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Automated System with Collaborative Robot Sawyer
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%@OKR Y b Sawyer
Collaborative Robot Sawyer
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In automated system using articulated robots,
appropriate risk management required by changing
laws and regulations can make it possible, to apply
collaborated robots in, which can keep safety of
the equipment without safety fences. In 2015, we
concluded an exclusive domestic distribution agreement
with Rethink Robotics for their Collaborative Robot
Sawyer and have been proposing automation systems
based on our accumulated experience from component

development to total system construction. The activities
have been done for factory automation in the plastics
and automotive industries, and effective in reducing
manpower. This paper reports on the characteristics of
Sawyer, the examples of automation system and risk
assessment technologies that utilize its characteristics.
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Insertion of parts in mold
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Experimental device for measuring impact force
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Mapping of relationship reach, speed and impact force at vertical movement of Sawyer
under condition with 2 kg weight on hand
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GUNDAM-CARRIER

ART7 =X [BEETH > 4 L] DOBETAT 7 b
& U CHEEmILT S8EGUNDAM FACTORY YOKOHAMA
ICERBEINE [BIKH H L] 2XB/TBE2BAMNE
LT, FERE#EIES X7 AKX GUNDAM-
CARRIERZH#AA U 7=,

TOREF, T>E2—FTA A MERTRAKE
B BH925t0 (BN B4 L] DEREXFEL, HITP
L HEEDRTE - ETFEMFZEI CLICH B,

AT - RIEICIHERERBRX Y 2T LPRET 58
EEMZEAL, AMEEEREL . ZO@EIZTSDGsD
fifEER % EdSH KD 221 EHILDED I UHMES
FHEZEZIRVERERE >, SEIDTAY T S
ATEALS S DREEORMOSEICLENS, #Hifk
BREEBOBRSR - RRICEA LTV

1 FzHE

GUNDAM-CARRIERIZ, #&JIEEETOLT 50
GUNDAM FACTORY YOKOHAMAIZ#BE & 7= [#< # v

o R o

FRRHeRCIBSFIE0ET

GUNDAM FACTORY YOKOHAMA was built in
Yamashita Pier as 40 anniversary of popular animated
cartoons “Mobile Suit Gundam”. And, Sumitomo Heavy
Industries Material Handling Systems Co., Ltd. (SHI-
MH) delivered “GUNDUM CARRIER”. The functions are
supporting the waist parts of “Moving GUNDAM” (The
weight is about 25 tons : largest size in entertainment
industry) and the move of both up-down and front-
back with walking and crouching. The machine was
designed and manufactured by SHI-MH, applying
various crane technology accumulated for a long time.
It was also a good opportunity to consider the values of
SDGs such as manufacturing technology and directions
required in the 21st century society. In this project, we
obtained various knowledges from different industries.
SHI-MH will develop and realize new material handling
equipment from now on.
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LT3 D0, REMOMRIZES 2RI, LD
B, 2025, VAT ALIKTIEC/EN 61508,
ISO/EN 13849-1, IEC/EN 62061 &\ =R & Hifk %
Wiz Ty 27 LAREE XN TH D, GUNDAM-CARRIER
IZBWTRREV AT ANEA IR TS,

() Zilih U =i mliE & &6, SEERARK N T
4 TEERAN L L FEAL, BEY AT ANHMBAA
T3,

(5) GUNDAM-CARRIERM;fifixE — F

GUNDAM-CARRIERD#frE— F & LT, HHDN
VT4 TLvaVICKIEMEET S FEIE- P&, bfun
SOEAIEDEHETIHE T FART SN TS,

TF-8F — F TIZGUNDAM-CARRIER B TILE D &)
EDMT A, AV T TV ARRLHEATORE % E IS &
ha,

HE)E— FIZDWTiE, L oEacHs, i, f
HYE B OEMENTA, ZL—YTWHEZADAEEH
s & FS Ok L &> T 5,

N P =2 HIEERHELCED, (@< 5V
& L] OEERRRE EI12 & B AREBIINT 5 EE
BANREL, /SAZV 2 FL—RIZkBHET 4 —F
Ny, 7T7IV)a—bLya—&IZk36ET7 4 —F
Ny 7 BT OEREE R A FEL Tw 5,

Z Al L 72 GUNDAM-CARRIER &, {3:/c Mt o
AT LD T SRR A O35 2 & TR L 72,
ABEOFE - BUfEZ, SDGs Ol E+L2 2K 5 21
LD & DI D HEfli & HaEEE L L RVWVEE L k-7,
S ARZZ < OREMOFMIE S EII L AN S, ik
MOBI% - FBIZEN L THL,

KB 2020 4 12 H KD JEFHE@H L T b, Thige
DORKEXOEMERE TRA ZENTEX /R ERI LK
I, BIEZLDANITRTWEEZE 2N,
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Risk Assessment and Safety Design of Mobile Base for Station Service Robot

@5 ik M kT

Kazumasa SHUDO

ERY—EZ20OK v b (SSR) (IR BAFRH)
Station Service Robot (SSR) (Provided by JR-EAST)

HEDAFAREERICERBY—EXOR Y FHBIR
sh, MHBRAIhTVS, HitlE, RAKXKRESHKEK
XEHIREBAHAERFKE L 4—T70OF 1 7H—FE
AR (JRERBAE) EXEFET, BRI I—-ZXRNTENR -
i - etk EOREY —E X212t 5 HEBE
OFy FOBEIN—ZXZRFEL . BE)IN— XDEZET -
SUEIE, ERERBEX S X7 AKX S (SHI-MH) 5
HLYL - BRIV TRIRENDREEREZREEHE
EiRZ, Y—EZOKR vy FDERELLBRE (1S013482 :
2014) ICEDCURYTHEAA > b EERL, 250
B3TANTOY R L TERKERET 5 ETHE
FRERLANIVETY XV KBS £, REWEHCKBE
¥/ JRREADPEEL CBHHELZBRRY—EZXOK Y b
13, 2020FEE &LV E8S — b = 1ERCREERBRZ 1TV,
HITEREICE T3 BEBEORY NOREZELRE S
REEL TWL B,

1 FANE

AR, AEPE AL OWRAPE S @ R R b &
D=—=X2&kDH - 2Ry FOBEKEIEATED, 35l
i LTou®y bAOHRHIZSHETETAELL LB LT

Various service robots have been developed and put

on the market due to the recent labor shortage. We,
in collaboration with Frontier Service Development
Laboratory, Research and Development Center of JR
East Group, East Japan Railway Company (JR-EAST),
developed a moving base for an autonomous mobile
robot that provides various services such as information,
security, and facility inspection in a station concourse.
Sumitomo Heavy Industries Material Handling Systems
Co.,Ltd. (SHI-MH) was responsible for the design and
fabrication of the mobile base. During development,
we considered passenger safety to be the most
important and conducted a risk assessment based on
the international safety standards for service robots
(1ISO13482 : 2014). Measures had been developed for
all possible risks, reducing the risk to an acceptable
level and incorporated into the safety design. The station
service robot developed under the initiative of JR-EAST
has been tested at Takanawa Gateway Station from
FY2020 to verify the impact of the autonomous mobile
robot on passengers in the pedestrian space.

Mahs, PRBESRENICENTE, BEIEMES <X A
—EZEBENGAEL, ZORBLIARD EH TS,

Wrkid, JREHARELMFET, Rarya—-2NTEN - &
fifi - BXMHRE L EDORFEY — 2 2§ 2Ry —v2e R
v b (SSR : Station Service Robot) DFEEIN— Z # [T L 72,

* FTAER
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Required specifications

RH—EZ2OKy NATBEN—ZDY X7 7R A2 b EREEE

S <700mmX 1200 mm (H3EAK)

*iﬁrﬁ—‘21§ﬁﬁ lfviiU?ﬁﬁﬁﬁﬁﬂ =2h

AEATHE K 4 km/h (JREHAORER TIdRA 3 km/h THH)

Z DY liEml
aRy IV = h 5 DMERAIZEOET
T RO FHBRBEIN %
B ISRy - 2N EELT
- HTET AR
k%, BRE&E, #nd, XE—F—, Fy U=y s EhOuRy b, FTO, I vuyh—, WA
ol A BR B EIREE, &%, B, THRRS, L, ~NvF, BB, T2hv—4, TLR—-4

b, &Ly, 2v—7(1/12), BE (10mm)

NT]
R Ty s, BETO Y s, HTA, RETL, F—TAES N, T ZSYYavYaA Vb, WK,

- N

- Ul

-

- .

- X R (R, BY)
- waRy b= (#EIE) 51

i, RNT TV r—vav

-~ URybavio—7
-~ - LiDAR-SLAM, FEE#HAL FEr—vay
- 77 (B, BN BfETLTY XA

_c¢—%ﬁ&—zﬁﬁ@ﬁ)
v—2say bu—J#E

suRy b3V bu—506OMERESTERT

s aRy MBI — 2 2 HE - BREE

- BRI S L AR

=1 SSRODIERL
Configuration of SSR

ZDOSSREHWT, AFRBHMY - 20Xy  #REVMT
ERHRA Y - 2ANTLE - FIEICHENT S Z & & i,
20204F )% & D — b Y = A R CHERRSEIE R O Ry b
EWEHAPFONEMR & PET 2FEFERE T > T 5, #
BN — 2 D% K CEYEIZSHI-MHA Y L 72,

AR TIZSSROER AR, AR, VAT THEARX Vb

&) ZZRIOR, BREMRGE, FEEEBIC OV TR T 5.

2 SSR

2.1 Bk
SSRIFV =¥ 2 b — 4 %#fii 2 TOAVARBEAY — 2
aRy T, B33 - ZANTREICEREY — 2 & 8243
%, SSRIZXLTIE, MBI ZRE L CGERT 5 ET1ERE,

iRE R pE ) % B U 2528 5 BN BT 5 v r —

a VRERE, RMENTY [HCMEZRKAban], kL &

W] AEOEEESERE NS (F1),
LEMICBI L TE, SSRAVETIRFICIRFICuH 2545 2
CATHEHT T BB D B, i S h B aEIzE,
- SSRAMRE & AR HsE T 5 Z L2 kB fETE
SSROPEBYR T 2 A L — 2 K ED SHaiE$ 5 Z LISk

T 5uHE
- EMERFICSSRAREOWB A HE T2 28 LTHRET S

Rl 75 f 5
KENBD, TNHIZOWTIZSSROBEHIBRET) 22 7

YAAY PEEEL, VX ZEERE T U CGRGHIRE D A
AT,
2.2 SSROEXRIER

SSRiZ, ¥ —ARET— &2k DEH) HEE) & F v 2 2 4CE)
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X - ®E RY-—EZ2O0KRY METBEN-ZOURI7HEZAX > b ERERE

L
PERE C 02N

Fet
| W
SSRO B #¥H

Autonomous moving of SSR

SSRER 77U —2 3 »(JRRBFRHE)
SSR Guidance Application (Provided by JR-EAST)

X3

FalUiR O 7SR CRIRERUETT 3 K UERIZSTRE T H b,
BLEIREHADFLzuRy b3y bu—Fi2kh AR
WEITH. 51T, JREHALFHFE L 24— v 224 HO 7
TV =y 3 VERER S v FSFLPCASSRICHEE S h,
27 FeEEEL TR Yy a - 2ANTORIEL 2 7 & FTT
% (E1),

Fre, REMEE LT, @EEMIET N SSROEH S &
UHEIZ 2D-LiDARZ Zh FhakiE L, 2 A 2D-LiDAR
DI &AL THH360° ORFEY#BAML T\ 5, FEE»
5 D& IR & Uik, 2D-LiDARZ &6 F7IZIanT Cil
PRICHET 2 Z & TEBEEORMATREL L7z, R L SSRO
FERNZPE S BN OLBA AR E M & B3N SSRTH4A
SN oS v ERE L, BEAlERAIL T\5, SSROE
ITHREHAOHE L LTiE, BlGodiico -2 ) Ty
I—-FERBEL, ETEEEERERL QNS REEMR
ERCR AT A VN 1 R 2 O | e < e s T8
SSROE R & Mz B R— 2DV -2 Lay ta—3
IZkvfrbh, EfigXy b3y ro—-JicMs20OLREE
PECEHETY, BHIX— ZHMTSSRELEIZIEIE X
HBHZLENTES,

N I
—’[ P D HIFR D P ]

[ EBREORE ) 22 oL ] >

l

TENI NS

[ Y 25 DR D ] ) )
| a4

[ U 2 2 O ] >§
X

| 7

Y 2 o i
(IR & A7z 2

—[ ) 2 7 DK ] D,

YRITPRAX > 70—

4 -
& Risk assessment flow

2.3 SSRMOB{E#E

SSROEHEMENL, AidDEB D JR AHALFHI L 7z
Ay barviroe—-Jickollashs, EfFREHE, AXL
— A NERET BAET/ S — VR HIENE B K OB R
ENETZ 079 P26 0RNEHERE & LTkl
&N %, SSRIE, 2D-LiDAR THUF L = rifF s E & 5
2 CHlE LXK & A U T HOME % 2 3 5 SLAM
(Simultaneous Localization And Mapping) J53t &, FE %%
M AR 77 THROT LT ) XL THBE4 7 A+ 7k
(Dijkstra's algorithm) Z ¥ U, A L 22 ETRRICIHE>
Ty A KA Y N ETEEBEIZT S BT/ LICFHY
M BAITIE, RO MAERIC L 5 BEEEE TS, [
e AN 5 X 0B EIET 52, BEDOREL
Tx ARV P EZF T LUTROY 2 4 K4 ¥ MZ@A»S
R EAIKT 2 (R 2),
24 SSRARHETZIH—EZR

SSRiZ, BRI E4T Ly - ANTHRIET2Z L %
FHOE LTHRE NS, afy b BAERLI BRI
BEINZY -7 7Y r— 3 vEREMIZIELTY
%, 77V =¥ 3 VIRIREHASHFE - FELOEA, @
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Risk assessment criteria

*®2

A

Ry —EZOFKy MEFBEBN-ZXDY X 7R b EREHE

&5 SN DML E IR - F

fERRHR D FE LR « Ps

[BlkEC = 5 HREME : A

AR / R 2 =18 8 e 3
A/ IR 1 HEInHs 6 Gl 1
D 4
K () 2
fa OFEERMEHE : F+Ps+ A
faFNVEE : S 4 5 6 7 8 9 10 11 12 13
B ROARE (1 7 HELE) #3410 40 50 60 70 80 90 100 110 120 130
B RS E A Y 6 24 30 36 42 48 54 60 66 72 78
IEEFY AR 4 16 20 24 28 32 36 40 44 48 52
IR () Az E) 2 8 10 12 14 16 18 20 22 24 26
VAU RBR alif U A S AKIRD B
802 I U A0 Hh3iE < FFEAR AT WA BT R R
44~79 SefHY & TRIE TEE WEE B ST R A N 358 B RN s K ORI TR AR B
43LF U 2 2 13+ BRFE TR NS

Zefif, QOMRMOBEEEELE T 5, REITT SHEM4EH —
Y Z1d, SSRICHEI L =4 v FISFNIZKBENN AL VT
b0, T4 2TV A LTI ERENRRELD A XV ER
HER, AIIRB XA LR L OEFRMKI L 2252, KK
HED & v F/ 832 VEEEB L THRET 5 (B3).

3 SSRBEN—ADE

31 URITEAX> b

SSREM DR T v 3 — 21236 1) B fabfld: % Famic i - 3¢
fliL, BRE - (RKT2Z&2HME LT, RatuioBRIzY
AT XAAV MEEfEL, VA TEXZAV MIE
1S012100 (JIS B 9700) D¢ N THOERHFEA M L 72 (K4).
BMOROHIROYE T, SSROFEX L =ik L LT,
RE AHH§ % I T OMEMH % Jif2IZSSRD # 2 & FATI
O BEFINEE WAHEL U 7z, T8I & 2 3 A3 a e (& 5
U EpLOBELT —E), AR5 RBEDORE X
K0, H%n L), S GETKE LOREM A L) » 5,
SSROFEMTHZ 2D H S 7 TN ETXTHFEL 7=,
Tz, RXU 7780 - REREBIRE LT, SSRAMM Eh 53k
BROBREE (R, R, e, &R, B, &), JRLAZME(CK
A, T, milE, - —, Hi5T, 2-vr—-2)k
KOS (2w — 7, K, BREREAT, TR, =2
AL —4)EEFKL,

faFEDEE TiE, 1S013482(Robots and robotic devices-
Safety requirements for personal care robots)# & ONJIS B
8445(a Ry b RUTRT 4 v o FINA Z-HEHLFaR Y b

OREFEREIE), JIS B 8446-1 L IET Ry M DKL
FOREIE- 18 v =¥ 2 L — Z &0 2 R OERNREBE)
fEERIO Ry ISR S h 2 REERFEEEM L CRE
L2 EEEMETL, ZOMRIYV 2272 AV by =}
D fERBIROTE B I KM & 8 72,

YA ORMED T, HIDBHIfEHEOVEX S, &
5INDHE F 7213050« F, fEMRBEROREMHE : Ps, [
MTELIUEEN AL L, EREOFRETY Z 7 v T &h
7B H 3 RTUSK U ORIl 2 S L 72, ) Ao pif i R
5S

R=SX(F+Ps+A)

ELTHRML, [V 22 BEFFEART] [4MAF & TR
Bel [V 223K A TTRE] O ST AHL - (R2),
ZORER, V20 BELFFEART L % - 1 fEREFER £ KITR
R

- BEBX R T X A L — & 0 6 SSRAMETE LIRBESMERE TS

- BIRBESIRHB AR UIRE L 25T 5

- SSRD ¥ v ¥ D MEHEE TIRFE L HET B

-SSR 5 ik LAK &k B
- IRE A SSRN D EBEMB P i M TRE L 20k
a5,

3.2 U ZXVKRK & SSREEIN— X255t

EEL7ZV A2 TEAAY MZEWT, §XTDY A7 %
FFATTRE 2 IRRE F CIRIR & 2 2 (KGR & R L, SSREEEI~
—ZDBEHI R X E 7z, ZTDY) 27 {KITKD S B, HEER
EEHRHALEH 2 RITRT,
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| BRI JURBE 7 2 |
eufy baIVET b o EATIERE )
PR W, OHE, Ru—7, 25y 7 U B ERR, BEM, B, WIE, "l SETay s
o« (BEAAFTAY) - llgEPERE A
S (FFVAVETL) < > Bird, BEY, ALY 7, BelW
« (7 7)) Bk

73y 7 ) RRBIREH

BEZEZEMIN
\ AR S ZF AT A b
T « RO WA
°*H%%%ﬂ“//// K%, REAHI-HeRE
Hebe e N T A
P O . . EMC, W, i
o SEE L RR A =2 v L F v 2
SR, W, S, B - TRbER 25— i b OIS
« SLAM HfftES
WAV, HElIYE, b

allEeEt Hifk7 2 b
e BER— 2 s HiKETT A b
o BAIE < A, BEml, #E), z2a-7, BEE
KEaAY ba—7 o IR RERERRA IR
RV * SLAM Hhe
*Reon I/F « 77 e
S I/F HNEF s
* App I/F
| dei |
e BEB) N — Z ML T
e Veon, & v %k
* Reon %5t
- SRy
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BHRVEETIV
Development V-model

=5

BRI ABIC A A T L —FENT S
- SSRAMFEE L C & M E 2 R L TEIET 5
BB ERAIL Tk E B
IhoOEAIZHL TIE, 1S013849-14 @M L, Bk
T =Y AL L (PLr) # 2K T A0S 2 7 4 &&GHL
Too KEARELEES LAWY 2 7{KHKE LT,
SRR A= EIC L B REENIE
- BRfE U 2 R EE D SRR
c R =24y FIT & BBRIRERIE
- JIS B 8446-1TEHZ SN B AREAR R L /s 5 K (E)
F I F —93JLUF) T OFEFH IR
SR S AU X B fERRE TR
EENFTRREL, #EHI M g7z,
SSRIFERT v a — ZABHAET§T5 2 L Hh 6, SSREHIN
— ZDFEFTMHEICE L CRDFE £ S2HE L 7=,
CREERZu-J o0, FETu s LRETD TS
g ViR E HE & USR8 I & OB O T EH oy
DAL
CBERHE T Oy BT OREERORE L, Hin
DFENDIZEB I avarakhbdsZE%H
Wy & U 7= BREG O Z AR O R 85 & OV B~ 4
2RV Y g VAU

3.3 SSREHNRLHE
SSREAFIZHWT, YT FEEIR— 2 OFEHEEHY TH
BH, VA TEZAY MZBWTIREBEIN— 2 O %+
ZTCSSRAEMRE LTY A 7KK A RE T 5 RENH - 72,
Wt DY FPAS & 2 5 ) 2 2GR, Yk k DIRFAA
NFEJE I A RIEL, JREHA K D ERBIHY S ENER S h
720 BHRIHMRALHIEL 72) 2 2 ERESED S 5, FHAH
& XKIZR S,
- PRI AL POZIL, fH4E AN SRR (P 2X
FE2Y) 0D 70\ o
- NSRS D ¥ — )L P EE /MR EE IR % 8
fi L, EMI#E CIEC61000-4 /JIS C 61000- 4 Blkgi
A
CABEREL B ZEH T ALF -93JLL T TOMMAE BN
EL7SSRE T VKR—3 v P OHEEERE
CKELRFHI K B EEIOMIEE B E L22%a VR — X
v b O HEERRE
L OB X hiaEEE BN E L 7-SSR & EE & OFEE%500 mm
PLE & F 24T A R A D HIY

4  SSRBEIN— ZDIEHRAE
SSREEI~— 2 DHAMAEE, HREVFEF IO LD
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Evaluation Report of Design Verification

[o—— A
dpanni 1 _rviarres Humryg st e | lsl
Tectnciogy Messah Corke

T Ll e
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Ui vt o Irtsion Servics Mool JSAA) [Prate & J8EI1)
O TR
Wz I, 3230

[,
[y

Ba g 1

JAPAN QUALITY ASSURANCE ORGANIZATION

ENEL . ARV

X6

Design VerificationL 7K — k F#f
Cover page of evaluation report of design verification

RHy—EZ2OKY NATBEN—ZDY X7 7R A2 b EREEE

HEFZ (@Y tu—9Rb vl LI-aY K-
2V OFHIEE ERGET 2), Y 2T 47 A b ETHRER
RAEVERE: & OIARZRE &2 MEET ), FERBEE T 2 b (%
Ve EREETS) & LTHERMLZ(RS), HET 2 b
LV AT LT A O—ERIZBE) N — ZHRTHRETHAEL,
VAT LT A b ERFEREET 2 M, SSRIERME L TIR
HHAR K OBIREALE WU THMEL 7=, RN 85
T 50, BREHEUWRICHER N &AL T B,
4.1 REFRETOBEE

VAT TXEZAY MCKDFENEL 72 2 7 KRCR P FFA
BEZ L UL E IR T X T B 2 DA TE 26 3T 4 55 = 1R
Tdh 5 AN B ASE RGN (JQA) IZIRIEL 72, %
DFEF, —HEEAE & 57228 2 2 RISEAIE L < FEhi
TETWSZ EMWHGEE N7z, & 5IZSHI-MHO KA A
il & BRFIAREIAEYNICEH S hTWb Z L8380 o h, &
Wt a6 B ERER £ TISO0134820 R A TRFEITHA L T
W5 Z & %GEH 9 % Evaluation Report of Design Verification
BNIQAK D RfTE I/ (E6),
4.2 FERRE CORIEER
SSROEEREIR TOIIMEB I, TFIRFHALHAET
% Smart StationFZERIHIZ TR A & ETIERE AR L 720 R
IV aA—-ZBHRICEWTHRESEDL, MHlES, vbik
FHRENETKRY VDA VAT O Y g VHEL BRI
BTy 75 EMFAET B IREIRIUC 0T, SSROREHE
Bt K OVEITMEREICHIE A N2 L AT L 72, 2D, &

B — b o x A BROFEEEBANZ, RNT TV r—v 300
FELFEER A 1T - 72, 2 OFER, SSROBHBBEBRED RS
ICXfEE &2 283 nl, REMMTERITI T —ANT
BBy — Y 20k y FBED LD SRV ETNED
IZDOWTEARBRREEE TSI LN TE 2,

5 ¢&¥U

(1) JREHARNRFRZS 5 SSRIFIZH VT, YihidBHE~
— ZOBHEUEHNG L LT TFuY 27 MZEEL -,

2 VAT A XY MZED ) 2 2 {KGE & T ERE
YRR 2 BEHZRE D A A, (EREGHEEIARIO § &,
TERE L FFOGSEMEA2FOBEN— X #HFL 2,

(3) RANM: LAETIRE A MR, Wl — o o A BRTH
BN D RN FERE TR A i L 7z, B L 28
BN — 213, SSROLRAEEHER L D DOETBEKEND
HHEER- LTS,
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Wall Climbing Robot for Steel Structures

@ B m ozr % M O #H N ¥
Haruhiko ETO Lijia CAI Kenichi MURANO

I ) S S (/I

Yuya SAKAI

R |

BEETORY FREXIRSLCERM X —T

Proof-of-concept of wall climbing robot and application examples

X1

A TIE, HEABKANOECEEZE T IHIBREED
HMEBEEITORY b EZOFRABIICOVTHET 5,
LiiE, SEFIELHBEETOETERREIANC2O0
ElExE) (C & > CEENFIRE &A% Wi U 7Bk D R
L. COBBICKYHAIZERRSTEEL,
HERRICEE S h §EICEEICKHT L TRAOESRR
EHOPMMERT2LIICEENDFREHCHET S, &5
ICORy b SIS IR 3> %F 0, HAELETO
AEEMS LCBREPERT 5, AOK Y MIL>T=
%, YMBLOBELRE, RRIEAFICE->TITHAT
W RBISKRIBEY FORBEEDOBEEPEIF S 3,

1 FZAHE

Wb, MANCRE Sh 3 KRElO SR Em 4 3E L Tk
D, ZhoBEHOREBISIC BT, EEIRLe ket
B35 ZEEAME LSRR ERIICI D A TS, K
USRS OBLE BB R & LT, TR0
M—D—D2BEKREZ RS, ZHbEMA LT T BEE
TR BT EENREST B2 ENBTFEND, 20K
BEBRECIIIMITEEONR E £ I B ERETSH L
BEG TR, MAT, BEICRE SN2 B THEIE IR
ANFie A BB L T2 HBLAREEE 2 h, WEZAT
WD X3 2[5 WE AL LTS, LrLarsd

(B A A=y |

This article presents a wheeled wall-climbing robot

with a shape-adaptive magnetic adhesion mechanism
for large steel structures. To travel on various curved
ferromagnetic surfaces, we developed an adaptive
mechanism for each wheel in which the magnet
rotates in two directions along the spherical inner
surface of the wheel. This mechanism allows the
magnet to keep the maximum magnetic adhesive force
towards the contact surface. The robot also has a non-
elastic suspension mechanism to find each contact
point for four wheels on curved walls. The robot will
provide novel automation solutions to hazardous
manual processes on large steel structures, such as
inspection, cutting, and welding. These application
technologies have also been developed, and some
examples are demonstrated here.

T - AR ISP THEATNZFE 2D LT,
RSO ELEBIGIZ B W T L EEE OB ->TH
L AHET 5 & & 61T, MEBRYICHEBER AM A REIR L T
S WERD D, 7-& ADEMDIBICBOTE, fEEEDOA
MR OBILARE XN 5 & h, HEMLERR 7 > 2 b,
ICTHAGDOWEIZ & > TIEEH O BB & 7=k % 5=
B9 5 Z L BMERWEE R AM OB AR5 Z 12 DhH
2LEZBNTVEY,

T Aov vy, Uik, WHE, 752, iRk
KUORME Vo 7R BMEEEIT A 5 TR A SR ER M IZ
BURCIIFEE T, AR BEGRHMO L TFEEICXk DT
FF2E0TLTHEN, & AXLHFTEY M7 -2
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Structure of the proof-of-concept robot

X2

RN X F X F AMERICEM LSS0, (BB ST
EHICH L 2 B ERVENEEEE £, V- FRAEELFE
T 5 LIS ZICIHT 5 Z L L v, R KD
NF 3T H =138 e E DR RRIEEICIIAITH DL ED
D, WR» 6 DORITE D ITAEEZ SO RERE T 9 1
BAEYTH B, ZD—JT, BERTCOMREEHIZ, MW5H0D
JoECREMNIZ WS U CREI T A Zh & TIoBE < EE
EhTCEED, FEIREYICR L, BHEHWSZET
WHOEWENEERTES I N5, kAR -I3EMA
EAHTAIEIEH TRy PRI TWS, LaL
5H 5 PER O KA R HG 0 R v NSO % £
7eipn, FREOHEIRICRHE L 22658 Th 5 Z L2 Hith
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=3 Wall shape adaptability
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135mm

‘ 307mm

TV = 2 CRRRE

Improved version for application development
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Cross-sectional view of magnetic spherical wheel
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Climbing between the ground and a vertical wall
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DT EnFE LWV, WEOKIEIZ, %)L difmiRg
BN EH D KD IS I 2L — Y g v LGRS
Iab—vaVvEHAVTREL Z,
WARBHOE— 2121, BIOCk->THEETS PLIIC
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Turning on a cylindrical wall
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mg EMORIBY B

Climbing over a corner between two walls
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Application examples
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Development of Automated Coating for Gear-Box

@l T i KT

Yudai YAMASHITA

Bt

Yuichiro YAMADA

B

?\**

Kakeru TABATA

FYRy IR EBEKER

Gear-Box and coating machine

EE, BRTETHE, FEEORBEHESHESLCH
BRE, £EMEEOBRE,S BEMEIROSN TS,
LHL, ¥VYRYIZADED ICERELOMMD H B8R
HRR T, 2EREQI FO—ILPRETHS
EDSEEBICLDIFRYBEIEREE>TWVS, 2
ETEROBELICIE, BERENICITHh TV 2 AEFERE
EDEELSLVBEEL/INT A —FBREDPVBETH 5,
ZCT, BEREAVTEEREZAEL, BREFTMERE
REUMBT D ETCREFMELENDEELERREL /-
xf, BEREEII2L—2arl, $EORY I %
AVWEZEBRIHER P SBIERBENT A — 25 REL
fro E5IC, ZONT X —FEBEHEICERTI L
T, BEREEHERALIEEREELE, CORKRE
XV Ry 7 Z2OBETEIVBEMESh, BEBRBIEFE
IER LB L TERPUTICKIRICEBI NS Z EHD
> 7,

1 FZAHZ

AR, BREHR AR ) 2 2 RO B A & BRMH
&% (VOC : Volatile Organic Compounds) DHEHHIED
B APED 5TV b, BEIIVOCHE D 5 % #Hla»
FEWRARO—DIZETF o Th D, BEMLIZX 5 VOCHE
TTONEEDHIRE, 1EHEIIEDOEGNEAFTOVOCEHKD
PR HE SR 5 hTnd, LaLl, FYRy s 20k %
ZimiE T2 B B EHET IR & BEEF v oK » b TEBIERE

In the coating process, the automation of work is
required, from the viewpoint of measures to health
problems of workers, quality stability, and productivity
improvement. However complex-shaped products (such
as gearboxes, which has a wide variety and uneven
parts) is difficult to control the coating state, that's why,
manual coating has been the mainstream. In order to
automate the coating process, it is necessary to quantify
the quality evaluation criteria that are performed with
sense, and to set appropriate parameters. At first
the quality evaluation criteria had been quantified
as the result of coating film condition measurement
and comparing it with the sensory evaluation. Next
the coating condition had been simulated, and the
appropriate coating parameters had been determined
with the application to a multi-axis robot. And, it verified
that the coating quality requirements were satisfied by
applying these parameters to the coating trajectory. As
a result, automating the coating process for the gearbox
can make the time reduced to less than half, compaled
with the hand coating.

%A, WHZ DT 4 —F Y rrnBe iy, TH»
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AR L TREAR EEMOM DO 217 572, I, BE
ARIZH L Tas 2 MMEEEEF 2 LS8 %IRRT %
BETRSBENT A — 2 2 L& THREIERE L 7=,
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Coating conditions (coating operation@)

E3

Test piece (mm) SPCC (150 X 200 X 0.8)

Coating distance (mm) 200

Coating pitch (mm) 150

1, 2, 3, 4, 5, 6, 10, 11, 12, 13, 14, 15

Number of coating
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Coating operation@

512, FHREFERTHE S - HIEME % & & ITERBEIRRE D Fi
I ab =g VETY, BE LS BRSNS L
T TOBIEIRGE & HEGRIMRGE L 7=,
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VICHREEEO%, FR1ICZOBRESRMERT, BEH)
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Coating conditions (coating operation®)

®2

Test piece (mm) SPCC (150X 200X0.8)

Coating distancel (mm) | 200

Coating pitchl (mm) 150

Pattern® -1
Number of coating 6

Dry time (s) 0, 15, 30, 60, 120, 180, 240, 300

Coating distance2 (mm) | 450

Pattern@-2 | Coating pitch2 (mm) 150

Number of coating 2

fE@TIE, BRAR EHHO f@&@iik?”@’rﬁ
3 [OFHL] ORRE) »HERTE % & 5 Hhifi & A

7= REZ150mmBIfE T4 MYy FREL L=, TEEHTFEJ
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Al & 4T 5 720 E 72, BUEONFHHER S © B RER? % 5

L7,
2.2 %ﬁ%ﬁﬁ
X312, BEEMEOQOEREMER] TORE, HROFOT

X & E?E@ﬁUJfﬁn%{rm?o HElA T3, ®RMEE 30
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Coating conditions (effect of atomization
0 Closs 100 pressure and pattern pressure)
1 L R
: soudens 10.-094*90 73 : (mnm) ( )
120 +7- x y=0.094x—90. i r 80 Test piece (mm SPCC (400X200X0.8
Visual check NG y=11.323x—20.39 R2=0.07 Visual check NG
2 1001 RE=0.92 ] .
5] 3 U B |60 -~ Coating distance (mm) 200
g 801 1 E
g 'J_ -y = 2 Coating pitch (mm) -
S 607 e i | t F40 O
= wun . I y=6.549x—21.12
= y=3.997x—1.64 = R?=0.99 Number of coating 4
40 2
R*=0.99
. 3 20
20 Thickness _ | o= =2 Atomize air pressure (MPa) | 0.10, 0.15, 0.20
r g T e
o =
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Pattern air pressure (MPa) | 0.10, 0.15, 0.20
Number of coatings M Thickness [Gloss
=3 BE - RAERER (BEHED)
Thickness/gloss measurement results (Coating operation®)
%4 BREN (BILE, Na-CESLV/ ZNVOHE)
Coating conditions (effect of atomization
pressure, pattern pressure and nozzle)
Test piece (mm) SPCC (400 X 200 X 0.8)
100

140+ - - Coating distance (mm) 200
120 1 y=0.1205x—93.03| "1~ ] Gloss 80 Coating pitch (mm) -
R*=0.94 x TR T
= 1001 — T ;
3 Visual check NG . - r 60 = Number of coating 4
% 801 : <
] : g L
. = Atomize air pressure (MPa) | 0.10, 0.15, 0.20
§ 60 . Thickness 1 40 & 5 N
£ T . _ 1 : :
|l o o | e B e = :
40 B :‘:l JG I.;'! ) = j | %0 Pattern air pressure (MPa) | 0.10, 0.15, 0.20
201 y=0.00267x—37.23 ) -
R*=0.16 Nozzel diameter (mm) 1.1, 14, 1.6
— ! . . ! | 0
0 15 30 60 120 180 240 300

Dry times (s)

MThickness [Gloss

RE - XRBIEFER (ZEHEQ)

Thickness/gloss measurement results (Coating operation®)
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Coating path

Front view image
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Side view image

Coating gun
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Coating result (effect of atomization pressure and pattern pressure)

Atomizing air pressure (MPa) 0.10 - - 0.15 - - 0.20 - -
Pattern air pressure (MPa) 0.10 0.15 0.20 0.10 0.15 0.20 0.10 0.15 0.20
Result X X X X X X O O X
Coating efficiency (%) 16.4 11.9 11.0 16.8 15.5 12.6 19.5 17.3 15.9
Coating width (mm) 70 20 90 80 30 10 110 100 0
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X

e Coating result (effect of nozzle diameter)
Nozzel diameter (mm) 1.1 - - 1.4 b - 1.6 - b
Pattern air pressure (MPa) 0.10 0.15 0.20 0.10 0.15 0.20 0.10 0.15 0.20
Result O O X O O O O O O
Coating efficiency (%) 19.5 17.3 15.9 32.3 29.2 25.4 31.6 28.0 24.6
Coating width (mm) 110 100 0 110 140 160 110 140 160
60 ;
E é E /SOmm
507 r°2 g 56°HE“Q'
P gl SR & Bl . o0mm
a e 5 [ | B L
407 . . . [ N . .
g B! - ] e ! L | —~ 120mm
2 . N -, i B U - 2 BEen
e Thickness distribution peak of original .. g e F o = & a g !
£ 30 qlf‘ﬁ!,'!-r; T'? i a1 150mn
2 a X & e -
= -k ; =B l!‘ '!.,/-170mm
B = o : - I -
20 T = » l 3 i A
t = : i l ‘ ! -
104 = ! ? * i Original
! ? e (without|pitch coating)
-, B4 Ik
0 - ' :
XEETBRIRI =SSO SDD IS~ SN ®IBLOR 0SS =R
ST T T T I R A O O
Position (mm)
=6 BREYFEEYIaL—Ya ER

Coating pitch effect simulation result
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Overpainting state simulation result
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Development of Automated Tube End Welding for Shell & Tube Heat Exchanger

@i M ¥ W fH F

Motohiro HANADA Yuuki SOWA

—

B IC & B ERAE

Tube end welding with new automatic equipment
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From the viewpoints of quality stability, productivity
improvement, and reduction of operator workload,
automation of the tube end welding process for heat
exchangers is desired. Although automated machines were
introduced in the past, they are not currently in use due
to frequent operation stopping and poor maintainability,
and manual welding has been used instead. As aiming
of introducing a renewed automated machine, we had
investigated the cause of failure of the machine introduced
in the past. As a result, it was found out that the main cause
of failure was improper optical equipment for positional
measurement, which was susceptible to dust and ambient
light at the work site, and a positioning mechanism with
low performance. Therefore, we devised a new automated
robotic system that combines with a touch sensor, which
is resistant to these environmental factors, and equips with
a welding torch conventionally used for manual welding.
After confirming the operation of the robotic system and the
quality of circumferential welding parts, we introduced this
automated welding system in the factory.
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Heat exchange equipment
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Shell & tube heat exchanger
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@3 Configuration of Shell-and-tube heat exchanger
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Circumferential welding machine
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Schematic diagram of the drive unit of a past automatic equipment
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Introduction effects of new equipment
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Development of Automated System for Belt Grinding Process to Curved Work
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Fumiya MUKAI
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Belt grinding automated system
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There are still manual works remained at our grinding
processing site, even automation of works is popular
at many others. But under the background of decline
in the labor force population, automation of the works
must be desired. So, the automated system for belt
grinding processing had been developed, which
target was engine blades for aircraft manufactured by
Sumijyu Precision Forging Co,. Ltd. In this development,
technologies required for automation had been selected
after analysis of manual processing, the parameters
defined and done basic experiments to specify
application requirements at the site. As a result, the
system which has a unique pressing mechanism and
trajectory generation algorithm could be satisfied with
the site demand. Finally, tests at the site had been done
to confirm its usefulness, and it had been proved to
grind as same quality as manual works. Now the system
is working at the actual production site.
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Overview of belt grinding automated system
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Features of Visual Inspection Device KITOV
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