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TOM TAT

Co cdu ngdn cach nham dam bdo an toan cho ngoi né cé nhiéu hinh dang khac nhau nhu: dang
thanh truot, dang dia quay, dang khoi quay hinh cdu,... Co cdu ngan cdch dang khéi quay hinh
cau cé két cau nhé gon, don gian nén phi hop khi sir dung cho cdc ngoi n6 ¢ nho, co van toc
quay I6n. Bai bdo dd xdy ding mé hinh co hoc déi véi vit thé quay quanh mgt diém cé dinh (tam
hinh hoc ciia co cdu), thanh Idp hé phirong trinh vi phdn mé td chuyen dong cua vat thé, tinh todn
xac dinh dwoc thoi gian hoat dong phuc vu cho viéc nghién cuu thiét ké va thir nghiém.

Tir khoa: Con quay 3 bac ty do; Co cdu béo hiém; Co ciu ngin cach; Khdi quay hinh ciu.
1. MO PAU

Co céu ngan cach 1a bg phan c6 vai tro ngan cach duong truyén nd dé dam bao rang khi mot
phan tir nhay n6 bi kich hoat khong mong muo6n thi co cau ngan cach s€ ngan chan sy lan truyen
ning luong nd dé cac phan tir tlep theo khong bi kich nd. Nguy co n6 khong mong mudn c6 thé
x4y ra trong qua trinh bao quan (sip xép, bc d& hodc tu kich nd,...), trong vén chuyén (do va dap,
do rung xoc cua cac phuong tién van chuyén...), khi ban (do luc quan tryc rat 16m) va cac va dép,
chan dong khac,... Co ciu ngin cach thuong duoc giit boi chi tiét bao hiém. Khi chi tiét bao hiém
giai phong cho co cdu ngin cach thi co cau ngin cach s& chuyén vé vi tri chién d4u. Céc co cu
ngan cach déu ¢6 uu nhuoc dlem riéng, vi vy ma cling co nhiéu kiéu khac nhau. Kiéu don gian
nhat chi la mot tam trugt mang ong nd, chuyén dong thang nhu trong cac loai ngoi dan cdi; c6 khi
12 mot chi tiét quay quanh tryc c0 dinh nhu trong mot s6 loai ngoi cao xa. Co cau ngan cach trong
bai bao c6 dang khéi quay hinh cau, chuyén déng quay quanh mot diém cb dinh (chinh 14 tim hinh
hoc cuia co cau) [1-3]. Phuc tap hon nguoi ta con sir dung co cdu dong hd 1am co cdu ngin cach
cho ngoi dan [4, 5].

Céc loai ngodi cao xa str dung cum hoa thuat dé bao hiém cho co cau ngan cach thuong co tudi
tho kém va chat luong khong 6n dinh. Loai ngdi sir dung co cau ngin cach dang khdi quay hinh
ciu c6 két cau don gian, khong st dung hoa thuat nén cé tudi tho cao. Do do6, viéc nghién ciru tmg
dung co cAu ngin cach dang khdi quay hinh cau 1a mét giai phap c6 tinh hiru ich.

Dé phuc vu cho tinh toan, thiét ké can phai xay dung dwoc mé hinh tinh toan dong luc hoc chuyén
dong cua co cau. Mot s6 nghién ctru da dua ra két qua nghién ctru 1y thuyét va thyuc nghiem [6, 71,
tuy nhién, cac nghién ctru d6 da khong chi tiét qua trinh thanh 1ap hé phuong trinh vi phan mé ta
chuyén dong cua co ciu. Bai bao nay trinh bay phuong phap xay dung m6 hinh toan hoc cung véi
phuong phép giai 1am co s& cho viée tinh toan, thiét ké co cau ngin cach dang khdi quay hinh cau.

2. MO HINH CO HOQC VA HE PHUONG TRINH VI PHAN
MO TA CHUYEN PONG CUA CO CAU NGAN CACH
2.1. CAu tao va hoat ddng ciia co ciu ngin cach
Cdu tgo: hinh 1 md ta cdu tao ctia cum bao hiém. Cum nay dugc ciu tao boi cac chi tiét:

- Khéi quay (chura 6 ong nd) (Co cdu ngan cach): Day la 601 tuong bai bao dang nghién ctru, n6 c6
dang khéi quay hinh cau, bén trong khdi quay c6 chira dng nd. O vi tri trudc khi ban (khdi quay nam
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ngang nhu hinh vg), néu 6ng nd bi nd, séng nd va nhiét luong sinh ra s€ khong thé kich hoat truyen
n6 (khéng v& ¢ trong hinh- dugc dat phia dudi cum bao hiém). Khi khoi quay quay vé vi tri chién
d4u (khdi quay & vi tri nam doc), mach nd ctia ngdi nd dwoc mé thong, ngdi san sang lam viée.

- Tai cting (chi tiét bao hlern).’Co dang vong tron khuyét, hai cang 6m liy khéi quay. Khi hai
cang cua tai cung doang ra thi khoi quay méi dugc giai phong.

- Kim héa: Trong bao quan van chuyén kim hoa luén ty 1én khdi quay nho vao 16 xo dit phia
trén kim hoa.

- O quay: dung dé d& va tao khong gian cho khdi quay hoat dong.

(,

Ranh tr wot _Kim héa
O quay
) . Khéi quay
Ong né __
__ Tai cirng

Hinh 1. Cdu tao cum bdo hiém.

Hoat déng: Trong bao quan van chuyén khdi quay (chira ng nd) duge giir boi tai cimg va luc
ty cua kim hoa thong qua 10 xo tac dung 1én kim hoa. Khi ban dudi tac dung cua lyc quan tinh tryc,
tai cung, khdi quay, cum kim hoa bi gilr chat va cing quay v6i ngoi n6. Khi lwc quan tinh truc mét
di tai ciing mat lién két clng voi ngoi, quay tu do voi van tdc goc ban dau so voi hé quy chiéu
quan tinh gin voi mat dat. Dudi tac dung cua luc ly tam tai cing dodng ra giai phong cho khdi
quay. Luc nay co cau trong ngoi (khong thé hién trong hinh v€) ¢6 nhiém vu nhac kim hoa 1€n giai
phong cho khoéi quay. Khoi quay sau khi dugc giai phong s€ quay ve vi tri chién dau (vi tri ma truc
doi xrng cua ong no trung voi truc doi xirng cua ngoi no).

2.2. M hinh co hoc va h¢ phwong trinh vi phin mé ta chuyén ddng ciia co ciu ngiin cach

Céc gia thiét khi xdy dyng mé hinh co hoc:

- Khong tinh dén céc sai 1éch hinh hoc 1am mat tinh d6i xtmg cuia khdi quay va cac sai sb lap
ghép dan dén tam hinh hoc cta khoi quay khong nam trén truc ngoi;

- B6 qua sy 1éch tAm cua dan, md men sinh ra do chuyén dong truong tién dong cua dan, gia
toc criolit.

Khi d6 c6 thé xem ngay khi dugc giai phong khdi quay 6 vén tdc goc tire thi @, quay quanh
truc ngoi, liic nay truc ngoi chinh la truc quay ttrc thi cua khoi quay, truc quay nay luén di qua mot
dieém co dinh, d6 1a tam hinh hoc cua khoi quay. Nhu vay, vé md hinh co hoc thi day 1a bai toan
vat ran quay quanh mdt diém co dinh. Ban dau khoi quay bi han ché boi kim hda thong qua ranh
trén khoi quay, luc nay vét ran quay voi hai bac tu do, sau khi thoat ra khoi ranh vét ran quay
quanh diém co dinh véi ba bac ty do. Trudce hét, bai toan dugce xay dung chung cho trudng hop ba
bac tu do.

Xét chuyen dong ctia khoi quay (vt thé) trong hé quy chiéu Ox1y1z1 véi diém O ludn cb dinh
trong sudt thoi gian vat thé chuyén dong (hlnh 2). Gén vao khéi quay mdt tam dién Oxyz ma theo
vi tri ctia n6 c6 thé xéc dinh dugc vt thé (Truc Oz tring véi truc cua dng nd, truc Oy va truc Oz
bét ky di qua diém cd dinh O. bpé thuan loi trong tinh toan, truc Oy va truc Oz dugc chon sao cho
ching 1a nhitng truc quan tinh chinh cta vat thé. Qua mét diém bat ky cta vat thé bao gio cling
dung dugc ba truc quan tinh chinh vuong goc véi nhau. Truc Oy dugc chon song song véi ranh
trugt dé thuan lgi khi ap dung cho truong hop vat thé chuyén dong vai hai bac tu do).
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Khi d6 vi tri clia tam dién Oxyz va cta vét thé trong hé tryuc Oxay1z; dugc xdc dinh bang cac
goc ¢, ¥ va 6. Day la nhirng goc Ole ma trong co hoc thién thé ¢ goi la goc quay riéng, ¥ 1a goc
tién dong (tu€ sai), 0 1a goc kénh (goc nuta) [8].

Hinh 2. Khoi quay trong cdc hé quy chiéu.
qDé xac dinh chuyén dong cua vat ran, can biét vi tri cua nd trong h¢ truc Ox1y1z:1 & moi thoi
diém t, tirc 1a can biét cac hé thirc:
=10, =10, 0=1( 1)
Ky hiéu cac van téc goc twrong Gmg voi cac chuyén dong quay do 1a @), 0,,0, r0i biéu dién
chung bang cac vecto hudng theo céac truc twong tmg. Tri s clia ching bang:
Khi d6, van téc goc tai thoi diém khao sat bang:
o=, + 0, + w,
Hinh chiéu ctia phuong trinh trén 1én céc truc di dong Oxyz:
O, =W, + 0, + Wy,
O, =0, +0, +a, (2)
0, =0, +0,, + 0,
Hinh chiéu clia cac vecto @, ®, VA, trén cac truc Oxyz la:

oy = oy, =0, 0, =¢
w,, =y Sindsing; w,, =y sin@cosp; w,, =y coso
Wy, = 0C0S; @, =—0sing; w;, =0
Thay cac hinh chiéu vao h¢ thirc (2), ta co:
, 0 sin@sing cose || ¢
®=|o, |=|0 sindcosy —sing ||y 3)

o, 1 cosé@ 0 P2l

0 sinfdsing cose 1)
bat: A= |0 sinfcosep —sing |;q= |y |,tacd: w=Aqg
1 cos6 0 0
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—singpcotgld cosecotgd 1
= q=A'w =| sing/sind —cosp/sind 0|.w (4)
CoS @ —sing 0
Dén day ta da tim duogc cac dao ham bac nhét cua cua cac goc quay trong cac ham s6 & cong
thirc (1) theo van toc goc trong hé toa do Oxyz. Chung ta can tim loi giai cho céc van toc goc nay.
Gia st vat ran chiu tac dung cua cac lyc F°,F;,..., F° theo dinh ly Redan [8], van tdc diém dau
mit vecto momen dong luong K, (vecto momen dong lugng ddi véi diém O) bang tong momen
ngoai lyc dbi voi tim quay, nén ta co:
Vg = Mg )
Trong do: M; = Z:mo(Fne ), €On v, 14 van toc trong hé quy chiéu quan tinh Ox1y:z:. Dé co
phuong trinh chuyén dong vai dang don gian nhit, chiéq ca hai vé clia biéu thue trén [én céac truc
Oxyz, 1a truc quén tinh chinh d6i véi di€ém O. HE nay gan lién va chuyén dong cung véi vat the.
Khi d6, hinh chiéu ciia vecto K, sé& c6 biéu thirc don gidn véi cic momen quan tinh J_, J,Jd,; la
cac dai luong khong ddi.
Dé tinh hinh chiéu cta van tdc tuyét ddi vg trén céc truc di dong, xem v, nhu téng cua van tbe
twong d6i v (d6i véi cac truc Oxyz) va van toc theo v, . Khi d6 (5) s& c6 dang:

v v =M¢ (6)
Trude hét can tim phuong trinh chuyén dong chiéu trén truc Ox. Theo (6) ta cé:
Ve * Ve, = Mg ()

Hinh chiéu cua vén tdc twong ddi trén cac truc di dong chinh bang hinh chiéu ciia vecto K, trén
cac truc do, tac la:
Vo dK, ] do,
Bx — VYx
dt dt

Van toc theo Vg 1a van tdc cua diém cb dinh trong hé truc Oxyz (tic 1a trong vat) ma diém dau

mut cua vecto K, trung véi no tai thoi diém nay, nén ta co:
Vg =onK,
Trong dai s vecto néu c=aAbthi ¢, = a,b, —a,b, do do ta co:
Ve =0, K, —0,K, =(J,-J,))o,0, (8)
Thay céc gia tri vira im duoc vao biéu thic (7) ta dwoc phuong trinh:
do,
*dt
Doi voi hinh chi€u trén céc truc Oy, Oz ta cling lam tuong tu s€ dugc hé phuong trinh:
Jdo, /dt+(J,~J))o,0, =M
J,do, /dt+(J, =J,)w,0, =M 9)
J, do,/dt+J ~J )00, =M;

Néu vi tri cua vat thé du:orc xac dinh bﬁng cac goc Ole @, P, 0 thi bai toan co ban ctua dong luc
hoc s€ la tim quy ludt chuyén dong cua vat thé, tirc 1a cac ham ¢ = @(t), iy =y (t), 0 = 6(t) theo cac

J

+(J,-J)) 0,0, = M;
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ham M;,M; ,M; da biét. D¢ gii quyét bai toan ndy can két hop céc phuong trinh (9) véi céc
phuong trinh (4) ta dugc hé sau phuong trinh vi phan cap mot. Trong truong hop chung sé& giai hé
phuong trinh bang phuong phap so.

3. PHUONG PHAP GIAI VA KET QUA TiNH

Ap dyng md hinh toan hoc dé tinh toan cho ngoi n6 ZHML-10C lap trén dan 23 mm HEI va
HEI-T ban trén phao phong khong 23 mm 3Y23-2 (hinh 3 1a hinh anh dugc xay dung tir mau khao
sat), voi cac thong so khao sat trén mau va ket qua tinh toan thuat phong nhu sau:

Hinh 3. Ngoi ZHML-10C ciia Trung Quoc

- So tde: v, =980m/s, van tde goc cua dan tai mi¢ng nong: Q, =6594rad/s.

- M6 men quan tinh dbi véi cac truc x, v, z 14 (tinh todn trén phan mém Inventor):
J, =28 gmm?;J, =29 gmm?*;J, =35 gmm’

- G6c nghiéng ban dau cta khéi quay so véi truc ngoi (truc 0z1): 6, =70°.

- Goc nghiéng cua khéi quay so véi truc ngoi tai vi tri kim hoa thoat ra khoi ranh trén khdi quay
la: g, =30°.

- M6 men ngoai lyc: M6 men ngoai chii yéu dén tir thanh phadn mé men ma sat sinh ra do su
léch tdm va chuyén dong truong ti€én dong cua dan [8]. Pay la dai lugng can dén cac tham so thuc
nghiém, trong khuon kho bai bao bd qua dai lugng nay.

Chia hoat dong ciia khéi quay thanh hai giai doan nhu sau:

Giai dogn 1: Khi bit ddu quay, ranh cta khdi quay truot trén miii ciia kim hoa. Kim hoa han

ché khédi quay quay quanh truc cua chinh né (truc oz), do d6, goc ¢ ludn bang 0, khdi quay quay
v61 hai bac tu do.

Giai dogn 2: Khi ranh ctia khdi quay thoat ra khoi miii kim hoa, khdi quay quay voi ba béc tu do.
* Giai doan I:

_Khi khi quay quay vdi hai bac tu do, ta ludn c6: ¢ = ¢ = 0, khi d6, hé phuong trinh trén dugc
viét thanh:
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Y =-o,lsing
-0,

o, =w,0,J,-3,),
o, =w,0,,-3,)1,
o, =w,0,,-3,)1,

(10)

Giai phuong trinh nay bang phuong phap sé theo phuong phap Runghe-Kuta voi diéu kién dau:
6, =70°, dicu kién cudi la: g =30° (g vai thoi diem kim hoa thoat ra khoi ranh trén khoi quay)

ta tim dugc cac do thi biéu dién sy bién thién ciia cac tham sb: ¢(t), o, (t), o, (1), »,(t) nhu trén dd

FEN
thi & hinh 4.
0 (deg) w, (rad/s)
-30 700
-35 600
-40 500 F
-45
400
-50
300
55
0 200
-65 100
-70 t(s) 0 t(s)
0 0.5 1 1.5 2 2.5 0 0.5 1 15 2 25
%10 x10™
o) )ﬂrad/s) o, (rad/s)
6150 2268
2266
6160
2264
6170 262
6180 2260
2258
-6190
2256
-6200 : : s) 2254 : : ‘ «s)
0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
%107 x107

Hinh 4. Gid tri ¢(1), o, (1), 0, (1), ,(t) giai doan 1.

Céc gia tri ¢ cuoi giai doan 1:

¢ =-30°, w, =641 (radls), o,

* Giai doan 2:

— 6159 (rad/s), w,, =2267 (rad/s)

(11)

Sau khi thoat ra khoi ranh, khdi quay s& chuyén dong véi ba bac tu do, hé phuong trinh vi phan

gdm 6 phuong trinh sau:

@ =-w,sinpcotg & + w, cospcotg d + o,
Y =osing/sind-w, cosp/sind
0=, Cosp—w,sing

o, =w,0,,-3,)1,

o, =w,0,J,-3 )1,

o, =w,0,1,-1,)1,

(12)
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Giai h¢ nay voi diéu kién dau chinh 1a diéu kién cudi cua giai doan 1 (11), ta tim dugc cac dd
thi biéu dién sy bién thién cta cac tham sé: ¢(t), @, (t), @, (t), @, (t) nhu trén d6 thi & hinh 5.

0(deg) o(rad/s)
0 1000 [
950 |
-5
900 -
-10
850 |
15+ 800 -
750 -
20
700 -
25
650 |-
-30 1(s) 600 t(s)
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 12
%10 x107*
y(rad/s) ,(rad/s)
-6100 . . 22851
-6110
2280
-6120
-6130 2275+
-6140 |
2270
-6150
6160 1) 2265 ¢ t(s)
0 0.2 0.4 0.6 0.8 1 12 0 0.2 0.4 0.6 0.8 1 12
4 4
x10 x10

Hinh 5. Gid tri ¢(t), o, (t), o, (1), o, (t) giai doan 2.
Céc gia tri & cudi giai doan 2:
@, =0°, o, =990 (rads), o, =— 6108 (rad/s), w,, = 2284 (rad/s)
Téng thoi gian quay vé vi tri chién du cua khdi quay 1a:
t=t +t,=0,22.10°+0,12.10° =0,34.10(s)
Khéi quay md bao hiém cach miéng nong véi khoang cach:
X =v,t =980.0,34.10° = 0,33 (m)

Két qua tinh toan da chi ra, v6i cac thong sb trén k}}éi quay di quay dugc vé vi tri chién déu

sau khi dan da ra khoi mié€ng nong, dam bao mo bao hi€ém tin cay.
4. KET LUAN

Tir két cdu thyc té cta ngoi nd da dugc dua vao trang bi, bai bao da xay dung dugc mo hinh

toan hoc, thanh 1ap h¢ phwong trinh vi phén mo6 ta chuyén dong cua co cau ngan cach dang khdi

quay hinh cau. Két qua tinh toan cho thiy v0i cdc thong so thuc té ctia ngodi n6 ZHML-10C, co
cAu ngan cach hoat dong tin cay (quay duoc vé vi tri chién dau).

M hinh toan trong bai bao tap trung vao qua trinh thanh 1ap hé phuong trinh vi phdn mé ta
chuyén dong cua khéi quay, bo qua mét s6 yéu t6 ngan can qua trinh hoi chuyen cta khdi quay.
Day 1a yéu t6 can duoc tiép tuc nghién ctru ddy du khi ing dung vao thyc tién.
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ABSTRACT

Research on building a mathematical model to describe
the operation of a ball rotor separator

The separator, to ensure safety for fuze, has many different shapes, such as a slider,
rotating disc, and rotating ball. The ball rotor separator has a compact and simple
structure. Thus, it is suitable for use with small-sized fuzes with high rotation speeds. In this
article, the author has presented a mechanical model for an object rotating around a fixed
point (geometric center of the separator), established a system of differential equations
describing the motion of objects, and calculated and determined operating time for design
research and testing.

Keywords: 3-degree-of-freedom gyroscope; S&A device; Separator; Ball rotor.
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