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TOM TAT

Thiét bi dién tir trén khoang (Payload) sau ché tao thuong dwoc thir nghlem kiém tra nguyén Iy
lam viéc, kiém tra do bén co nhiét bang cdc thir nghiém tac dong co hoc moi truong trong phong
thi nghiém, va cudi cing, dwoc thie nghiém bay ¢ ché a6 vuot am trén tén lira muc tiéu dé kiém tra
danh hwéng ciia méi trieong thyee 1én thiét bi ciing nhu lén tén hira. Thir nghiém bay ¢ ché dg vuot
dam trén tén lira muc tiéu thuong rdt ton kém va nhiéu riii ro, déc biét la trong giai doan thir nghiém
tong hop & thoi ky. ddu cia dw dn. Vi vay, phuong an sir dung tén lia mang (tén lica thie nghiém)
bay viegt Gm dé kiém tra cdc tham s6 lam viéc ciia thlet bi trudc khi img dung vao tén lila muc tiéu
la gidi phdp hop Iy, hiéu qud vé khoa hoc va kinh té, ¢6 do tin cdy va tinh kha thi cao. O méi tén
ltka nhw vay, dong co duoc thiét ké dé phong tén lva dat duoc mot ché dé bay tinh toan nhat dinh.

Tir kho4: Ché do vuot am; Pong co tén lra; Tén Lira mang.
1. MO PAU

V& nguyén 1y hoat dong, tén lira mang (TLM) duoc phong theo ché do tinh toan, mang
Payload 1én mét d6 cao nhat dinh. TAng phéng dugc tach ra khoi tén lira (hodc khong tach ddi
v6i nhimng tén Iira hang nhe). Payload duoc thu hdi bang du dé lay dit liéu thu thap duoc trong
qua trinh tén Itra bay. TLM c0 vai tro quan trong trong nghién ctru khong gian va thir nghiém cac
thiét bi dién tir dat tién s& duoc st dung trén cac thiét bi bay, tén lira chién diu.

NASA di str dung dong co tén lira phong khong Patriot cho tang day thir hai TLM Terrier
Mk70 Orion. Payload chuyén dong voi tbc do Mach 7,6 dé thuc hién céc phép do vé qua trinh
ddt chay siéu thanh, thir nghiém cac thiét bi sé& sir dung trén vé tinh va tau vii tru [3]. Co quan vii
tru Chau Au ESA sir dung TLM MAXUS str dung dong co nhién liéu ran dé khao sat cac hién
tugng dudi tac dung cia vi trong luc. Pong co nhién lidu ran 2 gbc duge sir dung cho TLM
Cansat (Ba Lan), c6 tbc do tdi da 800 m/s (2,35 Mach), dé kiém tra thiét bi dién tir trén khoang,
thiét bi dinh vi GPS va camera.

O nudc ta, trong qua trinh nghién ctru tén lora d6i ham 3M-249, Tép doan Viettel da thi
nghiém tén lira déng dang 1/4, 1/8,... cta loai tén lra nay, s dung thiét bi dan duong INS cong
nghé vi co két hgp GPS. Tuy nhién, tén Itra 3M-24D va cac tén lira dong dang do Viettel thir
nghiém c6 toc d6 can 4m 270290 m/s (0,8+0,85 Mach). Pau nam 2021, Hoc vién KTQS di tién
hanh phong TLM TV-02 sir dung 2 tang dong co nhién liéu rén dura thiét bi khoa hoc dén do cao
tinh toan 40 km dé thir nghiém thu thap dir liéu khi quyen tang cao [2]. Cac thiét bi khoa hoc
duoc kich hoat 1am viéc & do cao tinh toan, tai thoi diém do, van toc cia TLM nho (dudi 4m).

Hién nay, mot sd cong ngh¢ mang tinh dac thu phuc vu muc dich qubc phong nhu hé thong
dan duong quan tinh INS, thiét bi dinh vi vé tinh toan cau GPS ding trong cac tén lira vugt am bi
khéng ché chuyén giao, chia s¢ cong nghé (theo quy dinh ctua Missile Technology Control
Regime cho cac khi cu bay co tdc do >500 m/s). Nghia 1a, voi tde do bay > 500 m/s, cac thiét bi
INS-GPS thwong mai hoat dong khong chinh xac, dan dén sai s 1on cho cac tén lira c6 diéu
khién. D¢ khic phuc han ché nay, cic nha khoa hoc trong nudc phai tu lam chi cong nghé ché
tao INS-GPS va tat nhién, san phém sau ché tao can duoc thir nghiém trén TLM vuot am.
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Muc tiéu dt ra ctia nhiém vu 1a TLM cén mang dugc Payload c6 khéi lugng 5 kg dat téc do >
500 m/s trong khoang thoi gian khong nho hon 4 s (du d€ thu duge so lugng tin hi€u céan thiét
cho xur ly) va qua tai doc truc khong 16n hon 30g (dam bao cho thiét bi song sot). Theo do, TLM
khong can dat do cao qué 16n, nén h¢ thong dong co chi can str dung 01 tang lyc day voi thoi
gian hoat dong phu hop, tén lra dat toc d6 vuot am trong giai doan bay tich cuc, trude khi thict
bi trén khoang dugc tach ra khoi tén Itra va dugc thu hoi bang du.

bé giai quyét duoc van dé néu trén, nhom tac gia can thuc hién céc ndi dung sau:

1. Xay dung co so khoa hoc dé tinh toan cac tham sé thiét ké ctua dong co, dam bao TLM dat
cac chi tiéu.

_ 2. Khao sat cac phuong an dong co khac nhau, dé xudt Iya chon phuong an dong co phu hop
v€ tinh nang 1am viéc va cdng ngh¢ cheé tao.
2. NOI DUNG CAN GIAI QUYET

Tén Ira mang vuot &m (TLMS500) can thiét ké phai dat cac chi tiéu dit ra & trén, trén co so sir
dung thudc phong co sin trong nude, duoc thuc hién theo cac bude dudi day.
2.1. CAc gia thiét ban diu

- Tén Ira duoc phong gan thang dimg nham dam bao thuén tién cho cong tac thu hdi va phu
hop véi cac truong ban ¢o6 kich thude nho ¢ Viét Nam khi thir nghiém;

- Dong co tén lira TLM500 sur dung thudc phong balistic RSI-12M, chay 6n dinh, hoan toan &
diéu kién tinh toan;

- Tén lira duoc phong 6 diéu kién nhiét d6 moi trudong trong khoang thoi gian thang 7 - 8 &
mién Bac;

- Tén lira TLM500 1a loai khong diéu khién, c6 canh 6n dinh dudi va chop khi dong laval;

- Thot gian tir luc tén lira dat tbc d6 500 m/s dén toc do ti da bang thoi gian tir lac tén lira dat
van toc toi da giam xuong 500 m/s;

- Gia tdc trong trudng & vi tri phong TLMS500, g = 9,807 m/s?.
2.2. Xac dinh cac tham so thiét ké ciia dong co

Thoi gian TLM500 dat téc do 500 m/s:

_ 500
500 thg !

Trong d6, Quw 1a qua tai doc truc trung binh cia TLMS500 trong giai doan tich cuc.

1)

Van toc 16n nhat cua tén lua:

Vinax = Q9 (tsgo + 0,545 (2)
O day, Atseo la khoang thoi gian TLM500 bay ¢ toe do trén 500 m/s, [s].
Tir phwong trinh Tsiolkovsky, xac dinh khéi lwvong thude phong twong dbi [6]:

V,

=1 . ®)
Trong do, Jyno 12 xung lwong riéng luc ddy gan mat dat cia dong co.
Khoi lugng thuoc phong can thiét:
_ kr oy i
O — f

My, (4)

Trong dé: kr 12 hé s c6 tinh dén thudc phong du, khong chay hét; or = or/mpc 1a hé sb nhdi
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thuéc phong trong dong co; mpc 1a khdi lugng dong co, [kg]; mrs = mrL - Mpc 12 khéi lugng
thiét bi trén khoang va than vé, [kg].

Chiéu dai thoi thude phong:

4
L :%’
Pr7 ( Dn - dt )

Trong do: pr la mét do thudc phong, [kg/m?]; Dy, d; twong tmg 1a dudng kinh ngoai, duong

kinh trong thoi thudc phéng, [m].

()

Téng xung lyc day dong co can thiét:
IE =y ‘]ynO ) (6)
Puong kinh tiét dién t&i han loa phut [1]:

4 |2\/Rg_Tk

th =4 . (7
T ‘JynOtZAk pk

Trong d6: Rg, Tk 12 hing sé khi va nhiét do san pham chay thuoc phong trong buong dét,

[J/kg.K], [K]; t= 1a thoi gian chay thudc phong, [s]; A« la hang s doan nhiét; px 1a ap suat lam
viéc trung binh trong budng dt & ché do o6n dinh, [Pa].

Puong kinh ctra ra loa phut [1]:

1

2 Yk, [k
4F,  \k+1 k+1

a 7 2 k+1 (8)

B

O déy: F 12 dién tich tiét dién t6i han loa phut, [m?]; k & chi s6 doan nhiét; pa & 4p suét tai
tiét dién ctra ra loa phut, [Pa].

—

Dé danh gia va hiéu chinh két qua thiét lgé' dong co, tinh toan duong bay tén ltra TLM500, can
xdy dung quy ludt bién thién luc day, ap suat trong buéng d6t dong co theo thoi gian. Hé phuong
trinh vi phén xac dinh ap suat trong buong dot dong co theo thoi gian c6 dang [1]:

F, pR.T . -
ng_-tr:ng(Tv—T)+A‘t;%_ 2 2%@_(k—1)p(ﬂfgﬁ+ﬂ}
pr—p o Pr
dp F2 2 km
Wd_FtJ:ngTv_ZZZ' Z_Thﬁ_(k_l)vlaTswi__p;
m pr —p Ry pr
dW m ©)
i u=ef(Ty )up";
t o
2 1 ¢ | Cr k-1 5., |]. Wr | T
= J1+ K, +—-K K, =—T: Ky =L,
Xr 1_5{ 1 5{ T whkh 8= T T

~Trong h¢ phuong trinh: W la thé tich tu do trong budng dét,‘[m3]; T la nhiét do trong budng
dot, [K]; m la toc d6 sinh khi san pham chay, [kg/s]; R 1a hang s khi cia san pham chay,
[J/kg.K]; Ty la nhiét @6 chay dang tich, [K]; p la mat do san pham chdy, [kg/m®]; & Ia ty 1€ khoi
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luong pha ngung tu trong san phérn chdy (duoc xdc dinh tir tinh toan nhiét dong hodc duoc xac
dinh tr thuc nghiém); ot Ia ti€u chuan Nusselt; Svo 12 dién tich bé mit thanh budng dbt, [m?]; c,,
crla nhiét dung riéng dang ap cua pha khi va nhiét dung riéng cua pha ngung tu, [J/(kg.K)]; Ak
la van tdc khong thir nguyén cua dong pha khi; Ky 1a hé sé khong can bang dong lyc hoc; wr la
van tc cua cac hat ngung tu trong loa phut, [m/s]; w 1a van toc dong khi, [m/s]; Kt 12 hé sb
khong can bang nhiét do; Tt la nhi¢t d6 cua cac hat ngung ty trong loa phut, [K]; To la nhiét d9
ham cua khi trong buong dét, [K [ u, v, e la van tc chay don vi, chi s6 mii tbc d6 chdy va hé sd
chay x6i mon; p 14 ap suét trong budng dét, [Pa].

Cong thurc chung xac dinh lyc day cua dong co tén Itra nhién li¢u ran c6 dang [5]:
P=CppFy., (10)
Trong do: Ce 1a hé sb luc diy phu thugc cac ham khi dong &, z, q va vén tdc khong thi
nguyén tai tiét dién cira ra loa phut Aa, 4p sudt moi truong pm, c6 dang nhu sau [5]:
P 1
Cp =26(1)2(4,) -2
P a ) pk q ( ﬂ'a )

2.3. Xic dinh van tdc, gia toc doc truc tén lira trong giai doan phong

(11)

Hé phuong trinh co ban mo ta chuyén dong ciia khdi tim tén ltra trong giai doan dong co lam
viéc c6 dang [6]:

d P R

—V= — — X_— —gsineg;

dt MTL —mt MTL - (12)
d g d d .

—@=—=—cosf; —X=Vcosd; —Y =Vsiné.

dt \ dt dt

Trong do: V la vén tbc tén lira, [m/s]; g 12 gia toc trong trudng, [m/s?]; 0 1a goc tao bai véc to
van tdc voi phuong ngang, [d6]; X, Y la toa d6 ctia khdi tAm tén lira trong hé toa do mit phang
bén, [m]; t la thoi gian, [s]; Rx 12 luc can chinh dién cia khong khi 1én tén lua, [N], dugc xac
dinh theo cong thic:

v? Dy Tha
T—- C,(M). 13
> a7y M) (13)

Trong do: p(y), T(y) la mét dg, nhiét do khong khi theo do cao y, [kg/m3], [K]; Cx(M) la hé s6
can khi dong theo s6 Mach, v6i M dugc xac dinh theo cong thuc [6]:
~0,00204-V (1+1,21:10°y) if 0<y<11000;
0,00294-V -1,133 if 11000 < y <30000.

R=pr(Y)=

(14)

Gia toc doc tryc duge tinh bang dao ham theo thdi gian cua van tdc.
3. TINH TOAN, THAO LUAN
3.1. S liéu dau vao
Céc chi tiéu TLM500 va cac thong sb lya chon dé tinh toan, thiét ké dong co TLM500 dugc
liét ké nhu trong béng 1.
Bing 1. Cdc théng s6 dau vao cho tinh todn déng co TLM500.

TT Thong s6 Giatri [TT Thong sd Gia tri
Chi tiéu TLM500 Liéu nhién liéu
1 |Khéi lugng Payload, kg 5 15 | Puong kinh ngoai, mm 104
2 |Khdi lwong ca khoang thiét bi, kg 6,6 |16 |Puong kinh trong, mm 18
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3 | Thoi gian dat toe do > 500 my/s, s >4 |17 |Hé s6 nhdi thudc phong 0,49
4 |Qua tai doc truc, g <30 Che d¢ lam viéc ciia dong co
£ . : Ap suat trong budng dot dugc chon
Thuoc phong RSI-12M 18 dé tinh toén, MPa 7
L e 1z . . Ap suit tai tiét dién cira ra duoc
5 it 1 S 0
5 | Toc d chay don vi, m/s 4,14.10~| 19 chon dé tinh toan, MPa 0,08
6 | Chi s6 mil toc do chay 0,34 |20 |Ap suat khi quyen tai mat dat, MPa | 0,1
7 |Mat do, kg/m® 1600 Ché d9 phéng tén lira
8 | Chi s6 doan nhiét 1,25 |21 |Mat d6 khong khi tiéu chuan, kg/m?| 1,225
9 |Hang sb khi san pham chay, J/kgK | 358,4 |22 |Nhiét d6 méi trudng khi phong, 6 | 25
10 |Nhiét do chay, K 2223 | 23 |Hang s6 khi ctia khong khi, J/kgK 287,05
11 ?}ﬁ;ﬁz dung riéng dang dp SPC[7),| 1771 | 24|Gia thc trong trudng, m/s? 9,807
Ty 1& khéi lwong pha ngung tu , , A
12 trong san pham chay [7] 0 25 | Goc phong, do ’ 80
13 |Hé s0 y1 1 26 |Puong kinh tén Itra 16n nhat, mm 122
Xung luong riéng luc day dong co Qua tai doc truc trung binh duogc
14 & gén mit dat, m/s 2006 |27 chon @ tinh toan 20

3.2. Két qua tinh toin va binh luin
3.2.1. Cac chi tiéu so bo cho dong co
Tu cac cong thuc (4), (5) va (6) xac dinh dugc cac chi tiéu so bd cho dong co TLMS500
nhu sau:
Bdng 2. Cdc chi tiéu so bo cua dong co TLMS500.
TT i i Tl}éng s’c‘) Ponvi | Giatri
1 KhQi lugng }iéu nhién liéu can thiét kg 12,8
2 | Chiéu dai liéu nhién liéu mm 1000
3 | Tong xung lyc day Ns 25500

3.2.2. Khado sdt cac phicong én thiét ké liéu nhién liéu

Trén co sé thoi thude phong co quy cach da xac dinh (bang 1, bang 2), nhom tac gia dé xuét 5
phuong an thict k& li€u nhién li€u, cu thé nhu sau:

1. Liéu boc chéng chay ngoai, phay ranh tron trén 2 mit day.

2. Liéu boc chdng chay ngoai, phay ranh chir thap 1 dau.
3. Liéu boc chdng chay ngoai.
4. Liéu boc chng chay ngoai, khoan cén 2 dau.

5. Liéu khong boc chdng chay.

Két qua tinh toan cac tham s thiét ké dong co dugc thé hién trong bang 3 va cac hinh 1, 2.
Bing 3. Két qua tinh todn cdc tham sé thiét ké dong co TLM500.

R z Pon Gia tri
i Thong s0 vi | PAL [ PA2 | PA3 | PA4 | PAS
1 |Khéi lugng liéu nhién liéu kg | 13,02 | 12,68 | 13,19 | 12,62 | 15,16
2 |Chiéu dai liéu nhién liéu mm | 1000 | 1000 | 1000 | 1000 | 1150
3 |Puong kinh tiét dién t6i han loa phut | mm 25,6 24,3 26,4 25,8 48,3
4 |Duong kinh ctra ra loa phut mm 80 76 82 80 150
5 |Khdi lwong toan bd dong co kg | 26,02 | 25,68 | 26,19 | 25,62 | 28,16
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6 |Khdi lugng tén lira kg | 35,12 | 34,78 | 35,29 | 34,72 | 43,26
7 | Ap suat lam viéc 16n nhat MPa | 9,84 | 12,05 | 12,42 | 11,70 | 5,10
8 | Ap suit lam viéc trung binh MPa | 7,93 9,03 | 7,36 | 7,35 | 4,25
9 |Thoi gian chay thudc phong S 4,30 411 4,46 4,48 2,66
10 Lucdéytrungbinh kN 6,34 6,57 6,22 594 | 11,50
11 | Tong xung luc day kNs | 27,24 | 27,02 | 27,78 | 26,61 | 30,60
1
ok y lﬁ PAL ||
A, A aaa PA2
10" eg Ao peex PA3
= s e T eem PA
< [—pas) 2
= — a
o s \
AW
0 1 2 3 4 5 6

t, [s]

Hinh 1. o thi dp sudt trong buong dot
cdac phuwong an dong co TLM500.

t, [s]

Hinh 2. B thi lyc day

cdc phwong an dong co TLM500.

Két qua tinh toan mo phong quy dao, van téc va gia toc doc truc tén Iira trong giai doan

phong dugc thé hién trong bang 4 va cac hinh 3, 4, 5.

Bing 4. Két qud tinh todn cdc tham sé dan dao tén lra trong giai doan phong.

A Pon Gia tri
i Thong so vi | PAL | PA2 | PA3 | PA4 | PAS
1 | Van toc tén lira 16n nhat m/s | 751 753 | 698 | 655 | 747
2 | Thoi diém tén lira dat toc do 500m/s S 291 | 285 | 2,27 | 224 | 1,76
3 | Thoi gian tén ltra bay voi van tde >500m/s S 4,05 3,95 4,42 4,05 4,01
4 |Qua tai doc truc 16n nhét 25,39 | 27,56 | 30,36 | 26,71 | 31,17
5 |Do cao bay I6n nhat km | 805 | 806 | 800 | 7,72 | 8,25
6 |Culy bay 16n nhat km | 288 | 2,77 | 2,77 | 2,65 | 2,82
— ‘e
\ 3
=l
T b ]
T l \
P 2.5l 35 4 \Fs
s

15

X, [km]

Hinh 3. Quy dao bay cua tén lira TLMS500
voi cac phwong an dong co twong ung.

t, [s]

Hinh 4. Qua tdi doc truc cua tén lira TLM500
trong giai doan quy dao tich cuc.
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t, [s]
Hinh 5. Vén toc tén liea TLM500 trong giai doan quy dao tich cuec.

Tir két qua tinh toan thiy rang:

1. Vé tinh nang lam viéc cia dong co va hoat dong cua tén ltra TLM500:

- Véi céc lidu duge boc chéng chay (cic phuong an 3, 4), theo thiét ké dic trung cua lidu
phong, ap suat lam viéc giai doan sau (PA3, PA4) giam nhanh, c6 thé lam cho thuoc phong chay
khong 6n dinh ¢ giai doan nay, dac biét khi phong tén ltra & dicu kién nhiét d6 moi truong thap.

- Vi thoi gian lam viée cua dong co theo PAS la ngin, nén dé duy tri thoi gian bay cua tén lira
trén 500m/s va giam qua tai doc truc, can ting kh01 luong thude phéng, giam ap suét chay trong
budng dbt va tang khdi lugng két cau (dé duy tri tdc d6 bay quéan tinh). Phuong an nay cho hiéu
suat lam viéc cua tén lira thap nhat.

- Cac phuong 4n dong co vé co ban déu dat cac muc tiéu di dit ra: thoi gian tén lia bay véi
van toc trén 500m/s khong nhé hon 4s (trr PA2) va qua tai doc truc khong 16n hon 30g.

2. V& cong nghé ché tao va gia thanh san pham:

- Cac phuong an 1, 2, 3 va 4 ¢ yéu cau cao vé cong nghé boc chng chay, va vi c6 thoi gian
chay thudc phong dai hon, dé ting do tin cay, can bao v€ nhiét vo dong co va tiét dién tdi han loa
phut, tr d6, lam tang gia thanh che tao tén Ita.

- Liéq nhién liéu cua cac phuong an 1, 2 va 4 can duoc gia cong co khi sau dun ép, lam anh
huong dén cong nghé boc chong chay (véi liéu xé ranh chit thap PA2) va bao vé nhiét phan dau
budng dot dong co (PAl). Ca ba phuong an nay déu can s6 lugng thur nghiém dd on dinh lam
viéc ctia dong co nhiéu hon hai phuong an con lai, va do d6, vé tong thé, gia thanh san xuat dong
co cling tang lén.

Nhu vay, néu bo qua van dé gia thanh san pham, phuong 4n 1 ¢6 wu thé hon ca, dong co lam
viéc on dinh trong toan bd thoi gian thudc phong chay, qué tai doc truc cta tén ltra cling 1a thap
nhat. Tuong tu phuong an nay c6 theé dung li€u phong hinh sao, tuy nhién, gia thanh ché tao liéu
phong hinh sao cao hon. Con néu tinh dén gia thanh san xuat dong co, c¢o thé lya chon phuong an
liéu phong so 3. Uu diém cuia phuong 4n nay 1a gitr nguyén duoc khoi lugng thude phong (so voi
cac phuong an 1, 2 va 4) lam tdng mat do nhoi thudc phong trong dong co va voi muc dich thi
ngiém thiét bi trén khoang nham dat cac muc ti€u nhu dit ra, véi di€u kién phong tén lira vao
mua he (thang 7, thang 8), thi dong co lam viéc dam bao 6n dinh theo ngudng chay cho phép ctia
thuoc phong RSI-12M (4p sudt chay khong thap hon 4 MPa theo khuyén céo).

4. KET LUAN

Trong kha ning cung tmg thubc phong hién nay ¢ nudc ta, trén co s¢ st dung loai thube
phong RSI-12M, nhém tac gia di xay dung mot sé phuwong an thiét ké liéu nhién liéu st dung
cho dong co TLM TLMS500. Pa dua ra dugc cic phan tich, danh gia va khuyén nghi lya chon
phuong an phi hop véi diéu kién coéng nghé, gia thanh ché tao san phim - phwong an phu hop
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Co hoc - Co khi dong luc

nhit 1a phuong an 1. V6i dong TLM c6 tran bay thip, viéc lua chon mot ting luc déy dong co
nhién liéu rin 13 hop 1y, c6 do tin cdy cao hon so v6i giai phap stir dung dong co 2 ting luc day.
Két qua nghién ctru co thé 4p dung trong linh vuc thir nghiém kiém tra tinh ning hoat dong cia
cac thiét bi dién tir trén khoang khi cu bay vuot 4m véi gia thanh hop 1y.
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ABSTRACT

Research on the design of carrier rocket engine
for test on-board electronic equipment in supersonic mode

After fabrication, the test/investigation of the working principle and thermo-
mechanical strength of the on-board electronics (Payload) is carried out by
environmental, mechanical impact tests in the laboratory, which ultimately is
experimentally launched on target missiles in hypersonic mode to check the effect of the
environment on them. The experimental launches on target missiles in hypersonic mode
are often very expensive and risky, especially in the early stages of the project. Therefore,
the solution of using hypersonic missiles (test rockets) to check the working parameters of
the equipment is reasonable, scientifically and economically effective, reliable and
feasible. In such a rocket, the engine designed to launch the rocket achieves a certain
calculated flight mode.

Keywords: Supersonic mode; Rocket engine; Missile carrying.
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