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1391
Store workpieces in workpiece storage units and workpiece supports, in respective f/
storage locations of the automated storage and retnieval system (ASRS) structure

‘L 1382
Using a fleet of robotic storage/retrieval 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 manutacturing process to be performed at
a manufacturing cell positioned outside the ASRS structure

i’ 1303
Using the flect of RSRVs, separately deliver the workpiece storage unit(s) and the

selected workpiece support to the manufacturing cell

v

Position the selected workpiece support in a working position accessible by one or ',-—/
more workers of the manufacturing cell

v

At the manufacturing cell, with the selocted workpiece support maintained in the
working position:

13052
Transfer one or more of the workpieces from the workpicce storage /"j
unit{s) onto the selected workpicce support

‘L 1305b
Perform a process step of the manufacturing process on the (‘j
workpiece(s) held on the selected workpiece support

FiG. 13
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CStart - Kitted bin requireDf 1401

The CCS receives a work order IMOZ’
for the required kitted bin

.

The CCS instracts 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

~1483
v

ol

¥
The CCS instructs a second 1405
RSRV to retrieve arequired [/
single SKU bin

5

The second RSRV retrieves the
single SKU bin from the ASRS )
. ~ 1406
structure and presents the single U/
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 workpicces in

the empty bin at the put port et
‘L 14608 The CCS instructs the first
] RSRY io store the kitted SK
The CCS instructs the second SRV o stor:;; itted SKU
RSRYV to store the single SKU
bin ‘& Jf»1412
‘1, 1400 The first RSRV stores the katted
The second RSRY stores the L/ SKU bin in the ASRS structure
simgle SKU bin in the ASRS v
structure 1413
1410 End - Kitted SKU bin
Yes processed and stored
MGre workpie® No

m""""<;\ reqiﬂfﬁd m ﬂl‘g/ -------------
T FIG. 14
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Start - Assembly work 1501
order received

The CCS receives the work order for a required s 1502
assembly with software instructions

'

The CCS instructs a first RSRV to retrieve an s 1503
associated workpiece support

.

The first RSRV retrieves the associated workpiece I 1504
support from the ASRS structure and presents the
workpiece support to an assigned robotic
manufacturing cell

Tt

IS

The CCS instructs a second RSRV to retrieve a s

required workpiece storage unit

¢ 1506

The second RSRV retrieves the workpiece storage unit
from the ASRS structure and places the workpicece

storage bin on a workpiece holding station
‘L 1597

The CCS instructs a third RSRV to retrieve a reqaired
toolpicce storage wunit

J 1508

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

FIG. 18A
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g &
! 1569

W

The CCS mstructs a robotic picker to pick an assigned
workpiece

l' 1519

The robotic picker picks the assigned workpiece

i 1511

The CCS wstructs the robotic picker to place the
assigned workpiece in a working position

~ 1512
" Fastening ™ No

- fequired?
RN

1513

LN
‘Q c8 /
The CCS instructs a robotic process worker to acquire
an assigned toolpiece

] 1514

The robotic process worker acquires the assigned /
toolpiece

v 1515

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

1516

Yes -~ More workpieces e
eguired)

y NO

FIG. 15B
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1507 |

The CCS instructs the second RSRV or a fourth RSRV
1o store the workpiece storage unit

l 1518

S

14

The second RSRV or the fourth RSRV stores the
workpiece storage unit in the ASRS structure

I 1519

The CCS instructs the third RSRY or a fifth RSRV 1o /

store the toolpiece storage unit

| 1520

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

/k\ %2
5 15

ifferent ™ Yes

< Warkplvcw
/(\ 1522
Jorkpiece \J

support required
~.at another cell?

Yes \\/ No
1523
»,

v 1825

The CCS mstructs the first RSRV
1o transport the workpiece support
1o the next manufacturing cell

The CCS instructs the first RSRV /)
to store the workpiece support

v 1524 1 1526
The first RSRV transports the The first RSRV stores the J
workpiece support to the next workpiece support in the ASRS
manufacturing cell structure

1827

End - Work order
complete

q&..........._._

FIG. 15C
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Start - Assembly work 1601
order received

'

The CCS recetves the work order for a required
assembly with software instractions

1602
V

:

The CCS mnstructs a first RSRV 1o retrieve an
associated workpiece support

-1603

'

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

s 1664

!

The CCS instructs a second RSRV to retricve a
required workpiece kitted bin

~1665

v

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

~1606

L

The CCS instructs a third RSRYV o retrieve a required
toolpiece kitted bin

~16G7
V

:

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

1608

.

FIG. 16A
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The CCS instructs a robotic picker to pick an assigned
workpiece

/1{3(}9

!

The robotic picker picks the workpicce

Vs 1610

v

The CCS mstrocts the robotic picker to place the
assigned workpiece in a working position

fi(sll

1612

Fastening

\\E\{e guired?

-

The CCS mnstructs the robotic process worker to
acquire an assigoned toolpiece

1613

v

1614

The robotic process worker acquires the toolpicce

$

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

1615

More workpicces

()

S

reguired?

FIG. 168
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&

The CCS mstructs the second RSRV or a fourth RSRV fifil","
to store the workpiece kitted b

'

The second RSRV or the fourth RSRYV stores the /1618
workpiece kitted bin in the ASRS structure

v

The CCS instructs the third RSRV or a fifth RSRV 1o | 1619
store the toolptece kitted bin

!

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

. /)L\\\ 1621
“Workpiece™
—<suppoﬂ required
) at another celi?

Yes \\// No

1624
1622 ' y
The CCS nstructs the first e enn s
RSRY to transport the The CCS mstructs the first RSRY
workpiece support to the next to store the workpicce support
manufacturing cell $ 1625
1 1623 - -
- ‘ T The first RSRY stores the
The first RSRV transports the workpicce support in the ASRS
------ workpiece support to next stracture
manufacturing cell

~ 1626

/ End - Work order
complete

FIG. 16C
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Start - Purchase order for -1761
guantity of Product X received

Purchase raw materials for the quantity of |/ 1762
Product X

‘

Receive the raw materials for the quantity of | {703
Product X and induet the raw materials into
workpiece storage units in the ASRS structure

'

Create kits for the quantity of Product X |/ 1764
subassemblies

/i\[wos

Capacity
available?

No

Yes

Configure a robotic manufacturing cell for the |/ 1706

quantity of the Product X subassemblies

*

Instruct the robotic manufactaring cell o 1707
. I

manufacture the quantity of the Product X}/

subassemblies

¥ "
Yes oL 1708
subassemblies?—"
\

1709 o

Capacity

<__available? -
\\\ /

TYes
¥

Configure the robotic manufacturing celi for [/ 1710

the guantity of the Product X final assembly
3

Instruct the robotic manufacturing cell to % 1711
manufacture the guantity of the Product X
final assembly

%
End — Quantity of Product X >/ 1712

manufactured

FIG. 17
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