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MO PAU
1. Tinh cap thiét cia dé tai

Hién nay, cac nudc trén thé gigi déu xac dinh ring trong chién tranh tuong lai
can két hop chit ch& giira vii khi trén can va vii khi duéi nuée, dic biét trong tinh
hinh tranh chip viing bién cd nhiéu bién dong. Trong xu thé do, vii khi tac chién duéi
nuéc ndi chung va siing ban hai méi truong noi riéng gan day duoc nhiéu nudc dic
biét quan tam. Trudc thoi diém xuat hién siing bin hai méi truong, cac luc luong tac
chién trong ca hai méi truong (nude/khong khi) thudng phai mang hai loai siing khac
nhau: mot loai dé ding tac chién trén can, mot loai chuyén dung dé tac chién duéi
nuée (nhu khau SPP-1 va APS cua Nga). Vi thé yéu cau dat ra la phai phat trién dugc
nhirng loai vii khi dung duoc trong ca hai moi truong.

Sang ban hai méi truong 14 mot loai sung truong tan céng cd thé dung duoc ca
dudi nudc va trén can. Sau thoi diém khau sing ban hai méi truong dau tién ra doi
nam 2000 (khau 5,45mm ASM-DT do Nga san xuét), cho dén thoi diém hién tai thi
khau 5,45 mm ADS duoc ghi nhan I1a khau sing ban hai méi truong hién dai nhat
hién nay. Tuy nhién cac nghién ciu vé cac loai vii khi nay, dac biét Ia tai liu thiét ké
gan nhu khong dugc pho bién.

O Viét Nam, trong nhitng nim gan day, cac loai vii khi tac chién dudi nudc bat
dau dugc Quéan ddi ta quan tdm, dau tu nghién ciu. Mac di vay, cho dén thoi diém
hién tai, méi chi c6 dé tai cap Bo qudc phong “Nghién ctu thiét ké, ché thir ddng bo
sung ban hai moi trudng va dan ban dudi nudc trang bi cho luc luong dic cong nudc,
nguoi nhai” (Ma s6: 2017.73.034) tap trung nghién ctu, ché thir sing ban hai moi
truong trong diéu Kién co so ly thuyét gan nhu khong co.

Do sy khac biét gitta dudi nude va trén can khi ban, nén trong qua trinh thiét ké
sting ban hai méi trudng nhiém vu dit ra 1a phai xay dung dugc md hinh may tu dong
sting bin hai méi truong; dong thoi, théng qua mé hinh xay dung duoc dé danh gia
anh huong cia cac tham sb (dic biét 1a cac tham sé két cau) dén hoat dong caa may
tu dong.

Xuat phat tir nhitng phan tich trén, NCS chon dé tai “Nghién cizu dnh huwong cua
mot so tham sé két cdu thiét bi trich khi d@én hoat dong ciia may tu déng sung ban hai
méi trwong” 1am luan an tién si voi mong mudn déng gop co sd khoa hoc, tao tién dé
cho qué trinh nghién cuu, thiét ké ché tao siing ban hai méi trudng.

2. Muc dich nghién ciru ciia luan an

B sung co s khoa hoc vé bai todn thuat phong trong va md hinh dong luc hoc
may ty dong cua siing ban trong hai moi trudng khong khi va nudc; lam co so cho
tinh toan, khao sat, danh gia, lya chon hop ly cac tham sé két cau phuc vu cho thiét
ké, ché tao sting ban hai moi truong cua Viét Nam.
3. P6i twong va pham vi nghién ciru ciia luin an

- Pbi tuong nghién ciu: May tu dong sing ban hai moi trudng theo nguyén ly
trich khi n6i chung va may tu dong cu thé ding cho mot mau sing ban hai méi truong
dugc ché tao theo thiét ké caa dé tai cip Bo Qudc phong (M4 sé: 2017.73.034);
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- Pham vi nghién ciu: Luan an chi nghién ctu anh huong cua mot s6 tham sb
két cau cua thiét bi trich khi ma khong xét dén anh huong caa cac yéu té ngau nhién
tor moi trrong cling nhu tac dong caa xa thu.

4. Phwong phap nghién ctru

Str dung phuong phap nghién ctu tinh toan Iy thuyét két hop véi thuc nghiém.
5. 'Y nghia khoa hoc va thuc tién cia luan an

- Y nghia khoa hoc cua luan an: Gop phan hoan thién mé hinh tinh toan dong
luc hoc may tu dong trong sung tiéu lién sir dung nguyén 1y trich khi dbi véi cac moi
truong ban khac nhau.

- Y nghia thyc tién caa luan an: Nhiing két qua nghién ciu cua luan an duoc ap
dung dé thiét ké va hiéu chinh thiét ké sing ban hai méi trudong theo mau ciaa dé tai
ma s6 2017.73.034.

6. Nhitng dong gép méi caa luan an

- Xay dung duoc mé hinh toan dé tinh toan, khao sét cac tham sé dong hoc may
tu dong cua sing ban trong hai méi trudng nudc va khdng khi.

- Budc dau xac dinh duoc dinh tinh va dinh luong anh huéng caa mét sé tham
s6 két cau chinh cua thiét bi trich khi dén hoat dong cia may ty dong sung ban hai
mdi truong khi ban trong khong khi va dudi nudc.

7. Bo cuc caa luan an

Luan an duoc bd cuc thanh 04 chuong, phan ma dau va két luan, trinh bay trong
156 trang thuyét minh, 40 trang phu luc (12 phu luc), 30 bang, 93 hinh vé& va db thi, sir
dung 117 tai liéu tham khao. Cy thé noi dung nghién ciu cua timg chuong nhu sau:

Trong chuong 1, luan an tién hanh nghién ctu tong quan vé lich st phat trién va
hién trang ciia siing ban hai méi truong trén thé gigi va Viét Nam; tong quan vé may
tu dong theo nguyén ly trich khi va thiét bi trich khi; cac céng bd khoa hoc trong va
ngoai nudc c6 lién quan. DSi véi mdi phan, NCS sé& phan tich, danh gia dé 1am rd tinh
cap thiét cua van dé can nghién ctu trong luan an. Trén co s¢ d6, NCS sé& dé xuat cac
huéng nghién cau chinh ma luan &n can thyc hién.

Chuong 2 ctia luan an tap trung thiét 1ap mé hinh téng quéat may tu dong caa sing
ban hai méi truong khi ban dudi nude. M6 hinh nay duoc xay dung dua trén su két
hop ctia hé phuong trinh TPT — hé phuong trinh nhiét dong buong khi — hé phuong
trinh chuyén dong cia BKN khi ban dudi nudc bang cach sir dung céc ly thuyét vé
nhiét dong luc hoc, co hoc, thuy khi,...Sau dé, khi bo di cac thanh phan cd ké dén anh
hudng do nudc gay ra s& nhan duoc hé phuong trinh khi ban trong khong khi.

Noi dung ctia chwong 3 chu yéu trinh bay phuong phap giai dong thoi hé
phuong trinh thuat phong trong — nhiét dong budng khi — hé phuong trinh chuyén
dong cua may tu dong da thiét 1ap st dung thuat giai s6 ODE45 trong phan mém
MATLAB. Trén co s& d0, tién hanh khao sat anh huéng caa mot sé tham sé két cau
thiét bi khi dén hoat dong cia MTD dé danh gia mtc d6 anh hudng cua tirng tham so.

Chuong 4 cua luan an tap trung vao viéc nghién ciu thuc nghiém véi 5 hang
muc va so sanh két qua thuc nghiém véi két qua tinh toan tir md hinh ly thuyét da xay
dung ¢ c4c noi dung trudc. Dua vao két qua so sanh nay dé danh gia mic d6 phu hop
ctia mo hinh ly thuyét.



CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU

Chuong 1 cua luan an trinh bay cac van dé tong quan gom: hién trang va lich sir
phat trién cua sting ban hai méi trudng, mot s van dé dat ra khi thiét ké sing ban hai
moi trrong, cac cong trinh nghién ctru trong va ngoai nudc ¢ lién quan. Qua nghién
ciru tong quan, c6 thé nhan thay:

- SUng bén hai mdi truong da va dang 13 ddi twong nghién ctru duoc Quan doi
rat nhiéu nude quan tam, chd trong;

- Dong luc hoc MTD sting ban hai méi trudng theo nguyén ly trich khi cé rat nhiéu
diém khac biét so véi dong luc hoc MTD truyén thong khi ban trong khong khi, dic biét
la bai toan thuat phong trong, nhiét dong budng khi, luc can caa nudc tac dung 18n cac
khau.... Qua trinh nghién cru SHMT doi hoi nhiéu két qua nghién cau bang thuc
nghiém, phai giai quyét nhiéu van dé phtc tap do su khac biét cia moi truong ban
(nude/khong khi) va hai loai dan st dung. Do d6 khong thé st dung mé hinh tinh toan
vé sting ban trong khong khi dé ap dung hoan toan cho sting ban hai méi truong;

- Céc cong trinh khoa hoc di cong b lién quan dén sling ban hai méi trudng rat
han ché hoac cong bd khong day du do day 1a loai vii khi bi mat ddi véi cac qudc gia.
Pdng thoi van chua c6 mot md hinh phi hop dé nghién ctu cac yéu té anh huong
dén hoat dong cia MTD sting ban hai méi truong. Trong khi d6 ¢ Viét Nam day van
la van dé nghién ciru méi. Do d6 yéu cau dat ra can phai c6 mot mo hinh phu hop, sét
véi thuc té, chuyén sau vé anh huong cua cac tham sb két cau dén hoat dong cua
MTD stng ban hai méi truong dé lam co s phuc vu cho viéc tinh toan thiét ké, tién
t6i ché tao hoan thién sting ban hai méi truong. Pay ciing chinh 1a muc tiéu nghién
ctru caa luan an ma tac gia tap trung giai quyét.

Tir nhitng nhdn xét trén, lugn an duw dinh sé tdp trung gidi quyét cac vdn dé cu
thé sau:

- Trén co sé ap dung ly thuyét cia hé NDLH mg, tién hanh xay dung md hinh
nhiét dong trong 16ng nong - nhiét dong budng khi phi hop véi sting ban hai méi
truong, sir dung dugc ca trong hai truong hop ban trong khong khi va dudi nudc. Sau
d6 tién hanh xay dung hé phuong trinh chuyén dong cia dau dan trong long nong khi
ban dudi nude, dé két hop vai hé NPLH trong long nong tao thanh hé phuong trinh
vi phan thuat phong trong khi ban dudi nudc. Riéng hé phuong trinh vi phan TPT khi
ban trong khong khi thi két hop gitra hé NPLH trong long nong véi hé phuong trinh
chuyén dong cua dau dan trong long nong khi ban trong khong khi dang duoc giang
day tai HVKTQS:

- Xay dyng mé hinh dong luc hoc MTP cua sing ban hai méi truong khi ban
dudi nudc; sau d6 lugc bo cac yéu té anh huong do nude giy ra dé thu duoc mé hinh
dong luc hoc MTD khi ban trong khong khi. Trén co s mé hinh xay dung duoc, tién
hanh nghién ctu anh hudng caa mot s tham sé két cau quan trong, dic biét 1a cac
tham s két cau thiét bi trich khi dén hoat dong cia MTD sting ban hai méi truong;

- Tién hanh mot s6 nghién ctu thyc nghiém dé xac dinh mot sé théng sé dau vao
phuc vu tinh toan (hé s6 ma sat, d6 cimg 10 xo,...) va mot s6 théng sé thuat phong, théng
s6 dong hoc cia MTD. Trén co s¢ d6 danh gia d6 chinh xac cia mé hinh ly thuyét. Bong
thoi dua ra cac khuyén nghi trong qua trinh thiét ké sting ban hai méi truong.
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Dé giai quyét ting van dé, NCS dua ra so d6 noi dung nghién ctu cho toan bo
noi dung luan an nhu hinh 1.14.

Xay dung h¢ phuong Xay dung mé hinh
trinh NDLH tong quét nhiét dong buong khi
1 trong long nong :
\_i | IP"_ 2 !
| :
A2 == - Phuong trinh chuyén
H¢ phuong trinh TPT H¢ phuong trinh : — dona cua BKN
ban trong khona khi TPT bén dudi nuéc | !
I !
- — v v
>§[§yhdtl.rrjg mo Tmh Mb hinh dong lyc . Xay dung phuong phap
n ,,Oa&%g YC Ly hoc MTD khi bin L[ | xde dinh lyc can cia nuge
cua dudi nuac : tac dung 1én MTD
|
y A P A< ¥ I
Luge bo cac yeu to J Mo hinh dong hyc hoc | <! ||
anh hwong do nudc MTD khi bintrong | <— | Kt qua
- khong khi | Fo-mooo > khao sat
r 1 I I
Thong so dau vao xac | _ ! | ‘v
dinh bang thuc nghiém, | —~ . Lo -
nhan mém Lx Giai h¢ phuong trinh .. —.. i | r----> Sosanh,
! viphianMTHD  [~-~===---" ! danh gia
r < ~ 1
Théng sb du vao sin cé 1 4 — — !
! ! Nghién ctiu thuc nghiém: Y
) VR | bin trong khong khi va Két luan
Cac tham so can khao sat |- - ! AU nuoe
I v
Xac dinh biéu d6 tuan hoan
Chi dan so do: Trong khong khi
—_— e — —  Dwéinwéc = 0—-mm=m=------ Hai méi truong
1 | Hé phuong trinh chuyén dong cua dau dan 2 | Xay dung h¢ phuong trinh chuyén dong cua dau
trong 10ng nong khi ban trong khong khi [2] dan trong 1ong ndng khi ban dudi nude

Hinh 1.14. So' do nghién ciru ciia ludn dn

CHUONG 2. XAY DUNG MO HINH PONG LUC HQC MAY TU PONG
SUNG BAN HAI MOI TRUONG

2.1. Nguyén 1y két cAu sting ban hai méi truwong

Do sting ban hai méi truong 1a loai sing méi xuat hién va chua c6 & Viét Nam,
nén luan 4n ldy mau sting ban hai moi trudng theo thiét ké cua dé tai cap Bo qubc
phong ma sd: 2017.73.034 lam ddi tuong ap dung tinh toan va thir nghiém sau nay.

Mau SHMT.V1 ¢6 ¢& nong 5,56 mm, sitr dung nguyén 1y trich khi, ban hai loai
dan khac nhau nhung str dung chung mét hop tiép dan. Khi bin trong khong khi, sting
st dung dan 5,56x45 mm NATO tiéu chuan; con khi ban dudi dudc, sung su dung
dan bin dudi nude chuyén dung. Két cau ciia sung nhu hinh 2.2.
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Rdnh truyén
khi” thuée

10.1

Hinh 2.2. Cdu tao sing bdn hai méi truong theo thiét ké ciia dé tai ma sé 2017.74.034
1. Cum nd'p hop khoa nong; 2. Cum lo xo dcfy vé; 3. Cum bé khéa nong; 4. Cum khoa nong; 5. Cum
bang sing; 6. Tay cam; 7. Hop tiép dan; 8. Hop khéa nong (hdp sing); 9. Op I6t tay; 10. Co cdu
chuyén doi méi truong ban 10.1. T ru diéu chinh khi thuéc; 10.2. Khdu truyén khi: 10.3. Chét;
10.4. Tay van; 10.5. Bém, 10.6. Lo xo; 10.7. Bi.

Vé may tu dong: str dung nguyén 1y trich khi qua thanh nong, khoa nong doc,
dong khoa bang cach quay khéa nong nhu tiéu lién AK, nhung c6 budng khi kiéu
dong lyc va c6 thém co cau chuyén doi moi truong ban. Co cdu chuyén ddi méi
truong ban hoat dong theo phuong phép thay doi dién tich 18 trich khi bang hai ranh
¢6 kich thudce khac nhau trén tru diéu chinh khi thudc. Khi ban trong khong khi sir
dung ranh trich khi c6 dién tich tiét dién nho (ranh K), con khi ban dudi nudc su
dung 16 trich khi c6 dién tich tiét dién 16n hon (ranh N).

2.2. Xay dung hé phwong trinh thuit phéng trong va nhiét dong budng khi sing
bin hai méi truong

2.2.1. Céac gia thiét

Pé xay dung hé phuong trinh TPT va nhiét dong buong khi SHMT, ta sir dung
mét sb gia thiét sau:

- Mbi chay lidu phéng xay ra tic thi va thuéc phong chéay theo quy luat hinh
hoc. Hon hop khi thudc phan bd déu trong thé tich sau day dan;

- Bo qua thoi ky tong dan;

- Coi dong chay khi thuc qua cac khoang 1a dong mét pha, tirc 14 bo qua céc hat
thudc phong chua chay hét va tap chat. Bong thoi, coi khi thude 1a dong khi thyc;

- Khdng c6 su chuyén pha cua nuéc trong budng khi (khi ban dudi nudc) va
xem hé phuong trinh nhiét dong budng khi khi ban trong hai truong hop duéi
nudce/khong khi co ban 1a nhu nhau.

- Cot nude phia trude dau dan chuyén dong bang véi van toc cua dau dan khi
dau dan chuyén dong trong nong.



- Trong phét bin dudi nuée, khdi luong dau dan tong chuyén dong dugc tinh
bang tong khéi luong thuc caa dau dan va khdi luong cot nude phia trude dau dan
trong long nong;

- Nudc 1a chit 10ng khong nén dugc;

- B6 qua chuyén dong quay cua dau dan trong 1ong nong khi ban dudi nude.

- Diéu kién x4y ra phat ban: nong siing ndm ngang va nudc ¢ trang thai tinh.

2.2.2. M6 hinh

M5 hinh dé tinh toan dugc dua ra nhu hinh 2.4. Trong d6, cac khoang 1am viéc
dugc Ky hi¢u nhu sau: khoang 1 la ving khong gian phia sau day dan; khoang 2 la
budng khi; khoang 3 1a ving khong gian phia trudc dau dan (nudc hoic khdng khi);
khoang 4 1a ving khong gian phia sau piston; khoang 5 la moi trurong xung quanh
(nudc hoac khéng khi).

@1

Liéu phéng con lai

Hinh 2.4. M6 hinh tinh toan thugdt phong trong va nhiér déng busng khi

2.2.3. H¢ phuwong trinh nhiét dpng tong qudt trong long nong cho siing béin hai
moi truong

Ap dung ly thuyét hé nhiét dong luc hoc mé cho khoang 1 va ly thuyét chay caa
thudc phong ta xay dung duoc, hé phuong trinh nhiét dong luc hoc tong quét trong 1ong
nong nhu hé phuong trinh (2.28).

2.2.4. Xay dung hé phwong trinh nhiét dpng buong khi tong quat cho sing bén
hai moi truong

Bang phuong phap tuong tu, ta duoc hé phuong trinh nhiét dong buong khi tong
quat nhu (2.33).

2.2.5. Hé phuwrong trinh chuyén déng ciia ddu dgn trong l0ng nong

a. Khi bdn duéi nuéce

So d6 nghién ctiu chuyén dong cia dau dan trong 1ong nong nhu hinh 2.7. Sau khi
ap dung dinh luat 11 Newton va ly thuyét thiry dong luc hoc ta xay dung dugc hé phuong
trinh chuyén dong ciia dau dan trong long nong khi ban dudi nude nhu (2.46). Két hop
gitta hé phuong trinh NPLH tong quét trong long nong (hé phuong trinh 2.28) véi
phuong trinh chuyén dong cia dan trong 1ong nong (hé phuong trinh 2.46) cing voi
mot s6 chl ¥ khi ban dudi nudc ta s& dugc hé phuwong trinh thuat phong trong cho
stng ban hai méi truong khi ban duéi nudc.

b. Khi ban trong khdng khi

Hé phuong trinh chuyén dong cta dau dan trong long nong khi ban trong khdng
khi 1a bai toan co ban, dugc nghién ciu trong cac tai liéu [23] [31] [45] [46] [55] [58].
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Két hop giira hé phuong trinh 2.28 vé&i phuong trinh chuyén dong caa dan trong long
nong, ta dugcC hé phuong trinh thuét phdng trong cho sdng ban hai moéi truong khi
ban trong khong khi.

dT, dQ, 1 . . . p,.v,.S
d_tl {d_tl C—+m (;/TV—Tl)—(;/—l)(mlz+m15+m13)T1—%vd
ﬂ=A.0'T.F.l —Tﬂ P,
dt RUT T,
dm, | . . .
F:mm_(nkz'i'mm"'mls)
av
d_tl_ 1S,
L%
ml
RT.
p, = :
v, —a
. f(p 2.28
M, = w,6(2). |() (2.28)
k
A.2'912
=Hp— —— v,
. A15'915
m. = 1.
s = s v,
- Az,
m. = ., ——23
3 = ths v,
i V. -
8, = mln{ﬂ/ZCp(Tl—Tz);ﬁ.J;/RT1 }
1
Sls_mln{«lzc (T,-T;) JyRT}
.913_m|n{4/2C T.-T;) 1/;/RT}

A
Y

& A
< rl

Hinh 2.7. So' @6 nghién ciru chuyén déng ciia dan va cot nueée trong long nong.
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dT 1(dQ, 1 ; , p,.Vv,.S
d_tzzm_z[ dtZIC_V m12(7T1 Tz)_(7_1)(m24+m25)T2_ C’\)/ :
dQ, 1 Ty
—~ =Ao. . F..=|1-—
dt T "R( T, P2
dm .
d_tz—mu (m24+m25)
dv
d_tz_ 0:S,
Yo
m,
RT.
P, :V _2
=@ (2.33)
V.
mlz::Ulz-A12 12
Vi
Y
my, _/‘124-A24 2
Vv,
Aps Vs
m,. = .
s = Hos v,
Vl *
, =min 2Cp(T1—T2),V_a yRT,
1
V. *
1924_m|n{ 2Cp(T2 —TA),V ia yRTZ}
2
V *
1925:m|n{ 2Cp(T2 TS),V ia ;/RTZ}
2
0 1 0D
X )
s ?1’"‘"8 D
1429
dv, 3 m
dt m,
2.46
. (2.46)
d ¢

D zli(patm +pngh)s +%an§S +%Cfan§7Z'd (Ib _ld _I):l

m =m, +p,S(l, =1y 1)
2.3. M6 hinh d9ng hre hoc may tu dong sting bin hai méi trwong

2.3.1. Mé hinh déng luc hoc may tw déng sung bdn hai méi trwong Khi bdn
dwoi nwoc

a. Gid thiét va mé hinh

Cung voi cac gia thiét khi nghién cau thuat phong trong va nhiét dong buong
khi, viéc xay dung mé hinh dong luc hoc MTPD stng ban hai méi trudong khi ban duéi
nudc sé st dung thém céc gia thiét sau:



- Coi hop sung la cb dinh,
déng thoi bo qua chuyén dong
quay, lic va chuyén dong theo
phuong thing dung cua khau co
s¢. Tac 1a chi nghién ctu chuyén
dong cua BKN theo phuong cua e -

truc nong sung; L4 e —

- Khong quan tam dén bai  finp 2.10. M6 hinh déng liec hoc may tir déng
toan on dinh cua sung khi ban; SHMT khi bin durdi neéc

- Bo qua su va dap gitra duong trugt trén hop sung véi ranh truot trén BKN
trong qué trinh chuyén dong;

- B6 qua ton that noi nang cua 10 xo, chi quan tm dén lyc tc dung caa 10 xo I1én
khau co so;

- Thira nhan rang khdng cé su chuyén pha trong buong khi khi khi thuéc di vao
buong khi;

- B6 qua anh hudng cua séng xung kich dén hoat dong cua may tu dong.

Mb hinh dong luc hoc cua sing ban hai méi truong khi ban dudi nude nhu hinh
2.10. Trong md hinh nay, dé tinh toén ta chia qua trinh hoat dong cua may tu dong
thanh 4 giai doan, sau d6 phan tich lyc tac dung vao BKN trng véi tung giai doan:

- Giai doan 1: Tir thoi diém phat hoa dén khi dau dan bat dau chuyén dong;

- Giai doan 2: Tur sau giai doan 1 dén khi day dau dan t&i vi tri 15 trich khi (chua
c6 khi thudc vao budng khi);

- Giai doan 3: Tir sau giai doan 2 (bt dau c6 khi thudc vao budng khi) dén hét hanh
trinh Iti cua BKN;

- Giai doan 4: Tir cudi giai doan 3 dén hét hanh trinh day Ién cia BKN.

Phuong trinh chuyén dong cia BKN theo truc Ox bang phuong trinh sau:

M.X, :Zn:Fi (2.51)

trong d6: M - khoi luong chuyén dong [kg]; X, - gia toc cua piston va bé khoa [m/s?;

z F. - céc luc tac dung 1én BKN theo phuong Ox trong qué trinh chuyén dong [N].
i=1

b. Phan tich céc luc tac dung 18n Piston va bé khoda khi bén duwdi niréc

* Giai doan 1: khong c0 ngoai luc tac dung I1én BKN.

* Giai doan 2: chua c6 khi thude di vao trong budng khi nhung d3 c6 dong nudc
chuyén dong trong budng khi tac dung vao bé mat piston. Tuy thudc vao d6 16n van téc
ctia dong nudc ma piston cd thé dich chuyén hozc khong.

- Piéu kién chuyén déng cua Piston:

Sau khi phan tich céac luc tac dung vao BKN (hinh 2.12), ta s& tim dugc diéu kién
dé BKN chuyén dong trong giai doan nay nhu (2.53).

v >\/2|:le0 = Pa9h.S; + P00, Sy, + fb(mg _kapng)]
, >

pn'S3
9

(2.53)



Ap dung d6i vé6i sling ban hai méi truong dugc nghién cu trong luan an, ta tinh
dugc: v, >12,95(m/s)

=

e

—/
Hinh 2.12. So' dé chiu lyc cua piston va bé khéa trong giai doan

- Tinh to&n vdn téc dong nwéc tac dung vao bé mgt piston:

M6 hinh tinh toan duoc xay
dung nhu hinh 2.13. Cubi cling ta xay 52
dung dugc moi lién hé gitra cac van
téc nhur (2.59).

Tién hanh khao sét hé phuong N
trinh (2.59) (ng véi cac gia tri dau vao S o
v, khac nhau ta nhan dugc cac két qua B o
dang nhu d6 thi trén hinh 2.14. - ;i; -

Qua viéc khao sat trén, co thé ket —e——m— 1 1 —=
lugn réng: Ddi véi mdu sing bén hai & 1| Frs2 P52
moi truong ma lugn an nghién cuu, h I2
trong giai dogn day dau dan chwa di qua  Hinh 2.13. M0 hinh tinh toan kiém tra van
lo trich khi (khi thuoc chia vao buong téc cde dong nudc
khi) thi BKN sé khdng chuyén dong.

VS, =V,S, +V,5,

1. 1 1 1 1
[_ﬂlsl _581 +ECf1'”'d'|lj'V12 "‘(ﬂzsz "'Esz "'chzﬂ-d'lzj'vz2 +[_ﬂ383 _583]-\/32 = ghS, - gh,S, +gh,S,

800 T T T T T T T T T T T T
700 - / i T

h3

S3
|
|

|
h2

S
|

T |
hi=

(2.59)

v3 max = 59,72 X: 56
Y: 752
\ | 500 — Z:400.4
n

400 ~

600 -

500 -

300

Ving v1 > 1000

200

van toc v1, v2 [m/s]
IS
S
5]
T T
Vung khéng cé v3
Viing khéng c6 v3
Van toc v2 [m/s]

@
=3
S

N
=1
1S3

v1=306,25

=)
S)

Va, 54
N toc v3 [m/S] 55 56 300

o

I L I |
49 50 51 52 53 54 55 56 57 58 59 60 61

van toc v3 [m/s]
Hinh 2.14. Méi quan h¢ giiza cAc van toc v, v,,v,. W
* Giai doan 3: khi thuoc bat dau di vao buong khi, piston méi bat dau chuyen
dong. Tuy theo quang duong chuyén dong, ma BKN sé€ chiu tac dung cua cac luc sau:
10
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- Lirc khi thudce tac dung 18n bé mdt piston va cét niec ton tai trong buong khi:
Fp:Sp(pZ_ph):Sp(pZ_angh3) (2.60)
- Lue 16 xo ddy vé:
F.=Fo +Cx (2.61)
- Téng luc can do ma sat trong qua trinh chuyén déng (hinh 2.15):
Fby'XS + FTx'rl + FTy'( fl'rl - X1)
fl-(rz_'l)+xz+x1 (262)
_ths'rG o bel'rS _(Fp o le)'r3 o I:oz-r4

f.(n,—n)+% +X
X2

R, +2
F=F+f.F+f.

+2.

b fi

Fie Fis N
S =S
hd fc-n car - P W
2|

ﬁvd ﬁ-b/( 00 F A FS
bb1 y .
/‘b-hs 6”
bz haz  Fh

fhz | Fox fo.Fou
Fuz X Chuyén déng Iii

rs

r6
\H\
|

ri

Foy

X3

Hinh 2.15. C4c luc tac dung 1én BKN
- Luc can ciia nudc tac dung 1én BKN: (Chu%:(;‘éhn%ab”é?]”go—ngéh'g;é:‘ﬂng)
bac diém chuyén dong cua BKN ’ '
khi ban dudi nudc nhu sau: trong khi
phan tay kéo bé khoa nong chuyén dong
tu do trong méi truong nudc thi phan con
lai lai chuyén dong trong hop sting (hinh
2.16). Cudi cung ta xay dung duoc cong
thirc xac dinh luc can cua nudc tac dung Tay kéo khoa nong
1én BKN nhu sau: (chuyén déng tw do bén ngoai)
Hinh 2.16. Pdc diém chuyén dong
cua khdu co so
- Luc twong tdc than khoa — bé khéa: Cong thiac x@y dung dugc nhu sau:

F,, = pghS +(C,.A+S +C, .sxp)%pv2 (2.64)

.7r.|’.dv2
Foo = f.(pDz—t').(tanﬂ+ f + f.cos’B) (2.66)
T
- Luc va cham gidra than khéa va bé khéa:
Av V. -V eN. —V (e-1)v,
F.=m =Me. T =m.. T _p T 2.69
At AL > At At (2:69)

- Luee twong tac khi de bua:
So db tinh nhu hinh 2.18. Cong thirc tinh lyc tuwong tac nhu sau (2.70):
11



F =F .cosq,
bx b . bp (270)
F, =F,sina,,
F_ Moo +Cop -ty
L=
r-S
.y 2 2 )
Véi: 41, = ‘xb + yb‘ (2.71) v <
X, y Hinh dgng quy
A = arCtanK_) ’ déi cua bla
yb N

- Luc ti cdg vién dan trén
cung trong hgp tiep dan:

So do6 tinh toan nhu hinh
2.20. Cong thuc tinh luc ti cua
vién dan trén cung trong hop tiep
dan nhu sau:

Fon = Fa — g'(nhd My + mbn)
trong d6: F,, - luc 10 xo hop tiép
dan; n - tong s6 vién dan co
trong hop tiép dan; m,, - khoi
luong cua 01 vién dan; m, -
khdi luong ban nang dan;

* Giai doan 4.

Trong giai doan nay, 10 xo day vé bat dau giai phong niang luong day BKN vé vi
tri trén clng. Mot dic diém ndi bat trong giai doan 4 chinh 12 sy tac dung caa luong
nude da dién day trong budng khi 18n mat dau piston khi day 18n va caa luong nudc
ban dau trong budng dan 1én vién dan khi tong dan, gy can tré chuyén dong cua
BKN. Lyc can cia nudc dugc chia thanh 03 thoi ky dé tinh:

- Thoi kp 1: Tur ldc bat dau day 1én dén khi BKN cach vi tri trén ciing mot doan
bang chiéu dai vo dan (d6i véi mau sung khao sat: 45 mm): Theo cong thic (2.64).

- Thoi ky 2: Tiép theo thoi ky 1 dén khi BKN céch vi tri trén ciing mot khoang
bang chiéu dai tac dung caa budng khi (d6i véi mau sting khao séat: 22 mm):

d 1 SZ-S21Y| ,
F.,= png{hs +(h2 -h +Ej81}+5pn {CD.A+ S-S, +C, S, + Sl( 5 Hvl (2.79)

2

Hinh 2.20. So d6 tinh lyec ti ciia vién dan trén cling
trong hép tiép dan

- Thoi ky 3: Tiép theo thoi ky 2 dén hét giai doan day Ién:
12



F.z:= {h(s S, S)+(h +d) +hls}
1 S22 S2 82
+5p{(CD.A+s—sl—s3+cf.sxp)+51[ 1522 2}5{33—54 %

Chu ky tinh toan két thac khi x bang 0.

2.3.2. Mé hinh déng luc hoc may tw déng sung bén hai méi trwong khi ban
trong khéng khi

Mo hinh dong hec hoc may tu dong khi ban trong khong khi duoc xay dung tir md
hinh khi bin dudi nuéc sau khi bé di cac thanh phan c6 ké dén anh huong caa nudc.
2.4. Giai h¢ phlro'ng trinh vi phan may tw dong

Luan an nay st dung phuong phap sO Voi thuat giai ODE45 trong méi trudng cua
phan mém MATLAB dé giai dong thoi cac hé phu:ong trinh. Viéc giai h¢ phuong trinh
duoc két hop chat ché vai biéu d6 tuan hoan cua sing. Biéu d6 nay duoc xay dung bang
cach do dac, phan tich tryuc tiép trén stng.

CHUONG 3. KHAO SAT ANH HUONG CUA MOT SO THAM SO KET CAU
THIET BI TRICH KHi PEN HOAT PONG CUA MAY TU PONG
SUNG BAN HAI MOI TRUONG
3.1. Ap dung tinh toan @6i véi mau siing bin hai méi truwong theo thiét ké cia dé

tai ma s6 2017.73.034

Tién hanh giai ddi véi 02 phuong an ban khéc nhau: ban trong khdng khi bang dan
tiéu chuan 5,56x45 mm trén ranh K, ban dudi nudc bang dan ban dudi nudc chuyén
dung trén ranh N. Cac két qua nhan duoc nhu cac hinh tir 3.2 dén 3.6 va bang 3.2.

Dua vao két qua nay, ching ta rit ra mét sé nhan xét sau:

Bdng 3.2. Két qud tinh toan thudt phong trong — nhiér dong buong khi — d@gng luc hoc

(2.82)

Thong sé Pon vi Phuong an ban .
Trong khong khi | Duéi nudc
Thudt phong trong — nhiés @éng buong khi
Ap suat I6n nhat trong long nong MPa 330,8 367,3
Ap suat l6n nhat trong buong khi MPa 105,9 92,57
Nhiét do 16n nhat trong 10ng nong K 3643 3644
Nhiét o l6n nhat trong buong khi K 3401 3213
So tc dau dan m/s 863,1 320,7
Dong hoc
Tong thoi gian chuyén dong cua BPKN ms 86,96 113
Thaoi gian Ui ms 31,3 36,01
Thoi gian day 1én ms 55,66 76,99
Vdn toc cua BKN tai vi tri sau cung m/s 3,599 1,5
Van t6c 16n nhat caa BKN m/s 7,879 7,047
Thoi gian dat van toc 16n nhat ms 2,01 3,13
Toc dé ban (tinh theo (3.1)) Phat/phut 588 465

- Mic du khoi lugng thuoc phéng cua dan dudi nude chi bang 0,5 lan khoi lugng
thuc phong cua dan 5,56x45 mm tiéu chuan, nhung ap suat khi thudc trong long khi
ban duéi nudc lai 16n hon khi ban trong khong khi 1,11 lan (hinh 3.2). Ap Suat trong
long nong khi ban dudi nude 16n hon trong khong khi (du cho khéi lwong thudc phong
nho hon), ngoai 1y do dién tich tiét dién trich khi khi ban duéi nudc 16n hon, con co
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thé do nguyén nhan sau: Khi ban dudi nudc, luc can tac dung lén dau dan 16n hon so
véi khi ban trong khong khi, 1am cho dau dan chuyén dong cham hon; tic la thé tich
khong gian sau ddy dan khi ban dudi nudc nho hon khi ban trong khong khi tai cung

mot thoi diém (truoc khi dén |0 trich khl) Két qua 12 &p suat khi thudc s& 16n hon;

400

— — = Trong Ion
Trong bu
— — —Tron,

350 -

g long nong - bén dudi nude
Trong budng khi - bin dui nuoe

ng khong khi
ng khong khi

I
3
3

)

&

3
T

@
3

Ap suat trung binh [MPa]
N
S
8

o
3

a
3
T

o

0 0.002 0.004 0.006 0.008 0.01

Thoi gian [s]

Hinh 3.2. Sur thay d@éi &p sudt trong 10ng nong va trong

buong khi theo thai gian

0.012

04

7 X:0.0025
I Y:0361

:0.00116
/: 0.361

X: 0.00449 |
Y:863.1

0.2

Van toc chuyen dong cua dau dan [m/s]

X: 0.0045 |
Y: 3207

Thoi gian [ms]

Hinh 3.4. Sy thay doi qudng dwong Va van téc chuyén

0
45

x103

0.014

Quang duong chuyen dong cua dau dan [mm]

dong cua ddu dan trong 1ong nong theo thoi gian

- Khi ban dudi nuéc, ap suat khi thUOc trong budng khi dat dinh gia tri 16n nhat

Nhiet do trung binh[K]

4000

— — = Trong long néng - bén trong khong khi
Trong bud n trong khong khi
— — = Trong lon n dudi nuoe

o
rong budng khi - ban duéi nuéc

/
3500 [ty

3000 -

2500

2000 [~

1500 [

1000 [

500 -

0

I
0.006
Thoi gian [s]

L L
0 0.002 0.004

Hinh 3.3. Sw thay doi nhiét dé trong long
nong va trong bUOng khi theo thoi gian

4
4520

T T T T T
Téng hop luc tac dung 1én BKN khi bén dud

[ Lyc can ciia nuoc tac dung 1én BKN

Téng hop luc téc dung lén BKN khi ban trong khén

g khi

Tong hop luc tac dung len BKN [N]

s
OSM h
o . . .h. P I l\‘ | I

0 10 20 30 40 50 60 70 80 90 100 "
Thoi gian [ms]

tac dung 1én BKN theo thoi gian

0

Hinh 3.5. Téng hop luc va luc can cia nieéc

(tai 2,04 ms) cham hon so véi khi ban trong khong khi (tai 1,09 ms) (hinh 3.2).
Nguyén nhan do khi ban duéi nuGe dau dan chuyén dong cham hon so véi trong
khong khi (hinh 3.4). Ttc 1a thoi diém ma 16 trich khi ciing cham hon so véi khi ban

trong khong khi;

- Khi ban duéi nudc, van tée 16n nhat cua BKN thap hon so voi khi ban trong
khong khi (7,047 m/s so v6i 7,879 m/s). Dong thoi thoi gian chuyen dong cua BKN
trong toan bo chu trinh 16n hon. Két qua 1a tdc do ban ly thuyét khi ban trong khéng
khi (588 phat/phut), 16n hon so véi khi ban dudi nugc (465 phat/phut) Khi so sanh
Véi tée do ban cua cac loai siing hién ¢, thi tc do bin cua sing hai méi truong theo

thiét ké nay la hoan toan phu hop.

- So tbc dau dan trong truong hop ban dudi nudc (320,7 m/s) chi bang khoang
0,37 lan khi ban trong khong khi (863,1 m/s) (hinh 3.4). Hién tugng nay la su két hop
cua hai nguyén nhan: do luc can tac dung lén dau dan 1én khi bén dudi nuéc va Khoi
luong thUOC phéng nho hon. Trong khi khéi luong dau dan dudi nudc 16n hon khoi
lwong dau dan 5,56x45 mm tiéu chuan;

14
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- Su khac bigt vé thoi gian o
chuyén dong cua BKN r6 rét nhat | :
trong giai doan day Ién (Iéch nhau

2o SLENE £
21,33 ms), con trong giai doan Ui 56 \‘* {0 &
khong ro nét (léch nhau 4,71 ms). & :
Hién tuong nay co thé giai thich nhu ¢ . £
sau: trong giai doan lui, ban dau lyc ¢ i B e g
cua khi thudc rét 16n nén anh huéng & z”

do luc can cua nuéc khdng nhiéu.
Tuy nhién dén giai doan day lén,  -f
khﬁng C(\)n khl’ thU6C téc dung’ trong 0 10 20 30 4 5 60 70 8 9 100 10 120

Thot g
Khi'lyc can cia nudc lai tang 1én theo s, 3 6 011ane dirong va van téc chuyén dong
toc do cua BKN. cuia BKN theo thoi gian

- Trong giai doan lui, sau khi dat van téc cuc dai, su sut toc cua BKN cling khac
nhau trong hai méi truong ban. Cu thé: khi ban dudi nuéc, BKN sut toc nhanh hon so
vé6i khi ban trong khong khi (d6 déc cia duong A"B* [6n hon dudng AB — hinh 3.6).
3.4. Khio sat anh hudng ciia mdt sé tham s6 két cAu dén hoat dong ciia may tw
dong sing ban hai méi truong

Pham vi luan an chi quan tdm khao sat anh huong cia 05 tham sé sau: vj tri 16
trich khi; dién tich tiét dién trich khi; khe hé gitra piston va thanh budng khi; chiéu
dai ban dau caa budng khi; vi tri 16 xa khi.

3.4.1. Anh hwong ciia vi tri 16 trich khi

Pé danh gia anh huong cua vi tri 15 trich toi hoat dong cia MTD, ta tién hanh
khao sat & 04 vi tri 15 trich khi khac nhau (Ian lugt cach dudi nong 180 mm, 200 mm,
220 mm, 252 mm). Khi tién hanh khao sét, ta gitr nguyén cac tham sé con lai cua
sting, chi thay d6i vi tri I8 trich khi. Ban trén can bang dan 5,56x45mm tiéu chuan, tru
diéu chinh khi thubc & vi tri K; ban dudi nude bang dan dudi nudc, tru diéu chinh khi
thuée & vi tri N.
Cac két qua khao sat dugc trinh bay tir hinh 3.7 dén hinh 3.9 va bang 3.5.

100

120

10
Khong khi - Itk=180mm 2 T T T T T T T 4000
— — = Dusi nuée - Itk = 180mm Xung 4p budng khi - khong khi - Itk = 180mm
Khong khi - Itk=200mm 1sk X:0.00095 — — — Xung ap budng khi - du®i nudc- Itk = 180mm | |
100 F Dusi nusc - Itk = 200mm | | ’ Y:3401 o198 Xung 4p budng khi - k = 200mm
— — — Khong khi - Itk=220mm . Y: 3213 g khi Kk = 200mm
16 [ ] g khi k = 220mm
g kh K = 180mm
= B Nhigt @6 budng kh tk = 180mm
o gof . 14F Nhiét d6 budng khi - hi - Itk = 200mm | -
= - @ Nhiét 46 budng khi - dusi nude - Itk = 200mm .
£ s e Qo Nhigt @6 budng khi - khang khi - Itk = 220mm X
= e S 2l 1 =
c X osan = =~
5 o | £ = o
2 60f N\ el A L W e bttt = -
=3 | s 1 2000 3
g | S o
£ \ . 2 3
s . H T os 3
3 40 A ! ! 2 z
o ! 5
< : * 06
ML
. 04
20
[
o o L . . | . . o
2 4 6 8 10 12 14 16 0 0.002 0.004 0.006 0.008 0.01 0012 0.014 0.016
Thoi gian [s] %1072 Thoi gian [ms]
N h ; » ” . I'e I ~ , ;A N h ; ” ” . e I ~ , r 34
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Hinh 3.9. Anh huéng cua vi tri 16 trich khi dén chuyén déng ciia BKN

3.4.2. Anh hwong dign tich tiét dién trich khi
NCS chia thanh 7 truong hop dé khao st trong diéu kién giit nguyén cac thong sé
khéc ciia siing. Mot s6 két qua khao sat dugc trinh bay tai bang 3.7 va hinh cac hinh

tr 3.11 dén 3.14.
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Hinh 3.14. Anh huéng cua dién tich

tiet dién trich khi dén chuyén
cua BKN

dong

T T T T

Khang khi - truong hop 2
Khéng khi - trwong hop 3
Khong khi - truong hop 4
Khang khi - truong hop 5
Khang khi - truong hop 6
Khéng khi - trueng hop 7
—-—-= Dusi nuéc - trrdng hop 6
Dudi nuéc - trrdng hop 7
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L
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Bang 3.7. Két qud khao sat anh huéng cua dién tich tiét dign trich khi

5 Truong hop khao sét
Thdng s6 \zn Truong hop 1 Truong hop 2 Truong hop 3 Truong hop 4
’ KK Nuoc KK Nuoc KK Nuoc KK Nuoc
Ap suat I6n nhat trong budng khi | MPa 105,9 112,6 117,2
Nhiét d6 16n nhat trong buong khi | K 3401 3401 3401
2 o 2 Khong | Khong Khong Khoéng Khoéng
Tong thoi gian chuyén dong caia BKN|  ms i hét | 1ai hét 86,96 Ui hét 85,71 Ui hét 84,47 Ui hét
Van toc Ion nhat cia BKN m/s | hanh | hanh | 788 | hanh [ g3 | hanh | geg | hanh
Van tdc cia BKN & vitrisauciing | m/s | trinh | trinh 735 trinh  [7419 trinh 4,65 | trinh
Tée do bén (tinh theo (3.1)) Euitt/ 588 596 603
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Truong hgp khao sét

Théng sb Pon vi Trurong hop 5 Trwong hop 6 Truwong hop 7
KK Nuéc KK Nuée KK | Nudsc
Ap suat I6n nhat trong buong khi MPa 120,7 123,4 90,45 | 1251 | 92,57
Nhiét d6 I6n nhat trong budng khi K 3401 | Khéng | 3401 3212 | 3401 | 3213
Tong thoi gian chuyén dong ciia BKN ms 83,22 lui hét | 81,97 116,5 79,96 113
Van toc 16n nhat cuia BKN m/s 9,06 hanh 9,44 6,73 10 7,07
Vian toc cua BKN ¢ vi tri sau cling m/s 5,12 trinh 5,55 0,57 6,2 1,5
Tc do ban (tinh theo (3.1)) Phat/phit | 611 619 453 632 465

3.4.3. Anh hwéng cia khe hé giira piston va thanh buéng khi

Tién hanh khao séat trong 05 truong hop (bang 3.10), trong d6: 04 truong hop
dau &g vai cac kich thude 16n nhat/nhé nhét caa piston - thanh budng khi; 01 trudng
hop tng véi kich thudc co séc xuat xuat hién cao nhét trong qua trinh ché tao piston
va khau truyén khi (duoc xac dinh theo ly thuyét @6 tin cay véi 100 mau thir nghiém).

Mot s6 két qua khao sat nhan dugc nhu bang 3.11. ‘
Bang 3.11. Ket qua khdao sat anh hwong cua khe ho piston — thanh buong khi

Truong hop khao sat
Théng sb Pon vi Trwong hop 1 Truong hop 2 Trwrong hop 3
KK Nugc KK Nueée KK | Nuwéc
Ap suat 16n nhat trong budng khi MPa 1051 | 92,45 | 106,7 92,65 | Khong | Khong
Tong thai gian chuyén dong cua BKN ms 87,25 | 1133 | 86,35 | 111,93 | luihét | I0ihét
Van toc caa BKN 6 vj tri sau cling m/s 3,61 1,49 3,64 1,53 hanh | hanh
Tdc do ban (tinh theo (3.1)) Phat/phit | 587 464 592 469 trinh | trinh
Truong hop khao sét
Théng sé Pon vi Trwong hop 4 Truwong hop 5
KK Nueéc KK Nuéc
Ap suét I6n nhat trong budng khi MPa 1051 | 92,45 | 105,1 92,44
Tong thoi gian chuyén dong ciia BKN ms 86,87 | 112,76 | 86,96 113,0
Van toc cua BKN & vi tri sau cling m/s 3,61 1,49 3,60 1,50
Tbc d6 ban (tinh theo (3.1)) Phat/phtt | 589 466 588 465

3.4.4. Anh hwong cua thé tich ban dau buong khi

Khao sat 05 truong hop ng véi cac khOang cach tr mat dau piston dén day
budng khi khac nhau, trong khi van gitt nguyén duong kinh budng khi (¢14,4*04),
Cac chiéu dai ban dau budng khi dugc khao sat cu thé gom: 0,5 mm; 1,0 mm; 1,5
mm; 2mm. Mét s6 két qua khao sat nhan duoc trinh bay trong bang 3.13 va céc hinh
tir 3.22 dén 3.24.

%100

25 I
Xung &p - khong khi -
Xung &p - khong khi -
ung 4

Khéi lgng khi - khong khi - LO = 0,5 mm
g khi - LO = 1,0 mm
khi-L0 =15 mm
-L0=0,5mm

Thé tich BK - kh
Thé tich BK - khong
Thé tich BK - khong khi - LO = 1,
Thé tich BK - dui nuéc - L0 =
+++ Thé tich BK - dudi nuwéc - LO =
=== Thé tich BK - dudi nudc - LO =

X:0.01632
Y:1.324
P Rtrstteette

L}
X:0.0133
Y:0.6109

o
T

X:0.01057
Y: 1.068e+10

The tich buong khi [m®]

X:0.01057
Y:1.007e+10

Xung ap buong khi [MPa.s]

:

The tich rieng buong khi [malkg]
Khoi luong khi trong buong khi [kg]

0
0.035

0 L L I L
0.015 0.02 0.025 0.03

Thoi gian [ms]

I
0.01

I
0.005

I L I L I
0
0.008 0.01 0.012 0.014 0.016 0.018 0

Thoi gian [ms]

Hinh 3.23. Anh huong cua chiéu dai ban dau buong
khi den khoi luong khi trong buong khi va thé tich
buong khi

Hinh 3.22. Anh huéng cua chiéu dai ban dau buong
khi dén xung ap bUOng khi va thé tich riéng cua khi
thuoc trong buong khi
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Bang 3.13. Két qud khao sat dnh hueng cua chiéu dai ban dau buong khi

Truong hop khao sat

Thong s6 Pon vi l, =0,5mm I, =1mm l, =1,5mm lo =2,0mm
KK | Nuodc KK | Nuoc KK Nuoc KK Nuoc
Ap suat 16n nhat trong budng khi MPa | 1051 | 92,44 | 100,3 | 90,24 | 95,97 | 88,16 | Khdng | Khéng

Tong thoi gian chuyén dong BKN | ms 86,96 | 113 | 87,26 | 113,7 | 88,1 | 114,48 | luihét | Iui hét
VantocciaBKN Gvitrisaucing|  m/s | 3,599 | 1,5 | 3,509 | 1,409 | 3,409 | 1,321 | hanh | hanh
Téc do ban (tinh theo (3.1)) | Phat/phdt | 588 | 465 | 587 | 463 | 582 | 460 | tinh | trinh

3.4.5. Anh hwéng cia vi

tri 16 xa khi — it
Khio sit 4 wuong hop |

ting véi khoang cach tur 16 xa e

khi dén mat dau piston tai vi

tri bat dau chuyén dong lan

luot 1a: 10 mm; 15 mm; 20

mm; 25 mm. Két qua khao sét

anh huéng cua vi tri 16 xa khi

dén luong khi thudc trong

————— Khong khi - Lxk = 10mm
Khong khi - Lxk = 15mm

80 [

60 [

Ap suat trong buong khi [MPa]

40

20 [

buong khi va ap suat khi T
A A It Quang du huyen d ua BKN [m]
thuoc trong buong khi nhu | P ) N
hinh 3.25. 3.26 Hinh 3.25. Sur thay doi &p suat trong buong khi theo quéng
e dwong chuyén dong cua BKN khi thay doi Vi tri 1o Xa khi
‘ =107
1.8 x 10 T T T T T T T
D Khéng khi - Ltk = 10mm
Khoéng khi - Ltk = 15mm
1.6 Khéng khi - Ltk = 20mm | ]|
— — — Khéng khi - Ltk = 25mm
————— Duwéi nwéce - Ltk = 10mm
D14 Du6i nuoc - Ltk = 15mm |
é‘ Duw6i nuwéc - Ltk = 20mm
< — — = Du6i nudc - Ltk = 25mm
212 .
(=]
a
s
208 N
z
(o]
S 06 .
=]
E
¥ 04 .
0.2 —
0 1 1 1 1 1 1
-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Quang duong chuyen dong cua BKN [mm]
T ! 001 0015 002 0025 003 0035 0.04\ 0.0\45

Hinh 3.26. Su thay doi ap sudt trong budng khi theo quéng dirong chuyén dgng cia BKN khi thay
doi vi tri 16 xa khi
Ciing théng qua két qua khao sat dnh hwéng cua cac tham sé, duwa vao cac tidu
chi hanh trinh chuyén déng ciia BKN, vdn téc ciia BKN tai v; tri cudi hanh trinh IUi va
toc dg ben, NCS d@é xudt bg théng sé hop 1y ciia bé phdn trich khi.
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CHUONG 4. THUC NGHIEM VA THAO LUAN

4.1. Muc dich, n¢i dung thwe nghiém

Noi dung, muc dich, phuong tién do, dia diém cu thé cua ting thir nghiém duoc

trinh bay nhu bang 4.1.

Bang 4.1. Noi dung va muc dich thuct nghiém trong lugn an

Nbi dung thir nghiém | Phuong tién do | Dia diém | Muc dich
Ther nghiém tinh
Xac dinh hé s6 ma sét gitra Mau thtr dugc ché tao tai Xéc dinh cac hé sé ma
bé khba — ranh truot hop He théng UMT Z111/T CCNQP. Thuc sat dé dua vao bai toan
sling, gitra cac vién dan duéi : nghiém dugc tién hanh tai MTD
nudc va trén can HVKTQS
Xac dinh o cing, luc nén | Thiét bi kiém dinh Io xo | -1/ TCCNQP Xéc dinh dg ciing, luc
ban dau cua 10 xo cua nha may Z111 nén ban dau cia 16 xo 42
dua vao bai toan MTD
Thir nghiém ban dan that
Thuc nghiém xac BiaquaS%g f;hrlonos?rtipﬁ
dinh so téc dau  model 36 cua Israel thudc
Thuc " dan day chuyén san xuat SBB Z1M/TCCNQP
nghiém | bin trong khong [cua Z111 Kiém tra lai sy phi hop
xac dinh | khi trén sing hai | Bia quang POTSS-2011 cua mot sb két qua tinh
i N sul HVKTQS aMOLSO K
S0 t0C, moi trudng Ra da doppler DRS-1 toén thuat phéng trong
apsuat | Thyc nghiém xac
dinh &p suét trén Cum ndng do 4p suét HVKTQS
cum nong do ap
Thuc nghiém xéc dinh dich Camera tc do cao HVKTQS Panh gia su pht hop
chuyén, van téc cia BKN khi ctia mot sb két qua tinh
ban trén can va dudi nudc ’ toan dong hoc
. s e ix - Camera toc d6 cao; - HVKTQS DPanh gia sy phu hop
T o b e |- ThiEt bi do téc do bin| - ZI1LTCCNQP cua két qua tinh tée do
can va dudi nuse gza;?: P)Of recorder type ban ly thuyét

Ma&u hép sutng

_ (© .
Hinh 4.4. Mau thi bé khda nong (a), hép sung (b) va bé nuac (c).
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4.2. Thue nghiém xac dinh cac thong sé dau vao
4.2.1. Thyc nghi¢m xdc dinh cdc hé s6 ma sat
a. Hé so ma sat giita BKN va hop sung (hinh 4.4, 4.5)
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Hinh 4.12. Hé so ma sét giza hop sing va BKN  Hinh 4.13, H¢ sé ma sat giiza hap sting va BKN khi vat
khi vt lieu che tao ranh truot la thép 40 ligu ché tao ranh truot la thép 45
b. Hé s6 ma sat gitta cdc vién dan va cua hop tié}) dan voi vién dan (hinh 4.14)

Hinh 4.14. Mau the va hinh anh the nghiém ma sét giiza cac vién dan
4.3. Thuc nghiém xac dinh mat sé théng sb thuat phong trong

4.3.2. Thuc nghiém do so téc khi bian trong khong khi

Ban do so toc trén hai mau sdng véi chiéu dai nong khac nhau (hinh 4.17).

- -.__,/

——— ey

[ Model 36
chronograph

| | PoTss2011 ‘
| taraet scorina |

Mé&u stng sb 1

7
-

Hinh 4.17. So d6 bé tri céc thuc nghiém bdn do so toc trong khong khi

4.3.3. Thuc nghiém do dap sudt trén nong do dp (hinh 4.20) 7
~ Ban do ap khi ban trong khong khi bang dan 5,56x45 mm tiéu chuan; do ap khi
ban dudi nu6c bang dan ban dudi nuéc chuyén dung.
(=
- | tru dong do ap

P I
-
o

b-'

: |

Cum nong do ap

Vi tri I&p cum
Crusher

| Hinh 4.19. Cum nong do ap
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4.4. Thuc nghiém xac dinh mt s6 thong sé dong hec va téc dd ban ly thuyét

Thuc nghiém duoc tién hanh véi mau stng sé 11, véi nhém tham sé dugc khao sat 1a
dién tich thiét dién trich khi thay d6i. Su thay d6i nay dwoc thuc hién bang cach ché tao
c4c tru diéu chinh khi thudc c6 céac kich thudc 16 trich khi khéc nhau twong img nhu bang
3.6 trong chuwong 3 (hinh 4.21). Thuc nghiém duoc tién hanh tai ham ban cua trung tam
k§ thuat Vil khi/HVKTQS véi so d6 bd tri nhu hinh 4.22, 4.23.

A\ Camera :
B i cisng ¢
¥ .
i Sing HMT
= :
f

mEQ .

w19 X 7
Hinh 4.23. Hinh anh bo tri thuc nghiém do chuyén do
Thyc nghiém ban dudi nudc -

duoc tién hanh tai bé thir nghiém vil
khi dudi nudc thudc trung tdm ky
thuat Vii khi/HVKTQS véi so d6 bo
tri twong tu nhu khi ban trong khong
khi. Hinh danh thuc nghiém nhu hinh
4.24. Két hop véi do cac thong sb
dong hoc, khi ban lién thanh ta s& tinh
duogc téc do ban thong qua khoang
thoi gian gitta hai thoi diém BKN bt
dau chuyén dong.

Bén canh d6 dé doi
chung, NCS su dung
thém hé thong do tdc do
ban khi ban trong khong
khi (rate of recorder type
422FP — hinh 4.28) thudc

N p Thiét bi do toc do
day chuyén san xuat bén Iy thuyét
SBB cua Z111/TCCNQP
(chuyén giao tir Israel). -

Hinh 4.28. Hinh anh b tri thuc nghiém do toc dg ben 1y thuyét
trong khong khi bang thiet bi do Rate of recorder type 422FP
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4.5. Panh gia két qua thuc nghiém va sy phit hop ciia mét so két qua tinh toan ly
thuyét véi két qua thwe nghiém

4.5.1. Panh gid mét so két qud thudt phéng trong

a. Panh gid két qud so toc khi bén trong khong khi (bang 4. 7)

Theo két qua nay, sai léch gitta cac két qua tinh toan 1y thuyét va thuc nghlem d6i
v6i gia tri so tde trén sting ban hai moi tru:ong déu bé hon 1,7%. Nhu vy c6 thé két luan

md hinh tinh toan thuét phong 1a phi hop vé gia tri so toc.
Bang 4.7. So sanh so toc khi ban trong khong khi gitta ly thuyét va thuc nghiém

Mau sing Hé thong do Hé thong do DRS-1 | Hé thong do model36 Gia tr; tinh
thir POTSS-2011 Doppler radar ’ chronograph system’ toan ly thuyet
Giatrido | Saiso | Giatrido | Saiso | Giatrido Sai so
Mau sb | 861,4 1,44% 860,9 1,5% 861,2 1,47% 874 mls
Mau s6 11 849,2 1,61% 848,5 1,69% 848,8 1,66% 863,1 m/s

b. Ddnh gid két qua dp sudt 1ém nhdt (bdng 4.8)

Theo két qua nay, sai léch giita cac két qua tinh toan ly thuyét va thuc nghiém
dbi vai gia tri ap suat 1on nhat déu bé hon 4,1%. Nhu vay c6 thé két luan md hinh
tinh toan thuat phong 1a phi hop vé gia tri 4p suét 16n nhat.

Bdng 4.8. So sanh dp sudt I6m nhdt gitta 1y thuyét va thuc nghiém
Ly thuyét (MPa) Thuc nghiém (MPa) Sai 6 (%)
Khong khi 330,8 327,3 1,06
Duéi nuée 367,3 352,4 4,06

Thong qua két qud so sanh ciia so toc va ap sudt, co thé két ludn rang: md hinh
thudt phong trong da xdy dung trong chuwong 2 la phu hop.

4.5.2. Panh gid két qud mét sé két qud dpng hoc va téc dg ban ly thuyét

So sanh chuyén dong va van téc cia khoa nong & mot s6 vi tri trich khi (kich
thudc ranh trén trén tru diéu chinh khi thudc) khéac nhau. Két qua so sanh & vi tri trich
khi bé nhat (trudng hop 2) va vi tri trich khi 16n nhat (trudng hop 7) nhu hinh 4.29,
hinh 4.30 va bang 4.9.

10 T T T T T T

Khong khi - thye nghiém - TH2 X: 2.
Khéng khi - Iy thuyét - TH2 755 yirans

Dwéi nuéc - thwe nghiém - TH7 7
Du6i nwéc - ly thuyét - TH7

’ 15 2 25 3 35 4 45 5 55 6

05} X: 86.96

X: 116.6
) V: 0.09013
o Y:0 .

Van toc chuyen dong cua BKN [m/s]

0 20 40 60 80 100 120 140
Thoi gian [ms]

70 80 90 100 10 120

Hinh 4.29. So sanh vdn téc cia BKN gizza ly thuyét va thuc nghiém
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Badng 4.9. So sanh chuyén dong ciia BKN gitta Iy thuyét va thuc nghiém

Truong hop 2 (rdnh K)
Thona s Pon Khéng khi Nudc
ong so vi Ly Thuc | Sais Ly Thuc Sai s6
thuyét | nghiem | (%) thuyét | nghiém (%)
Tong thai gian chuyén dong cua BKN ms 86,96 85,5 1,68
Van tdc 16n nhit cia BKN m/s 7,88 8,26 4,60 Khdng 10i hét hanh trinh
Van toc caa BKN 6 vi tri sau cling m/s 3,6 3,13 13,06
Truong hop 7 (rdnh N
Tong thoi gian chuyén dong cua BKN ms 79,96 78,62 1,67 113 116,6 3,09
Van toc 16n nhat cia BKN m/s 10 9,55 4,50 7,07 7,04 0,42
Van toc ctia BKN & vi,tri sau cung m/s i 6,2 5,56 10,40 15 1,58 5,06
Dua vao ket qua nay ching ta thay: | | |

Khong khi - Iy thuyét - TH2
Dusi nuoc - thue nghiém - TH7 |
Dudi nuoc - Iy thuyét - TH7

- Quy luat thay d6i cua van toc va .|
quang duong cua BKN gitra tinh toan ly
thuyét va thuc nghiém 1a ph hop. Sai s6 vé
tong thoi gian chuyén dong caa BKN dudi
2% khi ban trong khong khi va dudi 3,1%
khi bin dudi nuée. Diéu ndy chang to, két
qua tinh toan chu trinh may tu déng la phu
hop vai thuc nghiém;

- Puong thyc nghiém do van toc khi
ban dudi nudc trong giai doan day lén it = . L ]
¢6 4ot bien 16 ré'mg tai cac vi tri va cham Hinh 4.30. So sdanh q;d;g[n;i]‘wong chuyén dong
nhu so véi khi ban trong khong khi. ciia BKN giiza I thuyct va the nghiém
Piéu nay cd thé do tac dung cia nudc nén qua trinh va cham gita BKN khi ban dudi
nude khong co budc nhay rd rét vé van tde nhu khi ban trong khdng khi;

Cac két qua nay cho thay su phu hop cia mot sé tham s6 dong hoc trong mo
hinh ly thuyét ma NCS da xay dung.

Két qua so sanh tc do ban ly thuyét gitra tinh toan ly thuyét va thuc nghiém nhu
bang 4.10. C4c sai s6 déu dudi 6% khi ban dudi nuéc va dudi 1,6% khi bin trong
khong khi. Nhu vay c6 thé két luan, téc bo ban ly thuyét theo mé hinh da xay dung la
du tin cay.
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Quang duong chuyen dong cua BKN [mm]
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X: 86.96
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KET LUAN CHUNG

1. Cac két qua chinh cia luan an

Cac két qua chinh ma luan an dat dugc bao gdm:

1. Luan an da tién hanh nghién ciu tong quan va chuyén sau vé su phat trién cua
stng ban hai mdi trudng trén thé gidi va trong nudc; ciing nhu cac cong trinh nghién ctiu
c6 lien quan. Cac phan tich, két luan rat ra duoc da giap NCS xac dinh duoc két cau,
hoat dong ciia MTD sting ban hai méi truong. Tir d6 gitip NCS nghién cttu phuong n
dé xay dung mot mé hinh phl hop, sat véi thyc té va danh gia chuyén sau vé anh hudng
cta cac tham sb két cau dén hoat dong cia MTD sting ban hai mi truong.

2. Trén co s& ly thuyét nhiét dong luc hoc ma, ly thuyét thay dong luc hoc,
phuong trinh chay cta thudc phong, diéu kién chuyén dong cua dan trong 16ng nong,
dic diém hoat dong cia MTPD khi bin dudi nudc va khong khi; NCS da xay dung
duoc mot md hinh dong luc hoc dé nghién caru MTD sling ban hai méi truong. Mo
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hinh nay 1a su két hop dong thoi cua hé phuong trinh thuat phéng trong — hé phuong
trinh nhiét dong budng khi — hé phuong trinh chuyén dong cua khau co so; trong d6 thé
hién rd su khéc biét caa bin dudi nude va khdng khi (cac luc tac dung 1én khau co so ¢o
lién quan dén mai truong nudc), ciing nhu ké dén toan bo qué trinh phut khi qua céc khe
ho trong hé nhiét dong.

3. Bang thuat giai ODE45 trong MATLAB va cac phan mém bé trg khac, luan an
da tién hanh giai dong thoi mé hinh da xay dung duoc dyua vao bo théng sé dau vao
duoc x4c dinh bang ca Iy thuyét (cac phan mém tinh toan) va thuc nghiém trén mot mau
stng ché thtr cu thé. Trén co s d6 tién hanh khao sat, phan tich anh hudng cua mot sd
tham s6 két cau chinh dén hoat dong cua MTD.

4. Tién hanh nghién cau 05 hang muc thuc nghiém dé tinh toan thdng so dau vao
cling nhu danh gia lai tinh dung dan cua mo hinh ly thuyet da xay dyng. Két qua nghién
ctru thuc nghiém da ching t6 md hinh bai toan ly thuyét dua ra 1a dung dén, tin cay va
c6 thé sir dung md hinh nay dé tng dung vao tinh toan, thiét ké siing ban hai méi truong.

2. Hwéng nghién ciu tiép theo caa luan an

Noi dung luan &n con mét sé diém tdn tai ma tac gia luan van sé tién hanh nghién
ctru trong thoi gian tiép theo. Cu thé nhu sau:

1. Mic du d3 xdy dung dugc mé hinh MTD stng bin hai méi truong khi ban ca
trong khong khi va dudi nudc, tuy nhién md hinh con st dung nhiéu giai thuyét; dic biét
la gia thuyet hop sting 1a ¢b dinh. Téc 1a NCS mai chi tap trung nghién ctu chuyén dong
lui va day 18n cua khau co s& ma khong quan tam dén bai toan 6n dinh cling nhu dao
dong cua sung. Vi vay trong cac nghién ctu tiép theo, tac gia s& nghién ciru déng bo ca
bai toan 6n dinh va dao dong cua sting.

2. Qua trinh twong tac gitra nudc va khi thude trong budng khi dién ra rat phuc tap,
tuy nhién luan 4n chua di sdu nghién ctu van dé nay. Day ciing 1a mot hudng nghién ctu
ma tac gia luan an sé nghién curu trong tuong lai.

3. Mic du d3 khao sat anh huong cua mot s6 tham sb két cau dén hoat dong cua
may ty dong siing ban hai moi trudng, tuy nhién bo thong sé nay con chua day du (MG
chi quan tam dén mot sé tham sb co ban), dong thoi qua trinh khao sat van chua dua ra
dugc dnh hudéng cua nhiéu tham sé cing mot ldc den hoat dong cta may tu dong. Vi
vay, Can ¢6 nhitng nghién ciu day da hon, sdu hon vé anh huéng dong thoi cua nhiéu
thdng so.

4. Tac dong caa moi truong ban (dac biét 1a diéu kién ban dudi nude) cling nhu xa
thi dén hoat dong, do chinh xac cta siing hai mdi truong 1a rat 16n. Cho nén, can thiét
phai ¢c6 mot mo hinh co — sinh khi ban dudi nude dé khao sat didu kién 1am viéc tong thé
cua sling. Van dé nay sé dugc tac gia nghién ctiu trong thoi gian tiép theo.
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