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Real-time SCR-HP(Selective catalytic reduction - high pressure) valve
temperature collection and failure prediction using ARIMA

Suhwan Lee’, Hyeonji Hong", Jisoo Park™, Funseop Yeom'

Abstract Selective catalytic reduction(SCR) is an exhaust gas reduction device to remove nitro oxides
(NOx). SCR operation of ship can be controlled through valves for minimizing economic loss from
SCR. Valve in SCR-high pressure (HP) system is directly connected to engine exhaust and operates
in high temperature and high pressure. Long-term thermal deformation induced by engine heat
weakens the sealing of the valve, which can lead to unexpected failures during ship sailing. In order
to prevent the unexpected failures due to long-term valve thermal deformation, a failure prediction
system using autoregressive integrated moving average (ARIMA) was proposed. Based on the heating
experiment, virtual data mimicking temperature range around the SCR-HP valve were produced. By
detecting abnormal temperature rise and fall based on the short-term ARIMA prediction, an algorithm
determines whether present temperature data is required for failure prediction. The signal processed
by the data collection algorithm was interpolated for the failure prediction. By comparing mean
average error (MAE) and root mean square error (RMSE), ARIMA model and suitable prediction
instant were determined.
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Fig. 1. SCR-HP valve system and setup of
heating experiment

a1t Qlxlol A My} 5E Aloe] 913k &
= AlAE AW AlA (Front sensor), ZJHl7] HiH.S
7] vk 2 9x|sk &% AAE vk Al
Al (Rear sensor)Ztal golai3ict Aol AHEH
SJEf= Mg M H|AEE 913 AR AAA
2} FE(EASTEESH)E ARSIt SlEE
500 C & 7189 371 5 bare] Y o2 T
th 2% ZAS 9JeiA AMEE AME K typeH|
& AHY(HS2011-K2)E A&

22 7H HlO[E| M7

7V Hlol8E 23, AARE 71 2, 1AL )
317 55 3171 18l MATLAB R2019 (Mathworks,
USA) W Econometric toolbox”} &% 3It) &%
54 APS vfgo® 7P &k doly e 9
25 W9 2 o S5 A Gslelnh 34 % 2=
L WgkE dAete EE 2 ks Ees)
9 Qe daeEs Adsh] 918 7V el

BlE MATLABS ©]8-5te] A/dsi3it.

w
my

af

31 712 49 o 71 Hlojy 44

% 245 S|E 9 WH Zpef| mhE 2 fo]
Blo] MslE HoFr) 71 APS Bal W o
Aol w2 Hd) &% 2 AA] 7 £eE o
T ot} 71 Ao SCR WHE /st



64 ot FAA - HAg - A

0 . — T T T

0 4 8 12 16 20
Operation time (Hour)

(E? 400

£

s 300 ‘

2

S 200

£ 100 -

P

=

0 T T T T T T

=
—

2 3 4 5 6
Operation time (Year)

Fig. 2. (A) Temperature variations acquired by
sensors during heating experiment. (B)
Virtual temperature data of rear sensor
based on heating experiment.
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Fig. 3. (A) Temperature data division algorithm using ARIMA, (B) Description of the variables, present
fitting slope (o), top ARIMA 95% fitting slope (B), bottom ARIMA 95% fitting slope (y), average
present temperature (x), average top ARIMA 95% temperature (y), average bottom ARIMA 95%
temperature (z), (C) Temperature slope and average for operation.
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Fig. 4. Linearly interpolated temperature data
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Table 1. MAE & RMSE results of each model.
Model

212  ©L) (LL0) (0,1,0)

MAE 3.0711 3.102 3.1046  3.1132

RMSE 3.8759 3.900 39035 39113

Table 2. Failure prediction with ARIMA (2,1,2)
model for remaining life. The actual
failure occurs after 6 years

Remain life (Year)

3 2 1 0.5
Predicted
remaining life  5.1-8.0 4.0-55 1.5-2.1 0.609
(Year)
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