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A Study on Development of Analysis System for Industrial
Calamity Prevention by the Non—Professional foreign
Workers(E—9)
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Abstract

This study is analyse method for Industrial disester prevention of E—9 foreign workers. To do this,
We adapted tp TRIZ 's creative problem solving theory and AHP, QFD. TRIZ is determined some
parameters for problem solving and selected the inventive principles for each parameters. So, We made
new parameters and inventive principles under theory of the TRIZ process for reduced to the foreign

worker’ s disaster rate.

After, The derived parameters and the inventive principles are used to evaluate the importance of
factors through the AHP, and determine the weight of the relation through QFD expansion. Finally. this
paper applies statistical data according to the determined model process, analyzes the result and
proposes improvement method for the prevention of disaster of foreign workers
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<Table 1> Safety—Health Edu. for Foreign

worker
Year Result Year Result
" 07 105,581 " 12 41,464
" 08 89,016 " 13 44,074
" 09 49,492 " 14 59,608
" 10 34,398 " 15 57,671
11 50,021 " 16 54,783
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[Figure 1] TRIZ Process
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<Table 2> Comparison Criterion

Import.
p. Criterion
point
1 Same or Equal Importance
3 Moderate Importance to compared with A
5 Strong Importance to compared with A
7 Very Strong Importance to compared
with A
9 Extreme Importance to compared with A
2,4,6,8 | middle Importance between each point
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Function 1 ﬂ Function 2 Function 3 Total Non—Pro
o Index . worker
g g L Foreigner
# | Rebtion 2| Reltion S| Reltion (E-9)
%" matrix §' matrix 5 matrix Total 2,049,441 279,187
n - N Vietnam 149,384 40,415
Conclusion 1 Conclusion 2 lusi Phillipine 56,980 26,347
Condusion 3 Tai 100,860 24,695
[Figure 3] QFD Process Mongol 35,206 6,686
Indonesia 47,606 32,161
Sriranka 27,650 25,099
3. =12 =EX} AgAE A Chaina 1,016,607 3,766
Uzbaik 54,490 15,654
Cambodia 45,832 37,745
~— - H b b
3.1 =dl Sl=q IdAT 4 Nepal 34,108 29,510
Miyanma 22,455 19,894
201611 129 @A, WHF AT Aol g ) Pachistan 12,639 3,851
ﬂ'zfode—lj iﬂ%—?ﬂ_f%% }\e]'ﬁ%itﬁ <Table 3>5ﬂr 7&2@ Kirkizstan 5,005 1,058
Bangladesh 15,482 10,266
o] F MARAY F B AT thgel E-919e o | ’ ’
];ﬁ ]LOLES e ;Lj REER B E—Timore 1,816 1,771
30Rkgel] o= o vepdt). Raos 1,146 0
ETC. 422,175 269

<Table 3> Foreigner Statistics(2016.12)

Total (2,049,441)
Foreign worker (606,732)
Profe Short—peri
ssion ods
1 24,855
W?)rk Non—Profession ( ) D=2 etc.
al Worker
r
6oy | 634180 |D-3|B-1
, 81 0
E-7)
E-9 H-2
47,74 8,94|15,3|76,0|1,367,2
’ (279,18 ](254,95] ' ' T
0 9 12 | 40 63
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<Table 5> Disaster Statistics by Year

year Disester Dead
2008 5,222 114
2009 5,233 98
2010 5,599 92
2011 6,509 103
2012 6,404 106
2013 5,586 88
2014 6,044 85
2015 6,449 103
2016 6,728 88
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<Table 6> The Statistics of Middle—Class

year 16.12 15.12
class. disaster Daed disaster Daed
total 6728 88 6449 103
sub total 6676 88 6397 103
other occu. 52 0 52 0
Falling 931 34 807 37
Fall 718 2 656 1
Deformed / rolled 181 7 199 7
Impact 519 2 480 4
Fit to an object 677 6 685 9
Collapse 34 1 38 4
Pincers 2001 9 2051 19
Cut, bum, pierce 761 0 772 1
Electric shock 12 2 12 2
Explosion and 14 9 97 3
rupture
fire 42 4 24 3
Unbalanced and
unreasonable 98 0 72 0
behavior
Abnormal 291 1 230 0
temperature contact
Chemical Leakage / 94 0 03 ]
Contact
foreign Oxygen deficiency 2 2 0 0
worker Drowning 0 0 1 1
Traffic accidents in ) 0 1 0
the workplace
Busmess. off—road 71 ] 71 1
accident
Sea al.r traffic 10 0 10 0
accident
Accidents such as 18 0 10 0
sports events
Violence 3 0 8 0
Animal injury 3 0 4 0
Etc 4 0 0 0
Chemical factor 1 0 2 0
Brain CE.iI'dIOVEiSCLﬂal” 19 A 6 9
disease
Mus?uloskeletal a0 1 a8 9
disorders
Work related 12 0 10 0
diseases Other
Inability to classify 16 8 11 3
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<Table 7> TRIZ 40’ s Inventive Principles

No. Inventive principles

1 Segmentation

2 Taking out

3 Local quality

4 Asymmetry

5 Merging

6 Universality

7 Nested doll

8 Anti—weight

9 Preliminary anti—action
10 Preliminary action

11 Beforehand cushioning
12 Equipotentiality

13 ‘The other way round’
14 Spheroidality — Curvature
15 Dynamics

16 Partial or excessive actions
17 Another dimension

18 Mechanical vibration
19 Periodic action

20 Continuity of useful action
21 Skipping

22 “Blessing in disguise”
23 Feedback

24 Intermediary

25 Self—service

26 Copying

27 Cheap short—living objects
28 Mechanics substitution
29 Pneumatics and hydraulics
30 Flexible shells and thin films
31 Porous materials

32 Color changes

33 Homogeneity

34 Discarding and recovering
35 Parameter changes

36 Phase transitions

37 Thermal expansion

38 Strong oxidants

39 Inert atmosphere

40 Composite materials

<Table 7>elX & 4= Q5% TRIZO| EAlsE 2] =2
= A0 d¥d= = wEkEE Adsta ol st
Helel] S & F e 7Ied =94 Be 99l
3] ECRS(Eliminate, Combine, Reengineering,
Simplify) 2] 7|¥==2]5 #&al Edels sideta
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= ARl R dEE At Sdrds wl st 9 Lack of awareness of unsafe behaviors
o] Ae oo A A sk 01 10 Inadequate guidance and display
A ek xﬂ/-\]%}jf_x} At ) 11 Simplify and Standardize Operations
B Aol ANBhRE l=RITEAL Aol fIgt — —
o8 BAHE TRAAs TS [Figure 4]9F 7} 12 Insufficient supervision
13 Inappropriate work placement
14 Inadequate aptitude test
e e 15 Inappropriate place selection
UG8 Uiz g ' tER=As 54 16 Inadequate mai'ntenance of proper
environment
17 Hardware self—defects
ARP Theory e e 18 Defective device defective
HFD‘%EK-E-);",) g 19 Dress protection defects
QFD Theory AYOIHEA See 20 Raw material defect
91 Violation of machine.operation during
HEEH 74 operation
yajea) M8 =S oMag 22 375S is insufficient
23 Machine property change
[Figure 4] Problem Solving Process of disaster 24 Inadequate facility maintenance
Prevention for Foreign Worker o5 Lack of knowledge experience
412 ATYE AT LI AL 7 T Comdut st g
TRIZ A7l wheh Abekd dE7tel <Jgh d
ol o ARAT Tleksh mAlel RS g ol 28 Small group activities
A = AE] QoS ATE 2= Q= olZFEA ]| tfa) 99 Insufficient compliance with safety
TRIZ WE9eE 284 953 Asjade A8} regulations
)AZAS B3] ThS<Table 8>¥ o] Aklekd 30 Equipment selection error
e 4071 Aolent 7t AgE AEgde & 31 Lack of proficiency
T relste] A3 FaAJo] PAFE E oA 32 Improper work difficulty
AANBFAF = [Figure 4123 WHE A4 = 33 Process defect
TEA] oo} o] 9] ASfARIS LAl AL dElE o 34 Full proof
Asto] A5 FgEtial 7Pd it 35 Fail safe
36 Inadequate legislation
<Table 8> 40" s Inventive principle for Industrial 37 natural disaster
Safety & Health 38 Inadequate standards and regulations
No. Inventive Principles for Saf. & Health 39 Non—compliance with work standards
1 Workload Overload 40 Inappropriate employment environment
2 Bad attitude
3 fatigue 4.2 AFAA A TZAA
4 Adaptability
5 lethargy 4.2.1 ARIQPA getdEl, Al 24
6 Inert work
7 Violation of working standards
8 Non—compliant work orders
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1 2
Division
Falting | Fall sum
1| Fallng 1 3 1 3 2 0.5 5 7 03 1 3 9 1 053] 01| 05 1 3 1 053] 01| 01 1 1 3 7 9 1 658
2 Fall 0333 1 03 3 1 3 3 5 05| 01 1 9 0.3 1 03| 03 3 5 3 1 01| 01 1 3 1 3 5 1 |557333
3 Dsml A 1 2 1 3 3 1 5 7 1 05 1 7 1 3 03 1 3 5 1 1 05| 01 1 3 0.3 3 5 1 641
4| Impact 0.5 1 0.2 1 05 | 05 3 5 1 05| 03 5 05| 01| 01| 05 1 3 0.5 1 01| 01 1 0.5 1 3 5 1 36.9
5 F'ﬂ‘;ﬁf 1 5 1 2 1 0.5 3 3 1 0.5 1 5 1 05 ] 01|05 3 5 1 2 01| 01 1 1 3 5 7 1 553
6| Collapze 0.2 1 0.5 1 2 1 5 5 1 1 1 7 1 03] 01 1 3 5 1 1 03] 01 1 0.3 1 5 5 1 518
7| Pincers 1 2 1 0.5 1 0.2 1 3 05 )01 |03 5 05| 03|01 03 1 3 0.5 1 03] 01 1 0.3 1 3 5 1 34
3 C;;;r 0.5 1 2 1 5 1 (0333 1 03] 01|01 3 05| 01| 01| 05|05 1 0105|0101 1 01| 03 3 5 1 |29.2333
9 1 05 1 02 1 3 1 3333 1 05 | 05 5 07 | 05| 03 1 1 3 01]01) 01|01 1 1 3 5 7 1 429333
2 1 5 1 ]0333] 1 0.3 1 2 1 1 5 3 1 05 1 3 5 1 05| 01| 01 1 1 3 5 7 1 |538333
1 02 1 3 1 3333 1 05 1 1 1 5 3 3 1 1 1 3 1 1 05| 03 1 1 1 3 5 1 |458333
12 -’-m:l:“é: 5 1 0333 1 03 1 2 1 1 1 02 1 01 01| 01| 03] 05 1 0101|0101 |01]01] 03] 05 1 1 203333
13 ‘.%.Dr.r.\rr:.al 1 3 1 03333 1 0.5 1 1 1 5 1 10 1 1 1 1 3 5 1 1 1 05 1 1 3 5 7 1 623333
0333] 1 03 1 2 1 1 1 02 1 01 1 1 1 1 3 3 5 1 1 05| 03 1 1 3 5 7 1 447333
1 3333 1 05 1 1 1 5 1 10 1 1 1 1 1 3 5 7 3 1 2 1 1 3 3 5 5 1 |69.8333
0.3 1 2 1 1 1 0.2 1 01 1 1 1 1 1 |0333| 1 3 5 1 3 1 1 1 0.5 3 3 5 1 414333
1 0.5 1 1 1 5 1 10 1 1 1 1 1 3 1 0333 1 3 0.5 1 0. 03 1 0.3 1 3 3 1 |454333
2 1 1 1 0.2 1 0.1 1 1 1 1 1 (0333] 1 3 1 ]0333] 1 03 | 01 1 01 1 0.3 1 3 3 1 | 287667
1 1 1 5 1 10 1 1 1 1 1 3 1 0333 1 3 1 3333 1 3 1 1 1 3 5 7 9 1 | 686667
20 ‘L'::‘;:;ﬂ_ 1 1 02 1 0.1 1 1 1 1 1 ]0333] 1 3 1 0333 1 0.3 1 (0333] 1 1 1 1 2 3 4 5 1 356
21| Violence 1 5 1 10 1 1 1 1 1 3 1 0333 1 3 1 03333 1 3 1 1 1 1 1 3 5 7 9 1 | 686667
22| Animal injury [ 0.2 1 01 1 1 1 1 1 |0333| 1 3 1 (0333 1 03 1 ]0333] 1 1 1 1 1 1 3 5 7 9 1 456
1 10 1 1 1 1 1 3 1 ]0333] 1 3 1 3333 1 3 1 1 1 1 1 1 1 1 2 3 4 1 | 506667
0.1 1 1 1 1 1 (0333 1 3 1 ]0333] 1 0.3 1 |0333] 1 1 1 1 1 1 1 1 1 3 4 5 1 354
1 1 1 1 1 3 1 |0333| 1 3 1 3333 1 3 1 1 1 1 1 1 1 1 1 0333 1 3 5 1 41
1 1 1 1 ]0333] 1 3 1 |0333| 1 0.3 1 |0333] 1 1 1 1 1 1 1 1 1 3 1 |0333] 1 3 1 |306333
1 1 1 3 1 |0333| 1 3 1 3333 1 3 1 1 1 1 1 1 1 1 1 ]|0333| 1 3 1 |0333| 1 01 | 354333
1 1 |0333| 1 3 1 0333 1 03 1 ]|0333] 1 1 1 1 1 1 1 1 1 3 1 ]|0333] 1 3 1 10 1 |396333
sum 2847 | 5153|2847 | 5453|3477 [45.87 | 446 | 7417 |25.07|41.97 | 24.8 |98.67| 281 | 34.07| 18.6 | 33.57|44.97(8233[2643| 288 | 204 |13.93|2843|36.73| 6043 | 106.8| 156 | 27.1 | 1299.63
Standardization | 0.022| 0.04 | 0.022|0.042|0.027|0.035| 0.034 | 0.057| 0.019| 0.032 | 0.019| 0.076| 0.022 | 0.026 | 0.014 | 0.026 | 0.035| 0.063| 0.02 | 0.022|0.016| 0.011|0.022| 0.028| 0.047 | 0.082| 0.12 | 0.021 1

[Figure 5] Weight of Parameters on HOQ
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[Figure 6] Parameters VS Disaster Priority for QFD
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[Figure 7] Result of Parameters/Disaster on QFD
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<Table 8> Category for Results

Category No. Inventive Principles for Saf. & Health
16 Inadequate maintenance of proper environment
12 Insufficient supervision
13 Inappropriate work placement
) 10 Inadequate guidance and display
Manegerial Factor : : " »
11 Simplify and Standardize Operations
15 Inappropriate place selection
32 Improper work difficulty
24 Inadequate facility maintenance
29 Insufficient compliance with safety regulations
9 Lack of awareness of unsafe behaviors
Educational Factor 26 Conduct pre—work training
27 Conduct periodic training
28 Small group activities
19 Dress protection defects
18 Defective device defective
) 22 37%5S is insufficient
Machanical Factor
17 Hardware self—defects
23 Machine property change
20 Raw material defect
25 Lack of knowledge experience
31 Lack of proficiency
33 Process defect
Methodogy Factor
34 Full proof
35 Fail safe
30 Equipment selection error
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7 Violation of working standards
8 Non—compliant work orders
2 Bad attitude
3 fatigue
Human Factor 6 Inert work
1 Workload Overload
4 Adaptability
5 lethargy
21 Violation of machine operation during operation
14 Inadequate aptitude test
40 Inappropriate employment environment
System Factor 39 Non—compliance with work standgrds
38 Inadequate standards and regulations
36 Inadequate legislation
37 natural disaster
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