APOAER UNI T ASSEMBLY The present invention relates to a power unit P
assenbl y -of sem conduct or nodules. 5 A power unit assenbly . @
utilizing sem conductor elenents usually has a cooling device for di f f usi r'
t he heat generated during operation of the power unit assenbly to cool the
sem conductor “el ements. In order to attain sufficient cooling, lr.!: g

cool i ng. device requires a 10 consi derabl e degree of nmass. This fact

the poweg unit assenbly bulky. In particular, if such a power unit assenbly
Is conpesed of a plurality of power units, e.g. a converter and an

i nverter, each power unit is usuaBhl PONBRNBYIIs AGSEMBLEoNduct or device

stack, having its own 15 cooling device, .and therefore the power. unit
assenbly necessarily becones bul ky. Also when the power unit assenbly is
viewed as-a whole, it _jis difficult to determ ne when the total cooling

per f or mance of . the poﬁ@? BHFF33§Séﬁﬁ??tFQ“eFFeéFF§eF9 30PO¥RRal8tEd. For
exanple, it is oss or the c ng deé ge of one power unit to be
fully | oaded mﬁ F?W Ne0508FWﬁ§°8§VF%8 of*°8HofRer power unit still has
sufficient gargin in htéo%lehR agggﬁhﬁlyTnglmégﬁﬁatSE Ygghhﬁg 8 eks to

provi de a conpact 25 “powe un| asse ura power

units, each of o¥keRtESy %955@? RXSSS”ESQQ§H§t8&v¥8@“k8§1d§E€u§iESCEh¥e|y

assenbl ed by inproving the arfangenent _
heat generated during operation of the power unit assembly

to cool the semiconductor elements. In order td attain
K_; _ sufficient cooling, such a cooiing device reqguires a
10 considerable degfee of mass. This fact makes the power
ﬁnit assembly_bulkyl In particular, if such a power unit
assembly is composed of a plurality ef power units, e.g. a-
converter and an inverﬁer, each'power unit is dsually
fefmed as a semiconductor device etack, having its own
15 eooling device, and therefore the-pewer unit asseﬁbly
: necessarily becomes bulky. |
Also, when the power uhit assembly'is viewed as a
whole, it is difficult to determine wheﬁ the'tetal cooling
- performance of the power unit aseembly is effectively
20 exhausted For example; it is possible for the codling
device of one power unit to be fully loaded whilst the
coollng device of another power unit st111 has sufficient
marqln in its cooling ablllty.
The present invention seeks te provide a compact
25 power unit assembiy, in which a plurality of power units,
- each of which is formed by semiconductor modules, are

effectively assembled by improving the arrangement and



gi-ryct ure of the sem conductor nodul es and the cooling device therefor.
this by providing a power unit assenbly for use in-an el evator
dr|ve conprising a converter for receiving AC power and for

ayérting the AC power into DC power, agd an.inverter for |nvert|ng t he
converted DC power into AC power and supplying it for a driving ot or of an

elevator, Wl FOPYCdET «add LaugtL to%rduacr&hxf OhBRd 12 S&Hhcogﬂyctc% ”Diies

provided on a pair of cooling devices cool i ng devi ce

el ectrical lgevssd atrerérem. buttt h%%alﬂw;§09969tr%%hqngasa$0ﬁbaéﬁdu T

sem conduct or nodul es, wherein each of the cooling devices has a plane,

on one si deasm‘em;chfaf-eddaa P6S@ni 2 Pk S66% CRBYYS! (Krirwué&ﬁpﬁisiﬂﬁ

cool ing device, and on the other side of which plane is a heat exchange
unit, and tdemveodiémgfalevreceiniegpdsi tnowead sk hféhatohtiertihgathexalgange
units are in thernal contact with each other. Preferably, an insulating
board is fiPeseR oinke sBEi RANRRL oendpded ed nvteirdsiredfon tineveomwingig ttevi ce,
t he insul ating -board haV|ng a plate-like conductor of a predetern ned
pattern on %MYHYRI oPCt REUSR ULBEPNSDoRPHERhiaK oppRRbELR S idenfeDNnduct or
nodul es, .ehy when the nsula board .is fixed to the sem conductor
nodul es, m@?ﬁ%ﬁ%&;?ﬁ tqHe0 eﬁPc h&ﬂ%t&Flﬂﬁﬂﬁ?ﬂ;%ﬁ%?%ﬁ%%?r?%ﬁlF?VSBGSFed by

the bl ate: i SONMELOL. L UMANIO U Sal Pho 2pleshied RS SRLL- o}"

this way it "Secomes pos Bloe t nprove
cooling devices, each cooling device being electrically

isola£ed from, but thermally connected to, associated L_j
semiconductor modules, wherein each of the cboling deQices
has é plane, on one side of which are the associated
semiconductor m&dules of the cooling device, and on the
other side of which plane is a heat exchange unit, and the
cooiing devices are positioned éuch that their heat
exchange uhits Are in thermal contact with each.other.

Preferably, an insulating board is fixed to the
semiconductor modules attached on the cooling device, the
insulating board having a plate-like conductor of a
predetermined pattern oﬁ the side of the insulating board \~j
which opposes the semiconductor modules, whereby when the
insulating board. is fixed to fhe semiconduétor modules,
terminals of the semiconductor modules are electrically
-coupled by the plate—like conductor to form a circuit for a
desired power unit.

In this way it becomes possible to improve the wiring'

of the semiconductor modules, and so further improve the



of the semiconductor nmbdul es, and so further i nprove the conpact ness of .

the assenbly. Enbodinents of the invention will now be described in (|,
by way of exanple, with reféerence to the acconpanying draw ngs, in wh S
Fig. 1 shows a schematic exanple of an el evgf or 3 driving system ch

i ncl udes power units to which the present invention may be applied; Figs.
2A and 2B showdnpa inesc wie thred ddsendlncui t of an insul ation-type

senmi coRdlictor nodule which is 5 utilized to formthe power units shown in
Fig. 1~Fig. 3 ill Fxtboatigentte chpee aboeentianpeidd moiw ondescrikedf in
assenbling a power unit assenbly of the present invention; Fig. 4 is an
expl anatory diéeét¥ AdlshoRithg¥R oS nExonBdeice Witthi ZRf A aRe pohr ¥het
of Fig. 3; Fig. 5 shows the, appearance of another exanple of a power unit
const ruct ed f%ﬁ9£ﬂﬁﬁﬂMﬁWﬁ;Qf%ﬂiﬁﬁsmnﬁﬁ ly.. of the present invention

Fig. 6 illustrates jfie aposarance of, 8 Rgwer uut, 15 psgentl ¥, gggerding to



-inventd Fig. 7 is a drawing showing a nodification of~the first
enmbodj Iy of the present invention; Fig. 8 is a drawing for explaining the
t r ansy\ 20 thermal resistance characteristics during the operation of the

power its shown in Fig. 1; Fig. 9 shows an insulating board enpl oyed for
further inproving the conpactness of the power unit assenbly; and 25

Fig. 10 shows a side view of a power unif to which the insulating boarg
shown in Fig. 9 is attached. The follomﬁ%g description is concerned Wk

4 enbodi ments aqf the inveq%ép i.;n which the present invent.iqn.is appl#ed to
. 1 Y. Y .

a power uniPt *YIEGFYF HESY é"q'\ rf'ﬁ:ﬂ"é%cee?/ﬁ%gdﬂr\htﬁg t’.ﬂ/é’fq&ﬁ T ef or e,

‘referring first to.Fiag .1, .a vatoQr .driying systemw || be described. 5.

In the ci rc?lfl'e?se(')‘ftt Ii"lné'.% ,loel?l {&‘gs)na% r?g)pclﬁ'rérde/'nt (AC) power from a power

source 1 is converpti%g_i B0 Hid O HEW HHe %%s aﬁrgé)%\éie‘réfﬁ;ta )

consi sting of power transistors TRl to TR6

converted B¢ RAVEHsuI atYRIN-t8pHd HiHb e e dre MddI1 D WwHilcranid nverter 10 7
consi sting of power transistors TR7 to TR12 and diodes D7 to D12, in which

t he DCspowar iild ziedv @ict €@ rinnttheAGon@reurniftd whodesiired ifg.equency and
vol tage. The inverted AC power

Fig. 3 illustrates the appearance of a power unit
consfructed for assembling a power unit assembly of the
present invention;

Fig. 4 is an explanatory drawing showing a éooling i‘j

10 device utilized in the power unit of Fig. 3; |
| Fig. 5 shows the appearance of another example of a
power unit constructed for assembling a power unit assembly.

of the present invention;

Fig. 6 illustrates the appearance of a power unit

15 assembly acéording to a first embodiment of ﬁhe present
invention; |

Fig. 7 is a drawing showing a modification of the
first embodiment of the present invention;

Fig. 8 is a drawing for explaining the transient

20 thermal resistance_characteristics during the operation of
the power units shown in Fig. 1;

Fig. 9 shows an insulating board employed for
further improving the compactness of the power unit
assembly; and

25 Fig. 10 shows a side view of a power unit to which

the insulating board shown in Fig. 9 is attached.

The following description is concerned with .



. @ . . » .

Is fed to a driving notor 9. A sheave 11 is connected to the notor 9 o~
t hrough an appropriate-reducti on nmechani sm (not 15 shown). A rope 13 is "’
hyng, on the sheave 11, to respective ends of which rope 13 are coupl ed an_(?
el evator cage 15 dnd a“counterwei ght 17. Reference nunerals 19 and 21 . -
denote capacitors. As is apparent fromthe presence of the DC reactor 20
5, the_power unit shown has a current sourcg inverter. It is of course
possibkgﬁto apply the present invention to a power unit having a voltage

sour ce +Aver t CbmpbRiHEhtd BeCUMECihGn?IBnAn! UNEERCENT! BrALERE! LKvegHRbAC
wi t hout a DC reactor and a capacitor 1s connected across the output 25
termnals of the eppifeliehoda poRerdahdts alBambIPUEoLEHEENRhS afif el BQator
inverter 7. The various kinds of control nethods for the converter 3 and
inverter 7 areds@ilinignewstemBy Wagrefoeegnpe€errhiagc@iyert €6 Bigaylfuaation
as a sinple rectifier to output the DC power of the constant voltage, and

t he vol t age anelelkatbredudwingosysitemAQ@ipdwee destirébedtput of 5 the power
unit are controlled by the inverter 7. Alternatively, the voltage of the
out put AC ower may bdnaghescddchytt b Edgvedtvenliexndtihg tnegeshcyAC)

t hereof controlled by the inverter 7. Qther kinds of control nethods are

al so wel | knowRowey from a goyes EREISPedechAf FRPYRELBA iL8tRoALEBREer ned
with

current (DC) power by a converter 3 consisting of power
transistors TRl to TR6 and diodes Dl to Dé6. The converted
DC power is supplied through a DC reactor 5 fpr an inverter

10 7 consisting of power trahsisto:s TR7 to TR12 and diodes D7
to D12, in which the DC power is inverted into AC power of
the desired frequency and voltage. The inverted AC power
is fed to a driving motor 9. A sheave ll is connected to
the motor 9 through an appfopriate reduction mechanism (not

15 shown). A rope 13 is hung, on the sheave 11, to respective
ends of which rope 13 are coupled an elevator cage 15 and a
counterweight 17. Reference numerals 19 and 21 denote
capacitors.

N . As is appgrent from the presence of the DC reactor

20 5; the power unit shown has a current sou:ce_inverter. It
is of course possible to apply the present invention to a
power unit having a voltage source inverter, in which a
converter and an inverter are directly'coupled without a DC
reactor and a capacitor is connected across the output

25 terminals of the converter 3, i.e. across the input
_termihals_of the inverter 7.

The various kinds of control methods for the



_ the structure and nethod of control of the power unit, they will not be
Ysaqussed further. 15 Referring next to Figs. 2A and 2B, a typical
|'e of an insulation-type sem conductor- nodul e which is utilized to
f®’m’the power unit as shown in Fig. 1 will be discussed. Fig. 2A shows
t he appearance of a nodule 22, which is partially sectioned. As is apparent
fromthe 20 figure, an insulating plate 25 is | ocated on a copper base:
plate 23. The insulating plate 25 is made of a material such as al um pa#

which is electricall% an i nsul at or, _but haslao d tkmnrﬁg_condUC i vity= On
the i nsul afPRYSPEEFe 328n8hdp¥erLes, d REE] g 1in &Pn «gi AYuNBh hd buffer

AL 2 R R R B SO A

| ayer and as sem conduct e

thereon.  ¢o0olhBugeeheo el pllexCheMeRkEs ct%%s@ra%tg%qttrgg%ﬁ'n' Fapect ed

within the no 21n as le circuit arrangenent. the npdul e 22 of

the presengogphgd ghat threhe‘rggmgﬁegda@t heCheTRRMEr’Ad HHdI W gdersE n are

two 5 pairs of fransistors an i .odes and are connected in the C|rcyit
shown i Fifle Bwell @alitoage ebntielied byCe@hdUdinverdleanents 29, which are

to be connected to an external circuit, are coupled to hollow term nals 31
and 33 by appeepativellygadhe ViodtiageeofsthieaoatplteAch pasidroway be
adjuéted by the converter 3 and the frequency thereof
‘controlled by the inverter 7. Other kinds of control
-methods are also well known. _ L‘)
10 Since the present invention is not concerned with

the structure and method of control of the power unit, they

will not be discussed further.

15 Referring next to Figs. 2A and 2B, a typical example
of an insulgtion-typé semiconductor module which is
| utilized to form theé power unit as shown in Fig. 1 will be :
discussed. Fig. 2A shows the appearénce of a mddulé 22,
which is partially sectioned. As is apparent from the
20 figure, an insulating plate 25 is located on a copper base-
plate 23. The insulating pléte 25 is made of a material
such as alumina which is electrically an insulator, but has
good thermal conductivity. On the insuiating plate 25
there is provided a thermal diffusion and buffer plate 27,
25 which is usually formed by the combination of a molybdenum
layer and a copper layer. The plate 27 has semiconductor

elements 29 thereon.



10 terninal's 31 and 33°is provided with a femal e screw, and connecting
| eads of-the external circuit can be screwed to the termnals 31, 33. The.

whol e of the structure described above is covered by noulding resin 35. o
Ref er ence nqneral ‘39 denotes a hole through which a bolt is inserted to f}
15 the nodul e ‘22 on a cooling device to be described later. As is appare
fron1the circuit arrangement of the nodule 22 shown in Fig. 2B, a single
nDduIe\anIudes a pair of arnms connected irb series anong six arns of a

t hree phase bridge circuit which functions as the converter 3 or the 20
inverter 7; for exanfthe senifondigtor asrantof2% Ree edesitdigad ITR1 and

TR4 and the diodes D1 and D4. Therefore, the converter 3 or the . inverter 7

can be formed WRPREFHES ey e medudie, 47 iip @ §uifablfe Sifcdd todul es 22
25 d | i 4 th t 43 't

ot e power CARAnEEeHR okt A Bo Y o e e e

pr edet er m ned tc%f drOQe nts 2tgheg_n thd%ri%%rhe?i: qr, the i dagerter 7

The heat genera y operation o e power uni 1} jsed through

the cooling d val% 4 S ddats ddis rmm"aﬁ%d%?s Arfa G Yonndcdtedd it the

case where the sem conductor 5 nodules are directly attached to the
cool i ng devi C%ﬂ%uﬂ:h's%dvﬂﬁbi'ri Fildl @B Nt bdsy RF 198 Gduct or nodul e,

" conductor elements 29, which are to be connected to an
external circuit, are coupled to hollow terminals 31 and 33
\v/ by appropriate leads. The inner surface of each hollow
10 terminals 31 and 33 is provided with a female screw, and
connecting leads of ‘the external circuit can be screwed to
the terminals 31,33. The whole of the structure described -
above is covered by moulding resin 35. Reference numeral
39 denotes é_hole through which a bolt is inserted to fix
15 the module 22 on a cooling device to be described later.

As is apparent from the circuit arrangement of the
module 22 shown in Fig. 2B, a single module includes a pair
of arms connected in series among six arms of a three phase
bridge circuit which functions as the converter 3 or the

ZQ inverter 7; for example, an arm pair composed of the
transistors TRl and TR4 and the diodes D1 and D4.
Therefore, the converter 3 or the inverter 7 can be formed
by three modules 22.

As shown_in Fig. 3, the three modules 22 are

25 arranged on a cooling device 41 and fixed thereto by bolts

43 to form a poﬁer unit 40. The modules 22 of the power

unit 40 are wired in a predetermined manner to function as.



“

whi ch the sem conductor elenents in one nodule can be electrically isolated
fromthose of other npdules attached on the same cooling devi ce by

ting plates included in 10 the respective nodul es. However, any type -
he) sem conductor nodul es can be also utilized by attachi ng then1on t he
cdo device electrically isolatedly from but thermally connected to the
cobl bNig device, so that sem conductor elerents included in those npdules
15 electrlcally i nsul ated from one gnother. Referring to Fig. 4, 'wife
cooling device 41 will be explained nore in detail. The cooling device 41
has a basetpbat8n¢5rEBge30brmaher iaveawirng.a gaednbaadt genarsied by
characteristic, such as alunmnium on one side of which the 20 nodul es 22
are attacheﬂeriexbheoﬁtbae poderohintlhe 4bade pliffeséd thepagar ehki xed a
plurality of heat exchange units 47, which are al so made of material having
a good heatoolangféev¢herA&teplShat tbechodslegbuziznage cBadledheat exchange
unit 47 has a nmultiplicity of through holes 49 25 each functioning as a
duct through whi cRigeoBi sjousr thaycasewwhere Ghet seriggndugtouch ducts 49
can be fornmed by various kinds of known working nethods. It nmay_be nade by
8 dramﬁng,W?BF1§§aﬂﬁFed1Tﬁ€t3V0§§t§EEFﬁoﬁ°th8aEﬂ°&&EH 3§V9ﬁetﬁ#s

enbodi nent _has a re ular forn& however is.not Jimted to,such form
The cross- b?iBﬁSPﬁ e P ﬁaylsg ation- pe semid3hductor module, 1in

which the semiconductor elements in one modu1e can be

electrically isolated from those of other modules attached o
on the same cooling device by insulating plates included in \*j
10 the respective modules. However, any type of the
semiconductor modules can be also utilized by attaéhing
them on the cooling device eledtrically isolatedly from,
- but thermally connected to the cooling device, so that
semiconductor elements included in those modules are
15 electrically insulated from one another.
Referring to Fig. 4, the éooling device él will be
explained more in detail. The cooling device 41 has a base
plate 45 made of material having a good heat transfer \_;
'characteristic, such as aluminium, on one side of which the
20 modules 22 are attached. To the other side of the base
plate 45 there are fixed a plurality of heat exchange units
47, which are also made of material having a good heat
transfer characteristic, such as aluminium. Each heat
exchange unit 47 has a multiplicity of through holes 49
25 each functioning as a duct through which cooling air may

flow. The unit 47 having such ducts 49 can be formed by

various kinds of known working methods. It may be made by



_circular or honeyconb. -5 The cooling device 41 of this enbodlnent
I s assenbl ed fromseveral parts but, depending on its size, it nmay be
mgnuf actured as a unitary body |nclud|ng the base plate 45. Wien many
modul es 22 are utili zed, these nodules can 10 be arranged in a zi gzag
pattern on the cooling deV|ce 41, as shown in Fig. 5. Wth such an
arrangewent of the nodules, a better coollng effect can be attained,
t he nodule 22' is cooled by air flowdifferent fromthat cooling t he
22. Thus, the air flowing under the 15 nodule 22' js not significantly
war med by t he %%%Ylﬁﬁnef%feﬁxﬁ$P}ﬁe mhRg| 5995~ 5%%?%%9ﬁ?§ e?%% @%%Flﬁ% in

ffect of th dul 2 .1 d b th fl
Cherounder 15 BBF ot Bga A Pohrs (BrEval BISHPAT nEoHhnaraes £t is RoL™

Never thel ess, i?ﬁlégéa% C89$h”909$fec& a@{QEsZQeé€P58 fﬁ %ébf‘&gnsﬁgerab'e

extent. In th I'S Wa erels COﬂSfI’UC ower

functions as t@?r89ﬂ¥Préfrh§nQ§c6ﬂ€ inverter 7 of Fig. 1. Two of the thus
constructed power unit 40,40","one'1.e. the power unit 40, being utilized

for the cosverter 3 2’5he38301i1§ O04éeice €4 y. of NEn POVERbIMi her®' isfor the
i nverter 7, are assenbled as a S|ngle body as shown in Fig. 6. In this way,
both power uni 4sséfb¥ed Hf6mSSeveiUrpaLts tiat, t depend heptorxThangezeniis
of the cooling devices 41,41 thereof

may be manufactured as a unltary body 1nc1ud1ng the base

plate 45.
&v) When many modules 22 are utilized, these modules can
10 be arranged in a zigzag pattern on the cooling device 41,
as shown in Fig. 5. With such an arrangement of the
modules, a better cooling effect can be attained, for the
module 22' is cooled by air flow different from that
cooling the module 22. Thus, the air flowing under the
15 modulé 22' is not significanﬁly warmed by the heat
generated by the module 22. Certainly; the'cooling effect
of the module 22" is not.improved so much, because the air
flowing thereunder is warmed by the heat generated by the
module 22. Nevertheless, the totai cboling effect can be
20. ihproved to a considerable'extent. |
In this way, there is constructed the power unit 40,
~which functions as the converter 3 or the inverter 7 of
Fig. 1. Two of thé thué constructed power unit 40,40', one
i.e. the power unit 40; being utilized for the converter 3
25 and the other, e.g. the power unit'40', for the inverter 7,
are assembled as a.single bbdy as shown ih Fig. 6. 1In this

way, both power units 40,40' are so integrated that the



are. opposed (adjacent), and they are fixed by side plates 51 in both sides
\€ power units 40,40'. In the underside of a thus forned power unit
sgpbly 53, a wind 5 channel 55 and, thereunder, a fan device 57 are
@vyded so that the cooling air is sent into the air ducts 49 of the
3o0M/1-ng devices 41,41 as shown by arrows in the figure. 10 The power unit
assenbl;y 15 53 for use in the elevator griving systemas shown in Fig., 1
i s.usual.ly acconmpdated in'a cubicle having a very linited space, togsher
Wit h ot her heeati coschEngmuipitentef Tthe ecdaoking tdésicesi4hpik' t therede power
unit assenbly 53 be as conpact as possible. 20 ' VWhere the power
unit assending pHosed fadiae’nt h sand theyibixe £ixed byl sbdenplates

nodi ficatiaon nmay be considered. As shown in Fig., 7, there is usually

provi ded widthii® Rbiideseh e (RIYSH YWaket g‘}SQL',‘iQ)'n- whiRhtR&ri ous  devi ces
d [ t. i ncl udi th | t nbly 53 25 tt hed t hat
the 1imm { cURGSTEHAR Tne (IR CPHER BOWRF HALE (T8RP | Fnctl Wikdihis
, s 40, 4Q | ite si £.1h
carti it on ERUEnll e dhiny’ kndl Sl S LD REPRIS S S4B ehiA0T 5o

o SRS AP 8109 g0 PendBend T e 09 bieuiene

cooling devices 41,41' as shown by arrows in the figure.

9

10

The power unit assembly
15 53 for use in the élevator driving system as shown in Fig.:
1l is nsually accommodated in a cubicle having a very
limited space, toggther with other devices or equipment.
Therefore,.it is desirable that the power unit assembly 53
be as compact as possible. _ _ _ \_j
20 Where fhe power unit assembly 53 is-installed in
suéh a cubicle, the folloﬁing modification may be
considered. As.shown in Fig. 7, there is usuaily provided
within a cubicle 59 a partition panel 61, on which various
aevices and equipment ihcluding the_power'unit assembly 53
25 are attached_so that the limited space of the cubicle 59
can be effectively utilized. In this case, two ?ower units

40,40' are coupled from opposite sides of the partition

L)



conpared with the case*where both units 40,40' are 5 -juxtaposed on the .
sanme side of the pamel 61. The enbodi nents di scussed above have a further ™
effect, in addition to achieving a conpact power unit assenbly. That effec
wi'll be expl ai ned *herei nafter with reference to Fig. 8. This figure shoys,, ~
an exanpl e of ‘the 10 transient thernmal resistance characteristics of t
cooling\gevice 41,41'. In Fig. 8, the curyg [ERR] (solid line) shows t
charactegristics of the transient thermal resistance.exhibited by a single
power unit as 61 €0 CForim el pRsY idnis Apesnipg 55, t hes Pnmerd er.
The curve [ERR] (two 15 dot chain |line) shows the characteristics of the
transi ent theratatandgemeritnce cos ddedb Wdesadivg poaerbelmdde aire ti6s e £d
as shown in Fig. 6 to formthe power unit assenbly conprising the converter
and the inverter e mael téle wokeh isiccapidd ke tagsemblopeiBt ed. The
ordinate 20 of Fig. 8 represents the tenperature rjise per power |oss [ERR]
and the absci 2QPRaRed dpsleh dthe igase r‘BFﬁ!tméD%ftl’ar‘%mcﬁsogb« | Arof the power
unit. It i% a_p:Parent fromboth chracterjstics %E(lg and [ERR] that .the tine
constant [ERR[IGIEABRSES £kitdhR T3R8 tde RF st nel tHe latter case is

twce 25 tines that i n th;.forrrer case and t.he thernal ;ftesi tance in
0

the latter case i s re e(ﬂ“kf% H‘Eﬁfh‘is f}jfc‘ﬁsef %%%‘ﬁ &J‘ﬁedear ! ,e"f[ hese
facts are caus a%’t the eiéfliéi'a’x? {Bisécr&fevin& he SHYddg SKvd.c8. P& g

doubl ed in the et ‘case
assembly. That effect will be explained hereinafter with

' reference to Fig. 8. This figure shows an example of the
10 transient thermal resistance characteristics of the cooling
device 41,41'. 1In Fig. 8, the curve r; (solid line) shows
the characteristics of the transient thermal.resistance
exhibited by a single power unit as shown in Fig; 3, and
when it is operated as the converter. The curve r2 (two
15 dot_chain line) shows the charactefistics of the transient
thermal resistance exhibited when two power units are
assembled as shown in Fig. 6 to form the power unit
assembly comprising the converter and the inverter and only
'L,f _ the power unit as the converter is operated. The ordinate
20 of Fig. 8 represents the temperature rise per power loss
(°C/watt) and thé abscissa the lapse of time from the start
of operation of the power unit. It is apparent from both
chracteristics r; and r, that the time constant T, of the
transient thermal resistance in the latter case is twice
25 times that Tl'in the former case and the thermal resistance
;n.the latter case is reduced to about 1/2. As is easily

understood, these facts are caused by the effective mass of



integrating the cooling devices of the converter and the inverter, although‘
only the converter is operated. An elevator is not always operated at its
rated 5 speed, but in nost cases operated at a speed which is lower than
~rated speed. Accordingly, in the power units for use in the elevator

difi vi\snh system as shown in Fig. 1, the operating conditions of the _

/ er 3 are different fromthat of the inverter 7; the converter 3.is
actuated 10 by the supply vol tagelof the power source 1, whilesshe
~inverter 7 is actuated by the | ower voltage. Wien a pul se wi dth nodul at'i on
(PW) conttré sebhifgi dewsed, bednghidohbilied dwi tthiei Agtéeer g@SenPYs conduct ed
at a high frequency, the inverter 7 is in nost cases operated in a |ow
vol t age rabgtegoathng the serdéngngevdses ofskhe coRYeKEREe aPe tR%unt of

15 the heat generation is also snmall|. Thus, the Lmogﬁpmer nits are

di ffernet LAVERERF.dBLEhERIBpERAY| Ghei FOPNETESS: dm SRERAEY-Fig. 1.
However, the diffgren t he dut¥ g&wgggr% E QtEﬁ QQtiEE”EEQQdFO t he
h an re

e
system for drivin “tﬁgeXF295t6F_“° efre XI'st nore or | éss such
differencesgloh ble syShedL"BachsnBpe?atel gt! & shaeaC ARYEh! 1180 100ehC
power td a pbwer "and an i nverter connected theréeto for reconverting the
converted PraRO¥RE FAtad Apepaver AcEbedphgignt innvaet powetamnadeafiozge in
application to-all of such systens. 25 Under these circunstances, even if
t he convertse andthe elevator driving system as shown in Fig. 1, the

operating conditions of the converter 3 are different'from

that of the inverter 7:; the converter 3 is always actuated ;_)
io by the supply yoltaée of the power source 1, while the
inverter 7 is actuated by the lower_Voltage. When a pulse
width modulation (PWM) control method is used, in which the.
switching operation is conducted at a high frequency, the
inverter 7 is in most cases operated in a low voltage range
lS so that the switching loss is small and hence the amount of

the heat generation is also small. Thus, the two power

units are differnet in their duty of operation in the

System shown in Fig. 1. However, the difference in the

duty of operation is not limited to the system for driving
20 the elevator. There can exist more or less such difference
- in the system which has a converter for converting an AC
power to a DC power and an inverter connected thereto for
reconverting the converted DC power to an AC power. The
Present invention has advantage in application to all of
. such systems. |
25

Under these circumstances, even if the converter and

the inverter assembled ‘as the power unit assembly 53 shown



the inverter assembled-as the power unit assenbly 53 shown 12 in Fig. 6
are sinultaneously operated, the transient thermal resistance
characteristics generally follows the curve [ERR] (broken line) in Fig. 8.

Vi ewed fronythe'IOSs for very short tine [ERR], the cooling device operates
at a 5. thermal resistance of [ERR], which is smaller than [ERR]; in otﬁﬁgs'

mords,;{pe cooling efficiency i's enhanced.j#dccordingly, in the power un :
assenbil y~ conposed of power units which are different in operating duty and

loss from each rotshigy. 6 Wie a5 rd1R ANaMIs 14N idperstid)] HeOM rasRs sight he 10
el evator driving systemas nentioned above, the cooling efficiency is

equi val ently igvReraead das iefdanid \arddtddiztigs Rjergrallad Eedliong dde ces.
Referring next to Figs. 9 and 10, there is described another enbodi nent,
accordi ng to whimie a .powaroken tlilke) dssdhiy.y 8.nclViciwegl finom g heoicsst dicsr
and peripheral or auXiliary devices, such as a control device, a protection
devi ce and so very rabomie tiae (dgnpadthe dapltitis davicd mperates atswé ating
board as shown in Fig. 9 is attached on to the nodul'es 22 which are fixedly
arranged oR t HdhesIRY wesiGtange @4 R 5 AdEKhvi S Bgld ey thaw &ygh ithe

I nsul ating board 63 there are bored a pl .aLity of, hol es 65,67. O these

hol es, the hol¥eds Wardsyotdie £ D &ETS “Forre Sffto the

B 3_1 (}Icéor}%ﬂ% li},esinz%hvg“p%mer unit _assembly composed of power

units which are diffe;ent in operating duty and loss from
iv; _ cach other, such as the power unit assembly for use in the
10 elevator driving system as mentioned above, the cooling
efficiency is equivqlently impfoved by éffectiﬁely
utiiizing integrated coolihg devices.
Referring next.to Figs. 9 and.lO,.there is described
another embodiment, according ﬁo which a power unit
15 assembly including wiring conductors and.peripherél of
. auxiliary devices, suéh as a control devide, a protection
deyice ané so on, may be made compact. In this embodiment,
‘an insulating board as shownlip Fig. 9 is attached on to
k~; ' the modules 22 which are fixedly-érranged on the ¢o§ling
20 device 41. As.sh0wn in Fig. 9, through the insulating
board 63 there are bored é plurality of holes 65,67.. of
_these holes,.the hqles 65 are bored at the positions
corresponding to the terminals 31 of the modules 22 which
are arranged under the board 63 as_indicaﬁed by two dot
25_ chain line in the figure. The ﬁoles 67 are utilizedlfor
connection with other deviceslor equipment and can be

provided in arbitrary positions within the insulating board



are arranged under the board 63 as indicated by two dot 25 chain line in
gure. The holes 67 are utilized for connection with other devices or
prgnt and can be provided in arbitrary positions within the insulating
bokia. 13 63. These holes 65,67 are coupled by a plate-like conductor 69
[ redetermned circuit pattern. As is described |ater, the conductor 69
functions as conductors electrically connecting the nodules 22. Further,
such a 5 predetermned circuit pattern kan be al so realized by known Q;;
printed-circuit technol ogy. The hol es 65, bored such as to correspond wth
the term naP3-31Thgse hpdEesussd 6o azet gonplrd Pysel aliatg-flaked 63 to the
nodul es. 22. Ag shown .in Fig. the insulating 10 board 63 is secured on
t he nodul es€9% B?tﬁﬁlﬁg ¥ ghPEﬁd&FéryépéﬂeﬁlFﬁPéttEétWGFPow ﬁér#ﬁnals 31,

t he i nner sgrface$ @ m@ gﬁ Eroé i ded wi_.th the fenale screws.

result, theSSFeEtPEEataESRRERPOROD uﬁﬁﬂfe dfgéFﬁéQHstﬁélFQPﬁPﬁ§P§531 of
th dul | 1 5 67
coﬁnggtroﬁseg%ﬁ@?geggi ?ﬁgbggg%ﬁrgéggr% gu}%%eﬁ% #P F%ﬁ sug grspace
f d h |
i 11 ey d BEPageLER: HBA L EPca . CRRL RELORSN ﬁéﬁ?#?ﬁggégaﬁ 8559 Rppn”"

exanpl e, a proheeslonredgytceetnholibgytran- 20 sistors of the nodules 22
such as a surge killer circuit, a ' -

The holes' 65, bored such as to correspond with the

terminals 31, are aiso used to attach the insulating board
63 to the modules 22. As shown in Fig. 10, the insulating L‘)

10 board 63 is éecured on the modules 22 by bblts 71 which are
screwed into the hollow terminals'31, the  inner surfaces of
which are provided with the female screws. As a resﬁlt,
the electrical connection is achieved between the terminals
31 of the.modules 22 and between the terminals 31 and the

15 holes 67 for connection with the external devices or
equipments. With this, the space for wiring among the
modules 22 can be considerably sa&ed. Periphéral or
auxiliary devices 73 can be provided on £he insulating
boérd 63, for exémple, a protection device for the tran-

20  sistors 6f the modules 22 such as a surge killer circuit, a
control device for controlling the switching operation of
the transistors, and so on. Thése devices are preferably

- arranged close to the modﬁles 22 as much as poSsiblé. The

insulating board 63 makes such a aesirable'arrangémént

25 poséible, so that the wiring conductors between thelmodules
22 and the protection and coﬁtrol devices can be shortened

and therefore the control operation is not susceptible to



control device for controlling the switching operation of the transistors,
and so on. These devices are preferably arranged close to the nodul es 22 as
much as possible, The insulating board 63 nakes such a desirable

arrangenent 25 possible, so that the wiring conductors between the nodyl :
22 and the protection and control devices can be shortened and therefor .
the control operation is not susceptible t9 14 hi gher harnonics and

noi se aawsed by the switching operation of %he transistors Accordingly,

stabl e operalyogngt hOenBRYEL URh! PnARoDEe ERLEUAdy ! PE! uidonifher once

nuneral 74 denofes rec ore rou e |nsu at| g board

63, The f1xi ggepheiBs HEdHESStganEQSEBESCOOhEEGrQQHbﬁﬁ 44¢ Ry geans of the
bolts 43 is achieved using the holes 74. he power uni f constructed in

this manner _j sp@rseiBhebe PRECHOWBL! uhavsnlahhsepaehwoeen and control
devi ces, as ®™hown in Fig. 10. 10 The conpl eted power unit is assenbled with

anot her power unit sini Fagly9corpEereficennamebhad Wandenotéstrébeangolang
devi ces of both the power units are opposed as shown in Fig. 6. The thus
assenbl ed 5spowkolesi boaedehbkgugh hbe onbylebipgcboasdabédonpTheef agsspghdf
havi ng peripheral or 15 auxiliary devices, but also very convenient for
mai nt enance. phehvaghlee ﬁavéohégéIGOQhéﬂH devideséti bedmeany of the

bolts 43 is achieved using the holes 74. The power unit
_constructed in this manner is a complete power unit having
{ - _ the protection and control devices, aé shown in Fig. 10.

10 The completed power unit is assembled with another power
unit similarly completed in such a manner that the cooling
devices of both the power units are opposed as shown in
Fig. 6. The thus assembled power unit assembly is not only
compact as a complete assembly having peripheral or

15 auxiliary devices, but also very convenient for
maintenance.

Although we have herein shown and described only
limited forms of assembly embodying our invention, it is
understood that various changes and modifications may be

20 ﬁade therein within the scope of the appended claims
without departing from the spirit and scope of our

invention.



limted forms of assenbly enbodying our invention, it i's understood that
various changes and nodifications may be 20 oMt hi he scope
tlhe appended clains w thout departing fromthe spirit and scope of our
i@hdntion. 15 CLAIMS 1. A power unit ass?muﬁ Mﬂﬁluulan el evat or
qoj/or drive conprising a converter for I%ceivi A nha f or
converting the AC power into DC power, and an inverter 1or I nverting the
~converted BAIMHwer into AC power and supplying it for a driving notcgof
an el evator, which converter and inverter are formed by sem conductor
modul es priovi détl BR¥ETpHPibi aSSERHY dERF c¥$e ehRh 8ot Y2 tiRYi @ t9ai ng

| ectrical i sol at ed. f but _th I ted t I at ed

Cem condude Y SRSt YRR 81 HOBKERCEF FHE" SBBRLRG edCcoevRis SA0nRRe, on
i de of | .Ghe lat ' d £ th i

Govi oo, an R FRA0°APROKRR, Ah M MWL 0 o8 Wl IS8R BY

devi ce, er sid e 1S a

the cool i ng, fexiGag -art@,eoos.iotd&@@Geﬁucbct--®sngeL% ReR! ARXChaNAG uahls are
in thermal contact W th each other. 2. An asse Py according-to claim 1,
wher ei n t he,dyeps i R¥CRANIFBY Wi ldrideng Photaki tof Ohnaididweisr f Oknlilke
passage therethrough of cooling air. 3. An assenbly according to claim 2,
havi ng a faohwiavwiex and inverter are formed by semiconductor modules

‘provided on a pair of cooling devices, each cooling devicé

being electrically isolated from, but  thermally connected

N>

to, associated semiconductor modules, wherein each of the k.j

cooling devices has a plane, on one side of which are the
associated éemiconductor modules of the cooling device, and
on the other side of which plane is a heat exchange unit,
~and the cooling devices are positioned such that their heat

exchange units are in thermal contact with each other.

2. An assembly according to claim 1; wherein the heat

exchanging unit has a plurality of air ducts for the

passage therethrough of ccoling ﬁir.

“3. An assembly according to claim 2, having a fan device

for sending air into the air ducts from one end thereof.

4. An assembly according to any one of claims 1 fo 3,

wherein each'cooling.device has a base plate made of

material having a good heat transfer characteristic, one of

the surfaces of the plate serving as the plane on which the

semiconductor modules are attached and the other surface of

which supports the heat exchange unit.

5. An assembly according to any one of the preceding



for sending air into the air ducts from one end thereof. 4 assenbly . .
vice has a

according to any one of clains 1 to 3, wherein mﬂ\mﬂ I‘mg _
hase plate nmade of material having a good heat‘a b ristic, oﬁ-g%
of the surfaces of the plate serving as thééplant on which the — 5
semi conduct or' nodul es are attached and the other surface of which supports

t he heat exch&lgdmsni twhexein spheshenbl gxchapgiaBngrid dfy Giidgd theto a
preceQLpg 16 cl ai ns, erei n the heat excha a%ng unit is divided into a
plurality of Sduriedddd vt t §8CkdiPREN YR oPAIACER Eard 9 x 88 YWhdSh ajT2d

to each other.. 6. An assenbly ,accordi ng,to any one of the preceding

cl ai ns, Mereifﬁ’ﬁﬁ?&ysér%ncﬁﬁ%c Ji° r?oacffh %ha?'re‘ arranged in a zig-zag pattern
on the correspgondi C ' ev) . a accor ding . one
of the precedig ol meseeh1y hE apding, 20 BRI PbUEINFAT thid bLeBRY AL
only on the sicdgigRPROVHeRid the Hel WhdMli tdr thsa$EdE CoRdULt Ofn fREIUL L | S
connected to the cooling device, and wherein there is further provided an

i nsul ati ng boarig-ehag pa tIVFnC il wHeO lc Il it £ e dBi g Pdeb £cd | ke
conductor of a predeterm ned pattern on the side of the insulating board
whi'ch opposes Tt.he dindeastembdyseatcondiiogortondumyesohaviol) the tereteddsg
so that when

claims, wherein each semiconductor module has terminals
only on the side opposite to the side on which the
"semiconductor module is connected to the cooling device,
— and
wherein there is further provided an insulating board
on the semiconductor modules which has a plate-like
conductor of & predetermined pattern on the side of thé
insulating board which opposes the side—of the-
semiconductor modules havaing the terminals, so that when
the insulating bdard is fixed on the semiconductor modules,
the terminals of the semiconductor modules are coupled by
the plate-like conductor to form a circuit for a power
i unit. |
8. An assembly according to claim 7, wherein the plate-
like conductor is formed by a printed-circuit technology.
9; An assembly according to claim 7 or claim 8, wherein
peripheral or auxiliary devices for the power units are
attached on the side of the insulating board opposite to
the side oh which the plate-like conductor is provided.

10. A power unit assembly substantially as herein



e, i Nnsul ating board is fixed on the sem con

») fa circuit for a power unit. 8. An ass
grein the plate- |ike conductor is forned
echnol ogy. 9. An assenbly according txycl ai m

he sem conductor nodul es are coupled by the EI

W

the term nal s
ate-1i ke conduct or to

T

o clfaitng V\/neréln

peri pher al SrL. aux | iiary devices for the power units are attached on the =

si de of the ?ﬁ‘éﬁ ?an’lﬁbarriffcﬁﬂﬁisqet ete oante asi dil s thaeddt b Miate- |
conduct or i, plgd +1gl poweh unit asserrba{ S
1 7 described wit éenZe t%F ahti®8s 91 88€r atQd
Fig. 7, orleé,,gﬁ,gSQ and 10 of ‘the accorrpanyl ng dr awi ngs.

ubstantially as hererl i
oifn thes ac[dﬂiﬁ]ariﬁxf‘g or




