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L&i néi dédu
TCVN 13699:2023 hoan toan twong duong ISO TR 13309:1995

TCVN 13699:2023 do Ban ky thuét tiéu chudn quéc gia TCVN/TC 299, Robot
bién soan, Téng cyc Tiéu chuén Bo lvdng Chét leong d& nghi, B3 Khoa hoc
va Céng nghé cdng bé.



TIEU CHUAN QUOC GIA TCVN 13699:2023

Tay may rd bét cong nghiép -

Hwéng dan vé thiét bi thir va cac phwong phap do trong vén hanh
dé danh gia tinh ndng cda ré bét phu hop véi TCVN 13696 (ISO
9283)

Manipulating industrial robots -

Informative guide on test equipment and metrology methods of operation for robot performance
evaluation in accordance with ISO 9283

1 Pham vi ap dung

Tiéu chudn ndy cung cép théng tin v& trinh 6 phat trién khoa hoc — k¥ thuat clia cac nguyén Iy van hanh
thiét bj thir. Théng tin bd sung dwoc cung cip s& md ta cac (g dung clia cong nghé hién nay vé thiét
bj thir theo TCVN 13696 (ISO 9283).

2 Cic loai phwong phép do déc tinh chis yéu

C6 médt sb phurong phép dwgc st dung d& md ta dic didm céc tinh nang cla ré bét phit hgp TCVN
13696 (ISO 9283). Cac phwong phap nay dwegc phan loai nhw sau:

Céac phwong phap xac dinh vj tri bang dau do
Cac phuong phap so sanh quy dao

Céc phuong phap do ba canh tam gidc

Cac phwong phap do toa d cuc

Phuong phap tam giac dac

Phuong phéap do quan tinh

Cac phuong phap do toa df

8. Phuwong phap vé quy dao

Théo luan ngén vé cac phuong phap nay duoc cho trong Didu 4. C6 thé tim thAy mé ta chi tiét vé cac
hé thdng nay trong céc tai liéu dwec cho trong myc Tai liéu tham khao (Phy luc C).
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3 Cac phwong phap do dic tinh ciia rd bét dwgce khuyén nghj

Bang 1 gi&i thiéu ban ké cac phirong phap dugc khuyén nghj dé do céc tiéu chi dic tinh phii hep véi
TCVN 13696 (ISO 9283). Cac phirong phap da phan loai thanh tam loai trong Biéu 2 dugc ghi theo tirng
khoan thanh tdng s 16 phwong phép riéng. Céc kha nang clia mdi phirong phap cling duwgc dua ra.
Méc ds c6 thé str dyng mdt s phirong phap dé do cac diic tinh clia ca tw thé va qui dao nhing mét sb
phuwong phap ¢6 cac gidi han. Cac gidi han d6 la:

- (1) Chicé thé do vi tri (hodc huéng) trong thir nghiém dc tinh tw thé.

-(2) Chico thé do céc dic tinh clia quf dao (dudng thdng hodic dwdng trdn) doc theo cac quy
dao didu khién bi gici han.

-(3) Chicé thé thir nghiém céc rd bbt c6 qua tAm bj gi¢i han

- (4) Ddc tinh cla thiét bj thir khdng thé cung cip di d6 chinh xac hodc dd khong &n dinh do
céc dc tinh dic biét.

- (5) Phép do duwgc gidi han cho sb bac t do clia thiét bj thir.

- (6) Thiét bj thir c6 thé cung cép thé tich do c6 gidi han so véi khéi 1ap phwong thr dwoc
dinh nghfa trong ISO 9283.

-(7) TAn suét IAy mau cla thiét bj thir khéng thé khop véi tAn sé dinh clha chuyén ddng ré bét
dugc do.

Ngudi thir nghiém nén thao luan cac gidi han véi nha san xuét thiét bj thlr tredre khi lap ké hoach do dic
tinh.

Bang 2 gidi thigu tom tét cac ddc tinh d3ic trung dién hinh va cc kha ning clia cac phirong phap dugrc

khuyén nghj st dung. CAn lwu ¥ réing trudc khi thir nghiém mét rd bét, ngwdi thir nghiém nén hidu rd
céc mire d3c tinh clia rd bét va lwa chon cc phwong phép thir thich hep.

4 Cac phwong phap do dic tinh ciia ré bét

Diéu nay dwa ra sy md ta va cac cAu hinh dang so @8 clia cic phurong phap duoc liét ké trong Bang 1.
41 Cac phwong phap xac dinh vj tri bing dau do

Cb thé do cac d3c tinh dat dwoc clia tur thé khi st dung mdt dAu do co chira 4G sb lwgng cac by cam
bién dich chuyén hodc cac bd cam bién tiép can dugc vi tri béi rd bbt 88 tiép xtic cham mét vat mau
chinh xac duoe dat tai mét vi tri quy dinh hodc & lai trong khdng khi d& do qua tdm co thé cé. Hinh 1 gidi
thiéu mét thiét bi dién hinh. Hinh 2 gidi thiéu mot sé dang miu va dAu do. Mot vai kiéu vat mau va cac
dAu do co thé dwoc két hop véi nhau tiry thude vao sb Irgng céc thong sé clia tw thé dwoc yéu clu.



TCVN 13699:2023

Vit tao tc dang knéi
1ap phirong

(r8ng)

[

Hinh 1 - Phwong phap xac djnh vj tri bing ddu do

(vat mAu dang khdi 1ap phuong)

Phép do tiép xic Phép do khng tidp xic
(do cac toa db x, y, 2) (docactoaddx,y,z,a,b,c)
©
Cac vi dy vé ®

dlu do

dwoc ip trén rd bbt

Hinh 2 - C4c vt miu cia phwong phép xac djnh vj tri bing diu do
4.2 Cac phwong phap so sanh quy dao (dwdng din)
4.21 So sanh theo cdn miu co khi

Céc phurong phap nay dya trén so sanh mét qui dao dat duoc véi mot quy dao yéu clu cb thé gdm co
céc doan thing hodc cac doan quy dao tron. Quy dao duwoc thiét ké trén co s& st dung cin mau co khi
chinh x4c hoéc cu tric tham chiéu vj tri khac. Hinh 3 gi¢i thiéu mét thiét b dung cho phwong phép trong
d6 cac bd cam bién tiép can dwoc lp trén diu do dang khéi lap phwong va vat miu cé mét canh thang
biéu thj qu§ dao didu khién. Céc sai léch xuat hién trong qua trinh thure hién quy dao dwoc cam bién bdi
sé lwgng thich hgp cac bd cam bién va duoc sir dung dé xac dinh cac théng sbé diic tinh (d9 chinh xac
va kha nang 13p lai) clia quy dao dat dugc. Toan bd cac sai léch clia tur thé (vj tri va dinh hudng) cling
¢6 thé dwec xac dinh khi st dung dl cac by cam bién.
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Hinh 3 - So sanh véi cin miu co khi
4.2.2 So sanh quy dao sir dung cham tia la ser

C6 thé do d chinh xac/ kha nang I3p lai cla quy dao doc theo mdt chim tia laser véi bd cdm bién quang
c6 kha ndng phét hign sai s6 vi tri clia chum tia 161 tir tm. Hé théng thiét bi dwgc gidi thidu trén Hinh 4.

C6 thé tinh todn xac dinh tu thé clia rd bét doc theo chiim tia 13 mét ham sé clia thai gian néu ngudn
laser dugc thay thé bing mdt giao thoa ké laser va cam bién quang ¢6 kha ning phan xa anh sang.

©i bt quang c6 hiéu (g ngang

Hinh 4 - So sanh qu§ dao sir dung chiim tia laser
4.3  Cac phwong phap do ba canh tam giéc

Do ba canh tam gidc (c6 nghta Ia “str dung ba canh”) Ia mét phwong phap xac dinh toa 89 D& céc (X,Y.2)
clia mt diém P trong khdong gian ba chidu vé&i ba gid trj khodng cach gitra diém P va ba v tri quan sét,
va cac chidu dai co s& gitra ba vi trf ¢b dinh. Hinh 5 gidi thich nguyén ly clia phép do ba canh tam gi4c
dugc bidu dién theo hai chiéu.

Hinh 5 - Nguyén ly do ba canh tam giac
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4.3.1 Phép do giao thoa bdng nhiéu chiim tia laser

Phuong phap ndy da trén co s& str dung ba chiim tia laser dwoc phét ra tir ba giao thoa ké laser duoc
didu khidn servo theo hai tryc nhim bam theo mdt bia chung duwec b tri trén cb tay rd bét. Hé théng
thiét bj dwoc gidi thidu trén Hinh 6. C6 thé xac dinh @ic tinh tu thé cha ré bét trong khéng gian ba chidu
dipa trén cac di liéu v& khodng cach thu duwgc tir ba giao thoa ké. Co thé do dwgc hwdng (dinh hwéng)
néu sl dyng sau giao thoa ké trong mét thiét bi, trong d6 sau chiim tia dwgc nhdm vao ba bia doc lap
trén rd bét.

Hinh 6 - Phép do giao thoa bing nhiéu chim tia laser
4.3.2 Phép do ba canh tam giéc béng siéu dm

C6 thé tinh todn vi trf clia rd bét trong khdng gian ba chidu véi cac dir liéu vé khodng céch tlr ba micro
siéu 4m tinh thu nhan c4c dong xung siéu am tir mét ngudn 4m thanh dugc 1p trén ré bét. Hé thng
thiét bj dwoc gidi thidu trén Hinh 7.

C6 thé xac dinh hwéng clia rd bdt néu rd bét cé ba ngudn am thanh doc 1ap va m&i micro At finh c6 thé
phét hién cac dong xung tir tit cd ba ngudn am thanh nay.

B¢ phat sidu ip

Micro

Hinh 7 - Do ba canh tam giac bing siéu &m
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4.3.3 Do ba canh tam giac bing day cap

Céc phuong phap ndy dya trén co s& déu nbi ba day cép bét ngudn tir ba cudn day cap cb dinh cho
diém dau mt clia rd bbt nhu d3 chi ra trén Hinh 8. Béing cach do chidu dai clia mi day cap nhuw khi st
dyng céc chiét 4p hodc thwéc do ma hoa trén céc thiét bj cAp cap c6 co chu duy trl stc cing cép, c6 thé
xac dinh vi trf cdia diém dau mat trén rd bét.

Cor chu clp cép

Co cu ma héa
Hinh 8 - Do ba canh tam gi4c bing cap co khi

4.4 Cac phwong phap do toa d§ circ

C6 thé str dyng cac phrong phap do toa dd cyc dé xac dinh toa 46 D& cac (X, Y, Z) clia mét diém trong
khéng gian béng cach do khodng céch D, céc gié trj clia géc cire (a) va goc nang (B) nhu da chi ra trén
Hinh 9.

4.41 Phép do giao thoa bing mdt chum tia laser

Cé thé sir dung phuong phap do giao thoa bang laser dé do vi tri hodic sy dinh huéng ciia r6 bét. Hinh
10 gi6i thigu mét thiét bj dién hinh ¢6 giao thoa ké mét chum laser dé do vi tri. C6 thé tinh toan vi tri ctia
16 bt v&i cac dir lidu vé khodng cach tir giao thoa ké laser va cac dir lidu v& gbc cwel gbc nang thu dugc
tlr mt hé théng theo déi tinh nhdm vao mdt gurong phan xa nguegc I4p trén diém dAu mat clia rd bét.
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Hinh 9 - Nguyén Iy ciia phép do toa dé cwc theo ba chidu
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Vit phin xa ngugc

Hinh 10 - Phép do giao thoa biing mdt chim tia laser dé do vj tri

Cling ¢6 thé do sy dinh huéng clia rd bét (e doc va quay tréch) khi st dung cling mét hé théng (Hinh
11) néu hé théng gurong phan xa nguroc ¢ kha nang itk tryc quang nhim vao hé théng theo déi tinh,
hodc néu hé théng theo dbi tinh cé thé phan tich hinh &nh nhiu xa do vat phan xa ngwgc phan xa lai.
Phuong phap ndy c6 thé thir nghidm céc rd bét c6 6 DOF (bac ti do)

Vit phdn xa nguge
Giao thoa ké laser

Hinh 11 - Phép do giao thoa bang mét chim tia laser 38 do tw thé
4.4.2 Phwong phap mét tram tdng (cé dinh /theo dbi)

C6 thé do vij tri dat dugc cla ré bét bang mot tram téng (cé dinh/ theo ddi) co kha ning do khodng cach,
gbc goc hwémg (cwrc) va goc tAm (thay cho nang)) cho tirng diém mét.

Tw thé (yéu td dinh vj tri) dat dwoc cla rd bét hodic quy dao (yéu té dinh vj tri) clia rd bét cling c6 thé
dugc do bdi mét tram tdng theo ddi, vi tri nay duy trl dAu vét clia mot vat phan xa ngugc di dong 18p trén
rd bbt. Hinh 12 gidi thiéu mét thiét bi dién hinh cho hé théng nay.

V3t phin xa ngirge

Hinh 12 - Phirong phap mét tram tdng (theo ddi)

1"
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4.4.3 Phwong phap thwéc do thing

C6 thé do vj trf clia rd bt nhir mét ham sb clia thi gian véi cac dir liéu vé khodng cach va cac di liéu
v& géc cyre / goc nang tir mot thang do tuyén tinh.

Trong phwong phap thwée do thing da chi ra trén hinh 13, dAu mit phia trén clia thudc do thdng dugc
két ndi v&i rd bét va do khodng cach gilva @Au mut phia trén va diém d4u néi tai cac co cAu ma héa.

Céc dir liéu v& géc cye / gée nang nhdm vao déu mat phia trén clia thang do tuyén tinh thu dugc véi
mét co cu ma héa di chuyén theo huéng ndm ngang va co chu mé héa the hai di chuyén theo phuong
thang ding.

"R\ ——— Thang do tuyén tinh
\\

Y
.--’

Hinh 13 - Phwrong phép thang do tuyén tinh
4.5 Cac phwong phap tam giac dac

Phép tam gi4c dac la mét phwvong phap c6 thé dwec s dung dé xac dinh vi tri clia mét diém trong khéng
gian. Trong phép tam giac dac theo hai chidu, c6 thé xac dinh cac toa 46 D& cac (x, y) cla diém P (xem
hinh 14) véi chidu dai dwdng co s& B1By, hai géc circ ay, oz

—

Chidu dai dwing co sér

Hinh 14 - Nguyén Iy do ciia phwong phap tam giac dac

12
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451 Cac phwong phap tam giac dac theo déi bing quang hoc

Trong céc phurong phéap ndy, cb thé xac dinh vj tri cda rd bét nhw 12 mét ham s clia thei gian véi hai b
c4c dir lidu v& géc cyc / goc nang tir hai hé théng theo di quang hoc hai tryc. Nhu vay, c6 thé s dung
c4c phirong phép nay cho ca hai phép do tinh va dong. Cac hinh 15, 16 va 17 gidi thigéu cac clu hinh
dién hinh ctia ba hé théng tam gic dac phd bién theo ddi béng quang hoc.

Trong hé théng theo ddi bing laser da chi ra trén hinh 15, hai chum tia laser tir hai hé théng theo dai lién
tyc nhim vao mét vat phan xa Ip trén didm dAu mit cia rd bét. Phurong phap quét bing chim tia laser
d3 chi ra trén hinh 16 |2 mdt phuong phép khac dé xac dinh vi tri cla rd bét. Phuong phép dya trén sw
phét hién anh sang di téi mét bia lp trén r bét tir ba bd quét laser phét ra anh séng dwoc chiéu thanh
dwong. Hai bd quét chiéu Ién cac durdng thing ding va bd quét thir ba phét ra dwdng ndm ngang.

Vit phdn xa ngerec

B quét laser

Hinh 15 - H§ théng tam gidc dac theo ddi bing laser

BY phét hién laser

Hinh 16 H§ théng tam gidc dac quét laser

C6 thé tinh toan sy dinh hwéng clia rd bét néu hai chim tia laser dugc cAu triic (¢ dang chir thap) theo
d6i mét dau do dang khéi lap phuong duwoc trang bi hai bd cadm bién dang vong CCD trén cac bé mit
lién ké cta G4u do.

13
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Cam bién dang véng CCD

“ “ n 3 Cac chum tia laser dang chir thap

Hinh 17 - Hé théng tam giéc dac theo d5i bing laser va vong CCD
4.5.2 Phwong phap méy kinh vi (teodolit)

C thé xac dinh vj tri dat dugc clia ro bbt véi hai bd di liéu vé& géc ce / gdc nang bing cach st dung
hai (hoac nhidu hon hai) may kinh vi (teodolit) tinh ¢6 céc chiim tia nhim vao mét bia Ip trén didm diu
mut cGa rd bét. Thiét bj dién hinh dwoc gidi thidu trén hinh 18. C6 thé tinh todn sw dinh huéng néu ré
bdt c6 nhidu diém dich. Cac may kinh vi thil cdng chi dwgc st dung ¢6 Igi cho cc phép do finh vi ching
dugc van hanh bang tay

Hinh 18 - Phwrorng phép may kinh vi (teodolit)
4.5.3 Phuwong phap camera quang hoc

Cé thé do vi trl clia rd bét nhw mét ham s clia thdi gian vai hinh dnh dwgc chup bdi hai thiét bi ghi hinh
(mét chiéu hosic hai chidu).

Cé thé xéac dinh sy dinh hwdng clia rd bt nhur mét ham sé cla thei gian néu ¢d nhidu ngudn anh sang
hodc nhidu bia I3p trén ré bét A& dwoc giam sat bdi cac thiét bi ghi hinh.

Trong qué trinh do, cac ngudn &nh s&ng trén rd bét Awoc bat 1én theo thir iy d& c6 thé biét dwec ngudn
$ang nao di t&i hinh anh.

14
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Phwong phép nay str dung hai thiét bj ghi hinh (camera) dwgc bd tri & mot khoang cach cb dinh d4 cho.
Hinh 19 gi&i thigu mot thiét bj dién hinh diing cho hé théng. Cac camera gidm sat mot bia cd chiéu séng
dugc I&p cd dinh trén didm dAu mat clia rd bét. Céc co chu cam bién vi tri (hodc cac CCD) dugc st dung
@& xéc dinh cac vi tri clia bia trong hé toa d6 clia camera. Théng tin nay cling véi hiéu biét vé khodng
cach gilra cac camera cho phép xac dinh vi tri clia bia.

Ngudn anh séng (chd ddng hodc bj ddng

Camera quang hoc <

Hinh 19 - Phwong phap camera quang hoc
4.6 Phwong phap do quén tinh

C6 thé do c4c dic tinh tu thé va cac dc tinh quy dao clia rd bét theo tat ca ba chidu trong khdng gian
bang ba bd cam bién gia toc tw dong (servo) va ba con quay hdi chuyén I&p trén rd bét ma khong c6 bét
cir thiét bi quan sat ngoai vi nao khi biét trang thai ban du clia ré bét. Hinh 20 gidi thidu mot thiét bi dién
hinh ding cho hé théng.

3 cm bién gia the va 3 con quay hdi chuydn

Hinh 20 - Phwreng phéap do quéan tinh
4.7 Cac phwong phép do toa dé (P& c4c)
4.7.1 Phwong phap s6 héa hai chidu

C6 thé Go vi tri hai chidu clia rd bbt nhu cac gia trj toa dd X-Y, Y-Z hodc Z-X bing mét camera co %
phan gidi cao I&p trén rd bét. Hinh 21 gidi thiéu mét thiét bj dién hinh cho hé théng. Camera dém céc
vach clia thang do ¢6 6 chinh xéc cao trén tdm tao thanh céc vach clia mit phing thi.

15
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Camera cb @9 phan gidi cao

Thang do cb 8¢ phén gidi cao/
@ chinh xa¢ cao

Hinh 21 - Phwong phép sé héa hai chiéu 1

C6 thé do vi tri hai chidu cia ré bét trong viing bj gi6i han theo nguyén Iy do giao thoa c6 d¢ phan giai
duwdi micromet. Biéu db Moire tao ra trén tm mang luwéi da dugce dhu quét bt Idy va dwoc phan tich aé
cho cAc gié tri gia ting theo hai chidu (hinh 22).

Tém mang ludi ngang

Hinh 22 - Phwong phép $6 héa hai chiéu 2

C6 thé do vi tri clia rd bét nhw cac gia trj toa d6 X-Y, Y-Z hodc Z-X véi mdt bat s6 héa Hp trén rd bdt va
mét bd cac bang nhd diing lam mét phng thr (hinh 23). Phirong phap nay c6 thé dwoc st dung dé hiéu
chudn cho tirng didém hodc cac chuyén ddng theo quy dao lién tuc. Nhw vy, c6 thé ding phwong phap
nay cho ca cac phép do finh va djng.

Hinh 23 - Phwong phép s6 hoa hai chidu 3

16
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4.7.2 Phwong phap may do toa df

C6 thé do vi tri dat t6i clia ro bét bdng cach nhan dugc cac gia tri toa dd clia diém dich rd bét véi mot
may do toa dd (hinh 24). Cing ¢ thé do sy dinh hwdng dat téi clia rd bét bang cach thu nhan cac gia
tri toa A clia ba hodc nhidu hon ba diém théng qua tiép xtc véi mét bia dang khéi 1ap phwong.

/ May do tga d) ~

Hinh 24 - Phwong phap may do toa dd
4.8 Phwong phép vé quy dao

Cé thé ghi lai trén gidy quy dao theo hai chidu clia rd bét v&i cac blt phun myrc co khi, dién hodc dién
tir. Hinh 25 giéi thiéu mét vi dy st dyng gidy phéng dién trong ghi fax. C6 thé do cac dac tinh van téc
ctia rd bét néu phat ra cac xung ddng b hoa.

B0 phat mbc thiv glan

Hinh 25 - Phwong phap vé quy dao

17
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Bang 1 Phwong phap do cac dic tinh dic trng cia rd bbt

0P £A (08 Anb ‘31 1) 19 19403 J8x LU 0P 3 0P FY1 9 ARU Sugyl 4 383 ) ewu 92 Supa Agu NG

v
L]
8]

ololvlvl-|lvi-iy|~|v]v|—-]—]- 08p fnb ga deyd Buonyd gy
=== ]=lO!|=|=|~]~|9IV|=-]|—=]—- 4p €0} op Apw deyd Buonud Z'L - Or®)
VIVIVITIVI—-|TIVIVIVIVIVIV|V NQIYo [y B9y 9s deyd Buonyd 12 0p B0} op deyd Buonyd L'y
olojo|nljo|oiojolojo|o|ojo|n yup ugnb op deyd Buonyd 9w
O|O|C|e]O|O0|O|CIO|O|(0|0|® 26y Buenb eiawes deyd Buonud £°gy
—|=1—-|-jO(—I0|=|—-]0O|C|O|O}|® 17 Yuiy Apw deyd Buonyd 25y .Esusmuo._.auoeo% .
olololelo|o|o]|o|O|Olo|O|O| @] buensouwaie oonoesops we: dpud busnug gy | o o T fuend s
vIivIVvIV]|O|IVIVIVIVIVIVIVIV|V yuy ugény op Buey deyd Buonud z'¥'
—|={—}=}O|V|O|—-|~=|C|O|O|Cl@|: 19P 094 = 6ug) 41 I o dyd Buonud vy | |589«Mﬂww..ﬁ ,
olololelo|o|o]|o|0]o|Clo[O| e = emunwwbiawe coneonoesopdoud vy | -0 T uenud vy
viviv|v]o|o|o|o|o|v|v|(VvIV|V 1 00 dgo Bugq Yueo eq op deyd ¢'E'y
vi|iviv|viojviv|v|[v|VvIVviv|(Vv|V we ngis Bugq o816 WE) YuEs Bq Op doud 2 b (yopa Bugoyy ~ yogo
R Gugoyy) 09|16 wej yuss
olo(clelo|ololO|o]|O]ClO[O|®@ eseenwowneuu bugq op oa voy; oriB op dgud L6 % Mo sn o Oy
VIVIVIVIO|VIV|—|V]|O|O|V |V | V] o ewiuyuoep fnbyugs os dpyd busnud Zz'v oep fnb
=199 ==V~ (~|=[~-{V|V|V 141 00 ngw S 0o yugs os dpyd Buorug 1z v | T ot ovud Buenud  zy
—[(=|—={=|O|O|V|ViVIV|VIVIV|V ngo 19y Bugp o83 08} 18A aﬁomuh_% _
-l=-1-|-lo|o|clo]|o|c|o]ojo|a Buonud o 1gu Bupom omyen | D Crudduondd 1y
spoyiow SulInseey
m@mmm@m%@,@%%m% .
S’ 1 w-‘ S’ fll!.l “ L
# mw.w £ % m.w, %W g8 m% %M.. w..n. - %M.%m % 2 Bupq wax ‘deyd Suonyd KQw egd wip 30 3gITA
s F % g % %\%. s/ 2 B 2 § F 143 N 283 widu Qut 0y doy Yoy ugux Agy deud Suonug
F/ K g gleje M&n g W § € NP Wax FUD LY 95 1S 19A YU 3P 393 OP 3 62
.w & %. .%. M %\M 5 »% I % b% % Agu dyyd Susnyd oayl QUi 20NP U 3 YuIg Fung Yup IEP 3¢ 63 199 I 28D
.m = % mﬂ W % % g/ %. (oep Anb ‘B3 n) 19D Buong 38 YUIYD D 0P FUI 92 142 Agu Fupy 3y 350
& g %.._.w\ M.. £ (oep &nb “Fus ) 19p Sudm 2ex Yupyd
/% /

99 9J B0 45 00 9D RO1 Y fA 0P FUQU Y URYI UG UENYD Ny TUpy gup 09 Agu Supy) 3y 2g)

18



TCVN 13699:2023

"0p 2 gnb Buan 1g Anp 24np op Guou) 9y

UB0) BID JOMME DI YUID LD OD P BA UEL) UED 12D de 250D Supti op iq i rpt 14Ny A yup 2€p oed g Agu Gueq Buan ex yurd 60 I 816 I8 280y ) dl uul ug uRyd T HOMHL QHD
‘w1016 283 B oL 280U YU €D NED NA J80 B WD JA JBTIX UPS BUU T8I UPA LIBL) UN

Jenx ues eyu end erybu yuep JEnw A yun 52p Jed un enp Agu Bugq Buan ndng 1o 260D NN P 28D I} HOMHL QHD
Buog wwgQ-z0 UKL Z°0 aep Anb A deyd buonyd g%
yuy o ww oo wrlgQ wr g0 ¢p ed) op Apw (ues) deyd Buonud 22+
Wip/SW 00L-0b SWE—SD Guog ww gQ- 10 ww Z'0-Z00 WWzpo- 100 ngup 1ey eoy gs deyd Suonyd Ly
WAp/SW g s g 6uoG wut £0° unu Lo'0 wr g yup uenb op deyd Guonud 9'¢

Buog upyu Gugny upyu Buonyg upyu Sugnyg
wAP/SW 70 spu QL %SL0— 100 %500 — LO00 %SZ0°0— S0000 20y 6uenb eseweds deyd Guonyd €6+

wuw| “Apib — Buna Agb — Buno Agib — Buna
yun o Z-50 T-50 z0—-10 1A yuny Apw deyd Buonyd Z°5¥

%SL00
wHp/sw L spugL—-¢ Buog Ketb — Buno gL Ae - Buro g Ae16-Bum g 2%y buenb Bueq rp 03y 2ep deib wey daud LG+
ww § -5 wuw g ww zo0 yup updm op Gueyy deyd Buonyd £ +'v

WaHp/swi U0 Agi6- Guna o1 Agib - Bum g
000€-005 S/ | ww ¢ Ui Z°0 10p oay) — Bugi L) 1A 10w deyd Buonud Zv'v
wp/sw 005100 spu g wi G0°0 = 5000 ww zg'0 — S00°0 wrig—gQ| Jsase]enwnyd w bugq lop oy eol oeib o@ | ¥y
WAPSW §°0 SAu G wuw gg ww Zo°0 wuw oo 1y 09 ded Bueq o815 wey Yued eQOG £ E Y

i 6uoG , ) -

0004-001 ww g -0 wwig -z0 wwi - 500 we nars Gueq oetb we) yued eqOG ZE'Y
wpssw 001 — 0L spu 9 ww (00— S00°0 wrg wi gy 0 | J95e) en wmyp nawu Sugq p aay eog oeibog e
Wap/sw LO0 sfu gL Buda ww zp'o wrelg JISE] BY) WOYD QUu oBp Anb yues oS T
Bueg ww g'p—500 wwij 0 — 6200 14 03 NEW 3901} O} YUES OS LT H

upyu Bugnn %1 - 10 | uyu 6uony %500
— —_ yun §O WuIZp'0 — Z00'0 wwio0 - LO00 wrd | - 00 Q4 op nep ia yuip deyd Guonyd Je0 Ly

Jex yuiyd 0@ 1ef dg) Gueu ey 1gi6 ueyd 0@
-ﬂﬂuﬂ.ﬂ”% ﬁu””%&o@ﬂ”ﬂ: op yup 28Q op fia Bunp Bn3 yup 228G op deyd Suonyd se5

| Bugq Buos op deyd Buonyd 2§3 B0O Op 8A YU UP Yup 28p o¥) Z Bueg

19




TCVN 13699:2023

Phu lyc A. Vi du vé cac hé théng do / cam bién san cé

MGt sé vi du vé cac bd cam bién thich hgp cho phép do vi tri cling da dugc liét ké trong phy luc nay

Céc phwong phép do

Cac hé thng/ cam bién s3n cb (nha san xuat/ qubc gia)

4.1 Phuong phép dinh vi dau do thir

REFCUBE 6D (KRYPTON, Belgium)
RPMS 200 (Sun Japan, Japan)

421 Phuong phép so sanh theo thirdc mau co

khi
4.2.2 Phwong phap so sénh quy dao nhr ROBOTEST {Polytec, Germany)
chim tia laser
4.3.1 Phép do giao thoa theo ddi bing CMS-3000 cau hinh do ba canh tam gidc
nhidu chim tia laser (Chesapeake Laser System, USA)

LTS-1000 (LK Tool, USA)
LTCMS (Tokyo, Seimitsu, Japan)

4.3.2 Phép do ba canh tam giac béng

siéu &m
4.3.3 Phép do ba canh tam giéc bang CompuGauge (Dynalog, USA)
" cap cokhi RoboTrak (Robot Simuiations, UK)
4.4.1 Phép do giao thoa theo ddi biéing ROBOTEST (Polytec, Germany)
mét chiim tia laser SMART310 (Leica, Switzerland)

CMS-3000 (Chesapeake Laser System, USA)

4.4.2 Phuong phap mot it tri tong
(tinh / theo d&i)

Static: PCM1 (Leica, Switzerland)
MONMOS (Sokkia, Japan)
Tracking: AP-L1 (Topcon, Japan)

4.4.3 Phwang phép thang do tuyén tinh

4.51 Phép tam giac dac theo dbi bang
quang hoc

OPTOTRAC (MSSR Group, University of Surrey, UK)
LASERTRACE (Automatic System Laboratories, UK) LASER
TRACKER LTS8000 (KRYPTON, Belgium)

4,52 Phuong phap may kinh vi

ECDS (Leica, Switzeriand)

4.5.3 Phuong phap camera quang hoc

MultiLab System (SELCOM AB, Sweden)

RPM 9200 (Qualisys, Sweden)

RODYM 6D (KRYPTON, Belgium)

OPT-FOLLOW (YA-MAN Hamilton, USA)

Optotrak (Northern Digital, Canada)

ICAROS (Imar GmbH, Germany)

Hi-Speed Tracker X 2 (EMTEC, Japan)

Two-dimensional PSD S$1300 (Hamamatsu Photonics, Japan)

4.6 Phuong phap do quan tinh

ICAROS (Imar GmbH, Germany)

4.7.1 Phwong phap s héa hai chiéu

RODYM 2.5D (KRYPTON, Belgium)
PP108R (Heidenhain, Germany)
MODEL 200 (Zimmer, Germany)
DrawingPad (CalComp, USA)

4.7.2 Phuwong phap may do toa d¢

Desk top CMM: GEOTIZER 500 (Mitutoyo, Japan)
Portable CMM: SYSTEM & (ROMER, USA)

4.8 Phwong phap v& quy dao
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Phu luc B. Dja chi cic nha sin xuét hé théng do / cam bién

Nha san xuét hg théng do / cam bién

Pija chi

ADE Corp. (USA)

77 Rowe Street, Newton, Massachusetts, 02166 USA

Automatic Systems Laboratories (UK)

28 Blundells Road, Bradville, Milton keynes England

Calcomp (USA)

14555 North 82nd Street, Scottsdale, Arizona, USA

Chesapeake Laser System, Inc, USA

222 Gale Lane, Kennett Square, Pennsylvania, USA

Dynalog, Inc, USA

2727 Second Avenue, Detroit, Michigan, 48201 USA

EMTEC, (Japan)

1510-1, Kaitori, Tama-City, Tokyo, 206 Japan

Hamamatsu Photonics K.K Japan

1126-1 Ichino-cho, Hamamatsu City, Shizuoka, Japan

DR. JOHANNES HEIDENHAIN Germany

Dr-Johannes-Heidenhain-Strasse 5, Germany

iMAR GmbH Germany

LPA @ University of Saariland Germany

KRYPTON Electric Eng (Bengium)

Interleuvenlaan 86, B-3001 Leuven, Bengium

LK Tool Inc (USA)

1625 W. University Drive, temp, Arizona, USA

Leica AG (Switzeriand)

CH-5035 Unterentfelden, Switzerland

Mitutoyo (japan)

31-19, Shiba 5-chome, Tokyo, Japan

Northern Digital Inc (Canada)

403 Alber Street, Waterloo, Ontario, Canada

Polytec GmbH (Germany)

Postfach 161, D-76333 Waldbronn, Karlsruhe, Germany

Qualisys AB (Sweden)

S-433 30 Partille, Sweden

ROMER (USA)

806 Oakwood Boulevard Michigan USA

Robot Simulations Ltd. (UK)

Lynnwood Business Center, newcastle, UK

SELCOM AB (Sweden)

Box 250, §-433 25 Partile Sweden

Sokkia Co. Ltd (Japan)

1-1 Tomigaya Shibuya-ku, Tokyo, Japan

Sun Japan Corp. (Japan)

Kyokuko Chuo-ku, Tokyo, 151 Japan

University of Surrey, MSSR Group (UK)

Guildford, Surrey G02 5XH, England

Tokyo Seimitsu Co. Ltd (Japan)

7-1, Shimo-Renjaku 9-chome, Mitaka, Tokyo, Japan

YA-MAN LTD, Hamilton Lab (USA)

2005 Hamilton Avenue Suit 100, San Jose, USA

ZIMMER GmbH (Germany)

Industriestrasse 1, D-64380 Rossdorf/Darmstadt GM
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Phu luc C. Thw muc tai liéu tham khao

1. TCVN 13696 (ISO 9283), Tay may rd bét cong nghiép — Déic tinh va céc phuwrong phéap thir c6 lién
quan.

2. ANSIRIA R15.05 — 1- 1990 “American National Standard for Industrial Robots and Robot
Systems — Ponit-to-Point and Static Performance Characteristics — Evaluation”.

3. ANSI/RIA R15.05 — 2 “American National Standard for Industrial Robots and Robot Systems -
Path ~ related and Dynamic Performance Characteristics — Evaluation”.

4. VDI (Germany Industrial standard) 2861, Blatt 2, 1987.

5. Lau, K., Hocken, R.J., “A Survey of Current Robot metrology Methods,” Annals of the CIRP, Vol.
32, No 2, pp. 485-488, 1984,

6. Jiang, B.C., Black, J.T., Duraisamy, R., (Auburn University), “A Review of recent Development in
Robot Metrology,” J. of Manufacturing Sysstems, Vol. 7 No. 4, (1988) pp. 339 - 357.

7. Lombard, J., Perrot, J.C., 1983, “Automatic Measurement of the Positioning Accuracy of Industrial
Robots, “ Annals of the CIRP, Vol. 32/1, pp. 287-299.

8. Lau, K., Hocken, R., 1986, “An Overview of Techniques for Robot Performance Measurements,”
Internal Report, NIST.

9. Freeman, S., 1987, “New perspectives in 3D Theodolite - base Industrial Measuring Systems,”
Quality Today, May 1987, pp. 74-77.

10. MacFarelane, J., Donath, M., 1984, “Tracking Robot Motion in Three Dimensional Space: a Laser
Scanning Approach,” NATO ASlI series, F11, pp. 309-318.

11. Lau, K., Hocken, R, Haight, W., “"Automatic Laser Tracking Interferometer System for Robot
Metrology,” Precision Engineering, Vol. 8 No. 1, pp. 3-8, January 1986.

12. Lau, K., Hocken, R., Haynes, L., (NBS) 1985, "Robot Performance Measurements using
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13. Gilby, J.H., Parker, G.A., “Laser Tracking System to Measure Robot Arm Performance.” Sensor
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14. Prenninger, J.P., 1992 “Position and Orientation measurement of Industrial Robots using Laser
Tracking Techniques in Six Degrees of Freedom,” Doctor Thesis, Institute of Flexible Automation,
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15. Becker, P.J., Bolle, H., Mitschke, H., 1984, “Lasertriangulation fur die genaue dreidimensionale
Vermessung von Robotem," FHG berichte Vol.2, pp. 47-50.

16. Prenniger, J.P., Vincze, M., Gander, H., 1983, “Contactless Positon and Orientation
Measurement of Robot End-Effector,” Proc. Of IEEE Conference on robotics and Automation, pp.
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23. Hinuber, E. V., Janocha, H., “Intertial Measurment System for industrial Robots”".
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30. Oiwa, T., Suzuki, M., Kyusaojin, A., “Spatial Coordinate Measurment using Structured Laser Light
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Applications”
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