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Influence of Shaft Angle of Cardan Joint on Acoustic Radiation Characteristics of
Underwater Vehicle

YU Jing
( No. 710 R&D Institute, CSSC Yichang 443000, China )

Abstract When a propulsion system is driven by the cardan joint, shaft angle and pedestal angle will be
produced in the propulsion system due to the structural features, the limited structure space and the assembly
accuracy of cardan joint, which will cause additional load, vibration and noise during operation. The additional load
on the connecting parts will cause the forced vibration of the component. In view of this, the characteristics of the
driving shaft are analyzed by MATLAB simulation when shaft angle and pedestal angle exist. Vibration sound
radiation of the underwater vehicle under different shaft angles and pedestal installation angles is tested. Test result
shows that shaft angles affect system’s vibration sound radiation, which has certain instructive significance to the
design, installation and debugging of the same type of products!'’.

Key words cardan drive; shaft angle; underwater vehicle; sound radiation

0 3= TiiEdt R GRS SO R
T3 1) 5 A5 3h 2 8 1 g rheE B B 4% 3 07
ACTRUAT AR IR 75 PR RS S SR VERE e b e 3, LR BRI B R RS AMERE T, FEM AR
R ELZ PP A, K AT A S R B AL it i A e R IR e R S DL T BB AR vl
MR KBRS | BRBEREME R, R LR S i ML A NS Bl (RS AR AR R R e A i, T 1]
EEORIET S ARG, NIPPARR FRUATIRSE el A bmay , BHin s al LIS i 5 7 6]

Wk HIW . 2021-06-29
EF i A (1990-), B, Wit, BHFR TN, T2 NIIRMERE . (5580 505858



=396 - HFHEESKT G

TR B IR S s Ak, th TR ZF W R,
2y T34 7 S8 A B 22 2 i S Al T RE B — RE Y
i 22 11, DA 3 RS i ) % o R 2 R ) P DI A
LeVEIR S o T ARSI R 2 28 ph B R 2
B D 45 A2 3 AR AE AT A T A e MR _E B SR A Ak 2l
M 17

PRI, R 5T 7 1) b i T e 7y 00 35k e 22 3 v e £
Xt 30 1 R GRS RS BRI A7 Bl T 1 R
A A BRI iR A B, AR T AT AR A i
By, WS S e A iR S R A P

1 B4 mir Rt

T3 ) A S AS R, ol A - e i 2 (]
FAAE—Jeffy, Bt . N shih i e £
JE HOR AR

~.
e
~.
~.
So @)
~
.
~.
~

i e

1 B+F7 e sh

Fig.1 Single cross cardan shaft drive
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Fig.2 Angular velocity of the driven shaft
changing with time
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Fig.3 Angular acceleration of the driven shaft
changing with time
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Fig.4 Installation coordinate system for power system

AERR X Y1Zy & E sl b S LA ) Ak
7{:/]—@%, ﬂéﬁ%‘ilﬁﬁﬁhlﬂ’ﬂjﬁ, X1)1z1 I%Iijﬁﬂﬂi
5 EZhhEEM S AR bR R, B ESh &3,
HEBR R X YaZo 52 NSl b S5 AL 1 1) o2 AR bR R
xoy0za FE NS 5 NS ELE s A bn R, BRE
BNl — R 8. AR REI KR X\ Y12, 58
Z WiERE 0 fAEERR R x1y121, Xa Yo Zo 27 Z, BlIERE 6,
MERR xopoz, X V1Z) 58 Y BlIER: o M EAR B h
bR R XY'Z', XYZ'H5E XHEs: g g3
XoY 75,

25 AR bR B 4 R AR B ] i JLART 56 &R T AR A

¢ o .
tan, = an g, cos f—sinasin S (3)

cosa

K (3) XFIFIRIR T n] 45 A 3 R I 3 22 3

cosacos (4)

6, cos® 6 cos” a +sin’ 6 cos® ff—2sin 6, cos G sinasin fcos ff +cos” 6, sin® asin’ B

X (4) SRAHAIE s 225K

b= +
B+Csin26, + Dcos26,
42 2A(Dsin26, — Ccos26)) (5)

' (B+Csin26, + Dcos26,)

s

A=cosacosf
B=(5+cos2a+cos2f+cos2acos2f)/8

C=-sinasin2f/2,

D =(1+cos2a—-3cos2f+cos2acos2f3)/8

HWO, =0, p=0, WIAJFFEATT [ fh7EE W T
DR - AR IR I A I iz sl 3l , BG4k S
51—

K MATLAB X 4ifi 1] Je £ 15 J38 {3} £y ] g
FEAE BT BUHEAT 05 EL, Bl 9] e A OB R 1030,
SE PR A VS FEY 1°~3°, D5 SRRl 5-6.

MK 5-6 ATLLE -

1) Fahihieil—Rl, 3\ Shlns B
LNEIEH DR BEY SN NI L VA [IBEN - ot Ee T A
JE1 48 5

2) AH[EEh ] e F A 0T, DA Shil A R £
o0 A i e A A ) 3 I O, ELAA Sl
PR R B A AR AR 22 5

3) AR ARG, JE e A A A AT
B8 T DA By by 39 R R A o SR ) MR

MESHHLL 1 500 r/min )iz A, &5
e ek it Al [0 e o 0 S JREAT A P AR AR IS B AN % 1

1574 —— : =
/o v/ 1"\_—&: °, p=1°
1572 ;' H I" I _a:]o’ ﬂ:Z
157¥/ = a=1° f=3
§156'80 001 002 003 004 005 006 007 008 0.09 0.l
<1575 — T
/ | L |20, p=1°
b N\ | — =20
2 1 N — 25 2
3 : a=2°, f=3
Z 1565 : : : : : : : : :
= 179207001 002 003 004 005 006 007 008 009 01
2 =
h 1 \ h H ‘ | —o=3°, [~1°
e N N N N i
sesl L NV R o=
0001 002 003 004 005 0.06 007 008 009 0.1

fist[i1)e/s

5 M Ehih fiE B BE AT B B 1L
Fig.5 Angular velocity of the driven shaft
changing with time
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Fig.6 Angular acceleration of the driven shaft
changing with time
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Tabel 1 Change of system dynamical variables with
shaft angle and pedestal angle
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1 1.001 5 157.319 1 75.187
3° 2 1.002 157.390 1 37.4659
3 1.002 7 157.5111 138.3523
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Fig.7 Diesel engine’s foot spectrum level at shaft
angle of 0°
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Fig.8 Diesel engine’s foot spectrum level at shaft
angle of 4°
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Fig.9 Electromotor foot’s spectrum level at
shaft angle of 0°
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Fig.10  Electromotor foot’s spectrum level at
shaft angle of 4°
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