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NGOAI HEXAPOD 

DESIGN AND PROTOTYPE MANUFACTURING 

OF HEXAPOD EXTERNAL FIXATOR 

Tran Nguyen Duy Phfldng, Le Sy Ldc 

Khoa Cd khi, TrUdng Dai hpc Bach Khoa TR Hd Chi Minh 

TOM TAT 

Bdi bdo di xudt mgt phUdng dn thiit ki mdi ciia khung co dinh ngodi. Thiit ke ndy tan dung 

nhiing Uu diem cua cd cdu Stewart-Gough la cho phep tao ra vt tri khong gian bdt ky cUa mgt vat the 

thong qua viec thay doichieu ddi cdcchdn trong cd cdu. Trong thiit kindy, cdc tdc gid gidi thieu phUdng 

dn thay doi chiiu ddi cdc chdn bang cd cdu ong ren-thanh trUdt vd phUdng dn co dinh chiiu ddi cdc 

chdn bang cdcdai 6c vd chot ngang.Bdi bdo cUng di cap den vdn di hdp ly hoa hinh hgc mgt so chi tiet 

cua khung nhdm gidm trgng lUdng khung. 

Tfl khda: Khung co dinh ngodi, hexapod, chdn thiidng chinh hinh. 

ABSTRACT 

This paper proposes a new design of the external fixator usinghexapod mechanism. The design 

take the advantage of Stewart-Gough mechanism which is consists of two rings or partial ringsconnected 

by six telescopic struts at special ball joints. In this proposed mechanism, the authors come up with 

plan that the length of the struts are adjusted by the movement of cylindrical bar in external threaded 

pipe and fixed by pair of nuts. The article abo the rationalization of some parts geometry to reduce the 

weight of the frame. 

Keywords: Fixator, hexapod, injury, orthopedic. 
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1. TONG QUAN 

Dung cu cd dinh ngoai (CDN) sau 
chaimgay cang dUdc sfl dung nhieu trong dieu tri 
chan thUdng chinh hinh [1]. Dung cu nay dfldc 
biet den tfl nam 1985 va cac cd sd toan hpc cua 
nd ra ddi tfl the ky 17 [2].Nam 1965, D. Stewart 
da cdng bd bai bao md ta mdt cd causau bac tfl 
do dung de md phdng may bay. Cdng trinh cua 
Stewart da ddng gdp dang ke vao sfl phat trien 
cua cd cau song song. Ben canh dd dng ciing phd 
bien thiet ke cua E. Gough den moi trfldng hpc 
thuat. Nam 1962, ky sfl Klaus Cappel, tfl Vien 
Frankhn Research Laboratories d PhUadelphia, 
da de xuat thiet ke tfldng tfl nhfl cua Gough de 
mo phdng chuyen ddng va dfldc cap bang sang 
che vao nam 1967. 

Hinh 1.1. Mdhinh nguyin bdn cua cd cdu Stewart [1] 

Hmh 1.2. Thiet kicua Klaus Cappel [4] 

dfldc sfl dung trong nhieu linh vflc khac nhiJ 
robot, may cdng cu, can cau, nghien cflu dflft 
nfldc kinh vien vpng va trong phiu thuat cMnh 
hinh [9]. Sau day la mdt Uet ke tdng quan ve cac 
bang sang che tren nen tang Stewart-Gough ap 
dung cho dieu tri chan thfldng ehmh hinh. 

Bang sang che dau tien md ta mpt khui^ 
CDN vdi sfl dieu chinh bang sau chan cua mot 
ky sfl hang khdng Phap, PhiUppe Moniot, ngav 
07/02/1985 [2,5]. Ong thiet ke dfla tren khun^ 
IHszarov. Tuy nhien, dng chfla dfla ra cac cd s6 
toan hoc cho thiet ke cua minh. 

Hinh 1.3. Khung CDN cda Philippe Moniot [6}. 

d Lien Xd. mpt bang sang che da dfldc 
cap cho S.l. Pisler va Y.N. Kostin ngay 03/10/1989 
vdi cd cau dieu chinh sau true. Cng dung nay da 
dfldc ap dung trong nam 1984, nhflng sfl dieu 
chinh van chfla dfldc the hien dfldi dang cac 
phfldng trinh toan hpc. 

Ngfldi dau tien sfl dung toan hpc de giai 
phfldng trinh dieu chinh khung sau bac tU do 
la anh em Taylor d Memphis, Tennessee. Nam 
1994, Harold S. Taylor (ky sfl) va J. Charles 
Taylorfbac sy) da phat trien mdt chfldng trinh 
may tinh dfla tren ly thuyet ma tran de xay dflng 
cac phfldng trinh. Thanh cdng nay cho ra dcfi 
cac khung Taylor khdng gian(TSF) da dfldc dp 
bang sang che vao ngay 13/01/1997 [6].Chariie 

Ke tu khi CO cau Stewart ducjc gi6i thieu Taylor thiic hien cac ilng dung lam sane dau tien 
de mo phong bay cho de'n nay, co ca'u nay da cua dung cu nay vao nam 1995. 
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Hinh 1.4. Khung co dinh khong gian cda Taylor thi 
hi ddu tien [6] vd thi he 2000 [7]. 

Cung luc dd, hai bac si Klause Seide va 
Dietmar Wolter d Hamburgda ap dung khung 
Ilizarov bang sau chan va dfldc cap bang sang che 
tai Dfle ngay 18/01/1996 [2]. Tinh toan cua hp 
dfla tren nhflng thi nghiem dfldc thfle hien bdi 
Rolf Stolte tren chuyen dpng cpt sdng tai benh 
vien St. Georg. Hp cung tinh tpan tren cd sd ma 
tran va giai cac phfldng trinh tren may tinhxac 
dinh nhflng dd lieu cin thiet khi thfle hien dieu 
chinh. Uu diem cua thiet hi nay so vdi TSF la nd 
ap dung tieu chuan cua khimg Ilizarov. Hdn nfla, 
sU dieu chinh chi^u dai cua cac chan dat ddn dp 
chinh xac 0,1 mm trong khi khung TSF khdng 
dat den mdc nay. 

Hmh 1.5. Khung CDNKlause Seide [1,3] 

Mdt bang sang che khac cua Dfle da 
dfldc cap cho khung CDNsau chan Eisenberg 
vio ngiy 5/7/1998. Nd cung da dfldc sfl dung va 
thUdng mai hda. 

Htnh 1.6. Khung CDN Eisenberg [2] 

Gan day,mpt khung sau chan cai tien 
cuaLeonid Solomin, Igor Utekhin va Vilensky d 
St Petersburg, Lien bang Nga da dUdc cap bang 
sang che ngay 10/6/2010 [2]. Dung cu nay dflpc 
gpi la khung co dinh ngoai SUV. Dung cu nay cd 
cau true khdng gian hoan toan khac. Chi cd ba 
chan ket ndi vdi mdi vdng, ba chan cdn lai ket 
ndi d mdi ben cua cac chan kia. 

Htnh 1 7. Khung co dinh ngodi SUV [3] 

Sfl xuat hien gan day la khung Adam. Nd 
dfldc phat trien vao nam 2009 tai Tho Nh! Ky 
bdi cdng ty ISIN [2]. Nd la khung octopod chfl 
khdng phai hexapod. Nd cd bdn chan giong cau 
true Ilizarov ket hpp vdi bon chan chdng.Thiet 
ke nay cd flu diem ve trflc quan gidng khung 
Ilizarov ket hdp vdi cac dac tinh ve mat toan hpc 
cua khung hexapod. Nd cung cho phep chuyen 
dpng tfldng doi linh hoat hdn gifla hai vong. ^ 
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Htnh 1.8. Khung Adam [2] 

Mdt sang che khac dflpc cdng bd cua 
Michael W. Mullaney ngay 22/12/2011(8]. Sfl 
chuyen vi tfldng ddi gifla hai vdng la do sfl thay 
ddi gdc quay cfla sau canh tay ddn ndi vdi chan. 
iJu diem cua phfldng phap dieu ehmh nay la 
khoang each gifla hai vong cd the giam xuong 
rat nhd trong khi cac thiet ke khac bi gidi ban bdi 
chieu dai nhd nhat cua cac chan. 

Htnh 1.9. Khung hexapod Mullaney [8] 

Hien nay, cac sang che lien quan den 
dung cu CDN hexapod ngay cang nhieu, md ra 
mpt xu hfldng flng dung rpng rai cac dung cu 
nay trong dieu tri. 

gan dinh, kim hoac day. Cac chan cd the thay, 
doi chieu dai Uen ket vdi cac vdng bang cac k h ^ 
can. Sfl thay ddi chieu dai chan la do chuy&, 
dpng trfldt gifla thanh trfldt trong dng dan dudi 
tac ddng cua lflc sinh ra do hoat ddng cua cd (^< 
dai dc va chot ngang. Sfl thay ddi chieu dai tflng 
chan Iam cho vdng di dpng den dung vi tri can 
thiet. Sau khi da dfldc dieu chinh den chieu dii 
thich hdp, cacdai oc se dUdc xiet lai de cd dinh vj 
tri cua thanh trUdt, chieu dai chan dflpc dam bao 
cho den Ifldt dieu tri tiep theo. 

Hmh 2.1. Khung CDN hexapod dang ong ren-thanh ti 

2.THIETKEVACHETA0M1UKHUNGC6 2.2. Vong co dinh va vong di dong 
DINH NGOAI HEXAPOD s . B 

Theo tham khao y kien cac bac sy, mot 
2.1. Ket cau cua khung trong nhQng loai vong sil dung nhieu trong dieu 

tri CO dudng kinh trong cua cac vong la 140mm. 
Ket cau cua khung gom vong co dinh Thong so nay dUoc sfl dung cho thiet ke dildc 

va vong dl dong. Tren cac vong bo trf cac 16 de trmh bay trong bai bao nay 
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2.2. Vong cd dinhva vdng di ddng 

Theo tham khao y kien cac bac sy, mpt 

trong nhflng loai vdng sfl dung nhieu trong dieu 

tri cd dfldng kinh trong cua cac vdng la 140ram. 

Thdng sd nay dfldc sfl dung cho thiet ke dfldc 

trinh bay trong bai bao nay. 

Dudng kinh vdng ngoai cac khung dfldc 

xac dinh nhd them thdng tin ve dfldng kinh cac 

Id dimg di h6 tri cac chi tiet dung de c6 dinh 

xfldng thfldng la 8mm. 

Nhflng thdng sd nay giup hinh thanh 

hinh dang sd bp cua cac vdng. Tfl thiet ke sd bp 

nay, cac vdng dfldc toi fluhinh dang hinh hpc d^ 

giam trpng lfl(?ng bang each Iflpn dfldng kinh 

vdng trong va vdng ngoai bao lay cac 16. Khdi 

lUdng cac vdng sau qua trinh nay la 0,2421^. 

Gia sfl rang tai trpng tac dung vao vdng 

trong trUdng hdp sfl dung haiday Kirschner cac 

day tao vdi nhau gdc 90" va tai dung tam [10,11]. 

Dieu kien bien la chuyen vi cua cac Id gan khdp 

cau so vdi vi tri ban dau bang khdng.Sau qua 

trinh md phdng, ket qua flng suat va chuyen vi 

nhfl hinh sau: 

Hmh 2.2. Htnh Mng cdc vdng sau khi toi du trong lUdng 

Phan mem ANSYSdflpc dung de phan 

tich ben cac vdng trong trfldng hdp khung 

CDNchiu tai trpng cua mpt ngfldi trfldng thanh 

la700N[iO, 11]. 

Dau tien, tien hanh chia Ifldi cho vdng. 

Htnh 2.4. Cng sudt tUdng duong xudt hien trong vdng 
(ddn vi: MPa) 

Htnh 2.3. Chia ludi vdng 

Htnh 2.5. Chuyin vi cda vdng (ddn vj: mm) 

Lfng suat (Von Mises) Idn nhat xuat hien 
trong vdng la 112 MPa nhd hdn dng suat ben cfla 
inox304 va chuyen vi Idn nhat cua khung CDNla 
0,166mm. Cac ket qua phan tich trong trfldng 
hdp tai dung tam, lech tam va tai momen deu 
cho dp cflng tdt hdn so vdi cac thi nghiem trong 
[10,11]. 

2.3. Khdp cau 

Khdp cau cd ban che ve pham vi gdc md 
bi gidi ban, tuypham vi chuyen dpng bi gidi ban 
nhflng khdp cau lai cd flu diem hdn han cac loai 
khdp khac dd la nhd, gpn va kha nang chiu tai 
trpng tdt. '' 
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Md hinh hda khdp cau bao gdm chen va 

bi dfl(?c md ta bang hinh dfldi day 

Hmh 2.6. Md hinh khdp cdu 

Gia sfl lflc nen vao cac chan la 130N, lflc 
nay tac dung len khdp cau gay flng suat tren chen 
va bi, ta se kiem tra ben mot sd chi tiet cua khdp 
cau vdi vat lieu inox304. 

Khi ti^n hanh chia Ifldi vat lieu, vi be mat 
cau cua chen va bi chiu lflc tac dung nen hai be 
mat nay dUdc giam kich thUdc phan tfl xuong 
de ket qua md phdng chinh xac hdn. Dieu kien 
chuyen vi cua khdp khi chiu tai trpng la be mat 
lap vdi vdng se khdng cd sU dich chuyen. 

(b) 
Hinh 2.9. Phdn bo Ung sudt trong chen (a}vdbi(b) 

Cng suat Idn nhat la 14,886Mpa thap 
hdn flng suat ben cua vat lieu. 

Ngoai phfldng an che tao tflng chi tilt, 
cac khdp cau nay cd the mua tren thi trfldng vdi 
kich thfldc va kha nang chiu tai dfldc nha san 
xuat cdng bd. Dfldi day la vi du ve mot loai khdp 
cau dfldc ban tren thi trfldng vdi vat Ueu inox 

r̂  
Hinh 2.8. tJng sudt trong khdp cdu khi chju tdi 

Hinh 2.10. Khdp cdu tren thj trUdng 

Moi chan gdm cd dng ren ngoai M8xl va 
thanh ren dfldng kinh 4mm gan vdi chdt dfldng 
kinh 2mm. Chdt trfldt trong ranh tren dng ren, 
vi tri cua chdt xac dinh bdi vi tri cua cap dai 6c 
tren ong ren. Chan cua khimg lien ket vdi khcip 
cau bang mdi ghep ren M5x0,8. 
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(a) (b) 
Hinh 2.14. Chia ludi cho chdn (a), dat tdi trgng vd 

diiu kiin biin(b) 

Hinh 2.15. Phdn bo Ung sudt trong chdn 

Hinh 2.16. Phdn bo chuyen vi cua chdn 

Trong phan tich nay, dng suat Idn nhat la 
14,9Mpa va chuyen vi Idn nhat la 0,006 mm. 

2.5. Md phdng chuyen vi khung va xfldng 

Md hinh khxmg se dfldc phan tich trong 
3 trfldng hdp; Tii dung tam, tai lech tam, va tai 
momen xoan. Cac chuyen vi va flng su£t cua 
khung trong cac trfldng hdp chiu lflc v i mdmen 
cho trong bang sau. 

Hinh 2.13. Ldp ghep giUa thanh trUdtvdkhdp cdu 

Tiin h inh kiem tra ben chan vdi lflc dpc 
true l i 150N vdi vat Ueu inox 304. 

Hinh 2.17. Md phong trong trildng hdp khung chiu 

momen xoan 

Chuyen vi 

Cng suat 
(MPa) 

T î diing 
tam 

0,141 

161,6 

Tai lech 
tam 

0,181 

201,1 

Tai momen 

0,343 

152,6 
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Tfl cac sd Ueu tren, dp cflng cua khung 
dfldc tinh toan va so sanh vdi so Ueu cd dfldc 
trong tai Ueu [12], cac dp cflng cua khung trong 
thiet ke nay l i tot hdn so vdi khxmg Taylor va 
khung lUizarov. 

Trong thfle te, khung thfldng dfldc cd 
dinh vdi xfldng bang cac phan tfl Uen ket (day, 
dinh, phan tfl gifl day, phan tfl gifl dinh) nen dp 
cflng cua d gay se khac nhau. Cau true dfldc xem 
xet d day dung hai day, hai dinh tren vi dfldi, 
cac dinh tao vdi nhau gdc 120", cac dinh tren 
nam cung ben vdi cac dinh dfldi. Tai trpng 700N 
tac dung len phan tren xfldng chay, phan dfldi 
cung cua xfldng hi khdng che chuyen vi. Muc 
tieu cfla mo phdng l i xem xet chuyen vi cua d 
gay (chuyen vi cua phan xfldng tren). Theo md 
phdng, chuyen vi cua d gay li3,98mm. Sd lieu 
niy se cung cap them thdng tin cho bac si trong 
qua trinh dieu tri de tinh toan chieu dii cac chan 
hpp ly hdn. 

Hinh 2.18. Chuyen vi cua khungvd xUdng 

2.6. Hinh anh mot mlu khung 

De tim hieu kha nang boat ddng cua 
khung. Cac tac gia da tien hinh che tao mot miu 
khung bang vat heu inox304. 

Hinh 2.21. Cdc chi tiet cua mdt chdn 

Hinh 2.23. Mdu khung CD Nsdu chdn 

3. KET LUAN 

Bai bao trinh bay nhdng npi dimg nhii 
sau: Khao sat cac loai khung CDN dung trong 
dieu tri chan thUdng chinh hinh, phan tich va de 
xuat ket cau cua khung CDN hexapod, cai thien 
trpng lupng khung CDN theo hUdng hcfp ly hoa 
hinh hpc mpt sd chi tiet, che tao mpt miu khung 
CDN theo nhflng ket qua phan tich vi hdp ly 
hda. Khung CDN miu dflpc che tao bang vat 
heu mox304, trpng Ifldng 1,31^ khi lap sau chan 
vi 1,5kg khi lap tam chan.<* 
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