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Figure 1 Typical unmanned amphibious vehicles. (a) RBTK; (b) The Storm; (c) Ripsaw M3; (d) unmanned amphibious vehicle with triangular track.
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Figure 2 Water resistance composition for the unmanned amphibious
vehicle.
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Figure 3 Drag reduction methods for the unmanned amphibious
vehicle.
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Figure 4 Mechanism of the foldable double arm suspension. (a) Engineering structure; (b) mechanism diagram [5]; (c) wheel state with suspension

folded [5]. Copyright©2022, by the authors.
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Figure 5 Resistances of amphibious vehicle under different 7 when
the wheel is turned over [5]. Copyright©2022, by the authors.
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P E AT IN A BUL 2, il E AT i o
R R, WA R BN, A CIRAPIG A2 35
THIBERT IR R, R T LB, (M
BN T BT, (S AR AR A TAT RS

SCHR[3 1] X — b ity K i A E AT 65 it
TREOKIR), BT CIERA R BRI R EANE
fr B A 3 T AT Y 3 BT Y
SO, g5 R BATEFr <1438 AT By 5 K R o/
25.7%.

RE T ZAE R R R MBS T 1, GHBL R
WITNF & ERHPBLS MR, RN — 2 Kk
IRAEF,  AIAT R PR IE T & e AT I iR e
P, E )R BRI AR NE N T B AR
MAGRIREL.

5 KEEHIRETE N B AL LB AR

AT B T SEBUKBE I TE AT & RO AT 2
REEL, HAZ LR K P T T 6 S 42 55 A
“RIRJE 7 IS AT AR, BAIB/IN K Bl AP A T
SR AR E 7 2 2R PR

5.1 FEEHLICALREELERE

KGRI N BERUTI, R H 4
MIZETERL /s UMK, ARSI AT 6 1S3 A
MAVAESHE R EAR. E RRMAR A S
B, RGP TENT G Sk K L, R R
HRIEAERK, FIEHEAKR FENRMEER
WA RNR A, BE TN AR B R IR, /N b I FEL 7.

1278

SCHR[32]7E T R AU AC I 7 VRS — PR AT A NP
B EGE IS IR AT T I . AT R
KU, URZES RS Ry, HOCHVIIEY,
FAERE 258 B9 2 40 51 20.3%F113.6%. B 9T 45
WAL G E T LRI 5%

P EE AR, BAREE LB E T
LR AL ), FEEE AR B B AR T
FHFNMA. NRAESH. BTN ENTFEEE
A SR B PR, LB E T
FRRA VLTI EAE S WINEE NP & BT ARG B 22
VTR SRR b, R A v S v P A R B A AT R e
HATAL, WE(FTRPINITE N & EE FHRA
NABEE, RHE T EAUENES N 2 E RIR
ERIRIIL.

Bl 5 A4 A T AW RIR N, A E %
VTR PINETE N F & B Gk, AR
AKAFUATRE A, SCRR[331ME S Sk s i Sk etk . i
68 1R IE AT B AR o, AR T — B A I KA R
WiRLgs NAMERL R . @ T B AN [F3E F IiiAksh 1
X EE AT R I, A T R AN B B e KR 9 S P T
1522%. SCHR[34TTELNITFT 1L XU S IR TE £
BTG BT RIBE S T R AR, AT
THa ST & 228 KA R

2 R /KRG AT TC T £ Bl 18R 47 B B2 AR 7R
K, M EHFNUER T RS SR AR/, o] {5 %
FEZEJHEFV. REZBD/ZTDO5% B A A
&, B EE IR R S, B IR
GRS, N8R IRAE FH, B T %25 B ZE 7 EFV
PINEE N6 70 R IRAR 5 T H B VR A A



hEBE: AR 2023 4 553 % A 8 I

5.2 B FAROLALIR PR

NSEBLHE K R EATATIRES, KPR AT 5 1
B 5 TARRE PR B BB RAR, N O H
KRR TR IE LR, W DR 2% B T AR B0 04 s ) 0 A
gyl

SCHR[36] LA — R TE N1 6 25 B iU A4 I 71 70
AT R, BRI A, G IR A 2,
FerE G B I, A5 BIPUAL 2 5 EARTER,
KBH AT Rl P it 40%, AR TE AT 6 1O K &
AT BE 12, WEHR.

SCHR[ 1615t XT &8 BTz Al JE N1 6 B2 AL 7 A=
FITRIRELR, GUR RIS T AT OBCRE TSR LR, R
PRSI 73753 73 W 1 %8 A BOR it (R i 46
BET 73 Bt 7R TEABOATAT BT« AT A I RS,
UAPIOFT7R. AZHE AR 2 AR 0 A A e 7 bt
BT, PLERCE NN ZE A S ME.

S AR ACR IR LI, BT EE. 5
FEARARDLALSE, TS E et th T4 SRR BRI,
ARG UK ) 2R AR B B, B0/ N A 58 BEPZ K LE, R
ERESHL, WA MK, SRl fae s H

ENE SR ED

B8 e Aik”®. Copyright©2021, by the authors
Figure 8 Hull line optimization [36]. Copyright©2021, by the
authors.

i - o o - -

- i P L = -
— — - ‘—

B9 K B AR . Copyright©2021, by the
authors

Figure 9 Eddy-current suppression mechanism of the concave groove
flank [16]. Copyright©2021, by the authors.

B0 14 98 FE W 7K B 2 S M R AR T AT 5 B R AR E 1,
e S g

6 K IR TE N\ B K T BE B AR

KB PR IE AT 6 AT I D BE B BH ) 32 BRI T
e AT I 2R S BE TRAR AR 2 2 B TIR ), 5K
AR AT B [ P AR HCIRS AT O%. B T lgsa 28 7K
B R AT A Bt 48 T7 58, T BAB/INR
P TR S T /N BE AR BEL T, T eSO B T T AR A PR
BEL B A A 7K il PR T T £ 39— 2 /IS EE 4 BE 2
PRI, RIS T ARG R R 1A
EHEA . S (i) TR

6.1 JARERFHEA

TRV R R o s K ik P A T N B KR
B I BE X T AR A REOR IR IR B AR, AT LA 5
TR R SRR AR, SCIR[37]52 05 A
WHFR R, S TVAL =ML R RTE R4S R
ANTR] R AL LT A AL 44 BEL 0 4 kAR BEL AL . STk
(2014 FH VA R Rk PR 2R 1, A — b 53 3 J Hr 2K Bl P AT
FRE. FeMEE. B R it 7SV ALY
ghiky, A BUEAI T O T T B AN AR AE R
RISV RV S5 ) R AN [FIORAUE L T (19 B 1
LERB W =M A E A RERCR, b e
PRSIV RE KRB BCR B UF, R 1.5 m/sIRIRITEE T,
I K AT 3R A34.225% 19 BH 71 2 /N CR.

52 LRWEFUR 7R, BT PIRCE N G, ARG
AT PSR T AR P8 2R T v Hh T B (K BN

1279



PRI 55 BT R R QT AR /K Bk P A JE T 65 i FHL I 5 R

FEARFAE, Ok 53 2 AT R 7K AR G 0 B THT I 572 0
B, PRI SRR ANSEE, KB F
AT AR T I BEBE 1 N A i AT 328 3.

6.2 FCI)/REGBHEAR

AHEDRPH SRR SR, AR R K 5 SR
M FE R 225, RN 2SR 2
SRR G, BIR SR E . FE LR
B, IR A AR BERERE DY B ok
SRR, FEEM AR A v B R R R, U AE
NN TP 5 R W Bt i 2 A S RN
T2 THUAR (1) BE 4 P 7.

ARSI S S (RSB BE R AR J5 R, Sk
(3978 It 7 7K By AP 22 1 Sk 350 25 AR JE 350 12 8 <0V
SHLRTE AR B BE T 22, BN T R RR
VB T ASURN BE R .

SCHR[401FI I CFD 7 vE#E— 25 o T AR s~
XS PR ZE AT LA AT B H sz, 4 SR i
TEPIME R 1111 ke/h, SRR E0.2 Lis, R&
0.5 mi, F KBk FH AR PTIE £110.89%, 41K 10FT 7.

LA A 2EE R AR BT & I R AR
HarEl, B EESRE S KIS RN AR R
WBH. BT AR A T ERE B AU B, 6 30 P X DA

F 1IN GIEFRTTE

Table 1 Drag reduction methods for the unmanned amphibious vehicle

g 4:__,; - _—-1__-1

(b)

B 10 AR R AT RS SEEEIE . ) B
TR (b) AU

Figure 10 The effect of air cushion on attitude and drag reduction of
amphibious vehicle. (a) Without air cushion; (b) with air cushion.
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Sailing resistance reduction and speed raising for amphibious vehicles
using novel configuration

XU HaiJun, XU XiaoJun, XU LiYang & LIU BoLong

College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China

The sailing speed of an amphibious unmanned vehicle is one of the key indicators for its combating function, which is critical for
tackling urgent amphibious events rapidly, improving the survival probability of navigational crossings, and improving the
maneuverability of beachfront landing. By tweaking both the construction principle and technical characteristics of typical wheeled
and tracked amphibious manned/unmanned platforms, this paper expounded the navigational gesture characteristics and water
resistance components during navigation and subsequently evaluates the internal connection between water resistance and
configuration of high-speed amphibious vehicles. The proposed methods for reducing drag and increasing speed were as follows: the
innovative design of retractable suspension, the innovative layout of drag-reducing accessories, optimization of vehicle shape,
implementation of the bionic fairing, surface microstructure, and air cushion. The paper’s conclusions can be used as a technical
reference for developing a new generation of amphibious unmanned platforms, as well as for building, planning, and developing
unmanned amphibious vehicles.

amphibious, unmanned vehicle, construction, resistance reduction, speed raising
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