TI TLE OF THE | NVENTI ON Heat Treat nent System BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to a hédfiotréat nent
system and nore particularly though not exclusively, it relates to a heat
treatnent system which is enployed for drying and baki ng protective resin
layers of dip-coated el ectronic conponents, for exanple. Description of the
Background Art Fig. 6 shows a holder W, _ called a separator, which is
general Ty enpl oyed for dip-coating elect?onic conmponent s conpri sing
plate-type lead ternminals with protective resin. This holder Wis adapted
to.hold a nunmber of lead frames 51, to which el ectronic conponent el enents
50 are nountedIBFESBF dBEE nEVEN TN | i ke, in parallel with each other. The
hol der W hol di ng such. | ead franmes 51 is so inverted as to dip the

el ectroni c conponehtd | p-coating vessel, thereby formng

protective resi | ectroni c conponent el enents 50.
Thereafter théhﬁg%%%§§€V$%‘@éfﬁﬁggﬁﬁgﬁgrd a heat treating furnace, to dry
and bake the.pggigcgfvghé |Jbdd%e' S 92. In a conventional drying and
baki ng step, a large-size eat treating furnace of a batch systemis

enpl oyed for heat $Heaiddukm NWVaRkieh Polgdels &0 4 hRa320RLEfEnt systen,
and more particularly though not exclusively, it relates to a heat
treatment system which is employed for drying and baking
protective resin layers of dip-coated electronic components,
for example.
Description of the Background aArt

. Fig. 6 shows a holder W, called a separator, which is
generally employed for dip-coating electronic components
comprising plate-type lead terminals with protective resin.

This holder W is adapted to hold a number of lead frames

51, to which electronic component elements 50 are mounted by
soldering or the like, in parallel with each other. The
holder W holding such lead frames 51 is so inverted as to
s dib the electronic component elements 50 in a dip-coating
vessel, thereby forming protective resin layers 52 around
the electronic component elements 50. Thereafter the
holder W is carried toward a heat treating furnace, to dry
and bake the protective resin layers 52.

In a conventional drying and baking step, a large-sized
heat treating furnace of a batch system is employed for

heat treating a number of holders at the same time.



2 However, a waiting tinme is required for receiving the nunber of hol ders,
whi ch nust be sinmultaneously introduced into the furnace, froma preceding
step (dip-coating step), leading to inferior production efficiency. Wen
pool neans for tenporarily storing such holders are provided in front and

at the back of the furnace, it is possible to inplenent a continuous
treating line thereby elininatin% the waiting tine. However, -the capacity

of each such pool neans nust corrfespond to at |east the nunber of holgders
whi ch can be sinultaneously heat treated in the furnace. Thus, |arge Spaces
are required for instaLIing suych Eool nmeans nd nuch, tjnme is required for .
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conveyor, hr ou nunber of booths with respective tenperature -
bui It in the E%PBES:EQ& 8tBEEAGT BhEH heddetseateepiov i@Vl  fodce such a

continuous heat treating furnace can obtain only a stepw se tenperature
profile, ahdi atn@heSbatRbbe the fhenpcecest b Poysitylench binkp remertot ecti ve
a continuous treating line thereby eliminating the waiting o
time. Hoﬁever, the capacity of each such pool means must :;
correspond to at least the number of holders which can be
simultaneousiy heat treated in the furnace. Thus, large
spaces are required for installing such pool'means, and much
time is required for introducing the holders from the front
pool means into the furnace and diécharging the holders
from the furnace to the back pool ﬁeans.:
In order to implement a continuous automatic treating
line as well as to simplify such operations for introducing

and discharging the holders, it is possible to provide a

€O

conveyor type continuous heat treating'fdrhace. The holders
are continuously introduced into this furnace and moved.
theréin upon a conveyor, to pass through a number of booths
with respective temperature built in the~furnace for a
prescribed heat treatment.

However, since such a continuous heat tre;ting furnace
can obtain only a stepwise temperature profile, it is not -

suitable for the process of drying and baking protective



3 resin | ayers, because a non-stepw se tenperature-up profile is very
I nportant for this process. Mreover, when the line after the furnace is

st opped by sone 5 cause, it is necessary to discharge all products

whi ch are contained in this furnace since the operation in the furnace
cannot be stopped. Thus, a large pool neans is required for storing such
idi scharged products. 10 SUWARY OF THE I,NVENTION It woul d be desirable

to provide a heat treatnent system which cal be continuous with preceding

and subs€quent trg@%%§ %%ggpéé h%@gugé;aCﬁB&b&EFPQESQr?%ﬂﬁg?%ﬁ?fgﬂ&ﬂng

tepperature profiles treatments. woul

desirabl e to provi geqgFingatid Rz‘éma@:oﬂéﬁémf&?i@ﬂi'i&%}d@é%?e ?J&‘r}ﬁ?geégzs, of

pool neans required in front and“at The back of heat treaplng _ 20
The heat treat mTeghensyShe€M iaeCHHW thd fubPAaBECSANIstMEEd | BY some

conprises a plurality of heat treating furnaces, each of which is adapted
to sinultangously kaalse,r it is aesekaatryntidt®isciarge all products which
" are contained in this furnace since the operation in

the furnace cannot be stopped. Thus, a large poocl

means 1is required for storing such discharged

products.

10 SUMMARY OF THE INVENTION
It would be desirable to provide a heat treatment
system, which can be continuous with preceding and
subsequent treating steps, and 1is capable of
arbitrarily setting temperature profiles £for heat

15 treatments. |
It would also be desirable to provide a heat
treatment system which can reduce the sizes of pool
W means required in front and at the back of heat

treating furnaces.

20 The heat treatment system according to the
present invention comprises a plurality of heat
treating furnaces, each of which is adapted to

* simultaneously heat treat a constant number of



wor kpi eces. A control unit is adapted to control tines for starting heat
treatnents in the respective furnaces with constant tinme lags, and to
uniformy control treatnment hours of the furnaces. Pool- -porti ons
are provided in front and at the back of ,the furnaces: ,front pogl neans
for storing untreated workpieces until tﬁEy are introduced into the _
furnaces, and back pool neans for storing treated workpieces.until they are

carried to a sWPEkpdesesst epP TRAWEPkpivEdds E8mAdaRISA t EFeatqRtiph gﬁ

furnace are disgcharged into the back pool neans by .,a changi ng nmechani '
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furnace. When a heat treatnent is conpleted in any furnace, the workpieces '_
contained therein are discharged into the back pool neans,

O



tenporarily stored therein and then successively carried to a subsequent
step. After the workpieces contained in this furnace are discharged into

t he back pool .neans, untreated workpi eces are introduced into this vacant
furnace fromthe frgont pool means. Thus, it is possible to substantially

I npl ement a continuous line fromthe preceding step to the subsequent step
t hrough the heat {treating step. According to the present invention, the
heat tr-eat ment system nmay be forned a plurality of small-sized
furnaces; whereby it is possible to independently set tenperature

conditions in_the_respegtiv Thus qﬂfr rof il : be
_eaéi!y changeﬁufﬂa?%igoﬁgéngoﬁﬁé?gggg.%.f#%h%ﬁéﬁa éﬁ%#%%g%? %%ﬁgﬁﬁggﬁg can
be direct!y appliedhQyTBPs PROFUEILON- L8 IR eufkrilddad! iy @hckupBaGeS
are so enpl oyed as %o Yeduce the number of wor kpi eces to be treated in each

furnace, wherghyntheoti §Bor 804l € LEatod woEKPMKdNDrANd dheghargi Bdrried
wor kpi eces into and from each furnace can be reduced, also a changing

mechani sm as ¥gl 4 asbPe@hefEagiSepan Tee neskiqeikdes Joiplethlyeareatedhihe
one of the furnaces is stopped for receiving or discharging workpieces, the
remai ni ng onea fafnade diteedistind rged ol waussthedddhpdads seanisebgby it i s
possible to efficiently heat treat workpieces.

changing mechanism, then untreated workpieces stored in the
front pool means are introduced into this vacant furnace by

the changing mechanism.

In the inventive heat treatment system having the
aforementioned structure, workpieces which are successively
carried from a preeeding step are first stored in the front
pool means. The number of the workpieces thus stored in
the front poo; means is preferably set to be substantially
equal to that of workpieces carried during the time lags
for starting the heat treatment in each furnace. When a
heat treatment is completed in any furnace, the workpieces
contained therein are discharged into the back pool means,
At temporarily stored therein and then successively carried to
a subsequent step. After the workpieces contained in this
furnace are discharged into the back pool means, untreated
workpieces are introduced into this vacant furnace from the
front pool means. Thus, it is possible to substantially
implement a continuous line from the preceding step to the

subsequent step through the heat treating step.

According to the present invention, the heat treatment



The wor kpi eces can be automatically introduced into and di scharged fromthe
furnaces by lifter nmeans, which is one part of the changi ng nmechanism Wen
t he workpi eces are conpletely dried and baked in a furnace, its .door is
opened and arnms of the lifter means cone up toward a portion in front of

the open inlet, go into the furnace to receive the workpi eces. Then, the
arns retract and go down to transfer the workpi eces onto a canveyor, which
inturn transnits the workpieces inko the back pool neans to nake thegi
ready for a subsequent step. After the treated workpi eces have beew™
transferred onto the conveyor, unt reat ed wor kpi eces carried fromthe h
front podysteanmagr éebformedt bgnaf plueal Dy @i hﬁaaunf&:.zedei@rrinB?s Jeceiving-.
the untreated workpi eces go up to carry themto the portion in front of the
vacant fohexedy afdisr apssdblehbowbrégpandantilyt setatkmpéraberd ur nace. .
Thereafter the door of the furnace is closed, to start a heat 10
treatnenF°nd1tl°BFniPtheoﬁEFaFFBh%e fnenagafor eXhusy tempesatuas y repeated

I n order tofahta n_efficient heaﬁﬁv tnments by reducing tinme for
i nt r oduciBFGEAAGS aFBN8PgPAG  LReS ?ﬁféﬁb§ﬁ5ﬁ?&sanﬂ°fF% ke f urnace, it
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mass production. . '

Further, a plurality of furnaces are so employed as to

reduce the number of workpieces to be treated in each ;QJ

furnace, whereby the time required for'introducing and

dischafging workpieées ihto and frem'éach furnace can be

" reduced, also a changing'mechanism'as well as qul means can

be reduced in size. - Moreover, while one of the furnaces is

stopped for receiving or discharging workpieces, the

remaining ones are in driven states to cause no time loss,

whereby it is possible to efficiently heat treat

'wofkpieces.

The workpieces can be automatically introduced into e,

and 'dis¢harged ‘from the furnaces by lifter means, which is one "
part of the changing mechanism. When the workpieces are
completely dried and baked in a furnace, its door is opened
and arms of thé lifter means come up toward a portion in
front of the open inlet, go into the furnace to receive the
workpieces. Then, the arms retract and go down to transfer
the workpieces onto a conveyor, which in turn transmits the o

workpieces into the back pool means to make them ready for



the lifter nmeans with arnms in the same nunber of stages as the racks. The
plurality of workpieces which are supported by the arns in a parallel
manner 20 -are horizontally introduced intg the furnace, and the arns
are slightly noved down to transfer all workpiekces onto the racks. In a
simlar manner, a plurality of workpieces can be sinultaneously
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furnaces and with uniformtreatnent per starting workpieces™ i
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after 10 heat treatment; and using a changi ng nechanismto di
treated workpi eces Wntans£08d ofwdrk@ ifdddACcgs afipered r eak#®nt thamsakd

pool neans, and to introduce untreated workpieces frome front pog?%‘é(
means into the portion in front of the vacant furnace, and transfer
the workpieces into rack of the furnace. Thereafter
the door of the furnace is closed, to start a heat
10 treatment. Similar operations are thereafter

S ' successively repeated.

In order to attain efficient heat treatments by
reducing time for introducing and discharging the
workpieces into and from each furnace, it is

15 preferable to provide a plurality of vertically
arranged stages of racks in the furnace and to provide
the lifter means with arms in the same number of
stages as the racks. The plurality of workpieces
which are supported by the arms in a parallel manner

‘;\Q 20 are horizontally introduced into the furnace, and the
arms are slightly moved down to transfer all
workpieces onto the racks. In a similér manner, a
plurality of workpieces can be simultaneously
transferred from the furnace to the arms.

) 25 In a related further aspect, the invention
provides a method for continuously heat treating

workpieces in a heat treatment system having a



15 respective furnace. The above and further features of the pr
I nvention are set forth with particularity in the appended cl ai ns and
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ng to the present invention is provided with six
and with uniform treatment periods;

starting workpieces in a front pool means before
heat treatment; |

storing workpieces in a back pool means after
heat treatment; and

using a changing mechanism'to discharge treated
workpieces from one of the furnaces after treatmeht to

said - back pool means, and to introduce untreated

3

G

workpieces from the front pool -means into the

respective furnace.

The above and further features of the present
invention are éet forth with particularity in the
appended claims and should become clearer from

consideration of the following detailed description of

an embodiment of the present invention given with

reference to the



smal | -si zed heat treating furnaces 1, which are arranged in two horizontal
colums and three vertical stages. Each of the furnaces 1 is provided
therein with seven support racks 2, to heat treat seven workpi eces at the
same time. Tines for, starting treatments of the furnaces 1, each having a
treatnment hour of 150 m nutes, are set with tinme lags of 25 mnutes, so
'that the horizontal two colums of furnaces 1 alternately start the heat
treatnmgnts. The furnaces 1 are 10 i ®lependent|y tenperature-controlled
by a cOmtrol unit 5, which also nanages the treatnent hours. Each furnace
1lis providedAygohkgnQEQPtdgywigﬁg.mﬁth a door 3, which can be opened and
cl osed by a hydraulic cylinder -4 provided on the upper surface of the
furnace 1. TiyrgelrydesoRteroon iowerast prawage control l ed by the control
unit 5. As shown in Fig. 4, a front pool neans 10 is provided in front of
the furnaces 1, inFogdet t® stfwvantwellephedesalV v{iseasowdingbr wed€h are
carried one by one froma preceding step (dip coating step) every constant
peri od. Ref errtiregtmenti gystem mcadmidngokpctienpoasatts imvenitibastrated in
relation to the workpieces W. The front pool neans 10 is forned by a pair
of |owering neans Ii@- ahdt§ 1B PIAA SHeyr shavipggddeomhaast freptmentf conveyor

nmeans 13. The | owering neans 1lla conprises a pair of endl ess chains
system;

Fig. 3 is a right side elevational view showing the

heat treatment system;

Fig. 4 is a perspective view showing a front pool
means;

Fig. 5 is a.perspective view showing an essential
portion of lifter means; and

Fig. 6 is a perspective view showing an exemplary
workpiece.
DESCRIPTION OF THE EMBODIMENT

As shown in Figs. 1 to 3, a heat treatment system
Qccording to the present_invention is provided with six

o small-sized heat treating furnaces 1, which are arranged in

two horizontal columns and three vertical stages. Each of
the furnaces 1 is provided therein with seven support racks
2, to heat treat seven workpiecgs at the same time. Times
for starting treatments of the furnaces 1, each having a

) treatment hour of 150 minutes, are set with time lags of 25
minutes, so that the horizontal two columns of furnaces 1

alternately start the heat treatments. The furnaces 1 are



33a and plural L-shaped supports 34a attached between the chains at

constant pitches to support one side of the workpi eces W. Endless chains
33a are driven by two pairs of sprockets 3la-and 32a being vert-d-cally
arranged. In a simlar manner, the |owering neans | 1b conprises endl ess
chains 33b wth supports 34b, which are driven by two pairs of sprotkets
31b and 32b. Cears 36a and 36b are fjxed on front ends of shafts 35a and
35b of the | ower sprockets 32a and \$2b respectively, so that the gearg-36a
and 36b are intermittently driven by notors 12a and 12b synchronously ™ in
reverse directions. Wen di p-coated workpieces Ware inserted one by one in,

t he upper 1BREPPRIERBIY FeNPRF I FRRE - PORFINELSS BY 2 (I tiRkfiddes are - -
ted horj tally by th 'ts 34 nd 34h d by .
conotant BhLEhesles et S s ESaRaY EE T o B ARG e 13 in
)Siti | t he,_ | t.h | 10. A hangi
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carried a opped either on a short conveyor neans 14 provided in front
of the frophefObsiFacd dhacHar A@eRscd 107 THE S HhEYdulGRN\EMAmhd@ans 16

provided inh front of the rear columm of the furnaces 1 through the conveyor
means 14 @gdalso controlled by the control unit 5.
As shown in Fig. 4, a front pool means 10 is provided
in front of the furnaces 1, in ordef.to Sto;e'workpieces g‘
W (see Fig. 6) which are carried one by one from a
preceding step (dip coating step) every constant period.
Referring to Fig. 4, no electronic components are
illustrated in relation to the workpieces W . The front
pool méans 10 is formed by a pair df“lowerihg means lla and
11b, which are arranged on both sides of conveyor means 13.
The lowering means lla comprises a'paif 6f endless chains

33a and plural L-shaped supports 34a attached between the
chains at constanﬁ'pitches to'support_dhe side of the
workpieces W . Endless chains 33a éfe driven by two pairs
of sprockets 31la and 32a being verticglly arranged. In a
similar manner, the lowering means 11lb comprises endless
chains 33b with supports 34b, which are driven by two pairs
of sprockets 31b and 32b. Gears 36a and 36b are fixed on
front ends of shafts 35a and 35b of the lower sprockets 32a
and 32b respectively, so that the gears 36a and 36b are _ -

ihtermittently driven by motors 12a and 12b synchronouély



15. The short conveyor neans 14 and 16 are shorter in length than the

wor kpi eces Walong the direction of carriage. As shown in Fig. 5, the
lifter means 20 and 30 are provided in portions corresponding to the short
conveyor nmeans 14 and 16 respectively. The rear lifteer means 30 is
absolutely'simlar in structure to the front lifter neans 20, which is now
excl usi vely descrsi bed. Since the horizontal two columms of the furnaces 1
are set; to alternately start the heat tridatnents, the front and rear lifter
‘means 2¢ and 30 are also alternately driven. The lifter neans 20
comprises two guide shafts 21 which ar verticallx rranged with respect to
a frame 39, a Fbt'&'aBiE BT CART shd e S 1RAcoRte E’BﬁgBF?%ﬁsiW el | el
with the guid t . 24 for Lving.the ball screw shaft 22

t hrough bevel e“g"?aaf‘gte%g’j”é*ng’%%r ei"ﬁ‘d thd i“g’%é*rr ﬁg%bBPrgé%ngaBﬁ‘?/ gif?’b*ed by
t he gui de shaf 2 fyigt t | I c . | j r
menber 25 cOrrpptroi%sle? eg%%ailr&'o?q‘ régna{%idl %ﬁgign%grésggg?g\?\/ﬁ%éhﬁéféggﬁ%ap{%eﬁ%

horizontal |y dine@&udbodt® SURPQAHd TREDERnd8moSeHeRohAr bFoBbaLe A rs of
fork-type arns 27 project toward the furnaces in seven Stages arranged in

the vertical giiteheisontheamby tieyaaeeoktrahefsyppar toMeRdetonPe fHE imkhdde

furnaces 1. The hori zont al

13 in positions close to the lowest part of the front pool

_ means 10.

An changing mechanism is formed by conveyor means 13 to
17 and lifter means 20 and 30. The workpieces W
transferred onto the conveyor means 13 are horizontally
carried and stopped either on a short conveyor means 14
provided in front of the front column of the furnaces 1, or
.on a short conveyor means 16 provided in front of the rear
column of the furnaces 1 through the conveyor means 14 and
15. The short conveyor'means 14 and 16 are shorter in
length than the workpieces W along thé direction of
carriage.

EJ As shown in Fig. 5, the lifter means 20 and 30 are
provided in portions corresponding to the short conveyor
means 14 and 16 respectively. The rear lifter means 30 is
absolutely similar in structure to the front lifter means
20, which is now exclusively described. Since the
horizontal two columns of the furnaces 1 are set to

alternately start the heat treatments, the front and reaf

lifter means 20 and 30 are also alternately driven. The



spaces between the pairs of arns 27 are larger in lLength than the short
conveyor neans 14 along the direction of carriage, and the arns 27 are
vertically novabl e through cl earances between the |ong conveyor:-neans 13
and 15 and the short conveyor neans 14. Thus, the arnms 27 can transfer the
wor kpi eces W fromand to the short conveyor neans 14. The lifter nenber 25
Is | ocated at the | owest position when_the first one of the workpi eces Wis
carried thereto, and is stepw sely mobéd up every tine a single morkpkege wW
is carried, so that seven workpi eces Ware finally supported by all ars
27. After_seven workpigces Ware supported. b the ball ~ ° .,
£ Patl PEe aiay

%hg ar s %{, _

screw shatt£%erBegy CBYPEHEEFo P L FR3LRS tde Wi 2 Sfenber 25 is
d t . ' ' . t 1,. al
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racks 2 pgevageghafed e[ ug naeod 24 ¢8F 4oy WY ki 3RS IWeRirRl IsHagher red
onto the Tacks 2, the arns 27 are retracted and the lifter nenber 25 is

moved down; tohib\egRrb&vnl goDss t 2, and €230l taha iFare wemperans 14.
After the lifter nmenber 25 is thus noved down, the control unit 5 nakes
cylinder #itfdaiskytdwided by the guide shafts 21 and fitted with the
. ball screw shaft 22. |
The lifter member 25 comprisesra pair of rodless | ;}
cylinders 26, which are adapted to horizontally drive an arm
support member 28. Seven horizontal pairs of fork-type
arms 27 project toward the furnaces ‘in - seven stages
arranged in the vertical direction from a surface of the
support member 28 facing the furnaces 1. - The horizontal
-spaces between the pairs of arms 27 are larger in length
than the short conveyor means 14 along the direction of

carriage, and the arms 27 are vertically movable through.

clearances between the long conveyor means 13 and 15 and

C

the short conveyor'means 14. Thus, the arms 27 can transfer
the workpieces W from and to the short conveyor means 14.
The lifter member 25 is located at the lowest position when
the first one of the workpieces W' is carried thereto, and
is stepwisely moved up every time a single workpiece W is
carried, so that seven workpieces W are finally supported
by all arms 27.- ' - N

After seven workpieces W are suppdrted by all arms 27,



door 3, to start the heat treatnent. Wen heat treatnent is conpleted in
any furnace 1, its door 3 is opened and the lifter nmenber 25 is noved up to
a position infront of this furnace 1 in a simlar nmanner to the above, and
inserts the arns 27.into the furnace. Then the lifter menber 25 is slightly
moved up td receive the workpieces Wfromthe racks 2 in the arns 27, which
in turn are retracted. Then the lifter menber 25 is noved down to the
positi gn of the conveyor 14, and the workipdeces Ware transferred one by
one onf¥ the conveyor means 14 fromthe |ower arns 27 to be horizontally

carried by th o] o] ans, 1 S con or neans 15, 16 and
17, ‘'to be traﬁs%e?gg% %cggﬁeg%aéﬁ p%o+sﬁﬂiﬁ %% MAEQn 447 Biog that tyo

back pool neapge49;apPdrdd ps V. front 00l ans 10
in.structure. The B * poo B?rfaaﬁng b8 % cg]rdrgc#% pallronofml |ff@t°f’|rrg &ns
whi ch are a”@EGSHtC’f‘uPﬁ’&EeSideﬁhé’ée C&leey?r aéﬁr opdngdl.! ftr?,gg means
conpri ses nany L-shaped hor i zont al supports 42a ead by "a pair chai ns 42

at its both stdeirads.2EChas nso Adr ¥eén VY UL thel WemsPY 7MHRES thd to
rai se up the workpieces W placed on the conveyor 17 by supporting both
ends t her eof , fuonaéschar gehémet veor ki texe snemblr @ iy saighitngnmbledt op of
t he chai ns 42 to a subsequent step by cylinders 45. Another back pool
means 41 has d¢@ensfnem this state, so that both end portions of the
workpieces W are supported by the racks 2 provided in the
furnace 1. After the workpieces W are transferred onto .
the racks 2, the arms 27 are retracted and the lifter member
25 is moved down to the original position, i.e. below the
conveyor means 14. After the lifter member 25 is thus
moved down, the control unit 5 makes cylinder 4 close the
door 3, to start the heat treatment.
When heat treatment is completed in any furnace 1, its
door 3 is opened and the lifter member 25 is moved up to a
position in front of this furnace 1 in a similar manner to
the above, and inserts the arms 27 into the furnace. Then
\od the lifter member 25 is slightly moved up to receive the
workpieces W from the racks 2 in the arms 27, which in
turn are retracted. Then the lifter member 25 is moved
down to the position of the conveyor 14, and the workpieces
W are transferred one by one onto the conveyor means 14
from the lower arms 27, to be horizontally carried by the

conveyor means 14 as well as the conveyor means 15, 16 and

17, to be transferred to the back pool means 40.



structure and works in the same way as pool neans 40. Al though Fig. 1 shows

only a si

i ndependently provided on the respect’ive back pool

ngl e notor 44 and a single cylinder 45, such elenents are

front and back pool neans 10, 40 and 41, the conveyor neans 13 to 17,

lifter neans 20 and 30, and the like are integrally controlled by the

means 40 ancd -41. The

t he

control unit S. Suppose that the heat treatnent system of thi-s enbodi nent
is provided with six furnaces each aning a treat- nment period of

m nut es f
t r eat ment

or heat treating seven workpi eces, and these furnaces start

s with tinme lags of 25 mnutes. Assunming that the first furnace

e

conpl et es its Asesdhowmedinndiig -atl ratwpnback=poohimeanmt4® andrédlr &g4€i red for

di scharg

ng and i ntroduci ng workpi eces is 4 mnutes, this furnace

starts

a next hepnovidas: pdmilarly tondhe £rangi Rafésteani i StrNStd&@ond

furnace conpletes its heat

next heat

1 .
The BACKoROOk Mears d0 (5o L95nRA NBY e Pad R

tment at .a time t, = 25 minutes, and starts a
2 r%%ﬁkﬁﬁﬁemﬁﬁpfd'furnace

next

| et its heat _t { t . at ti t .7 % ] -St ALt
heat troathah e areangeq oo beth kifas of MY M@ lry 8RS P RO

sixth fur
t r eat nent
t hese fur

A ki o e e i o
{PL9%ad by a pair of chains 42 at its both side ends. -
Chains 42 are synchronously driven by motors 44 to raise up
the workpieces W placed on the cbnveyor 17 by supporting
both ends thereof, to discharge the workpieces W one by
one from the top of the chains 42 to a subsequent step by
cvlinders 45. Another back pool means741 has the same
structure and works in tﬁé”same way és pool means 40.
Although Fig. 1 shows only a singié'motor 44 and a single
cylinder 45, such eléments are independently provided on the
respective back pool means 40 and 41.

The front and back pool means 10, 40 and 41, the
conveyor means 13 to 17, thejlifter means 20 and 30, and the
like are intégrally controiled by tﬁé control unit 5.

Suppose that the heat treatment system of this
embodiment is provided with six furnaces each having a treat-
ment period '6f 150 minutes for heat treating seven
workpieces, and these furnaces start heat treatments with
time lags of 25 minutes. Assuming that the first furnace
completes its heat treatment at a time t = 0 and that a

time required for discharging and introducing workpieces is

heat 

m and i nfroduced into

Y

<



In af orenenti oned heat .treatnent system 6 x 7 = 42 workpi eces are heated
during a time interval of 154 m nutes. For the purpose of conparison,
suppose a | arge-si zed batch furnace, having a treatnent period of 150

m nutes, which can.sinultaneously heat treat 42 workpi eces. \Wen workpi eces
are di scharged fromand introduced into this batch furnace by the above
changi ng nechani.sm 24 mnutes are requiregd for discharging and introducing
42 workpi eces in sinmple calculation, sink® 4 minutes are required for

di schagegi ng and i ntroduci ng seven wor kpi eces. Although it is possible to

sjnulténeousgz i ntroduce and di scharge 42 workpieces into and fromthis
batch furnacet mipiteisze thils FRTBRASRGPRYT FBchaRFPEM AT theasmeRE g2l 3 n this
case. On the ot her hand, .the pres ' quires 4 mnutes to

_ t inyention r
di scharge and*4%ft rhdude m&é"‘\h?rskpi §88§e gt%r wWhBE e® %fPfﬁécFur naces are
i ven s 1< g LG8 ) 5 SHOREUS gk O 3oL A0 E0C L edbey

wor kpi eces. I'S p055|b7e

i ntroduci ng and 4sghadingebiiecpaakpbreese 19 ghpl 10-3ckopdigg, to the
on, np with t u

present inventi as conpare e |l arge-sized-bat ch rnace.

Moreover, accoiding1y0 kthe Eh&%ﬁntukﬂé{@é‘lté&ﬁ'pléée@%.(&%n'ﬁéalﬁoﬁﬁéﬂr@eﬁ@ enpl oy

a smal | -si zed changi hg nechanism as well as to reduce the tinme for

di schar gi ng awd 4 Rimeduci Bg 500mEkRuEESS. addesPi 5L neR¢eRbhONt i Satént
restricted to the above™ _
at a time t = 54 minutes. Thereafter the fourth, fifth
G and sixth furnaces successively complete heat treatments,
and start next heat treatments after the workpieces are
discharged from and introduced into these furnaces.
In aforementioned héat treatment system, 6 X 7 = 42
workpieces are heated during a time interval of 154 minutes.
For the purpose of comparison, suppose a large-sized batch
"furnace, having a treatment period of 150 minutes, which can
simultaneously heat treat 42 workpieces. When workpieces
are discharged from and introduced into this batch furnace
by the abo§e changing mechanism, 24 minutes are reguired
\*j for discharging and introducing 42 workpieces in simple
calculation, since 4 minutes are required for discharging
and introducing seven workpieces. Although it is possible
to simultaneously introduce and discharge 42 workpieces
into and from this batch furnace, the size of the changing
mechanism must be enlarged in this case. On the other hand,

the present invention requires 4 minutes to discharge and

introduce 42 workpieces as a whole since five furnaces are



enbodi nent but may be nodified in various ways, as .a matter of course. For

- exanple, the heat treatnment system according to the present invention is

applicable not only to a step of drying and baki ng el ectroni c conponents,

" but to a heat treatnment of all other articles. However, it is effective to
apply the present invention to a heat treatnent of mniature products which

are manufactured in a continuous line. Al though about seven werkpi eces can
be stored in the front pool neans hkd about 14 workpi eces can be stored™in
t he back pool nmeans in the aforenentioned enbodi ment, the nunbers of “?’-

kpi bl h i
Cons! der atd A S vfr&i.é‘.%rhei BEPaSE YR SRR, Bl ISREHLESHEERE L0
step and thg PIACAIAN AL AUOSLOUNH SHHRAS wolldg SLEUGLU sasgmaheofront

and back p&‘ neans restricte 0 those conpri si e chal ns

provi ded wi eé[éhéélp&%&”éu@é FHOWh i Fbddes iy aed! ra&@tchabgangoeherreans may

alternativ

the present invention are not restricted to the belt conveyor means

appearing a4 ¢aeprdibdinEmMtthédutarde-mized barticht fuechgceonpMpseotabl es

traveling along rails.
according to the present invention, it becomes p0551b1e to
employ a small-sized changing meghqnism,-as well as to
reduce the time for diécharging_and ;ntroducing workpieces.

The present invention is not restricted to the above
embddiment but may be'modified-in various ways, as a matter
of course. For example, the heat'treaﬁment system_according.
to the present invention-is'appliéablefnot only to a step
of drying and.baking-electronic components, but to a heat
treatment of all other articles. ,Howéver, it is effective
to apply the present invention to.a heat treatment of
miniature products.which_are-manufactured in.a continuous
line. |
Although about seven workpieces can be stored in the

front pool means and about 14 workpieces can be stored in -
the back pool means in the aforementioned embodiment, the
numbers of workpieces storable in the pool means can be-
arbitrarily changed in consideration of relations between
treating speeds of the heat treating step and the precedent

and subsequent steps. The structures of the front and back

pool means are not restricted to those comprising the chains

y conprise plural rack franes which are verfically noved while
suppor t i ng,dotpi ik RY tdwise of / eVdaUraies. t'BhG.‘.hQOpl‘alsehtﬁi:ﬁﬁénemshs)yed in

v/

L~



The arrangenent of the . furnaces according to the present invention are not
restricted to the two colums and three stages appearing in the enbodi nent,
as a matter of course. Further, the nunber of workpieces sinmultaneously
treated by each furnace is not restricted to seven. Further, even in the
case that 'the furnaces are arranged in two or nore horizontal colums as
appearing in the enbodinent, if alifter_neans is able to nove horizontally
al ong=t he conveyor neans, it is suffici tt to provi de only one unit of

| i ftetnmeans for changi ng the workpieces. Furthernore, instead of the

ifter means AnRadEnGich WipptEialadPhonANs” ¥he OlRhod WRLED, AN RIS PO N

vertically a hori zontal |l y) "Can be us or changi ng e wor kpi ec

Al though the maaesehihyl BYRRNAR 1R yDeBRpEEsE pPara fnFadt ! ]
detail, it is g1ear|§ undefgtoéd tgat tﬁe ganeais %y mgiééﬁgf%ﬁﬁﬂhreuion

and exanpl e Qiley vadica1ngt mowede whalienshippdeyifg boeh t@hd Oforifths e of
the present invention being limted only by the terns of the appended
cl ai ns. workpieces.

The conveyor means employed in the present invention
are not restricted to the belt conveyor means appearing in
the embodiment, but it may alternatively comprise tables

; traveling along rails.
"

The arrangement of the furnaces according to the
present invention are not restricted to the two columns and
three stages appearing in the embodiment, as a matter of
course. Further, the number of workpieces simultaneously
treated by each furnace is not restricted to seven.

Further, even in the case that the furnaces are
arranged in two or more horizontal columns as appearing in
the embodiment, if a lifter means is able to move
horizontally along the conveyor means, it is sufficient to

\/ provide only one unit of lifter means for changing the
workpieces.

Furthermore, instead of the lifter means appearing in
the embodiment, an X-Y robot (which can move both
vertically and horizontally) can be used for changing the
workpieces.

Although the present invention has been described and

illustrated in detail, it is clearly understood that the



CLAI MS: 1. A heat treatnment systemfor continuously heat treating _
wor kpi eces, said heat treatnent systemb5 | conmprising: a plurality of
heat treating furnaces, each adapted to heat treat a constant nunber of
wor kpi eces simul taneously; a control unit for starting heat-treatments in
10 said furnaces wth constant tinme |ags between respective
furnaces, and uniformly controlling the treatnent periods of said furnaces;
a front pool nmeans for storing said ygrkpieces before they are introduggg"

into said furnaces; 15 a back pool neans for storing said i
wor kpi eces, after they are hizt treated in said furnages; and a changing -~ :
mechani sm¥3%e dSsbHaN8¥ngtt LLAPSHTALTUDi L LxanRle Ondy: andi S PR of sai d

furnaces, to,said, back pool neans and for intro Lng yntreated 20. :
wor kpi ecess® ?teoir'éﬁef’nléga?"ayfggn?"ﬁbggurﬁs%’nstf}‘ﬁ ngggkﬁi <§Efur nace. 2. . A heat -
t r eat ment S LQ.a : L c{ al : I p ity . of said
furnaces are é??gﬁggdgﬁgggggsge%%{g%li‘ﬂ#irgee(]:qi on? %ﬁgtg’gi gg%ﬁ%n%?ng 25 -
mechani smMFbgﬁaédfgﬁggmggnveyor means for obtaining workpi-eces from

said front pool  neans; )



second conveyor neans for carrying treated workpieces to said back pool
means; and lifter nmeans for noving treated workpi eces fromb5- a said

furnace to the second conveyor nmeans and for introducing W:““,mmlmm
the first.conveyor.nmeans into the furnace fqr heat treat , H!Hun
treat ment’ systemin accordance with claim 2, Yherein a plurdlify bf %aisd *

furnaces are 10- crayMgttically arranged in a plurality of colums al ong
the direction of Carrrage through said first and second conveyor neans, and

apluedity of said lifter geapstar ereaeMbaed sw&bm NEGET TRSPODKEHEEI Y th a
respectlve colum of said furnaces. 15 A heat treatnen

syst em i n\ accor dafpéf£t We8atiagmdrbidcewhesaid sh@aci |t RimdFRANSy SO | Ses
arnms provided toward inlets of said furnaces for horizontally

supporting sai d wshgrisksgene by one, and said workpi eces can be
I ntroduced into and 20 di scharged from said furnaces by vertical
and/ or horizontal novemerplwfakiiyl arfns hedt Atheatihgeafwemicegst esachn
accordance with claim4, wherein said arns are formed by horizontal pairs
of fork arms projadaptedt bocheat stvedtraaeerstanpnumber rafyMerkpieres val s,
and further conprising third conveyor neans snaller in length than said
i nterval s simultaneously;
a control unit for starting heat treatments in
10 said furnaces with constant time lags between
A respective furnaces, and uniformly controlling the
treatment periods of said furnaces;
a front pool means for storing said workpieces
before they are introduced into said furnaces;
15 a back pool means for storing said workpieces,
after they are heat treated in said furnaces; and
a changing mechanism for discharging treated

workpieces, heat treated in one of said furnaces, to

said back pool means and for introducing untreated

L 20 workpieces, stored in said front pool means, into this
furnace.

2. A heat treatment system in accordance with
claim 1, wherein a plurality of said furnaces are
arranged in the vertical direction, and said changing

9 25 . mechanism comprises:

first conveyor means for obtaining workpieces

from said front pool means;



between said arnms and provided in a position bel ow 21 * C L[ M S
* said lifter means, so that said workpieces can beem,m m l said
third conveyor neans onto said arnms upon upward nov ﬁ rlmﬂ"[lgi"% and
said 5 wor kpi eces can be transferred fgem said atrng ohto*sasd € hird
conveyor neans upon downward novenent of sard arns. 6. A heat treatnent

t ' d ' I , i I ' of of
Thake 10T tor horsSonta Py eleto; AR e P Rrlia T e3bRRRR U

in each said furpesgpdtcasbebaghial bickegdbdr meahe;vah in the vertical —y
direction, and the sane nunber of arns are provided as the nunber of spag-es s

of said racks, and saiff@e#smaaassBeEEhoVind & Seuked SrorkpiseEs! rom

intervals. 7. A heat treatnent systemin accordance with any of clains 2 to

6, whereim said disacd TRAMRCRONGY | 6186 : s@coHES Cdfiviedidry merid Cahd JEbge

shaft; 20 a ball screw shaft in parallel with said guide shaft; a

mot or for drivi nphsaddudbhyy workpiebebt fram itheerf Esthearorvéviob| meangaged

wi th said guide o
into the furnace for heat treatment. -

9

3. A heat treatment system in accordance with
claim 2, wherein a plurality of said furnaces are
10 vertically arranged in a plurality of columns along
the direction of carriage through said first and u
second conveyor means, and a plurality of said lifter |
means are provided each in correspondence with a
respective column of said furnaces.
15 4. A heat treatment 'system in accordance with
claim 2 or 3, whereiﬁ -said lifter means comprises arms
provided toward inlets of said furnaces for
horizontally supporting said workpieces ‘one by one,
and said workpieces can be introduced into and
20 discharged from said furnaces by vertical and/or | \J :
horizontal movement of said arms.
‘5. A heat treatment system in accordance with
claim 4, wherein said arms are formed by horizontal

pairs of fork arms projecting toward said furnaces at

L

25 regular intervals, and further comprising third
conveyor means Smaller in 1en§th than said intervals

between said arms and provided in a position below

Ul



shaft and engagi ng sai d ball screw shaft; and 25 a—tyHrder
nmounted on said lifter nmenber- for horizontally noving sa

_ d arns. 8. A
heat treatnment systemin accordance with any of clains 2 Um ull"ﬂ H’"JHmd
front pool, neans conprises: 5 a sugi antially vep L sOT S
endl ess chains provided on both sides of sai I rst conveyor neans; a notor

for synchronousl y_ggg.&i Slgiﬁ?é']gt ﬁgghsof a{__ﬂaié %ﬁéuggg%#f%ggénpce ogegfii d

chai nsTfor supporting 1 opposite en I ons pi €eces.

A heaf\dr eat ent _sysLREELR-B6C EAMGRM Whidd Mnibindad® SocdheLehn

sai d back pool means conprises: a substantially vertical pair ess
chain 15 provipgdgd QbdR! Niphdled RlovemiedtSe8eNIs LAV elils MBRRS: saﬁa!ot or

for synchronously driving said chains; and supports nounted on said chains
for supportgng thewsprpsbtesctanos i utte Rdrved Ki¥f @2id?8rms onto said A

heat treatnment systemin accordance with any preceding claim wherein said
front pool neans ishagdpicethviescyt Mieartsli Gpon downward movement of said
arms. | '
6. A heat treatment system in acgordance wiéh
claim 4 of 5, wherein a plurality of stages of racks
10 for horizontally supporting said workpieces are
Y : provided in each said furnace at substantially regular
intervals in the vertical direction, and the same
number of arms are provided'as the number of stages of
said racks, and said arms are spaced at the same
i5 regular intervals.
7. A heat treatment system in accordance with
any of claims 2 to 6, wherein said lifter means
comprises:

a substantially verticai guide shaft;

W, 20 : a ball screw shaft in parallel with saidiéuide
shaft;
a motor for driving said ball screw shaft;
a lifter member slidably engaged with said guide
shaft and engaging said ball screw shaft; and
@ 25 a cylinder mounted on said lifter member for

horizohtally moving said arms.



wor kpi eces in a nunber corresponding to the nunbe%—e%—M@rkpretes—tTeated by

each furnace. 25 11. A heat treatnent s ce with
any preceding claim wherein said workpieces are ﬂﬂm !ﬂﬂ ﬂ ‘adapt ed
for holding a plurality of | ead frames reS|

elements in parallel with each other. 12. nethod for continuously heat
treating 5 wor kpi ece treatnent stem, havin

plurality of heat trgatl ng‘ P&%ﬁa?gseg%t"hegmm%ﬁ%oﬂ %‘éf’ﬁﬁd@ﬂﬁ?r Hﬁltihng Adhe
furnaces to st h Jreqt h t yeen respedifve
furnaces 10 aéﬁ% § C{Ihaqg&m fortr:nwt ?éa%%igleréldog? éfﬁrlﬁé wofnﬁ f8ces in

a front pool ng pekaLe heat treatnent; storing workpieces in a back pool
neans after heat tteatnent; and 15 usi ng a changi ng mechani smto

di scharge treated “DéthQ%Q%nE&%ﬁ‘3“Qm&%ﬂé&if¢§ﬂ@Q§§ 8h&Leshr RRARAL O 1
sai d back pool neans, and to introduce untreated workpieces fromthe front

pool means int opideidedpest beehf dideeeof2@aid first cbhveydr WRidiy: or
apparatus substantially as _
a motor for synchronously driving said pair of
chains; and
supports mounted on said chains for supporting
10 thelopposite end portions of workpieces.
9. A heat treatmeﬁt system in accordance with ‘N)
any of claims 2 to 8, wherein
said back pool means comprises:
a substantially vertical pair of endless chain
15 provided on both sides of said second conveyor means:
a motor for synchronously driving said chains;
and
supports mounted on said chains for supporting
the opposite end portions of workpieces.
20 ' 10. A heat treatment system in accordance with g‘;
any preceding claim, wherein
said front pool means is adapted to store said
workpieces in a number corfesponding to the number of
workpieces treated by each furnace.
25 ' 11. A heat treatment system in accordance with ' ‘

any preceding claim, wherein said workpieces are

e

plate-type holders adapted for holding a plurality of

fh



her ei nbef ore described wth reference to the acconpanyingdrawhgs.—

, A i

lead frames of resin coated electronic elements in
o parallel with each other.
12. A method for continuously heat treating
5 workpieces in a heat treatment system having a
plurality of heat treating furnaces, the method
comprising
controlling the furnaces to start heat treatment
wiﬁh constant time lags between respective furnaces
10 and with uniform treatment periods;
K«j storing workpieces in a front pool means before
heat treatment;
storing workpieces in a back pool means after
heat treatment; and
15 using a changing mechanism to discharge treated
workpieces from one of the furnaces after treatment to
said back pool means, and to introduce untreated
workpieces from the front pool means -into the
respective furnace.
20 13. A method or apparatus substantially as
hereinbefore described with reference to the

accompanying drawings.



