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[ABSTRACT]

When this robot was used to make 1,000 beam reinforcing bars for
the B building of the Okawabata River City 21 in Tokyo, it incr-
eased production efficiency by 50 percent compared to skilled
manual labor.

Usually a team of three rebar workers set stirrup bars around
the main reinforcing bars and bind them together with iron wire.
However,due to the increase in construction projects and the ag-
ing of construction workers, there is now a serious shortage of
rebar workers in Japan.

This robot developed by Taisei is 8.5 meters long, 1.7 meters
high and 1.5 meters wide and weighs 3.5 tons. It consists of a
machine base with rails and a mobile cart carring a bar placeme-
Bt device and an automatic binding device.

Then, this robot has been actively followed in the industry for
Plefabrication, normalization, standardization of materials and
Bechanization of actual construction work and, furthermore, the
implementation of CAD/CAM in some trades, is basically the same

in outline as the development of production technology.
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ent situation when the shortage of Skilleg

In the p;esb ing felt more and more Seriously, thijg Tobot
workers lSd eo that skilled workers could be assigned t,
was plann;'c:ted tasks, such as panel-zones at the Interf,_
NS SRRD lcolumns and beams, by mechanizing simple Tepet.
ce betyesz such as the fabrication of beam reinforcing bars
;;:u:ogiowing three factors Qere chosen as the basis of dev.
elopment policy before tackling the work:

1 The robot should be €aslily operable by anyone
after simple handling training.

2 The robot should require only one operator.

3 By mechanizing operations, the accuracy of bean
reinforcement fabrication should be gquaranteed.

This technology was designed specifically to be used far the
PC beam reinforcing bars of the Ohkawabata River City 21
Building which is currently under construction at Chuau-ky
in Tokyeo. '

Three types of beam are used in the construction although
all are approximately the same in shape, and about 1000
beams in total. |

The stirrups for the beams are closed ring stirrups of diff-
erent design from the conventional hook specification.

2 . Fabrication < £ E)K‘E!EiE;S:Eaﬁlb)l.eyd
r-e:i_rxffc:r‘c:i_rmgy bar umn i t

2-1i Conventional operation
In recent Years, the construction industry has made widespr-

2-2 Scope of automation
Although al1l the following Processes are involved in fabric-

ating PC beams, the rocbot has heen able to autmate steps 4
to 9

1 Cutting ang bending of ma.n Feinforcing bars

2 Cutting ang bending ofrelnforclg bars ftor stirrups
3 Placing top main relnforCLng bar

4 Marking Position of Stirrup barsg
5
6

Placing ot Stirrup bars

Binding !Ntersections between main reinforcing bars and
Stjrrup bars
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7 Placing of bottom main reinforcing bar 1nside stirrup
bars

g Binding of hooks at both ends of top and bottom main
reinforcing bars

9 ginding of 1ntersections between bottom main reinforcing
pbars and stlrrup bars

30 Lifting and placing into fermwork

t1 Placing of ready-mixed concrete

12 Curing
13 sStripping of formwork, raising, and installation

3 . Description of Mechanizm

3-1 Complete mechanism

In general, the mechanism consists of a base that carries
the complete machine, a stirrup holder that dravws the stirr-
up bar into the erection device, a Stirrup bar erection
device, and two automatic binding machines, upper and lower.
There 1s also a robot carriage that carries the binding
wires, manipulator with bindig machines, an upper main rein-
forcing bar support arm that supports the top main reinforc-
ing bar, a lower main reinforcing bar support arm that supp-
orts the bottom main reinforcing bar, and a power supply
(refer to Fi19-1, Photo-1, Photo-2).
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Photo-2 Robot carriage

— .
hoto- General view of rein-
forcing bar fabricating Robot

—203—




Table-1 show the major specifications.

3-2 Automatic binding machine

There are various methods of binding the reinforcing bars,
including the use of wires, resin bands, binding by Press.
ing with steel plates, and welding. With these Yariouys

binding methods, there many problems to be solved,
ularly in terms of the supply of binding materials, jf they
are to be incorporated intoc an automated robot . Binding by
welding is not considered suitable as it means Heat tragt.
ment on bars that will be load bearing

Pertyc.

The method of binding using steel wires wasg adoptegd after
considering the reliability, ease, and economy of automat -
cally supplying the binding materials {refer to Photo-3)

The main unit consists of a mechanism that feeds a Certain
length of binding wire from a reel, a mechanical S¥ystem that
guides the binding wires, and a mechanism that twists the
steel binding wire. During binding, the guide clips the
main bar and the stirrup bar together, feeds a designategd
length of binding wire through the guide, and cuts it of f
simultaneously with the twisting operation.

Beam reinforcing bars fabricated using automatic binding
machine were tested for durability by applving external
bending, torsien, and tens:ion forces,

and no deformatians
nor binding failures were observed.

Table- | Major specifications
Size of corresponding
height 300 s - 500 mm
Capacity length 4,000 am - 6,000 on
vidth 250 am - 400 mm
Minfwum pitch of stirrup bar 75 am
Corresponding main bar D19 - D25
Corresponding stirrup bar D10 - Dl
Binding time per joiat 4 seconds
Hain body drive moter 00V 1.5 kv
Pover source llydraulle power unit 200V 7.5 kv
Alr compressor 200V 1.5 kv
Binding machine sliding table 100V 0.2 kv x 2
Automatic binding machine 100V 0.1 kv x 2
External
disensions 1700 wall x 8500 maL x 1500 emv
Overall velght 1.5 tons

Photo-3 Binding machine
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1-3 Operaticonal flow

Select beam specification using selection buttons on
control panel.

Place sticrup bar in stirrup holder.

e

Place main bars in upper and lover Baln bar support
arms. At this point, the lover main bar support arm
1s above its designated position (refer to Fig-2}.

|

Insert stirrup helder into bar arrangement device in
the robot carriage transferring the stirrup bar,

|

Push automatic operation butten on control panel,

]

Arrange stirrups at the designated pitch, bing points
of intersection between stirrups and the top main bar

in sequence.

As stirrup bars are placed and bound, the lower main
bar support descends until the stirrup bar touches

the main bar.

The robot carriage sequentially binds the points of
intersection betveen the bottom main bar and stirrups,

|

When binding at all places is completed, the robot
carriage stops automatically, and informs the
operator with a flashing rotating light on the

carriage.

Operator releases the upper main bar support arm
manually and removes the completed beam reinforecing
unit using a crane, etc.
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Fig.2 Composition
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g . Resultant LLabor E;El\’i,rlg;

Table-2 explains the labor saving effects of lntroducl‘ng
the robot. As can be seen from the Table, the resultg
which almost satisfy the initial design criteria were

cbtained.

Table-2 Comparison of Workforce required
for the fabrication cycle

Type of ape- Conventional manual Rohot R
Iten ration operation operation
Number of beams 1.008
fabricated '
'°mnli Relnforcing bar placer 3 Operator 1}
Vorking hours Actusl vorklag hours 7 hours/day
Required time
for erection repa- ec- ving || 20 repa- ferec- 31
({1 cycle) tion | ition afn.Alration]|tioa ain./
bar bar
5ein. 9 min. 6§ ain.
Mumber fabri- 420 min. 420 min.
cated per day ———— = 21 beans/day = 13 beans/day
20 win/one 31 min/one
Total vorking 1,008 1,008
day = 48 days ~ 77 days
21 beams/day 13 beams/day
:;t::rk‘r: r 48 days x 3 = 144 man days (77 days x 1 = 77 man days
S Conclusion

gradually improved as their effects on productivity were
verified. An effective Policy for this work has been
worked out by variocus Fesearch teams centered on MITI and

4 specific movement toward CIM from the overall viewpoint
has been promoted. An example of this is a large scale
Joint Project involving governments, academic groups, and
Private industry that has been undertaken Jointly with
North America ang Europe under Japan's leadership called
the "IMS Joint Internationaj Research Programs into an
Intelligent Manufacturing System”. This program solicited
Proposals jin February of this Year and movement toward hig-
hly sophisticategq Production technology for the 21st
Century 1s pProceeding through the Participation of constru-
Ction companies. Also, within the construction industry,
tndividual companies have been Promoting research and deve-
lgpement on a variety of themes, either Jointly or alone,
Y1th the aim of revolutioniZLng production technology.

and keeping to g4 tight schedule. Although 1ts form differs
from the work of manufacturing lndustry 1n many ways, the
Means by which Production technology has moved forward are
a valuable lesson for the construction industry.
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