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Hién nay, mon khép hang toan phan (KHTP) 1a mdt van dé 1Am sang cin chi y lién quan dén nhiéu bénh
nhan. Dé c6 tri thirc vé hién twong ma sat hoc ciia khép hang nhan tao, cin tién hanh thir mon trén khép
nay nham danh gia kha ning kéo dai tudi tho ciia cac khép ciy ghép. Loai thiét bi thir nghiém co ban nhat
1a may thir mon va ngay nay loai may nay c6 kha nang tai tao qua trinh mon chinh xac hon trong diéu Kkién
in vivo, nén con dugc gm 1a may mo phong May thir mon dwge thiét ké dé mé phéng cac chuyen dong cua
KHTP, bao gom chuyen dong: co - dudi, dang - khép va xoay trong - xoay ngoai trong diéu kién gan glong
v6i co thé nguoi. Cac diac tinh ky thuét ciia may va qua trinh thir nghiém trén may phai dim bao cac yéu

ciu caa tiéu chuin ISO 14242.

Tir khéa: ISO 14242, khép hdng toan phén, mdy thir mon.

Chi s6 phén loai 2.6

DESIGN OF THE TOTAL HIP WEAR
TESTING MACHINE

Summary

Wear of total hip is a significant clinical
problem that involves, nowadays, a large
number of patients. In order to acquire further
knowledge on the tribological phenomena that
involve total hip, wear tests are conducted to
evaluate the possibility of extending its lifetime.
The most basic type of test device is the wear
testing machine, and nowadays, this type of
machine may more accurately reproduce some
of the in vivo conditions, then is also called
simulator. The simulator is designed to simulate
movements of the total hip, which consist of
flexion - extension, abduction - adduction and
inward - outward rotation, under the conditions
rather similar to those occurring in human
body. Its specifications and the test process
must be assured the requirements of ISO 14242
standard.

Keywords: ISO 14242 standard, total hip, wear
testing machine.
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Phan mé dau

Trong vai thap nién qua, thé gi¢i da co nhiéu ¢
ging trong nghién ctru phat trién cac khép hang nhan
tao thay thé cho khép hang ngudi. Truong hop khép
hang nhan tao duoc thay thé bao gdm diy du cac chi
tiét ciia mot bo khép hang thi dugce goi 1a KHTP. Qua
trinh nghién ctru va phat trién KHTP noi chung phai
trai qua cac budc nhu sau: 1- Lua chon cac vét li€u
tiém ning dya trén co s tinh tuong thich vé sinh hoc,
tinh chét co 1y va mai mon; 2- Thiét ké khop héng nhan
tao va danh gia thiét ké cubi cung bang thir nghiém
KHTP trong cac diéu kién in vivo giéng nhu khép hang
that; 3- Panh gia thtr nghiém trén dong vat tinh tuong
thich sinh hoc cua tat ca cac chi tiét KHTP; 4- Panh
gia thir nghiém 1an cudi trong bénh vién trudc khi dua
KHTP vao st dung.

Trong qua trinh nghién cuu, dé thuc hién buége thu
nghiém trong diéu kién in vivo (budc 2) thi cac thu
nghiém lién quan dén may thir mon dong mot vai tro
quan trong trong viéc danh gia mirc do mon cua KHTP.

Cac vat liéu hop kim titan sinh hoc, polyme sinh hoc
thuong duoc ding dé ché tao cac chi tiét cia KHTP
(chuoi, chom, 16t trong, vo ngoe‘li) Van dé& luya chon
vat liéu va thiét ké cac chi tiét cia KHTP 1a nhiing yeu
tb dong vai tro quan trong dam bao hleu nang va tudi
tho ciia KHTP. Mon ciia KHTP 14 mot van dé 1am sang



quan trong, béi vi mai mon c6 thé gy nén phan tng
mb bat loi dan dén ton hao xuong xung quanh KHTP,
do d6 1am néi long KHTP d3 dugc cb dinh. Mon khép
hang c6 thé dan dén 1ong va nguy hiém hon la trat
khép. Tuy nhién, van dé quan trong nhét 1a khi vat liéu
bi mon sé tich tu lai trong co thé va trong mau, khi xay
ra trong nhiéu nim sé& gay ra cho ngudi sir dung thém
nhiéu bénh mdi, c6 thé dan dén ung thu.

Vi véy, song song v6i qua trinh ché tao KHTP can
thiét ké va ché tao mot may thtr mon nham do chinh
xac d6 mon cua KHTP, tir 6 xac dinh tudi tho va thoi
gian thay thé bd KHTP méi. Chirc ning ciia may thir
mon KHTP la xac dinh do mon ciia KHTP sau mot
thoi gian 1am viéc, thong qua 3 chuyén dong chinh cia
khép hang 1a: co - dudi, dang - khép, xoay vao trong
- xoay ra, dong thoi c6 tai tac dong trong mdi chu ky
hoat dong.

Trong khudn khé dé tai “Nghién ctru thiét ké, ché
tao va thir nghiém KHTP”, viéc nghién ciru thiét ké va
ché tao may tht mon KHTP da duoc tién hanh theo
tiéu chuan ISO 14242-1 [1]. May c6 thé duoc hiéu
chinh va kiém soat luc tac dong trén mau KHTP, duoc
thiét ké mo phong day du cac chuyén dong cua khép
hang khi con nguoi hoat dong, d6 1a cac chuyén dong
co - dudi (FE: flexion and extension), quay vao - ra
(IOR: inwards and outwards rotation) va dang - khép
(AA: adduction and abduction). Trong khudn kho bai
b4o ndy, cac tac gia s& trinh bay viéc thiét ké may thu
mon KHTP néu trén.

Noi dung chinh
Téng quan vé mdy thir mon

May thtr mon KHTP da tr¢ thanh mdt cong cu hidu
qua cho nghién ciru co ban ciing nhu dé thir nghiém
tién 1am sang, gitp giam thiéu nguy co cuia bénh nhan
khi duge cdy ghép KHTP. Lich sir phat trién may mo
phong KHTP di dan dén sy phat trién ctia nhidu mau
ma da dang. Pong hoc khdp hang tu nhién cua con
nguoi dugc mo phong chat ch€ hon boi cac may 3 truc
thuc hién cac chuyén dong dugc diéu khién doc lap, so
voi1 may don truc chi thuc hién mdt chuyén dong co -
dudi (FE). Bén canh cac chuyén dong va ché do tai sir
dung, thanh phan cta chat 1ong thir nghiém c6 thé thay
d6i tiry thudc phong thi nghiém.

Pi c6 nhidu nghién ctru thiét ké ché tao may mo
phong khdp héng trong phong thi nghiém dugc ung
dung rong rii trong thuc té. Cac may nay thuong khac
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nhau vé s tram hoat dong, ) chuyén dong dugc tao
ra, giéi han cac chuyén dong, co cau truyén dong, dung
dich huyét thanh str dung thir nghiém. .. ty thudc vao
tiéu chuan va vat liéu dugc thar mon (bang 1).

So sanh vé chirc ning hoat dong va két cdu cua
cac may néu trén, c6 thé thiy may ciia hang AMTI,
Shore Western va BioPuls la cac loai may hién dai, dat
dd chinh xac cao, tuy nhién may kha phuc tap va co
gia thanh cao. Trong khi do, cac loai may TE86 (hang
Phonix tribology), HUT-4 (Pai hoc Helsinki, Phan
Lan) do duoc thiét ké bfing cam nén d¢ chinh xac hoat
dong khong cao, chi phi ché tao thap.

Sau khi phan tich cac loai may mo phdéng da duoc
nghién ctru va sir dung trén thé gidi, két hop véi diéu
kién ché tao va sir dung trong truong hop thir nghiém
KHTP & dang don chiéc, c6 thé lwa chon phuong an
may thtr mon bao g6m 1 tram thtr nghiém, 3 chuyén
dong quay va lyuc tac dung thay doi theo chu ky dugc
diéu khién bang dong co servo. Cac gia tri giéi han
chuyén dong va tai trong dugc tuin theo tiéu chuin
ISO 14242-1 [1].

Bang 1: mét s6 kiéu may thir mon KHTP da dieoc phdt trién trén thé givi
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Thiét ké mdy thir mon
Phan tich dong hoc may thir mon:

Chtrc nang hoat dong ciia may mo phdong la mo
phong cac chuyén dong cua khdp hang nguoi trong céc
hoat dong hang ngay. Theo nghién ctru ciia Bergmann
G va cong su [8], luc tac dung va céc chuyén dong cua
khép hang dugc mo ta trong hé toa do Descartes theo
quy tic ban tay phai, c6 gbc toa do tai tim khop (hinh
la).



Hinh I: cdc thanh phan hec va chuyén déng ciia khép hang ngudi
trong hoat déng hang ngay [9]

Luc tong hop tac dung 1én tim khdp hang duogc xac
dinh 1a mot véc to tic thoi (hinh 1b): FO = [Fx; Fy;
Fz]; trong d6: Fx, Fy, Fz 1an luot 1a thanh phén luc theo
truc X, y, z. Cac chuyén dong cua khop hang duoc thé
hién thong qua véc to dich chuyén goc: ® = [0a; Ofe;
Oie]; voi 0a 1a goc quay dang ra - khép vao; 6fe 1a goc
co - dudi; Bie 1a goc xoay vao trong - ra ngoai (hinh 2).

AlA

d) Dinh huéng cia 6cdiva xwong dii

¢) CBG khixoay trong/ngoai

& gii¥a vi tri tuong d6i cia duomg tai trong

Hinh 2: chuyén dong géc (CPG) ciia divi va dinh hwéng cdc thanh phdn
lién quan dén dwong tai [1]

I- tdi trong truc; 2- goc co/dudi; 3- géc dang ra/khép vio; 4- géc xoay trong/
ngodi; 5- truc tam ciia 6 coi; L - dg nghiéng gitta truc tam ciia 6 coi
va dwong tdi trong; N - d¢ nghiéng ciia bé mdt thanh phan 6 c6i bang 60°£30),
hodc theo quy dinh ciia nha san xudt; P - dp nghiéng ciia truc goc
dé dwong tdi vao giita vi tri dang ra/khép vio

May thir mon dugce thiét ké véi cac chuyén dong va
tai trong tic dung 1én mau KHTP thir nghiém theo tiéu
chuén ISO 14242-1 [1]. Cac so d6 bién thién cia cac
chuyén dong va tai trong tac dung theo thoi gian duoc
thé hi¢n trén hinh 3, 4.
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Hinh 3: so d6 bién thién theo thoi gian ciia chuyén dong goc
ap dung cho mau KHTP [1]

X - thoi gian, 1y 1é phan tram ciia chu ky hoat déng
Y - goc cu dong xwong dui, don vi do
E - dudi

AB - dang

IR - quay vao trong

F-co
AD - khép
OR - quay ra ngoai
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Hinh 4: bién thién theo thoi gian ciia céc luc tac dung doc theo truc tdi [1]

X - thoi gian, ty 1é phan tram ciia chu ky hoat dgng
Y - luc tac dung twong ung (kN)

Lwa chon phuvong an thiét ké mdy thir mon:

Qua tham khao va phan tich cac loai may thir mon
da va dang dugc nghién ctru, sir dung trong phong thi
nghiém va thuong mai hoa, c6 thé c6 mot s6 phuong
an thiét ké may nhu sau:

- S6 tram: ¢6 thé 1 tram, 3 tram, 5, 6 hodc 12 tram
diéu khién.

- Bo phan tao chuyén dong: c6 thé dung co ciu
cam, dong co servo, khi nén...

- B0 tao lyc: 10 xo, xi lanh thuy luc...

- Dung dich boi tron: nudc, huyét thanh, dau nhét.



Chon phwong an may thiét ké va cac yéu cau ky
thuat nhu sau:

- SO tram: do qué trinh san xuat cua ta la san xuat
don chi€c, san xuat theo don dat hang khong lién tuc
nén s€ chon may tuwong Gng voi so tram 1a 1.

- Piéu khién chuyén dong: st dung dong co servo
de tao chuyén dong va tao lyc cho KHTP.

- Boi tron: sir dung huyét thanh bo dé boi tron
KHTP, huyét thanh s& duoc tai tao lién tuc dé gidng
chat bbi tron trong khdp hang tu nhién va s& dugc thay
moi hoan toan sau 500.000-1.000.000 chu ky.

- Nhiét do: nhiét do thi nghiém luon dugc duy tri &
37+1°C thong qua nhiét d6 ciia huyét thanh, co cdu duy
tri nhiét d9 nay dugc diéu khién bang role nhiét.

- May c6 kha ning tao cac chuyén dong duoc xac
dinh nhu hinh 3 va lién két tuong tng vdi tai trong luc
xac dinh nhu hinh 4.

- Méy hoat dong ém, khong gy va dap dé tranh giy
sai s6 khi thir nghiém.

- Miu KHTP dugc thir nghiém véi tan s6 1 Hz
trong 5.000.000 chu ky (&mg véi tudi tho trung binh
ctia KHTP 13 5 nam theo tiéu chuan ISO 14242).

CAu trac cta may thir mon duge trinh bay trong
hinh 5.

1: khung may

2: cum gia nhiét

3: cum gd mau

4: mau thir nghiém

5: dong co servo cum
o - dudi

6: dong co servo cum
xoay trong - ngodi

7: dong co servo cum
xoay ra - vao

8: loadcell

9: 1o xo cum tao luc
10: 6 bi chan

11: vit me bi

12: khép néi truc dan héi
13: dong co servo cum
tao lyc

Hinh 5: cdu triic ciia méy thir mon
May bao gdom cac bd phan chinh nhu sau:

- Cum tao lyc: chuyén dong dugc truyén tor dong
co servo (13) khdp ndi (12) sang co cau vit me (11)
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tao chuyén dong tinh tién theo phuong Z tao ra lyc nén
16n 10 x0 (9), lyc truyén xudng tir cum tao lyuc tac dong
1én mau thir nghiém (4), luc duoc kiém tra théng qua
loadcell (8).

- Cym xoay ra - vao: chuyén dong dugc truyén tir
dong co servo (7) sang cum ga mau (3) trén tao chuyén
dong quay Mz tir (-4° dén +7°) + 3°.

- Cum xoay co - dudi: chuyén dong dugc truyén
tir dong co servo (5) sang cum ga mau sau tao chuyén
dong lic My tao thanh chuyén dong co - dudi (-18° dén
25°) £ 3° cho khop hang.

- Cym xoay trong - ngoai: chuyén dong duoc truyén
tir dong co servo (6) sang cum ga mau bén tao chuyén
dong lic My tao thanh chuyén dong xoay trong - ngoai
(2° dén -10°) £ 3° cho khép hang.

- G& dat mau thir: mau KHTP dugc ga dat dang véi
tu thé 1am viéc cuia khép hang tu nhién (¢ xuwong dui
nghiéng mot goc 30° so voi 6 ¢di). PO ga st dung vat
liu chong an mon, ¢6 kha nang cb dinh xwong dui va
6 cbi. Mau thir phai sir dung loai mau tuong tmg véi
mau duoc ding dé giai phau. P6 ga phai dugc bao boc
can than dé ngan chan sy 6 nhidm tir may thir nghiém
va khong khi.

Thiét ké hé thong diéu khién may thir mon:

Xac dinh phuong an diéu khién: dya vao chirc nang
va yéu cau cia may thir mon, bo diéu khién can diéu
khién va giam sat duoc trang thai cia may thir mon
bao gém: diéu khién 4 tryc ctia may chay theo ding
yéu cau cua may thir mon, giam sat chu ky chay, giam
sat luc tac dong 1én KHTP, giam sat quy dao chay cua
truc co - dudi, truc xoay dang - khép, truc xoay trong -
ngoai. Tir d6, v& dd thi quy dao chay cua truc co - dudi,
truc xoay dang - khép, truc xoay trong - ngoai. Vay bo
diéu khién can c6 8 ngd vao xung toc do cao, 8 ngd ra
xuét xung va chiéu cho déng co cac truc, cic ngd vao
xu ly tin hi¢u cam bién luc, cam bién tiém can, cac nat
nhan. Tir cac phan tich trén cho ra so d6 céu hinh bo

diéu khién ctia may thir mon (hinh 6).
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o R Module
May tinh trung tim ‘ PLC Analog

Mach dém
B§ chia tin diéu khién

Cam bién gi6i

Mach xir Iy tin hi¢u diéu khién dong co va han hanh trinh

cam bién va cam bicn vi

| tri ban dau
Driver diéu Driver diéu Driver diéu Driver diéu
khién dong co | | khién dong co'| | khién dong co | |khién dong co
Gox || Cambién -
Ping co Pong co Pong co Pong co Dicu khién nhiét do shiét d Déu can

| | |
Hinh 6: cdu hinh hé thong diéu khién mdy thir mon

Bo diéu khién bao gdbm: 1- Mot may tinh trung tam
¢6 chirc ning giam sat va diéu khién céc truc ciia may
thir mon; 2- Mot mach dém giao tiép may tinh: lam
nhiém vu cp xung va diéu khién hudng cho cac dong
co, nhan tin hiéu cam bién gi6i han hanh trinh, cam
bién vi tri ban dau; 3- Bo chia tan s c6 nhiém vu giam
tan sb tir encoder cta cac dong co, sau do dua vao bo
doc xung tdc do cao cua PLC. Theo tim hiéu cac PLC
c6 trén thi truong thuong c6 bo doc xung tde d6 cao &
ché do doc xung d6i < 100 kHz. Theo do, can thiét ké
bo chia tan sb Xuéng 4 1an dé dam bao tdc d6 doc cho
cac dong co (bang 2 thé hién tin s6 xung sau khi qua
bo chia tan sb xuéng 4 lﬁn); 4- Mot PLC lam nhiém vu
thu thap dir liéu encoder tir cac dong co, thu thap dir
liéu cam bién nhiét d6 qua cong Al thu thap dir liéu
luc nén trén khép hang qua cong Al dé dam bao toc
d¢ doc dit lidu, tranh sai sb khi doc dit liéu, diéu khién
cum gia nhi¢t (bang 3). Theo ISO 14242-1 va cac phan
tich & trén, toc do thu thap dir liéu ciia PLC phai < 10
ms, tic 1a tan sb doc Al phai 16n hon 100 Hz, tan s6
quét phai 16n hon 100 Hz.

Bing 2: tan s6 xung encoder sau khi qua bg chia tan

Tén céc truc Tan s0 xung sau khi qua b chia tan

’ (kHz)

Truc co - dudi 29,825

Truc xoay dang - khép 24,4

Truc xoay trong - ngoai 8,325

Truc tao luc 62,5
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Bdng 3: tin hiéu can thu thdp va diéu khién ciia PLC

TT | Tinhigu | S6lwong | Kiéu tin higu Mb ta
Tin higu Xung t §c 86 cao Céc 'xung tra' vke tui dong
1 xung 8 (HSC) €O’ cac tryc co tan so xung
encorder duge mo ta 0 bang 2
) Tin higu | Ngd vio tuong | Tin hiéu tir cam bién nhiét
nhiét do tu (Analog) clia cym gia nhiét
3 Tin hicu lye 1 Ngo vio tuong Tin hiéu tir dAu cén tra vé
doc truc tu (Analog)
Tin hifu . Pidu khién nhiét do cum
4 | dicu khién 1 Ngd ra s0 S
n an gia nhiét
nhiét do

Xay dung giai thuat chuong trinh diéu khién may:
dya vao cau hinh cta b diéu khién may thir mon, giai
thuat chuong chinh diéu khién may bao gdm giai thuat
chuong trinh may tinh va giai thuat chuong trinh PLC.
Giai thuat chuong trinh diéu khién may dugc trinh bay
trén hinh 7, 8.

Hién thi giao dién chinh
Cai dit cdc théng s6 ban diu

‘[fﬁm\ﬁl* Hién thi giao
Y ——f 0
Ao cio) di¢n bdo cio
N

Iy

ﬁy ?
r —\\\ﬂ

A /’E;m it _ am i
Cl hay i Dirng?
N

Boe dir ligu encoder,
nhigt do, lyc, chu ki, thin fe—{
pian bat diu, s co

Bicu Lhu,n

. Dimg cac dong co
ede ding co £ cac ong

Dimg nhdn dir ligu iy PLC,
Pura dii ligu théri gian ket
— thie vo eo sir dir liéu

ud han
trinh?

Y
Dimg cic déng cor

~Thodt chirong trinh]

y

Hinh 7: gidi thudt chwong trinh diéu khién may
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? Bit diu ]

Cii djt cac thong
50 truyén théng

"

Tién hanh két ndi
v PLC

——

N

¥

X

ay thir mon dang chay 7
Y

Y

X
Ghi tin hidu may thir mon xudng PLC
Poc dir li¢u encoder 4 djng co cta 4 truc
Doc dir li¢u nhiét dé cua b gia nhigt
Poc dir ligu hre doc truc

Doc, ghi thanh cong 1
( Kétthic )

Hinh 8: gidi thudt truyén théng giita mdy tinh va PLC

N

Giai thuat diéu khién PLC: PLC trong hé thong
diéu khién may thir mon c6 nhiém vu thu thap dir liéu
encoder, nhiét do, luc, 15i, chay diung, déng thoi didu
khién nhiét d6 cho bod gia nhi¢t. Encoder tur cac truc
cua may thi mon dugc dua vé tir mach dém xur ly tin
hi¢u Ia tin hiéu 2 xung A, B c6 tan s6 cao. Do do, can
xdy dung giai thuat xur 1y tin hiéu encoder. PLC c6 m6
dun 1a HSC (High Speed Counter) 1a m6 dun c6 chirc
nang doc xung tbc do cao véi toe do doc 3 kénh 80
kHz, mot kénh 30 kHz.

Céc cam bién nhiét d¢ 1a PT100 dua tin hidu vé 1a
dir li¢u tuong ty nén can c6 mdét mo dun chuyén doi
tir trong ty sang s6 dé xur 1y tin hi¢u nhiét d0 nén can

xu ly tin hi€u tuwong tu sang so va diéu khién nhiét do.

PLC can truyén dit liéu 1én may tinh trung tdm dé
luu gia tri thu thap dugc vao co s¢ dit ligu phuc vu bao
c4o va hién thi. Do d6, can c6 mo dun truyén thong
giao tiép may tinh. Giai thuat PLC dugc md ta trong
hinh 9.
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Hinh 9: gidi thudt diéu khién trén PLC

‘ Liiri 1én may tinh ’

Ché tao mdy thir mon

Sau khi thiét k& hoan chinh, may thir mon dé duoc
ché tao va dwa vao van hanh thu nghi¢m tai Phong thi
nghiém trong diém qudc gia vé Diéu khién s6 va Ky
thuat hé théng, Truong Dai hoc Bach khoa, Pai hoc
Quéc gia TP HO Chi Minh tir thang 7.2015 (hinh 10).
Nhin chung, may hoat dong on dinh, dat céac chirc nang
va yéu cau k¥ thuat.

Hinh 10: may thir mon KHTP



Két luan

- May thir mon KHTP duoc thiét ké va ché tao tai
Viét Nam nham phuc vu qua trinh thir nghiém mon
ctiia KHTP theo céc tiéu chuan ISO 14242-1, 14242-2,
14242-3.

- May c6 dac tinh k¥ thuat phit hgp nham mo phong
3 nhom hoat dong (co - dudi, quay trong - ngoai, dang
- khép) cua khép hang nguoi.

- Mau thir KHTP dugc thtr nghiém véi 5.000.000
chu ky trén may thu mon (khoang 60 ngay chay may
lién tyuc), dwoc do d6 mon theo phuong phéap thay dbi
thé tich theo quy dinh ciia tiéu chudn ISO 14242-2.

- Nho may thir mon, ¢ thé xac dinh dugc cac thong
tin lién quan dén qua trinh mai mon cua vat liéu KHTP
nhu téc do mon, co ché mai mon, phan tich bé mit
mon, phéan tich cac phﬁn tir vat li€u bi mon...

- Kinh nghiém thiét k& va ché tao may mo phong
thir mon KHTP cho phép phat trién tiép tuc cac may
thir nghiém cot séng hay cac bo phan khép khac trén
co thé nguoi.
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Loi cam on

Cong trinh dwoc thuc hién trong khuon kho de
tai KH&CN cdp nha nwée ma s6 KC03.24/11-15 tai
Phong thi nghiém trong diém quéc gia vé Diéu khién
56 va Ky thudt hé théng, Truong Dai hoc Bach khoa,
Pai hoc Quéc gia TP H6 Chi Minh. Cdc tdc gid xin
chdn thanh cam on.
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