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Abstract

In order to verify whether the dynamic characteristics of a car washer reservoir product meet
the requirements of engineering design, the constrained modal analysis of the product is carried
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out based on Ansys finite element simulation software, and the natural frequency and corres-
ponding vibration modes of the product are obtained, and the modal characteristics are ana-
lyzed. Based on the results of modal analysis, the harmonic response of the product is analyzed,
and the stress of the resonant position under simulated working conditions is investigated, so as
to find out the weak part of the box structure. The analysis shows that the first six natural fre-
quencies of the washer reservoir product will not resonate with the engine excitation frequency
(idle speed and normal working speed) and the road excitation frequency. When the external
excitation is added, the vibration frequency of the washer reservoir is close to the natural fre-
quency of the mode, and the joint part of the support A and the box is the first easy to produce
fatigue damage. After improving the structure of the weak part, the frequency response force of
the improved part is reduced by 45.11%, and the overall strength of the washer reservoir is en-
hanced.

Keywords

Washer Reservoir, Finite Element, Dynamic Characteristics, Modes, Harmonic Response

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

TR (PR RIS /K 52) 2 FH T B A B B R R I B A 4, BV A8 RSt 4
BE-ANEEM O BT 5 R RS, £ R RS AG A BA h o i DL 2 L 55
ARAL AT T W, BRI, AEWUKSETT A BT BL RS0 7 SR S SRR AT 0, i DR L 2 A
SR o SCHR[L]2E TR M ik, X BRI AR AT SR, it — B AU i A R AR S5 A e it
30 3 AR X 6 R B S R BE T T SR i AR A SR, AT R SR AR Vi [ . SCRR[2]5E T ANSY'S
BAF, W RRENHUEAT AT RS DT SIEWI RN, BiE 7 HIRIIR R X8, AT SR s =
%o SCHR[B12E TS 7045 CFD 20 AT, XS AR 14 55 A7 (K E5cist Jy St AT VAl ik Ja (K7 S6E i 1
M ANE IR I0IE . SCHR[412E T4 FROCAR Y 5 D5 1, 73 T S A a8 0 7 PR SR SO AT AR Sk
TPRTANIRENIE DT o3 AT, AR R A ARAR 25 HE gt A% SR e A SOREEAT A, AR S DT SRR T 3K
e, HiB 1B AR E UG IE  SCHR[S12E T4 BRIT /M 7530t 31 FH 42 e A AT A2 0 A 5 i i 132 23 # »
AR S A AL, R A et iR S

ASCIEH] Ansys Workbench #:X /K Sp AR Y AT RS S M BT, A5 HR T/ R 7 i F) ] 3 90
L RARTY, FFiE T HAE IR KA, WK AR RS Bt R AU SR B IRk .

2. ARTTRBE
WEKSE MR LI 1 TR

Table 1. Washer reservoir material characteristics

= 1 BUKEM 4T

R P /Mpa B (t/mm®) MEL/N=4 Jee B 5 5 Mpa
PP5 1000 9.1E-10 0.42 25

[

DOI: 10.12677/mos.2024.133226 2479 e RSE TR


https://doi.org/10.12677/mos.2024.133226
http://creativecommons.org/licenses/by/4.0/

Wk 55

MK AE B EAR AR S A AL, KRS 1 PR, B TRARYSRAESENRA, @i rE
TR — . FARHSCEE AL By CIEATIEDE, FREINNEBEE.

KA npicfzs

TR

Figure 1. Finite element model of washer reservoir
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Figure 2. Washer reservoir boundary condition constraints

2. BKTARFHAR

DOI: 10.12677/mos.2024.133226 2481 A ()


https://doi.org/10.12677/mos.2024.133226

Wk 55

3.3. HWARSH

BB A FAFATAR RIS, X BTN B RS HEAT R, 75 H 25 B [ R RS RS A

i 3 .

B: 18

fobiA
sk
$RER: 94404 Hz

B: &%

IR 2

R RIS
3 111.72 Hz
7 mm

B mm "
2024/2/26 16:58 2024/2/26 18:09
97.12 &% :zg'g; Bx
86.329 122.89
75538 105:34
64.747 87.781
53.956 70.225
43.165 52.669
32373 35113
21.582 17.556
10.791 0 8l
[E--21Y
@
X X
(a) 94.4 Hz (b) 111.72 Hz
B: &% B: 535
BasH 3 BET 4
SHY: TS KR QAT
R 144.51 Hz R 181.48 Hz
BfZ: mm BB mm
2024/2/26 18:11 2024/2/26 18:13
209.1 &K 153.34 &K
‘ H 136.31
- 119.27
ml 102.23
85.191
! 68.153
51.115
34.076
17.038
[E=1N z
o ¢
X X
(c) 144.51 Hz (d) 181.48 Hz
B: #5575
B: 15535 B 6
a5 K I
AL BE5 $iEs: 23515 Hz
$RE: 19533 Hz B mm
B mm 2024/2/26 17:04
2024/2/26 17:04
150.93 & =
136.41 @A ST = 1:2 19 Z BX i
121.25 )
| 1061 117.39
90.94 ;g%fé
75.783 - ‘g -
60627 4?L 67.08
4547 BA 5031
| 30313 3354
15.157 16.77
0 &= 0 &=
@ [ ]
Y
X X
(e) 195.33 Hz (f) 235.15 Hz
Figure 3. Cloud map of the first six natural frequencies and modes of the washer reservoir
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Figure 4. Equivalent stress cloud map with a frequency response of 91.5 Hz
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Figure 6. Equivalent stress cloud map with a frequency response of 196 Hz
6. SRERMIRL A 196 Hz EH R H =Bl

Table 2. Results of stress frequency response of washer reservoir

= 2. WBUKER SISERMm LR

T N F7VE{H/Mpa
BB 77 )

91.5 Hz 110.5 Hz 196 Hz
R JE (X 1) 2.18 11.01 4.77
LAY ) 1.74 4.87 453
SN vALG)] 5.31 13.19 11.18

JS2JUEEAE S BLAE SO A SRR B (0 2 R BRI AL, b B Oy 110.5 Hz (BURh 7 19104 Z 1))
I, RN e, K/ 13.19 Mpa. HHIULAE Y, 244 Ui 5 WK 52 (9 A SR g, 2
SCHRE A SRR AL LR S S BIRE R, DR B M SR AL R R

5. ZhtapkiH

HIE N P BRI RL, SO0 A AT PIAL AL BN A ROR, AR et VR R A 5 AR S R, TRt
AL K S AR AT SR 34k, WP 7 B Gk JE ARERHEAT AR IR K AR, S5 RR I W 8 SR,
eSCHE FE K S (A A AR A R, S AL AU N ) B JER 1 13.19 Mpa B3] T 7.24 Mpa,  [§
K219 45.11%, W 1 WUKAEI S H SR,  [RI 0 — @ RE S IR NE 1 07 A i HERf 1 .

6. &

RS T MK REAT BRITI R, 23 e AT R A AW B Hr, AT RAAE -

(1) LA T B 1S K AT BTN (0 A SR S R, AR [ 47 R Sz ol o s L Sd il
B R ENHLIEH T ARSI A A i AR, S 1 SRR AR, RIS PR R A 225K

(2) LW TR I, AN R BT K RE R B AT SR, SO A SRR R
FEM L R I A AR 5 S FEARENAER TR B DR W58 7K AL B RE 8 T 2 A P R, I X M % A A
9 .

m

DOI: 10.12677/mos.2024.133226 2486 e RSE TR


https://doi.org/10.12677/mos.2024.133226

WelEE 45

Figure 7. Structural improvement of bracket A
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Figure 8. The maximum stress value of bracket A after improvement
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