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Abstract © This study analyzes the impact of regular preventive maintenance (PM)
on reducing the failure rate and occurrence of falling accidents of industrial
overhead doors. A reliable safety device model with an additional safety device,
which is installed to replace a defective one, is proposed. The research
methodology involves collecting breakdown and falling accident records,
comparing and analyzing data before and after regular PM implementation, and
experimenting with two types of retrofittable safety devices. Key findings are as
follows. 1. Regular PM implementation significantly reduces the failure rate of old
overhead doors. 2. A parallel structured model with two alternative safety devices
can minimize falling accident risks. The study's contributions include the following.
1. The positive impact of PM on extending overhead door lifespan is quantified. 2.
A general safety device model that can be retrofitted and used as replacement with
a fail-safe function is proposed.

Key Words : industrial overhead doors, garage doors, fatalities, regular maintenance,
safety devices, fail safe
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Table 1. Comparison of safety specifications between non—
certified domestic products and European certified products

Category Non-certified domestics Certified Europeans

Public certification NONE Europe(CE), Germany(TUV)
BOTTOM CLOSING
NONE EDGE SAFETY DEVICE
. NONE CABLE SLACK DEVICE
Safety devices
NONE SPRING SAFETY DEVICE
CATCH SAFETY CATCH SAFETY
DEVICE DEVICE

3.1 2H3E =0 H7| MAS 2ot =AM
3.1.1 QHSIE =0{e| H4= HIE XA}

2 AtollA= A F eH3|= o] 209thof thEt
w5 o]2l3 YelAaL A48 2004-20206(57] A7
T AlgY), 202271 A AlE) ARH A"l A%
= X4 o]8 Low data® Table 29} o] 3elstgith

Table 2. Overhead door maintenance history management
system's LOW DATA for 2004~2022(Except 2021)
NO Repair performances(EA) Contents

External shocks, defective

A-01~209 489
consumables, etc
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Fig. 1. Low data leveling process.
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Table 3. Repair performances rate frequency survey items

User error
(Malfunction, failure recognition,

Lack of inspection
(Insufficient replacement of

consumable parts, etc) etc.)
. Roller, . . Drum, Door
”goz}r(:n Wheel, t:nvslirzn t\x}:\s] g; Motor, | deformation,
prring Belt & Switch, leveling

loosened . errors | damages

corrosion Stopper defects
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Table 4. Detailed method of conducting regular inspection

Category As was As is
Inspector General Managers | Professional engineers
Period Irregularly Once a quarter
Method Non-contact Contact
lubrication None Once a year
Emergency inspection Negative Positive

oWg= mojo] H7] HH Al HHFE-L Table 5
9} 7Fo] 7 Check sheet X3}Th

Table 5. Regular inspection check list

Check list Durability
Door section | In case of
Side hinges damage

Inspection method

Damaged or distortion

Damaged or loosening of bolt

No
1
2
3 | Torsion spring | 2years | Tension, number of turns, cracks, etc
4 Motor oil leak, Damaged, chain tension, etc
5
6
7
8
9

8
Wire drum vears Damaged or loosening of bolt
Coupling Damaged or loosening of bolt
Top seal In case of Damaged or fixed state

Bottom seal damage
Middle hinges

Damaged or fixed state
Damaged or loosening of bolt

10 Window Permanent Damaged or corrosion, etc
1 Catch safety Damaged or loosening of bolt, wire
device In case of fastening, etc

12 Switches damage Operating status, etc

13 Stopper Damaged, spring damaged, etc

14 Wire Damaged, Correct dimensions, etc
. 2years

15 Chains Damaged, cracks, etc

16 Shaft Damaged, bending, weld breakages

17 Brackets In case of Damaged, bearing cracks

18 | Side roller damage | Bearing cracks or loosening of bolt
19| Guided track
20 Noise -
21 Posts -
22 | Control box | Permanent
23 | Lubrication 3Months
24 Speeds -

% For high-altitude areas, close-range inspection is performed using table
lifts

Bending, clearance, fixed state
Motor, guide track, roller, etc
Display or not
Damaged, Locked status, etc
Guide track, hinges, chains, etc
Visual and auditory inspection
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Table 6. Survey on user experience before and after regular
inspection

Survey items
Less than 3~5 years %
Work experience Less than 5~10 years %
Pe Less than 10~15 years %
15 years or more %
Damaged or dropped before Yes %
regular inspection, directly or
indirectly. Experience that has
influenced your work No %
Once %
frequency of experience Twice %
U X]
eduency P Three times %
Four times or more %
None %
How many times have you 1~5 times %
felt in danger? 6~9 times %
10 times or more %
Less than 3 months %
Less than 3~6 months %
Period Applied
e PPIC Less than 6~12 months %
12 months or more %
Damaged or dropped before Yes %
regular inspection, directly or
indirectly. Experience that has N Y
influenced your work o °
Once %
If so, how many times have Twi o,
you had an experience that w1c.e 00
affected you? Three times %
four times or more %
None %
How many times have you 1~5 times %
felt in danger? 6~9 times %
10 times or more %
Very effective %
How effective is it in :
Effecti %
preventing breakdowns and o Ye 00
falling accidents? Ineffective %
More dangerous %
Two person inspection method o
by architecture major managers 0
Regular inspection %
What is an effective regular Lubrication %
inspection method? Specification of inspection o
0
method
Establishment of a management %
system 0
35
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Fig. 3. Conceptual diagram of a self—supporting fall safety
device,
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Fig. 5. Safe wire type safety device concept diagram™,
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Table 7. Repair and fall accident results for 209 overhead
doors that were used without regular inspection for
approximately 13 years (2004—2017) in area A

Repair performances without inspection(2004~2017)

Lack of inspection User error
. Roller, . . Drum, Door
Total | Torsion Wheel, Wire | Wire Motor, |deformation,
Sprring tension | twisting, . .
Belt Switch, | leveling
loosened . errors | damages
corrosion Stopper | defects
192 74 28 24 35 22 9

- 192EA/13years=14.8EA/year

Rates ". 14.8(7.7%) repairs required per year

Accident - None
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Table 8. Repair and fall accident results for 209 overhead
doors that were used without regular inspection for 3 years
(2018—2020) in area A

Repair performances without inspection(2018~2020)

Lack of inspection User error
. Roller, . . Drum, Door
Total Tors.lon Wheel, Wl.re W‘?" Motor, |deformation,
Sprring tension | twisting, . .
Belt Switch, | leveling
loosened . errors | damages
corrosion Stopper |  defects
87 10 19 1 32 17 8

- 87EA/3years=29EA/year

Rates *. 29(13.97%) repairs required per year

Accident | - Total of 4 accidents(2018: 1EA, 2019: 1EA, 2020: 2EA)

ey o]F Table 83F Zro] 2017 %= o]F<l 2018
@~20209 =742 397 7] 343 lo] AR )
S A H480] 2971(13.9%) 0. & oF 1.8H) oAk Z7}
T2 oF 22 99l T YUslAlal= 4 13] o)A} BhElIL)
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A - A E = R A Eu ! ﬁEHﬂ ol Ao
A LE 24F AL deA E 5 Asich
Table 99} Zro] A7] A7 15 ](22%1 3¢) AlSY Al
Z=go] A7 312%= Table 8] A7 B8 13.9%K
o} ofF 2248 F7HHE Kol 1t A1) B
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Table 9. Maintenance and falling accident performance during
quarterly regular inspections in Area A for one year (2022)

Repair performances during reqular inspection(2022)

Lack of inspection User error
. Roller, . . Drum, Door
Q| Total Tors‘10n Wheel, Wg‘e qu Motor, |deformation,
Sprring tension | twisting, . .
Belt Switch, | leveling
loosened . errors | damages
corrosion Stopper | defects
1] 163 23 9 10 24 77 20
2| 33 5 3 0 22 1 2
3,10 0 2 2 6 0 0
41 2 0 0 0 1 0 1
Accident - None
1Q - 163EA/0.25years=652EA/year
*. 652(312%) repairs required per year
Repair 20 - 33EA/0.25years=132EA/year
required .". 132(63.2%) repairs required per year
per year
rate 30 - 10EA/0.25years=40EA/year
formula *. 40(19.1%) repairs required per year
4Q - 2EA/0.25years=8EA/year
". 8(3.82%) repairs requred per year
38
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Table 10. Survey results on whether it helped prevent
breakdowns and falling accidents after regular inspection

Response type EA %
Very effective 24 60
V-E+E=92.5
Effective 13 325
Ineffective 2 5
More dangerous 1 2.5
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Table 11. Survey results to select an effective regular
inspection method during regular inspection

Response type Responses (EA) %
Two person inspegtion method by 7 137
architecture major managers
Regular inspection, Lubrication 31 60.8
Specification of inspection method 11 21.6
Establishment of a management system 1 2
No responses 1 2
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Fig. 7. Test results of self—supporting fall safety device: steel
pipe deformation (sag) of 10cm occurred,
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After application
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Fig. 8. Result of the first test of safety devices using safe wire
for electric shutter,

After application
(Height of Stopped H=1.4 m)

Fig. 9. Second test result of safety device using safe wire for
overhead door(connected at 1 central location).

Braking fails(NG) due to balance issues

Fig. 10. Safety device installation location and location test
results using safe wire for overhead door(Pass at 1 location in
the center, NG at 2 locations at both ends).
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