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In this paper, the purpose of a study is to evaluate the vibration characteristics of the reduction gear for mounting naval vessels

and to present new vibration standards based on it, The reduction gear is one of the core propulsion systems of naval vessels,

and vibtarion generated by high—speed rotation according to various conditions in the marine environment affects the performance,

durability, and crew safety of the ship, However, the existing classification standards do not clearly present specific vibration standards

for reduction gears for naval vessels—mounted reduction gears, and overall research on vibration characteristics is also insufficient,

To solve this problem, this study first identified the applicability of the current standards by comparing and analyzing major domestic

and foreign classification standards, Subsequently, the vibration data of the reduction gear generated by naval vessels were collected

and compared with the existing classification criteria to identity the vibration characteristics, In addition, a new vibration standard

for the reduction gear was presented, Through this, it is expected to play an important role in securing the shaft integrity of naval

vessels and maintaining the long—term performance of the reduction gear,

Keywords : Reduction gear(Zt£7|04), Vibration(Z15), Vibration criteria(Tks 715)
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Fig. 1 Stress limit of gear difference due to longitudinal
fluctuation thrust (Korean Navy, 2022)

Table 1 Vibration limit for gear (Korean Navy, 2022)

Frequency Range(Hz) Vibration Limits(mm)
4 ~ 15 0.762 £ 0.1524
16 ~ 25 0.508 £ 0.1016
26 ~ 33 0.254 + 0.0508
34 ~ 40 0.127 £ 0.0254
41 ~ 50 0.0762 - 0.0254

Table 2 Vibration limit for gear of ABS, DNV (ABS, 2021;
DVN, 2021)

Velocity

4 -1 000Hz

7mm/s

To be measured in any direction on the
foundation and on the input shaft bearing

2

2.2 =2 F2 Mg TS d&7|E

e

o= AMZsAlRl ABS(America Bureau of  Shipping)2l
Vibration of Machinery Equipment and Related Structures 2! =
29o|- =2 MZ3|All DNV(Det Norske Veritas:Germanischer
Lloyd)2| Rules for classification of ships2| Vibration ClassollA]
= Table 22t 20| Z=E7(0{2] 7|EX|of| Chall MAISICE 2457
olel 8% I SMo| 72 glo] 25710 Hofde| e diek
M 4~1000Hz7KKI2] & Fulg oM Tls £ RMS
(Root Mean Square) zf2 &Esl0{ SYsH 7|=gl VR 7.08
Mgt
g MZs|Afel LR(Loyd's Register)ollA= Ship Vibration
and Noise2| Guidance NotesOllM 7|0{RE SIXM7|HZ 2R3l
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E
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T
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1.0 -
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Class | Class I Class Il Class IV

02
Fig. 2 Rotating machinery assessment
(LR(Lloyd's Register), 2006)
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Table 3 Classification of Typical Types of Gear Units
(ISO 20816-9, 2016)

Sub— | Examples of Gear

) Power| DR VR AR
class Units

Class

Special-purpose,
enclosed, precision
single or double
helical one or two
stage speed
increasers and
reducers of parallel
shaft design.

Any | 31.56 13.15| 50.0

Industrial, marine, | Low | 31.513.15| b

etc. High | 50.0 | 5.0 b

General—-purpose,
enclosed, single or
multi-stage gear
a) units incorporating | Any | 50.0 | 5.0 | 80.0
parallel shaft, helical
and right—angle spiral
bevel gears.

High—speed (over 3| Low | 50.0 | 5.0 b

b) 600 r/min) Industrial,

marine etc. High | 80.0 | 8.0 b

General—-purpose,
enclosed, single or
two—stage reduction
a) gear units Any | 80.0 | 8.0 [125.0
1 incorporating
epicyclic (planetary)

gears.

Industrial, marine, | Low | 80.0 | 8.0 b

etc. High [125.0(12.5| b

General-purposeencl
osed, single or
multi-stage straight
cut reduction gear
units, e.g. calendars,
extruders, etc.

Any [125.0120.0[125.0

Mill, etc. Industrial, | Low |125.0|12.5| b

b)

marine, etc. High {200.0{20.0| b

a See Fig. A.3

b No information available at this time
DR= displacement ration, VR = Velocity rating, AR = acceleration
rating (see Annex A)

o ol
[
H1
tr
rir
d
iy
m

H

x I
o
]
on
[T
do
1|
0z
OII
1=
|0
HU

=
m
[

< o

EHQ [

o

o

S

S

T

N

o J

o
|0
— 30
N B
2
= [m]
T
=
le
HI
=3
<
o
ol
Jo
on 0
[l
ol
Al
ox ro
o
>
S o
X
||

w
o
Hu
G

0
ok
0%
oy
J
&
<
i)
o
o
02 M
on
o
to
> 0
un
il
o0 T
_O'L
|

Qi1 500Hz O|Afe| nZ=m} Q

r2iM Hod s19d Ts 54 dalo] Hatet
ESE =X A SHolM ‘E AT S- gka
H(proximity sensor)S HEZ 225{0F SHX|2H H|
s &Y 92 7152 (accelerometer)

o o
Mgt 4 ok 5% o

a
=

S fo
In

i=l

}i

rok

=

[0 1
Hu
a=
il
n
[

r

d

ﬁ._'_._'_

d

[
I

1 ool 1
[e]]

o e

ok oA

mju
>~
ofo
ol
o &

H[

Jo
o
I
o

JSNAK; Vol, 62, No, 5, October 2025

w
R
~



100

v
VR 20
/ ~
// VR125 \\.\
10— . VRS ~ ~
[~ VRS
e 7 [ ~ a N
A VR3,15 N N
/ - ™ \\ h
g 7 < S
/ NN
N
] ] [
Yo 100 1000 f 10000

Fig. 3 Speed rating diagram for housing vibration f
frequency, Hz RMS vibration velocity, mm/s: VR
velocity rating number (ISO 20816-9, 2016)
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(® Top of reduction gear shaft bearing housing(New)

Fig. 4 Measurement point of gear drive shaft system (ISO
20816-9, 2016)
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Table 4 Units of measurement

Physical Unit
Frequency Hz
Displacement (peak—to—peak) um
Velocity(rms) mm/s
Acceleration(peak) m/s2
34 3E 52 44

Iz S22 £29| RMS(Root Mean Square) S 7|22
VR 3.15, VR 5.0, VR 8.0, VR 125, VR 20 &
O=F LkzCh o] Hfd2 FSoLX|e 57 H|E0] 2k 2 58l

£ gts0iof TRst #S 8|82 1250 Tel= ok 3101 A
£ 532 Mi2at & 4 ck

ol
=

AA .
2 BES 27I0fE Fig. 50IM 2 Blet Zo| Z47]0]
=

e &2 10MWZIX| VR 5.022, 50MWZIRIE VR 8.022 +
235101 7|22 MESICE o] 7|E2 oM 2E8oM ARBEE
HE710de| JHe £ Tdstn ABS, DNV MZ0lA HMAlSk=
Ch 7|Eel VR 7.08 ExRe o MAEst S5 /oIt
Fulg Y] 4~5000Hz TL242] £ 7|&E Mol T3l Fig.
gollA 2= viet 20| MESICE XFu} cee| A9 DR 501t
VR 5.00| Yx|sh= ke tffo| 2k 45Hz0|1 O FH olsiof
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Table 5 Classification of vibration ratings based on the
RMS(Root Mean Square) value of velocity

Output of power/EA, 10MW

\ Auxiliary ship (0], 6.6 MW
Minelayer(00)
Patrol Killer Guided-missile(000)
Amphibious shin(000, 000]
Submarine[000. 000 etc.)
10 Auxiliary ship[00]

10 10 1000 10000 {Minelayer(00, 00], 1.5 MW

Freauency Hz)

Ti5g ™ VR7.0.00, Part6

Kinetic Energy Inter grade
Grade (VR) (VR2) energy ratio
20.0 400.0 -
12.5 156.3 2.56
8.0 64.0 2.44
5.0 25.0 2.56
3.15 9.9 2.52
100
)
@
E VR20.0
& VR125
E 10 VR 8.0
= VR 5.0
& VR3.15
]
=]
=]
2 1
10 100 1000 10000
FrequencuylHz)
1000
Destrouer{0000. 00001, 45 MW
Destrouer (00000, 000
- Auxiliary Ship(00)
& Frigate(00, 00, 00)
E Corvette(00)
£ 10 R8.0 / Amphibious wrfare shipl00], 12 MW
g

Fig. 5 Velocity rating classification
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Fig. 6 Classification of the VRus by frequency

100.0
’at.“‘_
. //r . e
=
&
E
E 100
g
10 - ‘ | L]
4 10 100 1000 5k 10000
Frequency [Hz)
Fig. 7 Classification of four levels of vibration during

deceleration gear operation(If prescribed VR 8.0)

Table 6 State classification of measured vibration values
according to reduction gear grade

Measured vibration values of platform of naval vessels

Displacement Velocity mm/s Acceleration
m (p—p) |[(RMS(Root Mean Square)) m/s? (p)
DR 20 VR 2.0 AR 20
DR 31.5 VR 3.15 AR 31.5
DR 50 VR 5.0 AR 50
DR 80 VR 8.0 AR 80
DR 125 VR 12.5 AR 125
DR 200 VR 20.0 AR 200
DR 500 VR 50.0 AR 500
DR 800 VR 80.0 AR 800
DR 1250 VR 125.0 AR 1250

oF LIF0| 7|Ale| TS0l thet HaX Holol| whE =X ¢
|
4

FII’SS 7‘1I€—%-F $ et © T2 7‘._% =

JSNAK; Vol, 62, No, 5, October 2025

329



EI-X-I% 7I-_/t7|o-|_0_| ALEH A

HAS fle TS 7|1E o

1o

HAESH A7t el wibk] of 7oA Mgkl 7|2k Set

xy
83 4 9k 79 D= ZAopoll A4k T 0 A
A

kA
rot
i
-|0|'
ﬁ
2
2
2
rok
_I_
52
5 rlo
O\I
ok
o
i
2
m
g
ol
C M

A fE= T E'I%E) = SHNO| X &3 E2

o — a
23101 = 7|&E JHE(ehE Table 62 20| M&2 o= UCk

4.1 =2l F2 MEZEMe| TF 7I1E HE
2XollM oiFet Hiet Zo| 9| F2 MITEAL S ABS, DV

itel Z47/0f S Mg 7|Fol w2t MOOZ § 95e| 2BE

oAl HZsH HolEfgat Bl Bct FS djolEl= PCB

MOO Class
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7
5 LOE+00
E
g '
Z 100601
: b, n ~
£ \ t
: Wl
E] 1.00€-02
]
§ m
z  L00E03
T
=
3 100604
L00E-05
1 0 100 1000 10000
Frequency(Hz]
----- Creera = PCL10 -85 = PCL10 y-&E PCL10 2-axis PCL20 %-8Ki§ = PCL20y-&E ~—— PCL20 z-axiS
——PCL30Xas ——PCL30 V-2 POL30 s ———PCLA0X XS —— PCLADy-E —— PCLAO 20 PCLS0 x-anis
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Fig. 8 Comparison of ABS, DNV criteria and vibration
values of MOO Class
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Fig. 9 Comparison of ABS, DNV criteria and vibration
values of LOO-Il Class
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Fig. 10 Comparison of ABS, DNV criteria and vibration
values of AOO-I Class
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Fig. 11 Comparison of ABS, DNV criteria and vibration
values of MOO Class
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Fig. 12 Comparison of ABS, DNV criteria and vibration
values of AOO-II Class
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Fig. 13 Comparison of ABS, DNV criteria and vibration
values of FOO Class
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Fig. 14 Comparison of ABS, DNV criteria and vibration
values of DOO Class
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Fig. 15 Comparison of ABS, DNV criteria and vibration
values of LOO Class
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Fig. 17 Comparison of proposal criteria and vibration
values of MOO Class(VR 5)
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Fig. 19 Comparison of proposal criteria and vibration
values of AOO-I Class(VR 5)
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Fig. 20 Comparison of proposal criteria and vibration
values of MOO Class(VR 5)
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Fig. 21 Comparison of proposal criteria and vibration
values of AOO-II Class(VR 8)
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Fig. 22 Comparison of proposal criteria and vibration
values of FOO Class(VR 8)
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Fig. 23 Comparison of proposal criteria and vibration
values of DOO Class(VR 8)
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Fig. 24 Comparison of proposal criteria and vibration
values of LOO Class(VR 8)
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Fig. 25 Comparison of proposal criteria and vibration
values of DOO-I Class(VR 8)
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