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Abstract

To systematically investigate the emission and energy consumption characteristics of a plug-in hy-
brid electric vehicle (PHEV) under different driving cycles and environmental conditions, this paper
takes a China-VI compliant PHEV SUV as the test subject and designs a multi-dimensional operating
condition test matrix for conducting experiments. During the tests, pollutant emissions and energy
consumption are simultaneously collected under the WLTC and CLTC-P standard driving cycles, and
the COz emission intensity per kilometer is calculated. In addition, this study investigates the peak
emission characteristics of PM and NOx during high-rate discharge of the power battery and coordi-
nated high-load engine operation under hard acceleration and low-temperature cold-start conditions,
and analyzes the THC emissions and heating system energy consumption during low-temperature
cold starts. The results show that under the WLTC cycle, all pollutant emissions are lower than those
under the CLTC-P cycle, but energy consumption is higher. During hard acceleration, the engine peak
speed can reach 4138 r/min, with both PM and NOx exhibiting emission peaks. In the low-temperature
cold-start phase, THC emissions within the first 400 seconds account for more than 80% of the total
emissions over the test cycle.
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1. 5|8

1 o1 VR &30 /7754 (Plug-in Hybrid Electric Vehicle, PHEV) 3 B 4l B 5175 23R 5 3 250 5 1% SR 4
KA AR AL, BN AT R S G IR Re VR E R R 82— o AT, PHEV 23 775
% TAERR RS S L HETBCS REFERH P E B R N R 24 (1] KEWWIEE PHEV Ia1Tid Bt H %,
M2z E 5. SRS TOUNAEE, 805 R 2 IS B S R RFIE 2] .

FERRENNA THL 7T, GB/T 19753-2021 (AN &2 ) AR e B AEE RIS 7%) W€ it &I
FEEA AT & WLTC (World Light Vehicle Test Cycle)fl CLTC-P (China Light-Duty Vehicle Test Cycle-
Passenger) AP i, CAMFERM, AR TH T PHEV WA S REFERIAFIERZEE 7. /£ WLTC 3
M+ WLTC 5243 )2 CLTC-P =# T F, WLTC 3 lifE¥A K CO. THC. NMHC Fl NO« HEUH =i »
WLTC e AEIAHE AL, CLTC-P J&H . WLTC LI T HISEATHFEZ A CLTC-P 5345301 1.25 £i5[3].

TEBRAS LOLJTTH, PHEV ESUINESE & i LU, KNS L E LA, BRBeAIA RIEd S,
KA 2T S . PHEV G2 LS RE R Bl W AE 3% 1 5 0 far 2ok BB /K P[40 AIGIR VA JE BB
Bt BT = oS AR BEARIE R, M TR A R SR, THC HEBOG AR H[5].

g, WAEWREZEET R — TH%&MF N PHEV HEBURH M, B2 W2 488 T KRG 7T, A
DASE R B 75 4 L IR 3 SUV ORI &, il Bevh 22 4EFE Tl R FEA T %8, R 8 PHEV 7248
) T2 BIHECS ReRERRIE, LAADN PHEV Rt 58 21 5 W A0 A0 AN HE s ) S A 3 AR 4 5 2000 S 8%

'https://openstd.samr.gov.cn/bzgk/std/newGblInfo?hcno=0944C24D417D5SEAD3CA659EDF1DB363F
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2. RIEFR
2.1. RIEFEH

RIS FH S5 2 N HEROR R R P QIR A3 ) SUV VEATFAON . ZEMH 4R 1.5 L IR e FR AT
P ELEIR H R EIML, DU IR AR5 L5 = e E S it . 3 RGO P2 I RIREN T, A4
TRE(CD) 5 H B (CS) Rl TAERS T . 22805 B AR BRI | iR

Table 1. Key technical specifications of the vehicle

=1 EREFERARSH
B i iy Hes RN IR K ) FATLT) B M E R TR
e 1850 kg 1.5L 110 kW 80 kW 18.5 kWh P2 B

2.2. WIEgHE

FENMA R LA U T &S, HFHEESHNL 2:

O JEHEWTIHL: HTERLEMIERATIE 7, B&BRAS TonEEE

@ BEREHBEREM: 7SI —40°C 2 +60°C KR LR T Va0 T,

® HBATRG: KHEFXFECVS)RAM &I, B RN (CLD) 54T NOk
WREs SKJAE TR 28 (FID) 7B THC ¥R dEBRZLAM 3 BT A (NDIR) 70 4t CO ¥R s

@ FRYWERS: KHEFEHRELNE PM FTERE, KAHBSZN F I (CPOR SE R
BRI 2 B 28 (VPR)II & PN ik i ;

® THESHAN: SERES B E. B, R EEHERER,;

® WFAL: SR T v iR BRI R T R

Table 2. List of equipment parameters

=2 BRESHER

e I % EiERs)

AL T AIP AIP-CDM 48M 4-WD

HAA AL Horiba MEXA-ONE-C1-OV
WiFERFE RS CVS Horiba DLT-1230

WKL R G AVL AVL APC 489
HE4 ETS 8000 x 8000 x 5500 mm
LB TGOOD TCDZ-DC0.7/120
DS T HIOKI PW3390

23. BHETRMREREH

FrREEIF R
RIGIKHE GB/T 19753-202 1255 #E 3R, 4 HI#E WLTC Fl CLTC-P Wi FibR e E3F Tt R atAT AR, 18

ERJ 28 L2 1.

2l B 1.
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Figure 1. CLTC-P/WLTC speed-time curve diagram
1. CLTC-P/WLTC ¥ - Bf[E] £k [E

MR AW RN, PHEV gERERHERN MR W 2 fis:
HEVHFE(CDER: 377 W46 i (SOC) A T8 B 7K T (>90%), iR I0 FF4E 2 L sy FEA U & 1k 4%

436 2 5
HERFRCSEER: 3 /7HIb SOC 40 F P45 X 18] (£ 25%~35%), KENHL-5 LI E TAE A4k SOC
R T - BRASEENAR 3 R, BCEFEE N RAE R,

REESSH 2IK7
REESSHR ____________ _______
SOCKERE | i i i é i
i s S " : e 1

matsE ‘ FERL _ R i&i jﬁ%ﬁ%ﬁtiﬁi FeH ]

Figure 2. Test process diagram
2. MR EE

3. ERESH
3.1. FRfEERFITRHE S sEFEXTEL
3.1.1. WLTC 5 CLTC-P T R4HEER
WLTC 5 CLTC-P £ LIt sh JJ2A4E AR EEST . WLTC S8 KE., P, & fE s g4

REZBC, S IR 131 knvh, BT 203 FEATINE AE . CLTC-P W2 T o [ SEprii B AT B8R T
K BEARE . A R =B, P R B B B . XA LB S ZE R BN T PHEV
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(1A B AT w3 A1 R R B B SR

3.1.2. iSRYIHEXTEE
& GB 18352.6-2016 [6]F1 ki CE F 5 SeWHe s TH5 732, ARG 5 20 7 HHES

T CREE T3 R S5 ek B, IRt RS 3] CS BT A CD 80T S5 b, &5

THHE SIS R EHE, THHSERWE 3 Forn. RS RERY, EMHERNKZG T, WLTC EEIEHT

MERET5 FHFiE /N T CLTC-P, BAKNMIS -

® CO HEB: A st AL 2HRIR S 8 CO BAb MR AR, WLTC Ri% B T b Bz, COo
Heifte s CLTC-P & H i i BRI 78 7 AL AR = R TAE, CO HERURAK . WLTC fiE3AH s B R
By AR A, CO Him A

® THC HEjit: CLTC-P LAWK THC HEiE T WLTC, JHAEMESRYIIAA BB ERENLE .

® NMHC Hi: WLTC I BONA E B, KAWL PO E 22 Ik s, 171 He = oAb 38 IR AR,
KRB BN TAEREGERIEE), XSBOREREEANREMEYI(ERE NMHC) B, A E
frm; CLTC-P I3 AR ALV 5 3, (0L & PRI B 5 EH(37.4%) FLR JE LU 451 (22.1%) T UK BIHL
FE 5 2 I 8] A AL TARRL . ANERE BRBOIRAS s [FIFE 27 42 K& NMHC, L HFBCRE 2% & T WLTC 58
BAEIR . M WLTC PRI E T 2 s T, RAWURIEE R 7, B R FE e = o fb 2%
PREFRRCIAE, WA 24 NMHC, i L H i 5k .

® NO. HEB: WLTC ¥ 1) NOL HEZI N CLTC-P 1] 0.75~0.85 fifo iX F BT WLTC I E = -F
WIZEAE KB 2 TAET X 0], RbelR FE B A R T NOK AR iS5 5 b3 R Gt 44k

® PM HE: WLTC fE¥F 11 PM £ CLTC-P 1) 0.65~0.80 £ CLTC-P % a1 2 LU A7 A4 %5 (1
WIR FEOREINEZ TAETARRESTH, SNy, PR A a3,

Table 3. WLTC urban, CLTC-P, and WLTC pollutant emissions
£ 3. WLTC #ifi. CLTC-P. WLTC i5¥HINE

SCE LYk 1 G WLTC 317 B (fiK) CLTC-P (&M &) WLTC 5ERIEH
CO (g/km) 0.82 0.45 0.32
THC (g/km) 0.075 0.052 0.041
NMHC (g/km) 0.065 0.042 0.034
NOx (g/km) 0.128 0.102 0.081
PM (mg/km) 6.3 5.1 3.9
PN (#/km) 5.8 x 10! 42 x 101 3.1 x 10!

3.1.3. RERESRRHEBGRE

% GB/T 19753-202 131 H 5% il vH 5 CS 50 F A1 CD B N b AEFI L FE, 58 GB/T
37340-2019 [7]9 fai B4 5L 545 3] PHEV 4G REFE(H FCote M 4 Wal LI H, EMRIMEFESRTT
[fl, CLTC-P L# FHMFELI N WLTC 52851 1.05 5. X—ZF EEJRTH7H: H—, CLTC-P
IRE B LI S R, RENWLE 2 TAE TARAIX s =, CLTC-P MM KB - I b S BUR ShHLE 5 IR
HEm, BRRJE SIS TEFE . TEFLBRIERER T, PIA DO ZE RN B . WLTC J§3F
)8 = B (> 120 kn/h) s WL CAE Tk X [a), FROREN RGAE TR, HAeHAEZSR I & . CLTC-P &

S[FI B 1.
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Tk, HIRBI RS2 TAET mRUUX[E .

Table 4. CLTC-P and WLTC energy consumption and CO2 emissions
# 4. CLTC-P. WLTC #E#EFI CO- HEME

fEFEA CO HER CLTC-P (&HrBY) WLTC 5e87EH
CS JH#E(L/100 km) 5.875 6.161
CD H3(kWh/km) 186.806 239.495
XA HEFE(L/100 km) 8.044 8.941
CS-COz (g/km) 138.196 145.012
CD-CO: (g/km) 2.578 3.523
%54 CO2 (g/km) 2.246 3.932

AR, Fe M CR ARG TS GBS SO &7 B S NB B [61RUE 1) COy THRITIE, 1T
AL AR CO HEBUE (R HEE )
® WLTC fE¥: LA R ZE 2R 3.523 g/km (CD #E0)F 145.012 g/km (CS #);
® CLTC-PfE¥: &R L0 2.578 g/km (CD #30)A1 138.196 g/km (CS ).

WLTC JEPRE ) 42 AR BEAIS 15 Qs B 5E (AT B BEL ) S BURe R I, 3 T A A I T i

W

Thim
3.2. BN TSRS HER R

3.2.1. RN EERBIEE

SUNETH R, PHEV B SIHIAESIHIC(BECUYRYE T TEEAR B 2238 A Hith SOC 28R 21 i3 K
NI A 35 P ol . SR a0 R SpLEG o/ fer - B R AR 2R 4] 3 BT, BT LR A 1) 2ot
b, KREWLEAEEE PTIL 4138 t/min, WA AT AL 1.73 MPa,  [5]IE 238 BT A IR FE 7340 AR R
BRI A X T K

o
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Figure 3. Engine speed/load versus time curve for rapid acceleration conditions

& 3. 2R TR &SR/ fafer - B E)phzkE
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3.2.2. PM/NO, HEfi&E (&
Ui, PM 5 NOy HERC BT 2 B S I R ] 4 s .

10
_ [ |pM | siio
— NOx
2 B I
- 80
g | &
= W
54_ Iy
2 m L 20
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FIE] Cs)

Figure 4. PM/NOx versus time bar chart for rapid acceleration conditions

E 4. 2/03E TR PM/NOx-FEIAE K E

® PM HE: fEENEVIHICRSIHA B3N EIRT 10~20s), PM HERGR E il iAFa & T 5~10 5. X3
BRIV A sh i R SIHLEL B AR, MRS R, Iz & s N Emim s, SEURHE KXY

%2, BRIHA R SRR
® NO.HEK: U IR o NO HEBURIRE: Hh D0 AEL , ELUEAF H LN [B] s i J 5 PML(ZE DT 46 )5 5~10

s)o IXAE M T NOK A R SR KR L P, TTDIRL P FE 0 T i 5 22— R AR P IS ]

3.3. {RiER B EIK A S sEFE KBRS

3.3.1. T ER THC HEHE FR43E
RIEABETOFET, REMLIRHBL(0~450 )] THC HERE I B I 20 A R
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Figure 5. THC emissions versus time curve at low-temperature conditions

B 5. KRR THC HEEE - BB #hZkE
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TEABNE AT 30 s N, HITHEIPEERIG, MBS HMAEREAR, M2 = o AE R
BRIRBE(Z] 250°C~300°C), THC HFBOK LIS BIEAE . B K ANHLISAT I A] B A, TR IR B AR 9A 20T R
BT, RS AEGE, THC HEBUZE L .

RIREE R 5 P, 11 450 s () THC 75 3HFiE N 2156 mg, #AMMAIEIA 1) THC el E N
2572 mg, AL, fRIRAJE BN T AT 450 s 1 THC HEALZ b B AN A FE 3 THC @ HERT 80%LA F. X
— bz e 1 R A B A R AR RIEUE, ™R T ARIE AR PHEV HEBUH ™ IR Bk -

3.3.2. R ARG HEFEHE

RIEHAEE R, PHEV FJEAE In#AE ZAKSE PTC (Positive Temperature Coefficient) HUINFARS . P25 R
w5 ps, "W, fE-TCHEERE T, PTC TAELN T HudAE . dEARMRRLER =40 B,
TR B, PTC D21 31 5 K ABE e AR o il BE PR I T, I I TR B B 4t 45 o A5 R A D 2 4k 2 THIR
S U B A8 T FE I, PRATFIE E I I B Dl 28 DL R RF e e FE CR AR 1R E K T MR IR EE -7 C &2 22°C
HHEFRHEE, AP BRIIER RS ZIEERN, PTC MG IHIFE DI 2214 4.78 kW

Table 5. Energy consumption table for the heating system under low-temperature conditions

F 5. RRTRTRERASGRERER

B ETEEGS) PTC IEKW) BrEEKes) RRRZLREFEEKWD) BIE
Pog AR 0~200 10 200 0.56 BRThZR P TR
EETHE 200~500 5 300 0.416 PRI 24 2L R
PRBEFF 500~1120 2 620 0.517 YeE 22°CIHIR
BN 0~1120 4.78 (AL 1) 1020 1.354 S Th
4. 4ig

AR S CARE R L S A L QTR Bl SUV I e B, it 2 4k T bR 7 R %1, RSG50 T PHEV
FEANFAT B T8 RS2 R I HES S ReRERr M, R EE5IRF .

(1) P THLXTH: WLTC 528G 175 P PIHEB (N Oy, PM, THOYIK T CLTC-P, {HREFECRLTH FEZ
HHEEEHER) S TEE. WLTC LI FHZEAREFELI N CLTC-P 528301 1.12 £i5. WLTC ¥ CS
PR R HEIGGR A 145 g COo/km, CLTC-P A 138.2 g COx/kms,

(2) SIETH: 200E THF PHEV KBWLIE(EFHE AL 4138 r/min, WEAE Fif alik 1.73 MPa,
PM 1 NO HEBU2s I BH S5 (U AFL o 51 1747/ a2 47 X 7] (>2800 r/min B>80% 171 £ ) (1) PM Al NOy HE i
JeNRE .

3) RBEA B THR: E-7CAERESIZ&M T, #1450 s i) THC HEBOE 5 A WLTC fi§3F THC &
eI 80%LA | o BEXURGE(PTC INF#AER) R TIZ W HE A 4.78 kW, BEANNNAEBE MR G REFEL H
RETHFEM 15% /A 4

AT T 2 Lol N RR A S IR E M HBU ReRER-E, 8 PHEV ARG R HIBUR Il € fg
FEXMNUW BB SR, DA K V8 B M B 0 A L 25 gk ) B 2 AL A B B 1 B A 1L

SE

(1 FEm, &, s, BRG. ERE SR B R & 3 0 B e (0], Hhee Tl RS2 544R, 2025, 56(10):
4164-4172.

2] ZZE, SkokZE, RRAE, 5. 3l AIR G 30 7R TOURERE S HEBURYERT (0], VR4H0R, 2013(10): 8-13.
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(3]

EWke, X7, x5, & HEREE3)HET WLTC 5 CLTC-P LI I REFE M HERCH EL[T]. AEEIRZE, 2024(1):
16-20.

R, 2R JFBER PHEV &R8)E Sl FE A BE K HEBUF R FE[Cl/h B WL 24 2. ZEB ARS8 Rk sl
TR AR, 2022: 9.

Yang, F., Zhong, C.Z. and Li, C. (2021) Research on the Effect of Different Test Cycles on Low Temperature Emissions
and Fuel Consumption of Light Plug-In Hybrid Cars. E3S Web of Conferences, 268, Article 01028.

AERINEEE. GB 18352.6-2016 3 MR 2295 Y e i FRAEL S N & 77 VR (R E 35 7S B BY) [S]. dbat: PR EFRERL S H
Jiltt, 2016.

GB/T 37340-2019 H.ENA 4 ReFEST B /7% [S/OL].
https://openstd.samr.gov.cn/bzgk//std/newGbInfo?hcno=59FFD3D8B126FD2D44F79251566145B1, 2019-03-25.
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