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Tém tit

Xe tang PT-76 la xe boi tw hanh khi chuyén dong
$€ chiu tac ddng ciia cdc yéu té méi truong trén
can va duoi nuoc. Khi hogt dong ¢ dudi nudc,
séng nwée anh huwong truc tiép dén cdc thuge tinh
cua phwong tién boi, trong do co tinh kéo. Day la
mot thudc tinh quan trong danh gia kha nang boi
cua xe trong moi truong nwoc va danh huong truc
tié’p dén dac tinh dong luc hoc chuyén dong boi.
Do do, ngi dung bai bao trinh bay anh hwong cua
séng dén thong sé dong luc hoc khi xe chuyén
déng boi thang. Két qua nghién cieu lam co s¢ dé
khuyén cao khi vian hanh xe TP-76 thwc hién
chuyén déng boi veot qua chudng ngai nudc.

Tw khéa: Xe boi tyw hanh, dong luc hoc, chuyén
déng boi thang, séng nirdc.

Abstract

The PT-76 tank is an amphibious combat vehicle
whose motion dynamics are influenced by
environmental conditions both on land and in
water. When operating in aquatic environments,
surface waves play a critical role in modifying the
dynamic characteristics of the vehicle, particularly
its drag force, which is a key determinant of
swimming efficiency. Understanding the impact of
wave-induced disturbances on the vehicle motion is
essential for assessing its operational performance
and maneuverability. This study systematically
examines the influence of surface waves on the
dynamic parameters governing the straight-line
swimming motion of the PT-76. The findings
contribute to a more comprehensive understanding
of the vehicle dynamic behavior and serve as a
theoretical basis for optimizing its performance in
amphibious operations, particularly in overcoming
water obstacles.

Keywords: Amphibious vehicle, dynamics,
straight-line swimming motion, wave.

1. Mé dau

Xe ting PT-76 1a loai xe chién d4u boc thép chay
béng xich, dugc trang bi vii khi, c6 khd nang di
chuyén trén can va boi trong méi truong nude [1].
Chuyén dong boi cua xe duoc thyc hién trong cac
truong hgp vuot qua chudng ngai nudc cua song
ngoi trén dat lién hodc boi tir by dén cac tau van tai
va nguoc lai dé thyuc hién nhiém vu d6 b bo bién.
Pay 1a mot dang chuyén dong rat phd bién khi khai
thac xe PT-76 tai Viét Nam boi vi dia hinh nuédce ta
chia cit boi hé thong song ngoi day dic va co bo
bién trai dai tir phia bic va dén phia nam, ciing nhu
theo yéu cau tac chién dé phat huy hét cong dung,
tinh nang chién k¥ thuat cua xe.

Mot chi s6 quan trong danh gia hiéu suét cua xe
16i nu6e 1a kha nang di chuyén trong méi truong
nude cia xe. Pi co nhiéu cong trinh nghién ctru vé
kha ning di chuyén cua xe 16i nudc khi di chuyén
trong moéi truong nudc [2, 3, 4, 5, 6]. Kha nang di
chuyén cua xe 161 nudc trén mat nude phu thude vao
nhiéu yéu t6 nhu luc can cta xe, hiéu suét déy cua co
chu boi va cong sudt cia dong co [7]. Luc can cia xe
16i nudce khi di chuyén trong nudc bao gom luc can
ma sat, lyc can hinh dang va lyc cén song tac dong
dén than xe [8]. Luc can ma sat chiém ty 1& tuong
dbi nho, chu yéu 1a lyc can hinh dang va luc can
song [9]. Song nudc duge hinh thanh theo ty nhién
do lyc hat cua trai dit va gio gy ra, nhung ciing ¢
thé hinh thanh theo tu tao do cac xe chuyén dong
dong thoi trong ciing mot vi tri ctia moi truong nude.
Séng nudc tic dong truc tiép dén cac thudc tinh
chuyén dong boi co ban cua xe nhu tinh ndi, tinh én
dinh, tinh kéo, tinh khoéng chim, tinh diéu khién. Mt
khéc, tinh kéo la mot trong cac thudc tinh quan trong
anh hudng truc tiép dén dong luc hoc chuyén dong
boi cua xe, trong d6 c6 chuyén dong boi thang.

Hién nay, di c6 nhiéu cong trinh nghién ctru dbi
xe thiét gidp noi chung va xe ting PT-76 noi riéng
nhu nghién ctru vé dong luc hoc chuyén dong thing
trén can, vé dao dong cua xe chuyén dong trén can
chiu anh hudng ciia bién dang mat duong, vé dong
Iuc hoc cua co cAu boi dang bom luéng phut hoac

SO 82 (04-2025)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

chan vit, chua c6 nhidu cong trinh nghién ctru vé
chuyén dong boi cia xe PT-76, nhit 1a khi chiu tac
dong cua song nudc. Do vay, pham vi ndi dung bai
bao chi tap trung nghién ctru anh hudng ctua song
dén dong luc hoc chuyén dong thang cua xe thong
qua thudc tinh kéo nham danh gia kha niang boi dugc
cua xe trong chudng ngai nudc.

2. Xay duwng mo hinh tinh toan dfng luc hoc
chuyén dong boi thang xe PT-76

Dé xdy dung mo hinh tinh toan thi cin mot sb gia
thiét sau:

- Xe dam bao diéu kién cén bang noi;

- M6i trudng nude co séng bién, phuong va chidu
cia song tac dung nguoc voi phuong va chiéu
chuyén dong cua xe;

- Lyc can cta nudc duoc qui dan vé mot diém
nam & phia phan miii phwong tién va gay ra mé men
dwong, 1am nang phan miii xe;

- B0 sau cia nudc 16n hon dd sau chim nude cho
phép nho nhét cta xe nén khong xét dén trudng hop
mic can do cham xich vao day nén;

- Xét md hinh phang, coi cac luc tic dung vao
phuong tién nam trong mit phang ddi xung theo
phuong doc cua xe.

Khi xe vao nudc véi duong mén nude la WL, dat
vao trong tam g cua xe h¢ truc toa do Oxz, md hinh
tinh toan dong luc hoc chuyén dong thing ctia xe cho
theo Hinh 1.

Hinh 1. M6 hinh tinh todn dpng licc hoc chuyén dpng
thing ciia xe PT-76

Theo Hinh 1, tong lyc can P, tic dung 1én xe la:

B =R+P+P +P, +P 0

P.=R+P+F,+R,+P,

Xe chuyén dong boi dugc nho lyc déy P, do
co céu boi bom luéng phut tao ra. Khi do, diéu kién
can bé’mg dé xe chuyén dong boi on dinh duoc xéc
dinh nhu sau:

., Xt
X=X, + Xt +—
2

G=D @)
P-R-P,-P,-P,-P, =0
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Trong do:

- x 1a quang dudng boi dugc trong thoi gian t,
(m);

- X, 1a quang duong ban dau tinh diém xuat phat
dén goc toa d6 OXZ, (m);

- %, X 1a van toc va gia tc trong chuyén dong
boi (m/s, m/s?);

- G la trong luong toan bo phuong tién, (N);

- D 1a lyc ddy ndi ctia phuong tién, (N);

- P, 1a lyc day (kéo) cua co ciu boi, (N);

- R 1a lyc can nudc tic dong dén phan vo chim
nudc cua phuong tién, (N);

- Py 14 lyc can cua gié tac dong dén phan vo kho
cua phuong tién, (N);

- P, 1a luc can do song nudc tu nhién gdy ra dbi
v6i phuong tién, (N);

- P; 1a lyc quan tinh trong chuyén dong cua
phuong tién, (N);

- P, 1a lyc can do phuong tién kéo phuong tién
khac;

Khi d6, phuong trinh mé ta dong luc hoc chuyén
dong boi thang on dinh cta xe la:
X=X, +Xt+ ﬂz

P,~-R-P,~P,—P,—P,=0

3)

* Xac dinh thanh ph?ln lwe can nuwéc R

Theo [10, 11], lyc can cia nudc tic dong lén
phan ngdm nudc ciia vo phuong tién bao gém ba
thanh phﬁn la Iyc can ma sat, lyc can song do ban
than xe tao ra va lyc can hinh dang. Luc can nuéc R
duogc xac dinh nhu sau:

% “4)
R=¢p 5 S

Trong do:

- p 1a khéi lugng riéng cta nudce, (kg/m?);

- £ 12 hé s6 can tong cong;

- v 1a van toc chuyén dong boi cua xe, (m/s);

- S 1a phan dién tich ngdm nude cia vo xe, (m2);

* X4c dinh thanh phén lyc can gié P,

Luyc can gid P, dugc xac dinh nhu sau:

P, = p,CAV? = KAV? (5)

Trong do:

- pk 13 khéi luong riéng khong khi, (kg/m?);

- C 12 hé hinh dang khi dong hoc phan v6 khé ctia
phuong tién;

- K=Cpk 12 hé sb can khong khi;
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- A la tiet dién can chinh dién phan vo kho cua xe,

(m?);

- v 1a vén toc chuyén dong boi ciia phuong tién,
(m/s).

* X4c dinh thanh phén lyc can séng Ps

Theo [12], dé xe chuyén dong boi duoc trén song,
hd hoic bién, song thuong 14 loai séng phing bién do
thép, c6 qui ludt dicu hoa hinh sin (hodc cos) biéu dién
song didu hoa chuyén dong theo truyc OX nhu sau:

f(x), —ACOS(p Acos(kx, — at) 6
o7 (6)
= Acos(—x —?t)

Trong do:

- A 1a bién d6 cua song (m);

- @ la pha cta song (rad);

-klasb song:k =27/ 4;

- A l1a budc song (m);

- ® 1a tan s6 séng: w=27/T;

- T'la chu ky song;

- x, 14 toa d9 trén hudng truyén séng theo truc Ox,
(m);

- t 1a thoi gian chuyén dong cta song, (s).

Pé xac dinh luyc cua song tic dong vao phuong
tién, trude tién ta xét phuong tién chuyén dong boi
vl van toc v tao voi phuong cia song mot goc S
(goc cat song f). Khi do, ham thé van toc dugce biéu
dién tong quat dudi dang ham cua goc cat song S
khi bo qua anh hudng clia van toc boi phuong tién
duoc xac dinh theo ham s6 phirc nhu sau nhu sau:

@, =D (7)

Trong d6: @, 1a bién d6 cua ham thé van toc cua
song xét trong trudng hop tong quat khi ké dén anh
hudng cua goc S dugc xac dinh theo ham so phurc 1a:

CDl — IgA e[—ik(xs cos B+ysinB)+kz] (8)

Véi g 1a gia te trong trudng; i 1a don vi o.

Khi gia thiét song chi tac dong vao phuong tién
theo hudng chuyén dong doc phuong tién (hudng
truc x), cdc huéng con lai khong tic dung (£=180°)
thi ham thé vén tdc clia song la:

@, igA ok cos e igA ol +he

A ©)

Va ham thé van téc ctia song theo phuong x duoc
xac dinh la:
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o, = Meikx5+kzei(ut (10)
®

Pao ham riéng ham thé van tdc cua song theo
phuong x la:

6q)sx =k Ing eik><5+kz iot

e
oX w 11
_ —k g_A eikx5+kzeiwt ( )
w

Khi d6 lyuc tac déng cua song theo phuong x la:

Vi S; 1a d1¢n tich phan vé chim chiju tac dong
cua song theo phuong x;

SX dS (12)

—~P = _pJ' —k ga')A‘ gikxs Fhz giot dS

pBh 22 kgA @ik ke giat (13)
kA
i kz (elkxS el(ot)

@
Ap dung cong thirc Ole, ta co:

e' e =[cos(kx,) +isin(kx,)][cos(at) +
+isin(wt)]
= cos(Kx, ) cos(at) —sin(kx,) sin(at) + (14)

+i[cos(kx, ) sin(at)

Mat khac khi tinh toan lyc ta chi quan tdm dén
phan thyc, khong iy phan 4o vi luc can séng co
dang phi tuyén phu thudc vao cip song. Gia tri cua
luc can song lay ddu dwong dé thuan tién cho quéa
trinh v& do thi, do d6 lyc can cua song theo phuong x
la:
kgA cos(kx, ) cos(et) —

PBN="-¢" |Sin(ioc. ) sin(et)

(15)

V6i B, h 1a chiéu rong va chiéu cao song tic dong
vao xe, lay B chinh bang chicu rong cua xe, (m);

* X4c dinh thanh phén lwc can kéo méc Pm

Xe PT-76 khi boi thuong khong kéo moc nén luc
kéo moc P,=0.

* Xac dinh thanh phan lyc quan tinh P;

Néu coi xe PT-76 1a mot vat rin déng nhat va
chuyén dong tinh tién thi lyc quan tinh P; duge xac
dinh la:

dv G

P=m—=—a=mX
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* X4c dinh thanh phin lye ddy ciia co ciu boi
Py

Xe PT-76 trang bi hai bom ludng phut, theo [10,
11], luc day cta co cau boi bom ludng phut duoc xéc
dinh l1a:

R = ZKans Dé =zK 1+, ),Dné Dk;l (17)

Trong do:

- z1a 6 bom luéng phut b tri trén xe;

-K»1ahé sb luc déy cua bom;

- K;1a hé sb luc déy cua tudc bin;

- t 1 hé s6 hat ciia bom ludng phut;

- np 14 tdc do quay cua truc tude bin trong bom
ludng phut (vong/gidy) va duge xac dinh: n,=n/i
(v6i: ne 12 toc d6 quay truc dong co; i 13 ty sb truyén
tu truc dong co dén tryc tudc bin);

- Dy 12 duong kinh tude bin, (m).

Diéu kién dé dam bao chuyén dong boi thang 6n
dinh phai théa man thudc tinh kéo cia xe, nghia la:

P 2R (18)

Néu khong thoa mian diéu kién theo cong thirc 18
thi xe s& chuyén dong boi & trang thai neo.

3. Két qua tinh toan
a. By thong sé tinh todn

Thong s6 vé xe: Trong lugng xe G=146000N;
Chiéu dai L=7,2m; Chiéu rong B=3,15m; Do sau
chim nu6c T=1,2m; Dién tich can gié A=3,15m? Hé
s6 can tong cong £=0,9;

Théng s6 vé& bom ludng phut: S lvong bom z=2;
Hé sb luc déy ctia bom K,=0,40; Hé s hat ctia bom
t,=0,15; Téc d0 quay cua truc tudc bin ny=16
vong/gidy; Puong kinh tudc bin Dy=0,5m;

Thong s6 vé song: Chon 4 loai song diéu hoa,
bién do thap tir cAp 1 dén cép 4 vé6i cac thong sb cu
thé 1a: Chiéu cao song: h=0,2; 0,5, 0,9 va 1,5 m;
Budc song: A=4; 12, 20 va 35 m; Chu ky song:
T=1,5; 2,5, 3,5 va 4,5 giay;

Khéi luong riéng cia nuéc p=102 kg.s/m?;
Khdi lugng riéng ciia khong khi px=0,123kg.s%/m*

b. Két qud tinh todn

* Khao sat kha niing boi theo cic cAp séng

Dé danh gia kha ning boi cia xe theo cap song,
tién hanh tinh toan tong lyc can tir cap song 1 dén
cAp séng 4 theo cong thire (1) va lyc ddy 16n nhat
clia xe theo cong thire (17). Két qua tinh toan dugc
thé hién trong Hinh 2.

Nhan xét:

SO 82 (04-2025)

- Vé quy luat: khi cép song cang tang thi tong luc
can tang 1én, didu nay phi hop véi qui luat vi nang
luong cua séng tic dung vao xe ting 1én theo cép
song, nghia 1a tang sy can trd chuyén dong cia xe.
Mait khac, luc déy co céu boi cua xe phu thudc vao
ngudn dong lyc, hé thong truyén lyuc, cic thong sb
két cAu va 1am viéc cta co cdu boi. Khi cho trudc
cac thong s6 nay thi s& xac dinh dugc luc ddy 1on
nhét ciia co cdu boi xe PT-76.

- V& gia tri: tir @6 thi Hinh 2 cho thay néu xét
theo tiéu chi thudc tinh kéo phai thao méan diéu kién
theo phuong trinh (18) thi xe PT-76 chi boi dugc &
moi truong dén song cdp 3 khi song tac dung truc
tiép vao miii xe va c6 phuong theo truc doc cua xe.
Mat khéc, theo phuong trinh m6 men do luc séng
gay ra ¢ hé phuong trinh (2) thi m6é men c6 tac dung
nang miii xe 1én, didu nay rat co loi khi xe chuyén
d6ng boi boi vi phan phia dudi xe luén dugc 1am kin
dén thap phao nén s& c6 goc nghiéng doc 16n ma van
han ché duoc nudce tran vao tir phﬁn duoi. Do pham
vi bai bao khong dé cap dén thudc tinh 6n dinh nén
nhan xét nay chi thé hién dinh tinh, con nhan xét
dinh luong chi dua vao két qua tinh toan theo thudc
tinh kéo.

5 x10°

Lwc Pc va Pv (N)

Thai gian (s)
Hinh 2. D6 thi biéu dién s thay déi tong luc cin theo
cdp séng va luc diy I6n nhit ciia co ciu boi

* Khao sat sy anh hwéng ciia cac cip séng dén
thong s6 dong lre hoc chuyén dong boi thang

Giai hé phwong trinh (3) theo séng tir cdp 1 dén
cip 3, voi didu kién diu tai t=0 thi
X(t,)=0; x(t,)=0; %(t,)=0.

Khi d6, két qua tinh toan cho nhu Hinh 3.

(1) (m)

Hinh 3. Dé thi biéu dién suw thay déi thong sé dpng luc
hoc chuyén dpng boi thing theo cip séng
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Nhan xét:

- Vé quy luat: Ung vdi céc cap song khac nhau,
su thay d6i theo thoi gian cua cac thong s6 dong luc
hoc ting dan tir chuyén dong khong 6n dinh (ting
dan déu) véi thoi gian 60 gidy dén chuyén 6n dinh
(déu) tir 60 gidy tr¢ di. Didu nay phu hop voi qui luat
diéu khién co ciu boi khi tang dan tai dong co (ting
vi tri chan ga) cho dén khi duy tri & mirc tai 16n nhat
dé tao ra luc déy cho co ciu boi 1 16n nhat.

- V& gia tri: Luc can tong cong bang luc can nudc
tinh cong luc can song. Nhu vy, img véi cip song cang
16n thi Iyc can song cang 16n dan dén lam cho vén toc
boi giam khi cap séng ting, ciing nhu quing dudng boi
giam khi cing mot thoi gian boi hodc thoi gian boi phai
tang khi boi ciing mot quing duong. Cuy thé:

+ Xét & mot thoi diém chuyén dong on dinh &
100 gidy, quang duong di duoc ung véi song cap 1
dén cép 3 lan luot 1a: 135m, 100m va 65m; vén tdc
boi twong tng la: 1,9m/s, 1,5m/s va 0,98m/s.

+ Néu quing duong boi 1a 100m thi thoi gian boi
mg v&i song cap 1 dén cap 3 lan luot 1a: 80 gidy,
100 giay va 160 giay.

Nhu véy, khi xe boi & cac cdp song cu thé cho
phép xac dinh duoc van tdc boi va thoi gian boi. Day
la co so khoa hoc quan trong dé tinh toan tdc do vuot
song, ciling nhu thoi gian di chuyén tir bo bién 1én tau
dd bd hodc ngugc lai nham dap ng yéu clu trién
khai déi hinh téc chién trong thyc té.

4. Két luan

Bai bao da xay dung dugc mo hinh tinh toan dong
luc hoc chuyén dong boi thing cua xe ting hang nhe
PT-76 trong méi trudng nude cd song nhim mo ta hoat
ddng cua xe sat pht hop véi thuc té khai thac. Két qua
dat dugc da chi ro6 kha nang boi cia xe chi hoat dong
duoc dén song cap 3, dong thoi chi ra duoc van te va
thoi gian boi timg véi song tir cap 1 dén cép 3, day 1a co
s& quan trong gitip cho ngudi chi huy t6 chte doi hinh
vuot song, ciing nhu doi hinh d6 bd bo bién hop 1y ma
it ¢6 tai liéu nio dé cap dén.

Ngoai ra, két qua ciia bai bao da xay dung dugc
phuong phap nghién ctru d phuc vu cho viée xac dinh
céc thong sb dong luc hoc chuyén dong boi thing c6
ké dén anh huong cua song nude khi tinh toan thiét ké,
ché tao cac miu xe boi ty hanh tai Viét Nam.

TAI LIEU THAM KHAO

[1] V& Van Trung (2004), Cdu tao xe ting, phan 3:
Céu tao xe tang hang nhe, Nha xuét ban Hoc

vién K¥ thuat quan sy, Ha Noi.

L_JOURNAL OF MARINE SQENCE AND TECHNOLOGY-

[2] Kaczmarczyk, S.T., Kulczyk, J., Zaradny, Z.,
(1996), Effect of the form parameters of a tracked
APC on its swimming resistance, Journal of
Terramechanics, Vol.33(4), pp.173-183.

[3] Sebnem Helvacioglu, Ismail Hakki Helvacioglu,
Burak Tuncer, (2011), Improving the river
crossing capability of an amphibious vehicle,
Ocean Engineering, Vol.38, pp.2201-2207.

[4] Sun, C.L., Xu, X.J., Tang, Y.J., Hao, J., (2022),
Experimental and numerical simulation of
reducing resistance and increasing speed for a
segmented-track amphibious vehicle, Journal of
National University of Defense Science and
Technology, Vol.44, pp.201-208.

[5] Duan, L., Yao, K., Pan, X., Hou, Z., Zhao, X.,
Tian, X., (2015), Study on force characteristics
and resistance for water by amphibious vehicle,
2015 3rd International Conference on Mechanical
Engineering and Intelligent Systems, Yinchuan,
China.

[6] Bolong Liu, Xiaojun Xu, Dibo Pan, (2023),
Research on launching, water exiting, and river
crossing of an amphibious vehicle, Physics of
Fluids, Vol.35, 113328.

[7] Hu, H.K., Zhang, S.T., Xiong, K.F., (2006), Study
and experiment on improving the speed by

reduction, Vehicle &
Technology, Vol.101, pp.5-10.

[8] Ma, F., Li, J., Zeng, Z., Gao, Y. (2018),
Structural,

resistance Power

mechanical and  tribocorrosion

behaviour in artifcial seawater of crn/aln
nano-multilayer coatings on f690 steel substrates,
Appl. Surf. Sci. Vol.428, pp.404-414.

[9] Zhou, Y., Xiao, Q., Peyrard, C., Pan, G., (2021),
Assessing  focused wave applicability on a
coupled aero-hydro-mooring FOWT system using
CFD approach, Ocean Engineering, Vol.240.

[10] Nguyén Viét Tan (2011), Xe mdy vuot song,
Nha xuét ban Quan d6i nhan dan, Ha Noi.

[11] ATI. Eropos,
CamoxooHvle

JLE. XomonoBuu (1963),

nepenpasounvie  cpedcmeéa  u
cpeocmea momopuzayuu nepenpas, V3nanue Bua,
Mockea.

[12] Tran Cong Nghi (2008), S6 tay thiét ké tau thiiy,
Nha xuit ban X4y dung, Ha Noi.

Ngay nhan bai: 04/03/2025
Ngay nhan ban sua: 01/04/2025
Ngay duyét dang: 04/04/2025

100

SO 82 (04-2025)



