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Braking Characteristic Analysis of Non-full Load Liquid Tank
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Abstract In order to study the degree of liquid sloshing during the emergency braking of non-full load
tank truck, the finite element method is used to simulate the liquid sloshing during the deceleration of
tank truck. The influence of the number difference of the whole wave proof plate and the installation po-
sition of part of the wave proof plate with the same surface area on the liquid impact force is analyzed un-
der the same filling ratio. The liquid pressure is loaded onto the wave proof plate as a load to study the
stress change of the wave proof plate. The simulation results show that the impact force of liquid on the
front head can be obviously reduced with the increase of the number of longitudinally-arranged full wave
protection plates. Compared with the lower wave-proof plate with the same surface area, the upper wave-
proof plate can not only reduce the impact force, but also increase the liquid impact force; The maximum
pressure obtained by liquid sloshing is used as the load input of the wave-proof plate and it is found that

the maximum stress occurs in the second wave-proof plate.
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Fig.4 Time-domain response of the head before

different acceleration
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Table 1 Peak impact force of front head of different
numbers of all wave-proof plates

Number of wave proof plate Max value of front head F/N

1 91237
2 50006
3 43566
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on liquid sway power
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Table 3 Peak impact force of front head of upper
wave-proof plates in different quantities

Number of wave proof plate Max value of front head F/N

1 112222
2 136279
3 138831
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Table 3 Peak impact force of front head of wave-proof
plate at different numbers

Number of wave proof plate Max value of front head F/N

1 77396
2 41875
3 32801

5 BUURERSG B KRS

A PAY 9 A S 3l X 7 AR 14 A T R i S
FEWAAKT B 10 A ) 548 J3E 5 e T, SR T BR300 361 15
T R VBT A S S 0 43 5 8 M ok T 5 B
S AR E1 T

(a) A8 (b) . #1
(a) strain (b) stress
B 11 4By ik B R T AR = [

Fig.11 Stress-strain cloud diagram of wave-proof plate

(a) W A8
(a) strain
& 12 7T S AR R AR = K

Fig.12 Stress-strain cloud diagram of lower wave plate

(b))% 1

(b) stress



509

IR W IR 45« B T AL TR 1 I 0B 4 T 3 v B 4 A 89

2P0 D s T 119750 o N e T R N
i 7 WRAE A FH L AE 23 BT AR S Bl % B I8 A 1 et
SR N 5 b I ity B I A1 I . U R A
S U 4 B AR S 7 38 AR R g 1 AR 2 B AN
K11 FIE 12 Bos.

MNIEL 11 H AT LS 4 By U Al I AR 3 A
PSS — YL By I A epoa] aE AL g, e K AR TR 5N
0.01mm ; I KN g 32 22 4 v 78 55— He B I Al T it
LA e KB 1B 0.31MPas &l 12 H Al LI
M T Sty 7 I8 B 7 A o A v 7R AR — B iy U AR 1
e Ak f K AR TE & O 0.55mm; e KW )
LA RS BB I AT i A ) 5 R R B AL L B
KN FI{E R 14.45MPa.

6 it

AR EBGE T A — TR AN [R] 4 By I B A
S A [R) 2 T AN () 8 256 A7 8 1 38 43 B I8 B % 9k
it Sk vy Sy B9S2 A L LSRR TR A R B dk
2R B 7 35k ACAIF 9 B U AR B g A e L A5 45 e
T

COG\ 1w A5 B 4 57 08 AR FD T Sty 977 0 Al i 50 i
(A3 s T LA B S U 3 ot A v YA X T 3 Sk 11
i .

(2) A ) 2 T B 08 358 4 B A I i 877 8 Al X6F
R LG YA A o o S 9 4 L AS B i

(34 V1 5 3h 45 3 1 K T 1 A B 280 2% %)
7 I8 A L o A5 1) 4 7 AR Y B KR f1 0.31MPa, i
T 58 B 7 Ik A it vl FL A s T S I I8 1 A K
8 71 14.45MPa, 5F T 45 = He [ 9% AR F 3 20 M) 5
(ST

£ % Uk

(1] ZFffe, EMER. LWz e 5Ebprd e [
Bl S SR E2E W, 2021,19(3) :1— 4.
LIS H, WANG W D. Research advance in vchicle
dynamics and control [J].Journal of Dynamics and
Control, 2021,19(3):1—4. (in Chinese)

(2]  EEEAF SKF & W R KA AL AT B8 J1 2 0 i
()78 Jy 2 5 sl %41, 2021, 19(1) : 53— 60.
HAN Y W, ZHANG Z J. Research on nonlinear

driving dynamics of a vehicle system [J]. Journal of

[3]

[4]

[6]

[8]

[9]

Dynamics and Control, 2021,19(1): 53 —60. (in
Chinese)

W s . 7% 8 2 ) 45 % A 5T 5 2l B0 B A0L B B U
$BEPEFE (DU #7 TR, 2006.

CHEN Z W. Numerical simulation of medium slos-
hing and anti-wave device for mobile pressure vessel
[DJ. Hangzhou: Zhejiang University,2006. (in Chi-
nese)

ABHIJIT D. Effect of tank cross-section and longi-
tudinal baffles on transient liquid slosh in partly-
filled road tankers [D]. Montreal, Canada: Concor-
dia University, 2011,

TR ERM, ERREE L SF. R A 3 &
G SNl g 5l 2021
19(3):15—21.

LIYR, JINZL, WANG X L, et al. Dynamic anal-
ysis and control of linear hydraulic braking system
for heavy duty vehicles [J]. Journal of Dynamics and
Control,2021,19(3) :15—21. (in Chinese)
ML RIS S, WL B Bk I E e 0% o v
A AROETE [T]. BOBEHLA 42405, 2016.36(4) :17—21.
LINJJ, YAO S G, DENG H. Research on the im-
pact process of overspeed tandem suspension of rail-
way tank car carrying liquid [J]. Railway Locomo-
tive & Vehicle,2016,36(4):17—21.(in Chinese)
At e, 5L ERF . BT RO B H R 1 B A A
WS R [T]. 3 Jr % 5 &6 % . 2018, 16
(2):157—164.

SHI H L.WANG Y, WU P B. Liquid sloshing sim-
ulation in railway tank car based on total lagrangian
approach [ J]. Journal of Dynamics and Control,
2018,16(2):157—164. (in Chinese)

T ER BB G — WA W LR VR E 4
ResE PP 07 #0 (1], 9 UK i2 . 2020, 39(2) . 188 —
194+221.

LIJ, YU Z X, CHENG X X, et al. Simulation of
stability control of tank truck under vehicle-liquid
coupling response [J]. Oil & Gas Storage and
Transportation, 2020, 39 (2):188 — 194 + 221. (in
Chinese)

JARUER o 5= SO i v B AL YR E I RS S T R Y
(1], WEIHHA . 2019(23) 1124 —126.

ZHOU F X, WU W J, HUANG Z L, et al. Re-
search on roll stability of tank car [J]. Automobile

Practical Technology, 2019(23):124—126. (in Chi-



90

8 %

5 &

2023 AR5 21 &

E

(10]

[11]

(12]

[13]

[14]

nese)

LIY T, LI,D D XU,]J S. Real-time risk analysis of
road tanker containing flammable liquid based on
fuzzy Bayesian network [J]. Process Safety and En-
vironmental Protection, 2020,134:36—46.

AN PR FEMRME AR S SR [T, 7Y A8 R
K2p2EHH, 2007 ,11(5) ;23— 25.
LIU X M. Simulation of sloshing of partially filled
tank truck [J]. Journal of Xi ‘an Jiaotong Universi-
tys 2007, 11 (5): 23—25. (in Chinese)
ALEXANDR O S, MARYNA G, VOLHA 1. Dy-
namics of tank trucks with baffles for transportation

of viscous liquids [ J]. International Journal of Me-

chanical Engineering Robotics Research, 2018, 7
(4) :438—443.
FIREAR , PR T UL ] R A5 3 AU R 38 o O 2 1 2l o

Jiop#r (1], KR 58 S, 2016,44(5): 13— 16
+26.
WANG X D, HUI H. Stress analysis of low tem-
perature transport tank car braking process based on
fluid-solid coupling method [ J].Cryogenics and Su-
perconductivity, 2016,44(5):13— 16+ 26. (in Chi-
nese)
GANUGA HARISH R S, VISWANATHAN S ,
SONAR A. Fluid-structure interaction modelling of

[15]

[16]

[17]

internal structures in a sloshing tank subjected to
resonance | J]. International Journal of Fluid Me-
chanics Research, 2014,41(2):145—168.

BB B B, 2 8 oL, % BT VOF Jr ik iy Eil 4
JE A 5 s U5 Hoar A L], BHEC IR 5 B . 2021
(8):7—12.

MIN L, ZHONG R Y, PENG Y Z, et al. Simula-
tion analysis of aircraft metal tank sloshing based on
VOF method [J]. Science & Technology Innovation
and Application, 2021(8):7—12. (in Chinese)

5 SCHR S Wi L. — i 5 e X 4 26 A 445 A S HG T A %
BAE ST L] AL THLBK. 2019,46(6):657—663
+697.

YUE W J, CHEN X. Numerical analysis of a new
tank container structure and liquid sloshing [ ]].
Chemical Machinery,2019,46 (6).:657 — 663+ 697.
(in Chinese)

ZEH PR AR ST VOF J5 I8 10 776 T A8 4 T
SO B AL M [T]. %% 4 3R 5 TR, 2019, 16
(11):19—24.

LI W, LU Y H., BI W. Numerical simulation analy-
sis of vehicle fuel sloshing based on VOF method
[J]. Equipment Environmental Engineering, 2019,
16(11) :19—24.(in Chinese)



