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TOM TAT

Bai bdo trinh bay két qua nghién ciru, tinh todn va thiét ké bé thir tao dp nham phuc vu kiém
tra, danh gia cac thiét bi dudi nuée, dac biét la thiét bi tw noi sir dung cho robot Pluto plus. Nham
kiém tra do kin, do bén, d6 noi ciia thiét bi tu néi, viéc ché tao mot bé thir nghiém giup rut ngcfn thoi
gian thir nghiém trong méi truong thwe dong thoi ndng cao chdt liong thir nghiém. Bé thir cho phép
tao dp sudt dén gid tri dp sudt ddt mong mudn twong vmg véi do sdu can thir nghiém. Bé thir dwoc
tich hop chirong trinh diéu khién ti dong va bang tay, dam bdo dé chinh xdc cao, an toan va thudn
tién cho qud trinh thir nghiém. Két qud nghién civu va ché tao cho thay bé thir ddp vmg day dii yéu
cau ky thudt, gitip cho qud trinh ddnh gid kiém dinh cdc thiét bi dwéi nuéc.

Tir khéa: Bé thir tao dp; Thiét bi dwdi mede; Robot Pluto plus.
ABSTRACT

This paper presents the research results, calculations, and design of a pressure testing tank
to serve the inspection and evaluation of underwater equipment, especially self-floating devices
used for the Pluto plus robot. To test the waterproofness, durability, and buoyancy of the self-
floating device, constructing a testing tank helps shorten the testing time in a real environment
while improving the quality of the tests. The tank allows for creating pressure up to the desired set
value corresponding to the required testing depth. The testing tank is integrated with automatic
and manual control programs, ensuring high accuracy, safety, and convenience during the testing
process. The research and manufacturing results show that the testing tank fully meets technical
requirements, facilitating the evaluation and certification of underwater equipment.

Keywords: Pressure testing tank, Underwater equipment,; Pluto plus robot.
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1. GIOI THIEU

Trong chién tranh hién dai, chong thuy
16i, chong tau ngam (thiét bi ngdm) va chdng
tén ltra 1a ba van dé nan giai 16n. Hoc thuyét
chién tranh hién dai ciing chi rd viéc phong
toa cat dut giao thuong hang hai, phong toa
duong blen bang thuy 161, phu()’ng tién ngam
dang 1a mdi lo ngai d6i véi tat ca cac qubc gia
c6 duong bién trén thé gidi. Kiém chimg qua
cac cudc chién hién nay ¢ Ucraina, Iran... cac
phuong tién ngam c6 diéu khién khong nguoi
lai ngay cang dugc s dung phd bién nhu cac
phuong tién dudi nudc nhe UUV (Unmanned
Underwater Vehicles - Phuong tién dudi nudce
khong nguoi 1ai), ROUV (Remotely Operated
Underwater Vehicle - Phuong tién dudi nudc
diéu khién tir xa), ROV (Remotely Operated
Vehicle - Phuong tién van hanh tir xa), AUV
(Autonomous Underwater Vehicle - Phuong
tién dudi nude diéu khién tu dong). Hién tai,
viéc ché tao cac thiét bi, phuong tién dudi nude
dang phat trién manh mg&, Viét Nam mét qudc
gia bién ciing khong nam ngoai xu thé do.

Trong qué trinh ché tao, thtr nghiém
cc thiét bi dudi nude nhu trén doi hoi bé thir
nghiém chuyén dung cho thu nghlem san pham
trude khi ra moi tru’O’ng thuc té trén séng, ho
hodc bién. Dé giai quyét mot phan bai toan
thir nghiém trén doi hoi phai xay dung bé thu
nghiém trude khi dua ra moi truong thuc. Bai
béo trinh bay dén bé thir nghiém tao ap cho qua
trinh thir nghiém thiét bi tu ndi (co6 kich thude
dai x duong kinh: 720 x ®260 mm) phuc vu
cho robot Pluto plus (ROV). Muc dich xay
dung bé thir tao ap nham danh gia do kin, do
bén, d6 nodi clia thiét bi & do sau nhét dinh nhim
rit ngan thoi gian, cong sirc thir nghiém trong
moi truong thuc, ma van danh gia duge chinh
xé4c cac tinh nang cua thiét bi tu ndi phuc vu
cho robot Pluto plus.

Céc thong s6 ky thudt cta bé thir tao ap
can phai dat dugc nhu sau:

- C6 kich thudc chira dugc thiét bi tw noi;

- Tao dugc ap suit va diéu chinh ap suit theo
gia tri mong mudn;

- Quan sat duoc qua trinh tu ndi cua thiét bi tu
ndi trong qua trinh hoat dong;

- Pam bao an toan, dé sir dung, thao tac.

Trén co s¢ cac yéu cau dat ra nhu trén,
viéc xay dung bé thur tao ap dugc trinh bay tai
muc 2.

2. GIAI PHAP THIET KE
2.1. Nguyén ly chung

Xét mot diém A nam trong chat long
cach mit thoang chat long mot khoang h. Goi p
1a khéi luzong riéng cta chit 1ong, p,laap suét
khi quyén tac dung lén mit thoang ctia chat
long, khi d6 4p suat tai A 1a:

p=p,*+p.gh (1)

Ap sudt p con goi 13 4p suat thuy tinh
hay ap suat tinh.

Khi b6 qua p, dén ap suat khi quyén tac
dung 1én thiét bi, ta c6:

p=p.gh )

p - Khéi luong riéng cua chit long
(kg.m™). Béi voi nude ngot p = 1000, ddi véi
nude bién p = 1030 =+ 1050.

g - Gia tdc trong truong (9.81 m.s ).

Tir (2) cho ta thiy ap suat tac dung 1én
vat thé ¢ do sau tuong ng theo thang quy doi
cu 10m nudce twong ung 0,981 atm.
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Trén co s& d6 thiét ké bé thir tao ap
c6 ap suat bién doi twong tng do sdu cua moi
truong nude phuc vu thir nghiém cho cac thiét
bi dudi nudce.

2.2. Céu hinh co ban cia thiét bj

CAu hinh co ban ctia bé thir tao ap gdm
(hinh 1):

- Bé tao ap: Puoc ché tao bang thép
SS400 tAm, hinh tron tru c6 duong kinh x chiéu
dai (dap ung duogc kich thudc vat thir dai dén
1000 mm): ®1360 x 1800 (mm); chiu dugc dai
ap 1am viéc dén 4 atm - twong ung véi do sau
ctia nudce dén 40 m.

- B6 phan diéu khién: Str dung bo diéu
khién PLC S7-1200, két hop bién tan;

- Céc phén tir chap hanh, hién thi: Bom
tao 4p, van dién tuyén tinh;

- Man hinh cam tng hién thi va diéu
khién: HMI (Human Machine Interface);

- Thiét bi do: Cam bién ap suat, dong hd
do ap suat co;

- Cac vat tu khac gdbm: Van xa khi, van
xa day, van an toan, cua nhin...
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Hinh 1. Céu hinh co ban cua thiét bi
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2.3. Nguyén ly hoat dong

Bé tao ap duoc 1am bang thép, ban dau
nudc thong qua hé théng bom tao dugc diéu
khién bang bién tan va PLC duoc bom day vao
bé tao ap thong qua qua trinh nhép liéu tir man
hinh HMI c¢6 ap suat tir 0 + 4 atm tuong (mg
v6i d6 sau ctia thiét bi can thir. BE thir ¢6 thiét
bi van x4, duong nudc hoi, déng hd do ap co,
hé théng cam bién do ap suat dé do cac thong
s6 phuc vu cho qua trinh diéu khién, duy tri 4p
suat nudc.

Viée sir dung bién tan trong diéu khién
lam thay doi tan s6 mach dién do d6 lam thay
d6i s6 vong quay trén truc dong co, theo luat
tuong tu trong may bom ly tim, khi sé vong
quay thay doi thi luu lugng va cot 4p ctia bom
s& thay d6i theo. Tudng minh hon, luu d6 P&ID
[2] thé hién diéu khién qua trinh tao 4p bé thur
nghiém nhu hinh 2.

_@E Bt 140 4P
Fl

Hinh 2. Luu d6 P&ID diéu khién qud trinh tao dp
cho bé thir nghiém min hudn luyén (SP: Gid tri dat
ban ddu, PIC: B¢ xit Iy, F: Bién tan, M: Péng co
bom, P: Bom, F ) D?ng vdo bé tao dp, PT: Do dp,
F,: Dong xa vé bé chia; F - Van mo an toan)

Hé bién tan ap dung nguyén ly diéu
khién vong kin. Ap suat do tir cam bién (PT) tai
bé tao ap duogc dua vé bo xtr 1y, so sanh vai tin
hiéu &p luc dugc cai dat (SP) theo yéu cAu. Sai
léch giita hai tri s6 ndy s& duoc chuong trinh

cai dat riéng cho hé thong xur Iy dé dua ra tin &
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hi¢u diéu khién to1i uvu dén bg bién tan. B bién
tan dugc lap trinh xur Iy tin hi€u d6 va dua ra tan
s0 thich hop cho dong dién vao dong co.

Bé thir tao p nhur hinh trén ¢ qué trinh
diéu khién 1a 6n dinh tao ap suét nudc, mo hinh
diéu khién cua hé théng xac dinh nhu hinh trén
voi cac tham sd cu thé nhu sau:

« Tham s6 dau vao: Gia tri ap suat dat
tir man hinh diéu khién HMI ciia hé thong nim
trong dai tur 0 + 4 atm tuong tng va&i gia tri dién
ap diéu khién trén dau ra bo bién doi DAC.

« Tin hi¢u vong phan hoi: Tin hiéu
vong phan hoi vé 1a gi tri ap suét bé thir trong
khoang dn, gia tri ndy can dat 1a 0 ~ 4 atm ¢
dang tin hi¢u tuong tu.

* Yéu cau: Ap suat tao ra P_ cén co sai
s0 khong qué 5% so véi gia tri ap suat dat P,

2.4. Tinh toan thiét ké
2.4.1. Tinh todn phan co khi

Vi muc dich chinh cia bé thtr 1a tao
ra moi trudng thir sat voi moi truong thuc té
phuc vu thtr nghiém san phém, bé thtr cho thur
nghiém san pham co cac thong s6 co ban sau:

Bé tao ap co kich thudc dai x cao x
duong kinh — 1800 x 1450 x ®1360 (mm).

Vit liéu bé thir thép SS400 day 8mm.

Ap suit bé thir can tao ra tir 0 ~ 4 atm
tuong ung véi do sau 0 + 40 m nudce.

Than bé duoc thiét ké dang hinh tru
tron, vat liéu thép SS400.

Cong thirc kiém tra tng suit o [1]:

6 =p.D/2.t 3)

Trong do:

- p: Ap suit thir nghiém (N/m>);
- D: Buong kinh tuong duong bé tao &p (m);
- t: Chiéu day thanh bé (m).

Thay s vao:

-p=4atm=0,4 x 10° N/m?;

-D=1,36 m;

- Lya chon vat li¢u thép SS400 dang
tam, do day t = 8 mm = 0,008 m.

Thay vao (3), ta c¢6: 6 = (0,4 x 10° x
1,360)/ (2 x 0,008) = 544000/ 0,016 = 34 x 10¢
N/m? = 34 MPa.

Két qua: 6 =34 MPa <o, =205 MPa.
Két luan bé dam bao an toan.

Pé kiém chung két qua tinh toan: st
dung phuong phap phén tir hitu han véi ap suat
lam viéc tbi da 4 atm, hé sb an toan dat k > 2 so
v6i gioi han chay cua vat lidu.

X4y dung mé hinh bé thir trén phan
mém 3D va kiém bén két cAu bé thir nhdm dénh
gia tinh kha thi ctia phuong 4n cho ta két qua so
b nhu hinh dudi day.

PLRUEB O-@ (=R

Model name:
Study name:
Plot type: Static nodal
Deformation scale: 349354

aaaaaaaa

¢

Hinh 3. Kiém bén vimg sudt bé thir khi chiu ép luc 4 atm

Gié trj (mg suat sau kiém bén 16n nhat
dat 98,78 MPa < gid tri ung suét cho phép cua
vat lidu SS400 (tir 205-245 MPa) khang dinh
chon d6 day t = 8mm két cau du diéu kién bén.
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Hinh 4. Chuyén vi

Chuyén vi sau tinh toan 16n nhat dat
0,523mm, gia tri nay la rat nho va & trang thai
mat thuong kho quan sat dugc d6 phong cua bé
ther. Diéu nay kh:flng dinh két cdu lua chon va
d6 bén 1a dat yéu cau.

2.4.2. Tinh chon phan diéu khién

* B§ diéu khién trung tam PLC S7 1200 véi
cac thong so:

Loai CPU SIMATIC S7-1200, CPU
1211C; C4u hinh cbng vao ra DC/DC/RLY; S6
luong 6 DI/24V DC; 4 DO/24V DC; 2 A1 0 +
10V DC; Ngudn cap: DC 20.4 + 28.8V DC; Bd
nhd chuong trinh 25 KB.

* Man hinh cam ng, hién thi va diéu khién
hoat dong hé théng Delta 107DV:

+ Loai man hinh Delta HMI, 107 DV;
Phim chtic nang loai Key/touch; Kich thudc
hién thi 7" TFT; 65536 mau;

+ Giao dién két ndi PROFINET; Cau
hinh tir phan mém Delta DOP.

* Khoi xir 1y tin hiéu twong tw SM 1231:

+ Loai modul SIMATIC S7-1200 cong
vao tuong tu SM 1231;
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+ S cong 4 Al cac dai dau vao +/-10
V, +/-5 V, +/-2.5 V hoic 0-20 mA/4-20 mA, 12
bit+sign (13 bit ADC).

* Khéi xir 1y tin hi¢u twong tw SM 1232:

+ Loai SIMATIC S7-1200 cong ra
tuong tw SM 1232;

+ S6 luong cong 4 AO, dai dau ra +/-10'V,
do phan giai 14bit, hodc 0-20 mA/4-20 mA, 13bit.

- Bom tao ap: Str dung bom tao ap thuy
luc dung dé nén chit long lam viéc vao cac
duong dng chinh voi luu lugng bién ddi duge
diéu chinh didu hoa (tir 0 dén gid tri cuc dai),
cling nhu dé thay doi hudng chay cua chat 1ong
lam viéc.

Lya chon bom tao cft cap cao tuong
ung > 50m nudc, ta c6 thé chon bom Forune
750 véi cac thong so sau:

+ Model: Forune; Cong sult: 750W;
bién 4p: 1P/220V-50HZ; Cot ap: 66m; Hut
sau: 9m; Luu lugng: 12,6m*/h; Hong hut xa:
25,4mm; Cap bao vé IP55.

- Tinh toan lua chon bién tan:

Vi bai toan xay dung bé thir trén, viéc
stt dung thém bién tan s& gitp duy tri 4p suat
dat duoc chinh xac, dam bao tdi wu hé thong,
tiét kiém dién nang, dic biét trong diéu kién thu
nhiéu 1an véi thoi gian dai.

Tinh toan lya chon bom trong qua trinh
lam viéc, cong suat bom chi thay doi trong dai
cong suat (50%-100%) va lam viéc cha yéu
trong dai cong suét (60-80)% la cong suit dinh
mirc cua dong co. Do do, bién tAn cin chon sao
cho sé vong quay may bom chi thay d6i trong

dai (80-100)%.
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Vi cong suat bom 12 0,75 kW, ta ¢ thé
chon bién tan ¢ tri s6 cong suat bang 1,5 lan
cong sudt bom. Nhu vdy, chiing ta c6 thé chon
loai bién tan 1,2 kW hodc 1,5 kW. Tuy nhién,
hién nay xét vé murc d6 phd bién ciia bién tan co
thé chon loai 1a 2,2 kW. Chon bién tan Frecon
c6 cong suét 2,2 kW, dién 4p 1 Pha, 220V.

Céc thiét bi bo diéu khién, bién tan, bo
ngudn, man hinh cam tng HMI duogc thiét ké
lap dat trong tu di€u khién.

- Cam bién ap suat: Sir dung cam bién
ap suat D2415 dé do, gidm sat tin hiéu phan hoi
tr be tao ap vé b(} diéu khién, cam bién duoc
lap dat vao than bé chinh.

Diy do ap suét tuy chon: 0 + 4 atm;

Tin hi€u ngo ra: 4 + 20 mA;

Nguon cip cho cam bién c6 gia tri: -10
+10 VDC.

- Van an toan: Lua chon van an toan
nham dam bao an toan cho hé thong. Sir dung
van Tungfa Model S10-LHP; 4p suét cai dat tir
3 + 10kg/cm?. V6i dai ap suat lam viée tir 0 + 4
atm. Co thé dat gia tri van an toan la 5 kg/cm?.

- Céc thiét bi di kém khac: Gom dong
hd do ap suét co Ligi dai hién thi 0 = 10 atm.
Van x4 e khi nén, van tay x& nudc, van mot
chiéu, cira nhin trong sudt... duge lép dat trén
bé chinh. Tai céc vi tri can 1am kin duoc 1am kin
theo tiéu chuén [3, 4] dam bao thiét bj khong bi
1o ri nude trong qua trinh hoat dong.

3. KET QUA VA THAO LUAN
3.1. San phim sau ché tao
Sau khi ché tao san phém va lua chon

trang thiét bi san phém bé tht tao ap dat dugc
cac thong so cu the sau.

Bang 1. Céc théng sé dat ciia bé thir tao dp

TT Théng s6 ky thuat PVT Gia tri cin dat
1 | Nguon dién cung cap (V; f) V; Hz 220+22; 50+2
2 | Cong suét tiéu thy, khéng 16n hon kW 3,3
3 | Kich thudc (Dai x Budng kinh x Cao) mm (1800+10) x (1360+10) x (1600+20)
4 | Vatliéu bé thir - Thép SS400, day 8mm
5 | Kha nang tao ap atm Tw0+4
6 | Sai sd hé théng % +5
7 | Ta diéu khién:
- Kich thudc (D x R x C) mm 500 x 400 x 250
- Ngudn dién cép (V; ) V; Hz 220+22; 5042
8 | May bom:
- Nguén cap (dién ap, tan sd) V: Hz 220+22; 50+2
- Cong suét tiéu thy W 750
- Cot 4p 16n nhét m 66
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Hinh 5. San phdam bé thir tao dp sau ché tao
3.2. Danh gia hoat dong

Bé thu nghiém tao ra co hai ché @6 1am
viéc dé tién cho nhép dir liéu. Gom ché d6 lam
viée tu dong va ché d6 lam viéc bang tay. Trong
ché do lam viéc bang tay, gid tri ap suét cia bé
c6 thé tang tir tir bang cach diéu chinh nut xoay
chiét ap dé tang ap suat bé. Trong ché do tu
dong, ta co thé nhép truc tiép gi tri dat ap sut
ban dau vao vi tri dat ap suét.

Dé danh gia chat luong san pham, san
phém da duoc kiém dinh an toan theo tiéu
chuan binh chiu ap luc. Kiém chun sai s6 hé
thdng dat cac thong s6 ki thuat khong 16n hon
5%, dugc co quan chirc ning cap gidy chimg
nhan an toan va dat cac thong sb ky thuat nhu
bang 1.

CHE DO BANG TAY

Ty S ———

CHE DO T DONG
¥ am Nam——
AT ArsAT

ArFsuAT mi .

.
n, 2ow b =

0
o
o b BATQUAT  moux

]
Hinh 6. Cira s6 ché dé lam viéc bcing tay, tw dong
trén man hinh HMI

4. KET LUAN

- Bé thtr da duoc thiét ké va ché tao véi
cac thong sb chinh:

* Kich thudc: 1800 x 1360 x 1600 mm;

« Khéi lugng bé thir khi réng: 450 kg;

« Khdi luong bé thir khi ¢6 nude: ~2000 kg;
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« Dai 4p sudt tao ra khi thir nghiém: tir 0
dén 4 atm;

« Sai s6 hé thong: +5%.

- Bé thir tao ap hoat dong 6n dinh ¢ ca
ché d¢ tu dong va bang tay.

- Vé6i d6 sau thir nghiém tir 0 dén 4 atm
tuong tng véi do sau thir nghiém cho céac thiét
bi dudi nudce tr 0 dén 40m nuée. Voi do sau
nay c6 thé thir kin, thir bén, kha nang chiu nudc
cho cac thiét bi dudi nudc.

Bai bdo da trinh bay qué trinh nghién
clru, tinh toan va thiét ké bé thir tao ap cho thu
nghiém thiét bi dudi nudc. Cac két qué kiém
tra, thu nghlem budc dau cho thiy bé thir dap
tmg yéu cau k¥ thuat, hoat dong an toan, on
dinh. Py 14 co s& quan trong dé trién khai cac
nghién ctru sdu hon, déng thoi md rong thu
nghiém cho cac loai khi tai va thiét bi dudi
nude khac. Day 1a mot huéng nghién cliru méi,
cap nhat kip thoi xu thé ché tao cac thiét bi phuc
vu thtr nghiém cac phuong tién dudi nude.

Trong khudn kho bai bao nay trinh bay
két qua nghién cuu, tinh toan ché tao bé thir tao
ap dén do sau 40m nudc. Trong truong hop ché
tao bé thir cho thir nghiém ddi voi do sau 1on
hon phuong phéap lwa chon thiét bi van twong
tu, tuy nhién can tinh toan lya chon linh kién c6
kha nang chiu ap luc cao hon. <

Ngay nhan bai: 05/3/2026
Ngay phan bié¢n: 16/3/2026

Tai liéu tham khdo:

[1]. Pressure vessel handbook 10th edition - Eugene F.
Megyesy.

[2]. Process dynamic and control Fourth edition - Wiley
ISBN: 978-1-119-28591-5.

[3]. TCVN 6155:1996; TCVN 6156:1996; TCVN
8366:2010 - Tiéu chuan binh chiu ap luc.

[4]. TCVN 2003-77 - Tiéu chuan vong dém cao su c6
mat cit tron lam kin thiét bi thuy lwc va khi nén.

cokhivietnam.vn



