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A robot system 1includes: a robot having a main shaft gear
attached to a rotary shaft of a drive unit, a first countershaft
gear meshing with the main shaft gear, a second countershaft
gear meshing with the main shaft gear, and a third counter-
shaft gear meshing with the main shaft gear; and a main
shaft phase output unit outputting a phase of the main shaft
gear as a first main shait phase. A phase of the main shaft
gear 1s dertved as a second main shait phase, based on a
phase of the first countershaft gear, a phase of the second
countershait gear, and a phase of the third countershaft gear.
Processing to stop the drive unit 1s performed when the first
main shaft phase and the second main shait phase do not
coincide with each other.




Apr. 30,2020 Sheet 1 of 9 US 2020/0132513 Al

Patent Application Publication

!:"

ﬁAAAAAhﬁﬁhﬁﬁhﬁﬁhﬁﬁhﬁhhﬁhﬁﬁq\\
[l N W
T T

f L
’ PR Ze T T £ 585
) A e i aa € Ry
g .t . . viuih \!#*i .
. v - o asunr. @GN
7 L ' : b & By
g o : .. L. ..
. : P o -\-.‘.‘ - - 2 l-!)l“\t
“_ lh_{..\”\.‘\.l. 1 . e Co M_.
.- . . . v . . .. ;‘ .
i r . ) o nlul.'..u)\r,\‘.\\r.\.\n.\n\nkn.)lvm L AV YV ¥ - e ‘, . <
: : . e T A, “x, A
\ s\r\.l’\-((n . . . -h..:“.

!hheﬁhhﬁﬁhs-

.\.
o .\ . Tﬂiw.ft\dr.l.ll\l\\\\\\.l\!\l\.ﬂ.}\i‘l’ . H.r. .
el it f . L{I.J\th.).l.’

?ﬁ\). A “
e

2 2 2, 2 e

)
B )

o

. A
', 4 *
ona 2 : ‘lc = . \ .
- . . g * = nooe o . ° 4 +
.._\: . Y] - = : v .
A AT £, - N»n.. . ¢ A +
) X
: . LTIy R P, o b,
. > i .
- » r ot ¥
. . SN
A... r . . .
- .&\J\.\.\.ni.\a\n . R
.. % : A0
- ‘> - ¢ . et
.5 Q_ A
2 . F | + +
¥ + + &
€ r L
A, 3 .
o e . * 00000
x. - ; T i,
- 9
- 3. . .
.‘..Qt v e r \*‘.’(\‘ . . . . HQHQQ
- - > . . . L h
anf s . .
‘ . +* +
. +
* + 4
+* + . * + 0
+* + . * +
* + ¥ +* +
+* + . +* +
+* + . +* + 9
+* + - * + +
+* + . 4+
+ + e . w® + e
* + + . . . * + 4
+* + * + 4
. LLIEN . - AR
. Y g + + + B O
b \. + o + NN + + + 28
. . . . . * + 4 .
. * + 4 >+ 8
. r -+ W s+ +
. e * + 4
" e - N
J-‘{‘ NSO RN
. . r * + + 4 *+ + 4
. . \ . >+ + * e
. * + + * + 4+
. , +r e * + 4
.‘ﬁ‘ “re e * r e
. . .& * + + + LR R B
-y 4+ 44 LR
. * e * e
. . * * + 4+ * * e
. . * * e * * P
. * OO0 O .
. . * e LR N ) .
L B L D R
OO OO0 L)
LR N B B R J L B B N N S }?
LE U N B I U I N LR R U B U I B I
‘e I I I I I I I I D I U U U I U U D D I -
TR L U N U N D R U N U I U U I I I 3
AL U D U D D D R D I
$EE e Q.
: Y
-.-

“
3

y T

£y
;l.
4

IR D Ay BT .

e
3
/
/
7
.W

A

1‘\\‘\\"1\1"1\1‘t"1\1"1\1"1\1"1\1‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\'R&‘.\\“\“\‘\1\1\‘1\\\1\"\1“1\1"\1“1\1\1‘\1"\1“““““““ \
-
. A

"

oI

]
|

s.
.i,
.

ahd b d d i b h i ik

4 4



Apr. 30, 2020 Sheet 2 of 9 US 2020/0132513 Al

Patent Application Publication

. r r
RS S £ b it LA

TR R R R R R R R R R R R R R R R R R R R R R R R R RS ™
.

A ?-\.t.“.\r ; e %\-ﬂ\\\ - \\\%;{(((.L((:hsnt\d et i PR ) ...fth.vxﬂu:.n . " w. %
I i o P it PR T, My . )
- s

vl ﬁ\%a

¥

L
o
e
\\L.m )llt.-.. .
»

e ) : o . . o
., aR WINPT ™

A .
.l. . ra h.
- ol ff e
I * y = ) ot =yiefg . .
: . - . : : - - R s P . | mw
., . -, ) -~ ¥ . ", ) ' . : B N ) PA Wl b - g g -
. —— . T, § | { ooy R, ¥
. . . 14 ¥ ¢ i - Al VR —_— . .
: o ¢ .. : : : n o : )
X t . Lo ? .l\%i. - J\‘...-(-l. - . .° !#l‘.. I‘. . - . ,’ It
b “__ . .._.\f..la,.\u - . P L e T {tu\l.l . + A . “
.“ r s - . S
4 )
f

. L Y ; i ] £g P - . =
ot .. . B
P \.\lw..\ g " T e A,
. 3N . - . o
x

s i o
-~ \\%{.ﬁ{:. i S
%

Bt o P . ]
\ .4!\...#. £

Tt T

7

A .
L
. ..T.!

X
!
T A

B l..h\.(-..\‘. >

g
: ' - .\ :

!

ﬂ

e N O B N A N

-

Rl



Patent Application Publication  Apr. 30, 2020 Sheet 3 of 9

G 3

F‘u {,&‘th iR

e B b e S L S e e

AA A A A A S d i iiidd i iiiiiiiidsddiiiiidiiddiidliiiiiiiiddidliiiiiiiiiiiiiiiiiiiiiiddildiiiisiiidiidddiidilildidididdd s s dl

3

ME %’i*&?ﬁ‘z’ CORMRBLE

34

-

i. :‘K‘{ ;\i 1(. fu §

bprrbir'vrv

i a‘“\ (3 K b q Z & {\s
Y Oy Yy
O INFORMATIO

DEVICE, ROB 3‘5

K

ROBOT CONTROL DEVICE 3%

212 33 2 2335333333 SSSY YT I&‘hhhhhhh‘hhhhhh

=

' @3@?

AAR R AR R R AR RN LS SO SR NN N

EABURING

o g o o

g 0

,ﬂ«*gb{%

'111‘15111‘1111111\ AR AR RARRARRRR

ROBOT CONTROL UNEY

DETERMINATION UNIT

REPCH Ti?\é £

2 ol ain ain sl aie ale abe aie ale e 2in ok
Bl Bl
A EETFEErs

o o T o T T o T o o T T o o T T T T T T o o o o o o T o o T T T . P T L, L WL L

- v.‘twmﬁxm‘“““\mm‘mwm\“\\\\\“\\\\“\\\\\\““\\\\\\\\\\\\\\\w““w

NFORMATION
PROGESSING DEV!

s T

’
4
/
A
4
E.
4
j
/
3

R N AN ‘{ an g ,.f\; A,
4 £ W E N 4\
§Fﬁ§§¢i}a! ¥- i@’§%5$'%P:«Aj i,; . ;'; : ' E::€:;
'L'."

111111111111%111111‘1111111i\\n\nn\hnhhh\hhhhhhhhhhhhhhhh T D T A e e e ke D -
R LN NI TTY
~ PRT L K0 A an Y
y & N A\f‘\g‘ﬁxw. x&!i\

ST T, Y ' D e Tag N
. """ Y . . . . ‘5-‘-!» . -
. . . . - : . “‘
’ ?-m.m-f-.t.x.1-.1.1-.1-.1.1-.1-.1.1-?-?n?-?-.m-.t.t.t.1-.1.1-.1-.1.1-?-?s?-?-?n.h?-f-&?-.A?-?-?n?-?-?n?-?-?na, LT T T, T oy A B Ay Ay Ay Ay By g s oAy g oA g o g S g Ay Sy ey Ty L
L)
N
N !h{ﬁ“‘ =0
“ ?\ “‘?A"“ g p E““f:’x E ¢ 8 3'\% ‘3
h‘\ M } : ) v , ‘iv xf-e .
v
‘- ‘L : ) ‘h _.
QE?PE_ 1 LN? { fL’ i E
" ‘ . * I;
\ ~ :

FIRQT "HA“:“&
GUTPUTUNIT

w.w.w.w.w.w.w,w.w.w.w.w.w.\ﬂ.w.w.w.x\\“\\\\\\\\\\“\\\\\\\\\mm

THIRD PHASE

QUTPUT UNIT

A A A S

1111111111itxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxnhxnhxhhxhhxnhhnqpqhhhhhhhﬁﬁhﬁﬁﬂﬁhﬁ'.

yyy’v’d’v"d'J'd'f#’d'f#’d'd'#'d'd'#'d'd'#'d'd'#'d'd'#'d'fffffffd’ffd’ffffffffffffffffffffd‘ﬁ

W NI I N YN W Y 3V 3 o o b o

\.n.-»
ﬁAﬁAAﬁAAAAAAAAAAAAAAAAAﬁﬁﬂnnﬂﬁﬂn\\\\\\\\\\\\\\nﬂ(\\

,l.t.tfﬁtfffffffffff.ﬁg‘.l.tffffffffffﬁt.t,l.‘.t.lt.t.l.t.t.l.t.t.l.tit.l.ar.t.tit.t.
A
A

o s o

MMM MM

b

BRARRRARRRRRRARRRRRRREDAD 0001000000000

“tﬁ £ ‘L it‘\h\{

3%

’
2
’

?‘cgu*?i NE{; s EM HMW

208

--~?§£

f‘.""“""; §§s§,

A A S A A A A A A S S A S S A S S A S S A -

1i1ﬁ1tttixﬁx1mmmmmmmmmmmmmmmm ‘.

LR Ay g sy S e e T L LA AARARAAAAARARARARARAAAAAARARARA R AR R R R R -

US 2020/0132513 Al

Tirixtrin.x.‘l.r.h.1.t:-.1.x.n-.t.h?-?-?-?-.x.h.h.x.h?-.x.x.h.x,h.h.x.h.h.x.x.h.x.h.h.h?-?-.x.n.n-.x.h.h.t.s.\.n_u_\\\\\\\\\q«\\\\\«x\«x«xxxxx«xx«\xxx~= .

LA a X s R Y VYV VIV VYOI r Iy, Yl Sy yryryyyyryyyyyy,



Patent Application Publication

1 1
X FXEEFTX N .
. . X
rrni : "

H%RD me SSING | |

Apr. 30,2020 Sheet 4 of 9 US 2020/0132513 Al

mw 'ﬂNﬁfi‘fm S
e, *& :f};&e ¥§ {: E} {3 . M&-*"”’

.2

g? 8120

RRAAAPRAARAAARAAAAAARARAARA R AR AR hh Rk ’ht1\‘1“1\‘1\‘1‘&1“1“‘\‘1 v ¥ ¥ N

b -Rf’ T PQ{EC ?I"EE NG

e ] Sei}

\
\
[\

o

T S

£ A A s S A A

OPER m"s*“sfx \.
i: ROE} “‘ﬁ - W.-*""N“’é

O el il wm

. 111111111111Q‘

el

N s o S XTI S o F T o202 s 22020025 s s g dosdo s o s dosdosg s st sdosdddds s g s s

N"".-4-"""«-"-"".

N econn M@&?ﬁmz\;&a
"~ JIME PASSED?

| SECH i r;: OCESSING

A

AAARA AR
VVVVVVVVT

n
nal




Patent Application Publication

Apr. 30, 2020 Sheet 5 of 9

..............................

jwéfvvvvvwvvwvvvvvvvvwwvwwwwwwwwwtsi
S-« -3T ﬁ-«r)f'«: \}
S P A SR S L I |

‘5V'b»V'b»V'b»V'5»V'b»V'b»VV»‘YV‘YV‘YV‘YV‘YV‘YV‘V»‘ \V&‘v‘b&'&\'&\ vwwwwwwww wwwww - w'ﬁ TETTTT T TN T T T wwwwwy

.?5“5& 3E *MQR%‘E ATION

DERIVE NUMBER OF ROTATIONS

£
ht
.

? ek
e ;1_
,3”‘-"
".ff :
-WJ
"“'i"‘"i
‘»J
3:
:21-
{55 A
W‘i

GUIRE MRS"" MAIN H;‘l‘a?

5?;3{}

1&1&&\\&&&&&&&&

.

»

o

i e T T T T R T TR R T

#S&QQ'

y w_aw aiv _oiv s s sw ow.

) ™ ' .
-n"'. ' ' iy E g{:}

#ﬂn

e *"‘""**EP A*'?‘\QUQ'V?AJT‘?

: ‘““‘.“ ‘.‘“ll‘.“\.“\.‘l‘.‘

SHAOE DIFFERENGE BETWEEN
WA SHAFT GEAR MG FRaT

CLUNTE? BHART GEAR

g""“""“""“‘ LA A LR 3 280 203111t ik aaa bR KRRk

m’f."fﬂfﬂf!)’ﬁ”

-Q\ II‘ “qtitti z
+3~ :
' oo L E S

IR EEEEEEERERENEELE L L E

“‘-‘M““““““““»M»\»‘» wwwwwwwwwwwwwwwwwww

#2 TEETH

.inﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂhﬁNNNM\&ﬁNnhhnQAhhhﬁhhhNNhNNNNNNhNmhmmﬁmmﬁmmnﬁ?@ﬁmmﬁm&&ﬁyw&"iyy""""""““‘“““ih“““““““‘

S wwﬂ“s:}a 5&?‘3?%»&3 =

STOP ROBOT
‘ Ll o

'm&\‘\‘\.‘\‘\.ﬁ.‘\\‘\.‘\‘\‘\. Eﬁ.‘\‘\‘\.‘\‘\‘\.‘\‘\‘\.‘\‘\.\

{  ENDSID

W
&,
N’“"‘“\\\\I\\"\‘ LR 3 %] \‘khhhhhhhh‘*

17 ‘WGH‘E

O A

IIIII“I‘I“: 'y

Att.tittt.t.tft.t.ditrtt.t.dtit.dtt.

.
A
L

-

TR TR T LT I LI LI AL AR AR AR AR AR AR AR AR RGO RAUR RS

AR T T T T T T T T T T T B T T, T, T D o e, e, i, o o o, A o o o o o

US 2020/0132513 Al

W W\z\a&w\;}
W = E s -y ) ‘
L RUMBEROF
I ORQTS a3 T ‘3 L3
P AARY SHAFT GREAR

s Py At a R s P AR PR



Patent Application Publication  Apr. 30,2020 Sheet 6 of 9 US 2020/0132513 Al

L-f

S
?'\3553 S

: \\ R

4 il‘vf NT...., “«F"’ GEAR

F1G. 8

w

START $130 )

§:> 10

\\AmﬂAA\\\\\\w\nAAAAAﬁﬁﬁﬁﬁtﬁﬁn&\t\x«ﬂﬁﬁﬁﬁﬁﬁk&&nﬁﬂﬁﬂn&AﬂﬂﬁAﬁﬂAAﬁAAn&hﬂﬂ&ﬁﬁ&\ﬂ&ﬁnﬁﬁ&&&&ﬁﬁ\_

ACQUIRE FIRST MAIN SHAFT
FHASE INPURMA i@“'

WA

3320

&AﬁﬂhAAAAAAAAAAAAAAAﬁﬂhﬁﬂhﬁﬂhﬁﬂhﬁﬁhﬂﬁhﬁﬁﬂﬁﬁ Q&ﬂﬁﬂA&ﬂAAﬂAAAAAAAAAAﬁﬂhﬁﬂﬁﬂﬂhﬁﬂhﬁﬁhﬁﬂhﬁﬁﬂﬁﬁ

ACQUIRE FIRST Y ...%%

O é"“:;s?. E- %« %‘h. SF
INFORMATION

5330

DERIVE SECOND MAIN SHAFT PHASE |

\ B |._ .

pvvvvvvvvvvvvvvvw

e

fv

M‘ e "f' A ”\ff" AR \mfvﬁ»&u:\f ~ m«
”‘“‘\...NQE\B‘ TION 18 SATISF) EDY

4

53
AN
LAt
2

{

e R e R R R e e e R R R R R R R R R e e R R e o o R R e A A A

STGP ROBGT

W

f

hhhHhiHfiiifiiiiiﬁihihmih\tikxxxxxxxxx ARARARARRRARARARARARARARRRARRARARARARRARRARRRARARARARRRRRR R kAR

. A
o -
RER (R :

; “‘h“hhhh“‘hhhhh“h“h"“kﬁﬁﬁh&‘ﬁ\**ﬁPQz‘ﬂ‘%ﬁﬁﬂﬂ#QﬂAAAAAAAAAAﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂﬁwmj'

- ,"' *
:¢??¥. m“ | bl ':"FNWSWV\vw‘
{ BND ;}W
\
.-‘,Q\ o
X
R s .
ST ...“*};E: }, ETWEEN FHASE DIFE ‘“?’“\"’f‘ RETWEEN § L IMBER OF ROTATIONS
- ﬂ.a'- AW AR p NIDER S - . RO ol P o - Nl : :
\"uJJ‘iT‘Q AFT GEAR : THRD COUMTERSHAFT GRAR {iF TS

............

FIRST COUNTERGHART GESR | OOUNTEHSHAST 6 R |

g g
:rﬁn
A

4

« 7 = < & B, e TN v EESES.R |

-

...........

0 TEETH { TEETH | OROTATIONS

T T TR A T TR R R R TR R R R R \mmmm1mm1mm1mm1m5\\\\\\\\x\\xm\Mx&vvuvvuvvuvvuvvvvvvvvvvvvwvvv»—x&.-.—...." N N NN N N N NN W W W W W Y w e v

f&éﬁﬁﬁéﬁﬁﬁﬁ#ﬁ*ﬁﬁﬁéﬁﬁﬁﬁﬁ

Y TEETR o i A TIONS
i ks d 3 P2 RUTATIUNS

4
A
e
Rt

¢
¢
> W\NW5\\\\\\\\\\\\\\\\\\\\\\\\\\\VH&VVVYkiiiiiiiiiiiiiiiiiiiiii{(i' AN W 0 0 0 0 0 0, 0, 0, 0
¢ |
5 TRETH ¢ A8 TeRRETH 3 REOTATIONS
‘ G 3 30N i '~\} DO hI [N WIS S i WS S N, ;\VQ
4

24 **"f i 4 ROTATIONG

{
{4
".’.’;

g
1:E ;
B
- " " "
¢
?&
£
g g
¢
¢
P
a

\~VVVY&1‘iHiiiHVH5i5Hiiiiiiiiiiiiiiiiiiiiiiﬁ' $§3 3334333323333l iR LR TR RN TNTTTTTTANTANTNTNNTY \
b
.
3 i 3 N ¢ Y TS0 Y ET
¥ IRt el B :
: : .; . % ‘w oS LI CVR OO | "'.‘ E ‘g¥§'

. q

!
""""""""""""""""""""""" v"'iﬁi\tiht\h\h!!!KAAKAAKAAKAAKAAKAAKAAHAA«#NAnAAnAAAﬁﬁnﬁﬁﬁﬁﬁnﬁﬁﬁﬁﬁnﬁﬁnnnnmn ooy oy oy

b
t'
b

3
N
-

A

- e W



Patent Application Publication  Apr. 30, 2020 Sheet 7 of 9 US 2020/0132513 Al

FIG. 10

- ,':' )}
Y
A
:m
"'".?

"fﬂ
¥
Y T
'3_‘.
L‘-. )
%

52 s
£TYIa 0

A e
yogui?
{3 A3

Aol 3
3,3 .
' . ) . '
"
%
ot

A

- o

IO M

\ '
’cﬁ ‘
~ ' : : S . 0
. L i I\\%I %QQ‘H‘\F > g ¢ . ., ' E

THIRD
SOU “\WE RB?“S’%F
PHASE

AR AR AR AR AR AR AR R AR AR R RRRRY, : 11\\\1\_1};1\)_1_;_&«4'5 \;Qﬂﬂﬁﬂﬂ.h;;a\ﬂﬁ.\ﬂﬁ.\ﬂq_\.

P@"‘Ui I:PL ~ H’G?RT L‘:}N “"f 3 3
QUANTITY OF FIRST 0D SECH 3@ AN
TOUNTERSHAFT § San A1 SHAFT PE“..&&E

My

..-.3 A . i, i . i, s . i . i s g g, | _g_o__ Y _ LU LU UL U UL UL UL T L L L L L L L L S

fr'r'r'rrrrrrrrv_rir‘
i’" S S S A A S S S S S S A
ettt Y

AR T R A AR R R A RAE R AR RR R R R R RRS

S
“NTERQFRF*i
PHASE |

M(""

 QTORE OLD MAN SHAR ‘w ASE
N FORMATION AND ACOQUIRE NEW
?Mi?_ SHAFT PHASE INFORMATION

8420

-\\*um““\\\\\ﬂ\\\\\\\\\\\\\\\\\\\\\\\.\\'\. \'\-\\\\\\\-\\\'\-\-\\p\'\

W
STORE OLU COUNTERRHAFT Pﬁﬁ{:i

INFORMATION AND ACQUIRE NW&*
CO&NTEP‘S&MT PR 88 i%?&?ﬁf&fi Di&

VE 11TH Al 3U“ﬁi’f “5‘ 1}3{\1
gy vy {
ggiﬂ'g ='55“ A i'b Rwu LN m.\.

A S S e e e edddd e ddddded el “‘ sewewwww -

\.;Sfifiii}

J‘J‘.ﬁfﬁ.ﬁﬁﬁ.ﬁfﬁ.ﬁﬁﬁ.ﬁfﬁ.ﬁ/

T i O

TR T T T e e e e . 1.\1..'\,1..1..1.1..1..1.1..1..1.1..1..1.1..1..1.1..\.&&\.1..1."'1. '\.-'v' vvvvvvvvvv
Y S R . e . -
- \ VN .-'~ ‘ .\ e \g“ “x w“
_ \ }ﬁ.- “& %\ '4 $
'i m | ¥ tg k
. m“\\““‘h‘?ﬁh}! 2 T e D e D o D T e, D o, o, T 0y 0 A 0, S 40 A oy o

T . e ¥ t - ] '
.'r-;-:f.i"‘ N

?«s}ﬂ,\w**"ﬂ"t:ﬁ ] &81:&;;3503&33&“*“3 R
T \}P\Lq} i iu DT E Fft” ol

N & =a
%hQPﬁ BO? 1

.........

.;34?3

{ enpste )



Patent Application Publication

pry v g

N R ﬁ‘*_}l ] i'iz s
. t L\, X M) 2

PN

VATIGN UN

**"136

p- A e, s, sl s, . s, WL ——— LT L LY \.\\\.\\w“\
L

: \
P DS TEREENATION PIT
$ - SR GNP TS % 3 \i N
li 11111’

y
.

Lo h
5 M

' ¥

y

\

3

| ,"“"‘ NTROL UNIT

'!FREEQEQQGQ
. r.v'.v;vlv.vr.v.vr.v

nyyyyyyyyya :

F1G.

=38 7§

[ Tt Xt ¥ &&Q‘.&&A&&A&&A&&A&&A&&A&-\_‘M\A.MAM\\m\\\\\\\\\“n

TiME MEASURING ijfx {1

Ty Ty Wy W, W,

AR AAT AR AR ARAR R AR R AR AR RARRRAAAAAARDARSNS AR BRRRD

T wwwwwwwww

.....

WYY

‘-‘m‘\\‘““““““““hhALA .\_AAQ_A.Q_A‘“““;

Apr. 30, 2020 Sheet 8 of 9

R N N n“&h?*“‘

!lIIIIIIJMJIIIMIMMJIHJ"IJJJJJJJJJJJJJJJIJJJJJJJ

y
:
\
:
\
:
\
\
b

US 2020/0132513 Al

R

o

3

P 3

b}

y 3

. l' \.

. : &

3 - )

§ M, y }

% : %

% 5 %
N S

% X v

: b
3 3 '

) |

i



Apr. 30, 2020 Sheet 9 of 9 US 2020/0132513 Al

Patent Application Publication

FIG. 14

AN}

llllllllll

-

'y !“I\]I\\h\\i’ﬂ
. t?&b\l(. . .w&\)\
” {t..i”l..-.-.t.\wn!;.. )

L)

My

T W e |

WL "y
R AL )
PO S N T N S
‘.qﬂ
RN

*:\F
o~

g

.
Ay

T

\—\-\—"—'\r\w'v'v'-v\'\-?ﬁ‘!‘r‘ il "
ESSSSSEERS e

il

: i3 o . " % . |
by ) AR - I



US 2020/0132513 Al

ROBOT SYSTEM, ROBOT1, ROBOT
CONTROL DEVICE, ROBOT CONTROL
METHOD, AND ENCODER

[0001] The present application 1s based on, and claims
priority from, JP Application Serial Number 2018-204963,
filed Oct. 31, 2018, the disclosure of which i1s hereby

incorporated by reference herein 1n 1ts entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a robot system, a
robot, a robot control device, a robot control method, and an
encoder.

2. Related Art
[0003] Research and development of an encoder has been
underway.
[0004] In this connection, an encoder which has a main

shaft gear and three countershatt gears, detects a phase of the
main shaft gear and a phase of each of the three countershait
gears, derives a number of rotations of the main shaft gear,
based on a combination of the detected phases of the three
countershaft gears, and derives a multiple rotation quantity
of the main shaft gear, based on the derived number of
rotations and the detected phase of the main shaft gear, 1s
known. This encoder 1s described in detail in JP-A-2013-
104778. In this specification, the phase of a gear when the
gear 1s rotated means the remainder of dividing the angle of
rotation of the gear by 360 degrees. Also, 1n this specifica-
tion, the number of rotations of the gear when the gear 1s
rotated means the quotient of dividing the angle of rotation
of the gear by 360 degrees. Moreover, 1n this specification,
the multiple rotation quantity of the gear means the angle of
rotation of the gear. That 1s, 1n this specification, the multiple
rotation quantity of the main shaft gear 1s the sum of the
phase of the main shaft gear and the number of rotations of
the main shait gear.

[0005] Such a related-art encoder, 1n some cases, errone-
ously detects a phase different from the actual phase of the
main shait as the phase of the main shaft when an abnor-
mality about the main shaft occurs. When a phase diflerent
from the actual phase 1s erroneously derived as the phase of
the main shait, the encoder may derive a multiple rotation
quantity different from the actual multiple rotation quantity
of the main shaft as the multiple rotation quantity of the
main shaft. However, the encoder cannot determine whether
a phase different from the actual phase of the main shafit 1s
detected or not.

SUMMARY

[0006] A robot system according to an aspect of the
present disclosure includes: a robot having a main shait gear
attached to a rotary shaft of a drive unit, a first countershaft
gear meshing with the main shaft gear, a second countershaft
gear meshing with the main shaft gear, and a third counter-
shaft gear meshing with the main shaft gear; and a main
shaft phase output unit outputting a phase of the main shaft
gear as a first main shait phase. A phase of the main shaft
gear 1s derived as a second main shaft phase, based on a
phase of the first countershaft gear, a phase of the second
countershaft gear, and a phase of the third countershatt gear.
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Processing to stop the drive unit 1s performed when the first
main shaft phase and the second main shait phase do not
coincide with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows an example of the configuration of a
robot system 1 according to an embodiment.

[0008] FIG. 2 shows a configuration example of a plurality
of gears provided 1n an encoder EC.

[0009] FIG. 3 shows an example of the hardware configu-
ration of a robot control device 30.

[0010] FIG. 4 shows an example of the functional con-
figuration of the robot control device 30.

[0011] FIG. S shows an example of a flow of processing
including both first processing and third processing, of the
processing performed by the robot control device 30.
[0012] FIG. 6 shows an example of a flow of processing
of step S120 shown 1n FIG. §.

[0013] FIG. 7 shows an example of first correspondence
information.
[0014] FIG. 8 shows an example of a flow of processing

of step S130 shown 1n FIG. §.

[0015] FIG. 9 shows an example of fourth correspondence
information.
[0016] FIG. 10 shows an example of a flow to denive a

second main shaft phase.

[0017] FIG. 11 shows an example of a tlow of processing
of step S170 shown in FIG. §.

[0018] FIG. 12 shows an example of the relationship
between a main shaft gear G0, a first countershaft gear G1,
401, and 402.

[0019] FIG. 13 shows an example of the functional con-
figuration of a control umt 41.

[0020] FIG. 14 shows an example of the configuration of
the robot system 1 having a robot 21 instead of a robot 20.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiment

[0021] An embodiment of the present disclosure will now
be described with reference to the drawings.

Outline of Robot System

[0022] First, an outline of a robot system according to the
embodiment will be described.

[0023] The robot system has an encoder, a robot having
the encoder, and a control unit. The encoder has a main shaft
gear attached to a rotary shait of a drive unit, a first
countershait gear meshing with the main shaft gear, a second
countershaft gear meshing with the main shaft gear, and a
third countershaft gear meshing with the main shaft gear.
[0024] More specifically, the control unit performs first
processing. The first processing 1s processing including
cleventh processing, twellth processing, thirteenth process-
ing, and fourteenth processing. The eleventh processing
refers to processing to derive a first number of rotations
based on the first countershait gear and the second counter-
shaft gear. The twelfth processing refers to processing to
derive a second number of rotations based on the second
countershaft gear and the third countershaft gear. The thir-
teenth processing refers to processing to drive a third
number of rotations based on the third countershaft gear and
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the first countershait gear. The fourteenth processing refers
to processing to stop the drive unit when two or more of the
first number of rotations, the second number of rotations,
and the third number of rotations do not coincide with each
other.

[0025] When two or more of the first number of rotations,
the second number of rotations, and the third number of
rotations do not coincide with each other, 1t 1s highly likely
that an abnormality about the countershait gear has occurred
in the encoder. More specifically, 1n this case, 1t 1s highly
likely that an abnormality about a part or all of the first to
third countershait gears has occurred 1n the encoder. When
an abnormality about the countershait gear has occurred 1n
the encoder, the multiple rotation quantity of the main shaift
gear derived based on information outputted from the
encoder may be a value different from the actual multiple
rotation quantity. This 1s because the multiple rotation
quantity of the main shaft gear derived based on the infor-
mation 1s the value of the phase of the main shaft gear added
up with the number of rotations of the main shaft gear, and
the number of rotations of the main shaft gear 1s derived
based on the phase of each of the first to third countershaft
gears. When the multiple rotation quantity of the main shaft
gear derived based on the information 1s a value different
from the actual multiple rotation quantity, the robot may
malfunction.

[0026] That 1s, the robot system determines whether the
derived multiple rotation quantity of the main shaft gear 1s
a value different from the actual multiple rotation quantity or
not, based on the first processing performed by the control
unit. When the derived multiple rotation quantity of the main
shaft gear 1s a value different from the actual multiple
rotation quantity, that 1s, when two or more of the first
number of rotations, the second number of rotations, and the
third number of rotations do not coincide with each other,
the robot system stops the drive unit. Thus, the robot system
can restrain the robot from malfunctioning.

[0027] The robot system may also have a main shait phase
output unit. The main shaft phase output unit outputs the
phase of the main shaft gear as a first main shait phase. In
this case, the control unit performs third processing. The
third processing 1s processing including thirty-first process-
ing and thirty-second processing. The thirty-first processing
refers to processing to derive the phase of the main shaft
gear as a second main shait phase, based on the phase of the
first countershaft gear, the phase of the second countershatft
gear, and the phase of the third countershaft gear. The
thirty-second processing refers to processing to stop the
drive unit when the first main shaft phase and the second
main shait phase do not coincide with each other.

[0028] When the first main shaft phase and the second
main shaft phase do not coincide with each other, 1t 1s highly
likely that an abnormality about the main shait gear or the
countershait gear has occurred in the encoder. When an
abnormality about the main shaft gear or the countershaft
gear has occurred 1n the encoder, the multiple rotation
quantity of the main shaft gear derived based on information
outputted from the encoder may be a value diflerent from the
actual multiple rotation quantity. This 1s because the mul-
tiple rotation quantity of the main shaft gear derived based
on the information is the value of the phase of the main shaft
gear added up with the number of rotations of the main shaft
gear, and the number of rotations of the main shaft gear 1s
derived based on the phase of each of the first to third
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countershaft gears. When the multiple rotation quantity of
the main shaft gear derived based on the information 1s a
value different from the actual multiple rotation quantity,
malfunction may occur.

[0029] That 1s, the robot system determines whether the
derived multiple rotation quantity of the main shaft gear 1s
a value different from the actual multiple rotation quantity or
not, based on the third processing performed by the control
unit. When the derived multiple rotation quantity of the main
shaft gear 1s a value different from the actual multiple
rotation quantity, that 1s, when the first main shaft phase and
the second main shaft phase do not coincide with each other,
the robot system stops the drive unit. Thus, the robot system
can restrain the robot from malfunctioning.

[0030] Also, when the control unit performs both of the
first processing and the third processing, the robot system
can determine which of the main shaft gear and the coun-
tershaft gear has an abnormality 1n the encoder.

[0031] Hereafter, the configuration of such a robot sys-
tem and processing including the first processing and the
third processing, of the processing performed by the control
unit 1n the robot system, will be described in detail. The
control unit may be provided in the robot, may be provided
in a robot control device controlling the robot, may be
provided 1n an iformation processing device serving as a
relay between the robot and the robot control device, or may
be provided in the encoder. As an example, the case where
the control unit 1s provided in the robot control device will
be described below.

Configuration of Robot System

[0032] First, the configuration of a robot system 1 accord-
ing to the embodiment will be described with reference to
FIG. 1.

[0033] FIG. 1 shows an example of the configuration of
the robot system 1 according to the embodiment. The robot
system 1 1s an example of the foregoing robot system.

[0034] The robot system 1 includes a robot 20, a robot
control device 30, and an information processing device 40.
In the robot system 1, a part or all of the robot 20, the robot
control device 30, and the information processing device 40
may be formed as separate units from each other or may be
formed as one unit. In the example shown 1n FIG. 1, all of
the robot 20, the robot control device 30, and the information
processing device 40 are formed as separate units from each
other. The robot system 1 may also be configured without
having the information processing device 40.

[0035] The robot 20 1s a SCARA robot. The SCARA robot
1s also referred to as a horizontally articulated robot. The
robot 20 may be a robot of another type such as a vertically
articulated robot or linear motion robot, instead of the
SCARA robot. The vertically articulated robot may be a
single-arm robot having one arm or may be a multi-arm
robot having two or more arms. A multi-arm robot having
two arms 1s referred to as a dual-arm robot. The robot 20 1s
an example of the foregoing robot.

[0036] The robot 20 has a base B and a moving section A.

[0037] The base B supports the moving section A. In the
example shown 1 FIG. 1, the base B 1s installed at a
predetermined 1nstallation surface. The installation surface
1s, for example, a floor surface of a room where the robot 20
carries out work. As the installation surtace, another surface
may be used, such as a wall surface of the room, a ceiling
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surface of the room, a top surface of a table, a surface of a
11g, or a surface of a stand, instead of the tloor surface.
[0038] In the description below, for the sake of conve-
nience of the description, a direction toward the installation
surface from the base B, of directions orthogonal to the
installation surface, 1s referred to as downward or a down-
ward direction. Also, 1n the description below, for the sake
of convenience of the description, a direction opposite to the
downward direction 1s referred to as upward or an upward
direction.

[0039] The moving section A has a first arm Al supported
by the base B 1n such a way as to be able to pivot around a
first pivot axis AX1, a second arm A2 supported by the first
arm Al 1n such a way as to be able to pivot around a second
pivot axis AX2, and a shait S supported by the second arm
A2 1n such a way as to be able to pivot around a third pivot
axis AX3 and to translationally move 1n the axial direction
of the third pivot axis AX3.

[0040] The shaft S 1s a cylindrical shaft member. A ball
screw groove, not 1llustrated, and a spline groove, not
illustrated, are provided on a circumierential surface of the
shaft S. In the example shown in FIG. 1, the shaft S 1s
provided, penetrating an end part opposite to the first arm
Al, of the end parts of the second arm A2, in up-down
directions.

[0041] An external device can be attached to a distal end
of the shaft S. The external device that can be attached to the
distal end of the shaft S 1s an end eflector or the like. The
distal end of the shaft S 1s the lower end part, of the two ends
parts of the shaft S. The distal end of the shaft S shown in
FIG. 1 has nothing attached thereto. The end eflector
attached to the distal end of the shaft S 1s, for example, an
end eflector that can hold an object with a finger part. The
end eflector attached to the distal end of the shaft S may also
be an end eflector that can hold an object by air suction,
magnetic attraction or the like. The end effector attached to
the distal end of the shaft S may also be an end eflector that
cannot hold an object. In this embodiment, holding an object
means turning an object into a state where the object can be
litted up.

[0042] In this example, the first arm A1 pivots around the
first pivot axis AX1 and moves in a horizontal direction. In
this embodiment, the horizontal direction i1s a direction
orthogonal to the up-down directions. Pivoting means a
motion of rotating around an axis and includes the case
where the angle of rotation 1s less than 360 degrees and the
case where the angle of rotation 1s 360 degrees or greater.
Also, the pivoting 1s not limited to a motion of rotating in
one direction and includes a motion of rotating in both
directions.

[0043] The first arm Al 1s driven to pivot around the first
pivot axis AX1 by a first drive unit M1 provided 1n the base
B. The first drive unit M1 1s an actuator causing the first arm
Al to pivot around the first pivot axis AX1. The first drive
unit M1 1s, for example, a motor. That 1s, 1n this embodi-
ment, the first pivot axis AX1 1s an 1maginary axis COINci-
dent with a rotary shaift of the first drive unit M1. As the first
drive unmit M1, another actuator causing the first arm Al to
pivot may be employed, istead of the motor.

[0044] In this example, the second arm A2 pivots around
the second pivot axis AX2 and moves 1n the horizontal
direction.

[0045] The second arm A2 1s driven to pivot around the
second pivot axis AX2 by a second drive unit M2 provided
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in the second arm A2. The second drive unit M2 causes the
second arm A2 to pivot around the second pivot axis AX2.
The second drive unit M2 1s, for example, a motor. That 1s,
in this embodiment, the second pivot axis AX2 1s an
imaginary axis coincident with a rotary shatt of the second
drive unit M2. As the second drive unit M2, another actuator
causing the second arm A2 to pivot may be employed,
instead of the motor.

[0046] The second arm A2 also has a third drive unit M3
and a fourth drive unit M4 and supports the shatt S.
[0047] The third drive unit M3 causes a ball screw nut
provided at an outer peripheral part of the ball screw groove
of the shaft S to pivot via a timing belt or the like. Thus, the
third drive unit M3 causes the shaft S to move in the
up-down direction. The third drive unit M3 1s, for example,
a motor. As the third drive unit M3, another actuator causing
the shaft S to move in the up-down directions may be
employed, 1nstead of the motor.

[0048] The fourth drive unit M4 causes a ball spline nut
provided at an outer peripheral part of the spline groove of
the shaft S to pivot via a timing belt or the like. Thus, the
fourth drive unit M4 causes the shaft S to pivot around the
third pivot axis AX3. The fourth drive unit M4 1s, for
example, a motor. As the fourth drive umit M4, another
actuator causing the shaft S to pivot around the third pivot
axis AX3 may be employed, instead of the motor.

[0049] In this way, the third pivot axis AX3 1s an 1magi-
nary axis coincident with the center axis of the shaift S.

[0050] Heremafter, the case where all of the first to fourth
drive units M1 to M4 have the same configuration will be
described as an example. A part or all of the first to fourth
drive units M1 to M4 may have diflerent configurations from
cach other. In the description below, the first to fourth drive
unmts M1 to M4 are collectively referred to as a drive unit M
unless 1t 1s necessary to distinguish these drive units from
cach other.

[0051] The drive unit M has an encoder EC outputting a
multiple rotation quantity of the rotary shaift of the drive unit
M to another device. That i1s, in this embodiment, the drive
unit M 1s a servo motor. In FIG. 1, the encoder EC 1s not
illustrated 1n order not to complicate the illustration. The
multiple rotation quantity of the rotary shaft refers to the
multiple rotation quantity of a gear attached to the rotary
shaft and rotating with the rotary shait.

[0052] The encoder EC 1s a batteryless encoder. More
specifically, the encoder EC has a plurality of gears and a
sensor detecting a phase of each of the plurality of gears.
Thus, a device which derives the multiple rotation quantity
of the rotary shaft of the drive unit M can derive the multiple
rotation quantity of the rotary shaft of the drive umt M,
based on a combination of the phases of the plurality of
gears. This device 1s, for example, the encoder EC, the robot
control device 30, the information processing device and the
like. That 1s, the encoder EC can hold the multiple rotation
quantity of the rotary shaft without having a battery, even
when electricity supply to the encoder EC 1s stopped. The
encoder EC 1s an example of the foregoing encoder. A
configuration example of the plurality of gears provided 1n
the encoder EC will now be described.

[0053] FIG. 2 shows a configuration example of the plu-
rality of gears provided in the encoder EC. A rotary shaft ST
shown 1n FIG. 2 1s an example of the rotary shaift of the drive
unit M. In FIG. 2, a cover of the encoder EC, a sensor
provided 1n the encoder EC, a substrate for controlling the
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sensor, a wiring provided in the encoder EC, and the like, are
not illustrated 1n order to clarify the configuration example
of the plurality of gears provided in the encoder EC.

[0054] The encoder EC has four gears as the plurality of
gears provided in the encoder EC, that 1s, a main shait gear
G0, a first countershatt gear G1, a second countershait gear
(G2, and a third countershaft gear G3. The encoder EC may
have a configuration having one or more other gears in
addition to the four gears.

[0055] The main shaft gear G0 1s attached to the rotary
shaft ST, as shown 1n FIG. 2. In this case, the phase of the
main shaft gear G0 coincides with the phase of the rotary
shaft ST. Also, 1n this case, the number of rotations of the
main shait gear G0 coincides with the number of rotations
of the rotary shaft ST. Moreover, in this case, the multiple
rotation quantity of the main shait gear G0 coincides with
the multiple rotation quantity of the rotary shaft ST. The
main shaft gear G0 1s an example of the foregoing main shaft
gear.

[0056] The first to third countershait gears G1 to G3 are
provided 1n the encoder EC 1n such a way that the teeth of
the first to third countershaft gears G1 to G3 respectively
mesh with the teeth of the main shaft gear G0. Also, the first
to third countershait gears G1 to G3 are provided in the
encoder EC 1n such a way that the teeth of the first to third
countershaft gears G1 to G3 do not mesh with each other.
The first countershaft gear G1 1s an example of the foregoing
first countershait gear. The second countershaft gear G2 1s
an example of the foregoing second countershait gear. The
third countershait gear G3 1s an example of the foregoing
third countershaft gear.

[0057] Inthis way, the encoder EC has the main shaft gear
G0, the first countershait gear GG1, the second countershatft
gear G2, and the third countershait gear G3. Thus, the
encoder EC can hold the multiple rotation quantity of the
rotary shaft ST without having a battery, even when elec-
tricity supply to the encoder EC 1s stopped, as described.

[0058] The combination of the number of teeth of the main
shaft gear G0 and the number of teeth of each of the first to
third countershait gears G1 to G3 1s, for example, a com-
bination of four integers relatively prime to each other. The
combination of four integers relatively prime to each other
1s, 1n other words, a combination of four integers having no
greatest common divisor other than 1. Hereinafter, the case
where the number of teeth of the main shaft gear GO0, the
number of teeth of the first countershaft gear G1, the number
of teeth of the second countershait gear G2, and the number
of teeth of the third countershaft gear G3 are 20, 17, 19, and
23 1n order, will be described as an example. That 1s, 1n this
embodiment, the number of teeth of the main shaft gear G0
1s 20, the number of teeth of the first countershaft gear G1
1s 17, the number of teeth of the second countershaft gear G2
1s 19, and the number of teeth of the third countershait gear
G3 1s 23. The combination of the number of teeth of the
main shaft gear G0 and the number of teeth of each of the
first to third countershait gears G1 to G3 may be a combi-
nation of values resulting from multiplying four integers
relatively prime to each other by a predetermined real
number. However, in this case, the predetermined real
number needs to be a real number decided 1n such a way that
teeth can be formed on each of the main shaft gear G0, the
first countershatt gear G1, the second countershaft gear G2,
and the third countershaft gear G3. Therefore, 1t 1s desirable
that the predetermined real number 1s an integer.
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[0059] The combination of the number of teeth of the main
shaft gear G0 and the number of teeth of each of the first to
third countershaft gears G1 to G3 1s also decided according
to the number of rotations of the main shaft gear GO that
should be held by the encoder EC. For example, with the
combination of the first countershait gear G1 having the
number of teeth of 17 and the second countershaft gear G2
having the number of teeth of 19, the number of rotations up
to 17x19=323 can be held as the number of rotations of the
main shait gear GO.

[0060] The encoder EC also has a main shaft phase output
unit S0, a first phase output unit S1, a second phase output
unit S2, and a third phase output unit S3. In FIG. 2, the main
shaft phase output unit S0, the first phase output unit S1, the
second phase output unit S2, and the third phase output unit
S3 are not 1llustrated in order to clarify the configuration
example of the four gears provided in the encoder EC.

[0061] The main shait phase output unit SO outputs the
phase of the main shaft gear G0. The main shaft phase output
unit SO 1s, for example, a sensor which detects the phase of
the main shait gear G0 and outputs the phase as a value
representing a first main shaft phase. The sensor may be an
optical sensor, magnetic sensor, resolver, potentiometer, or
another sensor that can detect the phase. In the example
shown 1n FIG. 2, the encoder EC has an optical sensor as the
main shaft phase output unit S0. Therefore, at the distal end
of the rotary shatt ST shown in FIG. 2, an optical disk DI
provided with a plurality of slit arrays made up of a plurality
of slits laid out 1n a circumierential direction 1s provided via
a pedestal B1. The main shaft phase output unit S0 1s an
example of the foregoing main shaft phase output unait.

[0062] The main shaft phase output unit SO0 detects the
phase of the main shaft gear G0 and outputs first main shaft
phase imnformation representing the detected first main shaft
phase to the robot control device 30 via the information
processing device 40.

[0063] The first phase output unit S1 1s a sensor which
detects the phase of the first countershait gear G1 and
outputs the phase as a first countershait phase. The sensor
may be an optical sensor, magnetic sensor, resolver, poten-
tiometer, or another sensor that can detect the phase. In the
description below, the case where the sensor 1s a magnetic
sensor 1s described as an example.

[0064] The first phase output unit S1 outputs first coun-
tershaft phase information representing the detected first
countershait phase to the robot control device 30 via the
information processing device 40.

[0065] The second phase output unit S2 1s a sensor which
detects the phase of the second countershaft gear G2 and
outputs the phase as a second countershait phase. The sensor
may be an optical sensor, magnetic sensor, resolver, poten-
tiometer, or another sensor that can detect the phase. In the
description below, the case where the sensor 1s a magnetic
sensor 1s described as an example.

[0066] The second phase output unit S2 outputs second
countershait phase information representing the detected
second countershaft phase to the robot control device 30 via
the information processing device 40.

[0067] The third phase output unit S3 1s a sensor which
detects the phase of the third countershaft gear G3 and
outputs the phase as a third countershaft phase. The sensor
may be an optical sensor, magnetic sensor, resolver, poten-
tiometer, or another sensor that can detect the phase. In the
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description below, the case where the sensor 1s a magnetic
sensor 1s described as an example.

[0068] The third phase output unit S3 outputs third coun-
tershaift phase information representing the detected third
countershait phase to the robot control device 30 via the
information processing device 40.

[0069] Back to FIG. 1, the robot control device 30 controls
the robot 20. In the example shown 1n FIG. 1, the robot
control device 30 controls the robot 20 via the information
processing device 40.

[0070] The robot control device 30 acquires the first main
shaft phase information from the main shaft phase output
unit SO of the encoder EC. The robot control device 30 also
acquires the first countershaft phase information from the
first phase output unit S1 of the encoder EC. The robot
control device 30 also acquires the second countershaft
phase information from the second phase output unit S2 of
the encoder EC. The robot control device 30 also acquires
the third countershaft phase information from the third phase
output unit S3 of the encoder EC.

[0071] The robot control device 30 derives the multiple
rotation quantity of the main shaft gear G0, based on the first
main shait phase information, the first countershait phase
information, the second countershait phase information, and
the third countershaft phase information thus acquired.

[0072] More specifically, the robot control device 30
derives the number of rotations of the main shaft gear GO,
based on the combination of the first countershait phase, the
second countershait phase, and the third countershait phase.
The robot control device 30 then derives the value of the
derived number of rotations added up with the first main
shaft phase, as the multiple rotation quantity of the main
shaft gear G0. The robot control device 30 specifies the
derived multiple rotation quantity as the multiple rotation
quantity of the rotary shait of the drive unit M. The robot
control device 30 controls the drive unit M, based on the
specified multiple rotation quantity, and thus causes the
robot 20 to operate. In this embodiment, the explanation of
the processing in which the robot control device 30 causes
the robot 20 to operate based on the multiple rotation
quantity 1s omitted.

[0073] The robot control device 30 performs first process-
ing. The first processing 1s processing including eleventh
processing, twelfth processing, thirteenth processing, and
fourteenth processing. In the embodiment, the eleventh
processing refers to processing to derive a first number of
rotations based on the first countershait gear G1 and the
second countershaft gear G2. In the embodiment, the twelith
processing refers to processing to derive a second number of
rotations based on the second countershaft gear G2 and the
third countershait gear G3. In the embodiment, the thirteenth
processing refers to processing to drive a third number of
rotations based on the third countershaft gear G3 and the first
countershait gear G1. In the embodiment, the fourteenth
processing refers to processing to stop the drive unit M when
two or more of the first number of rotations, the second
number of rotations, and the third number of rotations do not
coincide with each other. In the embodiment, the first
processing may also include another processing 1n addition
to the eleventh processing, the twelith processing, the thir-
teenth processing, and the fourteenth processing. In the
embodiment, that two or more of three values do not
coincide with each other means that two values included 1n
a combination, of combinations of two values that can be
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selected from among the three values, do not coincide with
each other, or that the three values do not coincide with each
other. As the processing to stop the drive unit M, for
example, when the robot 20 has a power shutofl unait,
processing to shut ofl the electricity supply to the robot 20
may be performed to shut off the electricity supply to the
drive unit M, thus stopping the rotary motion of the drive
unit M. Alternatively, for example, when the robot 20 1s
equipped with an electromagnetic brake or the like, process-
ing to turn on the electromagnetic brake may be performed
to stop the rotary motion of the drive unit M.

[0074] When two or more of the first number of rotations,
the second number of rotations, and the third number of
rotations do not coincide with each other, it 1s highly likely
that an abnormality about the countershafit gear has occurred
in the encoder EC. More specifically, 1n this case, i1t 1s highly
likely that an abnormality about a part or all of the first to
third countershaft gears G1 to G3 has occurred 1n the
encoder EC. The abnormality about the countershaft gear 1n
the encoder EC 1s, for example, wear of the teeth of a part
or all of the first to third countershait gears G1 to G3,
damage or loss of the teeth, failure of a part or all of the first
to third phase output units S1 to S3, and the like. When an
abnormality about the countershait gear has occurred in the
encoder EC, the multiple rotation quantity of the main shaft
gear derived based on information outputted from the
encoder EC may be a value different from the actual multiple
rotation quantity. This 1s because the multiple rotation
quantity of the main shaft gear G0 derived based on the
information 1s the value of the main shaft phase added up
with the number of rotations of the main shaft gear G0, and
the number of rotations of the main shait gear GO0 1s derived
based on the first to third countershaft phases, as described
above. When the multiple rotation quantity of the main shaft
gear derived based on the information 1s a value different
from the actual multiple rotation quantity, the robot 20 may
malfunction.

[0075] That 1s, the robot control device 30 determines
whether the number of rotations of the main shaft gear G0
1s a number of rotations different from the actual number of
rotations or not, by the first processing. This means that the
robot control device 30 determines whether the derived
multiple rotation quantity of the main shaft gear G0 1s a
multiple rotation quantity different from the actual multiple
rotation quantity or not, by the first processing. When the
derived multiple rotation quantity of the main shatt gear G0
1s a value different from the actual multiple rotation quantity,
that 1s, when two or more of the first number of rotations, the
second number of rotations, and the third number of rota-
tions do not coincide with each other, the robot control
device 30 stops the drive unit M of the robot 20. Thus, the
operation of the robot 20 can be stopped and the robot
system 1 can restrain the robot 20 from malfunctioning.

[0076] The robot control device 30 also performs third
processing. The third processing i1s processing including
thirty-first processing and thirty-second processing. In the
embodiment, the thirty-first processing refers to processing
to derive the phase of the main shaft gear G0 as a second
main shaft phase, based on the first countershait phase, the
second countershaft phase, and the third countershait phase.
In the embodiment, the thirty-second processing refers to
processing to stop the drive unit M when the first main shaft
phase and the second main shait phase do not coincide with
cach other. In the embodiment, the third processing may
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include another processing in addition to the thirty-first
processing and the thirty-second processing.

[0077] When the first main shaft phase and the second
main shait phase do not coincide with each other, it 1s highly
likely that an abnormality about the main shaft gear G0 or
an abnormality about a part or all of the first to third
countershait gears G1 to G3 has occurred 1n the encoder EC.
The abnormality about the main shaft gear G0 in the encoder
EC 1s, for example, wear of the teeth of the main shaft gear
G0, damage or loss of the teeth, failure of the main shaft
phase output unit S0, and the like. When such an abnormal-
ity has occurred in the encoder EC, the multiple rotation
quantity of the main shaft gear G0 derived based on infor-
mation outputted from the encoder EC may be a value
different from the actual multiple rotation quantity. This 1s
because the multiple rotation quantity of the main shaft gear
derived based on the information 1s the value of the first
main shaft phase added up with the number of rotations of
the main shaft gear G0, and the number of rotations of the
main shaft gear G0 1s derived based on the first to third
countershait phases. When the multiple rotation quantity of
the main shaft gear G0 derived based on the information 1s
a value different from the actual multiple rotation quantity,
the accuracy of work carried out by the robot 20 may drop
due to malfunction, as described above.

[0078] That 1s, the robot control device 30 determines
whether the derived multiple rotation quantity of the main
shaft gear G0 1s a value different from the actual multiple
rotation quantity or not, by the third processing. When the
derived multiple rotation quantity of the main shait gear G0
1s a value diflerent from the actual multiple rotation quantity,
that 1s, when the first main shaft phase and the second main
shaft phase do not coincide with each other, the robot control
device 30 stops the drive unit M. Thus, the operation of the
robot 20 can be stopped and the robot system 1 can restrain
the robot 20 from malfunctioning.

[0079] The robot control device 30 may also be configured
to perform processing including one of the first processing
and the third processing described above, or may be con-
figured to perform processing including both the first pro-
cessing and the third processing. The case where the robot
control device 30 performs processing including both the
first processing and the third processing will now be
described as an example. In this case, the robot control
device 30 can determine which of the main shaft gear G0
and the countershaft gear has an abnormality 1n the encoder
EC. The countershait gear refers to a part or all of the first
to third countershait gears G1 to G3. The robot control
device 30 1s an example of the foregoing robot control
device.

[0080] The information processing device 40 1s an infor-
mation processing device serving as a relay between the
robot 20 and the robot control device 30. More specifically,
the information processing device 40 relays transmission of
various signals between the robot 20 and the robot control
device 30. Thus, the information processing device 40 can
perform processing according to various signals between the
robot 20 and the robot control device 30, independently of
the robot control device 30. Therefore, for example, when
the robot 20 performs an unintended operation, the infor-
mation processing device 40 can stop the robot 20 more
securely. That 1s, the information processing device 40 can
improve the safety of the robot system 1. In this embodi-
ment, the information processing device 40 will not be
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described further in detail. The information processing
device 40 1s an example of the foregoing information
processing device.

Hardware Configuration of Robot Control Device

[0081] The hardware configuration of the robot control
device 30 will now be described with reterence to FIG. 3.
FIG. 3 shows an example of the hardware configuration of
the robot control device 30. The robot control device 30 has,
for example, a processor 31, a memory 32, and a commu-
nication unit 34. These components are coupled 1n such a
way as to be able to communicate with each other via a bus.
The robot control device 30 also communicates with the
robot 20 via the communication unit 34. As described above,
this communication 1s relayed by the information processing
device 40. The robot control device 30 may also have, for
example, a circuit for controlling a switch coupling each
drive unit to the power supply, that 1s, a motor driver, 1n
addition to the above components.

[0082] The processor 31 1s, for example, a CPU (central
processing unit). As the processor 31, another processor
such as an FPGA (field-programmable gate array) may be
used. The processor 31 executes various commands stored in
the memory 32 provided 1n the robot control device 30.

[0083] The memory 32 includes, for example, an HDD
(hard disk drive), SSD (solid-state drive), EEPROM (elec-
trically erasable programmable read-only memory), ROM
(read-only memory), RAM (random access memory) or the
like. The memory 32 may also be an external storage device
coupled via a USB (umiversal serial bus) or similar digital
input/output port, instead of being built 1n the robot control
device 30. The memory 32 may also be provided 1n a device
other than the robot control device 30. For example, the
memory 32 may be provided in the robot 20, the information
processing device 40, the encoder EC, a cloud computer or
the like. The memory 32 stores various kinds of information
processed by the processor 31, various commands execut-
able by the computer, various images and the like. The

various commands are, for example, operation programs,
codes and the like of the robot 20.

[0084] The communication unit 34 includes, for example,
a USB or similar digital mput/output port, an Ethernet
(trademark registered) port, and the like.

[0085] The robot control device 30 may also have an 1input
device such as a keyboard, mouse, or touchpad. The robot
control device 30 may also have a display device having a
liguad crystal display panel, organic EL (electrolumines-
cence) display panel or the like.

Functional Configuration of Robot Control Device

[0086] The functional configuration of the robot control
device 30 will now be described with reference to FIG. 4.
FIG. 4 shows an example of the functional configuration of
the robot control device 30. The robot control device 30 has
the memory 32, the communication unit 34, and a control
unit 36. As described above, 1n the embodiment, the first to
fourth drive units M1 to M4 have the same configuration.
Therefore, 1n FIG. 4, 1n order to simplify the illustration, the
main shait phase output unit S0, the first phase output unit
S1, the second phase output unit S2, and the third phase
output unit S3 provided 1n each of the second to fourth drive
units M2 to M4 are not illustrated. The control unit 36
performs similar processing to each of the first to fourth
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drive units M1 to M4. Therefore, hereinafter, the processing
performed to each of the first to fourth drive umts M1 to M4
by the control unit 36 will be described, using the processing
performed to the first drive unit M1 by the control unit 36 as
an example.

[0087] The control unit 36 controls the entirety of the
robot control device 30. The control unit 36 has an acqui-
sition unit 361, a derivation unit 363, a determination unit
365, a time measuring unit 367, a robot control unit 369, and
a reporting unit 371. These functional units provided 1n the
control unit 36 are implemented, for example, by the pro-
cessor 31 executing various commands stored 1n the
memory 32. A part or all of these functional units may be a
hardware functional unit such as an LSI (large-scale inte-
grated) circuit or ASIC (application-specific integrated cir-
cuit).

[0088] The acquisition unit 361 acquires first main shaft
phase information from the main shaft phase output unit S0
of the first drive unit M1. The acquisition unit 361 also
acquires first countershait phase information from the first
phase output unit S1 of the first drive unit M1. The acqui-
sition unit 361 also acquires second countershaft phase
information from the second phase output unit S2 of the first
drive unit M1. The acquisition unit 361 also acquires third

countershaft phase information from the third phase output
unit S3 of the first drive unit M1.

[0089] The derivation umt 363 performs various kinds of
derivation processing performed by the robot control device

30.

[0090] For example, based on three phases represented by
information acquired by the acquisition unit 361 from the
encoder EC of the first drive unit M1, the derivation unit 363
derives the number of rotations of the main shaft gear G0
provided 1n the encoder EC. This information 1s the first
countershait phase information, the second countershaft
phase information, and the third countershaft phase infor-
mation. The three phases are the first countershaft phase, the
second countershait phase, and the third countershaift phase.
The derivation unit 363 derives the value of the derived
number of rotations of the main shaft gear G0 added up with
the first main shait phase represented by the first main shaift
phase information acquired from the encoder EC by the
acquisition unit 361, as the multiple rotation quantity of the
main shaft gear GO.

[0091] The acquisition unit 361 also derives each of a first
number of rotations, a second number of rotations, and a
third number of rotations for the encoder EC of the first drive
unit M1. The first number of rotations of the encoder EC 1s
the number of rotations of the main shaft gear GO of the
encoder EC derived based on the first countershait phase of
the encoder EC and the second countershaft phase of the
encoder EC. The second number of rotations of the encoder
EC 1s the number of rotations of the main shaft gear G0 of
the encoder EC derived based on the second countershaft
phase of the encoder EC and the third countershait phase of
the encoder EC. The third number of rotations of the encoder
EC 1s the number of rotations of the main shaft gear G0 of
the encoder EC derived based on the third countershaft
phase of the encoder EC and the first countershait phase of
the encoder EC.

[0092] The derivation unit 363 also derives the phase of
the main shaft gear G0 as a second main shaft phase, based
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on the first countershaft phase, the second countershaft
phase, and the third countershaft phase, for the encoder EC
of the first drive unit M1.

[0093] The determination unit 365 performs various kinds
ol determination processing performed by the robot control
device 30.

[0094] The determination unit 365 determines whether a
first abnormality condition 1s satisfied or not, for example,
based on each of the first number of rotations, the second
number of rotations, and the third number of rotations
derived by the derivation unit 363 for the first drive unit M1.
The first abnormality condition 1s that two or more of the
first number of rotations, the second number of rotations,
and the third number of rotations do not coincide with each
other. The first abnormality condition may include another
condition in addition to this. Also, the first abnormality
condition may be that two of the first number of rotations,
the second number of rotations, and the third number of
rotations do not coincide with each other. That 1s, the first
abnormality condition may be that the two of the first
number of rotations and the second number of rotations do
not coincide with each other, that the two of the second
number of rotations and the third number of rotations do not
coincide with each other, or that the two of the third number
of rotations and the first number of rotations do not coincide
with each other. The first abnormality condition may also be
a combination of two of these three conditions.

[0095] The determination unit 365 also determines
whether a third abnormality condition 1s satisfied or not, for
example, based on the information representing the first
main shaft phase acquired by the acquisition unit 361 and the
second main shait phase derived by the derivation unit 363.
The third abnormality condition 1s that the first main shaft
phase and the second main shait phase do not coincide with
cach other. The third abnormality condition may include
another condition in addition to this.

[0096] The time measuring unit 367 measures the elapsed
time.

[0097] The robot control unit 369 controls the robot 20.

[0098] The robot control unit 369 causes the robot 20 to

carry out predetermined work, for example, based on an
operation program stored in advance in the memory 32.
[0099] The robot control unit 369 stops the drive unit M,
for example, when the determination unit 365 determines
that the first abnormality condition 1s satisfied.

[0100] The robot control unit 369 stops the drive unit M,

for example, when the determination unit 365 determines
that the third abnormality condition 1s satisfied.

[0101] The reporting unit 371 reports information repre-
senting that the first abnormality condition 1s satisfied, when
the determination unit 365 determines that the first abnor-
mality condition 1s satisfied. The reporting umt 371 reports
information representing that the third abnormality condi-
tion 1s satisfied, when the determination unit 365 determines
that the third abnormality condition 1s satisfied.

[0102] For example, when reporting certain information,
the reporting unit 371 emits a sound representing the infor-
mation from a speaker and thus reports the information. In
this case, the reporting unit 371 may be configured to emit
the sound from a speaker provided in the robot control
device 30 so as to report the information, or may be
configured to emit the sound from a speaker provided in
another device coupled in such a way as to be able to
communicate with the robot control device 30 so as to report
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the information. When reporting the information, the report-
ing unit 371 also turns on a lamp that emits light represent-
ing the information, and thus reports the information. The
lamp 1s, for example, a rotating warning lamp. In this case,
the reporting unit 371 may be configured to turn on the lamp
provided 1n the robot control device 30 so as to report the
information, or may be configured to turn on a lamp pro-
vided 1n another device coupled 1 such a way as to be able
to communicate with the robot control device 30 so as to
report the information. The reporting unit 371 also displays,
for example, an 1mage representing the information on a
display and thus reports the information. In this case, the
reporting unit 371 may be configured to display the image on
a display provided 1n the robot control device 30 so as to
report the information, or may be configured to display the
image on a display provided in another device coupled 1n
such a way as to be able to communication with the robot
control device 30 so as to report the information. The
reporting unit 371 also outputs the information to another
device and thus reports the information. The reporting unit
371 may also be configured to report the information by a
method other than these.

Processing Including Both First Processing and Third
Processing

[0103] The processing including both the first processing
and the third processing, of the processing performed by the
robot control device 30, will now be described. FIG. 5 shows
an example of the flow of the processing including both the
first processing and the third processing, of the processing
performed by the robot control device 30. In the example
shown 1n FIG. 5, this processing includes second processing
in addition to the first processing and the third processing.

[0104] The second processing 1s processing to determine
whether, as the amount of change 1n the phase of each of the
three countershaft gears provided 1n the encoder EC of the
drive unit M, an amount of change different from the actual
amount of change 1s derived or not. Details of the second
processing will be described later. The processing including
both the first processing and the third processing, of the
processing performed by the robot control device 30, may
include another processing instead of the second processing
or may include another processing 1n addition to the second
processing.

[0105] The robot control unit 369 waits until a predeter-
mined start condition 1s satisfied at a timing before the robot
control unit 369 causes the robot 20 to start operating (step

3110).

[0106] The timing betfore the robot control unit 369 causes
the robot 20 to start operating 1s, 1n other words, a timing
betore the robot control device 30 accepts an operation to
execute an operation program causing the robot 20 to
operate. The timing before the robot control unit 369 causes
the robot 20 to start operating 1s also a timing before the
robot 20 starts operating. That 1s, 1n the embodiment, a
period when the robot 20 1s operating 1s a period when the
operation program 1s being executed. Moreover, the timing
when the robot control unit 369 causes the robot 20 to start
operating may be a timing when a current flows through the
drive unit M 1n order to drive the drive unit M. For example,
in the case of a three-phase AC system, this timing may be
a timing when a current flows through each phase. Also,
when an electromagnetic brake or the like 1s installed, this
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timing may be a timing when a voltage or current with which
the electromagnetic brake turns off 1s provided.

[0107] The start condition 1s, for example, that the power
supply of the robot 20 1s turned on. For example, the start
condition 1s that a current tlows through a switch that can
physically couple or cut off the substrate of the robot control
device 30 and the power supply, to or from the robot control
device 30, or that the voltage across the switch becomes
equal to the power-supply voltage. Instead of this, the start
condition may be that electric power 1s supplied to the
substrate of a part or all of the robot 20, the information
processing device 40, and the encoder EC. For example, the
start condition may be that, through the substrate of a part of
these, a higher current value flows than when the substrate
1s 1n standby state. The start condition may also be that the
robot control device 30 accepts an operation that causes the
robot control device 30 to start the processing i1n the flow-
chart shown 1in FIG. 5. As the start condition, another
condition may be employed.

[0108] When robot control unit 369 determines that the
start condition 1s satisfied at the timing before the robot
control unit 369 causes the robot 20 to start operating (YES
in step S110), the control unit 36 performs the first process-
ing (step S120). The flow of the first processing and the
agent performing each processing included 1n the first pro-
cessing will be described later.

[0109] Next, the control unit 36 performs the third pro-
cessing (step S130). The tlow of the third processing and the
agent performing each processing included in the third
processing will be described later.

[0110] The control unit 36 may be configured to perform
the processing of step S120 and the processing of step S130
in parallel or may be configured to perform the processing
of step S120 and the processing of step S130 1n the reverse
order of the order shown 1n FIG. §.

[0111] Next, the robot control unit 369 waits until starting
the operation of the robot 20 (step S140). For example, when
the robot control unit 369 accepts an operation to execute an
operation program that causes the robot 20 to operate, the
robot control unit 369 determines that the operation of the
robot 20 1s to be started. At this time, a current flows through
the drive unit M.

[0112] The time measuring unit 367 starts measuring time,
when the robot control unit 369 determines that the opera-
tion of the robot 20 1s to be started (YES 1n step S140). The
time measuring unit 367 determines whether or not a first
predetermined time has passed since the immediately pre-
vious timing of starting time measurement (step S150). The
first predetermined time 1s, for example, one minute. The
first predetermined time may be shorter than one minute or
longer than one minute. The first predetermined time 1s an
example of the predetermined time.

[0113] When the time measuring unit 367 determines that
the first predetermined time has not passed since the imme-
diately previous timing of starting time measurement (NO 1n
step S150), the time measuring unit 367 determines whether
a second predetermined time has passed since the timing or
not (step S160). The second predetermined time 1s, for
example, 0.001 seconds. The second predetermined time
may be shorter than 0.001 seconds or longer than 0.001
seconds.

[0114] When the time measuring unit 367 determines that
the second predetermined time has not passed since the
immediately previous timing of starting time measurement
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(NO 1n step S160), the time measuring unit 367 shifts to step
S150 and determines again whether the first predetermined
time has passed since the timing or not.

[0115] Meanwhile, when the time measuring unit 367
determines that the second predetermined time has passed
since the immediately previous timing of starting time
measurement (YES 1n step S160), the control unit 36 per-
forms the second processing (step S170). The flow of the
second processing and the agent performing each processing
included 1n the second processing will be described later.
[0116] Adfter the processing of step S170, the time mea-
suring unit 367 shifts to step S150 and determines again
whether or not the first predetermined time has passed since
the immediately previous timing of starting time measure-
ment.

[0117] Meanwhile, when the time measuring unit 367
determines that the first predetermined time has passed since
the immediately previous timing of starting time measure-
ment (YES 1n step S150), the time measuring unit 367 ends
the time measurement started immediately before. The con-
trol unit 36 then performs the first processing (step S180).
The processing of step S180 1s similar to the processing of
step S120 and therefore will not be described further.
[0118] Next, the control unit 36 performs the third pro-
cessing (step S190). The processing of step S190 1s similar

to the processing of step S130 and therefore will not be
described further.

[0119] The control unit 36 may be configured to perform
the processing of step S180 and the processing of step S190
in parallel or may be configured to perform the processing
of step S180 and the processing of step S190 1n the reverse
order of the order shown 1n FIG. 5.

[0120] Adfter the processing of step S190, the time mea-
suring unit 367 shiits to step S150 and starts measuring time
again. The time measuring unit 367 then determines whether
or not the first predetermined time has passed since the
immediately previous timing of starting time measurement.

[0121] As described above, 1n the example shown 1n FIG.
5, the robot control device 30 performs the first processing
and the third processing during the period until the robot 20
starts moving after the power supply of the robot 20 1s turned
on. The robot control device 30 may be configured to
perform the first processing and the third processing at
another timing or during another period. When the robot
control device 30 does not perform the first processing, steps
S120 and S180 are omitted. When the robot control device
30 does not perform the third processing, steps S130 and
S190 are omitted.

[0122] In the example shown in FIG. 5, after performing
the first round of the first processing, the robot control
device 30 performs the first processing every time the first
predetermined time passes. Therefore, even when the
derived multiple rotation quantity of the main shatt gear G0
1s a value different from the actual multiple rotation quantity
during the operation of the robot 20, the robot control device
30 can stop the robot 20 by stopping the drive unit M. Thus,
the robot control device 30 can more securely restrain the
robot 20 from malfunctioning. That the first predetermined
time passes 1s an example of the predetermined condition.
The robot control device 30 may be configured to perform
the processing of step S180 when a condition different from
that the first predetermined time passes 1s satisfied 1n step
S150, and to perform the processing of step S160 when this
condition 1s not satisfied. The condition 1s, for example, that
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the number of times the robot 20 performs work reaches a
predetermined number of times, or the like.

[0123] Of the processing 1n the flowchart shown 1n FIG. 5,
the processing of step S150, the processing of step S180, and
the processing of step S190 may be omitted. Thus, the robot
control device 30 can reduce the load of the processing
performed by the robot control device 30 during the opera-
tion of the robot 20. However, 1n the case where the robot
control device 30 does not omit but executes the processing
of step S180 and the processing of step S190, the robot
control device 30 can restrain the robot 20 from malfunc-
tioning even when an abnormality about the main shaft gear
G0 or the countershatt gear occurs 1n the encoder EC during
the operation of the robot 20.

[0124] In the example shown 1n FIG. 5, the robot control
device 30 may be configured to perform the processing of
step S170 when a condition different from that the second
predetermines time passes 1s satisfied i step S160, and to
perform the processing of step S150 when this condition 1s
not satisfied. The condition 1s, for example, that the number
of times the robot 20 performs work reaches a predeter-
mined number of times, or the like.

[0125] The processing of a part or all of the processing 1n
the flowchart shown in FIG. 5 may be performed by a part
or all of the robot 20, the information processing device 40,
and the encoder EC, instead of the robot control device 30,
or may be performed by a part or all of the robot 20, the
information processing device 40, and the encoder EC, 1n
addition to the robot control device 30. In this case, the
device performing the processing of a part or all of the
processing 1n the flowchart shown 1n FIG. § has the function
of performing this processing, of the functions of the control
unit 36. In the robot system 1, this device 1s the robot 20, the
information processing device 40, the encoder EC, or the
like. However, another device may be employed instead of
these. In this case, the robot system 1 has this another device.

Processing of Step S120

[0126] The processing of step S120 shown 1n FIG. 5, that
1s, the first processing, will now be described. FIG. 6 shows
an example of the flow of the processing of step S120 shown
in FIG. 5. The processing in the flowchart shown 1n FIG. 6
1s performed for each of the four drive units M. Therefore,
the processing of step S120 will be described, using the
processing for the first drive unit M1 as an example.
[0127] The acquisition unit 361 acquires first main shaft
phase information from the main shaft phase output unit S0
of the encoder EC provided in the first drive unit M1 (step
S210).

[0128] Next, the acquisition unit 361 acquires first coun-
tershaft phase information from the first phase output unit S1
of the encoder EC provided in the first drive unit M1,
acquires second countershaft phase information from the
second phase output unit S2 of the encoder EC, and acquires
third countershaft phase information from the third phase
output unit S3 of the encoder EC (step S220).

[0129] Next, the derivation unit 363 derives the number of
rotations of the main shatft gear G0, based on the three pieces
of countershaft phase information acquired in step S220
(step S230). The three pieces of countershaft phase infor-
mation are the first countershait phase information, the
second countershait phase information, and the third coun-
tershait phase information.

[0130] The processing of step S230 will now be described.
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[0131] First, an example of the method by which the
derivation unit 363 derives the number of rotations of the
main shaft gear G0, based on the first countershait phase
information, the second countershait phase information, and
the third countershait phase information, will be described.

[0132] When each of two gears meshes with one other
gear, the combination of the phases of the two gears can
correspond one-to-one to the number of rotations of the one
gear. Therefore, the combination of the first countershatt
phase and the second countershait phase can correspond to
the number of rotations of the main shaft gear G0. The
combination of the second countershaft phase and the third
countershaft phase can correspond to the number of rota-
tions of the main shatt gear G0. The combination of the third
countershait phase and the first countershaft phase can
correspond to the number of rotations of the main shaft gear
(0. Theretore, the derivation unit 363 can derive the number
of rotations of the main shaft gear G0, based on the
combination of the first countershaft phase and the second
countershaft phase. The derivation unit 363 can also derive
the number of rotations of the main shaft gear G0, based on
the combination of the second countershaft phase and the
third countershaft phase. The dertvation unit 363 can derive
the number of rotations of the main shaft gear G0, based on
the combination of the third countershait phase and the first
countershait phase.

[0133] Thus, the derivation unit 363 derives the number of
rotations of the main shaft gear G0 as the first number of
rotations, based on the first countershait phase, the second
countershaft phase, and first correspondence information
stored 1n advance in the memory 32. The first correspon-
dence information 1s information of the correspondence
between the combination of the first countershaft phase and
the second countershait phase, and the number of rotations
of the main shait gear G0. However, in order to derive the
first number of rotations as an integer, the derivation unit
363, for example, discards the numbers below the decimal
point of the number of rotations of the main shaft gear G0
corresponding to the combination of the first countershaft
phase and the second countershaft phase 1n the first corre-
spondence information. For the handling of the numbers
below the decimal point of the number of rotations in the
first correspondence information, another method such as
rounding off to the nearest integer may be employed.

[0134] FIG. 7 shows an example of the first correspon-
dence information. In the example shown 1n FIG. 7, the first
correspondence information 1s a table showing the corre-
spondence between the combination of the first countershait
phase and the second countershaft phase, and the number of
rotations of the main shatit gear G0. This table also shows the
correspondence between mformation representing the num-
ber of rotations of the main shaft gear G0, information
representing the amount of change 1n the phase of the main
shaft gear G0 corresponding to the number of rotations,
information representing the phase difference between the
main shaft gear G0 and the first countershatt gear G1, and
information representing the phase difference between the
main shaft gear G0 and the second countershatit gear G2. The
phase difference between the main shait gear G0 and the first
countershaft gear G1 can be used 1nstead of the first coun-
tershaft phase. Therefore, the table includes the information
representing the phase difference between the main shaft
gear G0 and the first countershaft gear G1, instead of
information representing the first countershaft phase. The
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phase diflerence between the main shaft gear G0 and the
second countershaft gear G2 can be used instead of the
second countershait phase. Therefore, the table includes the
information representing the phase difference between the
main shaft gear G0 and the second countershaft gear G2,
instead of information representing the second countershaft
phase.

[0135] In the table shown i FIG. 7, the information
representing the amount of change 1n the phase of the main
shaft gear G0 1s expressed by the number of teeth by which
the main shaft gear G0 has moved from the starting point
according to the number of rotations of the main shaft gear
G0. For example, 1n the embodiment, the number of teeth of
the main shaft gear G0 1s 20. Therefore, the table shows that
the amount of change 1n the phase of the main shaft gear G0
when the number of rotations of the main shait gear GO0 1s
one 1s “20 teeth”.

[0136] In the table shown i FIG. 7, the information
representing the phase difference between the main shaft
gear G0 and the first countershaft gear G1 1s expressed by
the number of teeth of the first countershait gear G1. For
example, in the embodiment, the number of teeth of the main
shaft gear G0 1s 20 and the number of teeth of the first
countershaft gear G1 1s 17. Therefore, when the number of
rotations of the main shaft gear G0 1s one, the phase of the
first countershait gear G1 1s greater than the phase of the
main shaft gear G0 by three teeth of the first countershait
gear G1. That 1s, the first countershait gear G1 rotates more
than the main shaft gear G0 by three teeth of the first
countershatt gear G1. In other words, the phase diflerence
between the main shait gear G0 and the first countershait
gear G1 1s +3 teeth of the first countershaft gear G1. Thus,
the table shows that the information representing this phase
difference 1s “+3 teeth”.

[0137] In the table shown i FIG. 7, the information
representing the phase difference between the main shaft
gear G0 and the second countershait gear G2 1s expressed by
the number of teeth of the second countershait gear G2. For
example, 1n the embodiment, the number of teeth of the main
shaft gear G0 1s 20 and the number of teeth of the second
countershaft gear G2 1s 19. Therefore, when the number of
rotations of the main shaft gear G0 1s one, the phase of the
second countershait gear G2 1s greater than the phase of the
main shaft gear G0 by one tooth of the second countershait
gear G2. That 1s, the second countershaft gear G2 rotates
more than the main shait gear G0 by one tooth of the second
countershaft gear G2. In other words, the phase diflerence
between the main shaft gear G0 and the second countershait
gear G2 1s +1 tooth of the second countershaft gear G2.
Thus, the table shows that the information representing this
phase difference 1s “+1 tooth”.

[0138] The table shown in FIG. 7 shows only the cases
where the amount of change 1n the phase of the main shaft
gear G0 1s 20 teeth and 40 teeth. However, the table is
simply an example given to simplify the description. The
amount of change may be an integer or a real number. The
amount of change in the phase of the main shaft gear G0 may
also be expressed by other information representing the
amount of change, instead of the number of teeth of the main
shaft gear G0. The table may also show other information
representing the phase difference between the main shaft
gear G0 and the first countershaft gear G1, instead of the
phase difference expressed by the number of teeth of the first
countershatt gear G1. The table may also show other infor-
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mation representing the phase difference between the main
shaft gear G0 and the second countershait gear G2, instead
of the phase difference expressed by the number of teeth of
the second countershait gear G2. As the first correspondence
information, other information representing the correspon-
dence between the combination of the first countershaft
phase and the second countershaft phase, and the number of
rotations of the main shaft gear G0, may be employed,
instead of the table.

[0139] The derivation unit 363 derives the number of
rotations of the main shait gear G0 as the first number of
rotations, using such first correspondence information. Spe-
cifically, the derivation unit 363 detects the number of
rotations of the main shaft gear G0 corresponding to the
combination of the first countershaft phase and the second
countershaft phase from the first correspondence 1informa-
tion stored 1n advance in the memory 32 and thus derives
this number of rotations as the first number of rotations.

[0140] The derivation unit 363 also derives the number of
rotations of the main shaft gear G0 as the second number of
rotations, based on the second countershait phase, the third
countershait phase, and second correspondence information
stored 1n advance 1n the memory 32. The second correspon-
dence information 1s information of the correspondence
between the combination of the second countershait phase
and the third countershait phase, and the number of rotations
of the main shaft gear G0. The configuration of the second
correspondence information 1s similar to the configuration of
the first correspondence information and therefore will not
be described further. That 1s, in the embodiment, the second
correspondence information 1s a table showing the corre-
spondence between information representing the number of
rotations of the main shatt gear G0, information representing
the amount of change 1n the phase of the main shaft gear G0
corresponding to the number of rotations, information rep-
resenting the phase difference between the main shaft gear
GO0 and the second countershaft gear G2, and information
representing the phase difference between the main shaft
gear G0 and the third countershaft gear G3.

[0141] The derivation unit 363 derives the number of
rotations of the main shaft gear G0 as the second number of
rotations, using such second correspondence information.
Specifically, the derivation unit 363 detects the number of
rotations of the main shaft gear G0 corresponding to the
combination of the second countershait phase and the third
countershaft phase from the second correspondence infor-
mation stored 1n advance in the memory 32 and thus derives
this number of rotations as the second number of rotations.

[0142] The derivation unit 363 also derives the number of
rotations of the main shaft gear G0 as the third number of
rotations, based on the third countershait phase, the first
countershaft phase, and third correspondence information
stored 1n advance in the memory 32. The third correspon-
dence information 1s information of the correspondence
between the combination of the third countershaft phase and
the first countershaft phase, and the number of rotations of
the main shaft gear G0. The configuration of the third
correspondence information 1s similar to the configuration of
the first correspondence information and therefore will not
be described further. That 1s, 1n the embodiment, the third
correspondence information 1s a table showing the corre-
spondence between information representing the number of
rotations of the main shatt gear G0, information representing
the amount of change 1n the phase of the main shaft gear G0
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corresponding to the number of rotations, information rep-
resenting the phase difference between the main shaft gear
G0 and the third countershaft gear G3, and information
representing the phase difference between the main shaft
gear G0 and the first countershatt gear G1.

[0143] The derivation unit 363 derives the number of
rotations of the main shaft gear G0 as the third number of
rotations, using such third correspondence information. Spe-
cifically, the derivation unit 363 detects the number of
rotations of the main shaft gear G0 corresponding to the
combination of the third countershait phase and the first
countershaft phase from the third correspondence informa-
tion stored in advance in the memory 32 and thus derives
this number of rotations as the third number of rotations.
[0144] Adter the processing of step S230, the determina-
tion unit 365 determines whether the first abnormality
condition 1s satisfied or not (step S240). The first abnormal-
ity condition in the embodiment 1s that two or more of the
first number of rotations, the second number of rotations,
and the third number of rotations do not coincide with each
other. That 1s, the determination unit 365 determines
whether the first abnormality condition 1s satisfied or not,
based on the first number of rotations, the second number of

rotations, and the third number of rotations derived in step
S230.

[0145] The first abnormality condition may be that two of
the first number of rotations, the second number of rotations,
and the third number of rotations do not coincide with each
other, as described above. In this case, the robot control
device 30 may be configured not to derive the number of
rotations that 1s not selected as the two of the first number
of rotations, the second number of rotations, and the third
number of rotations.

[0146] When the determination unit 365 determines that
the first abnormality condition 1s not satisfied (NO 1n step
S240), the robot control unit 369 ends the processing of step
S120, that 1s, the first processing. The processing to end the
first processing 1n this case may be performed by a func-
tional unit other than the robot control unit 369, of the
functional units provided in the control unit 36.

[0147] Meanwhile, when the determination unit 365 deter-
mines that the first abnormality condition 1s satisfied (YES
in step S240), the robot control unit 369 stops the first drive
umt M1 (step S250). For example, when stopping the first
drive unit M1, the robot control unit 369 causes a power
shut-off unit, provided in the robot 20 but not illustrated, to
shut off the electricity supply to the first drive unit M1. The
power shutofl unit 1s a member that shuts off the electricity
supply to the first drive unit M1, and 1s, for example, a relay
switch. As the power shutofl unit, another switching element
may be employed 1instead of the relay switch.

[0148] Next, the reporting unit 371 reports information
representing that the first abnormality condition 1s satisfied
for the first drive unit M1 (step S260). The robot control unit
369 then ends the processing of step S120, that 1s, the first
processing. At this time, the robot control unit 369 ends the
processing without executing the rest of the processing of
FIG. 5. At this time, the robot control unit 369 may also
execute a flow for abnormality occurrence, for example,
processing to record the abnormality.

[0149] The {foregoing processing of step S230 1s an
example of each of the eleventh processing, the twellth
processing, and the thirteenth processing. The foregoing
processing of steps S240 to S250 1s an example of the
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fourteenth processing. That 1s, the robot control device
performs the first processing including the eleventh process-
ing, the twelfth processing, and the thirteenth processing.
Thus, the robot control device 30 can restrain the robot 20
from malfunctioning.

[0150] The robot control device 30 calculates three num-
bers of rotations, that 1s, the first number of rotations, the
second number of rotations, and the third number of rota-
tions, as the number of rotations of the main shaft gear GO,
as described above. This means that the robot control device
30 monitors that a number of rotations different from the
actual number of rotations 1s derived as the number of
rotations of the main shait gear G0, by two or more systems.
That 1s, the robot control device 30 according to the embodi-
ment employs multiple measures of monitoring and thus
restrains the robot 20 from malfunctioning due to the
derivation of a multiple rotation quantity different from the
actual multiple rotation quantity as the multiple rotation
quantity of the main shaft gear G0 based on the information
outputted from the encoder EC. In the embodiment, the
system means a combination of two countershaft gears that

can be selected from among the first to third countershaft
gears G1 to G3 of the encoder EC.

Processing of Step S130

[0151] The processing of step S130 1n FIG. 5, that 1s, the
third processing, will now be described. FIG. 8 shows an
example of the flow of the processing of step S130 shown 1n
FIG. 5. The processing in the flowchart shown 1n FIG. 8 1s
performed for each of the four drive umits M. Theretore, the
processing of step S130 will be described, using the pro-
cessing for the first drive umit M1 as an example.

[0152] The acquisition unit 361 acquires first main shaft
phase information from the main shaft phase output unit S0
of the encoder EC provided in the first drive unit M1 (step
S310). The processing of step S310 1s similar to the pro-
cessing of step S210 shown in FIG. 6 and therefore will not
be described further. The robot control device 30 may be
configured to omit the processing of step S310 when using
the first main shaft phase information acquired by the
processing of step S120, 1n the processing of step S130.
[0153] Next, the acquisition unit 361 acquires first coun-
tershait phase information from the first phase output unit S1
of the encoder EC provided in the first dnive unmit M1,
acquires second countershaft phase information from the
second phase output unit S2 of the encoder EC, and acquires
third countershaft phase information from the third phase
output unit S3 of the encoder EC (step S320). The process-
ing of step S320 1s similar to the processing of step S220
shown 1n FIG. 6 and therefore will not be described turther.
The robot control device 30 may be configured to omit the
processing of step S320 when using the first countershaft
phase information, the second countershait phase informa-
tion, and the third countershait phase information acquired
by the processing of step S120, in the processing of step

S130.

[0154] Next, the derivation unit 363 derives the phase of
the main shaft gear G0 as a second main shaft phase, based
on the three pieces of countershaft phase information
acquired in step S320 (step S330). The three pieces of
countershaft phase information are the first countershaft
phase information, the second countershait phase informa-
tion, and the third countershaft phase information.

[0155] The processing of step S330 will now be described.
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[0156] First, an example of the method by which the
derivation unit 363 derives the second main shait phase,
based on the first countershatt phase information, the second
countershait phase information, and the third countershaft
phase information, will be described.

[0157] The teeth of each of the first countershaft gear (G1,
the second countershait gear G2, and the third countershaft
gear G3 mesh with the teeth of the main shaft gear GO.
Theretore, the combination of the second countershait phase
and the third countershaft phase can correspond to the
number of rotations of the first countershaft gear G1. There-
fore, the derivation unit 363 can derive the number of
rotations of the first countershaft gear G1, based on the
combination of the second countershait phase and the third
countershait phase.

[0158] Thus, the derivation unit 363 derives the number of
rotations of the first countershaft gear G1, based on the
second countershaft phase, the third countershait phase, and
fourth correspondence information stored 1n advance 1n the
memory 32. The fourth correspondence information 1s infor-
mation of the correspondence between the combination of
the second countershait phase and the third countershaft
phase, and the number of rotations of the first countershaft
gear G1. However, 1n order to derive the number of rotations
of the first countershaft gear G1 as an integer, the derivation
unit 363, for example, discards the numbers below the
decimal point of the number of rotations of the first coun-
tershaft gear G1 corresponding to the combination of the
second countershaft phase and the third countershait phase
in the fourth correspondence information. For the handling
of the numbers below the decimal point of the number of
rotations 1n the fourth correspondence information, another
method such as rounding off to the nearest integer may be
employed.

[0159] FIG. 9 shows an example of the fourth correspon-
dence information. In the example shown in FIG. 9, the
fourth correspondence information 1s a table showing the
correspondence between the combination of the second
countershaft phase and the third countershait phase, and the
number of rotations of the first countershait gear G1. This
table also shows the correspondence between information
representing the number of rotations of the first countershaft
gear (G1, information representing the phase diflerence
between the second countershait gear G2 and the first
countershaft gear G1, and information representing the
phase diflerence between the third countershaft gear G3 and
the first countershatt gear G1. The phase difference between
the second countershaft gear G2 and the first countershait
gear G1 can be used instead of the second countershaft
phase. Therefore, the table includes the information repre-
senting the phase difference between the second counter-
shaft gear G2 and the first countershaft gear G1, 1nstead of
information representing the second countershaft phase. The
phase difference between the third countershait gear G3 and
the first countershaft gear G1 can be used instead of the third
countershaft phase. Therefore, the table includes the infor-
mation representing the phase difference between the third
countershaft gear G3 and the first countershaft gear G1,
instead of information representing the third countershaft
phase.

[0160] In the table shown i FIG. 9, the information

representing the phase difference between the second coun-
tershatt gear G2 and the first countershaft gear G1 1s
expressed by the number of teeth of the second countershaft
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gear G2. For example, 1n the embodiment, the number of
teeth of the second countershait gear G2 1s 19 and the
number of teeth of the first countershait gear G1 1s 17.
Theretore, when the number of rotations of the first coun-
tershaft gear G1 1s one, the second countershaft phase 1s
smaller than the first countershaft phase by two teeth of the
second countershaft gear G2. That i1s, the second counter-
shaft gear G2 rotates less than the first countershait gear G1
by two teeth of the second countershaft gear G2. In other
words, the phase difference between the second countershaft
gear G2 and the first countershaft gear G1 1s -2 teeth of the
second countershait gear G2. Thus, the table shows that the
information representing this phase difference 1s “-2 teeth”.

[0161] In the table shown i FIG. 9, the mformation
representing the phase difference between the third counter-
shaft gear G3 and the first countershaft gear G1 1s expressed
by the number of teeth of the third countershaft gear G3. For
example, 1n the embodiment, the number of teeth of the third
countershait gear G3 1s 23 and the number of teeth of the
first countershatit gear GG1 1s 17. Therefore, when the number
of rotations of the first countershaft gear G1 is one, the third
countershait phase 1s smaller than the first countershaft
phase by six teeth of the third countershatit gear G3. That 1s,
the third countershaft gear G3 rotates less than the first
countershaft gear G1 by six teeth of the third countershatt
gear (3. In other words, the phase difference between the
third countershait gear G3 and the first countershatt gear G1
1s —6 teeth of the third countershaft gear G3. Thus, the table
shows that the information representing this phase difference
1s “—6 teeth”.

[0162] The table shown in FIG. 9 may show other infor-
mation representing the phase difference between the second
countershaft gear G2 and the first countershaft gear G1,
instead of the phase difference expressed by the number of
teeth of the second countershaft gear G2. The table may also
show other information representing the phase difference
between the third countershaft gear G3 and the first coun-
tershaft gear G1, istead of the phase diflerence expressed
by the number of teeth of the third countershatit gear G3. As
the fourth correspondence information, other information
representing the correspondence between the combination
of the second countershait phase and the third countershaft
phase, and the number of rotations of the first countershaft
gear G1, may be employed, instead of the table.

[0163] The derivation unit 363 derives the number of
rotations of the first countershatt gear G1, using such fourth
correspondence information. Specifically, the derivation unit
363 detects the number of rotations of the first countershatt
gear (G1 corresponding to the combination of the second
countershaft phase and the third countershaft phase from the
fourth correspondence information stored 1n advance 1n the
memory 32 and thus derives this number of rotations.

[0164] Based on the derived number of rotations of the
first countershaft gear G1 and the first countershait phase,
the derivation unit 363 derives the value of the number of
rotations of the first countershatt gear G1 added up with the
first countershaft phase, as the multiple rotation quantity of
the first countershaft gear 1.

[0165] Here, the main shaft gear G0 rotates at an angular
velocity that 1s the angular velocity of the first countershaft
gear G1 multiplied by the number of teeth of the first
countershaft gear G1 divided by the number of teeth of the
main shaft gear G0. Therefore, the value of the multiple
rotation quantity of the first countershait gear G1 multiplied
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by the number of teeth of the first countershaft gear G1
divided by the number of teeth of the main shaft gear G0
comncides with the multiple rotation quantity of the main
shaft gear G0. Also, the main shaft gear G0 makes one
rotation as the teeth of the main shatt gear G0 moves by the
number of teeth of the main shait gear G0 from the starting
point. Therefore, the phase of the main shait gear GO
coincides with the multiple rotation quantity of the main
shaft gear G0 mod the number of teeth of the main shaft gear
G0. In other words, the phase of the main shaft gear G0
coincides with the number of teeth of the first countershaft
gear G1 divided by the number of teeth of the main shaft
gear G0 mod the number of teeth of the main shaft gear G0.

[0166] Thus, the derivation unit 363 derives the phase of
the main shaft gear G0 as the second main shatt phase, based
on the derived multiple rotation quantity of the first coun-
tershaft gear G1. That 1s, 1n step S330, the derivation unit
363 derives the phase of the main shait gear G0 as the
second main shaft phase, based on the three pieces of
countershaft phase information acquired in step S320. In
such a method for deriving the second main shait phase, the
role of the first countershaft gear G1 may be replaced by the
role of the second countershaft gear G2 or may be replaced
by the role of the third countershait gear G3.

[0167] FIG. 10 shows an example of such a flow of
deriving the second main shaft phase. As shown 1n FIG. 10,
the second main shaft phase 1s derived based on the multiple
rotation quantity of the first countershaft gear G1. The
multiple rotation quantity of the first countershatit gear G1 1s
derived based on the first countershait phase and the number
of rotations of the first countershaft gear G1. The number of
rotations of the first countershaft gear G1 1s derived based on
the second countershait phase and the third countershaft
phase.

[0168] Adfter the processing of step S330, the determina-
tion unit 365 determines whether the third abnormality
condition 1s satisfied or not (step S340). The third abnor-
mality condition 1s that the first main shaft phase and the
second main shait phase do not coincide with each other, as
described above. That 1s, the determination unit 365 deter-
mines whether the third abnormality condition 1s satisfied or
not, based on the second main shaft phase derived 1n step

5330.

[0169] When the determination unit 365 determines that
the third abnormality condition 1s not satisfied (NO 1n step
S340), the robot control unit 369 ends the processing of step
S130, that 1s, the third processing. The processing to end the
third processing in this case may be performed by a func-
tional unit other than the robot control unmit 369, of the
functional units provided 1n the control unit 36.

[0170] Meanwhile, when the determination unit 365 deter-
mines that the third abnormality condition 1s satisfied (YES
in step S340), the robot control unit 369 stops the first drive
unit M1 (step S350). The processing of step S350 1s similar
to the processing of step S250 shown 1n FIG. 6 and therefore
will not be described further.

[0171] Next, the reporting unit 371 reports information
representing that the third abnormality condition 1s satisfied
for the first drive unit M1 (step S360). The robot control unit
369 then ends the processing of step S130, that 1s, the third
processing. At this time, the robot control unit 369 ends the
processing without executing the rest of the processing of
FIG. 5. At this time, the robot control unit 369 may also
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execute a flow for abnormality occurrence, for example,
processing to record the abnormality.

[0172] The foregoing processing of step S330 1s an
example of the thirty-first processing. The foregoing pro-
cessing of steps S340 to S350 1s an example of the thirty-
second processing. That 1s, the robot control device 30
performs the third processing including the thirty-first pro-
cessing and the thirty-second processing. Thus, the robot
control device 30 can restrain the robot 20 from malfunc-
tioning.

[0173] The robot control device 30 derives the second
main shaft phase based on the derived multiple rotation
quantity of the first countershait gear G1, separately from
the first main shait phase specified by the main shait phase
output umt S0, as the phase of the main shaft gear G0, as
described above. This means that the robot control device 30
monitors that a phase different from the actual phase 1s
derived as the phase of the main shaft gear G0, by the
combination of the main shaft gear G0 and the first coun-
tershaft gear G1. That 1s, the robot control device 30
according to the embodiment performs monitoring based on
this combination and thus restrains the robot 20 from
malfunctioning due to the derivation of a multiple rotation
quantity different from the actual multiple rotation quantity
as the multiple rotation quantity of the main shaft gear G0
based on the information outputted from the encoder EC.
[0174] The robot control device 30 may be configured to
monitor that a phase different from the actual phase 1s
derived as the phase of the main shaft gear G0, by each of
the combination of the main shaft gear G0 and the first
countershaft gear G1, the combination of the main shaft gear
(G0 and the second countershaft gear G2, and the combina-
tion of the main shaft gear G0 and the third countershait gear
(G3. That 1s, the robot control device 30 may be configured
to monitor that a phase different from the actual phase 1s
derived as the phase of the main shaft gear G0, by the
combination of the main shaft gear G0 and the second
countershaft gear G2, and to monitor that a phase different
from the actual phase 1s derived as the phase of the main
shaft gear G0, by the combination of the main shaft gear G0
and the third countershaft gear G3, based on processing
similar to the processing in the flowchart shown in FIG. 8.

Processing of Step S170

[0175] The processing of step S170 1n FIG. 5, that 1s, the
second processing, will now be described. FIG. 11 shows an
example of the flow of the processing of step S170 shown 1n
FIG. 5. The processing in the flowchart shown 1n FIG. 11 1s
performed for each of the four drive units M. Also, the
processing in the flowchart shown in FIG. 11 1s performed
for each of the first to third countershaft gears G1 to G3 of
the encoder EC 1n one drive unit M. Therefore, the process-
ing of step S170 will be described, using the processing for
the first countershaft gear G1 of the first drive unit M1 as an
example.

[0176] 'The acquisition unit 361 stores the first main shaft
phase information acquired immediately before by the
acquisition unit 361, as old first main shaft phase informa-
tion, mnto the memory 32. The acqusition unit 361 then
acquires first main shaft phase information that 1s new, as
new first main shaft phase information, from the main shaft
phase output umit S0 of the encoder EC provided 1n the first
drive unit M1 (step S410). When old first main shaft phase

information 1s already stored in the memory 32, the acqui-
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sition unit 361 replaces the old first main shait phase
information stored in the memory 32 with old first main
shaft phase information that 1s new.

[0177] Next, the acquisition unit 361 stores the first coun-
tershaft phase information acquired immediately before by
the acquisition unit 361, as old first countershaft phase
information, into the memory 32. The acquisition unit 361
then acquires first countershaft phase information that 1s
new, as new first countershaft phase information, from the
first phase output unit S1 of the encoder EC provided in the
first drive unit M1 (step S420). When old first countershaft
phase information 1s already stored in the memory 32, the
acquisition unit 361 replaces the old first countershaft phase
information stored 1n the memory 32 with old first counter-
shaft phase information that 1s new.

[0178] Next, the derivation unit 363 derives an eleventh
amount of change (step S430). The eleventh amount of
change 1s the amount of change in the first countershaft
phase derived based on the first main shatt phase.

[0179] The processing of step S430 will now be described.
First, a method for deriving the eleventh amount of change
will be described. When one gear gl and another gear g2
mesh with each other, the following equation (1) holds:

AO2=(}11/h2)xAB1 (1).

[0180] Inthe equation (1), AO1 1s the amount of change 1n
the phase of the gear g1, A02 1s the amount of change 1n the
phase of the gear g2, hl 1s the number of teeth of the gear
g1, and h2 1s the number of teeth of the gear g2.

[0181] The derivation unit 363 can derive the amount of
change 1n the first countershait phase from the equation (1),
by substituting the amount of change 1n the first main shatt
phase for AO1, substituting the number of teeth of the main
shaft gear G0 for hl, and substituting the number of teeth of
the first countershaft gear G1 for h2. FIG. 12 shows an
example of the relation between the main shatt gear GO0, the
first countershaft gear G1, A01, and A02. For example, when
the amount of change 1n the first main shaft phase 1s 360
degrees 1n the embodiment, the derivation unit 363 derives
approximately 423 degrees as the amount of change 1n the
first countershaft phase, based on the equation (1). By such
a method, the derivation unit 363 derives the amount of
change 1n the first countershatt phase as the eleventh amount
ol change.

[0182] Next, the processing 1in which the derivation unit
363 derives the amount of change in the first main shaft
phase will be described. The derivation umt 363 reads out,
from the memory 32, the old first main shaft phase infor-
mation stored in the memory 32. The derivation unit 363
derives the value of the first main shait phase represented by
the new first main shait phase information acquired by the
acquisition unit 361 in step S410 minus the first main shaft
phase represented by the old first main shaft phase infor-
mation thus read out, as the amount of change in the first
main shait phase. The derivation umt 363 substitutes the
amount of change in the first main shaft phase thus derived,
for AO1 1n the above equation, and thus derives the eleventh
amount of change.

[0183] The eleventh amount of change derived by the
derivation unit 363 when performing the processing of step
S430 for the second countershaft gear G2 1s an example of
a twenty-first amount of change. The eleventh amount of
change derived by the derivation unit 363 when performing
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the processing of step S430 for the third countershalt gear
(G3 1s an example of a thirty-first amount of change.
[0184] Adfter the processing of step S430, the derivation
unit 363 derives a twelfth amount of change (step S440). The
twelith amount of change 1s the amount of change in the first
countershaft phase derived based on the first countershatft
phase. Specifically, the derivation unit 363 reads out, from
the memory 32, the old first countershait phase information
stored 1in the memory 32. The derivation unit 363 the value
of the first countershaft phase represented by the new first
countershait phase information the acquired by the acquisi-
tion unit 361 1n step S420 minus the first countershait phase
represented by the old first countershait phase information
thus read out, as the twelfth amount of change. That 1s, this
value 1s the amount of change in the first countershait phase
derived based on the first countershaft phase.

[0185] The twelfth amount of change derived by the
derivation unit 363 when performing the processing of step
S440 for the second countershait gear G2 1s an example of
a twenty-second amount of change. The twelith amount of
change derived by the derivation unit 363 when performing
the processing of step S440 for the third countershaft gear
(G3 1s an example of a thirty-second amount of change.

[0186] Next, the determination umt 365 determines
whether a second abnormality condition 1s satisfied or not
(step S450). The second abnormality condition 1s that the
cleventh amount of change and the twelith amount of
change do not coincide with each other. That 1s, the deter-
mination unit 365 determines whether the second abnormal-
ity condition 1s satisfied or not, based on the eleventh
amount of change derived in step S430 and the twelith
amount of change derived in step S440.

[0187] When the determination unmit 365 determines that
the second abnormality condition 1s not satisfied (NO 1n step
S450), the robot control unit 369 ends the processing of step
S170, that 1s, the second processing. The processing to end
the second processing in this case may be performed by a
functional unit other than the robot control unit 369, of the
functional units provided in the control unit 36.

[0188] Meanwhile, when the determination unit 365 deter-
mines that the second abnormality condition 1s satisfied
(YES 1n step S450), the robot control unit 369 stops the first
drive unmit M1 (step S460). The processing of step S460 1s
similar to the processing of step S250 shown in FIG. 6 and
therefore will not be described turther.

[0189] Next, the reporting unit 371 reports information
representing that the second abnormality condition 1s satis-
fied for the first drive unit M1 (step S470). The robot control
unit 369 then ends the processing of step S170, that 1s, the
second processing. At this time, the robot control unit 369
ends the processing without executing the rest of the pro-
cessing of FIG. 5. At this time, the robot control unit 369
may also execute a tflow for abnormality abnormality.

[0190] In this way, processing using a table i1s not per-
formed 1n the second processing. Therefore, 1n the second
processing, the load of the processing performed by the
derivation unit 363 1s lower than in each of the first pro-
cessing and the third processing. That 1s, since the robot
control device 30 performs the second processing after
performing the first round of the first processing and the
third processing, the load of the processing performed by the
robot control device 30 during the operation of the robot 20
can be made lower than when performing the first process-
ing and the third processing.
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[0191] The control unit 36 may be configured to be able to
change one or both of the first predetermined time and the
second predetermined time described above, according to an
operation accepted by the robot control device 30 from the
user or an operation of the robot 20 or the like.

[0192] The second processing performed for the encoder
EC of one drive unit M may be performed for a part of the
first to third countershaft gears G1 to G3, mstead of being
performed for each of the first to third countershaift gears G1
to G3 of the drive unit M. However, 1n this case, when an
abnormality occurs about a countershaft gear that 1s not
included 1n the part of the countershait gears, the second
processing cannot stop the drive unit M, and the information
representing that the second abnormality condition 1s satis-
fied cannot be reported, either. Therefore, 1t 1s desirable that
the second processing 1s performed for each of the first to
third countershatt gears G1 to G3 of the drive unmit M.

[0193] The relationship expressed by the equation (1) also
holds when the gear g1 and the gear g2 mesh with each other
via another gear g3. For example, the first countershaft gear
(G1 and the second countershait gear G2 mesh with each
other via the main shaft gear G0. Therefore, the amount of
change in the first countershait phase and the amount of
change 1n the second countershaft phase satisfy the equation
(1). Also, for example, the second countershaft gear G2 and
the third countershaft gear G3 mesh with each other via the
main shaft gear G0. Therefore, the amount of change 1n the
second countershaft phase and the amount of change in the
third countershait phase satisty the equation (1). Also, for
example, the third countershaft gear G3 and the first coun-
tershaft gear G1 mesh with each other via the main shaft
gear (G0. Therefore, the amount of change in the third
countershait phase and the amount of change in the first
countershatt phase satisty the equation (1).

[0194] Due to such circumstances, the second processing
may include processing to derive a forty-first amount of
change, processing to derive a forty-second amount of
change, processing to determine whether a fifth abnormality
condition 1s satisfied or not, processing to stop the drive unit
M when the fifth abnormality condition 1s satisfied, and
processing to report that the fifth abnormality condition 1s
satisfied 1n that case. The forty-first amount of change 1s the
amount of change in the first countershait phase derived
based on the second countershait phase. The forty-second
amount of change 1s the amount of change in the first
countershait phase derived based on the first countershaft
phase. The fifth abnormality condition 1s that the forty-first
amount of change and the forty-second amount of change do
not coincide with each other. The method for deriving the
forty-first amount of change 1s similar to the method for
deriving the eleventh amount of change with the main shaft
gear G0 replaced by the second countershaft gear G2 and
therefore will not be described further.

[0195] The second processing may also include process-
ing to derive a fifty-first amount of change, processing to
derive a fifty-second amount of change, processing to deter-
mine whether a sixth abnormality condition 1s satisfied or
not, processing to stop the drive unit M when the sixth
abnormality condition 1s satisfied, and processing to report
that the sixth abnormality condition 1s satisfied 1n that case.
The fifty-first amount of change 1s the amount of change 1n
the second countershait phase derived based on the third
countershait phase. The fifty-second amount of change 1s the
amount of change in the second countershait phase derived
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based on the second countershaft phase. The sixth abnor-
mality condition 1s that the fifty-first amount of change and
the fifty-second amount of change do not coincide with each
other. The method for denving the fifty-first amount of
change 1s similar to the method for deriving the eleventh
amount of change with the main shait gear G0 replaced by
the third countershaft gear G3 and with the first countershaft
gear 31 replaced by the second countershaft gear G2 and
therefore will not be described further.

[0196] The second processing may also include process-
ing to derive a sixty-first amount of change, processing to
derive a sixty-second amount of change, processing to
determine whether a seventh abnormality condition 1s sat-
1sfied or not, processing to stop the drive unit M when the
seventh abnormality condition 1s satisfied, and processing to
report that the seventh abnormality condition 1s satisfied in
that case. The sixty-first amount of change 1s the amount of
change in the third countershaft phase derived based on the
first countershatt phase. The sixty-second amount of change
1s the amount of change i1n the third countershaft phase
derived based on the third countershait phase. The seventh
abnormality condition 1s that the sixty-first amount of
change and the sixty-second amount of change do not
comncide with each other. The method for deriving the
sixty-first amount of change 1s similar to the method for
deriving the eleventh amount of change with the main shaft
gear G0 replaced by the first countershait gear G1 and with
the first countershaft gear GG1 replaced by the third counter-
shaft gear G3 and therefore will not be described further.

Modification Examples of Embodiment

[0197] Modification examples of the embodiment will
now be described.

[0198] The encoder EC may have one or more counter-
shaft gears 1n addition to the main shaft gear GO0, the first
countershaft gear G1, the second countershaft gear G2, and
the third countershait gear G3. In this case, the one or more
countershaft gears are provided in the encoder EC 1n such a
way as to mesh with the main shaft gear G0 and not to mesh
with each of the first to third countershaft gears G1 to G3.
[0199] For example, the encoder EC may have a fourth
countershaft gear G4, not illustrated, 1n addition to the main
shaft gear G0, the first countershait gear G1, the second
countershaft gear G2, and the third countershatt gear G3. In
this case, 1n the encoder EC, the number of combinations of
two countershaft gears that can be selected from among the
four countershatt gears 1s six. In this case, in the encoder EC,
the number of combinations of three countershaft gears that
can be selected from among the four countershait gears 1s
four. On the assumption that each of these ten combinations
1s referred to as a system, the number of rotations of the main
shaft gear G0 can be derived for each system by a method
similar to the method for deriving each of the first to third
numbers of rotations 1n the first processing. In such a case,
the control unit 36 determines whether two or more of the
numbers of rotations for the respective systems do not
coincide with each other, based on the number of rotations
for each system. Thus, the robot control device 30 can
perform processing similar to the first processing and can
restrain the robot 20 from malfunctioning.

[0200] The control unit 36 may be configured to specily a
number of rotations that coincides with a majority of the
numbers of the respective systems, based on the number of
rotations for each system. In this case, the control unit can
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specily a countershaft gear about which an abnormality has
occurred, of the first to fourth countershait gears G1 to G4.
Thus, the control unit 36 can determine whether the opera-
tion of the robot 20 needs to be continued or not, and can
restrain the robot 20 from malfunctioning.

[0201] The number of teeth of the fourth countershatt gear
(G4 may be the same as the number of teeth of the main shaft

gear G0 or may be the same as the number of teeth of one
of the first to third countershaft gears G1 to G3.

[0202] The main shait phase output unit SO0 may be a
functional unit which derives a phase of the main shait gear
G0 based on a mathematical model and estimates the
derived phase as the first main shaft phase, of the functional
units provided 1n the control unit 36, instead of the sensor
detecting the first main shaft phase. In this case, the encoder
EC may be configured with the sensor or may be configured
without the sensor. The mathematical model 1s a model
based on an equation of motion describing a rotating motion
between the rotary shaft of the drive unit M and a load
attached to the rotary shaft. The mathematic model 1s a
model which estimates a phase of the rotary shaft and
outputs the estimated phase, when a command current to
rotate the rotary shait i1s inputted to the drive unit M. The
mathematical model may include a model to derive the load
or may not include a model to derive the load. The math-
ematical model may be a model based on another derivation
method such as a model using a table, imnstead of the model
based on the equation of motion.

[0203] When the main shaft phase output unit S0 1s such
a mathematical model, the control unit 36 performs the first
processing, based on the first main shait phase outputted
from the main shaft phase output unit S0. That 1s, even 1n
this case, the robot control device 30 can restrain the robot
20 from malfunctioning by the first processing. The math-
ematical model may use, as an 1nput, information that can
specily the phase of the main shaft gear G0 acquired from
another sensor detecting this information, istead of using
the command current as an input.

[0204] A part or all of the first to seventh abnormality
conditions may or may not allow a margin of error.

[0205] As described above, the function of performing the
processing in the flowchart shown 1n FIG. 5, of the functions
provided in the control unit 36, may be provided in the robot
20, the information processing device 40, the encoder EC or
the like. For example, when this function 1s provided in the
information processing device 40, the information process-
ing device 40 has, for example, a processor, and a control
unit 41 provided 1n the information processing device 40 has
the acquisition unit 361, the derivation unit 363, the deter-
mination unit 365, the time measuring unit 367, and the
reporting unit 371, as shown in FIG. 13. FIG. 13 shows an
example of the functional configuration of the control unit
41. Also, the control unit 41 provided in the information
processing device 40 may have the acquisition unit 361, the
derivation unit 363, and the determination unit 365, without
having the time measuring unit 367 and the reporting unit
371. Meanwhile, for example, when this function 1s pro-
vided 1n the encoder EC, the encoder EC has, for example,
a processor, and a control unit provided in the encoder EC
has the acquisition umt 361, the derivation umt 363, the
determination unit 365, the time measuring unit 367, and the
reporting umt 371. Also, the control umt provided in the
encoder EC may have the acquisition unit 361, the deriva-
tion umt 363, and the determination unit 365, without having
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the time measuring unit 367 and the reporting unit 371. By
these measures, this function can be executed simply by
using the mformation processing device 40 or the encoder
EC having this function, even when the robot control device
30 or the like does not have this function. Moreover, this
function may be split among the robot 20, the robot control
device 30, the information processing device 40, the encoder
EC and the like. For example, when this function 1s provided
in the encoder EC and the robot control device 30, the
encoder EC may have the acquisition unit 361 and the
derivation unit 363, and the robot control device 30 may

have the determination unit 365, the time measuring unit
367, and the reporting unit 371.

[0206] The robot control device 30 may be provided for a
robot that 1s diferent from the robot 20, as described above.
For example, the robot control device 30 may be provided
in a robot 21 shown in FIG. 14. FIG. 14 shows an example
of the configuration of the robot system 1 having the robot
21 1nstead of the robot 20.

[0207] In the example shown 1n FIG. 14, the robot 21 has
the robot control device 30 and the information processing
device 40 bwlt inside.

[0208] The robot 21 1s the above-described dual-arm
robot. As shown in FIG. 14, the robot 21 has two arms.

[0209] FEach of the two arms of the robot 21 1s provided
with seven joints. Each of the seven joints 1s provided with
the drive unit M. In FIG. 14, the drive unit M 1s omitted 1n
order to simplify the illustration. One or both of the two arms
may be provided fewer than seven joints or may be provided
with more than seven joints.

[0210] Thus, the robot control device 30, even when built
in the robot 21, can perform at least one of the first
processing and the third processing and thus can restrain the
robot from malfunctioning.

[0211] As described above, the robot system according to
the embodiment includes: a robot having a main shait gear
attached to a rotary shaft of a drive unit, a first countershaft
gear meshing with the main shaft gear, a second countershaft
gear meshing with the main shaft gear, and a third counter-
shaft gear meshing with the main shaft gear; and a main
shaft phase output unit outputting a phase of the main shaft
gear as a first main shaft phase. The robot system derives the
phase of the main shait gear as a second main shait phase,
based on a phase of the first countershaft gear, a phase of the
second countershaft gear, and a phase of the third counter-
shaft gear, and performs processing to stop the drive unit
when the first main shait phase and the second main shaft
phase do not coincide with each other. Thus, the robot
system can determine whether a number of rotations differ-
ent from the actual number of rotations 1s derived or not, and
can restrain the robot from maltfunctioning. In the foregoing
example, the robot system i1s the robot system 1. In the
foregoing example, the drive unit 1s the drive unit M. In the
foregoing example, the main shatt gear 1s the main shait gear
(G0. In the foregoing example, the first countershaft gear 1s
the first countershaft gear G1. In the foregoing example, the
second countershaft gear 1s the second countershaft gear G2.
In the foregoing example, the third countershaft gear 1s the
first countershaft gear G3. In the foregoing example, the
robot 1s the robot 20. In the foregoing example, the main
shaft phase output unit 1s the main shaft phase output unit

S0.

Apr. 30, 2020

[0212] The robot system may perform the processing
during the period until the robot starts moving after the
power supply of the robot 1s turned on.

[0213] Therobot system may have a first phase output unit
outputting the phase of the first countershatit gear. The robot
system may derive an amount of change in the phase of the
first countershaft gear as an eleventh amount of change,
based on the first main shait phase outputted from the main
shaft phase output unit, derive an amount of change in the
phase of the first countershait gear outputted from the first
phase output unit as a twelfth amount of change, and stop the
drive unit when the eleventh amount of change and the
twelfth amount of change do not coincide with each other,
as second processing. The robot system may perform the
second processing after the first round of the processing 1s
performed. In the foregoing example, the first phase output
unit 1s the first phase output unit S1.

[0214] The robot system may also have a second phase
output unit outputting the phase of the second countershaft
gear, and a third phase output unit outputting the phase of the
third countershaft gear. The second processing may further
include deriving an amount of change in the phase of the
second countershaft gear as a twenty-first amount of change,
based on the first main shaft phase outputted from the main
shaft phase output unit, deriving an amount of change in the
phase of the third countershaft gear as a thirty-first amount
of change, based on the first main shaft phase outputted from
the main shaft phase output umt, deriving an amount of
change 1n the phase of the second countershaft gear output-
ted from the second phase output unit as a twenty-second
amount of change, deriving an amount of change in the
phase of the third countershait gear outputted from the third
phase output unit as a thirty-second amount of change,
stopping the drive unit when the twenty-first amount of
change and the twenty-second amount of change do not
coincide with each other, and stopping the drive unit when
the thirty-first amount of change and the thirty-second
amount of change do not coincide with each other. In the
foregoing example, the second phase output umt 1s the
second phase output unit S2. In the foregoing example, the
third phase output unit 1s the third phase output unmit S3.
[0215] In the robot system, the main shaft phase output
unit may output the first main shaft phase based on a
mathematical model.

[0216] The robot system may determine whether a prede-
termined condition 1s satisfied after the first round of the
processing 1s performed, and the robot system may perform
the processing when the predetermined condition 1s satis-
fied. In the foregoing example, the predetermined condition
1s that the first predetermined time passes.

[0217] In the robot system, the predetermined condition
may be that a predetermined time passes. In the foregoing
example, the predetermined time 1s the first predetermined
time.

[0218] In the robot system, the robot may further include
a fourth countershaft gear. In the foregoing example, the
fourth countershaft gear 1s the fourth countershaft gear G4.

[0219] In the robot system, the robot may have a power
shutofl unit shutting off electricity supply to the robot. The
power shutofl unit may shut ofl the electricity supply to the
robot when stopping the drive unait.

[0220] In the robot system, the processing may further
include reporting information representing that the first main
shaft phase and the second main shait phase do not coincide
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with each other when the first main shaft phase and the
second main shaft phase do not coincide with each other.

[0221] Also, the robot system according to the embodi-
ment 1s a robot system including: a robot having a main shaft
gear attached to a rotary shaft of a drive unit, a first
countershait gear meshing with the main shaft gear, a second
countershaft gear meshing with the main shaft gear, and a
third countershaft gear meshing with the main shaft gear. A
number of teeth of the main shaft gear, a number of teeth of
the first countershaft gear, a number of teeth of the second
countershaft gear, and a number of teeth of the third coun-
tershaft gear are integers having no greatest common divisor
other than 1. As first processing, a first number of rotations,
which 1s a number of rotations of the main shaft gear, 1s
derived based on a phase of the first countershaft gear and
a phase of the second countershaft gear, and a second
number of rotations, which 1s a number of rotations of the
main shaft gear, 1s derived based on the phase of the second
countershait gear and a phase of the third countershaft gear,
and the drive unit 1s stopped when the first number of
rotations and the second number of rotations do not coincide
with each other. Thus, the robot system can determine
whether a phase different from the actual phase 1s detected
or not, and can restrain the robot from malfunctioning. In the
foregoing example, the robot system 1s the robot system 1.
In the foregoing example, the drive unit 1s the drive unit M.
In the foregoing example, the main shaft gear 1s the main
shaft gear G0. In the foregoing example, the first counter-
shaft gear 1s the first countershait gear GG1. In the foregoing
example, the second countershait gear 1s the second coun-
tershait gear G2. In the foregoing example, the third coun-
tershaft gear 1s the first countershait gear G3. In the fore-
going example, the robot 1s the robot 20.

[0222] In the robot system, the first processing may
include deriving a third number of rotations, which 1s a
number of rotations of the main shaft gear, based on the
phase of the third countershait gear and the phase of the first
countershaft gear, and stopping the drive unit when the first
number of rotations, the second number of rotations, and the
third number of rotations do not coincide with each other.

[0223] In the robot system, the first processing may further
include reporting information representing that the first
number of rotations, the second number of rotations, and the
third number of rotations do not coincide with each other
when the first number of rotations, the second number of
rotations, and the third number of rotations do not coincide
with each other.

[0224] The robot system may perform the first processing
during the period until the robot starts moving after the
power supply of the robot 1s turned on.

[0225] The robot system may have a main shait phase
output umt outputting the phase of the main shait gear as a
first main shaft phase, and a first phase output unit outputting
the phase of the first countershait gear. The robot system
may derive an amount of change in the phase of the first
countershaft gear as an eleventh amount of change, based on
the first main shaft phase outputted from the main shaft
phase output unit, derive an amount of change in the phase
of the first countershaft gear outputted from the first phase
output unit as a twelfth amount of change, and stop the drive
unit when the eleventh amount of change and the twelith
amount of change do not coincide with each other, as second
processing. The robot system may perform the second
processing after the first round of the first processing 1s
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performed. In the foregoing example, the main shaft phase
output unit 1s the main shaft phase output unit S0. In the
foregoing example, the first phase output unit 1s the first
phase output unit S1.

[0226] The robot system may also have a second phase
output unit outputting the phase of the second countershaft
gear, and a third phase output unit outputting the phase of the
third countershait gear. The second processing may further
include deriving an amount of change in the phase of the
second countershaft gear as a twenty-first amount of change,
based on the first main shaft phase outputted from the main
shait phase output unit, deriving an amount of change in the
phase of the third countershaft gear as a thirty-first amount
of change, based on the first main shaft phase outputted from
the main shaft phase output unit, deriving an amount of
change 1n the phase of the second countershait gear output-
ted from the second phase output unit as a twenty-second
amount of change, deriving an amount of change in the
phase of the third countershafit gear outputted from the third
phase output unit as a thirty-second amount of change,
stopping the drive unit when the twenty-first amount of
change and the twenty-second amount of change do not
comncide with each other, and stopping the drive unit when
the thirty-first amount of change and the thirty-second
amount of change do not coincide with each other. In the
foregoing example, the second phase output unit 1s the
second phase output unit S2. In the foregoing example, the
third phase output unit 1s the third phase output umt S3.
[0227] In the robot system, the main shaft phase output
unit may output the first main shaift phase based on a
mathematical model.

[0228] The robot system may determine whether a prede-
termined condition 1s satisfied after the first round of the first
processing 1s performed, and the robot system may perform
the first processing when the predetermined condition i1s
satisfied. In the foregoing example, the predetermined con-
dition 1s that the first predetermined time passes.

[0229] In the robot system, the predetermined condition
may be that a predetermined time passes. In the foregoing
example, the predetermined time 1s the first predetermined
time.

[0230] In the robot system, the robot may further include
a fourth countershaft gear. In the foregoing example, the
fourth countershaft gear 1s the fourth countershaft gear G4.

[0231] In the robot system, the robot may have a power
shutofl unit shutting off electricity supply to the robot. The
power shutoil unit may shut off the electricity supply to the
robot when stopping the drive unait.

[0232] The embodiment of the present disclosure has been
described 1n detail with reference to the drawings. However,
the present disclosure 1s not limited to the specific configu-
ration of the embodiment. Any change, replacement, dele-
tion or the like can be made without departing from the spirit
and scope of the present disclosure.

[0233] A program for implementing a function of an
arbitrary component of the foregoing device may be
recorded 1n a computer-readable recording medium, and the
program may be read and executed by a computer system.
The device 1s, for example, the robot 20, the robot 21, the
robot control device 30, the information processing device
40, the encode EC or the like. The “computer system” in this
case mcludes an OS (operating system) and hardware such
as a peripheral device. The “computer-readable recording
medium™ 1s a portable medium such as a flexible disk,
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magneto-optical disk, ROM, or CD (compact disk)-ROM, or
a storage device such as a hard disk built 1n the computer
system. The “computer-readable recording medium” also
includes a recording medium holding a program for a
predetermined time, such as a volatile memory 1inside a
computer system serving as a server or client when the
program 1s transmitted via a network such as the internet or
via a communication line such as a telephone line.

[0234] The program may be transmitted from a computer
system having this program stored in a storage device or the
like to another computer system via a transmission medium
or via a transmission wave 1n the transmission medium. The
“transmission medium” transmitting the program 1s a
medium having the function of transmitting information,
such as a network like the internet or a communication line
like a telephone line.

[0235] The program may be for implementing a part of the
foregoing function. Also, the program may be a program that
can implement the foregoing function when combined with
a program already recorded in the computer system, that 1s,
a so-called a differential file or differential program.

What 1s claimed 1s:

1. A robot system comprising;:

a robot having a main shaft gear attached to a rotary shaft
of a drive unit, a first countershaft gear meshing with
the main shatt gear, a second countershaft gear meshing
with the main shait gear, and a third countershaft gear
meshing with the main shaft gear; and

a main shait phase output unit outputting a phase of the
main shait gear as a first main shait phase, wherein

a phase of the main shatt gear 1s derived as a second main
shaft phase, based on a phase of the first countershait
gear, a phase of the second countershaft gear, and a
phase of the third countershait gear, and

processing to stop the drive umit 1s performed when the
first main shaft phase and the second main shait phase
do not coincide with each other.

2. The robot system according to claim 1, wherein

the processing 1s performed during a period until the robot
starts moving after a power supply of the robot 1s turned
on.

3. The robot system according to claim 1, further com-

prising

a first phase output unit outputting the phase of the first
countershaft gear, wherein

as second processing,

an amount of change 1n the phase of the first countershaft
gear 1s derived as an eleventh amount of change, based
on the first main shaft phase outputted from the main
shaft phase output unit,

an amount of change 1n the phase of the first countershaft
gear outputted from the first phase output umt 1is
derived as a twelfth amount of change, and

the drive unit 1s stopped when the eleventh amount of
change and the twelith amount of change do not
coincide with each other, and

the second processing 1s performed after a first round of
the processing 1s performed.

4. The robot system according to claim 3, further com-

prising:

a second phase output unit outputting the phase of the
second countershait gear; and

a third phase output unit outputting the phase of the third
countershaft gear, wherein
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the second processing further includes

deriving an amount of change in the phase of the second
countershaft gear as a twenty-first amount of change,
based on the first main shait phase outputted from the

main shait phase output unit,

deriving an amount of change in the phase of the third
countershaft gear as a thirty-first amount of change,
based on the first main shait phase outputted from the
main shaft phase output unit,

deriving an amount of change in the phase of the second
countershaft gear outputted from the second phase
output unit, as a twenty-second amount of change,

deriving an amount of change in the phase of the third
countershatt gear outputted from the third phase output
unit, as a thirty-second amount of change,

stopping the drive unit when the twenty-first amount of
change and the twenty-second amount of change do not
coincide with each other, and

stopping the drive unit when the thirty-first amount of
change and the thirty-second amount of change do not
coincide with each other.

5. The robot system according to claim 3, wherein

the main shaft phase output unit outputs the first main
shaft phase, based on a mathematical model.

6. The robot system according to claim 1, wherein

whether a predetermined condition 1s satisfied 1s deter-
mined after a first round of the first processing 1s
performed, and

the first processing 1s performed when the predetermined
condition 1s satisfied.

7. The robot system according to claim 6, wherein

the predetermined condition 1s that a predetermined
passes.

8. The robot system according to claim 1, wherein
the robot further includes a fourth countershaft gear.
9. The robot system according to claim 1, wherein

the robot has a power shutoll unit shutting off electricity
supply to the robot, and

the power shutofl unit shuts ofl the electricity supply to
the robot when stopping the drive unit.

10. The robot system according to claim 1, wherein
the processing further includes

reporting information representing that the first main shaft
phase and the second main shait phase do not coincide
with each other when the first main shait phase and the
second main shait phase do not coincide with each
other.

11. A robot control method for controlling a robot having
a main shaft gear attached to a rotary shait of a drive unat,
a first countershait gear meshing with the main shaft gear, a
second countershaft gear meshing with the main shait gear,
and a third countershait gear meshing with the main shaft
gear, the method comprising;:

outputting a phase of the main shait gear as a first main
shaft phase;

deriving a phase of the main shaft gear as a second main
shaft phase, based on a phase of the first countershait
gear, a phase of the second countershaft gear, and a
phase of the third countershaft gear; and

performing processing to stop the drive unit when the first
main shaft phase and the second main shait phase do
not coincide with each other.
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12. A robot system comprising:
an encoder having a main shaft gear, a first countershaft
gear, a second countershait gear, and a third counter-
shaft gear;
a robot having the encoder;
a control unit; and
a main shait phase output unit outputting a phase of the
main shaft gear as a first main shait phase, wherein
the control unit 1s configured to execute a command to
perform third processing, and
the third processing includes
processing to derive a phase of the main shaft gear as
a second main shaft phase, based on a phase of the
first countershait gear, a phase of the second coun-
tershaft gear, and a phase of the third countershaft
gear, and
processing to stop the robot when the first main shaft
phase and the second main shaft phase do not
coincide with each other.
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