Modeling and Simulation E#5{j K, 2019, 8(4), 146-154 Hans )0
Published Online November 2019 in Hans. http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2019.84017

Simulation Analysis for an Electrical Vehicle
HVAC Assembly

Xinda Zhu, Lin Su, Kang Li, Yidong Fang, Hao Gao, Mingkang Liu
School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai

Email: Zhuxindawhalefall@163.com

Received: Sep. 30th, 2019; accepted: Oct. 14"’, 2019; published: Oct. 215t, 2019

Abstract

In order to study structural characteristics of an electrical vehicle HVAC (Heating, ventilation and
air conditioning) assembly, the modal analysis, vibration analysis and static analysis of an elec-
trical vehicle HVAC assembly are carried out by using the finite element numerical simulation
method. According to the analysis results, the optimization measures are put forward. In modal
analysis, results show the fundamental natural frequency (143 Hz) of HVAC assembly is above the
external excitation frequency range of 30~100 Hz during actual operations, and resonances can be
avoided. In the analysis of natural vibration characteristics, results show the structure of the HVAC
assembly has high fundamental frequency and good stiffness. In static analysis, results show the
maximum stress value (5.467 Mpa) is far less than the tensile strength of the material, and the in-
stallation reliability is high for this automobile HVAC assembly.
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1. 5|8

Bt AE IR ) S BRAN A BT G RN H 2 ™08, WEAOHT BB D O B AT R AU AT R 1] [2].
P GEIIIR I 22K P A2 R SR IR, T A SO FE (K0 SR Bk L shi< 2 2 1 ) HVAC e AT
TGkl 22 th KR SR B2l /7, B iR 4R A Bt AR Sl , 78 & Z= oA R s L AR #ont 3fe B e it AT (R
AR ENR G R R R GAT I IR I — /N PTC BEATARBIERE, Kb S5 4E S m Rl 248 HVAC
S ISR T A AE 22 72 [ 3] (B AME SR M R (2, BIR 2 HVAC 2 it A7 £ R 3 A, H HVAC
e BRI A Jom P B8 2 X A R AR G Rk e B P R 7 A L BRI 4]

KT [SIN A BRICEAF W TE 1 PR 2R ASHRAR A PR (O [ A7 DR R R, $RH R AR IR BB X3, A
Bg BT T AR RRG A EIRS U AL . BAR A [0SR A BRIT AT 7 i 5 T R S s iR
AL QMR E PR Lo T, bR R LR SRR BLR, JRRE T A RS ok et . AX
FEE 7L A FRIT 7 HAS BN I B IR AR SR T . I RSE (S EI BAFAAL, ARYE LSRR
T IR AR BUR A X, SR T AR XS IR A A . KR EE[9] [10] [11]RLFH A FRITHMrik
R IF AR T PEAE S P SERRIE AT 00T I 28 5 S5 M BORES IR B RN 1 o0 A, 9% S s R A BE v fit
S . ZFMAE (128 IS o A AT SRS Mgt AT O, BRIERERS /0 A AR K HVAC 524441
PRSI [E A IR PR P . BB R SISE[13] (14148 H S T R4 2256 28 7E A/C OFF i, F 32
SRR REBUNRIAEIERRS); /£ A/C ON I, IEPHANA 2 He i bl AL S XUBL e SR R PR3l — e 2
VA AR AL S AN & ARG AL(— B TU RS A0S A 30~100 Hz, PRIUL, 25 1 R i AL 22 256 SR 1 [l 40 % 7
BT IX ARV, AR KR E . AR LA TAE. Yook F[ 151 AT BR IT /A A SE B EA BIF 5
I R G B 2 R R AR T £ o i 9 A0 2 18 D EE S B B AR PR A AR A . 0 H T [ P AE T R
AR SRIRG T RS ANEE J o LB TAREAS . B M. A LA, R
I HVAC A IR BT R BT, JeH AR ahiR g . BUILASGEN A RGO B, FEIT 103K
HIZNVRZE 2 HVAC SR 1 & B R 7T

2. REZE HVAC ERARTEE
2.1. ZHBFERIRES

FE =4 CAD HfF b AT f 5, e T AN W] BE A ASE 2R F) o B B T 1 P2 4 e 4 5 S B — B, R A 5%
RS G HAT A AR . SOl T SRR TR TR 5, AR HVAC SR A B e AR 5edk, B
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Figure 1. 3D model of HVAC assembly for electrical vehicle
B 1. BE5E HVAC BERI= 438

2.2. MgRIS

HI T4 HVAC 2 AR IO R 25 1, HV AC 3 T A 0 5 A5 A1 22 2B Al o KRBl 20 S 0 ) LA AR
R FH DO ) 3 SR A A e — 2B BT AR B IR 73 A, S0 — 125 5 IR [X SR 77 B v X kAT R 5 b 3
R EEUAR R 9 T SRR FERURS L, ST A PR TR N P 2 i B e R P DY T4 4%
BICRAT 3 mm, TR E L1 HRIGAWNE AP, W REO8L .

Figure 2. FEA model of HVAC assembly for electrical vehicle
B 2. BERE HVAC 2 REARTER

2.3. EXHH
HVAC B EKIM BN PPA +33% GF (I 7 33%3¢4F (1K) PPA 38l), HikgesHins | fix:
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Table 1. Performance parameter of material

=1 MRtEES K

5 B (g/em?) ¥ AR (MPa) EE VA HH 5 2 (MPa)

PPA +33% GF 1.45 11200 0.33 172

3. REDTIFH HVAC BRHERTER KR
3.1. BESHEESER

R4 HVAC B RUE LS AR BB R IR 24~ B B BRI IR H3) ) 2IRES, MEZAHERS
[16], XANRGHIIRBN I T 2N

[M {z ()} +[C () +[K]{x (1)} = {7 ()} 0]

X [M]——FRHMEMRE, MeR™;

[C] ——HJeHRE, CeR™;

[K]—NIEEHRRE, K eR™

(£} {x(0)) ~ {x(0)) —— N GEAIFE . HRE. sk AL B AR

{f(£)} ——N 4 Jy 1 &

T HBHJE LLAR /N, EWT ST HVAC Sl B 16 1 [ A R PRI, BB BEXHAZE HVAC SR AL AR
SN R L2 o IR AR 4 HVAC B E TR R LB IRSN, SR 7 F2 ] itk

[M]{()f+[K]{x (1)} = [0] &)
JIREQ)RE A REGTRE M TR, e R BRI (ERRRAE 17 58 S B T 45 440 P 5 R
T RN
{x(1)} ={@}sinor 3)
RO o ZFE (D) K%, AKQ), TR
([K]-a7 [M]){o} = {0} @)
KA M H AR
([K]-@’[m])=0 5)

KRG T EAFRIER § BT o, SRIGHERIFH o, MA@ EE § B AORHE R & (D) o XPRRAE R
REATIENAL R, R

@} [M){@}=1 ©6)
SE I SR RS B ISR Y HVAC A 1 [ %
AR, BTN T WA N 4 HVAC SR — W A A 1 A SR R R 7 26 ) 7

P, AT HVAC 8 SR IO VTS S 2R BT AL B0 BB SRR 17]. Horr, 23T 2 H 12 LA HVAC
S BRI AR A AR AT R R R 2 B 0 S0 Tl J0 i, e e BRI S AN B IR, IR F
THERIL EEIRBN AR A H (0o X, PRSI S48 AR BN, 1% HVAC RS 2 1 Ah FHsih &
FOREWATIH, — R RN SR N MR, RS IRIA O 25~28 Hz, —s2 K T4
VIR AEHLATSE AL, FA 0 30~100 Hzo HHHASCHIWE O R AL a4 HVAC B, Rk EE
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3.2. BESHEGSR A

ASCRN ) =4 FROTE AN A4 HVAC BT RS BUE THERL, 15321 0 5T D0 B [ A 0 3 fn e
2 fome Hid 2 ATLVE M, BEEBSH BRI, BAA MR Mg, HEEESSH SR, #okE
B P (38 BE RS 18] I HEEE RSB, X% HVAC B BIBUR KT sih B WA, fr
LT P Bt 1 AN R SR %20

Table 2. Natural frequencies of the first four orders

= 2. ATM BB AR

e e Bl 41 4% (Hz) PR
1 143 Fk z 3RS
2 254 Frk x [RE)
3 339 Fa ALt AR T
4 363 Hifk y MRS
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Figure 3. Order mode of vibration

3. HEESREE

HIF 3 9% HVAC SRR HTET DU R AT LI X T8k, 24 S0 Ra 274 HVAC
SR E AR, HVAC SRR AR, RESFBEH RPN . T R3E,
HI T EZEUE L 30~100 Hz, TTi%IR4 HVAC SSEH K — B 6 A S1502 143 Hz, A XGETT 1 U
R, AnkAESR. T DIl HVAC BRI ATFENE, It 7 200t 5 B A 42 BOR 9 mifr B AT
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M. P 4 R AT DY I RS 4R T B AL RS B K PO A 45542, 26300, 46137, 74602 (15 AL E 4] 3 (85
Fi7R) AT 20 BrBEAs R R Hh 2k o rp(a) @ — MBS R A B B oK 1715 1 45542 BEBLAS AL A0 6 i 28 5
(b)/& MRS H AL RS B KT A 26300 BEAEAS AL RS 1T 2R: (o) =B AS Hr AL RS B KT A 46137
BEREAS A AL RS 2R (d) R VUMM RS R AL B B K 171 5 74602 BEBLZS AL HIA AL di 2k . HHIEl 4 AT DAE
HMIERAEILIRMIETE T, BEEBSM RS, &1 SO AR KRB, B RS b 5 B
s mnmks>, HAFEWAE . ASCRAMZET R —BIR MG R oo Iriidr, SasasnioRer
b N 1. H(a)rl 3L KA N 0.965 H(b) AT AN R 5 KN 0.98; (o) i i KAE N 0.98; Hi(d) AT
HNZ AR R 097, PLETIAS SRS RN B # IR TR 1, K FESERBER. MEEm)
JUANT B E R Z R T HVAC S N Fefd, BRI nr DU R e Aop Rk 46 il —Fi 091 B B8 4 (1 A4
BUETE N RN 2 RE I, DA AR v . DRI RR i — D PP Al A R R

1.0 T T T T 1.0
0.8 1 0.8
0.6 1 0.6
B B
= =
0.4 b 0.4
0.2 b 0.2
04 0 1 1 1 1 0.0 1 1 1 1
0 5 10 15 20 0 5 10 15 20
BB 4 [EEN A
(a) (b)
1.0 T T T T 1.0
0.8+ : 0.8
0.6 : 0.6
B 2B
0.4 4 0.4+
0.2 : 0.2 F
0.0 L L L L 0.0 L L L L
0 5 10 15 20 0 5 10 15 20
LS4 LS 4
(c) (d)

Figure 4. Displacement curve of node 45542, 26300, 46137, 74602
4. F555 45542, 26300, 46137, 74602 RO 5Lk
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SR B ARFEVE AT DU 2R WIEE[ 191, AT S RALIR BE S5 . O 1 M R HERR PR AN T RO TE
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Figure 5. Frequency distribution
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LAk T i SRS R AE [ 8 AR BT I R BOMARE, e AN AR AR e RIRE R, AN FE AT RE I
AR, B —FMBBL, AT AN S5 A4 (i N BB I (8] A 3242010 PRI, 2R A ] DA SR FT A £
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Figure 6. Stress contour plot
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Figure 7. Maximum stress and acceleration curves
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