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Abstract : Low Pressure-Exhaust Gas Recirculation(LP-EGR) is a combustion technology designed to reduce NOx
emissions in internal combustion engines. However, the DC motor used to control the EGR valve undergoes performance
degradation due to the extreme environmental conditions within the EGR system. This study numerically investigated the
performance degradation of the DC motor over time at temperatures of 25 °C, 160 °C, and -20 °C. A 0D mathematical model
was developed to predict performance degradation and validated using convective heat transfer coefficients obtained from
continuous current test results provided by KORENS Global. In particular, the time required to reach a steady-state
temperature was determined based on the inverse relationship between the heat transfer coefficient and the thermal time
constant. The results showed faster stabilization at -20 °C and accelerated performance degradation at 160 °C. During
maximum output operation, temperature distribution was visualized through CFD analysis using CONVERGE, which
revealed the occurrence of thermal stress at the stator-rotor interface.

Key words : Computational fluid dynamics(Z4F 8- <sh), Continuous rated current(A< 3]-8& Z5), Convective heat
transfer coefficients(T& E A A=), Performance degradatlon(*é% Z17F), Thermal time constant(& A7+ AF)

Nomenclature 1. A2

CFD  : computational fluid dynamics A2 skel th 7] 2. A7) 7S SR A 2 4t
| e Fo LAt iER ez AuH 5 . ol w

DC : direct current
2} oJe] MRS FA 07 }Ex} vl 7| 7k 2 EA|I 7 2
FEA : finite element analysis S5 7 ) A5 2} 24910 A= 4 2] 7] 2] Three-Way
GDI : gasoline direct injection Catalyst(TWC), Selective Catalytic Reduction(SCR)¥} <14~
LP-EGR : low pressure-exhaust gas recirculation 717 7]%?] Exhaust Gas Recirculation(EGR) 5= %]-8-3}
= QJ7rs] = = 101199 g A
LPTN  : lumped parameter thermal network of Wi717kE A7) 918l = shal Qlok ™ o]

© & EGR 7|42 w717} A 5-Z EGR valve S 53] A

NOx : nitrogen oxide
® SBNA AR Y 0, FEE B 84 Fale) Ah
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Table 1 DC-I\./I.otor specifications and optimal operating o1 H|A0] TFsahm ug H7be] stk gxo] 9
conditions o 2 ATl 0D A4S Se) AAHe wre] &
ltem Unit Value SWE WAUSS B, FAS 2 S T
Rated voltage v 2 stotele] thre Aujel o] o] Tisg AL
Rated load torque mNm 22 S = AL B R 50
Rated load current A 1.3 FE Y 3d&5S 9deE 3 A A Rotor) S HA}
Rated load revolution RPM 4,086 I A= HAA(Coil)oll AF7F E2A FHA A7 A|l52
No load revolution RPM 5,842 Aare] o UEld £ 9= PR &2 Ao] Aot} o
Outer diameter of the motor mm 28 = goyR| 2 Wele™ 52402 Housingd] ¥
Axial length of the motor mm 68 A ZAAUFE E3) dxlgo] dojubA fr) @A) 3)
mass . 101 Axbe v 2ste] 29 Aee olerhu 7FdE
o7, Newton®] 82t W2 & Aelele] 4 (1)-3)7 2
Table 2 LP-EGR specifications o1 A& EN ] = (Toaay) & =BT 714 Q= =
Al EeFolw, 1+ 7F A5, RS A4 A 3, his Ul
Item Unit Value A AlS(Convective heat transfer coefficient)S, AT
LP-EGR Heat exchanger area m? 0.36 2E Ao WAoo T 0,004 m27]' ESE-Rw M._tq
Number of tube - 4 Toion = FH S22 UERAT]
Fine type - Wavy fin
Coolant type - Antifreeze O= Losses = PR 0
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1__ Flg IJJ[' Z;}_'E]' ]' EFA 94’ LP- EGR-/] xﬂ O'] E=2 Tables 1 Q hA( steady Tambz'em) (2)
20 YeERAATE BE = 2 A W Alejd 2= =1
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of, G 7NEs FE3] sideta ALt a&s A4
T 4 gl ngho. 0] A gHo] Ak A7k 1A 4
T 3ke) s gustarat shelk
embedded grid= O grid,/ 2" (15)
Table 3 Key properties of components
. Specific heat Conductivity
3
Item Density [kg/m’] D/ke - K] [Win - K]
Copper 8,930 385 401
Iron 7,870 447 80.2

Magnet

Rotor

Fig. 3 (a) DC-motor layout, (b) grid domain

2.3.2 ZAZZD} 28] HEA

Aol AL-gH AA 2702 Table 49F o] A2,
At 20 UF A A AR 45k
o} el Aol A8 5= AP A2 ofg] el ek
glov, wel wite] AAGE U4 BY A(Enerey
eugailibrium) 2} (16)7} F2] ol &7 = H=](Fourier’s law
of conduction) 2} (17)S &3l fr=d& & &4 A2

(Heat diffusion equation) 2} (18), (19)& &3l #l|o]=™ 3|

A AREE SR FA4% 2= WSyt B 10
Hoz HAASIATE AEaemend AtE f&ﬁi/l SLSE
W3kE, = Y| <L (Specific heat), k= €7 =% (Thermal
conductivity) p= & = (Density)°] T} >
E E:)ut + Egenm ration AE lcmcnt/At (16)
8 T oT oT
a4y = al.7q1/ kay7qz_ kaz (]7)
0°T  90°*T  0°T), - 0T
+g=cp —— 18
dz* oy 977 TP TS (18)
. T
k N2T+ = ept (19)
ot
Table 4 Operating condition
Item Unit Value
Input power A\ 23
Pressure atm 1
Temperature K 300
Time min 10

2.4 B MY

Table 5% & Aol A A-8-H W2} 1 HEE A4
3}l 7] 2% (Tambien) = EGR valve W4-o] =31 317
S BAE] flal A(25 °C), AL2(16 °C), A=(-20 °C)
o Al 7HA 7o 2 A3 om, 7 H/R()E B4
EF 2 mNmE 7| F718tH o558 21 8sielch
EGR valve actuator & DC X E]+= ValveZ A 514 #|o]

3] 9190 ChRE S ok 27 AN, RE

Table 5 Variable selection and scope

Item Unit Value
Tambient | C 25 -20 160
1 A 13,2,25,33 | 1.3,2,3,42 | 1,1525
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