TCVN TIEU CHUAN QUOC GIA

TCVN 13233-4:2025
ISO 18646-4:2021

Xuét ban lan 1

RO BOT -
TIEU CHIi TINH NANG VA PHUONG PHAP TH(Y
LIEN QUAN PEN RO BOT DICH VU -
PHAN 4: RO BOT HO TRO VUNG LUNG DUO1

Robotics - Performance criteria and related test methods for service robots —

Part 4. Lower-back support robots

HA NOI - 2025



L&i n6i dau
TCVN 13233-4:2025 hoan toan twong duong 1SO 18646-4:2021

TCVN 13233-4:2025 do 3an ky thuat tiéu chuan qudc gia TCVN/TC299
Robot bién soan, Vién Tiéu chudn Chét lwong Viét Nam d& nghi, Uy ban
Tiéu chuén Do lwdng Chét lwong Quéc gia thAm dinh, Bd Khoa hoc va
Cdng nghé cong bd.

B9 tiéu chuan TCVN 13233 (ISO 18646), RS bét — Tiéu chi tinh ndng va
phuong phap thir lién quan dén ré bét djch vu bao gdm cac phén sau:

- TCVN 13233-1:2020 (ISO 18646-1:2016), Phan 1: Di dong clia ré bét
banh xe.

- TCVN 13233-2:2020 (ISO 18646-2:2019), Phin 2: Bidu khién dan dwong.
- TCVN 13233-3:2025 (ISO 18646-3:2025), Phan 3: Tay may.

- TCVN 13233-4:2025 (ISO 18646-4:2025), Phan 4: Rd bét hé trg viing
lwng dwéi.
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R6 bét -
Tiéu chi tinh ning va phwong phap thir lién quan dén ré bét dich vu -

Phan 4: R6 b6t hé tro viing lwng dwéi

Robotics - Performance criteria and related test methods for service robots -

Part 4. Lower-back support robots

1 Pham vi ap dung
Tiéu chuén nay mé ta cac phuong phap quy dinh va danh gia déc tinh ctia rd bét hd tre viing lwng dwdi.

Tiéu chuan nay ap dung cho cac rd bét hd tre ving lung duwéi khdng phu thude vao muc dich (ng dung
va phurong phap truydn dong (vi dy: dién, thly luc va khi nén). Tiéu chudn nay khéng &p dung cho rd
bét y té, mic dit cac phurong phap thir dwoc quy dinh trong tiéu chudn nay c6 thé dugc st dung cho rd
béty té.

Tiéu chudn nay khang nh3m muc dich kiém tra hodc xac nhan cac yéu cau vé an toan.

2 Tailidu vién dian
Cac tai liéu vién dan sau rat can thiét cho ap dung tiéu chuan nay. Béi véi cac tai liéu vién dan ghi nam

cong b thi chi 4p dung phién ban da néu. Déi véi cac tai liéu vién dn khong ghi nam céng bd thi 4p
dung phién ban m&i nhét, bao gdm ca céc slra ddi, néu co.

TCVN 13228 (ISO 8373), RS bot— Tir vieng

TCVN 13231 (ISO 13482), R6 bt va cac bd phan céu thanh ré bdt — Yéu cau an toan cho céc ro bt
chdm séc ¢a nhan

3 Thuat ngir va dinh nghia
Tiéu chudn ndy s dung cac thuat nglr va dinh nghfa sau:

3.1
R6 bét (robot)

Co cAu dan dong duwoc 1ap trinh véi mét mirc d6 ty déng héa nhét dinh chd dong dé thwe hién chuyén
déng, thao tac hodc dinh vi.
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Cha thich 1: Ra bét bao gbm hé théng diéu khién va giao dién clia hé théng diéu khién.
Cha thich 2:  Viéc phan loai ré bét thanh rd bét cdng nghiép hodc rd bét dich vy dugc the hién theo myc dich st dung cla né.

INGUON: TCVN 13228:2020 (ISO 8373: 2012), 2.6 da stra ddi - Cum tlr “co cAu dan ddng kha I4p trinh
trén hai hodc nhiéu truc” da dwoc thay thé bang cum tir “co' cau dan dong dworc Iap trinh” )

3.2

Ré bét deo (wearable robot)

R6 bét bd sung hodc tang cwdng kha nang ¢ nhan khi dwoc gén vao con nguwdi trong qua trinh s dung.
Chii thich 1: R@ bét deo dwoc goi 1a r bét hd tr vat Iy I6ai han ché trong TOVN 13231:2020 (1SO 13482:2014],

3.3

R6 bét hé tro viing lwng dwéi (lower-back support robot)

R6 bdt deo dé gidm tai & phan lung dudi clia ngudi ding bing luc hd trg hodc md men xon clia né.
34

Ngwei dung (user)

Ngudi dung rd bét deo trén co thé va tryc tiép nhan dugc lyc hd trg hodc md men xoén cta no.

3.5

Phén gi&i han (restraint part)

Mt phan clia rd bét deo dwge gan twong ng vao mdt phan co thé clia ngudi diing dé truyén lyc ha tro
hodc md men xoén.

3.6

Mé men xoén hd tro (assistive torque)

Dau ra md men xoan clia ro bét deo hd trg nguwdi ding thure hién cac nhiém vu can thiét.
3.7

Phén co thé gan vao (Attached body part)

Mét phan co' thé clia ngudi diing ma b phan gidi han ctia rd bét deo dwoc gan vae.

3.8

Phwong phap nhap dir liéu (Input method)

Giao dién cho phép nguoi dung kiém soat lyc hd tro hodc mé men xodn ciia rd bét deo bang tin hiéu
dau vao thich hop.
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3.8
Pau vao sinh hoc (biological input)

Phuong phap nhap lidu trong dé céc tin hiéu sinh hec cé méi tirong quan véi e hodic mé men xoén ma
ngudi ding tac dung vao bd phan co thé clia minh danh cho muc dich hd tro dwoc st dung lam dau
vao.

Cha thich 1:  Cac tin higu sinh hoc bao gém céc tin higu dién sinh hoc nhu tin higu dién co.

3.8.2

Pau vao dong hoc (kinematic input)

Phuong phap nhap liéu trong d6 chuyén ddng va/ hodc tw thé cla cac bd phan co thé clia ngudi ding
nham muc dich hé trg dwgc s dung lam dau vao.

Chu thich 1: BAu vao sinh hgc va ddu vao déng hoc loai trir IZn nhau.

3.8.3

BAu vao lénh (command input)

BAt ky phwong phap du vao nao khac ngoai dau vao sinh hoc hodc dAu vao dong hoc.

Cha thich 1: BAu vao Iénh bao gém viéc sl dung céc thiét bj ra 1énh, cong téc thé hodc déu véo béng giong noi.

Chu thich 2:  D4u vao 18nh bao gém vic sl dung céc tin higu sinh hgc khang lién quan dén lyc hodc mé men xodn ma ngudi
dung tac dyng vao bd phén co thé cin hé tro.

Cha thich 3; Dau vao lénh bao gém chuyén dong va/ hodic tr thé clia cac bé phén co thé cla nguéi diing khéng nhdm myc
dich hé trg.

3.9

Chi s md men hé trg ATI (assistive torque index)

Chi s6 md men xoan dau ra clia ngudi diing dwoc gidm khi ngudi dung thye hién mot chuyén déng cu
thé trong mdt khodng thei gian cu thé bang céch st dung ré bét hd trg viing lung duwéi.

Cha thich 1:  ATI 13 mét dai lwong tuyét @6i lign quan dén md men xon trung binh trong khoang théi gian cu thé clia mét cau
hinh chuyén dgng thir nghiém cy thé. N6 c6 thé hru ich cho viéc so sanh twong déi gitra céc ré bét.

3.10

Giam nén thét lwng LCR (lumbar compression reduction)

S6é do mirc 3o giam clia lwc nén 1én dia dém thét lwng ctia nguwdi dung khi ngwdi ding thire hién chuyén
dong cu thé trong mét khoang thai gian nhat dinh bang cach st dung rd bét hé tro viing leng duéi.
3.1

Diéu ki¢n van hanh binh thwéng (normal operating conditions)

Pham vi cac didu kién mdi triedng va céc théng sd khac (ching han nhu sy khdng dn dinh cla ngudn
cung cép dién, trrrdng dién tir) ma rd bdt dy kién sé thure hién theo quy dinh clia nha san xuét.

Cht thich 1: Diéu kién mdi treong bao gém nhiét do va do am.

[NGUON: TCVN 13228:2020 (SO 8373: 2012), 6.1]



TCVN 13233-4:2025
312
Mirc do hé tro (Rate of assistance)

S6 do do gidm md men xoan bdi mét rd bdt ho tr viing Ivng dwdi duoc tich hop trong khoang thei gian
clia mét cau hinh chuyén dong th(r nghiém cuy thé.

Chu thich 1: Ty 18 hd tro 1a mdt lugng dwec chudn hoa lién quan dén md men xodn tich hgp trong khoang thei gian cia mot
céu hinh chuyén ddng thir nghiém cu thé. N6 c6 thé hiru fch cho viéc so sanh twong ddi gitra cac cdu hinh chuyén dong thir
nghiém khac nhau trong ré bét.

4 Didu kién thir
4.1 Yéu ciu chung

R& bét hé tro viing lung duwdi phai dwoc Iap rap hoan chinh, dwoc sac ddy va hoat dong. T4t ca cac phép
thi tw chan doan phai dwoc hoan thanh mét cach thdéa dang. Can dam bao réng ro bdt hoat dong mét

cach an toan trong suét qua trinh thir nghiém.

Cac phép thir phai duoc thire hién trwée bang cac bwdce chudn bi van hanh theo quy dinh clia nha san
xuét, bao gdm higu chuén bét ky cdm bién ¢ lién quan ndo anh hudng dén két qua thlr nghiém.

T4t ca céc diéu kién duwoc quy dinh trong Diéu 4 phi dwoc dap (rng ddi voi cac thi nghiém dwoc mo ta
trong tiéu chuan nay, trir khi c6 quy dinh khéc trong cac didu cu thé.

Méi phép thir dwoe md ta trong Diéu 5 va Diéu 6 cla tieu chudn ndy déu cd ciu hinh thir nghiém khac
nhau, doi hdi cac thiét bi thir va quy trinh thiv riéng biét.

4.2 Piéu kién méi treng

Cac diéu kién méi trong duwdi day phai dugc duy tri trong tat ca cac phép ther.

- Nhiét @ méi tredng: 10 °C @én 30 °C

- D% am tuong d6i: 0 % dén 80 %

Néu cac diéu kién méi tredng ndm ngoai cac diéu kién do nha san xuat da quy dinh nhét dinh, thi didu
nay phai dwoc cong bd trong két qua thir nghiém.

4.3 Diéu kién hoat déng

T4t ca cac d3c tinh phai dwoc danh gia trong diéu kién hoat ddng binh thwdng. Khi dic tinh dwoc danh
gia trong diéu kién ngoai diéu kién hoat ddng binh thwdng, nhitng diéu kién nay phai dwec quy dinh cling
véi két qua thir nghiém.

5 Phwong phap thir cho chi s6 mé men xoan hd tr va giam nén thét lung

51 Muc dich

Piéu nay md ta phwong phép clia viéc quy dinh va danh gia déc tinh clia rd bbt hd tre viing leng duwéi.

CHU THICH: Co s& ly luéin va céc thir nghiém xac thire duge cung cép trong Tai ligu tham khéo [6] chi 1p trung vao mé men
udn va lye nén. O giai doan hién tai cla thi triréng, chi co nhitng san pham duec thiét ké @& h3 tro chuyén dong theo phirong
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thang dirng. D& gilr cho thiét bj thi¥ nghiém va phwrong phap thir nghiém don gian, gidi han clia phirong phap thi nghiém dugc
coi la ¢ thé chép nhan dugc dé do dac tinh dai dién cla cac rd bot.

5.2 Dic diém lién quan
5.21 Yéu ciu chung

Hai chi sé déc tinh dwgc gidi thiéu cho phuong phép thir nay: Chi s6 mé men xoan hé trg (ATI) va Gidm
nén thét lung (LCR).

Nhé& md men xodn hd tro cta rd bot, luc kéo gian khép hong va than ngudi diing sé giam di, sau d6 lec
nén Ién dia dém thit lwng ciing sé& giam di. Trong diu kién Iy twdng, e nén & that lung c6 thé bat ngudn
tli'md men xoan m& rong clia khép hdng va i thé clia than minh. Mé men xodn mé rony co thé duoc
giam bét nhé md men xoén hé tro clia rd bdt. Dbi véi rd bét cé nhirng déc diém nhu vay, lvc nén that
lwng khong can phai do vi ¢ thé suy ra tir md men hé tro va tu thé clia than.

P&i v&i mdt sé rd bdt ma lre nén thit lung cé thé tang 1én do ciu tric co hoc, khéi lwgng va phan bd
khdi lwong clia rd bét phia trén khop thét Ing val hodc phurong phép kich hoat (vi dy: co nhén tao trén
da lwng clia ngudi diing), Iwc nén that lung nén dugc do cling véi md men xoén hd tro.

CHU THICH: Theo Tai lidu tham khao [1], lwc nén 1én dfa dém thit lng c6 thé |4 nguyén nhan chinh gy ra chén thurong lung,
do dé thwémg duwoc sl dung lam chi s6 G& wéc tinh nguy co chén thrrong lung. Dya trén co s& ndy, LCR duwoc gidi thigu nhu
mét chi bao déc tinh clia rd bét,

5.2.2 Chi sé moé men xoén hd tro (ATI)

Chi s6 m& men xodn hd tro (ATI) bao gdm 5 gid tri dai dién, ATI5 00", ATISON® ATIAoN, ATl a5e va

AT qivoc tinh theo cac cdng thirc sau véi t; va t, dwgc quy dinh trong Bang 1. Chi sé trén va chi
sb duéi ctia ATI 1an Iwot bidu thi giai doan chuyén dong tham chiéu va khoang thdi gian tinh bang mili
giay.

]
ek of
ATL,, '?;E;J"’("r (t), 7(t))de

t
Trong dé
a-Bifa20
'y(a’ﬁ)_{—(a-ﬁ) ifa<0'
et ®) Ia m& men xodn dAu ra thyc té clia khop hdng cia thiét bi thir nghiém (xem 5.3.1) trong céc chuyén

dong tham chiéu (khang co ré bét);
2(¢) {4 mé men xo;in déu_ ra th‘uc té clia khép hong cia thiét bi thir nghiém (xem 5.3.1) trong chuyén
dong tham chiéu (v&i rd bét).
CHU THICH 1:  Nhin chung, m& men h3 trg clia rd bét anh huréng dén thai gian chuyén dong va lic hodic md men céin thiét
clia ngudi ding. DAy |a nguyén nhan gay ra sy bat &n dinh clia két qua thir nghigm. Do d6, tidu chuin nay 4p dung thi gian
trung binh trong mét pham vi thoi gian cy thé trong cac chuyén déng tham chiéu.

CHU THICH 2: Vi c4c chuyén ddng tham chiéu dugc xac dinh trong 5.3.2 14 cdc chuyén déng chéng trong lwe, L (t).
dwgc mong doi 12 ludn ludn am va méi quan hé ¥{a,B) = - (a-B) ludn luén p dung. Tuy nhién, tidu chufn nay dinh nghia ¥ theo
dang téng quat hon dé& 1am cho ¥dwong khi mé men xo#n can thiét cho chuyén déng tham chiéu va md men xoén clia rd bét
ciing hwéng. Xem Phuy lyc A.
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CHU THICH 3:  Khi ¥ dwong, mé men xoén clia rd bdt theo hwéng chéng trong Iy (M@ réng) co thé lam gidm mé men xodn
can thiét clia ngwai ding dé dat dwoc cac chuyén dgng tham chiéu. Hodc trong mét sé trwéng hep, ngudi ding phai dua ra
md men xoan theo hwéng trong Iwe (ubn cong) d& chdng lai mé men xoén cla rd bét. Khi ¥am, mé men xodn cia rd bét theo
hwéng trong lwc (udn cong) ¢ thé |am tang mé men xoan can thiét cla nguwdi diing dé dat dwgc cac chuyén dang tham chiéu.
Xem Phy luc A,

5.2.3 Giam nén thit lwng (LCR)
Gidm nén that lung (LCR) gém 5 gié tri dai dién LCRESAET, LCR5wer, LCRYSM [ cRRaise 1 cRbaise

duoc tinh theo cac cdng thirc sau véi t; va t2 dugc quy dinh trong Bang 1. Chi s trén va chi s dwéi cla
LCR biéu thi mét giai doan chuyan dong tham chiéu va thai lwgng tinh bing mili giay, twong tng.

k2
1 .
LCRy, =:_[ly[F“’f (£), F(t))ae
27ty

Trong d6 a-B ifa20
R ﬂ)z{—(a-ﬁ}ifad]'

ot o 5270
F(t)=¢(My (t)]+Fz (t),

( __{ ¥/0,05ify20
f -7/0,1ify<0’

pref (t) 1a Iwc nén thit lwng thue té cla thiét bi thir nghiém theo hwdng truc z trong cac
chuyén dong tham chiéu (khéng c6 ré bét);

F,(¢) 1a lyc nén that lung thyc té clia thiét bi thir nghiém theo hwdng truc z trong cac
chuyén ddng tham chiéu (vé&i ro bét);
mref (t) 1a md men udn cong that lung thire té chia thiét bj thir nghiém quanh truc y trong
g cac chuyén dong tham chiéu (khéng co rd bét);

'My (t) la md men udn cong that lwng thur té clia thiét bj thtr nghiém quanh truc y trong
chuyén déng tham chiéu (véi rd bét).

Céc tryc clia hé toa G dwoc thé hién trong Hinh 1.

CHU THICH 1:  Nhin chung, m& men xodin hé tre clia rd bét can thiép vao théi gian chuyén ddng va lyc nén 18n dia dém thét
leng clia ngudi ding. Day 1a nguyén nhan gay ra sy bét dn dinh cla két qua thir nghiém. Do d6, tiéu chun nay ap dung thoi
gian trung binh trong mét pham vi thei gian cy thé trong cac chuyén dang tham chiéu.

CHU THICH 2. Con nguoi s& lam cirng co' clia minh dé chéng lai sy thay @i t thé do md men uén cong thét lung quanh truc
y. Sy cang co ndy dugc biét dén 14 ngudn Iyc nén I&n cac dia dém thét lung. Ngugc lai, than clia thiét bi kidm tra khdng co cor
va cdu triie ce hoc clia nd khdng cho phép bt ky thay ddi tw thé nao. D& bu d4p cho sty khac biét ndy, cdng thire cho LCR si
dyng liyc nén that lung da higu chinh e Fyva F(t) theo gia dinh ring My(t) va M;'r (f) d&u dwoc hd tre bdi cac co dyng sbng

10
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lwng 30 va cac co thing bung do. Tiéu chuan nay &p dung canh tay md men 0,05 m tiz dia dém that leng L5/ S1 dén cac co
ding séng lung do va canh tay md men 0,1 m dén céc co thang bung do HIF),

CHU THICH 3: Trong qué trinh chuyén ddng tham chiéu, trong lwgng clia phan than trén cla thiét bi thiz nghiém duoc ky vong
s ludn nén khép thét lung b dinh va H(a, B) = a - B ludn dwgc ap dung. Tuy nhién, tiéu chudn nay dinh nghia ¥'theo dang
tdng quat hon d& 4p dung cho lwe kéo va phi hep vdi cdng thire clia ATI.

CHUTHICH4: Khi ¥dwong, ing suét thit lung clia nguedi dung dy kién s& gidm trong qua trinh chuyén déng tham chiéu. Khi
am, (ng suht that lung clia ngudi ding dy kién s& tang trong qua trinh chuyén dgng tham chiéu.

Bang 1 - Khoang thoi gian dé tinh toan ATl va LCR

ATI® LCR® Chuyén déng t? t,?
tham chiéu
ATILQWer LCRLgwer Ha thap ts—1[s]® tafs]©
ATI3QWer LCRYgwer Ha thp ts—-0,2[s] ¢ ts[s]®
ATIGS LCRYSS Gitr 2054 2405
ATIRgise LCRRaise Nang lén 0s 1s
ATIRalse LCRBalse Nang Ién 0s 02s

3ty va t2 x4c dinh pham vi thoi gian khi md men xoén can thiét clia ngudi diing va ng sudt thét lwng 12 1én nht gia siv
thi gian bat dAu clia méi chuyén dong tham chiéu 12 0 (xem phy luc A). Bdi vi quy dao géc clia chuyén ddng tham chiéu
tang hodc gidm don digu, ATl va LCR c6 thé dwoc coi 13 gia tr trung binh trong mdt pham vi goc cy thé. Tuy nhién, vi 1)
md men hd trg cd thé tao ra cac quy dao goc khac nhau; 2) khé co thé xac dinh déng théi cac pham vi goc lién quan cla
than, khé'p hdng va khép géi; va 3) sb lwgng diém di liéu dé tinh toan trung binh cd thé thay d6i, nén tiéu chuan nay 4p
dung gi4 tri trung binh theo théi gian dé xac dinh ATl va LCR.

b ATIva LCR véi mirc trung binh 1 gidy (ATILoWer AT[Hold ATRaise [cplower |cRHOld | CRRalse) oing co thé
dugc coi 1a mdt ddu higu cho thay rd bt cd thé tao ra mé men xoén hé tre va gidm cang thing thét Iwng lién tyc hay
khéng. M3t khac, AT va LCR véi mirc trung binh 0,2 s ¢ thé |a dAu hiéu cho thay rd bdt cé thé gidm mirc md men xoén
cyc dai can thiét va lyc nén I8n dia dém thét leng mt cach nhay bén d@én mie ndo (xem phu luc A). Bidu nay 1a do thyc
té 14 ho chi tap trung vao mdt khodng théri gian ngén. Tiéu chuén nay ap dung théi gian phan héi 0,2 s 3& con nguoi
phan (ing véi tai trong @6t ngdt 18n tly séng thét lung BI9),

¢ tyla khoding thei gian thuc té clia chuyén ddng tham chiéu.

5.3 Trang bj thir
5.3.1 Thiét bi thir nghiém

Trang bj thir phai bao gém mét thiét bj thir nghiém cé co’ ché lién két va kich hoat md phéng ngudi dung
ma moét rd bét dwoc gén vao va thir nghiém. R6 bt khong dwoc dwa vao trang bj ther. T 1é kich thudc
va sy phan bd khdi lugng cla né phai tuan theo Hinh 1. Trong hinh nay, chiéu cao va khéi lwong cla
nguoi dung dai dién do nha san xuét quy dinh dwoc dit 1a 100 %. Nha san xuét c6 thé xac dinh tat ca
cac gia trj khac khéng dwoc chi ra trong Hinh 1. Néu nha san xuét xac dinh cac gia tri khac vé ty 1é chiéu
cao va khéi lvong Ia phit hep, chling cé thé dwoc ap dung.

11
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Lirc nén I1én truc z thét lung va md men uén quanh truc y cla that lung dwoc do tai khop that Iung cb
dinh nhu thé hién trong Hinh 1. Khép thét lwng cb dinh chiu dwoc tai véi it nhét trong Ivong clia cac bd
phan trén clia thiét bi thir nghiém.

Chi c6 khop hdng va khérp gi 1a khép hoat dong. Néu st dung thiét bi thir nghiém c6 tay va ban tay thay
vi thiét bj kiém tra co trong long thay thé tai khdp vai, thi canh tay cla thiét bj kiém tra phai huéng
xudng duwdi & bét ky tw thé ndo va mdi cum tay va ban tay phai co 7,4 % khdi lwong clia ngui ding dai
dién.

Ty trong ctia mi khdi thiét bj thir nghiém c6 thé dwoc coi la khéng déi.

- - - — e - B

oM SRR S S r
74% 7.4%
40,7 %
b3
-
m
e bl EEE TR e R SR R
52%
- _@— - —:!——— —— = -——

»
<
24%
'
A

__..J‘..@..I!___... [ QU oo VRN oo RS, D

a) Nhin tir bén canh b) Nhin tir ding trwéc
CHU DAN:
A khép vai (¢6 dinh) C khop héng (hoat ddng)
B khop thét lwng (cé dinh) D khép gdi (hoat ddng)
CHU THICH 1: Ty 1& kich thwéc dwrgc chi ra bing dwéng nét durt trén hai diu mdi tén. N6 diea trén i lidu [; né chi ra ring
khoéng cach gitra khép hong va dia dém cot sdng L5/S1 xép xi bang 83/1 610 (5,2 %) chiéu cao co thé. Do d6, khap thét eng
¢b dinh nim & phan than trén cla thiét bj thir nghigm. D ligu tir Tai liéu tham khao (2] dwgc lay bang céch do miu xiwong clia

mét ngudi chau Au tredng thanh trong bd swu tap clia Dai hoc Tokyo (S6 mau: P6). Day khéng phai 1a gia tri trung binh clia
dan s6 cu thé nhung duwgc sir dung lam gia trj dai dién.

CHU THICH 2:  Gia si¥ canh tay va ban tay hwéng xudng duwéi & bat ky tw thé nao, khéi lrgng sé tap trung vao khép vai.

CHU THICH 3: Sy phan bé khéi lvgng dugc chi ra trong mt ving ctia phén doan co thé hodic bing mat mi tén mét dhu.
Piéu nay trich tir [EC 60601-1:2012, Hinh A.19.

Hinh 1 - Ty Ié kich thwéc va phan bé khéi lwgng ciia thiét bi thiv

M&t vi du vé viéc trién khai thiét bj thir nghiém dwoc thé hién & Phu lyc D.
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5.3.2 Chuyén dong tham chiéu va quy dao muc tiéu

Trong phép thir nay, thiét bj thir nghiém thyc hién cac chuyén déng tham chiéu mé phdng viéc ha thép,
gilr va nang phan than trén. Cac chuyén dong tham chiéu dwoc biéu thi bang goc than muc tiéu, cac gia
tri ty 1& phan phai gitra khé'p hdng va khérp g6i k, va thai gian muc tiéu ty, phai do nha san xuét cung cap.

Quy dao muc tiéu clia géc than, 6 (f) dwec dwa ra dwoi dang da thirc bac nam cta thai gian.

5
Géc than 8,(t)= Y ant", £=[0, t4]
=

dudi t = 0 1a thoi diém bt dAu clia mdi chuyén dong tham chiéu va 6: (f) = 0 & vj tri thang ding.

Téap hop clia a, cho méi chuyén dong tham chiéu dwgc xac dinh dé théa man géc ban dau 6, (0), goc
cudi 64(td) va didu kién han ché trong d6 6t Gt (0)=0, 6t (ts) = 0, 6(0) = 0 va 8 (t)= 0. Iy twéng nhét |12
61(0) = 0 va 6 (t) = 9279 d& ha xubng. Ludn ludn 6, (f) = 6:°79%" 4& giir. 6:(0) = va 6579 va 6 (ts)=0
dé nang 1én. Cac quy dao myc tiéu dwgc minh hoa trong Hinh 2.

edt) at)

et o
oy Brpg

o

A
6(t)
o
¢ ) o t
C

CHU DAN

A quy dao muc tiéu khi ha thap
B quy dao muc tigu khi gl

C quy dao muyc tiéu khi nang cao

Hinh 2 - Quy dao muc tiéu cho cac chuyén dong tham chiéu

13
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Goc khép héng, Oa(t), va géc khép gbi, 8i(f), dwoc dwa ra nhw sau:
Géckhéphong 6, (¢)=k6,(t)
Géc khop goi 6, (t)=(1-k)8,(t)

CHU THICH 1: Céc cong thirc nay st dung méi quanhé 6, (¢) =6, (1)+6,(1).

CHU THICH 2: Goéc than 6:(f) dwoc dinh nghta la da thire bac ndm cla thai gian vi quy dao clia méi goc khi con ngudi ha, gl
va nang tai gan nhur phil hp véi da thire bac nam cla thdi gian,

CHU THICH 3: Néu 69 1a 50 * nhu thé hién trong bang 2, k ¢4 thé 1a 1,5 vi k thue s thu duge tir phép do chuyén dong
clia con ngudi thay ddi tir 1,3 dén 1,7 thy thudc vao titng ca nhan va trong lwong clia méi tai. taco thé 1a 2 s.

CHU THICH 4:  Nhin chung, gitr mét géc nhé & khép than dugc wa chudng hon dé gidm 4p lwc thét lung trong qua trinh ha,
gilr va nang. Trong trwémg hop nay, k cd thé Ién hon 1,5 va ta G& ha va nang c6 thé ngén hon 2 . Vi dy, néu ... 1a 25 °, k thyc
sy thu dworc tir phép do chuyén ddng clia con ngudi 1a khodng 3,0 va ts dé havandng 13 1,5 s.

Bang 2 cho thAy mét vi du vé chuyén déng tham chiéu.

Bang 2 - Vi du vé chuyén déng tham chiéu

Chuyén Géc than 6,(f) * Khoang thoi gian
dong tham chiéu
Ha thip 0°dén50° 2s
Gitr 50° 2s
Nang lén 50°dén0° 2s

2 Nhin chung, tw thé clia than minh I&n 1¢i 50 ° 1a khéng mong muén vi 4p lyc |&n dia dém thét
lung tr& nén qua lén. Tuy nhién, didu nay co thé xay ra khi nguai diing nang vat nang ilr mat dét
ho&c nang mét ngudi khac. Do d6, tr thé 50 ° clia than minh 14 tinh hubng ma ngwéi ding cén lyc
md men xoén hd tre clia ré bot. Day 1 ly do tai sao cin danh gia, tai 50 °, mirc @3 hé trg ma nguoi
duing nhén Guoc tir rd bét dbi véi ngudi ding va mire dg giam ma rd bét anh hudng dén lyc nén
tai dia dém that lung.

B diéu khién cho thiét bj thir nghiém sé& didu khién qu dao clia n6 trong cac chuyén dong tham chiéu
trong sai s6 + 5 °, ¢6 va khang c6 o bét. Thoi lweng thue té clia mbi chuyén dong tham chiéu ¢o thé
khéc so vai thai lwong muc tiéu ts & ha xudng va nang lén.

Péi v&i rd bbt c6 dau vae sinh hoc, md men xodn thue té clia khép hang clia thiét bi thir nghiém phai
dugc dwa vao rd bét lam dau vao thay cho dau vao tlr ngwdi dung.

Déi véi rd bbt cé dau vao dong hoc, khong can két ndi bd sung nao gitra rd bét va co s& thir nghiém.

Béi véi ro bdt co dau vao bang nhap lénh, hoat dong diéu khién ctia né duoc thc hién theo hudng dan
str dung trong cac chuyén déng tham chiéu va/hodc khodng thoi gian gitra cac chuyén dong.

5.4 Quy trinh thiy

a) Céc chuyén dong tham chiéu, cac thong sb 627, k va ts va néu cin, tai trong bd sung dwoe nha san
xuét quy dinh.

14
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b) Thiét bi thir nghiém thie hién ba Ian 13p lai cac chuyén ddng tham chiéu ma khong cé rd bét, theo
thir tw sau: ha xudng, gitr nguyén va nang lén.
c) Gén ro bét vao thiét bj thir nghiém theo huéng dan s dung.
d) Gilr thiét bj thir & vi tri thdng nhat.
e) Bt dhu hoat dong hd tro clia rd bét theo hwéng dan st dung.

f) Thiét bi thir nghiém thire hién ba 1an 13p lai cac chuyén déng tham chiéu véi rd bét, theo thi tir sau:
ha xudng, gitr nguyén va nang én.

g) Dirng hoat dong hd tro clia rd bét theo hiréng din st dung.
h) Thao ré bdt ra khi thiét bi thir nghiém theo hwéng dan st dung.
5.5 Két qua thir

ATI va LCR tinh toan sé dwoc ghi trong béo céo thir nghiém cling véi cac théng sé, dac treng cho thiét
bi thtr nghiém va chuyén dong tham chiéu dwoc st dung trong thir nghiém.

- Chiéu cao va khéi lwgng clia ngudi ding dai dién dugc ap dung cho thiét bj thlr nghiém
6/ k va ty, dwoc ap dung dé xac dinh cac chuyén dong tham chiéu
- Ty lé lay mau duoc ap dung cho phép do

Bang vi duy v& két qua thlr nghiém dugc thé hién & Phu luc C.

6 Phwong phap thir déi véi ty 18 ho tro
6.1 Muc dich

Diéu nay mé ta phwong phap quy dinh va danh gia dac tinh clia rd bét hd trg viing lung dwdi; thi nghiém .
nay do mirc hd trg hodc hd trg lung clia rd bdt bang cach so sénh md men xoan khép hong ctia mé hinh
tridre va sau khi deo ré bét,

6.2 Dic diém lién quan

Mrc d6 hé tro hodc tro gitip Iung clia rd bt co thé dwee xac dinh 1a ty 1& hé tre, Ra nhu sau:

[ 0de= [ Pen (0)de

=22 1 x100
w I::f;‘r (t)d;
Trong dd
ot la mé men xoan héng tham chiéu dugc do trong chuyén déng dwoc quy dinh ma
khéng deo rd bét;
Th 14 md men xo3n héng dwoc do trong qua trinh chuyén déng duoc quy dinh khi rd
bét dang hoat déng;

15
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t la thoi diém ban dau cla chuyén dong dwoc quy dinh;
ta a thei diém cudi cling clia chuyén déng duwec quy dinh.

M6 men xoan khép héng t, ¢6 thé dwoc tinh nhu sau béng cach si¥ dung hinh hoc téng quat trong Hinh
3.

= g =yl +1? -2k cos(r~8,)

T b=V -l
== 12 +i2 -1 L2+l -l
=m—(cos |2 F5 T2 | oot TS 7T
& =n—{(cos ( 2k ]+cos ( Ak
— G =1-6 -6

— % =FRhsin(6,)+E b cos(a,)

Hinh 3 - Pai lwgng hinh hoc dé tinh toan mé men xoén
6.3 Trang bi thir
Trang bi thir nghiém phai bao gém mét thiét bi thir nghiém véi mét hinh ném ma mét ré bét hé tro viing
Iung dudi c6 thé dwoc gan vao nhuw thé hién trong Hinh 4a) va 4b). Hinh ngm bao gém than va dui. Than
va dui phai dwoc phi bang vat liéu tdng hop dé& md phdng hinh dang co thé con ngudi.
Phan b khoi lwong clia than dugc dat & mirc 55,5 % tong khéi lwong clia nguoi dung dai dién dwoc
nha san xuét xac dinh theo Hinh 1.
Vi tri clia c6 va khép géi clia hinh ngm cd thé duroc thay déi thii cong doc theo thanh trirot dé né c6 thé
thire hién mét sd tw thé nhw ding, ubn cong eo (tw thé khom Iwng), uén cong eo & d4u géi (nra ngdi
xdm), udn cong d4u géi (ngdi xém) nhur thé hién trong Hinh 4c). Sau khi xac dinh duorc tuw thé thir nghiém
dv dinh, vj tri cla ¢b va/hodc khép géi co thé dwoc cb dinh trén thanh treot dé duy tri tw thé du dinh.

16
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ke K = =&k = ks

®
<tw thé dirng co ban> <uén cong eo> <ubn cong eo va dau gbi>  <ubn cong dau gdi>
c) Bén tir thé thir nghiém cé thé
CHU DAN:
A than K thanh trurot dau géi
B dui M dong co
E khép héng cé b ma héa N thanh trwot cd
F cam bién luc R hé tro viing lung dwdi robot
H nguwdi nom (trang phuc hinh nguedi) X thanh trrrot cd dinh hosc khop

Hinh 4 - So d6 khai niém cia thiét bj thir nghiém
T4m hoac thanh truot két ndi véi dau clia hinh ném dworc didu khién thang qua mét cam bién lwe co thé

di chuyén 1én xudng doc theo mat vit me bi bang cach didu khién dong co dé no cé thé thuc hién bén
chuyén déng duoc dé cap & trén trong Hinh 4. HO so van tc clia tAm diéu khién dé thuc hién tw thé thir

17
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nghiém cu thé (chuyén dong) co thé dwoc xac dinh béi nha san xuét hodc bang cac chuyén déng tham
chiéu trong 5.3.2. Hinh 5 Ia hd so van tbc mau dugc s dung dé ha than minh xudng trong tw thé ngdi
x6m mét nira.

T T

Vtarge'f 'i, (O.S t< t}_)

v=| et (t, St<ty)

tg—t
v L () <t <ty)
b=t

yareet - 2(817 "31)
(b +& ~t1)

CHU DAN:

& vj tri ban du

61 vitri két thuc

] theri gian két thic

On vj tri héng (dwgc xac dinh trong Hinh 3)

Hinh § - H3 so van téc miu dwoc sir dung dé ha thip than minh trong tw thé ngdi xdm mét niva
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Cam bién lyc dugc 1ap gitva khép cd va thanh trwgt khép cb do Iuc theo hwéng x va y khi hinh ndm ha
hodc nang than lén. Tai khép hng, mdt bd encorder dwoc ldp dé do gdc quay clia khép héng.
Mbt vi du vé viéc trién khai thiét bj thir nghiém dugc thé hién & Phu luc D.
6.2.3 Quy trinh thir
1) Chon chuyén déng thtr nghiém mong mudn trong bén tw thé sau.

a) bung

b) Uén eo (tw thé khom lwng)

c¢) Udn eo va dAu gbi (nlra ngdi xém)

d) Uén dau gbi [ngdi xdm)

2) Cé dinh vi tri khép cd varhoic khép gbi doc theo thanh trwrgt nhu minh hoa trong Hinh 6, Hinh 7
va Hinh 8 tuy thudc vao chuyén ddng thi nghiém mong mudn. Lwu y rang "x" trong cac hinh nay
biéu thj khép cb dinh va "-" 1a khép trwot thy dong. Sau do, thiét lap géc udn cong hong va dau
g0i ban d4u bang cach diéu khién.

¥
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o
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red
]
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R
=
o
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o
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o
b
%]
]
]
%
=
R

=% - b

CHU DAN:

F cam bién tai trong

M dong co

X thanh trugt ¢d dinh hoc khép

Hinh 6 - Un cong eo va du gbi
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kx -
CHU DAN:
F cam bién tai trong
M déng co
X thanh trugt cé dinh hodc khop
CHU DAN:
F c&m bién tai trong
M ddng co
X thanh tregt b dinh hoic khép

20
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3) Thiét ké hd so van téc tham chiéu cla tam diéu khién tly thudc vao chuyén ddng thir nghiém.

4) Lam cho hinh ndm nang lén hoac cti xubng theo bién dang van téc tham chiéu bang cach diéu
khién dong co theo cac giao thirc sau:

a) Gap eo va dau gbi (nlra ngdi xdm):
i) dlrng thang (tw thé ban dau);
ii) ngdi bing cach uén cong dau géi va khép héng trong hai gidy;
iii) giCr nguyén tu thé ngdi trong hai giay;
iv) drng lén bing cach dudi thang dau gdi va khép héng trong hai giay;
v) dirng thing (tw thé cudi cung).
b) Uén cong eo (tw thé khom lung):
i) dirng thang (tw thé ban.déu):
ii) ha thap than minh bang cach ubn cong khép héng trong hai giay;
iii) gitr nguyén tw thé ha thap than minh trong hai giay;
iv) dirng day bang cach dudi thing khép hdng trong hai giay;
v) dirng thang (tw thé cudi cling)
c) Gap dau géi (tw thé ngdi xdm):
i) dirng thang (tw thé ban dau);
ii) ngdi bang cach gap khap gbi trong hai giay;
iii) gitr nguyén tw thé ngdi trong hai giay;
iv) dieng 1én bang cach dudi thing khép gdi trong hai giay;
v) dirng thang (tw thé cudi cing).

5) Tinh toan mé men xoén tai khép hang trong qua trinh chuyén dong tham chiéu bing céch st
dung cac céng thire trong Hinh 3 va ghi lai nd nhi mé men xo&n tham chiéu.

6) Gan rd bét vao hinh nom, Iap lai bwéc 4) va ghi lai mé men xoan da tinh toan.
7) Thao rd bét ra khdi hinh ndm.
8) Tinh ty I& hé tro bang cach sir dung (1).
9) Lap lai cac budce tir 4) dén 8) ba lan.
10) Tinh toan murc trung binh clia ty 1& ha tre.
6.5 Kétqua thir
Mtrc 38 hé tror trung binh sé dwoc ghi trong bao cdo thir nghiém cling véi tat ¢ cac thong sb dic trung

clia hinh ném va chuyén dang tham chiéu dwoc st dung trong ther nghiém.
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Phu luc A

(Tham khdo)

Khoang théi gian ciia ATl va LCR

Pidu 5.2 st dung cac khodng thoi gian clia Bang 1 @ tinh toan ATls va LCRs. Phy luc ndy cung cap
hiéu biét tét hon vé& ATls va LCRs bang cach minh hoa di liéu trong cac chuyén dong tham chiéu va cac
khodng thoi gian clia ATls va LCRs.

Hinh A4, Hinh A.2 va Hinh A.3 chi ra céc vi du v& di¥ liéu thu dwoc khi thiét bi thte nghiém thuwe hién cac
chuyén dong tham chiéu: ha, gitr va nang phan than trén, twong (ng, va ¥ sé dwoc siv dung dé tinh
toan ATlva LCR trong 5.2.2va5.2.3.

Nhu thé hién trong Hinh A.1, Hinh A.2 va Hinh A.3, ATI va LCR véi gia tri trung binh 1 gidy (ATI}SS%,
ATIHOld  AriRaise | cplower [cRHold |, cRRAISe) cling c6 thé durge coi la mét dAu hiéu cho biét liéu rd bt
c6 thé tao ra md men xodn hd tre va gidm ap luc that lung lién tuc hay khdng. Mat khac, ATl va LCR véi
mirc trung binh 0,2 s (ATILSWer, ATIRise LCRLOWer, LCRB2ise) c6 thé 14 dau hiéu cho thiy mirc d6 phén
(g tét clia rd bdt @& gidm md men xoén cye dai can thiét va lec nén Ién cac dia dém thét lwng. ATILSY"
va LCRLe¥er g6j véi chuyén dong ha thép ciing cé thé dwoc coi la mét ddu hiéu cho biét liéu rd bét co
thé tao ra md men xodn hd tro va giam ap lwc & viing lung duwdi cho dén khi hoan tat chuyén dong hay
khong. ATIRaise y3 LCRBaise 4éj vai chuyén dong nang Ién ciing c6 thé dwoc coi la mdt déu hiéu cho biét
iéu rd bét c6 thé tao ra md men xodn hé tro va gidm 4p e & ving lwng dudi khi bat dAu chuyén dong
hay khdng.
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CHU DAN:
A khoang thdi gian cho ATILSuer E khodng th&i gian cho LCRLGYer
B khoang thei gian cho ATISSe" F khodng th&i gian cho LCRLJWer
c mé men xo3n [Nm] G Iwe [N]
D thi gian [s]
Hinh A.1 - Vi dy vé di¥ liéu trong qua trinh chuyén ddng ha thap va

pham vi thei gian cia ATl va LCR
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CHU DAN:

A khodang théi gian cho ATI

B mé& men xoan [Nm]

C théi gian [s]

D khoang th&i gian cho LC
E  IycN]

B«-
A
(1) EEE L L LRCRT R ERTSTTRIST PR Tesscsernrnanalarsannrninsvns
m—
e Ty(f)
| : — (R0 )
0 C #,/2 Iy
E} :
_________ T R A
-
= F(1)
S p(ﬁ"‘(r), F(t)]
0 = »
0 ¢ i12 1y

LI I

Hold
Rio00

Hinh A.2 - Vi du vé dir liéu trong qua trinh gii» chuyén dng va pham vi th&i gian ctia ATl va LCR
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CHU DAN:

A

khodng thoi gian cho ATISak® E khodng thoi gian cho LCR53k®
Raise

khoang thei gian cho ATIRzise F khodng théi gian cho LCREaLS

md men xodn [Nm] G iwc [N]

thei gian [s]

Hinh A.3 - Vi du vé dir liéu trong qua trinh di chuyén nang lén va
pham vi th&i gian cda ATI vaLCR

25



TCVN 13233-4:2025
Phu luc B

(Tham khao)
Vi du vé ré bét hd tre viing lwng dwdi

Phu luc nay minh hoa mot vi du vé& r6 bét hé tro viing lwng dwdi trong pham vi cla tiéu chuén
nay dé gilip ngudi doc hiéu ndi dung.

CHU DAN:
1 khung trén
2 khung dwéi
3 dai dui
4 dai trén
5 dai duwdi
6 khép hong
7 cong

Hinh B.1 - Vi du vé rd bét hé trg viing lwng duwéi
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Phuluc C

(Tham khao)
Bang vi du vé két qua thir nghiém

Bang C.1 1a bang vi du vé két qua thir nghiém dwoc quy dinh trong Bigu 5. N6 ciing ¢é thé dwoc ding
trong huwéng dan sir dung.

Bang C.1 - Bang vi du vé két qua thir nghiém chuyén dong tham chiéu

ATI ATILgwer | Nm

ATILSwer | Nm

ATIHO | Nm

ATIRSse | Nm

ATIS3se Nm

Két qua thir nghiém quy dinh tai Diéu 5 bang cach mé phéng
ngudi ding cao 170 cm va nang 75 kg theo cac didu kién
quy dinh tai Bang 2 v&i tan sb 14y mAu di liéu 1 kHz.

LCR LCRLgwer | kN

LCRLSYer | kN

LCRYG] | kN -

LCRRalse kN

LCRE3kse | kN

Két qua thir nghiém quy dinh tai Diéu 5 bang cach mé phéng
ngwdi ding cao 170 cm va niing 75 kg theo cac diéu kién
quy dinh tai Bang 2 v&i tan sé [y mau di liéu 1 kHz.
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Phu luc D

(Tham khao)

Vi du vé viéc trién khai mét thiét bi thir
D.1 Viducho5.3

Hinh D.1 minh hoa mét vi du v& viéc trién khai thiét bi thir nhw dugc mé ta trong 5.3.

Hinh D.1 - Vi du vé viéc trién khai thiét bj thir nghiém nhw mé ta trong 5.3

Thiét bi thir dwoc thé hién trong Hinh D.1 bao gdm cac xwong thép, trong lwong thép dé didu chinh phan
phéi khéi lwgng, va cac tam phti in 3D d& c6 thé gén rd bét hd tro lung dudi. Hai b truyén dong loai 1,5
kW, c6 md men xodn trc thoi téi da va md men xodn lién tuc téi da Ian lwot 1a 398 Nm va 133 Nm, dwoc
dat bén dwoi tm dé. Cong suét truyén dong clia mot bd truyén ddng duwoc truyén dén khop gbi phai
bang day curoa cam; bd. truyén dong con lai dwoc két ni véi khép héng trai théng qua mét day curoa
cam bd sung tai khép géi trai.

Hinh dang clia cac tAm pht in 3D thu dwoc bang cach don gidn héa hinh dang than may duwgc mé ta
trong Tai liéu tham khao [10]. Cac tAm phli dwec tach ra & eo dé do chinh xac (bng suét thét lwng bang
cach tranh phan bd tai trong lén cac tdm phl. Mé dun cam bién lwc mé men xoan 2 tryc duoc 1ap vao
khop thét lwng. M6 dun nay bao gdm bén cam bién Iyc 1 truc gidng hét véi tdm Iwc. MO men xoén cla
thiét bj thir nghiém dwoc suy ra tir dong dién dau ra clia bd truyén dong. Géc cia céc khép dugc do
bang bé ma héa tich hop trong bd truyén dong.

Déi voi bd didu khién, thuat toan didu khién PD chuan dwoc st dung. D6 loi P dwoc dét thanh 5000
Nm/rad va d6 loi D dwoc dat thanh 500 Nms/rad cho c3 hai bd truyén dong. Cac gia tri nay duoc xac
dinh bang cach digu chinh thi cong trong md phéng so bd. Chung dap (ng cac yéu cau vé hiéu suit
clia b diéu khién (xem 5.3.2).
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D.1 Viducho6.3

Hinh D.2 minh hoa mét vi du vé viéc trién khai thiét bj thir nhu dwoc mo ta trong 6.3

M
S S
N N
F F
A A
C
B B
K K
Nhin tir bén canh

o

i

t‘q.

al 8

~ (=]

= o~

A than K thanh trwot dau gbi
B dhi M dong co

o bd diéu khién N thanh trwot cb

F cam bién lwc S vit bi

Hinh D.2 - Vi du vé viéc trién khai thiét bi thir nghiém nhw mb ta trong 6.3
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