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Development of the Multi-Gear Train Devices of Synchro System

for the Guns of a Warship which Considered the Noise/Vibration
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Abstract: Vibration and noise analysis as well as strength of gear teeth, gear profile
design are considered in order to develop the multi-gear train devices of synchro system
for the guns of a warship.

A new approach to the critical speed calculation of practical industrial multi-mesh
geared system is presented. A transfer matrix model based on Hibner’s branch method
is developed and the natural properties of the branched rotor system are calculated
with using the A-matrix formulation.

A Campbell diagram, in which the excitation sources caused by the mass unbalance of
the rotors and the transmitted errors of the gearing are considered, shows that, at the
operating speed, there are not the critical speed.

Key words: Guns of a warship, Synchro system, A-matrix, Campbell diagram, critical
speed
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Figure 2: Flow chart of gear profile design
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Figure 4: Gear profile which is designed
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o714,
s, ' Bending Stress Number ( MPa )
K, : Application Factor for bending
strength
K, Size Factor for bending strength
K Load distribution factor for bending
strength
K, © Dynamic factor for bending strength
J © Geometry factor for bending strength
m ! Nominal metric module in plane of
rotation (mm)
 Helical over factor
Ya
Kymyy

Y : Tooth form factor
K, : Stress correction factor
: Helical overlap factor

my : Load sharing ratio
710 3 Are ol He wHE & o kA

E (2)

KL KH
Sat KT KR

(3)

s =

s, . Allowable bending stress number

at

K, © Life factor for bending strength

K, Hardness ratio factor for bending
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strength

K, : Temperature factor for bending
strength r

K,  Reliability factor for bending strength

oo 2ol oAste] B AFeA AL FY
0.005HP, +%% g4d4%= 500 rpm<€! Synchro
system® #34E AA Ags oS3 2o

Table 1: AGMA bending strength(turning of left and
right)

Gear |Pair #1|Pair #2|Pair #3|Pair #4|Pair #5
Factor [pl g |P|a|P|Gg|P|a|P|a

2E
(mm) 0.5/ 0.5]0.5/0.5]0.5]0.5]0.5{0.5[0.5] 0.5

A 45| 72 | 48| 72 | 35| 70 | 28| 84 | 241|120

3
&% 500 313|469 313 (469 234 [234) 78 | 78| 16

(rpm)
Sat
(MPa) 430[ 430 | 430 430 | 430] 430 [ 430| 430 | 430 430
St
(MPa) 15| 15 [ 15| 15 | 18| 18 | 46| 44 [170| 167

S (MPa) | 360] 360 [ 360| 360 | 360| 360 | 360| 360 | 360| 360

Table 2: AGMA bending strength(circling of above
and below)

Gear |Pair #1|Pair #2|Pair #3|Pair #4|Pair #5

Factor | pl g [pP|c|[P|c|P|c|P|c

25 1 0505(05005]05/05[0505]05]05
(mm)
A% 151 5|55 |5/ 5|5|5]|5]5
(mm)

m
A 48| 72 | 31| 62 | 29| 71 | 28| 84 | 28| 84

3
&% 750 500 | 750 375 375 153 [153) 51 | 51| 17

(rpm)
Sat
(MPa 430[ 430 | 430 430 | 430] 430 [ 430| 430 | 430 430
St
(MPa) 13| 13 [ 15| 15 | 28| 27 | 70| 68 | 209 202

( S 360] 360 [ 360| 360 | 360| 360 | 360| 360 | 360| 360

Table 1, Table 29| &A3&H
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o 7]A,

s, : Contact Stress Number ( MPa )

C, : Elastic coefficient (N%/mm)

W, @ Transmitted tangential load ( N )

¢, : Application Factor for pitting
resistance

¢ Size Factor for pitting resistance

¢, - Load distribution factor for pitting

resistance
G+ Surface condition factor
C, © Dynamic factor
d : Operating pitch diameter of pinion

2 C
me+ 1.0

C : Operating Center Distance (mm)

mg - Gear Ratio

F : Net Face width of narrowest member

(mm)

I : Geometry factor for pitting resistance
o]t
Heke
o & HFol A FE

NSAF 12 GEZ Gz Sl
W3S B
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aoc
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My
C. © Curvature factor at pitch line
C.  Contact height factor
G, * Helical overlap factor
my - Load sharing ratio

A0 m=x
1= R ]

7ol W REE olgel

B ¥ 5 ek

@ ) ksl

$.=< 8 (5)
_ . aG
5= Sue CT C]? (6)

. Allowable contact stress number

g(l(‘
C, - Life factor for pitting resistance
CH

: Hardness ratio factor for pitting
resistance

Cy  Temperature  factor for  pitting
resistance

C, * Reliability factor for pitting
resistance
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Table 3: AGMA pitting resistance (turning of left
and right)

Gear Pair #1 |Pair #2|Pair #3|Pair #4 |Pair #5
Factor | p |[g|P|Gg|P|G|P|G|P|G
—E 0.510.510.5|0.5] 0.5/ 0.5[ 0.5/ 0.5] 0.5| 0.5
(mm)
2 &
( 5 5155555555
mm)
sl 45 | 72] 48| 72| 35| 70| 28| 84| 241|120
3]
&% 500 | 313]469|313|469| 234[ 234 78| 78| 16
(rpm)
Sac
(MPa) 1500 | 1504 1500 150Q 1500 150¢ 1500 1504 1504 1500
Sc
(MPa) 194 | 192[ 191 189( 231| 226| 387| 371| 773| 726
S
(MPa) 1349|1349 1349|1349 1341 1341{ 1335 1335 1331/ 1331

Table 4: AGMA pitting resistance(circling of above

and below)
Gear | Pair #1 |Pair #2| Pair #3 | Pair #4 |Pair #5
Factor| p g (P|a|(P |G |P|Ga|P|G
(E§ 05]105[05[05[05[05]10.5]0.5]0.5/0.5
mm)
%
( 5 5 51 5[5 5 5 5 515
mm)
Sl 48 | 72 | 31|62 29 | 71 | 28 | 84 | 28| 84
34

Sk | 750|500 7501 375|375 | 153|153 | 51 | 51| 17

1500 | 1500 [ 1500{ 1504 1500 | 1500 | 1500 | 1500 | 1500 1500

145 | 145 [ 145 145[ 214 | 214 | 293 | 293 | 468 468

1356 | 1356 (1341|1341 1335 | 13351332 | 1332|1327 1327
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n= ¢ cosy+e_siny (12)

€= icosoﬂrglsinoz (13)
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Figure 7: A schematic of the mathematical model on
a pair of helical gear
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o] Qlojzinh,

leiﬂ = Er,i + NN, costp cosar (15)
Fyl"'“: Fyf—i—]\{cosz/;sina (16)
F "= F '+ N siny (17
1%17"“: ]%17"— N, r, siny cosa (18)
M Tt = M "= N, sing sina (19)
M=M= N, 1 cosy (20)
F, = F = N, cosycosa 2D
E, "= F "= N cosysina (22)
F;2j+1: F}:Z*N,Sinw (23)
M, "= M "~ N, r,sind cosa (24)
M TN =M~ N, r,sing sina (25)
Mt = M~ N, rycost (26)
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Figure 8: Synchro System for the Guns of a Warship
(turning of left and right)

Table 8: Forcing Frequency of run speed (turning of
left and right)

Self Exciting Source Equation Freé:l?;i:r}lf%Hz)
Mass Unbalancew, 1X 833
Mass Unbalance w, 0.63X 5.21
Mass Unbalance w, 0.94X 7.81
Mass Unbalance w, 047X 391
Mass Unbalance w; 0.16X 1.30
Mass Unbalance w; 0.03X 0.26
Gear Profile Error (2, 45X 375
Gear Profile Error (2, 32.81X 273.43
Gear Profile Error (2, 13.13X 109.38
Gear Profile Error (2, 3.75X 31.25

056

10004 [~ Operating Speed 45X
N — — 3281X

W,

T T - T T 1
0 200 400 600 800 1000
Reference Run Speed (rpm)

Figure 9: Campbell diagram(turning of left and right)
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Figure 10: Campbell diagram(circling of above and
below)

Table 9: Forcing Frequency of run speed (circling of
above and below)

Self Exciting Source Equation Fre;?;rcli:r)lf%Hz)
Mass Unbalance w, 1X 833
Mass Unbalance w, 1.5X 12.50
Mass Unbalance w, 0.75X 6.25
Mass Unbalance w, 0.306X 2.55
Mass Unbalance w; 0.102X 0.85
Mass Unbalance w; 0.034X 0.28
Gear Profile Error (2, 78X 650
Gear Profile Error (2, 46.5X 387.5
Gear Profile Error (2, 21.75X 181.25
Gear Profile Error (2, 8.57X 71.42
Gear Profile Error f2; 2.86X 23.83

Figure 102 438t 27t8 Synchro system<)
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