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A Study on Material Improvement of Rotary Switch for Naval Vessels

Woo Seok Choi
Defense Agency for Technology and Quality

2 o ¥ ATE 24U Agska Uk A A9 o3 AW Ade] B 8o B A9X e
Aol S4aha A B4 Goldt YR Adstel 88 A91H9 §A4 B T4 ete] A Arshelr
2 Q7B 919 )% A FAT 5 sk 00Fl AL U B A9H 9 7242 vlm BAstel 34 291219
s LTAS SIS ol %, B A9 3 AW FE ANE A 29179 g AP Aeele| 2y
WA S4S B giste] 94 BF ABE stk ol vigow el Ade] A AgoR M B4
£9AE ANALT GH 2979 A BT 43 A5, AF FANAY Gy, g3l Un BE 5T,
A28 B4l o) A2 WIS St ol Fol ANE 8 AA7E M ATAGS BE UETL elste
o] 472 B3} WEY % A 2 glo] VY BHFYOR BAFOTH fA) BApo] Bl A7k g2 AT
% 9lg 08 ged,

=

Abstract This study is about improving rotary switches that are used on naval ships whereby the switch
enclosures are replaced by improved corrosion-resistant, easy-to-repair enclosures to improve the
maintenance of rotary switches. A comparative analysis against United States military standards and
specifications for the rotary switch used by the Republic of Korea's navy was conducted. Afterwards, a
salt spray test was conducted on the brass plate and stainless steel plate to evaluate corrosion resistance.
Based on this analysis, the improved rotary switch is manufactured with stainless steel. Reliability
assessments, such as impact resistance, durability in vibrating environments, sealed protection grade of
the enclosures, and electrical properties, were conducted on the rotary switch. All requirements were
fulfilled. This study is expected to reduce the time needed for, and the cost of, maintenance by simply

painting the rotary switches, without requiring rust removal.
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Fig. 1. Study process
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Fig. 2. Rotary switch
(a) COMSACO, INC. (b) DAEYANG
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Table 1. Performance requirements of rotary switch[5-10]

Performance requirements
Type
ROK navy OOO class MIL-SPEC
. Standard for naval ship design and building - rotary MIL-DTL-15743, MIL-E-24142
Enclosure material R K
switch (brass) (brass, steel, aluminum, etc.)
Shock Grade A, type A, class I equipment Grade A, type A, class I equipment
in accordance with MIL-STD-901D. in accordance with MIL-STD-901D.
Vibration Type I vibration tests of MIL-STD-167-1A Type I vibration tests of MIL-STD-167-1A
Dielectric withstanding Test Voltage-is AC I,SOQV, 60Hz Method 301 of MIL-STD-202
voltage and applied for 1 minute
Test voltage is DC 500V.
Insulation resistance Measuring insulation resistance Method 302, test condition B of MIL-STD-202
shall be over 20Mega-ohms
Salt spray Method 509.5 of MIL-STD-810G Method 101, test condition A of MIL-STD-202
Degrees of protection KS C IEC 60529, IP56 Submersible 15 feet per MIL-STD-108E

3.1 748 = 31 ARAR| 2 &Y
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1- 70 O a, 27T
2 Apgta glom, A 2915 %}a g0z 44
2.1.2 313 ARX| Qg W& 54 SFL Qlck. 81 AR =S4 A] KA w2

T oA ARR E9Q1 3 A9A] Qo] AP Tk ARE Fas] HsM ERulE EE(5000A49D),
Table 2014 B Hiel Zo] ZE(Cwet otd(Zn)2] 3t AEIRIA ZHSTS316L) 59 24 B7HE &5to] Bl
291 F5(brass)S AFE3IE Cu 70%, Zn 30%Y] &5 A WiAAdo] Askal 71A% Addo] St AFRIFA
2 ¢ AIEA 0| At A/do] FHIER *Ji sbzo  ZHSTS316L)S A-8oh= Wts A-Fotqltt. STS316L

2 2T 2= 9th Cu 60%, Zn 40%2] FEL ¢+ T < LAHUYOIEA AFHRJIFA 79 dFOE Table 3
SAEA dostng 74 BE gl 2o ARt oA Hi Hiel o] 16~18%2] ZE(Cod YANI) %
5&'5 29 =old(dezincification) @A A4, ESEAMo)e skl WAE HS & Aot
3AF GAF 2 O EAN S BAl AL BYlo] k&Eg]  °] TEE HAAC] Stto] s gl ARgER, |
S, 3% T 94 Fo|A ofdo] 9™ or Baxl A LA AR el dAske §ES 5o 285
/&5—1‘5 FHE PoldEs Fay|Folc}, gofgle] AL AH13]
el ofd EY FAo[ER Isto] FErH|

T Q o

L 3=t g JAA EARPYE] Tt oA Table 3. Chemical composition
A
2= T J‘Q_EHILIZ] Chemical C Si Mn P S
Composition (%) (%) (%) (%) (%)
ASTM- Max Max Max Max Max

Table 2. Chemical composition A240M-316L | 0.03 | 0.75 20 | 0.045 | 0.03

Chemical Cu 7n Pb Fe Mil cert. 0.0194 | 0.546 0.069 | 0.0297 | 0.0038
Composition %) %) (%) (%) Chemical Cr Ni Mo N Fe
5 D 5201 " " Composition (%) (%) (%) (%) %)
64.0~64.8 | REM. ax ax ASTM-
(C 2680) 0.05 0.05 A240M-316L 16~18 | 10~14 2~3 0.1 Bal
Mil cert. 64.57 REM. 0.004 0.002 207
Mil cert. 16.327 | 10.085 | 2.074 Bal
(ppm)
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Fig. 4. Enclosure of rotary switch
(a) Brass type (b) Stainless steel type

Fig. 5. Salt fog test
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Fig. 7. Lightweight shock test
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Fig. 8. Lightweight shock test
(2) Top blows (b) Back blows (c) Side blows

Table 4. Test result of lightweight shock test

No. of Hammer
blows dr-op Shock axial Test result
height
1 0.305m (1ft) Accept
2 0.914m (3ft) Top blows Accept
3 1.524m (5ft) Accept
4 0.305m (1ft) Accept
5 0.914m (3ft) Back blows Accept
6 1.524m (5ft) Accept
7 0.305m (1ft) Accept
8 0.914m (3ft) Side blows Accept
9 1.524m (5ft) Accept
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Fig. 9. Jig for vibration test

Table 5. Exploratory vibration test

Frequency Range Single Amplitude Sweep rate
(Hz) (mm) (Hz/s)
4~33 0.254 + 0.051 0.067

Acceleration Profile

Acceleration (G peak)

10
Frequency (Hz)

Acceleration (G peak)

10
Freguency (Hz)

Acceleration (G peak)

10
Freguency (Hz)

Fig. 10. Test result of exploratory vibration test
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Table 6. Variable frequency test

Frequency Range Single Amplitude Sweep rate
(Hz) (mm) (Hz/s)
4~15 0.762 + 0.152
16~25 0.508 + 0.102 5
26~33 0.254 + 0.051
Acceleration Profile X axis

Acceleration (G peak)

i
Frequency (Hz)

Acceleration (G peak)

il
Frequency (Hz)

Acceleration (G peak)

=)

0
Frequency (Hz)

Fig. 11. Test result of variable frequency test
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Table 7. Test result of lightweight shock test

Frequency Single Amplitude Time
(Hz) (mm) (hours)
33 0.254 + 0.051 2
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Fig. 12. Ingress protection test
(a) Under testing (b) Check inside of enclosure

Table 8. Test result of ingress protection test

Type Test condition

- Test powder : The talcum powder used shall be able
to pass through a square-meshed sieve the nominal
wire diameter of which is 50 mm and the nominal
width of a gap between wires 75 mm

IP5X
+ The amount of talcum powder :

2 kg/m3 of the test chamber volume
2kPa
8 hours

+ Maximum depression :

- Duration of test :
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Table 9. Test result of ingress protection test
Type Test condition
* Nozzle size : 12.5 mm diameter
- Water flow rate: 100L/min + 5%
IPX6
- Distance: 2.5m to 3m
- Duration of test: at least 3 min
(@) b
Fig. 13. Ingress protection test
(2) Under testing (b) Check inside of enclosure
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Table 10. Test result of electrical properties

Performance requirements Test result
].Dlelectn'c Test voltage is AC 1,500V, 60Hz
withstanding . . OK
and applied for 1 minute
voltage
. Test voltage is DC 500V.
Insulation L . .
esistance Measuring insulation resistance OK
rest shall be over 20Mega-ohms
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