PCT/IB2020/055479

WO 2020/250166

1/3

1631

34

401

[
=
wodl




PCT/IB2020/055479

WO 2020/250166

2/32

Led

[9

.

N}

k|




WO 2020/250166 PCT/IB2020/055479

9
S
9]
b

308 “’///

FiGc. 3



WO 2020/250166 PCT/IB2020/055479

4/32

303

A
31iia A
J

3lia



WO 2020/250166

Uy
Ny
te2
R

FIG. 4C

R

S A / }
319 317 31 318 37 319

FIG. 4D

PCT/IB2020/055479

303



WO 2020/250166 PCT/IB2020/055479

6/32

FIG. 5A

FIG. 5C



WO 2020/250166 PCT/IB2020/055479

501 501

502

Fi(. 6A

61 601

~ 501
LD N

3

—

562

FiG. 6B



PCT/IB2020/055479

WO 2020/250166

8/3

, \\@xx

L8

il

€01

S

01
\\\\\l

101




PCT/IB2020/055479

WO 2020/250166

o

g‘

FiG.8A



WO 2020/250166 PCT/IB2020/055479

Fi;. 8B



WO 2020/250166 PCT/IB2020/055479

11/32

106

117

FIG. 8C



WO 2020/250166 PCT/IB2020/055479

12/32

Fi. 8D



WO 2020/250166 PCT/IB2020/055479




PCT/IB2020/055479

WO 2020/250166

H6 D4

161



WO 2020/250166 PCT/IB2020/055479

e,

o

FiG. 9C

ﬁ::::::::...g\g........f -




PCT/IB2020/055479

WO 2020/250166

Bremaanaaaaaaaaas

de "Did

JLH



PCT/IB2020/055479

WO 2020/250166

A6 i

1491



PCT/IB2020/055479

WO 2020/250166

46 "DI4

161



WO 2020/250166 PCT/IB2020/055479

161

*.2
& -108
& e
@ o
2 2
2 o
P 9]
z P
ff ;3 165
2 -y
! 17}
2 «
By
- A 36
168h
168¢
-
106 — %
106
136 ——
108a -]

160

FiG. 1o



WO 2020/250166 PCT/IB2020/055479

20/32

161

L g g3 i
N | L |
) ~108
g 2
2 .1 R
o, 3 ¢
e o =
CJ b m O
= & eh
A 5 ©
£z 3 8
3 2 44 @
- v
© N2
£ g EES
= 0 EE & O
n o o
e 2 B +=
i > I L
__if - VoRon, ::: “‘%
= 105
A it storage wnit ) f
108&)\&"
@'\
b M{i?
R
jg6 - g
1t gtorage ur
e X a
Drop ott newd todlpgee storagefum
: B 53 S S oa —~~106
166 — .
1084 &
~ !

FiG. it



PCT/IB2020/055479

WO 2020/250166

3

21

V154




WO 2020/250166 PCT/IB2020/055479

128

~
¥

Fi¢




WO 2020/250166 PCT/IB2020/055479

23/32

1301
Store workpieces in workptece storage units and workpiece supports, in respective /—/
storage locations of the automated storage and retnieval svstem (ASRS) structure

!

1302
Using a fleet of robotic storage/retnieval vehicles (RSRVs), extract one or more of
the workpiece storage units and a selected workpiece support from the ASRS
structure according to requirements of a manufacturing process to be performed at
a manufactunng cell positioned outside the ASRS stracture
‘i’ 1303

Using the fleet of RSRVs, separately deliver the workpicce storage unit(s) and the ,fj
selected workpiece support to the manufacturing cell

.

Position the selected workpiece support in a working position accessible by one or
more workers of the manufacturing cell

v

At the manutacturing cell, with the selected workpiece support maintained in the
working position:

\\\ ‘

[

[l
b

.
"
&
93]

1305%a
Transfer one or more of the workpicces from the workpicce storage f”/
unit(s) onto the selected workpicece support

‘i’ 1305h
Perform a process step of the manufacturing process on the (‘/
workpicce(s) held on the selected workpiece support

FiG. 13



WO 2020/250166

24/32

Gtart - Kitted bin rcquirech 1401

The CCS receives a work order IM{}?;
for the required kitted bin

¥

The CCS instructs a first RSRV
to retrieve an empty bin

¥

The first RSRV retrieves the empty
bin from the ASRS structure and | /7 1404
presents the empty bin to a kitting

workstation put port

~1403
s

nj

i

The CCS mstructs a second {405
RSRV to retrieve arequired L/
single SKU bin

v

The second RSRV retrieves the
single SKU bin from the ASRS ,
‘ ~ 1406
structure and presents the single L/
SKU bin to a kitting workstation
pick port

%

A worker picks a required number of ,

workpieces from the single SKU bin | /7 1407

and places the picked workpieces in
the empty bin at the put port

PCT/IB2020/055479

jeM}i

v 1408

The CCK instructs the first
RSRYV 1o store the kitted SKU

The second RSRYV stores the /’

The CCS mstructs the second » bin
RSBV 1o store the single SKU
Gs or;i;f, single ,i, jmz
i, 1409 The first RSRY stores the kitted

SEU bin in the ASRS structure

single SKU bin in the ASRS
structure

,\1/)\ A0
Sf. « <
e More w01‘1«:13»1:3#/v No

~Jeq uired in thg/ ------------
kg FIG. 14

¥

1413
End - Kitted SKU bin
processed and stored
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Start - Assembly work 1561
order recetved

:

PCT/IB2020/055479

The CCS receives the work order for a required
assemblv with sottware instructions

flSGZ

'

The CCS instructs a first RSRVY {0 retrieve an
associated workpiece support

503
fi‘iﬂ

.

The first ROSRV retrieves the associated workpiece
support from the ASRS structure and presents the
workpiece support to an assigned robotic
manufacturing cell

1504
L

e
Iy

The CCS mstructs a second RSRV to retrieve a
required workpiece storage wnit

v

The second RSRV retrieves the workpiece storage unit
from the ASRS structure and places the workpiece
storage bin on a workpiece holding station

.

1547

The CCS instructs a third RSRV to retrieve a required
toolpicce storage umnit

:

1508

The third RSRYV retrieves the required toolpiece
storage unit from the ASRS structure and places the
toolpicce storage unit on a toolpiece holding station

FIG. 154
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o ®
B 1509 ¢

W,

The CCS mstructs a robotic picker to pick an assigned

workpiece
é 1510
The robotic picker picks the assigned workpiece /
i, 1511

The CCS instructs the robotic picker to place the
assigned workpiece in a working posttion

~ 1812
<" Fastening ™ No
~ requirﬁie,il/
N
S 1513
,Qx C8 I.j

The CCS instructs a robotic process worker to acquire
an assigned toolpiece

+ 1514

The robotic process worker acquires the assigned /
toolpicce

4 1515

The CCS mstructs the robotic process worker to fasten /J
workpiece onto a subassembly

1516

Yes o warknieeoie
< More workpieces e

. equired? e
\\\‘//
LNo

FIG, 158
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The CCS instructs the SGCﬂﬂd RSRYV or a fourth RSRV
to store the workpiece storage unit

. 1518
The second RSRV or the fourth RSRV stores the
workpiece storage unit in the ASRS structure
Il 1519

The CCS instructs the third RSRY or a fifth RSRV to
store the toolpiece storage unit

v

The third RSRV or the fifth RSRYV stores the toolpiece
storage unit in the ASRS structure

5\

1520

1521
ifferent™_J" Ves
Workplvcm
~1522

m
support rcqmm%
~.at another cell?

No

1525

¥

The CCS mstructs the first RERY

1o the next manufacturing cell

to transport the workpiece support

-y
/

The CCS instructs the first RSRY

to store the workpiece support

/

:

:

15826

The first RSRYVY transports the
workpiece support 1o the next
manufactunng cell

The first RSRV stores the
workpiece support in the ASRS
structure

/

~ 15827

End - Work order

complete

¥ S—

FIG. 15C
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Start - Assembly work 1601
order received

'

The CCS recetves the work order for a required " 1602
assembly with software instructions
The CCS mstructs a first RSRY 1o retrieve an Vs 1603
associated workpiece support

'

The first RSRV retrieves the workpicce support from s 1604
the ASRS structure and presents the workpiece support
to an assigned robotic manufacturing cell

'Y

The CCS instructs a second RSRY to retrieve a 16085
required workpiece kitted bin

.

The second RSRV retrieves the workpiece kitted bin | 1606
from the ASRS structure and places the workpiece
kitted bin on a workpiece holding station

)

The CCS instructs a third RSRY to retrieve a required fiéi}’?'
toolpiece kitted bin

:

The third RSRV retricves the required toolpiece kitted 1608
bin from the ASRS structure and places the toolpicce
kitted bin on a toolpiece holding station

.

.

FIG. 10A
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()

X

¥

The CCS instructs a robotic picker to pick an assigned |/ 1609

workpiece

:

. . ‘ -1610
The robotic picker picks the workpiece J

v

The CCS instracts the robotic picker to place the | 1611
assigned workpicce in a working position

1612
Fastening No
\Riquired?

S~

@7 es

1613

The CCS nstructs the robotic process worker o /’
acquire an assigned toolpiece

$ 1614

The robotic process worker acquires the toolpicce ,//

!

The CCS mstructs the robotic process worker to fasten /’
the workpiece onto a subassembly

More workpieces g
reguired? 7

\\

FIG. 168
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O,
&

The CCS instructs the second RSRV or a fourth RSRV f1517
to store the workpicce kitted bin

+

The sccond RSRV or the fourth RSRYV stores the IMES
workpiece kitted bin in the ASKS structure

v

The CCS instructs the third RSRV ora ifth RSRV o |/ 1619
store the toolpiece kitted bin

v

The third RSRV or the fifth RSRV stores the toolpiece |, 1620
kitted bin m the ASRS structure

,/i\\\ 1621
“Workpiece™
—<&mp0n required
) at another cell?

Yes \\/’ No

The CCS mstructs the first The CCS ins he first RSRV
RSRYV 1o transport the ie CCS instructs the first RSRY

workpiece support to the next to store the workpicce support

manufacturing ccll ‘L 1625
. 1623 - —
- ‘ 7 The first RSRYVY stores the
the first RSRV transports the workpiece support in the ASRS
------ workpiece support 1o next struchure
manufactiring cell

1626
/ End - Work order

\\ complete

FIG. 16C
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Start - Purchase order for -1701
guantity of Product X received

'

Purchase raw materials for the quantity of |/ 1762
Product X
Receive the raw materials for the quantity of | 4743
Product X and induct the raw materials into
workpiece storage units in the ASRS structure
Create kits for the quantity of Product X |/ 1764
subassemblies
e UL L FON
______________ Capacity
available?
Yes
Configure a robotic manufacturing cell for the |/ 1706
quantity of the Product X subassemblies
*
Instruct the robotic mamufacturing cell 1o 1707
. o
manufacture the guantity of the Product X
subasscmblies
¥ ,
Yes /'/K’,'{O\f(?\~{% 708
subassembligg2—"
\\
No
~ 1709 i No
Capacity\&
_available? -
TYes
V -
Configure the robotic manufacturing cell for [/ 1718
the quantity of the Product X final assembly
¥
Instruct the robotic manufacturing cell to Ve 1711

manufacture the guantity of the Product X
final assembly

¥
End - Quantity of Product X // 1712

manufactured

FIG. V7
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