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AUTOMATIC OUTPUT REEL CHANGER

The application relates to a tape reel handling apparatus for

a tape and reel machine. In particular, the application re-

lates to a tape reel handling apparatus for loading a plural-

1ty of tape reels onto a tape and reel machine, wherein the

tape reel 1s used for recelving a flexible tape that carries

electronic components, such as semlconductor devices.

The tape and reel machine acts to transfer electronic compo-

nents, such as semiconductor die or packaged integrated cilr-
cult chips, onto pockets of a flexible linear tape. A cover
tape 1s then attached to the pockets of the flexible linear
tape for sealing the pockets such that the electronic compo-

nents are trapped 1n the pockets and that they do not leave
the pockets.

After this, the tape and reel machine provide the flexible
linear tape to a tape reel, whereln the tape reel 1s spun

while the flexible linear tape 1s circumferentially wound

around the tape reel.

When a predetermined length of the flexible linear tape 1s

wound around the tape reel, the tape reel 1s considered as

full. This tape reel 1s then replaced with an empty tape reel,

thereby allowling remaining flexible linear tape wilith elec-

tronlic components to be wound around the replaced tape reel.

US20110220755 discloses a device for automatic colling and/or

uncolling on reels of a flexible tape carrier of electronic

components. The device i1ncludes a colling location where a

reel can be connected to a rotation actuator, and retractable
tape guildes, which 1ncludes articulated jaws that can be

closed together to form a channel for guiding the flexible
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tape and to connect a free end of the flexible tape to a hub
of the reel. The device further 1ncludes a stopper element

that engages with a slot 1n the reel hub, 1n order to stop the
reel 1n a position 1n which the slot 1s alligned with the tape

gulde.

WO0Z2099726AZ2 shows a multiple output reel module (MROM) for

use with a taper machine or any other machine that outputs

flexible media. The MROM i1ncludes an upper splndle shaft sup-

porting a plurality of output reels, a lower spindle shaft

supporting a plurality of output reels, and a tape 1nsertion
assembly that positions the flexible media adjacent to a hub
of one of the output reels along a loading plane. The MROM
further 1ncludes a finger assembly that holds the flexible me-
dla agailnst the hub, a cutting assembly for cutting the flexi-
ble medla, and a reel moving mechanlsm operable to move the
output reels into and out of alignment with the loading plane.
The MROM also 1ncludes a reel support structure along which

the upper and lower spilindle shafts are moveable 1n a linear

dlirection. The flexible media may be held against the hub of

the output reels with a finger assembly or a length of adhe-
sive tape. Adhesive tape may also be used to secure the tail
end of the flexilible medla agalinst the last layer of flexible

media that 1s wound onto a full reel.

It 1s an objective of the application to provide an improved

automated output reel changer for automatically changlng tape

reels.

The applicatilon provides an automated reel changer for a tape

and reel machine.

The tape—-and-reel machine 1s used for placing objects 1nto

pockets of a flexible carriler tape. An example of the object
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1s an electronic component, which can refer to a semiconductor

dle or to a packaged 1ntegrated circuit chilip. The tape—-and-

reel machine also acts to place a cover tape onto the carriler

tape such that objects remaln with the carrier tape. In other

words, the cover tape serves to trap the objects.

The automated reel changer acts to receive a plurality of tape

reels. The automated reel changer also recelves a carriler tape

from the tape-and-reel machine, wherein the automated reel

changer guides the carrier tape for coilling around a hub of

the tape reel to form a coilled tape reel.

The automated reel changer i1ncludes an 1nput reel station, a

movable first elevator holder module, a movable spooler mod-

ule, a tape 1nsertion module, a movable second elevator holder

module, an output reel station, and a control unit.

The 1nput reel station 1s used for receiving and storing a

plurality of empty tape reels. In other words, tapes are not

wound around the tape reels.

The first elevator holder module 1s configured for moving es-
sentially 1n the wvertical direction. The first elevator holder
module 1s used for receilving the plurality of empty tape

reels, one tape reel at a time, from the 1nput reel station.

The first elevator holder module then moves the received empty

tape reels essentilally downwards 1n the vertilical direction to

an elevator reel work position.

The spooler module 1s adapted for moving essentially 1n the

horizontal direction. The spooler module 1s used for receiving

the empty tape reel at the elevator reel work position from

the first elevator holder module.
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The tape 1nsertilion module 1s provilided for recelvling a moving

carriler tape from the tape and reel machine and for guiding

the received moving carrlier tape.

The spooler module 1s also provided for positioning the empty

tape reel to recelve the moving carrier tape from the tape and

reel machiline, and for colllng the moving carriler tape around a

hub of the tape reel to form a coiled tape reel.

The second elevator holder module 1s adapted for moving essen-

tially 1n the vertical direction. The second elevator holder
module 1s 1ntended for receiving the colled tape reel, at the
elevator reel work position, from the spooler module. The sec-
ond elevator holder module then moves the colled tape reel
downwards essentially, 1n the vertical direction, to an eleva-

tor reel unloading position.
The output reel station then receilves the coiled tape reel, at
the elevator reel unloading position, from the second elevator

holder module.

The control unit 1s adapted to direct movement of the first

elevator holder module, movement of the spooler module, move-

ment of the tape 1nsertion module, and movement of the second

elevator holder module.

The automated reel changer provides a benefit 1n that i1t can

recelve multiple tape reels without operator support or 1nter-

vention. In other words, the automated reel changer acts to

save labor cost.

The automated reel changer can 1nclude a sticker module for

placing a sticker onto an end portion of the carriler tape that

1s provided for coiling around the hub of the tape reel.
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The automated reel changer can also 1nclude a bar code scanner

for retrieving 1nformation from a bar code label of the tape

reel regarding the tape reel. The 1nformatilion can relate to a
data of the tape reel, such as width. The 1nformation can then

be used to operate the automated reel changer.

The control unit can include a port for communicating with a

computer server. The computer server can be provided by a com-

puting cloud.

The automated reel changer can also 1nclude a roller arm mod-

ule for pressing the moving carrier tape that 1s provided for

colling around the hub of the tape reel.

The applicatilion also provides a tape and reel unit. The tape-
and—-reel unit i1ncludes a tape and reel machlne, the above-de-

scribed automated reel changer, and an automated guilided wvehi-

cle (AGV).

In use, the automated reel changer acts to receive a carrilier

tape from the tape and reel machine. The automated reel

changer then coilils the carrier tape around a hub of a tape

reel to form a coilled tape reel.

The automated guided vehicle (AGV) 1s used for transporting

the coiled tape reel from the automated reel changer to a pre-

determined location.

The automated gulded vehicle can provide a safe and predicta-

ble method of delivering the tape reels, while avoldiling i1nter-

ference with human and bullding factors. The automated guided
vehicle can operate almost around the clock, without the need

for breaks and wvacation time.
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a plurality of empty tape reels to the automated reel changer,
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wherein these tape reels are used for receiving the carriler

tape.

The application also provides a tape and reel unit. The tape-

and—-reel unit 1ncludes a tape and reel machine, the above-de-

scribed automated reel changer, and a computer server

The automated reel changer 1s used for recelving a carriler

tape from the tape and reel machine and for colling the car-

rier tape around a hub of a tape reel to form a coiled tape

reel.

The computer server includes a first communication port and a

second communication port. The first communication port 1s

used for exchanglng data with a control unit of the automated
reel changer. The second communilcation port 1s used for ex-
changing data with a user computing device, such a computling

laptop or a handphone.

A user can send commands from the computing device to the con-
trol unit of the automated reel changer via the computer

server. In one example of thils arrangement, the user sends

commands for performing remote diagnostic of the tape and reel

unit.

The control unit can also send an alert using emaill (elec-
tronlc emall) or messages such as SMS (Short Messaglng System

to the user via the computer server.
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The first communication port and/or the second communication

port can 1nclude a wireless communication module for providing

a wlreless means for transferring data.

The first communication port and/or the second communication

port can also 1nclude a wired communication module for provid-

1ng a wired means for transferring data.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

10

11llustrates a diagram of an 1mproved automated out-

put reel changer that 1s connected to a tape and

reel machine,

1llustrates a rear view of the i1mproved automated

output reel changer of Fig. 1 without housing covers
of the 1mproved automated output reel changer,

11llustrates a perspective view of an 1nput reel sta-

tilon and an output reel station of the 1mproved au-

tomated output reel changer of Fig. 1,

11lustrates a side view of the 1nput reel station

and the output reel station of Fig. 3,

11llustrates a side schematic view of the i1mproved

automated output reel changer of Fig. 1,

11lustrates a front schematic view of the i1mproved

automated output reel changer of Fig. 5,

11llustrate a perspective view of a bar code scanner

module of the 1mproved automated output reel changer

of Fig. 1, whereln the bar code scanner module 1s

placed next to a tape reel,

11llustrates a flow chart of a method for operating

the 1mproved automated output reel changer of Fig.
L,

1llustrates a part of a tape 1nsertion module of the

improved automated output reel changer of Fig. 1,

11l1lustrates another embodiment of the 1mproved auto-

mated output reel changer of Fig. 1,
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Fig. 11 1llustrates various positions of a moving tape reel

when operatling the improved automated output reel

changer of Fig. 1, and

Fig. 12 11llustrates an 1ntegrated system that i1ncludes the
improved automated output reel changer and the tape

and reel machine of Fig. 1.

In the followling description, detaills are provided to de-

scribe embodiments of the application. It shall be apparent to

one skilled 1n the art, however, that the embodiments may be

practiced without such detaills.

Some parts of the embodiment have similar parts. The similar

parts may have the same names or simllar part numbers. The de-
scription of one similar part also applies by reference to an-
other similar part, where appropriate, thereby reducing repe-

tition of text without limiting the disclosure.

Figs. 1 and 2 show an improved automated output reel changer
1, which 1s mechanically connected to a tape and reel machine
5. The 1mproved automated output reel changer 1 1s also elec-
trically connected to the tape and reel machiline 5 through

electrical wilires 8.

The automated output reel changer 1 1ncludes an i1nput reel

station 10, a first elevator holder module 13, a tape 1nser-

tion module 16, a spooler module 18 with a roller arm module

20, with a bar code scanner module 21, and with a sticker mod-
ule 22, a second elevator holder module 23, and an output reel
station 26 as well as a control unit 28. The bar code scanner

module 21 1s also called a code reader.

The 1nput reel station 10 1s located next to the first eleva-

tor holder module 13, which 1s located next to the spooler

PCT/5G2019/050144



10

15

20

25

30

WO 2019/177542 PCT/5G2019/050144

module 18. The spooler module 18 1s located next to the roller
arm module 20 and next to the tape i1nsertion module 16. The
spooler module 18 1s also located next to the bar code scanner
module 21 and next to the sticker module 22. The spooler mod-
ule 18 1s also located next to the second elevator holder mod-
ule 23, which 1s located next to the output reel station 26.
The control unit 28 1s electrically connected to the 1nput

reel station 10, to the first elevator holder module 13, to

the tape 1nsertion module 16, to the spooler module 18, to the

roller arm module 20, and to the second elevator holder module

23. The control unit 28 1s also communicatively connected to a

control unit of the tape and reel machine 5.

As better seen 1n Filgs. 3 and 4, the input reel station 10
comprilses an empty reel swiling drawer 30, a drawer spilndle

shatft 32, a drawer reel presence sensor 35, a drawer tape reel

linear actuator 38, and a tape reel stopper 39.

The drawer spindle shaft 32 and the drawer reel presence sen-
sor 35 are placed 1nside the swing drawer 30. The drawer reel
presence sensor 35 and the drawer tape reel linear actuator 38
are electrically connected to the control unit 28. When the
empty reel swing drawer 30 1s placed 1n a drawer closed posi-
tion, the tape reel stopper 39 1s located near a distal end of

the drawer spindle shaft 32 and the distal end of the drawer

spindle shaft 32 1s located between a proximal end of the

drawer splndle shaft 32 and the position of the tape ree.

stopper 39.

The spindle shaft 32 has a length that 1s sized to receilve

multiple tape reels 33 1n a stack.
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The spindle shaft can be sized to receive 20 pilieces of tape

reels, which are adapted for carryving 8 mm (millimeter) car-

rier tape. In other words, the carrilier tape has a width of 8

ITUTL

Alternatively, the spindle shaft can also be sized to receilve
15 pleces of tape reels, which are adapted for carrying 12 mm

carrier tape.

The tape reel stopper 39 1ncludes an alr cylinder and a mova-

ble stopper element, which 1s connected to the ailir cylinder.

The ailr cylinder 1s electrically connected to the control unit

23 .

In another embodliment, the spindle shaft 1s sized to receilve

10 pieces of tape reels, which are adapted for carrving 16 mm

carriler tape.

Referring to Figs. 5 and 6, the first elevator holder module

13 1ncludes a first vertically movable elevator reel holder

40, a first elevator reel holder linear actuator 43, a first

elevator reel presence sensor 45, and a first elevator tape

reel] linear actuator 48.

The first elevator reel holder linear actuator 43 1s connected

to the first wvertically movable elevator reel holder 40 and 1t

1s electrically connected to the control unit 28.

The first elevator reel presence sensor 45 1s electrically

connected to the control unit 28 and 1t 1s placed near to the

first elevator reel holder 40.

The first elevator tape reel linear actuator 48 1s also elec-

trically connected to the control unit 28.
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Referring to the tape 1nsertion module 16, 1t comprilises an 1n-

comling tape guide track 50 with a tape i1ndexer 51, a rotatable
tape 1nsertion gulde track 52 with a rotating shaft, an 1lnser-
tlon gulde track rotary actuator 54, a tape presence sensor
56, and a reel slot detection sensor 58. The tape 1ndexer 51

includes a sprocket wheel.

One end of the rotatable tape 1nsertion guide track 52 1s po-
sitioned next to one end of the i1ncoming tape guilde track 50.
The 1ncoming tape guilde track 50 1s placed above the tape 1n-

dexer 51, which 1s electrically connected to the control unit

23 .

The i1nsertion gulde track rotary actuator 54 1s electrically
connected to the control unit 28. The i1nsertion gulde track
rotary actuator 54 1s also connected to the rotatable tape 1n-

sertion gulde track 5H2.

The tape presence sensor 56 1s electrically connected to the
control unit 28 and 1t 1s located next to the i1ncoming tape

gulde track 50.

The reel slot detection sensor 58 1s electrically connected to

the control unit 28 and 1t 1s located at a distal end of the

rotatable tape 1nsertion guide track 52.

Referring to the spooler module 18, 1t 1ncludes a spooler reel

holder 60, a spooler motor 71, a spooler motor linear actuator
/13, a spooler reel presence sensor o6b, and a spooler tape reel

linear actuator 68.
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The spooler reel holder 60 1s connected to the spooler motor

71. The spooler motor 71 1s also connected to the spooler mo-

tor llinear actuator 73. Both the spooler motor 71 and the

spooler motor linear actuator 73 are electrically connected to
the control unit 28. The spooler motor 71 1ncludes a sprocket

wheel for engaging with sprocket openings of a carrier tape.

The spooler motor linear actuator 73 1s configured to move the

spooler motor 71 with the spooler reel holder 60 horizontally.

The spooler reel presence sensor 66 1s electrically connected

to the control unit 28 and 1t 1s located next to the spooler
reel holder 60. The spooler tape reel lilinear actuator 68 1s

also electrically connected to the control unit 28.

The roller arm module 20 1ncludes a roller arm 76 and a roller

arm rotary actuator 78. The roller arm rotary actuator 78 1s
connected to the roller arm 76 and 1t 1s electrically con-

nected to the control unit 28.

Referring to the bar code scanner module 21, 1t 1s configured

to retrieve 1nformation from a one-dimensional (1D) bar code

label or from a two-dimensional (2D) bar code label, which 1is
provided on a surface of a tape reel 33, as shown 1n Fig 7.

The bar code scanher module 21 then sends the retrieved i1nfor-

mation to the control unit 28. In one 1mplementation, the bar

code scanner module 21 1s confilgured to read or detect a bar

code label that has a rectangular area of not more than 37

milllimeter (mm) by 57 mm and that i1s placed within about 90 mm

to 100 mm from the bar code scanner module Z21.

Referring to the second elevator holder module 23, 1t 1ncludes
a second vertically movable elevator reel holder 80, a second

elevator reel holder linear actuator 83, a second elevator
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reel presence sensor 85, and a second elevator tape reel lin-

ear actuator 88.
The second elevator reel holder linear actuator 83 1s con-—
nected to the second vertically movable elevator reel holder

80 and 1t 1s electrically connected to the control unit 28.

The second elevator reel presence sensor 85 1s electrically

connected to the control unit 28 and 1t 1s placed near to the

second elevator reel holder 0.

The second elevator tape reel linear actuator 88 1s also elec-

trically connected to the control unit 28.

Referring to the output reel station 26, 1t 1ncludes a drawer

90 and a drawer reel presence sensor 93. The drawer reel pres-
ence sensor 93 1s placed near to the drawer 90. The drawer

reel presence sensor 93 1s electrically connected to the con-

trol unit 28.

The automated output reel changer 1 further i1ncludes a machine
status i1ndicator light unit 37, which 1s electrically con-
nected to the control unit 28. The machine status i1ndicator

light unit 37 i1ncludes a plurality of light sources for emit-

ting different colour 1lights.

The automated output reel changer 1 also 1ncludes a human ma-

chine interface (HMI) panel 97, which 1s shown 1n Figs. 2 and

3. The HMI 1nterface 97 1s electrically connected to the con-

trol unit 28. The HMI panel 97 includes a display for display-
1ng, for example, machlne status and for receilving 1nstruc-

tions from a user.

PCT/5G2019/050144
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Fig. 8 shows a flow chart 200 of a method for operating the

improved automated output reel changer 1.

The method 1ncludes a step 210 of loading a plurality of empty

tape reels 33 to the 1nput reel station 10. In detaill, a user
opening the swing drawer 30 of the 1nput reel station 10 to
place the swing drawer 30 1n a drawer open position, wherein

the drawer spilindle shaft 32 of the swing drawer 30 essentially

extends vertically.

The user later places a plurality of empty tape reels 33 1n
the swilng drawer 30 such that the empty tape reels 33 are es-
sentially 1n a vertical stack and that the drawer spindle
shaft 32 essentially extends vertically through the central
openings of the hubs of the empty tape reels 33.

The user later places the swing drawer 30 of the input reel

station 10 1n a drawer closed position, wherein the empty tape

reels 33 are essentially 1n a horizontal stack and the drawer

spindle shaft 32 essentially extends horizontally through the

central openings of the hubs of the empty tape reels 33. The

empty Tape reels 33 are placed next to the tape reel stopper
39, wherein the stopper element of the tape reel stopper 39
acts to touch and stop the empty tape reels 33 from moving

away from the drawer spilindle shaft 32.

The drawer reel presence sensor 35 of the 1nput reel station
10 then detects a presence of the empty tape reels 33, which
are loaded or placed 1nside the swing drawer 30, and 1t later
sends a signal about the presence of the empty tape reels 33

to the control unit 28.

In a next step 220, one of the empty tape reels 33 1s trans-

ferred to the first elevator holder module 13. In detail,

PCT/5G2019/050144



10

15

20

25

30

WO 2019/177542

15

the alr cylinder of the tape reel stopper 39 1s activated by
the control unit 28 to move the stopper element away from the
empty tape reels 33 1n a direction that 1s essentially paral-

lel to a major surface of the empty tape reel 33. The first

elevator reel holder linear actuator 43 of the first elevator

holder module 13 1s then activated by the control unit 28 to

move the first elevator reel holder 40 of the first elevator

holder module 13 essentially 1n the vertical direction to a

predetermined elevator reel loading position 100, which 1is

better seen 1n Fig. 11. At this position, the first elevator

reel holder 40 1s placed next to the empty tape reels 33,

which are located 1n the swing drawer 30.

After this, the drawer tape reel linear actuator 38 of the 1n-
put reel station 10 1s activated by the control unit 28 to

push the empty tape reels 33 1n the swing drawer 30 essen-

ti1ally 1n the horizontal direction towards the first elevator

reel holder 40 of the first elevator holder module 13.

The first elevator reel holder 40 later receives one tape reel
of the empty tape reels 33, which 1s placed adjacent to the

first elevator reel holder 40.

The first elevator reel presence sensor 45 of the first eleva-

tor holder module 13 later detects a presence of the tape reel

33 1n the first elevator reel holder 40 and 1t afterward sends

a signal about the presence of the tape reel 33 to the contro.

unit 28.

In a subsequent step 230 of moving the first elevator holder

module 13 to a predetermined elevator reel work position 105.

In detail, the first elevator reel holder linear actuator 43

of the first elevator holder module 13 1s activated by the

control unit 28 to move the first elevator reel holder 40 with

PCT/5G2019/050144
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the received empty tape reel 33 essentially 1n the downward

vertlical direction to place the first elevator reel holder 40

at the predetermined elevator reel work position 105.

Referring to the spooler module 18, after this, the spooler
motor linear actuator 73 of the spooler module 18 1s activated
by the control unit 28 to move the spooler reel holder 60 of

the spooler module 18 to a predetermined spooler reel holder

standby position 110, which 1s located next to the predeter-

mined elevator reel work position 105.

The first elevator tape reel linear actuator 48 1s then acti-

vated by the control unit 28 to push the empty tape reel 33 1in

the first elevator reel holder 40 of the first elevator holder

module 13 towards the spooler reel holder 60 of the spooler

module 18.

The spooler reel holder o0 of the spooler module 18 atfterward
recelves the empty tape reel 33 from the first elevator reel

holder 40, 1n a step 240.

The spooler reel presence sensor oo of the spooler module 13
later detects a presence of the empty tape reel 33 1n the
spooler reel holder 60 of the spooler module 18, and 1t sends

a signal about the presence of the empty tape reel 33 to the

control unit 28.

The scanner module 21 also reads or senses a bar code label
that 1s provided on a surface of the tape reel 33, 1n a step
245. The bar code label contalns informatilon about the tape

reel 33, which can be used for i1nventory control and component

traceabi1lity.

PCT/5G2019/050144
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The spooler motor linear actuator 73 of the spooler module 18
1s then activated by the control unit 28 to move the spooler

reel holder 60 with the empty tape reel 33 essentially 1n the

horizontal direction from the predetermined spooler reel

holder standby position 110 to a predetermined spooler tape

recelving position 115.

The first elevator reel holder linear actuator 43 of the first

elevator holder module 13 1s then activated by the control

unlit 28 to move the first elevator reel holder 40 1n the up-

ward vertical direction to move the first elevator reel holder

40 to the predetermined elevator reel loading position 100

from the predetermined elevator reel work position 105.

Referring to the tape and reel machine, 1t later moves a flex-

1ble carriler tape with a predetermined length, 1n a step 260,

wherein a sprocket wheel of the tape and reel machlne engages

wlith sprocket openings or with 1ndexing holes of the carrier

tape 1n order to move the carrier tape. The carrier tape 1n-

cludes pockets, which contaln semiconductor die, whereln the

pockets are sealed with a cover tape.

With respect to the tape i1nsertion module 16, a leading end

portion of the carrier tape then shifts to the i1ncoming tape

gulde track 50. The sprocket wheel of the tape 1ndexer 51 af-

cerward engages wlth 1ndexing holes of the carriler tape to

move the carrier tape to the rotatable tape 1nsertion guide

track 52 of the tape 1nsertion module 16.

The leading end portion of the moving carrier tape later

reaches a distal end of the tape i1nsertion guide track 52.
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The tape presence sensor 56 of the tape 1nsertion module 16

later detects a presence of the carrier tape leading end por-

tion at the distal end of the tape i1nsertion guide track 5Z

and 1t afterward sends a signal about thils presence of the

carrier tape to the control unit 28.

The control unit 28 subsequently sends a stop signal to the

tape and reel machline, whereln the tape and reel machiline then

stops moving the carrier tape.

The 1nsertion gulde track rotary actuator 54 of the tape 1n-
sertion module 16 1s later activated by the control unit 28 to

rotate the distal end of the tape i1nsertion guide track 52

with the leading end portion of the carrier tape about 1ts ro-

tating shaft by a predetermined angle of about 45 degrees.

The spooler motor 71 of the spooler module 18 1s later acti-

vated by the control unit 28 to rotate the tape reel 33. When
the reel slot detectilion sensor 58 of the tape 1nsertion module
lo detects a presence of the slot of the hub of the empty reel
at a predetermined reel angular position, as shown 1n Fig. 9,
later sends a signal about the presence of the slot of the hub
of the empty tape reel 33 to the control unit 28. The control

unit 28 later sends a signal to the spooler motor 71 to stop

rotating the tape reel 33.

The control unit 28 later sends a start signal to the tape and
reel machine, whereln the tape and reel machine then resumes

moving the carrier tape.

The leading end portion of the moving carriler tape 1s then

moved and 1s 1nserted 1nto the slot of the hub of the tape

reel 33.
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With respect to the roller arm module 20, the rotary actuator
of the roller arm module 20 1s then activated by the control

unlit 28 to rotate the roller arm 76 from a predetermlined

roller arm standby position to a predetermined roller arm work

poslitlion, wherein a distal end of the roller arm 76 presses a

part of the carrier tape, which 1s located near to the slot of

the hub of the tape reel 33.

The pressing of the roller arm 76 onto the carrier tape acts

to press a part of the carrier tape onto the slot of the hub

of the empty tape reel 33 such that the hub grips the carrier

tape by frictional forces. In other words, this pressing pre-

vents the carrier tape from belng loose. This 1s useful, espe-

cially during a later coiling of the carrier tape.

The spooler motor linear actuator 73 1s later activated by the
control unit 28 to move the spooler motor 71 essentially in
the horizontal direction from the predetermined spooler tape

recelving position 115 to a predetermilined spooler tape colliling

position 120, wherein the spooler motor 71 engages with the

tape reel 33, which 1s placed 1n the reel holder of the

spooler module 16.

The spooler motor 71 1s later activated by the control unit 28

to rotate the tape reel 33, whereln the rotation of the tape

reel 33 acts to coill the carrier tape around the hub of the

tape reel 33, 1n a step 270. The sprocket wheel of the tape
1ndexer 51 afterward dilisengages with i1ndexing holes of the

carrlier tape.

When the predetermined length of the carrier tape 1s wound
around the tape reel 33, the tape reel 33 1s full, and the

tape presence sensor 56 of the tape i1nsertion module 16 stops

detecting the presence of the carrier tape at the distal end

PCT/5G2019/050144



10

15

20

25

30

WO 2019/177542

20

of the tape i1nsertion gulde track 52 and 1t afterward sends a

signal about this absence of the carrier tape to the control

unit 28.

The spooler motor 71 1s then activated by the control unit 28

to stop rotating the tape reel 33.

The sticker module 22 later places a sticker onto a trailing

end portion of the carrier tape, which 1s belng wound around

the hub of the tape reel 33. The sticker acts to adhere or

stick the trailing end portion onto a part of the carrier tape

such that the carrier tape remalns being coilled around the

tape reel 33. In other words, the carrier tape 1s not 1n a

loose form.

The rotary actuator of the roller arm module 20 1s afterward

activated by the control unit 28 to rotate the roller arm 76

from the predetermined roller arm work position to the prede-

termined roller arm standby position.

The spooler motor linear actuator 73 of the spooler module 18

1s then activated by the control unit 28 to move the spooler

reel holder 60 of the spooler module 18 with the full tape

reel 33 essentially in the horizontal direction from the pre-

determined spooler tape collling position 120 to the predeter-

mined spooler reel holder standby position 110.

Referring to the second elevator holder module 23, the second

elevator reel holder linear actuator 83 1s then activated by
the control unit 28 to move the second elevator reel holder 80
of the second elevator holder module 23 to the predetermined
elevator reel work position 105, which next to the predeter-

mined spooler reel holder standby position 110.

PCT/5G2019/050144
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The spooler tape reel linear actuator 68 1s then activated by
the control unit 28 to push the full tape reel 33 1n the
spooler reel holder 00 of the spooler module 18 towards the

second elevator reel holder 830 of the second elevator holder

module 2Z23.

The second elevator reel holder 80 of the second elevator

holder module 23 afterward receives the full tape reel 33 from

the spooler reel holder 60 of the spooler module 18, 1n a step

230.

The second elevator reel presence sensor o of the second ele-
vator holder module then detects a presence of the full tape
reel 33 1n the second elevator reel holder 80 of the second
elevator holder module, and 1t sends a signal about the pres-

ence of the full tape reel 33 to the control unit 28.

The second elevator reel holder linear actuator 83 of the sec-
ond elevator module 1s then activated by the control unit 28
to move vertilically downwards the second elevator reel holder
80 from the predetermined elevator reel work position 105 to a

predetermined elevator reel unloading position 125, 1n a step

290.

In a subsequent step 300, the second elevator tape reel linear

actuator 88 of the second elevator holder module 18 activated

by the control unit 28 to push the full tape reel 33 1n the

second elevator reel holder 80 to a drawer 90 of the output

reel] station 26.

When the drawer reel presence sensor 93 detects that the

drawer 90 1s filled wilith a predetermined number or fully

filled with the full tape reels 33, the drawer reel presence

sensor 93 sends a detection signal to the control unit 28. The
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control unit 28 later activates the machine status 1ndicator

light unit 37 to emit, for example, red light to alert the

user to remove these full tape reels 33.

The user can then also place empty tape reels 33 1n the swing

drawer 30 of the 1nput reel station 10.

In another embodiment, the automated output reel changer 1 1s

adapted to work cooperatively with an automated guided wvehicle

(AGV), as 1llustrated 1n Fi1g. 10. The automated guided wvehicle

refers to a movable robot that uses, for an example, computer
vision for navigation. The automated guided wvehilcle can then

load multiple empty tape reels 1nto the swing drawer 30 of the

1nput reel station 10 as well as removing full tape reels from

the drawer 90 of the output reel station 26.

Fig. 12 shows an 1ntegrated system 400. The integrated system
400 1ncludes the automated output reel changer 1 and the tape

and reel machine 5 of Fig. 1.

The output reel changer 1 1ncludes the control unit 28 with a
communication port 28C. The communication port 28C 1s communl-
catively connected to a cloud computing system 405 by a wire-

less means 406, such as Wif1.

The cloud computing system 405 1s also communicatively con-

nected to a user moblle device 408, such as moblle phone and a
user computing device 411, such as a laptop or a desktop com-

puter.

The cloud computling system 405 comprilises one or more comput-

crs.

PCT/5G2019/050144
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In a general sense, the communilication port 28C can also be

communicatively connected to the cloud computing system 405 by

a wilired means, such as Ethernet cables.

In use, the communication port 28C allows transfer of i1infor-
mation between the control unit 28 and the cloud computling

system 4005.

The cloud computling system 405 also enable transfer of 1nfor-
mation between the control unit 28 and the user mobilile device
408 as well as transfer of information between the control

unit 28 and the user computing device 411.

A software application of the user mobilile device 408 and/or
the user computing device 411 allows a user to view reports or

data from the output reel changer 1. The data can be 1n the

form of a table or a graph, which can be exported 1n the Mi-

crosoft Excel format.

The software application also allows the user to send commands

or 1nstructions to the output reel changer 1. In one example,

the software application enables the user to perform remote

dlagnostic of the integrated system 400.

The software application can also send an alert using emaill
(electronic emall) or messages such as SMS (Short Messagiling

System.

The embodiments can also be described with the followlng lists
of features or elements belng organized 1nto an i1tem list. The
respective comblnations of features, which are disclosed 1n

the 1tem list, are regarded as 1ndependent subject matter, re-

spectively, that can also be comblined with other features of

the application.

PCT/5G2019/050144
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1. An automated reel changer for a tape and reel machine,

the automated reel changer comprising

— an 1nput reel station for receilving a plurality of

5 tape reels,

— a movable first elevator holder module for receilving
the plurality of tape reels from the 1nput reel sta-

tion and for moving the tape reels essentially down-

wards to an elevator reel work position,

10 — a movable spooler module for receiving the tape ree.

at the elevator reel work position from the first

elevator holder module,

— a tape 1nsertion module for receiving a carrier tape

from the tape and reel machiline and for guiding the

15 carrier tape,

wherein the spooler module 1s further provided for

positioning the tape reel to receilive the carriler

tape from the tape and reel machine, and for coiling

the carrier tape around a hub of the tape reel to
20 form a coilled tape reel,
— a movable second elevator holder module for receiv-—

1ng the coiled tape reel from the spooler module and

for moving the coilled tape reel essentlally down-
wards to an elevator reel unloading position,

25 — an output reel station for receiving the coiled tape

reel from the second elevator holder module, and

— a control unit,

wherein the control unit 1s adapted to direct move-

ment of the first elevator holder module, movement

30 of the spooler module, movement of the tape 1nser-
tion module, and movement of the second elevator

holder module.
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2 . The automated reel changer according to i1item 1 further
comprilsing

a sticker module for placing a sticker onto an end por-

tion of the carrier tape that 1s provided for coiling

5 around the hub of the tape reel.

3. The automated reel changer according to i1tem 1 or 2 fur-

ther comprising

a bar code scanner for retrieving 1nformation from a bar

10 code label of the tape reel regarding the tape reel.

4. The automated reel changer according to one of 1tems 1 to
3, wherein
the control unit comprises a port for communicating with

15 a computer server.

0. The automated reel changer according to one of 1tems 1 to
4 further comprising

a roller arm module for pressing the moving carrilier tape

20 that 1s provided for coiling around the hub of the tape
reel.
6 . A tape and reel unit comprising

a tape and reel machine,

25 an automated reel changer of one of 1tems 1 to 5 for

recelving a carriler tape from the tape and reel machine

and for coilling the carrier tape around a hub of a tape

reel to form a coilled tape reel, and

an automated guided vehicle (AGV) for transporting
30 the colled tape reel from the automated reel changer to a

pre—determined location.

7. The tape and reel unit accordiling to 1tem 6, whereiln
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the automated guided wvehilcle (AGV) 1s further adapted for
transporting a plurality of tape reels to the automated

reel changer.

A tape and reel unit comprising
a tape and reel machine,
an automated reel changer of one of 1tems 1 to 5 for

recelvling a carriler tape from the tape and reel machine

and for coilling the carrier tape around a hub of a tape

reel to form a colled tape reel, and

a computer server comprising a first communication

port for exchanging data with a control unit of the auto-
mated reel changer and a second communication port for

exchanging data with a user computing device.

The tape and reel unit according to 1tem 8, whereiln
the first communication port and/or the second communica-

tlon port comprises a wilreless communication module.

The tape and reel unit according to i1item 8 or 9, wherein
the first communication port and/or the second communica-

tlon port comprilises a wilred communilcatlon module.

Although the above description contains much specificity, this

should not be construed as limiting the scope of the embodili-

mern

Cs but merely providing 1llustration of the foreseeable em-

bodiments. The above-stated advantages of the embodiments

should not be construed especlally as limiting the scope of

the embodiments but merely to explaln possible achievements 1f

the described embodliments are put into practice. Thus, the

scope of the embodiments should be determined by the claims

and thelr eqgquivalents, rather than by the examples given.

PCT/5G2019/050144
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1. An automated reel changer for a tape and reel machine,

the automated reel changer comprising

an input reel station for receiving a plurality of
tape reels,

a reel presence sensor for detecting a presence of
at least one of the plurality of tape reels,

a movable first elevator holder module for receiving
the plurality of tape reels from the input reel sta-
tion and for moving the tape reels essentially down-
wards to an elevator reel work position,

a movable spooler module for receiving the tape reel
at the elevator reel work position from the first
elevator holder module,

a tape insertion module for receiving a carrier tape
from the tape and reel machine and for guiding the
carrier tape,

wherein the spooler module is further provided for
positioning the tape reel to receive the carrier
tape from the tape and reel machine, and for coiling
the carrier tape around a hub of the tape reel to
form a coiled tape reel,

a movable second elevator holder module for receiv-
ing the coiled tape reel from the spooler module and
for moving the coiled tape reel essentially down-
wards to an elevator reel unloading position,

an output reel station for receiving the coiled tape
reel from the second elevator holder module, and

a control unit,

wherein the control unit is adapted to direct move-

ment of the first elevator holder module, movement
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of the spooler module, movement of the tape inser-
tion module, and movement of the second elevator

holder module.

The automated reel changer according to claim 1 further
comprising

a sticker module for placing a sticker onto an end por-
tion of the carrier tape that is provided for coiling

around the hub of the tape reel.

The automated reel changer according to claim 1 further
comprising
a bar code scanner for retrieving information from a bar

code label of the tape reel regarding the tape reel.

The automated reel changer according to claim 1, wherein
the control unit comprises a port for communicating with

a computer Server.

The automated reel changer according to claim 1 further
comprising

a roller arm module for pressing the moving carrier tape
that is provided for coiling around the hub of the tape

reel.

A tape and reel unit comprising

a tape and reel machine,

an automated reel changer of claim 1 for receiving a
carrier tape from the tape and reel machine and for coil-
ing the carrier tape around a hub of a tape reel to form
a coiled tape reel, and

an automated guided vehicle (AGV) for transporting
the coiled tape reel from the automated reel changer to a

pre-determined location.
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The tape and reel unit according to claim 6, wherein
the automated guided vehicle (AGV) is further adapted for
transporting a plurality of tape reels to the automated

reel changer.

A tape and reel unit comprising

a tape and reel machine,

an automated reel changer of claim 1 for receiving a
carrier tape from the tape and reel machine and for coil-
ing the carrier tape around a hub of a tape reel to form
a coiled tape reel, and

a computer server comprising a first communication
port for exchanging data with a control unit of the auto-
mated reel changer and a second communication port for

exchanging data with a user computing device.

The tape and reel unit according to claim 8, wherein
the first communication port and/or the second communica-

tion port comprises a wireless communication module.

The tape and reel unit according to claim 8, wherein
the first communication port and/or the second communica-

tion port comprises a wired communication module.



