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TOM TAT

MG hinh hod va mé phong qud trinh déng lyc ciia hé thong truyén dong thuy luc noi chung va
trong nghién ciu dong luc hoc (DLH) cua hé thiy luc trén cac 16 hop phdo néi riéng la mét nhu
cau tat yéu. Bai bdo trinh bay két qua nghien ciru vé xdy dyng mé hinh dong luc hoc hé thong
thity lwc mach kin iing dung cho cdc hé truyén déng quay tam va quay hudng phdo khi tinh dén
anh huong cia cdc thanh phan ngoai lire tac dong lén cac hé truyén dong ngam. Két qud nghién
cleu 6 thé phdt trién cho viéc tinh todn thiét ké va khdo sdat qud trinh dong e cia thong thiy
liee truyén dong ngdam cho nhiéu té hop phdo khdc nhau.

Tiwr khéa: Pong luc hoc; HE théng thay luc mach kin; H¢ truyén dong ngém.
1. MO PAU

Hé thdng thuy luc duoc 4p dung kha phd bién trén cac hé thdng phéo, no khong chi dung dé
dan dong ngdm ma con ding dé dan dong cac bd phan khac nhu: 1én dan, tiép dan, co ciu bén,
giwong kim hoa lai, khéa hdm hanh quan va dan nudc (chét 1ong chuyén dung) dé 1am ngudi
nong [1].

Véi chirc nang dan dong ngam, hé thong thiry luc chiu dnh hudng rat 16n khi xuét hién tac
dong cua lyc phat bin va cac tac dong cua tai trong quan tinh 601 v6i cac hé thdng phao lap dat
trén phuong tién co dong. Khi xudt hién cac tic dong ndy, van tdc chuyén dong cua hé théng s&
khong 6n dinh va xuét hién qua trinh dao dong. Nhitng hién tugng nay s& lam giam do tin cay va
chat lugng cuia hé thng. Do do, viéc xdy dung mé hinh khao sat DLH hé thong truyen dong thuy
luc lam co s6 lya chon céc tham s6 céu trac dong vai tro rat quan trong trong thiét ké, ché tao hé
thdng thuy luc cho cac hé truyén dong luc ngdm phéo.

Nghién ctru DLH hé¢ thong thay luc cho hé truyén dong ngém phéo phai dugc xem xét trong
bai toan tong thé cua toan by hé thdng phéo, bao gdbm van dé DLH cua h¢ thong truyén dong
thity lyc va DPLH clia co ciu chap hanh. Céac nghién ciru chung vé dong lyc hé truyén dong thuy
lue da dugc trinh bay trong nhiéu tai liéu [2-6]. Bén canh d6, mot sb nghién ciru chuyén sau cho
céc ing dung cu thé ciing di dugc cac nha khoa hoc trong va ngoai nudc nghién ctru [7- 9]. Trong
nghién ctru ndy, mo hinh khao sat DLH hé thong thity luc mach kin cho hé truyén dong Iuc ngam
phéo duoc xay dung trong bai toan tong thé khi xem xét dén anh huong cia cac thanh phan ngoai
luc tic dong trong qué trinh bin. Cac két qua md phong ciing duge thuc hién cho mét doi tugng cu
thé va dua ra trong bai bao nay.

2. SO PO NGUYEN LY HE THONG THUY LUC TRUYEN PONG NGAM PHAO

Truyén dong ngam cho cac hé théng phéo (ddc bit 1a phdo tu hanh va phdo tau) c6 dac diém
tai trong cao, van toc va gia toc 16n. Hé thong thuy Iuc trén cac t6 hop phéo nay thuong st dung
hé thong diéu chinh khéi. bay 1a mot hé thong thty luc mach kin, hé thong st dung bom ¢6 luu
lwong thay ddi, mach thuy luc khép kin gitra bom va dong co. Vi déc tinh nay, hé truyén dong
thuy lyc didu chinh khdi c6 hiéu suat truyén dong cao hon va thuong dugc sir dung cho cac hé
truyén c6 cong sut trung binh va 16n.

Trong hé mach kin toan bd lugng dau duoc dua ra khoi bom s& duge chuyén truc tiép sang
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dong co. Tuy nhién, trong thyc té van c6 mot lugng dau rd ri trong mach kin qua cac chi tiét
chuyén dong co khi. Dé duy tri mot ap suét can thiét & phia thap ap va bu lugng dau o ri, trong
hé thong thiy luc mach kin dugc thiét ké co mét bom bu cung cap dau thiy luc bd sung cho h¢
mach kin. Hinh 1 va hinh 2 trinh bay so d6 cau trac va so d6 nguyén 1y ciia hé thong thuy luc
mach kin dugc dp dung pho bién cho cac hé truyén dong ngam phéo.

l Wak
Nad QB = Qu
(il , N n
Pong co S Bom thuy M6 to I
dan T lye (~) thily lyc

Hinh 1. So do cdu tric dan dong thity liec diéu chinh khoi.

Bom
Piston

Hinh 2. So do nguyén Iy ciia hé thong thiy lwc mach kin.

3. MO HINH PONG LUC HQC HE THONG THUY LUC
TRUYEN PONG NGAM PHAO
3.1. Cac gia thiét khi xdy dung md hinh
- M6 dun dan hdi ctia dau va duong dng khong doi;
- Khong xét dén dao dong trong dudng dng do tac dong cua dong dau bu;
- Ton that ning lwong trong hé thuy luc 1a do ma sat nhdt va ton that thé tich & bom va dong
co thuy lyuc;
- Sur ro ri ti 18 véi do giam ap suat;
- Lién két clmg gifra dong co thuy lyc va tai I lién két cimg, khong c6 céc khe ho, khong tinh
dén d6 dan hoi cua lién két;
- Van tbc ctia dong co dian dong (cuia bom) 1a khong ddi.
3.2. Xay dung hé phuwong trinh vi phin mé ta dic tinh dong lwc hoc hé thong thiy luc
truyén dong lwe ngim phio
a. Phuong trinh lién tuc
Theo so dd nguyén 1y, h§ thiy luc mach kin duoc chia 1am 02 mach (Iqach luc va mach bu).
Tuong trng véi d6 co the thiet 1ap dugce 02 phuong trinh lién tuc ctia dong dau [2, 3, 9]:
{Qn ~Q-Q-Q-Qn =0

Q-Q~Qu=0 3

Trong do:
- Q, 1a luu lugng 1y thuyét cia bom Piston, [m%/s].
Qn :Von'nn 77(? (2)
Véi: n_ 1a toe do quay ciia bom [vg/s]; V,'1a luu lugng riéng cua bom [m3vg]; 75 14 higu suat
thé tich ctia bom.
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- Q, 14 Iuu lugng dau 1am viéc can thiét ciia dong co thity luc, [m*/s].
VAN 3)
Véi: V,"1a luu lugng riéng cua bom Piston [m*s]; n, 1a toc d§ quay dinh miic ctia dong co
thiy luc, [vg/s]; 7714 hidu suat thé tich caa dong co thiy luc.

- Q, 1a luu lugng dau ro ri & bom va dong co thiy luc, [m%/s].

Q = (ron + r-om)Apn 4
Voi:
+ 17 va r" twong tmg 1a hé s6 t6n thit thé tich cia bom va dong co thuy lyc.

n Qn(l_ng) . r.m _ Qm(l_ng])

fy =

CYRME TS ©
Trong d6: 77 va 7 twong tng 14 hidu suat thé tich cia bom va dong co thiy luc; [pn]vé
[ pm] tuong tmg 13 4p suat danh nghia ciia bom va dong co thuy luc.
+ Ap, 1a do chénh 4p sut dau trong duong 6ng cao p va duong ong thap ap, [Pal.
, AR =Py P (6)
Véi: + p, 1a ap suat trén duong ong cao ap, [Pa];
+ p,,, 12 4p sudt dau qua van an toan ctia mach bom bu, [Pal.
- Q, 1a Iuu lugng dau bi nén trong duong dng thiy luc, [m%/s].
QezE.dﬁ; E:£+V—2 (7
dt E, E,
Véi: + E, va V, tuong tng 1a M6 duyn dan hoi quy dan va thé tich ctia chat 16ng trén dudng
6ng dan mém; . 3 ) )
+E, va V, tuong tng la M6 duyn dan hoi quy dan va thé tich cua chat long trén duong
dng din kim loai;
- Q,,1a Iuu luong dau qua van an toan mach chinh, [m%s].

0 = pn < pkn
o] 8
‘ (pn - pkn)'kkn = pn 2 pkn ( )

Véi: p,, 1a dp suat dau qua van an toan ctia mach chinh, [Pa].
- Q, 1a luu lugng 1y thuyét cia bom bu, [m?/s]:
Q :Vob-nn -778 )
Véi: V, 1a luu lugng riéng ctia bom bu, [m*/vg]; 7y 1a hiéu sudt thé tich ctia bom.
- Q14 Iuru lugng dau ton that qua van an toan ctia mach bom bu, [m*/s].
b. Phurong trinh cdn bang mé men

Phuong trinh can bang md men trén truc quay cua dong co thuy luc duge biéu dién dudi
dang [2, 9]:

M_—M, =2Mc+3m-d§§m (10)
Trong do:
- M_, 1a mé men quay trén dau truc ctia dong co thay luc, [Nm]:
A
M, =P ym (12)
2
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- M; 1a m6 men can nhét cua h¢ thuy luc, [Nm]:

:VOm'[pm]'(l_nh'ﬂrTJ]r)
(27)*[n,]

Voi: Ty 13 hiéu suét ctia hé dan dong co khi; 7, 1a hi¢u suét co khi ctia dong co thiy luc; n,

M, =f.n,

(12)

13 hiéu suat thé tich ctua duong ng dan dau.

- Z M 1a tong cac thanh phan mo men can cua tai, [Nm].

V&i mbi ching loai phdo va diéu kién 1am viéc khac nhau, Z M dugc hop boi nhiéu thanh
phﬁn luc va mo6 men tac dong khac nhau.

Trong truong hop tong quat, Z M. dugc xac dinh boi biéu thire:

ZMC=MCT+MCD (13)
Trong d6: M, 1a m6 men cén tinh; M, 1a m6 men can dong.
- J,.: M6 men quén tinh ctia dong co thuy luc [Kg.m?].

Két hop cac biéu thie tir (1) dén (1 3) va bién d6i ta thiét 1ap dwoc hé phuong trinh vi phan mo
ta ddc tinh DLH hé thong thuy lyc truyén dong luc ngam phao (12).

T _[Vo”-nn-m?-(l—m?) +V0m'nm-770m-(1_770m)jApn

o [p,] [P]

VvV, V,\)dp
-V'n p"—| 24+ 2|2 =0
o MmTo (El Ezl dt Qun

Vy'nonl.-nd) V,.n nr.A-n")
Qn — b.nn. b_( 0 *"'n*'f0 0 + 0 m*'/0 0 JApn
- ° [p.] [Pn]

Apn _Vt;n_VO '[pm]'(lz_nh'nm 'nr).nm :ZM ‘]m' m
2 (27)*.[n, ] dt

4. MO PHONG SO PONG LUC HQC HE THONG THUY LUC TRUYEN PONG LUC
NGAM CHO PHAO 37MMKG65 CAI TIEN

Phdo 37mmK65 cai tién 1a to hop phéo da dugc trang bi hé truyen dong lyc ngam phéo. Véi
vigc trang bi h¢ truyén dong luc ngam phao, ngoai kha nang chién ddu bang phuong phéap dan
ngam co nguyén ban, phao 37mmK65 con ¢ kha ning chién dau bang phuong phap dan ngim
tu dong theo phin tir cua khi tai quang di¢n tir [10]. Trong nghién ctru nay, céc tac gia st dung
phao 37mmK65 cai tién lam d6i twong cho viéc md phong sé6 DLH hé thdng thuy lyc truyén
dong luc ngdm pho.

(14)

4.1. DPiic trung tai trong tic dong Ién cac truyén dong ngim ciia phao 37mmK65
Céc ngoai luc tic dong 1én cac truyén dong ngim cua phao 37mmk65 cai tién bao gdm [10, 11]:
- Luyc tac dung cua khi thude 1én khéi lui:

S.P
Pev = s 1+ t'D) (15)
ty dd
- Luc ham lui thuy lyc cia may ham lui:

Fa = f (axi)'\/KzL (16)

- Luc can 1ui cda 16 xo day Ién:
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. Fo=f (axi)'\/K2L 17)
- Luc can ma sat gitra khoi lui voi mang phao va b phan bit kin:
R, =M, (f,+ f,)cose (18)

- M6 men can bé‘mg cla cum 10 xo0 can béng tam: Puoc x4c dinh tir thuc nghiém [10].
- M6 men ma sét trén cum 6 lan vanh rang cum hudng:
M s =%kms.l3d.d0 (19)

Céc thanh phan trong (15 - 19): S 14 thiét dién ngang clia 1ong nong ké ca ranh xoan; @y lahé
s6 ké dén cong thir yéu; P, 1a ap suat thuat phong; m,,, My, twong tng la trong luong thube
phong, dau dan; V.. 1a Van tde khéi 1ui; f(a,) 1a ham dic trung cho sy phu thudc cua luc can
thuy luc trong may ham Iui vao dién tich 16 chay dau; F,, — Luc nén ban dau cua 1o xo C, —bo
ctmg 10 x0; X — Do dich chuyén cua 16 xo (khbi lui); F, —Luc nén cua 10 xo tai thoi diém X ma
ta dang xét; R;1a Luc can ma sat gilra khdi Iui véi mang phdo va b¢ phan bit kin; M, 1a trong
lwong khdi Iui; f,, f,twong Gmg 1a hé s6 ma st giira kh6i [ii voi mang phao va véi bo phan bit
kin; k. 1a hé s6 ma sat; P, 1a tai trong danh dinh dong twong duong ctia 6; d, 1 dudng kinh vong
trong cua 6;

Véi cac dac trung tai trong tdc dong nhu trén, tong cac thanh phan mo men can cua tai [én céc
h¢ truyén dong ngam cua phdo 37mmK65 cai tién khi xét dén thanh phan Coriolid (M s, , Mzr)
sinh ra khi xuét hién chuyén dong cuia khéi lui.dugc xac dinh theo biéu thic [10]:

{ZMCH =Mcpy + Mgy + My _dz Sin(qz)PKN
ZMCT =Mcpr +Megr + Mysr =M

Céc thanh phan trong biéu thirc (18) tham khao chi tiét trong tai liéu [10].
4.2. M6 phong s6 PLH hé thong thiiy lue truyén dong lue ngim cho phio 37mmké65 cii tién

(20)

a. Mét s6 tham sé ciia hé thong thiy luc diing trong mé phong

- Thong s6 bom va dong co thity luc:V," =10 cm®; [n,]1=8000vg / ph; [p,]=30 Mpa
V" =4cm®; n, =1500 vg / ph ; p,, =15 MPa; p,, =15 MPa;J, =0.01 Kgm®.

- Thong s6 duong 6ng dan dau: Puong dng kim loai ¢6 duong kinh d =10mm va chiéu dai
| =1.5 m; M6 duyn dan hoi quy ddn E, =180 Mpa

- Hiéu suit truyén dong cua hé¢:

70 =0.96; 70" =0.95; 70 =0.95; " =0.95; 77, =0.92; 77, =0.92

- Thong s6 co chu tam, hudng: i, =50;i. =50;7, =0.92; 7, =0.92.

/4

. _T
12’771

- Van tdc bam theo kénh hudng va tam: oy =
b. Két qud mé phéng

DLH hé ‘théng thuy luc truyén dong luc ngdm cho phao 37mmke65 cai tién duge mé phong
trén phan mém Matlab. K&t qua mé phong dugc trinh bay trén cac hinh 3-7.

Nhat xét: Két qua mo phong dbi véi déi tuong 1a phdo 37mmK65 cho théy, dudi tac dong cia
lue phat ban md men can trén dau truc dong co thay luc c6 sy bién doi rat 16n qua do6 1am thay
dbi ap suét trén duong 0 ong cao ap. Khi mé men céan trén dau truc dong co tim va huodng cé gia

tri 16n nhat ( MZ% =8 Nm; M™%, ~5,58 Nm) thi 4p suét trén duong dng cao 4p cua kénh tim va
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kénh huéng ciing ¢ gia tri 10n nhét ( P™ ~6,6.10° Pa; P™ ~5,02.10°Pa). Két qua mo phong
hoan toan phu hop khi tinh toan bang phuong phép giai tich.

Hinh 3. Pac

MO MEN TAI DPAU TRUC DONG CO - KENH TAM MO MEN TAI DAU TRUC DONG CO - KENH HUONG

Mc,. (Nm)
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tinh mé-men tdi tdc déng trén dau truc dong co hé truyén dong tam va hudng phdo
trong truong hop ban hai than phdao dong thoi.
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Hinh 4. Ap sudt trén dwong ong cao dp trong qud trinh bdn.

LUU LUQNG BOM PISTON KENH TAM LUU LUQNG BOM PISTON KENH HUONG
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Hinh 5. Sw bién doi heu liwong ciia bom Piston trong qud trinh bdn.

2s TON THAT LU LUQNG - KENH TAM a0 TON THAT LUU LUONG - KENH HWONG
1.48 -
, ]
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— @ 146
2 15 1 é
5 S, 1451
a .
I I
] O 144
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0.5
1.42 -
0 1.41
0 0.5 1 1.5 0 0.5 1 1.5
1(s) (s)
S R A ” A A ”
Hinh 6. Ton that luu lwong ciia hé thong thiy luc.
TON THAT LUU LUQNG BOM BU - KENH TAM TON THAT LUU LUQNG BOM BU - KENH HUONG
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Hinh 7. Ton thdt heu lieong trén mach bom bii.
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Khi mé men can trén dau truc dong co thity luc thay doi (4p suat trén duong dng cao ap thay
dbi: ting hodc giam) thi toc d6 bam muc tiéu c6 xu hudng bi thay dbi theo. Khi d6, dé dam bao
6n dinh cho van toc bam muc tiéu, luu luong cua bom piston phai dugc diéu chinh dap ung sy
bién do6i nay. Ngoai ra, khi ap suét trén duong 6ng cao [ap tang lén, luong dau o ri (t6n that luu
lugng) cia hé thong thay lyc ciing s& ting 18n, lwong dau 1o ri nay s& dugc mach bom bu cap bd
sung vao cho hé thong.

5. KET LUAN

Véi céach tiép can tong hop, sir dung phuong phap giai tich, bai bao da xay dung dugc mé
hinh khao sat PLH hé thng thiy lyc mach kin cho cic hé truyén dong ngim phéo. Mo hinh
nghién ctru dugc xay dung trén co s6 cac phuong trinh lién tyc va phuong trinh can bang mo
men cua toan bo hé thong Duya trén m6 hinh dé dugc xay dung, bai bao ciing trinh bay két qua
mo phong sb DLH h¢ thong thity luc véi cac tham sé DPLH cu thé cia hé truyén dong ngam phao
37mm-k65 cai tlen Két qua nghién ctru nay ¢6 thé ap dung cho viéc tinh toan, thiét ké va cai tién
c4c hé thong truyén dong luc ngidm trén cac hé théng phéo khac nhau.
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ABSTRACT
Building a dynamic model of the cannon aiming transmission hydraulic system

Modeling and simulating the dynamic process of the hydraulic transmission system in
general and in studying the dynamics of the hydraulic system on artillery complexes in
particular is an indispensable need. This paper presents research results on building a
dynamical model of a closed-circuit hydraulic system applied to range and cannon
rotational transmission systems when taking into account the influence of external force
components acting on the components. sight transmission. The research results can be
developed for the design calculation and investigation of the dynamics of the sight
transmission hydraulic system for many different artillery combinations.

Keywords: Dynamics; Closed-circuit hydraulic system; Sight transmission.
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