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Abstract

Miniaturized and lightweight and multifunctional anti-explosion robots
are of great practical and theoretical valuable in military. This research
aims at the study of military robot, and tries to present a general design
of robots that can be used for both purposes: anti~explosion and military
action. The very robot takes the small and moveable platform as a carrier,
through the equipment of a mechanical hand and a weapon platform, it can
realize the functions of anti-explosion and combat. First, this paper analyzed
the designing task, decided the general performance index, and then carried
out the argument and design of every sub-system from organization angle. This
paper construct reasonably of the movable platform, set up the kinematics
model, and analyzed the typical movement of climbing barriers. To the military
platform, this paper created a mechanistic model for the gun mount, a shooting
stability dynamics model, and then analyzed the factors that will influence
the stability and give count measures. On the basis of optimizing the basic
index of the mechanical hand, this paper present a detailed design sample for
the mechanical hand, formulate the kinematics equation of the mechanical hand
and the differential equation of velocity to the mechanical hand. This study
would provide theoretical base for further designing.
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o, BRTUABIMEARKREOERTE. ERERMEBEE I,

WEBEHMLR

AR B H IR SR, 2 A b B AR P AT SRR LA 5 WEJS 312
P8 ERIERIZRES), EEMBE M RIRE, T4 HBTES, SHEEMRIE,
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B PIhR T 0.158kw BIThE.

(3.13

3.2 RRTFEHRR
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%ﬁﬂ%(ﬁmmm%@&)%ﬁ%,m%%%ka.wwmmﬁﬁﬁ%mﬁﬁ%a
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BAFEOEH, BN ONMTIRREXY. BXY. NXY. BXiag,
BEFNGEHERTAIIRFO SR, BEREET NS ASRGTRE
O BT - MIAFEONMFEAR. AFBEHRE 3. 12 iR,

Haf, TUHBARMKPREFRNBANMBRTFRERARE T UENE T
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€€ 8 €8y €,0,d;+¢,C,a,
5,Cy -€; 58y @4;8,Cy+5,0,4,

= (4.20)
Sy 0 -cy Q38 +4,5,
0 0 o I
O
Ty=A; A Az Ay
CCuCy +8,8, ~CCuS, 45,0, €5y €,5,d,+ccqa;+¢.c,a
| SCuCa €S, —8CyS,~CC, 5,5, 5,5;d, 48,5, +5,0,a,
€, -8 5%, “Cn -epd, a8, +ay8,
0 0 0 1

(4.21)

L& &R Ps, . ¢ 45 R sing, M cosd, ;
s, Mc, 35 R sinl6, +0, )ficoslg, +6,). Titk, K THMTFE LM,
R 42 HERAAR (4.21) EFEE

CiCysCy+ 58, -CCyS, 48,0, ¢y 600cs, +402c.c, +42¢.c,

O [ S1€23€, —Ci8; =88, —¢,C, 85y 600ss, +402s,c,+425,c,
Ty=
5,0, - 8538, -Cyy =600c,; + 4025, + 42s,,
0 0 0 1

(4.22)

A (4.22) BRHMUFRIEEAEMTE, AKX (4.22), e X FHlE
AREH, BITSK I HURF AR KM PO E.
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LA AVEIHLEEBLEE A LR SRS

4.3.3 WEHhEHE

EENEWREFEEREN, HEARTLTRENME, 57 EEZFMATIL
REEPTXNTRENE, VEDERESTIHTFEHESESHENEERE. T
iR VU FIE ) E Rkl 1.

ATHENFE, BE—WR (4.21) BEBERRR [RHS],

BT AR EN A ERTA:

n. o, a, p,
Rr=|"r % % P, (4.23)
: 4 p.
0 0 0 !

ATRBAR, KKA A" EREEFM 0, B3,

o, a, p,
O A P g X IRHS] = A, (4.24)
0 P.

0 0 !
HTRIRH RN 4N B, RiERMETETARE:

-1
. a4, p, n, e, a. -p-n

R

O I R (4.25)
0, 4, b, n, o a -p-a

6 0 0 1] {0 o i

- -
a P

a, »p,
a. »p.
I -

A7

=
)
i

r O ¥ x
[

¥ p}’

=)

X ¥y

_ D DD
-

¥
0',
0

~

o LN
< R

cn +sn, c0,+50, €a,+sa, ¢,p.+sp,

[4] a
= : : 1 P: (4. 26)
5n, ~CH, $,0,-¢0, 5,a,-Ca, §p -cp,

0 0 0 1
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B ' AN AL A 4 B TR

R @20 7EAMHEHS:
A7 X [RHS]=AA A
Cubs =CuSy §y  Sud, +a,cy+ayc,
|55 SuSs ey -eyd tags, +ays,
s, e, 0 0
0 0 0 I
X (4.26) fX (4.27), BERX (4.26) 1 4.27) 34 E, B:

(4.21

5p.-¢,p,=0 — 9,=arctar{£—’») (4.28)

BN, (4.26) F0 (4.27) W9 3,1 T EM3, 2 K, BF:
S, =s5n-cn,

¢, =50,-co0,

.
G, =arctanim (4.29)
s,0,-c0,
B (4.26) s (4.27) @1 ,3 82,3 L&, B
S?.? =ciax+sipy (4. 30)
=Cy=4a, (4.31)
.
+
923=~arctan(ﬁ;—"-p—’) # 6, =0, +180° (4.32)
WER, (4.21) A (4.23) K93,4 &, B2
-Cpud, ¥ Sya;+a,8,=p, (4.33)
.
s, = P, +cud4 =50, (4.34)
a,
BT (4.21) Ak (4.23) §91,4 TE, B3
¢ 8yud, +ac,c, +e.c,a, =p, (4.35)
.
¢, = P, —C;5ud, —a,c,cy (4.36)

¢,q,

i (4.34) fOR (4.36), B3
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P, +c,d, —5,0,
€, —C8d, —a56,65)

8, = arctan

—Cpud, ~5,a
= arctan P mCud, =350,

3 (4.37)
¢ p,~¢, (5,d, +a;c,)
BT 6, e, Bk, -
6,=0,,-0, (4.38)
O BRAE, FiLle, W FRME. M TFHENSRAE, FES LN
X 432) P, O MITRENZERHS, B

ca, +5,p, )

-arctan(— (4.39)

z

c,a, +8
—arctan(S2x 5Py y g (4. 40
a

z

LRGN O, RN GUE, FoHIEAENER, Filg, SR (4.39)
WM. TAURFMEEEHE %

[9, = arctan(&}
b

p,—600a, ~ 42(c,a, +5,p,)
Cth: +42¢,a, ~600c,(c,a, +5,p, )]

@, = arctan

(c,a, +s,pyJ p.—600a, - 4Xc,a, +s,p,)
8, = arctan| ——————= |-arctan
a, Cilp, +42c,a,~600c/(c,a, +s,p,)]
s —cn
8, = arctan——"2>
| 5,0,~¢cp0,
(4.41>
4.3.4 BETR

MHLBABEEFRBELERYEINER L. HAEIHHANGEADES, I
RE—APOR B B TR BFNT HLIER), RTTBBEEXR. KRB —REE
FTRBARETHAEMRE. 2 BB, TEIRET LR X TR EHE
) BFENHMIES GER) BREX.

B JIRMUENENEARNERTER ORUH)BIMN, RAHT
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w3 HYH BB A S RO

WEERVHRENES) (HE) UBIMTEENFMNMIES) (ER), WwREF)
SHEEE, BEFERTHRENY. RKETETEREQY, RTTEHEMK
PTREUBROER, AREFN~LPENRMENRER . KB RT CHEREQE
KR W AR AR R R TR, BRI R E R MR

EVNRFET, MEEHRERNHEN, BTLEFFRFTENXFERT
KTAELE), BARECTLLRREMTT B AR, B TRENTL, FEIETERET
HARRREE. X TSR, $EXENTEITH, BARIET R RRESR,
EUHEARER, RELERGER.

AXMKA L—~HELKBNEENFEFEKET X TELNRME.

HE—WEEFEFEREPHIX (4.28), A

5,p,=¢,p, =0 —~ 0,=arctan(-f]i)

AEE R AT THEKB A, .
$p.=cp,
dp.s;+ p.c,d6, =dp.c, +p,s,db,
dg,(p.c, + p,s,)=—dps, +dp,c,
_ ~dp.s, +dp,c,

aé, (4.42)
pxcl+pysl
B EFTR (4.30):
5§y =ca,+s5,p,
€;5(d6,+d0;)=-s5,a,d0, +c,da, +¢,p,dO, +5,dp,
-5.a.dB, +c.da_+ de, + 5,4
d6, +d6, = el O OB T T, (4.43)
€y
B (4.34):
5, = p.~Cpd, =82,
a;
5,0, =p, ~Cyd, =54,
¢,8,d0, =dp, +5,d4(d0, + df,) - c,;a,(dF, + db,)
¢,.dp, +(s,,d, ~ da - + d
dg, = 2390, (523- , ~cxa)eda, —(s,a, c,p,) 9,+S,dp,] (4. 44)

c,q,
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¥R (4.44) AR (4.43), B3

-5,a,d0, +c,da, +¢,p db, +s,dp
dej = ¥ Y

€

_ Cysdp, +(85d, —cpa;)c,da, ~(s,a, +¢,p,)d6, +s,dp,]

c,d,

(4. 45)

BEFRA (4.20) SR
s, =8sn,~cn,
¢, d0,=cndb, +s,dn, +s,n,d0, ~cdn,

C,n,dﬂ, + s]dnx +sf"ydgl _cldn)' (4 46)

do, =
c-l
WLV (4.29) K59EF:
¢, =5§0,-c0,
BEXRAR (4.46), WBH)

¢,n,dB, +s,dn, +5,n,d6, ~c,dn,

de, (4.47)

50 -c0,

BARBNN R THRTHME:
ngl - ~dp.s, +dpc,
p.C, D5y
_ Cydp, + (6005, —42¢,))|c,da, —(s,a, +¢,p,)d6, + 5,dp ]
B 402¢,
-5,a.d6,+c,da_+c,p db, +s,dp,

48,

lag, = (4.48)

LT
_ Cpsdp, +{600sy; ~42¢,)c,da, —(s,a, +¢,p, )d0, +s,dp |
402c,
c,n,d0, +5,dn, +5,nd0, ~cdn,

dé,
| 5,0, -¢,0,

RH, dn,\ dn,\ da,. da,GFIMAT 5eBEF8E), dT Bns 0. a. pHIB
ﬁﬁ‘w!

dn, do, da, dp,
d do, da, d
dr =\ @y 94, a, (4.49)
dn, do, da, dp,
0 ] g {

HEX (4,49, SHPMFIKMDOARYHITE, A RBRIENNHE X
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by APENEA BRI
PEBNNKHS TN, dde,/dt PIARBERTHHEE.

4. 3.5 R

WEEBHEHE

FAEBGETE, o MFEMMESNYER 0 &, ARIEMBITENTHYE, ¥
3t EHRA (4.22) POMOEF, 6% 0~180° BU{l, LIWIFRIEZEHEHEN
Et. B4.14F, BTF6M0,HE, FUx #IEEFL, AGHAVHFIES,
B 4.15 FERKHRE, o8 4. 4 BTTEERBBR,

680, A, BT, £ 0~-180° B, WIEEHEFEETHE, HE
£ 2 RE 4. 16, TEIBELE 4. 17,
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. w0 20 AW @0 W e AW
KOAMG LB

H416 XWERG, . O HHFNRMPLBEEL

2 4 VR Y

B 417 %HEEO,. O, R NF/RKHbLE

BT o0, ME 416 B 4. 17 TAOFENESN A 4 F@.

X6, 6, FFAEABRKIRE, 6,7 0~90° Z[REE, #ITHEMT. HES
RAE 418, F/EHPLERPUELE 4,18,

et & .33

fisilt (AEL mm)

XPER L RE )

B4.18 XERRO,. 0,. O,NNFREMPLEHFEL

.8



Wit

MRS A BB R

B4.19 XTRREO,. 6,, O, MHEFIRTMILNE

HRLERNBAENFELRES RTETRRINMNERE. ZIHRERE, B

AR R E 5 R AR ITRENTE S,

O¥EFHEHE

HAERETHARBARTHETE, BELXVER oMY, BEEENLE
4.3,

F43 WENPHHER

2 2 TN OB R MERXNRAE ()

5 p, p, p; 9, 6, )

1 -76.864 323.453 222912 0.013 -0.767 0.547

2 -145.528 417.90 243.122 0.019 -1.114 0.835

3 -355.03 586.222 148.081 0.0315 -1.81 1.357

4 | 219961 494.04 227678 | -0.0242 1.392 1,044

5 632.721 594.165 219.672 -0.047 2714 2.036

® 44 BNFERYKBITE

52 ERE HRE

5 P, 2, JA ?, p, P;

1 -76.802 323402 | 223001 | 76864 | 323453 | 222912

2 -145,541 41798 243.01 -145.528 417.90 243,122

3 -355.14 586.273 148.17 -355.03 586.222 148.081

4 220.01t 494,253 227.89 219.961 494.04 227678

5 632.76 504174 | 219732 | 632721 | 594165 | 21067
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_ Biribx HRERELBA B IARH SR

b BES5RE

HRIBEAR—FRRFANMENEATROEHLEBHIEA, ERROL
HLADEBRRBERNAL, FRUNATHENFRERDENMELHEIE
N#AT T B BHRRITIR, HMREREHNBHTE. RBLEOARE=/ AR
BAFTTHRRAARE, ERXTERBEETEDT:

1 B MRt ES0MT, BT AETIREY BRI %M B &
REfaZR, MIFHIET MREFBENEAL SAEA RIS,

2. EHRGUAET, BHPERDMUERIE AZAE TSR s 4k,
AXKATEREHMREHABINN, HRFTHT SEHNONE, AFHERMMY
BRAES. FINBEFEHSRETT T, BN EEREHETT M. B
NBEFEREBENN, BUTBHTFEN_SEa2En,

3. HEBRENENBALRFRESELERRANDE, ATRE TATHR
RTETR, EEEERNEME YRETFEORESTTSHMN, BATHE
Amgtia R R, FeUfair TREHERENERDE,

4. REREARDGMBLH, REBEEMARBARREE, KB
HERRBTFEMIRTRHER, SRTREETHHSBEERTT T, it
TT A E

5. WNHBFHIET T RANSRRESIHBETT &R, #HHE DH FE,
BYTHWFHNFESEHETRNEREA TR FEER ELESS HRST T
BUR, RETHERY:

NTFRLRANPEERNEA, B—MEIRONBARE, EohititP, &
TRAPENIER, FANEERROSH, AFEEKTFER, XXFEOHRTE
FHUNREZLE, EE—SHHRP, FEREEERHTTE S8

1. B PEMERZFRE, BIRRIGEHARBHENRRE&HT, dTR
HHHNBHEFETER T ER, E$ﬂ%ﬁﬁ%ﬁ?ﬁﬂ%Tﬁ%ﬁ§ 'S
FEBUT AENFEL, MHEEDNEEYN ST REAGH R,

2. FARHERENRE, BUENBASBIEHIRENRREAET,
HEIERCHEME, TRHETT RO, RASHHATIEEEE—~SHE

AN BEHE—SHBAP, TRERY Adans SFHE T OB DRESUETHHE S, $8
HERBA/E—-FRBEOHIRE:
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FLiL PRERNE A BIER T OFER

3. W TFHHER W S MBS ATEOHY, S0 EER/E—FHMREL,
LRgRTFEBRERINEES.

4. PBANEHRAFEER, PEHERES. BXRNFRE4MRXE
o, AXEAAATRTIANAE, FRABTEFTXR. BHRLEAERERH
AFEXEHOTE.

HTEAANKFEREATR, XPREGFEFRRBITZZL, S05EZNRATE
FHFDEE.
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XRENENE, MERENGESE, k. 28, T8, SREEE, dEE
BREAENERNE THNSITEREH, BERKSBIALERRORHER. £F
FRAENBENZEIP, EFURIRENEWNER, AZMNTLESERIEER.
TE 10 16 0] 2T 9 7 0o ) S 0 R MR R

ERNFARIET, BETEEMZMAESNER, FRUTHZ HEROES
BER, sERBERRRRRHEE.

MEEE, PHAZE, AIFIRELXAAITEFREMETUER, ERHRRR
ROBE: BHERK. LR, MENFLELERED LA ROHL: FHRH
BRENE. 2F, URRE. REAREFERFELEFRKORAERLE, LR
REEFRFMTEZHEE.

RE, BHfEAXERA, FRENTAMHRLIIR, BRAEZLHBAES]
ML, MAHAERRAFELRIL.
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