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[Abstract]

In this paper, we designed an algorithm that can control the state of PM by leaming the chain failure
pattern of PHM based air conditioning facility. It is an inevitable spread of PM due to the downtime
caused by the failure of the air conditioning facility. The algorithm developed by us is to establish a PM
management system through PHM, and it is an algorithm that maintains a constant stabilization state
through learning the stop/operation pattern of the air conditioner and manages PM based on this. As a
result of the simulating at a subway station for the performance qualification of the algorithm, it was
verified that the concentration of PM reduces by 30% on average. In the case of stations with many
passengers using the subway, the concentration of PM exceeded the Ministry of Environment Standards(100
ug/m’), but it was verified that the concentration of PM was improved at all stations where the simulation
was conducted. In the future research is to expand the system to comprehensively manage not only PM but

also pollutants such as CO,, CO, and NO, in subway stations.
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Table 2. Various studies to reduce PM

Related Works Cost Effectiveness
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Fig. 2. Markov decision—making model for
PM concentration control
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2. Patterns classification and learning of air
conditioner chain failure
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Table 3. Failure types of air conditioners

Problem Symptoms

Chain Failure

Surface Fatigue gear
Chemical Wear gear
Scuffing gear
Abrasive Wear gear
Activation Failure gear
Excessive Vibration gear
Excessive Noise gears, bearings
Design Drafting Error gear

Sudden Knocking Noise

mechanical system

High Temperature of
Sleeve Bearings

mechanical system

High Temperature of
Rolling Bearings

mechanical system

Tooth Breakage gear
Plastic Deformation gear
Case Cracking gear
Excessive Vibration gear

Excessive Noise

gears, bearings

Surface Fatigue

gears, bearings

Chemical Wear

gears, bearings

Scuffing

gears, bearings

Abrasive Wear

gears, bearings

Tooth Breakage

gears, bearings

Excessive Noise

mechanical system

Activation Failure

electrical system

Excessive Vibration

assembly

Sudden Knocking Noise

mechanical system

High Temperature of
Sleeve Bearings

mechanical system

Repetitive Belt Breakage

operating conditions
Design/Installation

Sudden Belt Wear

wear and tear
operating conditions
Design/Installation

Crack in The Belt

wear and tear
operating conditions
Design/Installation

Fig. 20]A AoJ3t nf23m oA AA 1y ndy}
Table 39] Aaf 1A Tj&lo] T2t PHM 7]¥F Z-A2AdH]of
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< Fig. 3 .
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Algorithm 1 : Optimal Operating Algorithm for
Rotating Equipment
1. Parameter : Discount Factor 7= 1, Learning Rate 77 > 0

Parameter Update Interval V), Max Number of Repetitions /V.
Search Period T.

€ (0,1), Initial Number of
Repetitions n = 0, Parameter Initial Value 11’

4. DOn < N WHILE

2. Input :
3. Initial Value : €

5. FORt=0,..,T
Choose a random action a, with Probability €.

Otherwise @, = argmax,, Q(s;, a;, i)
7 by applying a;.

K

i)y = (X0l + \ih,) E +E)\“
e .

i = (%0 +XR,) + (YA + Y AY) +b,

k=1 =1

Calculate the state S, according to the above

8 expression.
9' Calculate the reward 7.
16 Calculate the approximate slope of the loss function.

1 Parameter update

12 IF t/Ny is an integer THEN

13. parameter update
14.. =y
5. END
update € : € = K€
16. END
17. Tlteration update : n<—n+1
18. END

Fig. 3. Optimal Algorithm for Air Conditioning Facilities

3. Average number of days of failure per year
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Fig. 4. Block diagram of a series structure system
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Table 4. Average number of days of failure per year

after the introduction of predictive maintenance
system
Average number of days of | Average number of days of
failure per year before failure per year after
system introduction system introduction
25 3.6
24 3.6
23 35
22 3.4
21 3.3
20 3.2
19 3.1
18 25
17 2.3
16 2.2
15 2.3
14 2.2
13 2.1
12 2
11 2
10 1.9
9 1.8
8 1.7
7 1.6
6 1.5
5 14
4 1.3
3 1.2
2 1
1 1

Table 4[4 Ei= ule} Zro] PHM
= AEF W 447 OiE ZAEdn, AA 2 ofd

=
27171 71X 4 BAR 71 EHE= Arglo] WG
S

IV. Experimental evaluation

1. Experimental conditions
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7R 0] AX|= ONHA|] £71o 2 F3FS DJX|X] Y=  Table 6. The status of PM applying algorithm
-1 o= nit : person m
gk ARRo] 92) 2Rk Y7iE 93] ZS jAgiA| (Unit © person, s/}
Z7%of] XY Ao|ct Number of
Station passengers Existing Improved
Numbers (monthly concentration | concentration
Table 5. Setting conditions for system testing average)
1 167,106 29.89 20.92
Item Condition 2 82,162 14.70 10.29
number of 3 217,819 38.96 27.27
subway 29 stations 4 505,053 90.34 63.24
stations 5 683,263 122.22 85.56
si th trati f PM - 6 371,758 66.50 46.55
number of mceaccgr(;:i?\r;cig :Eelo:u?nber 0\;3”95 / 893,667 159.86 111.90
passengers passengers, the number of 8 522,448 93.46 65.42
- 9 463,093 82.84 57.99
passengers is included.
- 10 770,134 137.76 96.43
E;g‘;i”;rastt'e"; Information disclosure 1 473,823 84.76 59.33
rtrod yt. collection data and open data 12 255,263 45.66 31.96
introduction 13 160,007 28.62 20.04
Numl?er of air 3 to 4 random applications per 14 697,195 12472 87.30
conditioners per stations 15 350,864 62.76 43.93
subway station 16 783,455 140.15 98.10
system fault . 17 1,113,141 199.12 139.38
condition Following to Table2, Table3 18 130,935 23.42 16.40
It is assumed that there is no air 19 423,785 75.81 53.07
ETC conditioner system downtime for 20 316,468 56.61 39.63
replacing air conditioner parts 21 171,413 30.66 21.46
22 628,346 112.40 78.68
23 355,742 63.64 44,55
E£35], DJAHA] HAAZARR] ¥ Ao= 06:00 ~ 24 342,688 61.30 4291
25 569,741 101.92 71.34
21:00717] ONEIA] RZER|S AASHET] ojgf 2t 7] = s T o
7t X3P dARe] UlMWA] 710 F3Re O]x]= Azt 27 342,778 61.32 42.92
= = = 28 187,156 33.48 23.44
ot 799 s&-H| 17go] TAYSHH FAto]| nA|HA] o 2 101817 1821 1275
% 890l Brhstel, ol 2otz AEd vl8-e S
7= 847t "ot
. _ L = _ = _ PM Increase [/ Decrease status
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o]q Fig. 5. Simulation results(PM concentration ststus)
2 Results Table 62 s|AE 7580 2 LERAH Fig. b4 UL
B . . OJAH X7 =™ 30% 7F4A8H 57—10 slolsr A 0]
}\] ﬂ ]/‘\_% 6H E%?_]' éﬂ}‘f‘ able 6, Flg 59’} D:] ]11_. ] }OOL_ ) o D—‘—ME’} Sea2 T A
ey o} Algdfo]dE S5l At RlsE e 1 A &=
S AmEH 79 1781 92 AlQlgh giREe] dAe] 0]
AIA] 52+ S48 71% 100pg/m 010} A8k 9l
2 ot ofUjz} RE oo njHHA] =7} FNEISS
% % gloich



Design of particulate matter reduction algorithm by learning failure patterns of PHM-based air conditioning facilites 91

= o4 £780] 8936679, 1,113,14150 2, o]8& &
7Ho] W2 B AR =0 FFE T AS &
2 Qi
V. Conclusions
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