% 30 %% 11 B g B I i Vol. 30 No. 11
2013 511 A Journal of Mechanical & Electrical Engineering Nov. 2013

DOI;10.3969/j. issn. 1001 —4551.2013.11.002

BETHRRYESHESN IR E R

T M E OB LA & ERE L W
(1. AL STRHHERSE LB TR L5 100083 2. JESEA AR K2 BLES ABRFER L5 100191)

TE T RO R X B IET TR IR A MR S AE 8] R AR YEALES A B, BT —Fh o7 45 S0 017 55 b 22 7 o 1 a7 A
WAL, FFRE T HLER NG ZRRI 8T, S Sr T S5 AL RE Z IR G 2R 48 T B FIRUE BT WS M R et r &85k A
FEHAR I BT, 43 N ST AR [ A A B TS DI S5 4 L Tl 8% MR R SR h R RS HEAT TR BB T TAEZE
N R {512 Bl B0 AR AT 2 A 5 R 1) ST A [l S5 SR AR A A e X S A T ARG A TR, e AR B T8 VRS B /N 2 mm [ 4Y
%, TR F RGN IR AR o WHRIE X HIETT T HERE 0T, HEUEAT T AH S I SC I8 TE A G PR o IFE 45 SR 28 B i 4
A7 AE A 3 R B PTEE R PERE AN T 2 mm (958 AR B B3 T I R R AR, B 8 i SEBm i A 1E

SRR A 5 ST ACE 103G BEEAK RS S I R TR

hE 432 . TH772; TH122 ; TP242. 3 ERERAEAD : A T EHE 1001 —4551(2013)11 - 1301 - 05

Portable stereospecofic apparatus based on modular concept

WANG Dong', CAO Tong', LIU Long', CAO Xu-dong', LIU Shuai’

(1. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Robotics Institute, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Aiming at the less developed areas to be provided for the minimally invasive stereotactic brain surgery, a kind of stereotactic in-
strument which was convenient to be carried out for long-distance medical aid was designed according to the principle of the robot. Structure
types of robot were analysised, the relationship between the structure and the whole machine performance was established, and the overall de-
sign scheme based on the hydraulic locking, joint structure was presented. The clamping base, joint structure, guide, external injection sys-
tem and brake locking system of the stereotactic apparatus were respectively designed with the modular concept, and the stereotactic instru-
ment which was in agile movement and could be fixed in any position in the work space was obtained. The convenient calibration was used for
debugging, and the final positioning accuracy was less than 2 mm, and the stereotactic instrument was used for brain clinical surgery success-
fully. The performance was analyzed theoretically, and the relevant experiments and clinical applications were done, the results indicate that
the stereotactic instrument has flexible movement, reliable locking performance and the positioning precision is less than 2 mm, which has
reached the requirement of clinical application, and has the high use value.

Key words: portable; stereospecofic; modular; accuracy; clinical surgery

N w0 TR B A T
0 5l = ARG 0 AR T S O —
U LB R AR R D 2k I BIFRUB A L R BT
S BETFARBR A HS , IF R HL A% AN P B SRS IR FLAT, FE SRS BT AR LS AT B 28 LR

e 78 E 7 :2013 —05 —21

EEWH : HEmH ARV &R (“8637 3141 ¥ BhIi H (2007 AA04Z246)

EERN: T FR(1988 =), B VLHRMA, EZNE I HLER AF AT 1 35T . E-mail : wangdongl1 9880315 @ yahoo. cn
BEBRREANY ¥, &, BEE, B+4: 5 i E-mail: caotongl601@ 163. com



- 1302 - L H

™ % %30 &

B, 0 s 36 B 1SS A F] T 1999 AR Y JCAE B2 11
NeumMate HL#§ A & Gt Fl 35 [E I A1) 48 JE WK 2% RH.
Taylor L2871 & 1 TR Y7 10 4 A% FCAE 1Y) T HE SR i
ZHMELFFAR RS, BREUS T E KRB, BN AL
2R AL IHL RS AT 1997 4ETF LA BFSEHLEE A 5
TR ML B 7 A ] F R R G, A6 3 — 5 S T
ARR BB , AFJE LI TT & AL A E T 455407 A0 1
M Z R X T AR

DRI , ARG T 8T — A S A4 ) S 7 T
SER T R, AR AN T R TR X R
ESE SR a3 | I 1S o L VAL el R 0 2 E
MRS A RIS A A B B2 A AT PR R,
Horp, S AR A AR R A Tk X A A
[ 5 B AR PETF ARG o IR IEATAL R |
RAE MR BUE TR TS THRE,

1 BRI %

AL AE ALY 3 BB A BRI (5T, I
AT RIET AR B R4, A0 e sl
o ZOLRE LT ERUE— DB WS e s 258
ARl PRI AT ARSEN LS A Bsei ol Hasd s

XFF AL N RIS RY , 23 B LU, AT 5T H]
BER AT BB AL AR A RS HL A 28 18] KB 55 44
MRAEHL R NS TS B AR E [ SRR RGER 2
R AL MGE A AR EA S NS A
JEE , AMINA S 5 ) d AT 1 RS 3l F R EE , A A
BT FARMTE, T HATZ SR,

PSS AE [ = RIS NP 1 PR

(R E WAL AT NUBE 22 b

2 BT

2.1 XTHIBHBIRRIT

SEAARTE 1] ASCEEAE TR 25 ) DR A7 48 7 19 07 B 70 48
B WS AR 20 78 B2 28 B BV, (R, 5 4
SRHAUG BT A Al slBR A ER o FEREFR T 3 FRSETY
BRI -

(1) RGBS S e B AL o 1) P e W7 ri i P
B BT 5L BLOCTT BB

(2) SRR LR . ] BB OGS il
SRS P L S B B R T RE

(3) WEBU RN o TG ZE 1 5 as 3 e 4 9 s
T3 ) T 3 ol 564 5 EE AR EA SE S HRE

FEE A EBTEALI A B ARG 5 i RO 223
Sk A RGEARTRI N s SRR BUR P A 5 LI R
R, B RE IR 5 YR R T R BE A 5N g
FBESEE 1, BV IR, A B A T HL S 1 B A it
PRI BV DT 8, RGLAEH R, P LR T

SEPRTE U ST BUR S R g P AN P 2 o o B
5 FE R A AL 0 T BOIR A T A0 5 e o T
i BT € L, 175 28 TR 48 WA B 5% 4 45 45 ThT 5
IR B A Ty 50 A A 22 2 1 TR TR 4 L A
IHZEJRIR NI o
FEBER KN WRM  IE%E WU

/

A§4%%é3/

i
K2 BRI

Tl R SEARE T AR i AR 2 kg B BETHEEOR,
ABFFEREAT T — RPN BIE A A2 TR A S
IHHE AR RGN BLAS BRI A BRI AR | iR
WA S B A BN R 2, R A B AR SR e 1
FAARSHL, T R TR , AR AR TEIR
2.2 SMERERRSGIET

TESEIAE T AR AR BIL 1 38 56 O 7EA 7 AR 5
B, KB — e R ol T 2R B S A A8 B 2 i
O R AR AR R SR T ST T B B e T S R
TR SR ELAEOC AR, DTl o 20 1% 1) S0
F 5 BEAT PR, XS AT 1 LA B RS 5



5511 3

MRS TR AL A (ST A Y

- 1303 -

SR A RORASXE LA , 7 2R AR T AU it
BTG, M ) B RGN I SRR 2 AR
FAWT 5 20 2 I S PR REAS IR AR U 5 PR A T PR ) A
o XM, ABOHRIEE S T 5 I s
AR, T LS S 42 AL 2 X ST AR 1) Ay 5 T5 7 A
— 7 AR, T R 0 8 L R E

BT BRI T AP A A ISR
7 P ST ATE 1) AR AR YT B R A A R A et T
HMERTE I AR G, FAr R B AN T an el 3 B

O/

(a) M R Gk

(b) FMH M R Ge R
[SIRIN St SE S B A NG R E T
I —RER B 2—FH — % 3—EmE Kk E4—ix
HEES—FHE ;66— B ;T TRk kE 8w
i 9—FHE 2;10—3HE 2; 11— mBE L 2—FH B,
13—358 3;14—F 3 B 4; 15— 8 4; 16—k E % % %
17—k &

HIPE 3 AR 22 A0 i 2R 48 32 2 ey sl B 475 6
TEIME ZE2H AL, B T % 28 32 S BK 32l B A S
T S R BT 04 P it 2 2GR RSSO
TR I RE ] . I TR, bR Wi 28
AR I R AL AT B AT, MR ST T 3k R
BRI ) s T I A B AL B
TSR RSB ol ok S B T, T G FE AT, AR
T A T S AT S SR A A T i 4 T
AT A2 561718 S B P REAY 5 2L

SMER I RGBT, AU R T R R
758 TR DRI A A7 i ol 2 25— R 0 TR A T L LA

SIS0 S R s 7 285 S A Tl AR PR
FA TR R, A A AL F R4 0 T AR, DARE A
FFT o
2.3 XTigt

ZALRSE U JEF O a5 A i i, Bir UG
WEERIE RGBTy o AMIREEG % IR RGN L
PR A FMERBEER IR & S L B S5t T ¢
R, AT R EIEANE 4 B o

7
9
|
72\

&l
) N ﬁ/'
LG O T i k

- — — I\

K4 SEApLiaRER

HT P 4 n] e SARE T AR S 4k 32 2 dy i
JERE AT R R G BRI R GRS S A &R
GUAL o 2% 1 Bl M R SR TSR0 S B 1) 38 4 VT
i BRI R Y I B ER 22, nT7E 5 AR
XEHAEAT IR A, B HL 220 5 S b AR e 4y
I F IR R G/ N ABCTT 5 T IR 4y 2E A
2R, BOA R TR 7R T2 3R ] A /0N 8] B £ b £L e
B, 07 S8/ T DR AT AR B0 T R B i
HLRBRE I A 5118 23 (975 245 S Rl Az shAG I & ¢
HR R R P 57 Bl L e 4 e o 25 A0 5 4 % £
BET A AR ST R 25 [0

KATEHRIPE T SL R RE AL R S R AR
GERZE ) EEORIR, I ST AR R R IR E T
ARG EERBET I TR o 5T M5 I8, AT
FEBLIHI R 1 — B GRS B2 A9 25K« BT A A9 il AL
PC B 2R FH dr /N 4 ) B I 5 5 % 28 R 13 S5 28 L e 42 ]
B JEICAE , S IR M A5 0 A 5 WUt 5 S TR A i T
1P B B 2K b ALIE & A R Al R 2R UPRAIEz 3 R
I B AT  EEAAUR R G0 P BRSO A SR A D it
HORCSTEE I FRRER 20, SR FHBCAE A 7 3, X HA 1 Bk
{0 A 2 A T EL AT LU BE M g S
[T BT, MR/ N G T 1R 2%

SR SRATEHRI T ARSI R (E AT IR 22 I A



- 1304 - oA

T 5% 30 %

TR LB 9, 7 L6 B TR 52 RS
2.4 EXEAEET

{54 A (AT TR0/ R 2 (8
MR T EL T AR o 8 o BER E 16 SURI A Sk
R MR AR [ . T L L% 08, AR
PRV 57 1 8L 8 e F AR R0 )72

B AR BN L 75 7 (45 60 0 AR T 5,
TSI . T I TR B PR, B %
S AL S () 7% 5 % 0300 E LA DR 0 B0 PR , 2
SRR AT 5 (b) R

(a) FEJCNRNE

(0) B 2
KIS 2eJee R

S (a) Fr7m B R JRE 2 5 TR A AL 30, A5 Bl O 0 48
{280 B TR 1 100 308 2o P R R EE 45 g A ]
TE B, 1%07 S8 LA 18 Al 585 [ S (b) Jr 7 B JEe A e
JEHE TIRGUE Bl , 18 1 TR e PR A I 320 164y [ 5 B
B, RV IRE ) T A T 07 A P 8 J E, A04% 11 E S m
LI 8
2.5 [ESFLIT

R T R S A E S D E AP I TR B I EK,
SR SRR SR E R GE R di s 1A% AR E A
1370 ARAEMGSNEF T A 10 75 2T ARG BE 1 25K,
I I PR, AT et T W 6 P i) = [ 4 o

HIPE 6 m] A, ) 4 U 1] ASCAS AR i SR 4 |

K6 Smiy

BRI, ) A | T B A
T PG AR Pifs 2O SR EAT IR T [ E TR
JERIERAE O T ORUEE B A, 2R3 LB 208 4, H
EREENA LA d R EHURIRETARIT 1Y
THOLT , AT 2 BELTT 1) A 3l s 0 T RIE S A B
Bl 7 1] 1] 58 AN T L E LR U, AT
BOF TR, DR PR ; S R A T
B, LA A R B 2 AT 7 2

3 ZHrE

SEAAERLRETS WL Tl PR, 2 2O Tz iR e
T ASCFR) R (VA JEE , PR IHG 7 2R M B B 15 K H: R 4
REFEMLEH TR R T AR o FESLARE X By seitid
FE P AFAE— LR ZE DN B, ) 1 R 455 3 5 PR 458 A2 22 ) A
TERCRE TR] BT 5 51l 5 )5 22 1ALl F L IC 45 A TRl TRl B
SEAASTE T AR B AN T e i A P e 2307 AR S W A
LG R R SRR ZE X SRR JE T RGLR 2, AWEA
RSB TTHENS AT R 22 BEAT A, B 5
RIS SN SR TARE , (A 3L E ) (e &
AL E A /N T 1 mm, 830 E AAE /N T 2 mm,
SCR RN 7 Br7s o TR R PR, LA R R E 7
A A R

4w R

TEUEZE SR BE , AT S8R I L A E T A AT T
RSN SLARSE ] T AR B I PRI o AR FE 200
NSRRI AR IC A, CT 148, R B S AT AL
SR GEEAT = AR R A, PR A AT TR ALK F
8 R R U023 R A1) 5 A0 5 45 9 A S R E 1 A3 [ E T
FARPRIF AL & RS AL 8 A, T 3h 5] ik



5114 MRS TR AL A (ST A Y

- 1305 -

B{: aa
Figix
X: [~279. 6426 Y: 180, 2201 Z: |~118.0885
g ad T
Fi5iR%: (0.6314 AARE: 0.975
tHEis%E: 0. 2821 BB
(a) b J ) 5 5 ARG E
wewR [ L0 |
LI
[ 0.000 =
witen
e [T 28
I:
T 1
I
(b) FE Ji (408 5 LA FE
, EEENER
o * e *y . *, ¥
W s f+ P +++ *hy L TR .t * +++M++
K +* * ¥+ +
S *

L L L L L L L L L s
0 5 10 15 20 25 30 35 40 45 50

X
B ENAER
il + + + +
+ + + +
+4 + + 4t + + +, . .+
15¢ + .+ + + + + + 4+
1l PUL L L +++ - + o+ T +
oy
oK
[

0 & 10 15 20 25 30 35 40 45 50
X
(¢) ZKIRFHE TR

BT AR e SRR T A3 AR B A2 (V5 JBE R85 (S0 2

JE SO A Sk AR TC 2R 47 25 [T, LA SEHL &%
AR 2R K TR AL AR 28 2 (1] 14 25 (8] B 56 & 5 1
SRR G AN L L S R B AR R T R
A5 AL ME [ SCHEAT 25 T8 RE A6, 757 S I B 15 ) 247 ]
BRI RE AU 2 0 B F 5 i A I A B I 2 R B
IRFNIK T TR R B AR ST AR SE 1] 430 T AR
BITFAREAET S AT RIS BRIR, F A BR
B o

PRI PRI Z S, AT 52 SRR 28 M) FZ S M e
A BEAT T8 B R A, BTG T4 il
RWOR

A5 AR

5 ZEHRIE

FAEE T HABIAN B FARHBLER A, IS E 10
A BB TR AR/ Tods S5k , Hras (IR 7 (44
S, M HH A B B E A /DT 2 mm i 38
FAERE TSR Iy 4857 4 495 oS AR 1) (A 0 75 4%
F, S84 AR B 5 A1 3l B S AE 1) AR B ER

6 H U

AW i A8 1 2057 A el A e T R Al
PRI, A538) 7 500 R AR, T #AE TEL S,
Ui % P18 SE2 065 B B DA N i 2 I e B A 1 S B, TR I
NI
S Z 3K ( References) :

(1] FHE, 2 M 5,5 ISAEAREPEESFR
H R FRRFSE T, HLEE A, 2003 ,25(3) :46-50.
(2] % &, &k, 2 H EAHILSANE NS LR
[J]. MR 5% ,2005(5) :1-5.
(3] FHW, M, KIa 5. B S LA A BT AR
PLAS LT Hlgs A ,1996 (9) :603-606.
(4] MREBA,T Ut AL ABATE BT R ) TR o A 1o
WEFEL)]. AT R, 1997 (1) :46-50.
[5] MR, SRS B EREM ST AR M FA B R 25 N H
[J]. Hfesh Rl 2Rk 2007 ,45(14) :1679-1681.
[6] FIZE X 5, WA ERAVLENB %S5k
P[], HLEg A ,2007,29(4) ;368-373.
(7] XUPRTE, ook, HLES bR ARG [T ]. HLAF A, 2002,
24(5) ;447451.
(8] AEAMS, Mak st #2e i, 45 FIROGIRER A LA A i
TThRE k[T ] HLAE T AR 2442 ,2007 ,43(9) :195-200.
(9] BEEAR, HI R, 1k Ja Je. HLER N4 B a4 w22 1B
R RGIAETE B G R[], v A 4 s 2 T2
#,2000,19(2) :38-44.
[10] HIER. SLIRE I BHERLT]. B AR 2= 202
AR, 1999,9(1) :3-5.
[11]  55r#E, 45 RE. Bl AER RG] BT
ML ,2012,30(3) :50-53.
[12] A .M 8 —FHROUMENPLES AT E s [T ].
HAEVURS Bahfbhin T4HAR ,2012(4) :91-93.
[13] HHBER, T HE, X528, 45 PLE8 AR G840 Bh i 7 7 2
MFEART]. ZEEIHEF P2 ,1998,19(1) :4-6.
[ 4mEE . % 10 [H |

FOHE OB g, S TR S S e X[ T]. BLA TR, 2013,30(11) 11301 - 1305.
WANG Dong, CAO Tong, LIU Long, et al. Portable stereospecofic apparatus based on modular concept[ J]. Journal of Mechanical & Electrical Engineering,

2013,30(11) ;1301 - 1305.

CHLEL THE Y 247 - hitp : //www. meem. com. cn





