUAT R (A AR BT M e AR Y
JUATT RSP RARR B B i e 9 A Y 315 R
N o MR EVEAE SRR HLIN 2 LT A {ELVE B9 800
A5, DR R A (R T 5 B0 I R R AR 1] BEAT B, 4R
Jr RR A8 B B L AR 45 A 7 Bl 28 rh AT AR (B T3
WA HMASH, RS HH R T L
V5, AR T 1 B R B TR ML N A BT St
Bl {508 TR B D i 5

2 ) 2% A58 R A5 TR0 D H A B e A TN 4 T
R FIPE R L, AR RGBS AR S AT I A
T

LA LTS TR, ol FH Ao 2 10 245 FoUI A 2 X

KI5 F-63/55 B4 TMP i U 2% 25 44 ) F5c K il 5 ik
57 W0, A RANE 7 R, A MERAERR{E )%
THEH B 0 45 S0 B S s2 g6 R 45 2 T
GEIL, C 28 2 Fir ST S5t 28 I 285 B 78 ) T 285 2
3 3o X b AN X 2 B A 2 T 4% ) T 45 SRR T
S, W TS DAL, 15 A A 22 T 24 A5 AR 114
45 5L A (R R T

(=)
(=}

wn W
(=] w
T T

max. volume flow/(L-s™)
N
W

S
S

A B C
method

K7 X F-63/55 B (A48 {E 500 B-52 46 01X - 22 k4
25 )
Fig. 7 Prediction of F-63/55 (A-interpolation prediction B-ex-

perimental test C-neural network prediction)

2 SRIEANR

21 LWEE

e RS R R R M RE S E I &)
(ISO 5302:2003, GB/T 7774-2007) H (1) 37 H 31 %
W FRPERE, K 8 & TR R G AL, &
IR MBS N4 3 . ARG BN TMP;

&8 TMP PEREINIALE &
Fig. 8 TMP performance testing apparatus



816 H = B

ST 5 I NI S

o 44 3%

W3 B8 DAASAEL SE B A 2540 AT 28 10 S0 iR
fhas K EFr TMP B % EL25 5 Uit a1 4 42 0 91 )
HEA R G ARG iy SO T 3R e 4l B i<

R (FEABIESE T Ny); J025 T e i egt i

RIYUE ST

®3 LWATRAEMEE

Tab. 3 Instruments and equipment used in experiment
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