Journal of the Korean Institute of Industrial Engineers

Vol. 41, No. 6, pp. 551-558, November 2015.
ISSN 1225-0988 | EISSN 2234-6457

http://dx.doi.org/10.7232/JKIIE.2015.41.6.551
© 2015 KIIE
<Application Research>

ZEAA 4G AL 9T T o5 A
R EAND LR
AR 4

Development of Projectile Transfer System to Prevent
Musculoskeletal Problems

Sung Ho Park - Hae Suk Lee

Agency for Defense Development

The purpose of this paper is to investigate the development of mechanical projectile transfer system to prevent
musculoskeletal problems in the firing test range. Prior to 2010, the projectile has been transferred from the
worktable to the loading device of 155mm K9 fixed-type artillery by manual. Because the amount of firing test
has been increased drastically since 2010, two types of mechanical projectile transfer system were developed to
prevent musculoskeletal problems. The NIOSH lift equation and the working posture assessment system such as
OWAS, RULA and REBA were used to evaluate the appropriacy of working weight and posture by manual
transfer of projectile. The configuration and operation procedure of projectile transfer systems which were
developed to improve work efficacy and to reduce the burden of manual transferring were described. The
improvements were assessed by the number of processes, the tact time and the working posture assessment for
operation of this system by comparing to the manual transfer of projectile.
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LA = th S0A Q8 Ao 23 FFE AT 8o FUH 25
Hols 85 43 B9 FFE 35 d57E #do] ot
TEAA A% HEAQ] T4, AT AAAA, T (Kimetal., 2010).
3o) AHE T 9 a8l oste] M= ARFNZA F, 074, HEARG A ol A iE(LOT) 9o Z AatE e 2EE FUE
sgl, A 2 oA AR 25 9 O FH AAZE Sl A Au 2 AFeALS Besty Qe 2Rt A 2%
Uetue bgd d8s 333t 2244 28 28745 AR08 AHAA A A AAAF o7 A4S Felsta
TS W, AN, B2 Al 714 29102 AAZTHKee  Qlth. 1998 o) 155mm AFE K9o] 2| =7 &E
etal., 2008). H oY Z A ol A AAHE 7R 3 eoke] FAH A G
UM Jd AR OEA ZEAA Aol 7= EF o] AANGA A ALE T YTk AHAA DA A E <Figure
A AGHG 25 AEATE A F2HES oW, § >3 o] opdo M 45 e K9 AFEY Fejohes gl Al
A% o] A 0 g AEsto] TSt ALY 250 €4 FZA o A e dAEtE FARES Reste 1
713 AA e F2 e BAEE AA Tl 71k Bl ATt XY 1T FHE S48t YT} ofH M &
ALY QFET s Hgolth 2R 2 UL FF 1 Y= KI AFEE FF a6kgol] 0|2 e AAAA
=9 AF(E7], 2t F)olm A mE WA BT o] AFsE o] 9ot AAAFANNE <Figure 2> 2o
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Figure 1. 155mm K9 fixed-type artillery

Projectile loading
table

Figure 2. Manual transfer of projectile
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Figure 3. Appearance of ship in the marine shooting range
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£ H g 7tolEgile] o AR FFE w184 o]
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11%E A 913 83% 2 AP 8 o] &713F 2\ vl ko] g at
oltt. 185 T AdA F ZEAA A% 4l 54 B4
O 7 BV ZEAY A HALA 8%, 9] 25 A
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3. el o3 o] FA% o] AAHEHA H7t

31 AU 2 873

Aol )3k o] 23] o] $AAE A ka}7] o] <l 2008
ol YA 02 th&3} 2ol 7] = Ak 1A 1Y AFF
& 1,978Kg(46kgx431), 19 HFAITHE 24 7HY, & 744
13E, 28 o]FA e = 2mojvjolth A H-E £

N

rlo OE by

E oy & AA Y Hole AR g FARE Fol3l
71emolth. < Flgure 2>9} o] 2 AP F e = E7]0]H 90°0]
A BESHEE QA7 B st 1702 7] 2o W A%
A of E%a P2 Al Zghol] S40] 7HeA A BEE £ 9
nAl x4 o] @ 7-H

3.2NIOSHS] E7] 24 Z4]d) <& B}

o= AW EA A Aat Y] obA B A AT (Natio-

nal Institute for Occupational Safety and Health, NIOSH)-S 7]

Aol A¥AS AFH o2 Brhelr) AR WS 57 24

4 0.2 A A3k Th(Waters et al., 1994).

A9 34 A 4okl 2dAt 87 A A 25 $

357} 8lol 4 39 AT 5L £ 5 5lE R
(1) A% 5% FARWL)S 24 FHL)T 4%

A1) ¥19) 2 ()21 £7] 22 AR(LE AL

=
o @4
gHA Rl 4
s
RWL(kg) = 23xHMxVMxDMxAMXFMxCM (1)

= LIRWL )

<Table 1> NIOSHYF A A8 E7] 3] 242 A&
& 7t A4 W] ZA g Aot £ 2}
& 5t mAzA o] Dotz AH £
TZ A 27 A AFE At Tt 2
st
AAE <Figure 2>} o] o] Ticmo] EEA At 4]
< Aozt Eol AU wol DAt ZAZA 7}
o] AT FAE Y AHE THAAY Y Fo| 2, F
FAAEY] He 3E] ol AAsA. A=
AZEe 22t 1338, 24 7HY & A 4819 on o] $AA]
M o] A2l 2008 % AHF Ftolth AZYL &7olE 9l
o} £71E R E 00 SRR AMNZ EAE D 4 vk B
o] BE(Fain o2 789
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3 2Hd A1 - o)l A 14.92kg, E 7 ol A 8.99kgol T}, wHekA £7)
2] A% AR FHL) 46kgol thated 2 A o4 3.08,
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OWAS(Karhu et al., 1977), RULA(McAtamney and Corlett, 1993),
REBA(Hignett and McAtamney, 2000)2] W 0.2 A4 H351E5
H7het5Th OWASS] 2802 5 WF= 42 A /jAl o]
S5 Fap7t g E A (extremely harmful) 2 H7}5 %
o RULAY A& AFHrE 74, 35 H e 484
S2+A Q1 7)Ao *‘]Eﬂ(lnvestlgate and implement change) A-Al
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Table 1. Observed values and multipliers for each variable of the NIOSH lift equation

. o Values
Task variables Measure Multipliers —
Origin Dest.
Load(kg) 46
. Origin 35 . -
Horizontal Horizontal multiplier(HM) 0.714 0.714
. Dest. 35
Location of the hands(cm) —
. Origin 70 . -
Vertical Vertical multiplier(VM) 0.985 0.916
Dest. 103
Travel distance of the load(cm) 28 Distance multiplier(DM) 0.981
Origin 0 . -
Asymmetry angle(®) — Asymmetric multiplier(AM) 1.000 0.648
Destination 110
Lifting frequency(lifts/min) 0.33 o
- Frequency multiplier(FM) 0.99
Work duration(hours) 2~8
Coupling Fair Coupling multiplier(CM) 0.95
2 U0 REBAY H 402 % YSE4d, YEHFE BT ol F 2o dot B 348 918 wAse) 29
29A1 91 |41 2 3F=(medium risk, further investigation, change & E-&A 3} LA S S Ao | Aslojof slng Mr o A&
soon) At o= HIEHT URAC 2 OWASSH REBAZE X 7ldte] st 2& o] $4X = Hao IgFToR
RULAC] wlsto] sagrhe = 4@l Al B glo  ggEofof 3tn o|&3A 5 Luke] Yald o 54, 14
™ (Kee et al., 2008; Lee et al., 2001), &S] o] F$AAE REBA  7|¥o] Ao g3 T8)1 AAAAE A Zto|| 93t o] &3
+ OWASS}F RULA® ]38t F3tolete] e SHOR A A9 9a% Fo] AAT wjA Hojof 3o}, w3k 1 Axz 2
B7VskaL STk AR RS E A B M <Table >3 2 g o] Frbo] e Q¥ T&o] AstE A golof Ftr), o
Ego] $ol A4 23 97t Az WA E JFL L g gao] AR 1A, 9 F 5 A9l o 2w
2 OWASS] 3§ 8] $F0] 10~20kg W 3TFO2  A%3 22, A9 59 7178 23 191 Wold, 29
753k wkg) 7)Al 0] I 8 3K(distinctly harmful) 2H3f, T30l 10kg =& 848} o] 44 o Tdo| B a3t}
o ko] A9 25w & 2N 7f A o] I a3k (slightly harmful)
2+ o 2 #@ylE Zak HFE- )Y
Aoz Hrhe D}RULAA 79 % 2~10kg(HHE2) Y o 42 SO AER o] £4

5HBTH) SR 7hed W o] B8 FH(further investiga-
tion, change soon) 24 0.2 H71EH 1820 Z4d H$ 4
AREE)ZE BF T 7)Aol o sHfurther |nvest|gat|on change
may be needed) ZHH1 2 H7lEt} REBAS 7% ZF 5~10kg
Y ) 3HASH)E YPFF0] Y2(low risk, change may be
needed) o2 H7}H T},

ol o] 23k 155mm LB o] £ L o] A FEHE 1434
S ApA o) X' FeFd A4 3t Wt Ao E YEFE E
ok ZAAA 9 o] dAE 7HA L QloH e

& B/ SslBE VA A B2 T g Q17 A

oA AN oA o] At}

4.14A 718 3%

THEY o|FWHOE AFGA A Yt gg3tn

9= ZAfo]o] AAH = ZHEA~HS :ﬂ_E:] H 4 9ttt
(Chung and Yun, 2015, Lee and Bae, 2012). 3}A) %+ 24 4 27}
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Figure 4. Schematic view of hoist-type transfer system
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43 E0] & LA o|FAA

Hlo] 8 YA E o4+ <Figure 8>3} 0.1 <Figure 9>
= HolE dAY o] $AA 9 & DA oIt <Figure 9>9 2

Projectile tray

Roller guide

Projectile loading
lever

Sliding bar

Figure 7. Laying on the loading device by hoist-type transfer system

2 AYEAZ A A Ao AT 2= ()
of 2ol &2 ZHAGAA (b)9] & Eol7tA] ©Lof oA
Utk () 2ol & Edol & 4% 21 28] AFo = B
A ok T k1009 452 Aozt & EF o] &5 3

HAFAloll= <Figure 8>(b)9F 2ol e 220 n|11g]
Hh Qo & Egofo] AgEof & Edo]7} ATl o}
01 Sdete £55 24T U vlnd vf dfoho] 72
H FAYAA = & EFol¢ vy w o) e F4
< S,

2 A= <Figure 9>(d)9k o] & EFfo]9 &30S 5
o2 A v nH uh, vy v ] 22jal ' EFlolE 1

Shock absorber Projectile loading
groove

(b)

Sliding bar
(©)

Figure 8. Schematic view of table-attached transfer system
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Figure 9. Operation sequence for transferring projectile by using the table-attached transfer system

x| AAAA $502 o] F AT oy <Figure 8>(c)9}  HIolE YAY o] FAA = X8-S FI|= TS &S A
o] f7to|=ef Sl osto] vy Hhe ofF Al 5 AA A AFHATIE FHO| VIALLEE o] FOAER <Table
HE0E AL P2k 253 At AAAT} <Figure 9> 2>0llM 22 FAHTE AEekA] Foinh
()t 2ol ZRAA Hw S Fotdr|H & Eflo] sl 9 AANTE TEAAY FolA TES o] FATIE AH L
A VAP TeAA Fo] S Hdte] Eeko] FRAA ] b = HE Eehe AR AT AHA 288 AT
e TR £ 2xYo] st BARTh TRAA 02 7 o] HT L RO FAsgT. 26 A
Fe T o) Al B Edo| 23 E HaE A I Z A TeAAT GoA 0§49 714 Fa) Yozl
Eero] AAAA o I B B0l Figure (9t 2 F O EYSHA AASAT
o] afo] W 11§ v} Qhlthel AAH ~Z o oate] AW SO|2EY o|FAA & Yo g o] FgA o wlste] F
3 FRog BYHAT AYAE ()9 o] Asm AAAG B AT 29 o] F SUIHMES BT i
o 58 o5l B Ego]2 =02 woj 27 o)xz 2 Dol Hold GAF oA E ol I o] F R A} TH
AN 27) QA2 2AE & Egole A7 A wyste  T/HE IS AN FASHE
TANEFLE 27] AE HolWA EEF <Figure 8>(d)2t
Zo] HEAA R AR AR R A E (h)9h 2ol & 5.2 Q1A &g 23}
AR E AENA LS AATT
Hol& LA F o] EAA| oA Z&f o] FAH L B =H
A ol Mo o] 52 Y v 117 HEE o] &3 o] FHYOE T
— B 8 5 At 78 FEHAAM 7] e G717 AY A A
5. B3 3t Hate 72 vk2E(rolling friction)o] m A AA &S o] &
5.1 234 2 AYPE& e v sto] B8-S S48
£ 2HA ZollA o] FAA L W] AYoE, 1.2m o]
<Table 2> oS HH o W AT E AYAL v 23 28] 2PA2 0.35mise] S5 5 dokge] L&k o] A T
Z 71N AT dgol FUH e 3 S Auidth 3ol ¢ Hah= 036kg (AT 1.25kgF) oItk vl nlE Ol%ﬂ
EY o|$AA = B EFAAA o] BAHIL Ao o2& Fr)7] AP oz, 05me] AgE 033m/se] &

Table 2. Comparison of the number of processes and tact time among transfer methods

Transfer methods Tact time(sec) | # of processes Work processes
Manual 11.01 4 Move(on the table) — Lift — Twist the body — Lay down
. . Move(on the table) — Hoist up — Hold — Lift — Swing the hoist
Hoist-type transfer unit 38.78 7 ( ) P - g
— Hoist down — Release(Lay down)
Table-attached transfer unit 11.79 4 Slide(on the table) — Push the tray — Pull the tray — Pull the

lever(Lay down)
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3 Zek o] F3] ¢ AR 557
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090

Hol & AF o] 5449 Mdo] FashA gAY
HEE 93t AR Y A Rt BrtHdeH o=
1ol o3tk dbkg F o] LE E7] 23S 0.36kg 5 3HZl
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HolE YA o]&A4A 9 2 YA oA Y o]F2Y
I vy utE o] &3 o] FFY ol thot] AAT AA Hat 6.2 Z
37} A= <Table 3>3 24,

3 B3} 0.36kg Fo] Aeate 28 2 YA AoA o o] B AFE Foto] AAAFAAA 155mm K9 A E AHAA]
Zqlo] thate] OWASIH FEHFE15F o2 hdd & & A At 2244 d&e st st Add
(acceptable), RULACI A HF A& 2408 JFHFe 19 oIS +83 1 &3 L4 8t
AQl 48 7453 22 (acceptable) 121 REBAS A & NIOSHS] £7] &4 7 OWAS, RULA, REBAS] #}A| -3} 4
FEHOR PSHFE oA AAY ot gE Ay 7S AL AR Qg o o] A2 =44 4
(negligible) ©. & H7}= ¢l T}, St s Aol glom 2o ko] 7h 2 89YS &

Wt Fo 15y o) et v ng vhE o83 o4 Ak
8ol th3ll OWASO| A AEUFE25FOL AGH B U] RS SAR0 AYALE vl A4

< 231 2 (slightly harmful), RULAGIA 2 dE3de AR oA = Aol A3 43 fAR A= 3452

2 YFHEE 0 NS 02 Zx AL Qsts(futher AU £28HTH 57171 72 A9 Aol 93 2k o]
investigation, change may be needed) 24} 18] 2 REBASIA & SWHoA U7 & B7]717F 2 A Hol& YA F o
ZFAFE 2402 PEHFE 1A JPFR0] Fe(low FHAE TE TFY 3%l sEete Jog F YO
risk, change may be needed) ©. 2 % 7} %t} W ZEAA DS B 7S dA3 LA 4SSt

<Table 3>l A o] $AA & o] &3t WL Ao o e o] 4R 9 HF FEQ Hlol & YA o] FAA = H
ol vste] 32 o} theo] A gate Ry A on F £ TS AHESHA G AFH 717 A 849 2F
& 5o o3 ATk A WolH e HolE YA F o5 o= AAEAN] WEel AP AT £&3 dHHE b F
Ao) g7 YA AoIH &4 AoE telo) g Fak PR

Table 3. Assessment of working posture for two transfer methods

Table-attached type transfer unit
Manual Transfer —
On the roller assembly By the Sliding bar
OWAS RULA REBA OWAS RULA REBA OWAS RULA REBA
Upper arm 1 1 1 1 2 2
Lower arm 2 1 1 1 1 1
Arms - 1 1 1
Wrist 2 1 3 2 1 1
Wrist twist 1 0 1 0 1 0
Neck 2 1 2 1 1 1
Back 4 1 4
Trunk - 1 1 1 1 3
Legs 4 2 1 7 1 1 2 1 1
Handle 1 0 0
Force or Load 3 3 2 1 0 0 1 0 0
Scores 4 7 4 1 2 1 2 3 2




558 Sung Ho Park -

A3 23

Chung, D. K. and Yun, W. Y. (2015), A Case Study on Productivity
Improvement for Conveyor Assembly Production Line in Medium
and Small-Sized Manufacturing Factories, Journal of the Korean
Institute of Industrial Engineers, 41(2), 209-219.

Hignett, S. and McAtamney, L. (2000), Rapid Entire Body Assessment
(REBA), Applied Ergonomics, 31, 201-205.

Karhu, 0., Jansi, P., and Kuorinka, I. (1977), Correcting Working Postures
in Industry : A Practical Method for Analysis, Applied Ergonomics,
8(4), 199-201.

Ko, D.S. (2012), Relations between Self-reported Symptoms of Industrial
Worker’s Work-related Musculoskeletal Disorders and Psychosocial
Factors, Journal of the Korea Institute of Electronic Communication
Sciences, 7(6), 1463-1469.

Korea Ministry of Employment and Labor (2014), MSD-related risky
work criterion.

Kee, D.H., Lee, K. T., Park, J. H.,and Choi. K. L. (2008), Ergonomics for
Occupational Safety and Human Manager, Hankyungsa, Seoul, Korea.

Kim, H. H., Park, H. J., Park, K. H., Kim, W., Yoo, C. Y., Kim, J. H., and
Park, J. S. (2009), An Analysis of Characteristics of Musculoskeletal

Hae Suk Lee

Disorders Risk Factors, Journal of the Ergonomics Society of Korea,
28(3), 17-25.

Kim, I. A., Bae, K. J., Kwon, S. C., and Song, J. C. (2010), Work-related
Musculoskeletal Disorders and Psychosocial Factors, Journal of the
Ergonomics Society of Korea, 29(4), 465-471.

Kim, K. S., Park, J. K., and Kim, D. S. (2010), Status and Characteristics
of Occurrence of Work-related Musculoskeletal Disorders, Journal of
the Ergonomics Society of Korea, 29(4), 405-422.

Lee, J. J. and Jeong, J. H. (2001), Assessment of Job related Factors as
Determinants of Incidence of Hemiated Lumber Disk, Annals of
Occupational and Environmental Medicine, 13(1), 31-43.

Lee, Y. C.and Bae, H. R. (2012), The Methodologies of Digital Enginee-
ring Applications to Manufacturing Collaborations in Automative
Industries, Journal of the IE Interfaces, 25(1), 87-95.

McAtammney, L. and Corelett, N. (1993), RULA : A survey method for
the investigation of work-related upper limb disorders, Applied Ergo-
nomics, 24, 91-99.

Waters, T. R., Anderson, V. P., and Garg, A. (1994), Applications manual
for the revised NIOSH Lifting Equation, U.S. National Institute for
Occupational Safety and Health.



