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Collaborative robot ¢
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Collaborative robot ¢
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Types of Collaborative Operation 1so 10215-1:2011 ¢

ISO 10218-1,2 ISO/TS 15066
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Types of Collaborative Operation 1so 10215-1:2011 ¢

ISO 10218-1,2 ISO/TS 15066
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Types of Collaborative Operation 1so 10215-1:2011 ¢

ISO 10218-1,2 ISO/TS 15066
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Types of Collaborative Operation 1so 10215-1:2011 ¢

ISO 10218-1,2 ISO/TS 15066

Cobots enables Xiamen Runner Industrial Corporation to achieve flexible manufacturing
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Types of Collaborative Operation 1so 10215-1:2011 c

ISO 10218-1,2 ISO/TS 15066

COLLABORATIVE ROBOTS |
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unlversal robot cobot applications - case studies



Types of Collaborative Operation 1so 10215-1:2011 ¢

ISO 10218-1,2 ISO/TS 15066

Imovstnve Humsr-Bobot Collabotation for BAMW/MINI Crash Can Assembly
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Types of Collaborative Operation 1so 10215-1:2011 ¢

ISO 10218-1,2 ISO/TS 15066
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Types of Collaborative Operation 1so 10215-1:2011 ¢

ISO 10218-1,2 ISO/TS 15066
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Types of Collaborative Operation 1so 10215-1:2011 ¢

Speed & Separation __ Stop-State
Monitoring © Monitoring = X
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Power & Force O
Limiting
Robot stops upon
human contact

10.4m

Hand Guiding

Robot can be guided
by human contact

Human Interaction
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Collision Safety

»

Collision pressure / force

General collision
S Collision Detection (CD)

I Power and force limiting (PFL) operation + CD

Threshold

....... - B Tt e
' 1

PFL ensures

inherent safety CD prevents

the second contact

; > time
Detection It takes long time Stop
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Collision Test for PFL

. Thatcham
EURO " NCAP Research

1738ENF

17-VOL-699-FW1 ——

« ISO 12353  ISO 10218-1
e Road vehicle + Robotza

e Vehicle H|ZA} =3 Robot H| = A} =8l

« ISO 10218-2

e Robot System
* Robot System
At&Xtord X| X} =
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Collision Test for PFL
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Collision Test for PFL ¢

Bild: IFA

16
Heonseop Shin, Safetics Inc. & Kyung Hee Uniy,



Collaborative Robot ¢
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Method of Power and force limit evaluation ¢

PF Measurement Device Sets

Additional Mass

Force measurement
sensor & body stiffness

[Ta BN
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Height
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Damping cover
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Low Friction

@ 2 d

(@) #ajA Pressure measurement Film
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Method of Power and force limit evaluation ¢

No. 1 Dynamic collision,
Chest(40kg), V=330mm/s,
detection mode = off

C| O AE| 25 27| A el e
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Method of Power and force limit evaluation ¢
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Method of Power and Force Limit Evaluation ¢

ISO/TS 15066
force/pressure limits
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PFL test method

Thatcham
Resgas

1~3 days

0.5 days

—3oUIIny>s,

a2 = off

10 analysis / sec

202 M

0.1 days 20 days
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PFL test method

Evaluation method Description

- 23 I8 29, . A Akt Lof &
Y =gl o e e BEHN SEWHO Sl
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sop + 7 7H587

- Two mass system

M, »M h
I
robot human

Mathematical

0.2sec / 1 collision case
Model /
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PFL test method ¢

ot ME-ER SE2E (B, 7=

- Two mass system
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Eq. (2)

robot

F.0 =3 pn( 252D b o

i=0

Peak pressure

Cylinder Cylinder filleted edge Cube filleted corner

radius radius radius, fillet radius fillet radius

Variable
collision direction
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PFL test method

6th link 5th Jink 4th link 31 |ink

URDS robot
Real

shape

S
N
E) Characterized
’ h
shape Sphere Cylinder filleted edge Cylinder filleted edge Cylinder filleted edge
Radius 80mm Radius 37.5mm Radius 37.5mm Radius 37.5mm
Fillet  8mm Fillet 8mm Fillet  8mm
Tool shape Cylinder
Sphere body
(Infinite radius)
Cylinder
Cube |7 filleted
corner : edge
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PFL test method

19X =0t 800mmE 7= B M X|H™ 2 HAE T 299 XA E= G &l/¢
1 e (UR5, Tool shape : 7+ R40 & Al 2IH E =il R8) . =
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Tool shape .,

[Sphere type] ‘.I":_': 600 |

P
& &
—

300)

[Cylinder Filet type]

200l

ity o h:nd -effector [m

£ 100l
Z 100

velc

(1] 0.5 | 1.5
travel time [sec]

3, LZEFIOE 9w oot o) 4

H 7
(B2 Ll 100074 Xl’é.* MHod, SS9 7ts)

(¥

TE 02t 2| Bl

Collaborative Robot Human - — —
R Travel _ Estimated  Mensured Estimated Measured
Sphere Velocity Error Error
Contact Model time force force pressure  pressure
R40 {mm/s) L (%) (%)
M Mn I (s) (N (N) (MPa) (MPa)
r i -
Case 1 0374 521 293 283 35 2.59 217 19.4
robot uman|
) w0 Case 2 0450 641 347 347 0.0 2.74 246 114
\E',ﬁl‘m_':'e ”;ass”(post?) et =Nkl all i Case 3 0561 351 275 253 B7 251 203 230
lelocity = ose, motion e : " s . .
Y ) (pose, )_ = - " Case 4 0.634 463 236 229 a1 2.38 1.94 22.7
Acceleration = f  pose, motion ) n “ i _ 2 i il
C N | ks | [ H i Case 5 0723 425 221 214 33 231 184 25.1
Shape = f  Robot design, Tool) o s @ ’ . . g 3
= H i Case 6 0.889 356 183 172 6.4 211 1.69 24.9
Cyindr B H o
e s @ Case 7 0.982 845 189 176 74 214 1.90 12.6
= - - “ Case 8 1178 526 277 260 65 252 2.06 22.3
x Displacensat of RIA TR R15.806 Case 0 1389 417 205 195 5.1 2.22 131 22.7
robat q
S T Testing Methods for Power & Force Case 10 1762 291 120 122 0.0 L72 1.67 3.4
Xn Buan gt Limited
G Avernge - - - 44 - - 18.8
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PFL test method

Force Pressure
500 w : : 4 : - -
Collision between URS(Sphere R30) and Chest(ISO/TS 15066) Collision between UR5(Sphere R30) and Chest(ISO/TS 15066)
Sha pe of end-effector — Estimated collision peak force by simulation model 3.5} —Estimated collision peak pressure by simulation model i
400 + X Measured collision peak force by collision experiment E X Measured collision peak pressure by collision experiment
[Sphere type] z E 3 1
e #2 2}
[2] [=1
£ 300 | z 1
'ﬁé #1 x 8
S ) #8 o -
& X %
£2007 # ] 53
7 #9 o ]
Z ¥ g
g Z |
100§ #1 ] =
8
g i 0, 0.5 o, 1
[Cylinder fillet type] AVg. Err +4.4% AVg. Err +18.8%
0 : . :
0 . : ‘
0 0.5 _1 1.5 2 0 05 | 15 2
travel time [sec] travel time [sec]
500 — : - — : Col]i;ion between UR'S(Cy]im:ler R30 Fillet RS)
|Cylinder tillet type] Collision between URS(Cylinder R30 Fillet R8) and Chest(ISO/TS 15066)
and Chest(ISO/TS 15066) —
R — - p = — Estimated collision peak pressure by simulation model
—400 % Ei%nmated coll_l son peak force by sungl-a tion mm-jel % 4 X Measured collision peak pressure by collision experiment
Z casured collision peak force by collision experiment =,
2300 g3 1
4 = x X x
qz = 250 #10
2007 Lar i
-2 =
= 2
) 2
“ 100+ =1 ]
S
Avg. Err +5.9% Avg. Err +8.6%
0 - - - 0 : -
0 0.5 1 1.5 2 0 0.5 1 1.5 2
travel time [sec] travel time [sec|
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€ saotics

of PFL test

il 0 E:
Collision Risk Analy?is Report = R 1' OI -I
I —— Joint User or SI 71 At Teaching pendant
e e | angle/vel/acc (M) (EXOECHEHSTE/ HHYIAY
z::"x:i, Ismmuwl-w 7}301;!" EI'%)
FRobot Instaation Locaton )73“:‘“’%5?"9‘“?50 'N"QGM iongin-si "
T — Tool shape User or SI S| o} User or SI X| &
e ﬂ Safety
e e e L Evaluation DN DH parameter Maker nps = Maker X &
ST — Software Inertia Maker ™ = Maker K| &
=0 7| & 274% K}
A Teaching pendan () |[=—Exported from URS control box 1.5 |=——Exported from URS3 control box
= = Exported from TP recording - = Exported from TP recording
T T 56,69 —
—-0.5 i
[ — of A E E
| oo = -1 =
sl |‘l 19.17]° — =1 | oY
R R i |‘| 3538 © =
0

-§M.FF”*TT“W’EEE°

252 7|E fH] 5~10%H =0 =&l

£ 2 0|5

0 0.5 1 1.5 2
travel time [sec]

0 0.5 1 1.5 2
travel time [sec]
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Example of PFL test

F

est

CRI = max P

allowable allowable

Real Robot Moﬁign

| Wmia

Collision Risk Analysis

If 5™ link of robot collides chest “| 1f End-effector of robot collides hand
(]
1.6 1.6 1.6
g 14t g 14 & 14} collision ’
f , | Collision Safety Standard of 1SO Fail = | | Collision Safety Standard of SO F__av'v‘ 3 Lot 150 Fail »
: z z
2 Pass & Pass & Pass
£08} g08 508
= 06t %n(‘ ——;(er
(5] © bt
041 04 04
02t 02 (\ m [ﬂ\ 02
0 n o =
travel time [sec] travel time [sec] travel time [sec]
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Example of PFL test

Recommend Maximum Safe Speed :

88 0A) of Original Speed

A

Recommend Maximum Safe Speed :

23 2 0/0 of Original Speed

1 ISO Threshold

A

v

Time

s ashat colficn sy aralei 404 ekttt ©satotics Human-robot colizion ssfety snalysis and evalustion safetics Inc
150 10218-2
Clause | FE3=me Result-Remark Verdict
. s . . rest_
Collision Risk Analysis Report suiss| Foger
(Power and force limit) ety
Tobois n | The testmodel s manufactred i assorcance with 150 102811 | Pass
collaborati
Related to porsiee
. s
150 10218-2:2011 and IS0/TS 15068 =quements
Threshow
Thick | Thresnoia
s |5 s ||| Tt | P | g
Beport Refersnce o | SFLPRL IS Gty | chest |4mg[70]28] 7 | zen | 24wPa
Report Date oI5 Now. 2019 risk
assemsment | L0 | g |70 |0 | 7 | a2ow | aewea | Pase
Requested Company : Sample Inc. and guidance
Paoject Manages 5 John, Sample Inc o A il Il N e )
rorrper—— T ray? o[ o0 [0]75] 7 | onw [ awea
Frmsmrm— Fre— The-test & conducted with guidance of callsion 2%
Tobot Inssallation Locason - 3‘.%21 Dogyeong doers Gheung g Torgin st Description of Operating Space and Collaborative Space on Layout
Test Terms Drynaric Cellision Test (Power ard Foree Limit) CRI
Tested by Junsuk Cho, Safetics Inc| ) !
g / s =AA ;
Approved by Heonseop Shin, Safetics Inc - 075
A ) e L ;
Susmmary of Test Resdes !
0.5
folecnlype  Coltomte  Am Y wetedon [
[ Chem Fass Collaborative
Dy Sl A =) Slnk  Lower aem 1w Faay Space A -
) urd = .25
o . e E u.-ma . =
2 e Bt ™
Dymarmic: Collaion
Hand Fann 0
T "
o ol . B -] B Lk Hard s
. m‘:‘“ N . P Jand e Colision Rk Inder (CRD states the masimum valus of Parmissibl pressure volstion rate and
L Parmizsible force violation rate
e Pasran e e s ket 1o wnen CRI= MAX Pressureresulr Forceresur )
reSSUT e aresnota POTCreshola
1
Urmortaaint fnd e
Oymamia 8 a |, L Hand m 1}
Codimon, e |
Congwam time [sec]
Colaon Masimam
Colision Aobat . Harran =]
o vﬂ;m oy et | ok | €A | Vedet .'..ﬁ‘::l.ue‘.
nd- wn |
< Ewctor ALImens wand T T ass Fass P
Ende ol 2 40N
e rm—. 0w | e | 1muw
Effwctor £ Lisura
i) Collie
Tuerand - Qllision M aximum
Collision Rebot . Human B0 .
i Welogity Result CHI Werdict | Safe Velogity
Scenario Part Bedy part | Threshaold
v *CRi=1
a
End- ZROM 45N
c3 412mmy's Hand 053 Pazs 24 =W
Effector &MPa 3. 21MPa
End- 280N 140N
2 c4 260mmys Hand .50 Pass 19 =V
Effector &MPa 138MPa
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