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The present invention relates to tightening 5 devices for tightening up

. or | 6boseni ng threaded nmenbers such as hexagon socket head bolts,
hexagon head bolts and nuts, and nore particularly to tightening

devi ces suitable for use in tightening up or | oosening threaded

menhers for installing, for exanple, massflow 10 controllers which are to

be provided in gas control : apparatué‘for fabricating sem conductors

and whi ch nust be held higf&ﬂEga§t&gEtI TION Controll ers such
as massflow controllers which are provided In such gas control

apparatus for 15 fabricating sef@RaMHNP TEVERG Which need to be given
high air- or gas-tightness include a nenber fastened to a base plate
wi th four bolts having a hexagon socket head and arranged on one side
of the nmenber, usually wth a gasket or |ike seal disposed between the
butting 20 faces. |[|f theBAUKGROUND @F ITHE ONYENTION 00 weak, a

. faulty seal will result, whereas excessive torque def orms t he gasket
- to entail an inpropfhespriesend timyention redatesolto mdgidendnge ti ght ened
up with proper torque. Further if one bolt only is tightened with a
greater 5 devices for tightening up or loosening threaded members
such as hexagon socket head bolts, hexégon head bolts
and nuts, and more particularly to tightening devices
suitable for use in tightening up or loosening threaded
members for installing, for example, massflow
10 controllers which are to be provided in gas control
apparatus for fabricating semiconductors and which nmust
be held highly gastight.
Controllers such as massflow controllers which
are provided in such gas control apparatus for
15 fabricating semiconductors and which need to be given
high air- or gasftightness include a member fastened to
a base plate with four bolts having a hexagon socket
head and arranged on one side of the member, usually
Qith a gasket or like seal disposed between the butting
20 faces. If the bolt tightening torque is too weak, a
faulty seal will result, whereas excessive torque
deforms the gasket to entail an improper seal, so that

each bolt needs to be tightened up with proper torque.

Further if one bolt only is tightened with a greater



2 force than the other Bolts to result in uneven fastening, the

gasket wll be deforned to produce a faulty seal. The bolts nust
therefore be tightened up equivalently. It is also required that the
bol t s be 5 | oosened equivalently so that the gasket will not be
defotnmed greatly to ensure reuse. In installing the massf | ow
controller, accordingly, the bolts are first ti ghtened manual ly, and
one of the fdour bolts is then - tighteqfd with a wench by a fraction of
the required 10 or specified amobunt of t9ghteni.ng. Next, the second

bolt, which is paqgsitioned . di agqnall f e fi It Is tightened
by the sane a TR t‘%@q rﬁq}ed%oﬁﬁr %oq'tstagrjcacﬂeér’]ﬁltég)ql%é‘l EeCohd bolt is

subsequent|ly ti Y. B 2 sitioned

15 diagonally f%%ttt%%g'q‘tqrﬁ r%‘%oqe{é}l?est?t ' J't egnéueg:{ebffgt?ﬁeg g&gﬁ;ﬂk&ﬁlée gé)rmunt , and

the first bolt fiamteaﬁrl 1er tHoBaned st therdf@fieapd hﬁfﬂi&é&qs;edure
y

as above. Thus, the bolts are tightened equivalently a smal

amount at a ti @Ruivalerldy.evert Ual |l swc el ned ihdtherisp e fiedoanount .
20 When to be l'oosened, the bolts are | oosened in a speci fied order

by a snmal | sanDuBbsained tdgivalently so tHu fuld ausketprddlenmmtarkss
encountered in tightening up or | oosening threaded nenbers by the
conventional pdededures sieasly Woersisung rendgon Ieddistalling the
massflow controller, accordingly, the bolts are first
tightened manually, and one of the four bolts is then
tightened with a wrench by a fraction of the required
10 or specified amount of tightening. Next, the second
- : bolt, which is positioned diagonally of the first bolt,
is tightened by the same amount, the third bolt
adjacent to the second bolt is subsequently tightened
by the same amount, the fourth bolt positioned
15 diagonally of the third bolt is tightened by the same
amount, and the first bolt is thereafter tightened to
repeat the same procedure as above. Thus, the bolts
are tightened equivalently by a small amount at a time
and eventually screwed up by the specified amount.
20 When to be loosened, the bolts are loosened in a
specified order by a small amount at a time. |
The following problems are encountered in
tightening up or loosening threaded members by the

conventional procedure using a wrench. for hexagon head

25 bolts.



25 bolts. 3 1. The

wor k- of turning the bolts individually by a smal | anpunt at a tine is
cunber sone. 2. The anopunt the bolt is tightened at a time, if

i ncreased, facilitates the tightening work but 5 I ncreases the
possibility of deform ng the gasket by uneven fastening, hence

I ncreased |ikelihood of naking the seal faulty. 3. Although
t he angl e thfough which the bolt is to be rotated by the wwench after

manual ti ghtening is 10 pr edet er m ned, the accuracy of the angle of
rotation is icient b use .of t K. ThIS
entails the |Ike|lh atv O o%g %ﬁﬁqg.ﬁh {E?Tﬁs in H%ﬁ#ﬁﬁ%ﬁfi BY the
proper anount t faylt t St

SUMMARY OF THE %ﬁ@%N%%B%nt L QLQ£h gbje qggﬁhe present inventionis to
~ provide a L1 9HLCRHA0 RVINEE LHO DAY i diftorRP dt d s, 110

. or renoving a nassf om/control I'S provi a gas contro

- apparatus for phodug swq&%%gr $he?Q i grifich MY Gbrieadis to be held
hi ghly gastlghtE et hes%aw ce bei ng adapgt ed t\gﬁtlghten up threaded

members wi gh lncreﬁ%%e'th@m%%lwﬂlﬁw JTe sy rinfiln g G Heh eyam ke o e
procedure of rotating the threaded nmenbers one by one
uneven fastening, hence increased likelihood of making
the seal faulty.
3. Although the angle through which the bolt is to
be rotated by the wrench after manual tightening is
10 predetermined, the accuracy of the angle of rotation is
insufficient because of the manual work involved. This
entails the likelihood that the bolt will not be
tightened up by the prbpef amount to cause a fault in
the seal.
15 SUMMARY OF THE INVENTION
An object of the present invention is to provide a
tightening device, for example, for use in installing
or removing a massflow controller which is provided for
a gas control apparatus for producing semiconductors
20 and which needs to be held highly gastight, the device
being adapted to tighten up threaded members with
proper torque without necessitating the cumbersome
procedure of rotating the threaded members one by one
through a specified small angle at a time aﬁd free of

25 the likelihood of producing a faulty seal.



t hrough a specified snmall angle at a tinme and free of 25 the |ikelihood

of producing a faulty seal. 4
The present invention provides a tightening deyice for tightening up
a plurality of threaded nmenbers at the same time, the tightening
device conprising a plurality of rotary shafts each provided at a

f orward 5 end thereof with a wench portion fittable to the

t hr eaded nenber, drive neans for individually driving the rotary
shafts, and control neans for detecting th amount of tightening of

cach hreaded renberaa0tot ent 1xtdOLEU R0 2000 LIGEOL M Yerice
TS e amotorFh R SLP By oy O DN L e
speci fi ed val ugfasethonc e, 14§ ik ddithg devidd CBRALIGIAQTaUe Teaches

a predeterm ned val ue, and judgl ng neans for judglng eath threaded

nmenber to be plurdDpey!yftictdepeshd fitd hea@aserdvieded tae 4 | Sdkwahdg
torque of the threaded nenber is within a predeterm ned range, with
‘the difference dnd tilgdt et ngi tlorguerdreihwgssrtion fitetddeatedhenbers
within a predeterm ned range, when 20 the drive is discontinued.
Wth the tight afirepdeyimenedr i hdeive emanm, fatheindividyaidgy rdeinetmg | udges
that the tightening torque of each )
the rotary shafts, and control means for detecting the
amount of tightening of each threaded member and the
tightening torque thereof and controlling the drive
10 means based on the values detected, the control means
comprising drive stop means for discontinuing the drive
upon the amount of tightening of each threaded member
reaching a specified value based on the time when the
tightening torque reaches a predetermined wvalue, and
15 judging means for judging each threaded member to be
properly tightened in the case where the tightening
torque of the threaded member is within a predetermined
range, with the difference in tightening torque between
the threaded members within a predetermined range, when
20 the drive is discontinued.
With the tightening device of the invention, the
judging means judges that the tightening torque of each
threaded member is within a predetermined range upon

the amount of tightening (e.g., the number of

25 revolutions) of the threaded member reaching a



t hreaded nenber is within a predeterm ned range upon' t he amount of
tighfening (e.g., the nunber of 25 revol utions) of the threaded nmember

reaching a : 5 speci fied
value to thereby assure that the threaded menber as tightened is at a
proper absolute |evel. Furthernore, the judgi ng neans judges whet her
t he difference in tightening torque between the threaded 5 nenbers
is within a predeterm ned range to thereby, ensure that the threaded
~nmenbers are equivalently ti ght ened. %bnsequently, only when the

~absol ute | evel speciff’éd eégm%g(ga\g?%%?g%%%P%\r/\éﬁ%ntﬁgetﬁpg%é' ed limts

;W thout giving rise to unequi uneven eni ng,

'the threaded nyyisr & ¢ d&® ﬁ at a pPEPPETdNsdighd epedegnd can

therefore be tightened up a e sane tine. Accordingly, the threaded

menbers can  Furtlfeindid SNgkk Wuddidy Henes §udhéS URIchOF dtigeW t hout
necessitating the cunbersone procedure of rotating the 15 t hr eaded

menbers one by dinffdpericenid |t gteiing forque bdtwden ViHd tieygaedast ening
i precl uded. . The specified value for the anpbunt of tightening

- is smal |l er 3 hamembmpeis wal tlelf @ greidtamimedurdngd to theteélght eni ng.

: Preferably, the control neans further 20 conprises main tighteni ng means
Cfor finally ti gnueghat therheegdad manker st requivakenptbyer val ue

“when the ) _
tightened. Consequently, only when the absolute level

of each threaded member is within the specified limits
without giving rise to unequivalent tightening or

10 uneven fastening, the threaded members are judged to be
properly tightened and can therefore be tightened up at
the same time. Accordingly, the threaded members can
be tightened up with pfoper tightening torque without
necessitating the cumbersome procedure of rotating the

15 threaded members one by one by a smali amount at a
time, with uneven fastening precluded.

The specified value for the amount of tightening
is smaller than a proper value for the final amount of
tightening. Preferably, the control means further

20 comprises main tightening means for finally tightening
up each threaded member to the proper value when the
threaded member is judged to be properly tightened.
Faults in tightening can then be detected early to
discontinue the tightening operation before the seal

25 member, for example, is broken.



t hreaded nmenber is judged to be properly tightened. Faults in

tightening can then be detected early to di scontinue the tightening
operation before the seal 25 nmenber, for exanple, is broken.

6 The present invention provides a tightening device for
tightening up a plurality of threaded nmenbers at the sane tinme, the
ti ghteni ng device conprising a plurality of rotary shafts each
provi ded at a forward 5 end thereof wigh a wench portion fittable to
t he t hreaded nmenber, drive means for individually driving t he

rotary shafts, and ggpt ﬁeejﬁngé‘iﬁv@ntg%:rﬁ?zid?&&é?_a tightdPHY Hvice

tightening of each thre nber an tightening torque thereof

and control | i ngoth@ ighiteh inkd ug AR uFA9E PR hreldirs miteiRL it t he

control neans conprising drive stop nmeans for discontinuing the drive
upon the tight eRiengaimer Gitmedl tdecltilghteddedy rivvicte comprisdaghiang a
predeterm ned value with the tightening anmount within a specified
range, and j udpilogadsdays dforrotbry jshaditsy ementh prorvdatiel] arte reb effo twa txk
properly tightened. in the case where the difference in tightening

- amount 5 betvdetheries ft hidddead wremicdr pord iwin fiiktahdeedet dihe ned
range when the drive is discontinued. Wth the tightening device

of the inventihreaded memberenidsd vies TeeMst dioxd imeky idve 1edivg R 3 t or que

of the rotary shafts, and control means for detecting the
amount of tightening of each threaded member and the
tightening torque thereof and controlling the drive

10 means based on the values detected, the control means
comprising drive stop means for discontinuing the drive
upon the tightening torque of each threaded member
reaching a predetermined value with the tightening
amount within a specified range, and judging means for

15 judging each threaded member to be properly tightenéd
in the case where the difference in tightening amount
between the threaded members is within a predetermined
range when the drive is discontinued.

With the tightening device of the invention,

20 tightening is completed upon the tightening torque of
each threaded member reaching a predetermined value
with the amount of tightening within a specified range
to thereby assure that the threaded member as tightened

is at a proper absolute level. Furthermore, the

25 judginé.means judges whether the difference in



each threaded nenber reaching a predeterm ned val ue wi th the anmount

of tightening within a specified range to thereby assure that the

t hreaded nenber as tightened is at a proper absolute |evel.
Furthermore, the 25 judging means judges whether the difference in

7 ¢ ti ghteni ng ambunt between the threaded nmenbers is within a
specified range to thereby ensure that the t hreaded nenbers are

ti ghtened equival ently. Consequently, only when the absolute | evel of

each 5 t hreaded nenber is within the specified limts wthout

giving rise to_unequival ent tightening or_uneve ing, the

t Er ea](cjed rrEnberts1 %eer}%e%nqggbéaencw o p%ep:;\ﬁ}ﬁ;e%q%%tné%nﬁéz:% can
therefore be ti e ‘e B | REEOL L t hr eaded
menbers can 1 rgrglgir}{ ?agh e‘%gel J'uepd vﬁr{ﬁpr operﬁ% [ gm eni ng]'dét %a/utze t\E/vlllﬂ%\hout

necessi 1ating e ST OR Y A ed i AU fieLy, LI eaded

menbers one by one anmpunt & W th uneven fastening

precl uded. Consequerltel P esiel £ WHdEthal dssdnitd eedd Yderaagh t orque 15
is smal ler than a proper value for final tightening t or que.

Preferablys t hamenidel medser fiy thigthin the copguri fissd ripimi ¢S gl Emowiy neans
for tightening up each t hreaded nenber until the proper final torque
value is gisdahke d vdentd hedduissdesh trenioght érsingdye dinever
| fastening, the threaded members are judged to be
properly tightened and can therefore be tightened up at
the same time. Accordingly, the threaded members can
10 be tightened up with proper tightening torque without
necessitating the cumbersome procedure of rotating the
threaded members one by one by a small amount at a
time, with uneven fasténing precluded.
The predetermined value for the tightening torque
15 is smaller than a proper value for final tightening
torque. Preferably, the control means further
comprises main tightening means for tightening up each
threaded member until the proper final torque value is
reached when the threaded member is judged to be
.20 properly tightened. Faults in tightening can then be
detected early to discontinue the tightening operation
before the seal member, for example, is broken.
Preferably, the control means further comprises

excessive torque abnormality indicating means for

25 discontinuing tightening and indicating abnormal



20 properly tightened. Faults in tightening can then be . detected
earl-y to discontinue the tightening operation before the.seal nenber,
for exanple, is broken. _ Preferably, the control neans further
conpri ses excessive torque abnormality indicating nmeans-for 25

di scontinuing tightening and indicating abnor nal

8 ti ghtening upon the tightening torque of one of the t hr eaded
menbers reachi ng the predeterm ned val ue before the anount of

ti ghtening of the threaded nmenber rediches a specified lower limt.
Furt her preferably, 5 the control neans conprises deficient torque
abnornal ity i ndikdRteRingaRoR orhe)i ckahtemiphgtorque qf grerhgthad

i ndi cati ng abnornal tighteni ng when t he tightenin or que of f
the thr eaged rTeq'Fb"e?r%‘i?‘g me e‘g"be‘F‘?ﬁFtHfég p?lé%eﬁ%?cgﬁmfeﬂm\fg?%ev%t‘é%oi fo?ﬁeo
amount of 10 t1 ght eni ng._of the readed menber r.eaches a eci fid _
upper limt. Trﬁfsf,o%ﬁle I? %@“‘?‘iﬂ'tqt%’% ir}sl %%%n%x%ésaﬁgtméeadg%rﬁ%'ék%?gi ent
relative to th f_ 1l eni - |ty | ' '
drcated to oSy, £ s8Nt EM Myl Lini. AR (e fedaliy B0 N0 1S

conpri ses r%;grt}é Vort bl Hedd compr%s:a#@é:ﬂ fed Ot pmadal ts. Each of

the notors spur gear attac to a forward end of its drive

shaft, anghrfi¥ath Of t ¢ Mehd ¥ M il drss hesr aiidirimidaghed to

tightening and indicating abnormal tightening when the

tightening torque of one of the threaded members is
below the predetermined wvalue even if the amount of

10 tightening of the thréaded member reaches a specified
upper limit. Thus, when the torque is either excessive
or deficient relative to the amount of tightening, an
abnormality in tightening is indicated to discontinue

.tightening.

15 The drive means comprises motors for driving the
respective rotary shafts. Each of the motors has a
spur gear attached to a forward end of its drive shaft,
and each of the rotary shafts has a pinion attached to
a base end thereof and meshing with the spur gear.

20 Preferably, in this case, the spur gear is attached to
the forward end of the motor drive shaft by a joint,
with play provided between the joint and the motor
drive shaft for permitting the spur gear to rotate
slightly about the axis of the motor shaft relative to

25 the shaft. When the wrench portions are -to be fitted



a base end thereof and neshing with the spur gear. 20 Preferably, in

this-case, the spur gear is attached to the forward end of the notor
drive shaft by a joint, with play provided between the joint and the
not or drive shaft for permtting the spur gear to rotate

slightly about the axis of the notor shaft relative to 25 the shaft.
When the wench portions are to be fitted

9 to the respective threaded nenbers _at the sane tine, t he
wrench portions are then rotatable and thePeby made fittable with
greater ease. The rotary shaft dri ns may alternatively conprise
a single notor RﬂlEHe rSSPeFElgSnﬁEE?éGegom?HQeFét§¥yt§ﬁa§?§eb F1if€zpecti ve

| ut ch to d | | t haf t t t
 iches 10 9 Yool EOLELYTELL BhghrSHEBaBIE g ppBkeble e

provided Two bel L5akiLoD: BegPOgLLLOBSde ! 2900°EbYa r0sna GRS o gt ened

at the sane ti ary Sha our S "as arranged at

four corners capg Qﬁs may a;tgpﬁg eg§l Qﬁﬂffggr%:Q?n&!et?StBEuﬁhigﬁfts

Each wrench portlon has™ a ormar exagonal
prismfor h@xagpg é@ﬁﬁ@&t@&agobﬁﬁésrotQEY sﬂhﬁtéoﬁyﬁfgsﬁééth§efOr”Ed with a

hexagon socket for hexagon nuts or”~ hexagon head Its.
Preferably, eacblutened porérDvei s1Lotmect6taty shaft or to stop one
| of the rotary shafts.

For example, two or four fotary shafts are
provided. Two bolts which are positioned diagonally

10 can be tightened at the same time by the two rotary
shafts. Four bolts as arranged at four corners can be
tightened at the same time by the four shafts.

Each wrench portién has a forward end in the form
of a hexagonal prism for hexagon socket head bolts.

15 The forward end is formed with é hexagon socket for
hexagon nuts or hexagon head bolts.

Preferably, each wrench portion is connected to
the rotary shaft movably axially thereof. When the
wrench portions are to be fitted to the respective

20 threaded members at the same time, the wrench portions
are then axially movable and thereby made fittable with
greater ease.

Preferably, a coiled compression spring is
provided for biasing the wrench portion so as to move

25 the wrench portion forward relative to the rotary



the rotary shaft novably axially thereof. Wen the . wrench portions
are-to be fitted to the respective 20 t hreaded nenbers at the sane tine,

the wrench portions are then axially novabl e and t hereby made
fittable with greater ease. Preferably, a coiled
conpression spring is provi ded for biasing the wench portion so as to
nove 25 the wench portion forward relative to the rotary

10 shaft. As the threaded menber igs forward by being screwed
by the rotation of the wench portion, conpression spring expands

trghtened up - B Thodt i T 1R ﬂ%mbé%’r R
The angl e of rg’t&tév%e %ﬁéﬂ%ﬁereo t wrenc[HfB megher is used

as the anpunt of ti e angle ‘of rotation of the

- threaded ”E”bekompreséEthgb il @ﬁﬁ&ﬁhsfﬂH ﬁﬁﬁ@ﬁﬂﬁh ﬁb@ﬁﬁheﬁEﬁﬁﬁﬁn The
10 displacenent of the threaded nenber can be determ ned

- potentioneter, Al reNttistNste Werasd Glember cfhrspieaoﬁq}mexse@sm The

. tightening torque can be determ ned, for exanple, by a strain gauge
- affixed to5 witthwuttmishisinfthearmbdy to@mm&mdﬂyicm oieerwietdct or for 15
converting the strain of the rotary shaft into torque. Al ternatively,

the tightening torqitheandke dof eratiatéibn or displacement of the

threaded member is used as the amount of tightening
thereof. The angle of rotation of the threaded member
can be determined, for example, by an encoder. The

10 displacement of the threaded member can be determined
by a potentiometer, eddy current sensor or laser
displacement sensor. The tightening torque can be
determined, for examplé, by a strain gauge affixed to
the rotary shaft and a tightening torque detector for

15 converting the strain of the rotary shaft into torque.
Alternatively, the tightening torque can be determined
by a magnetostrictive torque sensor. The amount of
tightening of the threaded member can be determined
also from the number of revolutions of the motor. The

20 tightening torque can be calculated from the current
for driving the motor utilizing the fact that the
current exhibits the same tendency as the tightening
‘torque on a graph.

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is a perspective view partly broken away



by a magnetostrictive torque sensor. The anmount of tightening of the

t hreaded nenber can be determ ned al so fromthe nunber of revol utions
of the nmotor. The 20 tightening torque can be calculated fromthe current
for driving the notor utilizing the fact that the current exhibits

t he sane tendency as the tightening torque on a graph.

BRI EF DESCRI PTI ON OF THE DRAW NGS 25 FIG 1 is a perspective view
partly brokert away and sgﬁmﬁng a tightening device
enbodyi ng the i nventi on; is an enl arged expl oded

fragnentary erspective Vi ey of t he S& G. 3is a view
in vertical secﬁrfcg cﬁ'&/ﬁ’%gattrfeg ening Aewt r%%ae'a)a?(%%lnaq ofig-a line in the
mddle of its FIG 4 is a viewin section taken

al ong the Iinelnveﬂgﬂdbln FIG 3; 10 FIG 5 is a flow chart

showi ng the primary ti 144 BUb Al O 4 Gnd ik - Pol t
revol ution nunber ﬂ;]'QJJ‘Icozﬁ'nel'rsolam e us‘%% t he devi ce ‘?nt he |§r2vent I on;

FIG 6 is a fl %I__cgpéét]g;e aridetd Hhiedi smd ouUt i ne in the sane m)de;
15 FIG 7 is a flowchart of a main tightening
5 FIG. 3 is a view in vertical section showing the
device and taken along a line in the middle of its
width;

FIG. 4 is a view in section taken along the line
4-4 in FIG. 3;

10 FIG. 5 is a flow chart showing the primary routine
of tightening up bolts in a bolt revolution number
control mode using the dev1ce of the invention;

FIG. 6 is a flow chart of a pretightening routine
in the same mode;

15 FIG. 7 is a flow chart of a main tightening
routine in the same mode;

FIG. 8 is a graph of the relationship between the:
bolt revolution number and the bolt torque to show an
overall checking procedure in the same mode;

20 FIG. 9 is a flow chart-of the primary routine of
tightening up bolts in a bolt tightening torque control
node using the device of the invention;

| FIG. 10 is a is a flow chart of a pretightening
routine in the same mode;

25 FIG. 11 is a flow chart of a main tightening



routine in the same node; FIG 8 is a graph of the relationship

bet ween the bolt revolution nunber and the bolt torque to show an
overal | checking procedure in the sanme node; 20 FIG 9 is a flow
chart of the primary routine of tightening up bolts in a bolt

ti ghteni ng torque control node using the device of the invention;
FIG 10 is ajs a flowchart of a pretightening routine in the sane
node; 25 FIG 11 is a flow chart gf a main tightening

12 routine in the same node; and FIG 12 is a graph of the
rel ationship bety@eind hen the sdpdims&yolatgon nunber and the bolt torque
to show an .overall checking procedure in the sane node. 5

DESCRI PTI ON OF THE WE%Q£WC§}W& the relati&méRipBatweeh the

i nvention will be described below with reference to the drawings. In

the foll owi ng bolt resslupiémmuiiertaid theorbelt enckueetershow am end
closer to the threaded nenber to be tightened up, and 10 the term "base
end" to the ot heremnddl cHéekimg nprocedurd rimhthie asaine Imdde. are used based
on FIG 3; the front side of the plane of the drawing will be
referred t& as " DESCRIPFAGN: RE THEr PEEFERREEr EYBORIMENTGNt . "

FIGS. 1 to 4 show a tightening device | enbodying . .
_ Embodiments of the invention will be described

below with reference to the drawings. In the following
description, the term "forward end" refers to an end
closer to the threaded member to be tightened up, and

10 the term "base end" to the other end. The terms
"right" and "left" are used based on FIG. 3; the front
side of the plane of the drawing will be referred to as
"left," and the rear side thereof as "right."

FIGS. 1 to 4 show a tightening device -1 embodying

15 the invention. The device 1 is used for tightening up
and loosening threaded members such as hexagon socket
head bolts 44 for installing a massflow controller 42
for use in a gas control apparatus 41 shown in FIG. 1.
The massflow controller 42 has a seal comprising a

20 gasket 43. Flanges 42a provided respectively at
opposite sides of the controller 42 are each formed
with four tapped bores 45, in which four hexagon socket
head bolts 44 are screwed. The tightening device 1 is
adapted to simultaneously tighten up two of the four

25 bolts 44 which are positioned diagonally.



15 the invention. The device 1 is used for tightening up and

| oos®eni ng threaded nenbers such as hexagon socket head bolts 44 for
installing a nmassflow controller 42 for use in a gas control
apparatus 41 shown in FIG 1. The massflow controller 42 has a sea
conptising a 20 gasket 43. Flanges 42a provided respectively at
opposite sides of the controller 42 are each forned with four tapped
bores 45, in Wwhich four hexagon socket head bolts 44 are screwed. The
tightening device 1 is adapted to S|ﬂﬁ1taneously tighten up two of the

f 25 Dbolts 44 h ti d_di
1gur ° ?he de %edgégﬁgpf:g%ggglﬁﬁésgogogygﬁt ﬁﬁghFeFPd Left ptors

3 di sposed insag§#é$% d$¥s os@dsfﬂéh§§fﬁg ?dgazat gg BBXag h0|nt 51to

the forward en right and |eft

rotary shafts a9eac gﬁg % S¥hPosa oiﬁﬁebféfwgPd &nfl BE0Rh& SQLGESh with

t he spur gear 4, rlg t leTt wench portions provi de
forward ends ofshde: respeetéyenh shatds 3, ri?ﬁt and @eﬁent:behrynsha@ts

di sposed i nside the body 2 for controlling the nmotors 3. 10
The body i s5recd asuth acaPeyhhd caepl pedphs@néndias pinion 7basemesH wakh 2a,
which is provided with a handl e 23, connector 24, forward-reverse

change- over swithd fumngear 4, oightfabdtlefit smrénbh2gortions 8
provided at the forward ends of the respective shafts
6, and a control unit 9 disposed inside the body 2 for
controlling the motors 3.

10 The body is rectangular parallelepipedal and has a
base end wall 2a, which is provided with a handle 23,
connector 24, forward-reverse change-over switch 25 and
on-off button switch 26.

The joint 5_comprises a shaft portion 13 fixedly

15 fitted in a shaft hole of the spur gear 4, and a hollow
cylindrical portion 14 integral with the shaft portion
13 coaxially therewith and having loosely fitted
therein the drive shaft 3a of the motor 3. The shaft
portion 13 extends through the spur gear 4 and has a

20 forward end rotatably supported by a forward end wall
2b of the body 2. The peripheral wall of the
cylindrical portion 14 has opposed two U-shaped cutouts
15 extending from the base end thereof to a position
close to the forward end thereof. The motor shaft 3a

25 has a parallel pin 16 fixedly extending through a



The joint 5 conprises a shaft portion 13 fixedly 15 fitted in a shaft
hol e of the spur gear 4, and a holl ow cylindrical portion 14 integral
with the shaft portion 13 coaxially therewith and having | oosely
fitted therein the drive shaft 3a of the notor 3. The shaft

portton 13 extends through the spur gear 4 and has a 20 forward end
rotatably supported by a forward end wal | 2b of the body 2. The
_peripheral wall of the cylindri cal Rqrtion 14 has opposed two

U shaped cutouts 15 extending fromthe base end thereof to a position

close to the fqmgrdgngnﬂ}rﬁéﬁg%oréwf R4 OLn $BAT &1 SRet £PcallPy EnBALAE! €

pin 16 fixedly extendin

14 | formrﬁ&%g&q&&%%& heusdhafd 06 apet ri£ah it PLR§khe and

engaged in the cutouts 15 for transmtting the rotation of the notor

-3 to the joint ptatorUbPUtBe liotor 3 thHVEhe JoIH 9l eatke Ethesutdels
~dianeter of the parallel 5 pin 16. Play is provided between the spur

- gear 4 and hatdea shbdth Igredtdhetiam othe dDim@es i 6£i tige t pergbhel 4
toidly rotate slightly relative to the notor shaft 3a. . The

- right and 1%eft piot ar§. shelfdag Bs epteriHadhrimeitieen the tspurf ogesr dd eamdwal | 2b
- of the body 2 and are each 10 rotatably supported at a portion thereof
‘close to its the mhaflt vl of the notemrd £ow PeXMibbing the Foal 2. A

- bearing portion 10 accommpdati ng, t he opposite shafts 6
to idly rotate slightly relative to the motor shaft 3a.

The right and left rotary shafts 6 extend through
the forward end wall 2b of the body 2 and are each

10 rotatably supported at a portion thereof close to its
based end by the forward end wall 2b of the body 2. A
bearing portion 10 accommodating the opposite shafts 6
is joined to the forward end wall 2b of the body 2.
Each rotary shaft 6 has at its forward end a small-

15 diameter portion 11 coaxial with the shaft 6. A major
part of the small-diameter portion 11 is projected out
from the bearing portion 10. The portion 11 has two
opposed guide grooves 12 extending longitudinally
thereof and positioned close to the forward end

20 thereof. Since the spur gear 4 plays relative to the
drive shaft 3a of the motor 3, the rotary shaft 6
starts to rotate a short period of time after the start
of rotation of the motor shaft 3a, following the
rotation of the motor shaft 3a.

25. The wrench portion 8 comprises a hollow cylinder



Is joined to the forward end wall 2b of the body 2. Each rotary shaft
6 has at its forward end a small- 15 dianmeter portion 11 coaxial with the
shaft 6. A nmjor part of the small-diameter portion 11 is projected
out fromthe bearing portion 10. The portion 11 has two =  opposed
gui de grooves 12 extending | ongitudinally t hereof and positioned cl ose
to the forward end 20 thereof. Since the spur gear 4 plays relative to
t he drive shaft 3a of the notor 3, t{ie rotary shaft 6 starts to
~rotate a short period of tine after the start of rotation of the notor

- shaft 3a, foll aw mawikgy fittedtrdldreinofappioxiiaielshaid]l Baorviird The
wrench portion 8 conprises a hollow cylinder

15 17 hapang oft tohed tshaldi-diameted perdipnhdllf dforbber dotary part of

" the small-dianmeter portion 11 of the rotary shaft 6, and a hexagonal
prism 18 j oi neghiadtt o famxdrar thexagonadngrdfsm HS dpinegertol Then in
cross sectionin 5 conformty wth the hexagon socket of the bolt 44.
The cyl i néad of Kde svlindexadd and shapese idi HHASS SRElion 1n 174
~having a larger outside dianmeter than the other art of the cylinder

' 17. The peBi phepafoxaijtowithe the hexagga éi%tepfpﬁ’te PR thdd + wotHhposed

tapped bores 10, 20, I.th the tapped bores 20 qpposed,.to the respective
" two guide grooFé@'lfﬁlqrnw‘\:—'h@aénﬁltl -l%isa &r @ gfrpf-diameier Rty ary

5 shaft 6, a SteRB%dh%@fhézgif%r%%ge%%gshﬁe diameter than the other

: part of the cylinder 17. The peripheral wall of the
large-diameter part 17a has two opposed tapped bores

.10 20. With the tapped bores 20 opposed to the respective
two guide grooves 12 in the small-diameter portion 11
of the rotary shaft 6, a stepped bolt 21 is screwed in
each tapped bore 20. The stepped bolt 21 is formed by
removing a distal end portion of a hexagon socket head

15 bolt to provide a short solid cylindric;l portion 21la
with a diameter equal to the width of the guide groove
12. The short cylindrical portion 21la projects inward
from the inner periphery of the large-diameter part 17a
and is inserted in the groove 12. The wrench portion 8

20 is connected to the rotary shaft 6 by the stepped bolts
21 axially movably by an amount corresponding to the
length of the guide grooves 12.

A coiled compression spring 19 is fitted in the

hollow cylinder 17. The spring 19 is held between the

25 forward end of the small-diameter portion 11 of the



each tapped bore 20. The stepped bolt 21 is fornmed by renoving a

di stsal end portion of a hexagon socket head 15 bolt to provide a short
solid cylindrical portion 2la with a diameter equal to the wi dth of

t he ‘gui de groove 12. The short cylindrical portion 2la projects inward
fromthe inner periphery of the |arge-dianeter part 17a and is
inserted in the groove 12. The wench portion 8 20 I's connected to the
rotary shaft 6 by the stepped bolts axi ally novably by an anount
corresponding to the | engt h of the guide grooves 12. A

coi | ed ConpresstEaf?r§HSfE96i§n§iEﬁ?dbggetgﬁd of th OHEQ§?§¥5?2§§ES#7' The

spring 19 is held between the 2 orward end of the snma

portion 11 of th®, biasing the prism 18 into forward movementlPelative
rotary shaft 6 and the base end of the hexagonal prism 18, biasing

the prism18 i nto thewaotanpvshafit 6el ative to the rotary shaft 6.
The hexagonal prism 18 of the wench portion 8 is 5 provided with a bolt
hol der 22 conpri si ngThérkexpyanal prismshsi ofstReawrdhehppottbonos &ach
spring 22a fromthe, lengthwi se mddle thereof to its forward end is

~ bent dut vieFvided whtk a2npelbfhehdesp?? ngemppising thrée platebrazed
to one side face of the hexagonal prism 18 and 10 _are_spaced apart by
the interveni nCRIRIF ate? t heFR®rPortion gfeeach vepaireod2affrem theee

springs 22a a“ﬁé%é%ﬁﬁggéimiddle thereof to its forward end is bent

outward. The base ends of the springs 22a are each
brazed to one side face of the hexagonal prism 18 and

10 are spaced apart by the intervening side face thereof.

‘ The forward ends of the three springs 22a are projected
downward beyond the forward end of the hexagonal prism
18 and adapted to hold the hexagon socket head of the
bolt 44.

15 ‘ The control unit 9 comprises,'for example, a
microcomputer and controls the motors 3 while judging
whether each bolt 44 as tightened is at a proper level
and also checking the bolts 44 for relative level to
judge whether the bolts are equivalently tightened.

20 The judgment of whether each bolt 44 is properly
tightened is made by judging whether the tightening
torque of the bolt 44 has reached a pfedetermined
value. The judgment of whether the bolts 44 are
equiﬁalently tightened is made by judging whether the

25 difference in the amount of tightening between the



downward beyond the forward end. of the hexagonal prism 18 and adapt ed

to hold the hexagon socket head of the bolt 44. 15 The
control unit 9 conprises, for exanple, a m croconputer and controls
the potors 3 while judging whet her each bolt 44 as tightened is at a
prop%r | evel and al so checking the bolts 44 for relative level to
judge whether the bolts are equivalently tightened. 20 The j udgnent
of whether each bolt 44 is properly Hightened i s made by judgi ng

whet her the tightening torque of th% bolt 44 has reached a

B o B g s IR {0 TEI OF LIRS LWMReOLRE, 18 B0 @

equi val ently ened i's nadée Dy ] udgrl ng 5 difference in

the amount of 1y Egﬂiﬁét¥3ﬂﬁﬁg'5 ach of the bolts 44 has reached
17 bolts 44 1s wthin a spec???ed range when the tightening

torque of each fe ?ﬁ&@&éﬁnﬂﬂe&‘%!@@h%nverselﬁﬁ tHedphegmenedogal ue.
Conversely, the judgnment of whet her each bolt 44 is properly

tightened i s nadether Sach Ustelhot4hies heropdiel pnoigtiteed i Dhteadagbpf the
bolt 44 has reached a specified value, and the judgnment of

whet her t he& boljwigith@rwherhew dthentdmountghd neightsemite of théybeliigéhg
whet her the difference in tightening torque between the bolts 44 is
within a predethasimeathehge sgecified vhluenmmand Bie tiydaeerhedf each

bolt 44 has , , .
whether the bolts 44 are equivalently tightened is made

by judging whether the difference in tightening torque
between the bolts 44 is within a predetermined range

10 when the amount of tightening of each bolt 44 has
reached the specified wvalue.

The angle of rotation of the bolt 44 or the
displacement thereof is used as the amount of
tightening of the threaded member. The angle of

15 rotation of the bolt 44 can be determined, for example,
by an encoder. The rotational angle of the bolt 44 can
of course be determined from the angle of rotation of
the rotary shaft 6. Alterﬁatively, the angle of
rotation can be detected by using a potentiometer and

20 converting an analog signal to an angle. The
displacement of the bolt 44 can be determined by
measuring the distance between the bolt 44 and the
massflow controller 42 with a potentiometer, eddy
current displacement sensor, laser displacement senso;

25 or the like.



reached the specified val ue. The angle of rotation of the bolt

44 or the

di spl acenent thereof is used as the anpunt of

tightening of the threaded nenber. The angle of 15 rotation of the
44 can be determ ned, for exanple, by an encoder. The rotational
of the bolt 44 can of course be determ ned fromthe angle of rotation
of the rotary shaft 6. Alternatively, the angle of rotation
be detected by using a potentioneter and %ﬁ converting an anal og si

to an angl e.

The di spl acenment of the

cur acement senso

bol t
angl e

can
gnal

olt 44 can be determ ned by

moasuring the di stangeDeLuReAnt G POkiuddcandobNererni HBASHLOUSSRR! 50! | €

42 with a potentioneter,

ent di'sp

di spl acement seggpsin?gaugll akBexbiik€o the rotary shaft 6 and

18

The tighfening torque can be determ ned by using a

strain gauge aféénedrtongheheocsryishafttheagiaft 6 bgoAVELghBEning strain
of the shaft 6 by a tightening torque detector. Alternatively, t

tightening torgterqué detaotbe.deAbtarnstibyly, nelyeetbghtéenlnyetdpyggee

sensor.

Further alternatively, the tightening torque can be

he

cal cul at ed 3roncathebeudetarmineddryva pa¢metostoicBive torquel sensgrt he
fact that the current exhibits the sane tendencg as the tighten
o

torque on a grapkrther alternatively, the tightening

10

15

20

25

rque can be
calculated from the current for driving the motor 3
utilizing the fact that the current exhibits the same
tendency as the tightening torque on a graph.

With the tightening device 1 described, the spur
gear 4 is slightly rotatable relative to the drive
shaft 3a of the motor 3, so thaﬁ while the motor shaft
3a is at rest, the wrench portion 8 can be rotated
manually by an amount corresponding to the play._ The
wrench portion 8 is movable also toward the base end
against the compression spring 19. If the hexagonal
prisms 18 of the wrench portions 8 are out of register
with the respective hexagon sockets of the right and
left bolts 44 already screwed in when the prisms 18 are
to be fitted into the sockets, the wrench portion
prisms 18 are simultaneously fittable into the |
respective bolts 44 by manually moving the wrench
portions 8 toward the base ends against the compression

springs 19 and manually rotating the prisms 18

slightly.

ng



10 Wth the tightening device 1 described, the spur gear 4 is
slightly rotatable relative to the drive shaft 3a of the notor 3, so
that while the notor shaft 3a is at rest, the wench portion 8 can be
rot at ed manual |y by an anount corresponding to the play. The 15
wrenth portion 8 is novable also toward the base end agai nst the
conpression spring 19. If the hexagonal prisns 18 of the wench
portions 8 are out of register wi t hyghe respective hexagon sockets of
the right and | eft bolts 44 already Screwed in when the prisns 18 are

20 to be fitted i Rp 1 $RCHRIS gD SINRNCHIR] ks 44 ddd Y& 18 are

sinmul taneously fittable into the respective bolts 44 by manually

moving the wr e"E@.'&hte_nechx? 2N HR tsed ¢ ilne Biasheendgagaing ddifice
conpr essi on springs 19 and manually rotating the prisns 18 25

slightly. 1 in the following manner. 19 Two of

t he hexagon socket head bolts 44 can be tightened up at the sane tine
by the tighteni ng dédirse, the hbxagdnzl fprdilsme P rmehrdye right and  First,
t he hexagonal prisns 18 of the right and 5 left wench portions 8 are
fitted i nt& t hdeféxagench portieaicetss agfe thid tass gaid @RI with each
spring hol der 22 caused to hold the bolt 14. Next, the bolts 44
are positionedsSPfkesi sfeiths mespee g haltm 14, with each spring

holder 22 caused to hold the bolt 14. Next, the bolts
44 are positioned in register with the respective
tapped bores 45, with the handle 23 gripped by hand.

10 When the body 2 is pushed forward at this time, the
springs 19 are compressed, permitting the base ends of
the wrench portions 8 to come into striking contact
with the forward end of the bearing portion 10, whereby
the body 2 is halted. Subsequently, each motor 3 is

15 rotated by pressing the button switch 26, whereupon the
wrench portion 8 rotates, screwing the boit'44 into the
tapped bore 45. As the bolt moves forward, the wrench
portion 8 moves forward with the expansion of the
compression spring 19, so that the body 2 need not be

20 pushed forward. The control unit 3 checks each bolt 44
for absolute level, that is, thé unit 3 judges whether
the tightening torque of each bolt 44 is within a
predetermined range relative to the amount of
tightening, and also checks the bolts 44 for relative

25 level, that is, the unit 3 judges whether the



t apped bores 45, with the handl e 23 gripped by hand. 10 Wen the body'2

I s pushed forward at this tinme, the springs 19 are conpressed,
permtting the base ends of the wench portions 8 to conme into
striking contact with the forward end of the bearing portion 10,

wher by the body 2 is halted. Subsequently, each notor 3 is 15
rotated by pressing the button swtch 26, whereupon the wrench portion
8 rotates, screwing the bolt 44 into the 20 t apped bore 45. As the bolt
noves forward, the w ench portion 8 nmoves forward with the expansion

I L

pushed forward. The control unit absol ute

level, that ispbdites WY tand | tiloesi fetdide in thd NeigHEH 8 Nt Qugue of

each bolt 44 is within a predeterm ned range relative to the anount
of ti ght edthenthalisl tdhepkaddaviilirs A4darifitddttatege 28nd | evel,
that is, the unit 3 judges whether the '

20 di f f eppoecieiernimednrange ofrdsppdtaniely betMrey) tdhee two bdbtss 44
and the difference.in the tightening torque between the bolts 44 are
within a speci fddednarigaghiianed up wirtddearimialent angk praxpectdngls. Thus,
the two bolts 5 44 are tightened up with equival ent and proper torque
by driving theb¥esFdsting tha giesppctive motors By of the hexagon socket

head bolts 44 as
Two of the hexagon socket head bolts 44 as

tightened up are removed at the same time in the
following manner by the tightening device 1 after the

10 change-over switch 25 is actuated for reverse rotation.

First, the hexagonal prisms 18 of the right and

left wrench portions 8 are fitted respectively into the
hexagon sockets of the bolts 44, with the heads of the
bolts 44 held by the respective bolt holders 22. At

15 this time, the wrench portion prisms 18 can be fitted
into the sockets of the bolts 44 by holding the
cylinder 17 of each wrench portion 8 by hand, moving
the wrench portion 8 toward the base end against the
spring 19 and, when required, rotating the wrench

20 portion 8 about its axis. The body 2 is moved not to a
full extent but to such an extent as to leave a
clearance between the base end of the wrench portion 8
and.the forward end of the bearing portion 10. Next,
the button switch 26 is pressed to rotate the motors 3,

25 whereupon the wrench portions 8 rotate to unscrew the



tightened up are renoved at the same tinme in the . follow ng manner by
the tightening device 1 after the 10 change-over switch 25 is actuated
for reverse rotation. First, the hexagonal prisnms 18 of the

ri ght and | eft wench portions 8 are fitted respectively into the
-hexagon sockets of the bolts 44, with the heads of the bolts 44 held
by the respective bolt holders 22. At 15 this tinme, the wench portion
prisns 18 can be fitted into the_sog&ets of the bolts 44 by hol ding
t he cylinder 17 of each wrench portidn 8 by hand, noving t he

wrench por 1 on gl Lign ha3E CAARUISYS LIS ac CoRE DD BRg. wher

required, rotating the wench ifs axis. The body 2 is

moved not to apsgy 2 fHldd SdEBe PlisHed LHhAD @ Bs@edd $Hve a
A
cl earance between "t he base end of the wench portion 8 and the

forward end of glah® R@aHd g¥iidH) flehoaXttoward tHd1bAus terid sad tithe 26 is
~pressed to rotate the notors 3, 25 whereupon the wench portions 8 rotate

. to unscrew thebolt 44 moves toward the base end. When rdtated athoths 44
fromthe tapped bores-45. At this tine, the body 2 need not be pushed
toward t heShasesamed tsimege the modzts Vit drodsgrorthertw® mmiddss tdhefhicewgh base
~end as the bolt 44 noves toward the base end. Wen rotated at the 5
- sane time, thesmbstrantddldasdihe manewrngie LUxatatiam withoutihentially

. the same angle of rotation wthout the )
! likelihood that a great force will act only on one of

the bolts 44 or locally on the gasket 43. This
eliminates the likelihood that the bolt 44 or the

10 gasket 43 will become unusable again owing to
deformation.

In the tightening procedure, the bolts 44 may be
manually screwed into the tapped bores 45 first,
followed by tightening with the tightening device 1.

15 At this time, the prisms 18 of the wrench portions 8
can be fitted into the sockets of the respective bolts
44 by holding the cylinder 17 of each wrench portion 8
by hand, moving the wrench portion 8 toward the base
end against the spring 19 and, when required, rotating

20 the wrench poftion 8. After the wrench portion prisms
18 have been fitted respectively into the sockets of
the two bolts 44, the body 2 is pushed forward and the
button switch 26 is then pressed to rotate the motors
3. The control unit 9 checks the two bolts 44 not only

25 for absolute level but also for relative level, causing



| i keli hood that a great force will act only on one of the bolts 44 or
| ocally on the gasket 43. This elimnates the likelihood that the bolt
44 or the 10 gasket 43 will becone unusable again owing to

def or mat i on. In the tightening procedure, the bolts 44 may be
manual |y screwed into the tapped bores 45 first, fol |l oned by
tightening with the tightening device 1. 15 At this tine, the prisns 18
of the wench portions 8 can be fitt g into the sockets of the
respective bolts 44 by holding t he c? i nder 17 of each wrench portion

2gal nst b{hgaggrﬁ%vxﬁgg%%%% :,/g] %@EJGH’ lal‘ng 11%6? ngBJF]'g A{Z]Cfemaél%@%]fih portion

8. After the 18 have been fitted respectively
into the socke?ﬁfﬁﬁﬁbfggéfiﬂhé) bolts 44, the body 2 is pushed forward

and_t he but t O%é%éﬂh@fhé %Hé‘%é’éfﬁ&?%érﬂ:fﬁl@ﬁ 4heagrotors

3. The control unit 9 checks the two bolts 44 not only 25 for absol ute

level but also frytdEled iMe tiayvelas GBirl apparatus for producing
22 the notors 3 to tighten up the bolts 4 equivalently W th

proper toraues.semiconductozrs aeai nih tFES nels,s iy wamertaloliser 42 as
installed in the gas control apparatus for producing 5 sem conduct ors
as seen in Fl Girftexfared oricth iby adjacent components, is not turnable
freely in a sufficient space and encounters difficulty
in loosening or tightening up the bolts, whereas the
device 1 of the invention is usablé if a space
10 permitting the insertion of the portion of the device
forward from the body 2 is available, ensuring greatly
facilitated work in loosening or tightening the bolts
44 in limited spaces. |
While the device 1 described is adapted to tighten
15 up two bolts 44 at the same time, a device for
simultaneously tightening up four bolts is readily
available by using four sets of rotary shafts 6, wrench
portions 8 and motors 3. 1In this case, the device
tightens the four bolts while judging whether each
200 bolt as tightened is at a proper absoluﬁe level, and
also judging for six combinations of bolts whether the
difference in the amount of tightening or tightening
torque between the bolts is in a specified or

predetermined range. The tightening device 1 can be

25 adapted to tighten hexagon nuts or hexagon head bolts



interfered with by adjacent. conponents, is not turnabl e freely in a

~suffdicient space and encounters difficulty I n | oosening or tightening
up the bolts, whereas the device 1 of the invention is usable if a
space 10 permtting the insertion of the portion of the device
forward fromthe body 2 is available, ensuring greatly facilitated
work in | oosening or tightening the bolts 44 in limted spaces.

. While the device 1 described is adapted tgo_tighten 15 wup two bolts 44 at
the sane tinme, a device for sinultaﬁéously tightening up four bolts

is readily avai.l abl e by ysi,ng four sets, of tary shafts 6, wench
portions 8 and Yot &RdaEing, %‘?ﬁlié tb%gaeg,oqan]e Ib%’tﬁr?:e{é) by a 3QffehTERT our
bolts while judgi t each ol,t t] s . per
absol ute Ievelg g%%é@yﬁlgﬁxégyﬁlﬂﬁ%ﬁ%ﬁﬁiﬁ éﬁ%(%é#&éiﬁgh%w%§%ﬁ5¥é§$s

whet her the I £ f [ | ght.eni [ i ng
torque bet vv_eenhtahse% ?({soqflbs&esl njqaﬂslgem %iq"regdsé)grc‘;j"gé_1 L"%'E)Bren%@e eﬁ#ﬁ%gg range.
The tighteninggdey g8 nk1AMARr Ry HRAMNAA d G d | U A fRxagonweit s or
hexagon head bolts _ _ 23

repl aci ng sachrbexagoniafyd ¥¢ kedpectisackdiuteidfor rotatirexagsth
cavity. Although the enbodi nent descri bed has two notors 3 for the
respective twothet ataxhafdhmfts and foxr $ioiglimgraime obythe sihsaftse ast

- connected to the

of rotation.

by

FIGS. 5 to 7 are flow charts showing one mode of

practicing the method of tightening up four bolts

10 arranged at four corners of the member to be fastened
using the tightening device 1 (bolt revolution number
control mode). FIG. 8 shows the relationship between
the bolt revolution number and the bolt torque, as
established for two bolts positioned diagonally and

15 each provided with a spring washer when the bolts were
tightened up normally.

With reference to FIG. 8, the bolt is tightened
with constant small torque after the bolt starts to
rotate and until the bolt comes into contact with the

20 spring washer. Upon the bolt coming into contact with
the spring washer, the torque increases with an
approximately constant gradient until the bolt
intimately contacts the surface of the member to be
fastened (flange). Upon the bolt coming into intimate

25 contact with the flange, the gradient of torque



5 rotary shafts by respective clutches for rotating both the rotary
shafts and for hol ding one of the shafts out of rotation.

FIGS. 5to 7 are flow charts showi ng one node of practicing the

met hod of tightening up four bolts 10 arranged at four corners of the
menbér to be fastened using the tightening device 1 (bolt revolution
nunber control node). FIG 8 shows the relationship between t he
bolt revolution nunber and the bolt torquS, as established for two
bolts positioned diagonally and 15 each 6rovided with a spring washer

wh he bol A ' [ . Wth f

then Lhe b0l 1S Whtfuase, SR CbARI YL ecer tncrsaqeMHIEErenoe
bolt starts t d ' . ] t ith th
hol . staris 10 sene GG End dibided N DollobaS At g GO0 Aty 1 Lhe
spring washer, Jdigh LIS IO UARRP KD timate QRN Rl Yogonst ant

gradient until the bolt Inti'mately contacts the surface t he nmenber .

to be - fastienesk (4 arwage-HRonahlethel brepeirngigAtenifly #ekeue25

contact with the flange, the gradient of torque

24 | Bcr eatethearrindef Moy ddentLiafitnime risnss wtf-bmt.he sanme

gradi ent. Suppose the proper tightening torque upon the bolt com ng

into intimate cont adith tdefidrence to FIG. 5, the primary routine of

| the tightening method in the bolt revolution number
control mode will be described first.
First, the hardware of the microcomputer is

10 initialized to set the parameters, ports and memory for
the start of operation (step 1). The start key is then
pressed (step 2) to pretighten two of the four bolts
which are positioned diagonally (step 3). In step 3, a
bolt pretightening revolution number and start-point

15 torque are set first (step 4). Specified as the start
point toque is a torque value immediately after the
tightening torque starts to increase upon the bolt
coming into contact with the spring washer. The
predetermined bolt pretightening revolution number is

20 based on, and counted from, the revolution number
giving this torque value and is a revolution number
that brings the bolt into intimate contact with the
flange (see FIG. 5). Subsequently based on the

pretightening routine to be described below, the bolts

25 in the diagonal position are checked as to whether they



flange is 10 kgf cm and the proper tightening torque 5 at the time of

conplete tightening is 30 kgf cm Wth reference to FIG 5, the
primary routine of the tightening nethod in the bolt revolution
nunher control node will be described first. First, the
har dware of the mcroconputer is 10 initialized to set the paraneters,
ports and nenory for the start of operation (step 1). The start key
is then ‘ pressed (step 2) to pretigh%sn two of the four bolts

which are positioned diagonally (step 3) n step 3 a bol t

h | ut i fi
(step ) E‘SeLa??#%@f‘qfﬂé%%ﬁ@pﬁﬂ FRE e <o oraue value
i medi ately after ttwn (gﬂse[ygl%éﬁp&?&% ﬁﬁi&aiﬂﬁ'l (G £8S8apON t he

Spri

bol t com ng |nto contact W t g was

predeterm ned kplitedr eéwhjméw E&V@é b F O guidYedd i Sropdr 1 PAsedeon, and

counted from the revolution nunb giving this torque value and is a

revol uti on nunkeightening hddvixe ngslé heetheddd | fitom | tHié rdisgewal assluvst h the
flange (see FIG 5). Subsequently based on the pretightening routine

to be descrs bedirltiven thictbed tiso 2% otthet ttsobhsagm‘saitmedlaahomgetheecked
as to whet her they are

pretight ened prdpeet yox stepesie diagonal llI\Methwﬁiﬁ)ldJsamﬂ-l oned
di agonal I y (di agonal i
bolts). When the start key is then pressed (step 6),

the reverse diagonal bolts are pretightened (step 7).
Step 7 is similar to step 3; a bolt pretightening

10 revolution number and start-point torque are set first
(step 8). According to the pretightening routine, the
reverse diagonal bolts are checked as to whether they
are pretightened propéfly (step 9). Since the reverse
diagonal bolts differ from the first diagonal bolts in

15 tightening torque curve, the bolt pretightening
revolution number and the start-point torque set are |
values determined for reverse diagonal bolts by actual
tightening.

When the reverse diagonal bolts are completely

20 pretightened, the device 1 is removed from these bolts
and fitted to the first diagonal bolts. Depressioh of
the start key (step 10) is followed by the main
tightening of the diagonal bolts in accordance with the
main tightening routine to be described below (step

25 11). The device 1 is then removed from the first



bolts) are judged to be pretightened properly, the tightening device 1
I s renoved fromthe diagonal bolts 5 and then fitted to the other bolts
positioned along the ot her or reverse diagonal line (reverse di agonal
bolts). When the start key is then pressed (step 6), the reverse

di agonal bolts are pretightened (step 7). Step 7 is simlar to step 3;
a bolt pretightening 10 revolution nunber and start-point torque are set
first (step 8). According to the pr%ﬁightening routine, the

reverse diagonal bolts are checked as to et her they are

pretight ened pr&f&ﬁdﬁaf B S)a dgi{egx?iénﬁ‘erllggvz?é‘?gﬁe dia c%fi‘gf’”lé‘&l@é".ts

differ fromthe di"agonal I eningtorque curve, the

bol t preti oht eidikess o P! dHid ALdUKTORLy ANk dpe15f 214 - RO1 [bui@rgye set

are val ues erm ne or reverse ditagonal” bolts by actua

tightening.  the main WitthddiBin@\GF Sthdli Aopnade Lol 4o B sOTR Bt el y 20

pretightened, the device 1 is renoved fromthese bolts and fitted to

the first di agerRloddiis tdafiesdian tifghtening heowt Bid, latyefsthepa 10) is
foll owed by the main tightening of the diagonal bolts in accordance

with the 5 sEjueridey i fe ri igh temlifrigneogexr diei ales ci's beshygoles ted (Sdepthe5
11). The device 1 is then renoved fromthe first
26 di agorfaurbdialssanidtap 16h + hStay @ stodiewpradabol te. repeat
the foregoing steps when another set of four bolts are
to be tightened up.
In the foregoing process, the bolt is rotated at a
10 high speed for pretightening and at a low speed for
main tightening. In the pretightening operation, the
first half of the operation may be effected at a high
speed, and the second half thereof at a low speed.
Although the torque value at a time immediately after
15 the tightening torque starts to increasé following the
contact of the bolt with the spring washer is selected
as the predetermined start-point torque, ﬁhe
predetermined torque may be the value at the time when
the bolt is engaged in the tapped bore or the wvalue
20 given when the bolt has been rotated by one turn or two
turns. |
Next, the pretightening routine of the tightening
method will be described with reference to FIG. 6.

First, bolt (1) and bolt (2) are rotated at a high

25 speed for the start of tightening, and flags for torque



Depression of the start key (step 12) is followed by the main

tightening of the reverse diagonal bolts according to the main
tightening routine, whereby a 5 sequence of tightening operations is
conpl eted for the four bolts (step 13). Step 2 follows again to
r epeat t he foregoing steps when anot her set of four bolts are

~to be tightened up. In the foregoing process, the bolt is
rotated at a 10 high speed for pretightenng and at a | ow speed for
main tightening. In the pretightening operdtion, the first half of the

' be, ef f d hi_.gh . d h hal.f _th f
at eraafhéi’v”sggéd. Cfy B eagaT  nboParambobaramoar Ll ARt RRRARAEEPD aftor
15 ' ' ' fol | f
the bolt with CREUREF] 147 SERCEESEE LPELBTAE) . O AU FRbRTeor rorARLE™ ©

start-poi nt tor gy sideorque REPISEE’ SLACHLAT He £BYqRE bECpyakugigt the

ti me when ol t engaged 1 n the tapped bore or the value

gi ven when the Dodtpdee PeeNreéotRbsUabyaie AYENsMALL¥P than thurns.
Next, the pretightening routine of the tightening met hod will be

described wth pes@seaerih@dFs€arb-point torqueli r'Bhe Pdays(Eprand bolt (2)

are rotated at a high 25 speed for the start of tightening, and fl ags

. for torque revolution number (1) and revolution n@wber (2) are set
when bolt (1) and bolt (2) are rotated at least to the
predetermined pretightening revolution number.

Next, the flag for torque (1) is checked as to

10 whether it is set (step 22). When the flag is found to
be set, whether the flag for torque (2) is set is
checked (steb 23). If the flag for torque (2) is found
to be on, this.is intéfpreted as indicating that bolt
(1) and bolt (2) are both at the staft point, and the

15 sequence proceeds to step 30. If the flag for torque
(1) is not found to be on in step 22, the torque of
bolt (1) is read (step 27) and checked as to whether it
is nét smaller than the predetermined start-point
torque (step 28). When the torque is found to be not

20 smaller than.the start-point torque in step 28, the
flag for torque (1) is set, and tightening of bolt (1)
is discontinued (step 29), followed by step 23. If the
torque of bolt (1) is found to be smaller than the
start-point value in step 28, step 23 directly follows.

25 If the flag for torque (2) is not found to be set in



(1), torque (2), revolution nunber (1) and revolution - nunber (2) are.
reset (step 21). The flags for torque (1) and torque (2) are set when
the torque of bolt (1) and bolt (2) reaches a value not snaller than
t he 5 predeterm ned start-point torque. The flags for revol ution
nunber (1) and revol ution nunber (2) are set when bolt (1) and bolt
(2) are rotated at least to the predeterm ned pretightening

revol uti on nunber. Next, the fl%g for torque (1) is checked as
to 10 whether it is set (step 22). v%e% the flag is found to be
set, whether t f 2) gzl t, bs ; h ep 23). If
the flag for tgﬁﬁ%%qgaﬁoégé?%%ﬁﬁué éf é?%gbgégn%stﬂ?%&igggﬁgeégieggé as

i ndicating thatedilifed as td lddh@ﬁ@ePOiE %%)n@{{f ]?sd?ﬁiehﬁa;%ﬂﬁ gharie Lot

and the 15 sequence proceeds to step r torque

(1) is not founshbiirer beamie i (sSdpPR2R, the t108 kEerie of bobel t2(1lisis read
(step 27) and checked as to whether it Is not smaller than the
predet erm ned sicamtd pmo e at ledot gthee (stapt2A8)int\healudein ostere 25, f ound
to be not 20 smal ler than the start-point torque in step 28, the

flag for tdrquehd)fliagy stiy tomwue gilensgsetf, band tighteningief bolt

di scontinued (step 29), followed by step 23. If the torque of bolt
(1) is found t d%e ishedisgontiaieade(step 26k arfobiwad ki uetem 22ep I8,

step 23 direct¥% foIIoms. 25 If the flag for torque (2) is not found to
be set in e torque of bolt (2) is found to be smaller than the

start-point value in step 25, step 22 directly follows.
Upon the torque of one of the bolts reaching the
10 predetermined value in the foregoing steps 22 to 29,
tightening of that bolt is discontinued, and the other
bolt is continuously tightened until the predetermined
torque value is reached. With the two bolts thus
tightened with the predetermined torque, the sequence
15 proceeds to step 30.and the following for pretightening
on the basis of the bolt revolution number.
In step 30 et seq;, an inquiry is made as to
whether the flag for revolution number (1) is set (step
30). If the answer is negative, tightening of bolt (1)
20 is started (step 31), and the number of revolutions of
bolt (1) is read (step 32). An inquiry is made as to
whether the number is at least the predetermined
pretightening revolution number (step 33). When the
answer to the inquiry is affirmative, bolt (1) is

25 judged to be pretightened normally, the flag for



28 step 23, the torque of bolt (2) is read (step 24) and

checked as to whether it is not smaller than the start- poi nt val ue
(step 25). If the torque of bolt (2) is found to be at |east the
start-point value in step 25, 5 the flag for torque (2) is set, and

ti ghtening of bolt (2) is discontinued (step 26), followed by stép
22. |If the torque of bolt (2) is found to be smaller than the
start-point value in step 25, step 22 dir§%tly fol |l ows. Upon t he
torque of one of the bolts reaching the predeterm ned value in the

f or egoi 22 29 | gh ' f balt .is_ di ' d,

and the ot er . Fevolgieh numer [0 |50k o1t St I CHLRY Bt or m hed
I ' i W ' ith th

or et er m ned TS aae Lt et ComtrReied |3 Sen 0 o dT G 1

foll owing for pig!i GEN e flag A HROAN forddilfel0ld) rAY AT on

nunber . In step 30 et"seq., an Inquiry Is nma as to

whether the flagrd &Y WdOn Dy :{51,; étf~2ieog$e36 (s to Bgntdd the

answer is negative, tightening of bolt (1 is started (step 31), and
the nunber f A uf2)0Nsard the nbibdr (df revslrsidrtd &ff BHLt AR) sl ry is

made as to whet her the nunber is at |east the predeterm ned
pretighteni ng rmeed utstoep Milber Xrstispnliy iMhemmddas to winstiesr ttthe he
inquiry is affirmative, bolt (1) is 25 judged to be pretightened
normal |y, the fuwmpdmris at least the predetermined pretightening
revolution number (step 38). When the answer is
affirmative, bolt (2) ‘is judged to be pretightened
10 normally, the flag for revolution number (2) is set,
and tightening of bolt (2) is discontinued (step 39),
followed by step 30. If the flag for revolution number
(2) is fdund on in steb 35, this is interpreted as
indicating that the pretightening revolution number
15 (absolute level) of each of bolts (1), (2) is within a
predetermined range, followed by checking as to whether
.the bolts are tightened normally. First, an inquiry is
made as to whether torque (1) is within a predetermined
range (step 40). If the answer is negative, torque
20 abnormality is indicated (step 42), and the routine is
changed over to a manual mode routine (step 49). If
the answer is affirmative, an inquiry is made as to
whether torque (2) is within the predetermined range

(step 41). When the answer is negative, torque

25 abnormality is indicated (step 42), followed by a



29 revol ution nunber (1) is set, and the tightening of bolt (1)
IS discontinued (step 34), followed by step - 35. Wien the flag for
revol uti on nunber (2) is not found to be set in step 35, step 36
starts to tighten 5 bolt (2), and the nunmber of revolutions of bolt (2)
is ° read (step 37). An inquiry is nmade as to whether the nunber
Is at | east the predeterm ned pretightening revol ution nunber (step
38). Wien the answer is affirmative,opolt (2) is judged to be
pretightened 10 normally, the flag for revolution nunber (2) is set,

and tighte”ingéfgﬁﬁé%loég} ts ghécﬁgﬁh eﬂoéétﬁguggée (sF ep_ g@ h1 ovgdRY

step 30. If th for revolution nu on in step

35, this is Int@cspcﬁ@ée@lﬁsmd torkhdi @Qg'QEetBé{:htbftHiﬁt kgt eni ng
revol uti on nunber (absolutel evel) of each of bolts (1), (2) is

within a F;fxﬁé@é@émﬂ%’drﬁﬂﬂ@e, febtgued(Dy chegkhpsarad worwhebhetie

the bolts are tightened normelly. First, an inquiry is made as to
whet her torque (2) (steptédn.a pmedmée¢a$aedhere tongae (51eps40). If the
answer is negative, torque 20 abnormality is indicated (step 42), and
the routineis greatecharerequevél) t bs asubboatteddéronutonguéstep 40). |f
the answer is affirmative, an inquiry is nade as to whet her torque

(2) is mnthlrltQﬁi?ﬂkﬁﬁﬁeﬁhﬁrﬁﬁﬂqﬁmgélfferen@%téﬁ 43tep\Wéh-t h&fanswer is

negative, torque 25 abnormality is indicated (step 42), follomed by a
torque (1) is not greater than torque (2), torque (1)

is subtracted from toque (2) to calculate the torque
difference AT (step 45). An inquiry is then madé as

10 to whether the torque difference AT is within a
predetermined range (step 46). When the answer is
affirmative, this is interpreted as indicating that the
bolts are tightened properly, and the sequence comes to
an end (step 47). 1If the answer is negative, the bolts

15 are judged to be tightened unequivalently, and an
unequivalent tightening error is indicated (step 48),
followed by a change-over to the manual mode routine
(step 49).

Upon the torque of one of the bolts reaching the

20 predetermined revolution number first in the foregoing
steps 30 to 39, tightening of that bolt is
discontinued, and the other bolt is continuously
tightened until the predetermined revolution number is
reached. With the two bolts thus tightened at least to

25 the predetermined revolution number, the sequence



30" change-over to the manual node routine (step 49). Wen’

torque (1) and torque (2) are both within the pr edet er m ned range,
torque (1) is conpared with torque (2) (step 43). In the case where
torque (1) is 5 greater, torque (2) is subtracted fromtorque (1) to

~calculate the torque difference AT (step 44). If torque (1) is not

- greater than torque (2), torque (1) Is subtracted fromtoque (2) to

- calculate the torque difference AT ($fep 45). An inquiry is then made

.as 10 to whether the torque difference AT is within a

- predeternined rargeekslseRo?Brepa8N ahle tABSWRL Loting . affirmative, this
1s interpreted as indicating tﬁat t he bolts are tightened properly,

- and the sequence conmext9 the madh e¢ddhtehépgdrputlihet bE ahawereisent

! negative, the bolts 15 are judged to be tightened unequivalently, and an
' unequi val ent ti ghthtiendner methos widilcheedefstréped8ivith refesenoredoby a

| change-over to the manual nobde routine (step 49). Upon- t he
. torque of one oFIGhe7holts reaching the 20 predetermnm ned revol ution

- nunber first in the foregoing steps 30 tq 39, tightening of that bolt
s di§continue§}r§%d PR totlhdr 2pg| PoiLE é@ht?ﬁ&oEgF9ted t & ¢Rened
until the predeterm ned reyol ution n ed. Wth the two

Ve 4
bolts thus ti ghfBRES &1 & SFGrtZQ%ngghgtbﬁéﬁgfe?ﬂ%ﬁggapéngﬁtion nunber ,

the sequence revolution number (1) and revolution number (2) are

reset (step 51). The flags for revolution number (1)
and revolution number (2) are set when bolt (1) and.

10 bolt (2) are rotated at least to the predetermined main
tightening revolution number. This number is &n
eventual bolt tightening revolution number based on and
counted from the bolt pretightening revolution number.
The flag for revolution number (1) is checked as to

15 Qhether it is set (step 52). If the flag for
revolution number (1) is found to be on in step 52, the
flag for revolution number (2) is checked as to whether
it is on (step 53). If it is found to be on in step
53, the bolts are judged to be tightened properly to

20 terminate the routine.

In the case where the flag for revolution number
(1) is not found to be on in step 52, revolution number
(1) of bolt (1).is read, and an inquiry is made as to
whether the number is at least the main tightening

25 revolution number (step 58). If the answer is



31 proceeds to step 40 and the foll ow ng. Next, the main

tightening routine of the present tightening nethod will be described
with reference to FIG 7. 5 First, bolt (1) and bolt (2) are
rotated at a | ow speed for the start of tightening, and flags for
revof uti on nunber (1) and revolution nunber (2) are reset (step 51).
The flags for, revolution nunber (1) and revol ution nunber (2) are set
when bolt (1) and 10 bolt (2) are rotat$§ at | east to the predeterm ned
mai n tightening revolution nunber. This nunber is an event ual
bolt tightenin i MAHRET f&ﬁ%%h 0 e bolt
preti ghtening %e%%?%ﬁlnwn'unber. € Tﬁgbf agb?]btr (r@v%mé\éﬁg Qr (1)

i s checked as e dffedthad hﬁfn&éli%eS@igr_{&&ﬂ@?af ditthe figg for

revol ution nunmber (1) is found to on in step 52, the flag for

revol uti on numiersdohtirmiehegdssh @0)t,0 thetfeig for rddolst bh (SuPes3) . |f
it is found to be on in step 53, the bolts are judged to be tightened
properly to 20(1) tiey rietat{stdpe 60yt iaxel step 53 followd e agiseckhere t he
flag for revol uti on nunber (1) is not found to be on in step 52,

revol uti on Snunbdyether thel)flefg frn Hemolutiandiunbet afR)i ncuiseti s Iide as
to whet her the nunber is at least the main tightening 25

revol uti on nunff&e ERvEIWdon mumhar addweys jsraller than the main

tightening revolution number, bolt (1) is continuously
tightened, followed by step 53 to check whether the
flag for revolution number (2) is set. If the flag is

10 not found to be on in step 53, revolution number (2) of
bolt (2) is read, and an inquiry is made as to whether
this number is at least the main tightening revolution
number (step 55). If the answer is affirmative, main
tightening of bolt (2) is judged to be effected

15 normally, tightening of bolt (2) is discontinued (step
56), the flag for revolution number (2) is set (step
57), and the sequence returns to step 52 to check
whether the flag for revolution number (1) is on. In
this way, the flags for revolution numbers (1), (2) are

20 eventually set, and the sequence proceeds to step 54 to
terminate the routine.

Thus, the four bolts can be tightened up

equivalently with proper torque using the device 1 for
tightening two bolts at the same time.

25 Since the tightening torque is checked in the



32 affirmative, main tightening of bolt (1) is judged to be

effected normally, tightening of bolt (1) is. di scontinued (step 59),
“the flag for revol ution nunber (1) is set (step 60), and step 53
foll ows to check 5 whether the flag for revolution nunber (2) is set.
If = the revolution nunber (1) is smaller than the main
~tightening revolution nunber, bolt (1) is continuously ti ght ened,
foll owed by step 53 to check whet her the flag for revol uti on nunber

(2) is set. If the flagis 10 not found3fo be on in step 53, revolution
i

nunber (2) of . golt é&? s read, and an inquiry is made as to whether
this nunber isP&eY eniig FAUt gy RSe fich ¢’ 50y torque pifmer (step
"55). If the an s affir i,ve, .nai t.ight eni of _bolt S
Puliged to be oPrRg thes PiRengEn T ranga . dod S A FACTES dht | nued
(step 56 il for .reyql uti 2) st ep 57),
and the sequen%gere d%hg§§b%£Jéb‘%éﬁ%%ggﬁgﬁE%&hu% &ﬁégﬁgg %qﬁaflag for

revol uti on nunebhuy Wrolh 1g withlh® Brediestliaey gV | on

nunbers (1), _ eventual I'y set, the sequence proceeds to
step 54 t0o5  thkeebFourlat (AR LRUin®lified by a HRYTesprdioly bolts can

be tightened up equi valently with proper torque using the device 1 for
ti ghteni ng twoaheuht .at whikeheadehlel B¥entd2l torqueSiBCHitthdr itgld eni ng

torque is checked in the

predetermined torque may of course be checked, or the
main tightening routine may be performed in exactly the
same manner as the pretightening routine.

10 FIGS. 9 to 11 are flow charts showing another mode

| (bolt tightening torque control mode) of the method of
tightening four bolts-at four corners of the member to
be fastened by the tigﬁtening device. FIG. 12 shows a
graph corresponding to the graph of FIG. 8 which shows

15 the relationship between the bolt revolution number and
the bolt torque and in which the scales of abscissa and
ordinate are altered in conformity with the present
mode of tightening method. It is seen that when
rotated n turns, the bolt comes into intimate contact

20 with the flange, and the proper tightening torque
(pretightening torque) at this time is 10 kgf-cm.

With reference to FIG. 9, a description wili be

‘given first of the primary routine of.the tightening
method in the bolt tightening torque control mode.

25 First, the hardware of the microcomputer is



33 pretightening routine as to whether the torque is wi thin the
predeterm ned range, it is not necessary to check in the main

ti ghteni ng torque whet her the tightening torque is within a

pr edet er mi ned range, and 5 the programcan be sinplified by a
correspondi ng anount. Wiether the eventual torque is within the
predeterm ned torque may of course be checked, or the mai n tightening
routi ne may bBe performed in exactly the same nmanner as the
pretightening routine. 10 FIGS. 93#0 11 are flow charts show ng

anot her node (bol 't tlghten|ﬁ§¥torque control node) of the nethod of
ti ghteni ng fourltddiialiged e s ¥ Rﬁr%mé?m’fibs and m%’é’?%s@%ed by

the tightening device. FIG 12 shows a agﬂlcorres ndi ng the
graph of FIG &hmitHEhek operatiqn (rseqed? |]0)n'sh| Were‘g He Jb‘?)l

| ut nb d bol d i f
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t ht t t
B e g

fg'r gﬁreycgﬁﬂ '()P%z@‘déﬂl@nﬁugéa idibnal bol®itsnid dhe fd t(Stigghtani ng

In connection with the predetermined revolution number
which is based on one revolution of the bolt, a
required range is added to obtain a predetermined upper.

10 limit of revolution numbers and a predetermined lower
limit thereof for use as reference values. The
predetermined torque is the tightening torque resulting
from exactly one revoiﬁtion of the bolt. According to
the pretightening routine to be described below, an

15 inquiry is then made as to whether the tightening
torque for the first revolution of the bolt is within
the range of predetermined torque (step 5). If the
answer is affirmative, an inquiry is made as to whether
the tightening torque has reached the pretightening

20 torque (10 kgf'cm) (step 6). When the pretightening
torque is not reached, the next predetermined bolt
revolution number and predetermined diagonal bolt
torque are set (step 7), followed by step 5. The

predetermined bolt revolution number is based on one

25 revolution of the bolt, predetermined torque is set for



25 First, the hardware of the mcroconputer is

34 - initialized to set the paraneters, ports and nenory for t he
“ start of operation (step 1). The start key is then pressed (step 2)
to pretighten two of the four bolts whi ch are positioned diagonally
(step 3). Instep 3, a 5 predeternined bolt pretightening revol ution
nunber and - predeterm ned di agonal bolt torque are set (step 4).

I n connection with the predeterm ned revolytion nunber whi ch is based
on one revolution of the bolt, a cﬁﬁred range is added to obtain a

re
Pover — ol ek EFEaruFPnugE HRS Bebhencaiyaptes: dhfgh R BLEL L
det I ned t | Set ' | ti f tl
e revol ut ton 5 TRePodi 15 hofdhERurSnbet tbRe BRLE LB3earated BOT B Yo
be described belpMhsan rdeidehPdYLyY i tHENsBBIRAARale Weether the

ti ghtening torque for the fiTst revolution of the bolt is within

the range of preet Rt ELINGOpAYCedotEep Bhe bie8fferminedaBEler S
affirmative, an inquiry is nade as to whet her the tightening torque

has reached t hergrelhghdenhitfoe20may t o€ p&sédP Egt exdmpiégpofi) haldhen the

preti ghtening torque is not reached, the next predeterm ned bolt

revol uti on nunterrmanto pirdetasei tee chagbhing boégquency andrgbhEaidneaset

- (step 7), followed by step 5. The -

: more accurate result. When no abnormality occurs in
the pretighteﬁinq routine, the tightening torque
reaches the pretightening torque (10 kgf-cm), and the

10 pretightening of step 3 for the diagonal bolts is
completed. |

The tightening device 1 is removed from the
diagonal bolts and théh set on the reverse diagonal
bolts. Depression of the start key (step 8) starts

15 pretightening of the reverse diagonal bolts (step 9).
In step 9 which is the same as step 3, a predetermined
bolt revolution number and predetermined torque for the
reverse diagonal bolts are set (step 10). According to
the pretightening routine, the tightening torque is

20 checked as to whether it is in the range of
predetermined torque (step 11). If the result is
acceptable, an inquiry is made as to whether the
tightening torque has reached the pretightening torque

(10 kgf'cm) (step 12). When the pretightening torque

25 is not reached, the next predetermined bolt revolution



. bolts are set

predeterm ned bolt revol ution nunber is based on one 25 revol ution of
the bolt, predeterm ned torque is set for

35 each revolution of the bolt. The pretightening routine of

- step 5 is repeated until the bolt is rotated n turns. Incidentally,
in the second hal f of the pretightening procedure, the predeterm ned
. bol t 5 revol ution nunber nay be based, for exanple, on half turn
- to increase fhe checking frequency and obtain a nore accurate result.
Waen no abnormality occurs in the pP8tightening routine, the

“tightening tor reac the pret| ht enj n orque (10 k j cm,. and
the 10 preti ng“\?ﬁFndnﬁlf FBS %Pe@hcg gﬁ’ég t&’(ﬁ &?Vé’ %‘g‘%ﬁﬂret ed.
The tightening ice 1 is r ved forom di_agqnal bolts and t hen
set on the rev?Pg sdP&Sbﬁﬁt Step &glfsf%qﬁfﬁ§¥5§§'§ﬁ%%ﬁ Mt key
(step 8) start r eni.n h I3 t, 9
In step 9 mhic%°u£§9ﬁpoggﬁgggsqétg FEa%bre Zﬁﬁﬁﬁégp%%CJ¥%)ﬁﬁ(éﬁgp :

revol ution nu"p%taa%@mggi gk&ﬁ t%ﬁ%u%lfg‘?ﬁetnrl%& torque el agona

: ste ght'ening routine, the
. tighteningstor gue b%et%%hteﬁhﬁ@kQéraﬁetQ1Wthﬁ?ém)I &fdi Bhkhe range of

j predetern1ned torque (step 11 e result is accept abl e, an

 inquiry is ”Hdgrétlbﬁtwhﬂhhebftbtep 9 for the reverse diagonal bolts

| is completed. As to the predetermined torque values in
steps 10 and 13, ﬁhe first diagonal bolts differ from
the reverse diagonal bolts in torque curve, so that

10 torques are predetermined based on the actual result of
tightening operation for the reverse diagonal bolts.

When the reverse diagonal bolts are completely

pretightened, the déviée 1 is removed from these bolts
and fitted to the first diagonal bolts. Depression of

15 the start key (step 14) is followed by the main
tightening of the diagonal bolts in accordance with the
main tightening routine to be described below {(step
15). .The diagonal bolts are tightened in step 15 with
main tightening torque (30 kgf-cm). The device 1 is

20 then removed from the first diagonal bolts and set on
the reverse diagonal bolts. Depression of the start
%ey (step 16) is followed by the main tightening.of the
reverse diagonal bolts according to the main tightening

routine, and the reverse diagonal bolts are tightened

25 with the main tightening torque (30 kgf-cm), whereby a



ti ghtening torque has reached the pretightening torque

(

10 kgf cm

(step 12). When the pretightening torque 25 I's not reached, the next
predeterm ned bolt revol ution : 36
nunber and predeterm ned toque for the reverse diagonal bolts are set
(step 13), followed by pretightening routi ne of step 11. Wen no
abnormality occurs in the pretightening routine, the tightening
t orque reache$ 5 the pretightening torque (10 kgfcm, and the
pretightening of step 9 for the reverse didgonal bolts i s conpl et ed.
and 13, the first

As to the predeterm ned tor%ye val yes in steps 10
di agonal bolts EPHP@PCFr8ﬁ

ual re

19ht@ﬁénﬂe989§étép&§oﬁélCBBP@§tPﬁ £orqéaecur ve,
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Depr essi on of %g agh@l hek ebeﬁp(step 14) is followed by the main

tightening of t |ago olts“in accordance with the

mai n

tightening goutine tOIaetﬁesmségelﬁel PYoEE58P the bt 1sT98tQtaaoael
bolts are tightened in step 15 w't mai n tightening torque (30

cm. The devi cealhigh EﬁeeﬁhﬁarrFﬁ@t@éhﬁéﬁﬂh&hgnaléﬁtadlaﬁogﬁéeaofbﬁ and

set on t he reverse di agona

bolts. Depression of the start

main tightening. In the pretightening operation, the

first half of the operation may be effected at a high

speed, and the second half thereof at a low speed.

10 Next, the pretightening routine of the tightening

method will be described with reference to FIG. 10.

First, bolt (1) and bolt (2) are rotated at a high

speed for the start of tightening, and flags for torque

(1) and torque (2) are reset (step 21).

The flags for

15 torque (1) and torque (2) are set when the torque of

bolt (1) and bolt (2) becomes not smaller than a value

corresponding to a predetermined revolution number.

Next, an inquiry is made as to whether the flag for

torque (1) is set (step 22). If the answer is

20 affirmative, the flag for torque (2) is checked as to

whether it is set (step 23).

If the flag for the torque (2) is on,

this

indicates that the absolute level of tightening torque

of bolts (1) and (2) is within a predetermined range,

25 followed by checking of relative level.

More



key (step 16) is followed by the main tightening of the reverse

di agonal bolts according to the main tightening routine, and the
reverse diagonal bolts are tightened 25 wth the main tightening torque
(30 kgf cnm), whereby a 37

sequence of tightening operations is conpleted for the four bolts
(step 17). Step 2 follows again to repeat the foregoi ng steps when
anot her set of four bolts are tC)tmagdghtened up. 5 In the
foregoi ng process, the bolt is rotated at a high speed for

pretighteni ng eegfgcggpgngggoiag%?gtnﬁgggkggiiQQEEBETQ-xhﬂ %E; be

preti ghteni ng operation, he operati o

effected at a hj e hal f J&h f speed.
10 et CoRRaTed, WERRCRevatdcioR RARAOE, 12) ] oF BRRE () stEB TG

Wil be describgg)w tpereher 8eBet 0 (F) Gisl§reater, the nlthbsk, (Bl Es(1) and
bolt (2) are rotated at a high speed for the start of tightening, and

flags for torqusubtractéd)faod thegnemib@) @LE tesealédalepe2the The flags
for 15 torque (1) and torque (2) are set when the torque of bol t

(1) and bol3d (ZibPerersendP snvbdbt téwolatiehupumber (stepegppndibg to a
predeterm ned revol uti on nunber. Next, an inquiry is nmade as to -
whet her the fl dthé orumber (ibrisengll)greater thamptle)numberhé2hnshbe is
20 ATt ey (1798 untratted bran £he Rombez (2) to
determine the difference AP in bolt revolution number
(step 26). An inquiry is then made as to whether the
10 bolt revolution number difference AP is within a
predetermined range (step 27). When the answer is
affirmative, the bolts are judged to be properly
tightened, whereupon the sequence comes to an end (step
42). When the answer to the inquiry of step 27 is
15 negative, bolts are judges to be unequivalently
tightened, and an unequivalent tightening error is
indicated (step 43), followed by a change-over to a
manual mode routine (step 45).
If the flag for torque (1) is not found to be on
20 in step 22, revolution number (1) is read, and an
inquiry is made as to whether the number is at least
the predetermined revolution number lower limit (Step
35). When the answer to the inquiry of step 35 is

affirmative, an inquiry is further made as to whether

25 revolution number (1) is up to the predetermined



whether it is set (step 23). If the flag for the torque (2) is
on, 4his I ndi cates that the absolute |evel of tightening torque

of bolts (1) and (2) is mnthln a predeterm ned range, 25 fol |l oned by
checking of relative level. Mire

38 specifically, revolution nunber (1) of bolt (1) is conpar ed
with revol ution nunber (2) of bolt (2) (step 24). | f the nunber (1)
is greater, the nunber (2) is subtracted fromthe nunber (1) to
calculate the 5 difference AP in bolt 3ol ution nunber (step 25) If

the nunber (1) is not greater than the nunber (2), th H S
subt r act ed frohﬁ@%@l%ﬁh@@rHFE?GFOUPPer IH@%ErﬁFHSPtHé)dlngrE Eeaﬁﬁw ﬁ bol t

revol uti on nunber ep 26) quiry_is then made as to et her
the 10 bolt r@%o¢%?|bﬂqﬁbﬁge?deFPEréacésA fférmﬁghVﬁ' Eorque (1hesR

d d h iye, th
Ports are | udgiPib bE) pRapERRy (sted 57 hrebRoansalietcapoo KICEhkELnce
7o 15 negat | VESTREFL {1y éﬂﬁ e toFe pERaRC AT RF BapPErat el Yolind 27 7

7020 e e e AP UG ELE RS 1)t 0 S8k (nudpet) . 1 of e
the flag for toSmkfetdimifed0Ototquad EHlQelgnlnterpreted as indicating
that bolt (1) is normally tightened, tightening of bolt
(1) is discontinued (step 39), the flag for torque (1)
is set (step 40), and the sequence proceeds to step 23
10 wherein flag (2) is checked as to whether it is set.
If torque (1) is found to be lower than the
predetermined torque in step 38, an inquiry is made in
step 23 as to whether:the flag for torque (2) is set,
with bolt (1) continuggsly tightened. If revolution
15 number (1) is found-éo be lower than the predetermined
lower limit in step 335, torque (1) is read, and an
inquiry is made as to whether it is up to the
predetermined torqug (step 41). When the answer is
affirmative, step 23 follows in which the flag for
20 torque (2) is checked as to whether it is set, with
bolt (1) continuously tightened. If the answer to the
inquiry of step 41 is negative, this is interpreted as
indicating that torque (1) has reached the

predetermined torque before revolution number (1)

25 reaches the predetermined lower limit, whereupon



20 in step 22, revolution nunber (1) is read, and an inquiry.is

mades as to whether the nunber is at | east t he predeterm ned

revol uti on nunber lower limt (step 35). Wen the answer to the
inquiry of step 35 is affirmative, an inquiry is further made as to
whet her 25 revol ution nunber (1) is up to the predeterm ned

39 revol ution nunber upper |limt (step 36). If the answer to the
inquiry of step 36 is affirmative, torque 1) of bolt (1) is read
(step 37) and checked as to whet her que (1) is not lower than the

predet erm ned torgue r than the

pr edet er ni ned t%?ﬂﬁﬁma?thgﬁgelh?e%ﬁFéFégegs?Fﬂﬁpcé%Bng%oegowﬁﬁggybélt (1)

[ |1 [ d

55) the t1ag TopeRgFsokef ;S LAl ﬁéntﬁ%{‘t‘(‘e?sp chbt1hg 452 Sedence "
d 23 0 h
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torque in step SGun@NtbNEdi 6 ia QBQ§ 29, revolﬁteen2§uﬁ§e&0(@@eager the
flag for torque (2). is set continuously tightened. If

revol ution 515 @alabefoilbwea b ueHeteaﬁé bgw@édhbanakhgtépedetsetm agd
lower limt in step 35, torque (1) is read, and an lnquiry is nmade as

to whether it iSonpbdébttiE). Morereﬁetﬁfﬂtaﬁdytoaquﬁn@aney 4%) madkeast he

ANSVET 18 to whether revolution number (2) is at least the
predetermined revolution number lower limit (step 28).
When the number (2) is at least the predetermined

10 revolution number lower limit, an inquiry is further
made as to whether revolution number (2) is up to the
predetermined revolution number upper limit (step 29).
If the answer to the ihquiry of step 29 is affirmative,
torque (2) of bolt (2) is read (step 30) and checked as

15 to whether torque (2) is not lower than the
predetermined torque (step 31). When torque (2) is not
lower than the predetermined torque, this is
interpreted as indicating that bolt (2) is normally
tightened, tightening of bolt (2) is discontinued (step

20 32), the flag for torque (2) is set (step 33), and the
sequence returns to step 22 wherein the flag for torque
(2) is checked as to whether it is set. If torque (2)
is found to be lower than the predetermined torque in

step 31, the sequence returns to step 22 in which the

25 flag for torque (1) is checked as to whether the flag



affirmative, step 23 follows in which the flag for 20 torque (2) is

checRed as to whether it is set, with bolt (1) continuously tightened.
If the answer to the inquiry of step 41 is negative, this is _
interpreted as i ndicating that torque (1) has reached the

predet erm ned torque before revolution nunber (1) 25 reaches the
predeterm ned lower limt, whereupon

40 abnornmal torque is indicated (step 44), followed by a

change-over to the manual node routine (stép 45). In the case
where the flag for torque (2% is not found to be on in step 23,

revol uti on nunb®®t(2yith bokt (Lpagonténnenedybyightesade phécedure as
.Steps 35 to cifica an inquiry is nade as

41 f bolt (1)._ M ||

t o whet her revdT%Y?BHtgéﬂbgFm?éf)K%’aggléggPth% bey1°wﬁFeHEPEr Red
revol ution nunber Lower lim,t.(step,28 . Wh t pe_nunb (2) is at
| east the predé?%ﬁ%ﬁﬁ%ﬁmlﬁﬁd lé@?ﬁlﬁ%?%ﬁ ﬁﬁnﬁﬁ?pngErQ?FﬁP?,?gﬁ F%quiry i's
furth . ' '
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“lower than the predeterm ned torque, this is
for torque (1) is_checked as to whether it is set. If
the answer to the inquiry of.step 34 is negative, this
is interpreted as indicating that torque (2) has

10 reached the predetermined torque before revolution
number (2) reaches the predetermined lower limit,
whereupon torque abnormality is indicated (step 44),
followed by a change—d&er to the manual mode routine

(step 45). |

15 When torque (1) and torque (2) are not abnormal,
the flags for torque (1) and torque (2) are both
eventually set, followed by step 24 in which revolution
number (1) is compared with revolution number (2) for
the checking of relative level.

20 For example if torque (1) of bolt (1) reaches the
predetermined torque first in the pretightening routine
described, ﬁighgtening of bolt (1) is discontinued, and
bolt (2) only is tightened. Accordingly, bolt (1) is
unlikely to be overtightened. Upon revolution number

25 (2) of bolt (2) exceeding the predetermined upper limit



interpreted as indicating that bolt (2) is normally ti ght ened,
tightening of bolt (2) is discontinued (step 20 32), the flag for torque
(2) is set (step 33), and the sequence returns to step 22 wherein the
flag for torque (2) is checked as to whether it is set. |If torque

(2) -

is found to be I ower than the predeterm ned torque in
31, the sequence returns to step 22 in which the 25 flag for torque (1)
is checked as to whether the flag

step

41 set, mnth boIt (1) continuously ﬂ?ghtened | f revol uti on
nunber (2) is be | o t han .t he edet erm ped | ower I|n1t I n
step 28, torqug’ g:orque \A&éa(feaéw(?saﬁ:hiencﬂﬁel&{? FOT B dtiifer it
is up to

affirmati ve,

i s checked as %ﬁxW%%&h%E'ﬂbf&ﬁé“ﬁé) Pelaches t

step 34 is negative, interprete tehgjt%r% Cath etnfﬁté:{{bﬁﬂér que

(2) has
nunber

abnormalityg i Sph:'@@'e(t%trﬁd.n(e'ii *Apped) ,11m11té thel b@m Ritea 5

node routine (step 45)

manual
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r ga¢hed t&%&ﬁﬂ% %@ t(%%@f %%fl%r e(zr)e‘@a@ﬂe@ the

(1)

reaches_.the predetern1n lower I'im wher eupon torque

+Q¥aye tO the
When torque (1) and torque

(2) are not aboaemmlivalently Itdghiteped dh tstepue7( in ame tcasguevhed)e ar e

bot h

10

15

20

25

revolution number (2) of bolt (2) is excessively
greater than that of bolt (l). Further even with
torques (1), (2) of bolts (1), (2) reaching the
predetermined torque, an abnormality is recognized in
step 34 or 41 if revolution number (1) or (2) is below
the predetermined lower limit in this case. This
eliminates the likelihéod of the operator forgetting to
insert the gasket to be installed in the sealed
portion. Thus, the bolt is judged to be properly
tightened only when the predetermined torque is
reached, with the revolution number within the
predetermined limits. When the bolts are thus found
properly tightened, the sequence proceeds to the
subsequent step.

Next, the main tightening routine of the present
tightening method will be described with reference to
EIG..ll. |

First, bolt (1) and bolt (2) are rotated at a low

speed for the start of tightening, and flags for torque



eventual ly set,

foll owed by step 24 in which revol ution nunmber (1)

conpared with revol ution nunber (2) for the checking of relative

|l evel.

predeterm ned torque first in the pretightening routine descri bed,

20

For exanple if torque (1) of bolt (1) reaches the

ti ghgtening of bolt (1) is discontinued, and bolt (2) only is
ti ghtened. Accordingly, bolt (1) is unlikely to be overtightened.

Upon revol uti-on nunber 25 (2) *of bolt (2) exceedi ng the predeterm ned

upper |
t orque

be unequi val ent {}) t2@@t

mt
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Thus,
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25

e bolt is judged to be properly
the flag for torque (2) is checked as to whether it is

on (step 53). 1If it is found to be on in-step 53, the
bolts are judged to be tightened properly to terminate
the routine (step 54).

In the case where the flag for torque (1) is not
found to be on in step 52, torque (1) of bolt (1) is
read (step 59), and aﬁ inquiry is made as to whether
the torque is at least the final tightening torque
value (step 60). If the answer to the inquiry of step
60 is affirmative, main tightening of bolt (1) is
judged to be effected normally, tightening of bolt (1)
is discontinued (step 61), the flag for torque (1) is
set (step 62), and steﬁ 53 follows to check whether the
flag for torque (2) is set. If the torque (1) 1is
smaller than the final tightening torque in step 60,
bolt (1) is continuously tightened, followed by step 53
to check whether the flag for'toque (2) is set. If the
flag is not found to be on in step 53, Eorque (2) of

bolt (2) is read (step 55), and an inquiry is made as



ti ght ened only when the predetermned torque is reached, with the

revod ution nunber within the predetermned limts. Wen the bolts are
t hus found properly tightened, the sequence proceeds to the 20
subsequent step. Next, the main tightening routine of the

pr esent tightening nethod wll be described with reference to

FIG 11. First, bolt (1) and bolt (2) are rotated at a low 25
speed for the start of tightening, and flg s for torque

43 (1) and torque (2) are teset (st g 51). The flags for t or que

1) 10T L A T A sy s Bl D, (2
I NCreases eas ue.
The fl 5 f t ' it
T 1190, oo o3pUapbOt Hadeh BRSO SIS & i il 1t
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properly to te&?‘é?ﬁﬁ%edl(%o( llat)eh%fﬂ@tie'aenQ%Eﬁﬁ) tightening of 'bdlite case

where the flag .torque IS not - found tobe on in step 52,
torque (1)s0f heht jglHilstontinueded@tept &7)39)ther Tl ag fiodWongques (Ppde as

t o whet her the torque is at |least the final tightening torque
is set (step 58), and the sequence returns to step 52
to check whether the flag for torque (1) is on. If the
torque (2) is smaller than the final tightening value
in stép 56, step 52 follows again to check whether the

10 flag for torque (1) is set, with bolt (2) continuously
tightened. 1In this way, the flags for torques (1), (2)
are eventualiy set, and the sequence proceeds to step
54 to terminate the roﬁtine.

The pretightening routine increases the torque of

15 the bolt to the predetermined torque, with the number
of revolutions thereof within the predetermined range,
so that it is unnecessary to check in the main
tightening routine whether the revolution number is
within the predetermined range. This serves to

20  simplify the program by a corresponding amount. Ihe
final revolution number may be checked as to whether it
is within a predetermined range, or the main tightening
routine may of course be performed in exactly the same

manner as the pretightening routine.

25 The four bolts can be tightened up equivalently



15 val ue (stép 60). If the answer to the inquiry of step 60 is

affirmative, main tightening of bolt (1) is judged to be effected
normal Iy, tightening of bolt (1) is discontinued (step 61), the flag
for torque (1) is set (step 62), and step 53 follows to check whet her
the © 20 flag for torque (2) is set. |If the torque (1) is smal | er
than the final tightening torque in step 60, bolt (1) is continuously
ti ghtened, foll owed by step 53 to check whether the flag for toque
(2) is set. If the flag |s not fcuumﬂio be on |n step 53 torque (2)
of 25 bolt (2).is read (step and an_inquiry

44 to whe¥heR Pﬁ@psﬁraaéqu hv FeesabprE FPH§|°F|§HHBEPHQHG

torque val ue (st the answer to the,in 56 is
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conti nuously ti1ghtene Is way, the flags for torques (1)
are eventual ly geé, bané th@hﬁeﬁyﬁeceoeqaéeedﬁtte1stneae unlikB4the belwi nate

- the routine.

revolution number control mode, the bolt is checked in
the initial stage of tightening and subsequently
several times as to whether it is tightened properly.

10 The torque control mode therefore has the advantage
that abnormalities in tightening are detectable early
to preclude the deformation of the bolts and the member
to be fastened. :

Although the tightening method as practiced in

15 either of the two modes comprises a pretightening
routine and main ﬁightening routine separate therefrom,
the entire tightening operation may be carried out in
the same manner as the pretightening routine shown in
FIG. 6 or 10 without resorting to the main tightening

20 routine. The flow chart of FIG. 6 or 10 is concerned
with a case where two bolts are tightened up, whereas
the flow chart can be readily expanded for tightening
up three or four bolts. Three or four bolts can be
tightened up at the same time according to the expanded

25- flow chart. Although the device 1 described is adapted



The pretightening routine increases the torque of 15 the bolt to the
predeterm ned torque, wth the nunber of revolutions thereof within

t he predeterm ned range, so that it is unnecessary to check in the
mai n . tightening routine whether the revolution nunber is Wi t hin

- the predeterm ned range. This serves to 20 sinplify the programby a

. correspondi ng anmount. The final revolution nunber may be checked as
. to whether it is within a predeterm ned range, or the nmain tightening
- routine may of course be perforned in exaé?ly t he sane manner as the

i gh i i.ne.. 2 The f | ., tigh
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1 for tighteni Rg ghtening"u Hredilor *Fou%a%lf]ﬁéﬁ‘aﬁ thd game AGROTEY Ng to
the tightening nethod as practiced in the bolt tightening torque

control node uplsilk® theeOldr four FeOIIH irtaia @antg olwrarien the bolt
is checked in . the initial stage of tightening and subsequently

several tiBes psritdonsetthand mdtods ght ermitad eperfgur bdlts Tdem tles que

. control node therefore has the advantage that abnornalities in

~ tightening aretdghtensid epeaimnltaneousd ypibaclusdag Hhedefwrtisthiaft of the

. bolts and t he nenber :

f device. For example, four bolts can be tightened at
the same time by using a four-shaft tightening device
and using a method of tightening the four bolts while

10 checking these bolts for absolute level and relative
level. With this method of tightening up threaded
members, it is also possible to tighten up the members
at a time until the evéntual tightening torque is
reached with the pretightening procedure omitted, hence

15 a simplified tightening procedure. On the other hand,
the tightening device 1 described in detail and adapted
to simultaneously tighten up two bolts has the
advantage of being simpler in construction and in

control program than is the case with the method of

20 tightening four threaded members.



to be fastened. Al t hough the tightening nethod as practiced in
15 <either of thetwo—rpdes—caonprises a pretightening routine and

main tightening r ' eparate therefrom the entire tightening
operation may be $m"ﬂ§mmﬂmmmm © the sanme manner as the pretightening
routt ne shown in "« ¢ "M 4 O without resorting to the main
tightening 20 routine. ﬁhe fFfow chart of FIG 6 or 10 i s concerned
with a case where two bolts are tightened up, whereas the flow chart
can be readily expanded for tightening 47 up three or four bolts. Three
or four bolts can be, tightened up at the sane tinme according to the
expanded 25 Whajw EhaftaimedidRigh the device 1 described is adapted

46 to tight .bolts, 44 at th ti | tishaft
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four bolts while 1 olts for absolute level and relative
level . Wth thigdiidash o idh O €FiBIte W ttHeageteaded member, drive

means for individually driving the rotary shafts, and

control means for detecting the amount of tightening of
each threaded member and the tightening torque thereof

10 and controlling the drive means based on the values
detected, the control means comprising drive stbp means
for discontinuing the drive upon the amouﬁt of
tightening of each thféaded member reaching a specified
value based on the time when the tightening torque

15 reaches a predetermined value, and judging means for
judging each threaded member to be pfoperly tightened
in the case where the tightening torque of the threaded
member is within a predetermined range, with the
difference in tightening torque between the threaded

20 - members within a predetermined range, when the drive is
discontinued.

2. A tightening device as defined in claim 1

wherein the specified value for the amount of | |
tightening is smaller than a proper value for the final

25 amount of tightening, and the control means further



menbers, it is also possible to tighten up the nenbers at atinme
untid the eventual tightening torque is reached with the
pretightening precedureomtted, hence 15 a sinplified tightening

procedure. On the _ ' the tightening device 1 described in
detall and adapt ed“ﬂ‘ m m llﬂ.“llﬁneousl y tighten up two bolts has the
M

advant age of being n-eonstruction and in control program
than is the case with the nethod of 20 ti ghtening four threaded nenbers.
47 What is clained is: 1. 48 ti ghtening device for
tightening up a plurality of threaded nenbers at the sane tine, the

ti ght eni ng devi C¥REEPEF sPadnatpohkaning veanst fpy finaliyatdghsgaing
Phe.t hr eaded” noRberachy Firesaded ehar'Bp Fhei BFaBar| Jabheyrhgn: BSr ot ary
e o EIAR R0, L8 hes L0t he amount olohignteni 1o o
cont ol L ng, the i 18, EABRahERRtLg sk DEGX e iR ERETHEy, |12 SO0l
ST o on SHEPLEILP I PRI S et gaingugerrene o
predeterm ned vgidiecerdiMly | deigi P8 FBAFSiéPhg a plurality of rotary
| shafts each provided at a forward end thereof with a
wrench portion fittable to the threaded member, drive
means for individually driving the rotary shafts, and
10 control means for detecting the amount of tightening of
éach threaded member and the tightening torque fhereof
and controlling the drive means based on the wvalues
detécted, the control ﬁeans comprising drive stop means
for discontinuing the drive upon the tightening torque
15 of each threaded member reaching a predetermined wvalue
with the tightening amount within a specified range,
and judging means for judging each threaded member to
be prqperly tightened in the case where the difference
in tightening torque between the threaded members is
20 within a predetermined range when the drive is
discontinued. |
4. A tightening device as defined in claim 3

wherein the predetermined value for the tightening

torque is smaller than a proper value for final

25 tightening torque, and the control means further



j udgi ng each threaded nenber to be properly tightened in the case

wher-e the tightening torque of the threaded menber is within a
predeterm ned range, with the difference in tightening torque between
the threaded 20 nenbers within—a predeternined range, when the drive is

di sconti nued. \ lght eni ng device as defined in claim1l
wherein the specmuwuﬂwq&"ﬁ')’iﬂﬂhe anount of tightening is smaller
t han a proper val e ¢ort s 25 anount of tightening, and the
control neans further 49 48

conprises main tightening neans for finally tightenin . up each
t hr eaded nmenbercampriserpin tvighkening neans for.ttmi'e%mmmwa%

judged to be properly tightened. 3. A Ilgptening devi ce for

ti ghtening up &£hreagadkemper gtk dthr PrRPMersingl (1RF U2 IRR, 18 he
tightening device conprising a plurality of rotary . shafts each
provi ded at a f%%}}é’tﬁtﬁe? h@%oﬁhﬁﬁ#% member v@r%rﬂ:"ﬁig{ﬁﬁttr%rp?i ttable to

t he threaded nenber riyve means for individually driving the rotary
shafts, and 1®TRHEIHITHEANE9Y detecting the amount of tightening of .

each threacgi)ed menberg angd Ef&b%éslg%g%nﬂ&%}ﬁiégr%edéf}ﬁ{gefj&tclai

controlling the drive neans e val ues ected, the contro

?ﬁgnfigﬁ?gggﬁgQ?ggﬁﬁﬁf FAOPIRA]L means | Alr &S BB Sk tdec s s v@e UPON
torque abnormality indicating means for discontinuing
tightening and indicating abnormal tightening upon the
tightening torque of one of the threaded members

10 exceeding the predetermined value before the amount of
tightening of the threaded member reaches a specified
lower limit.

6. A tightening dévice as defined in claim 5
wherein the control means further compriseé deficient

15 torque abnormality indicating means for discontinuing
tightening and indicating abnormal tightening when the
tightening torque of one of the threaded members is
below the predetermined value even if the amount of
tightening of the threaded member reaches a spécified

20 upper limit.

7. A tightening device as defined in any one of
claims 1 to 6 which is characterized in that the drive
means comprises motors for driving the respective
rotary shafts, each of the motors having é spur gear

25 attached to a forward end of a drive shaft thereof, and



15 of each threaded menber reaching a predeterm ned val ue wth the

ti ghteni ng anobunt w.-thin a specified-range, ° and judgi ng neans for
j udgi ng each threaded nenber to .be properly tightened in the case
where the difference Llllj' "IIL“I “uﬁ torque between the threaded menbers

is 20 wthin a pred en the drive is di sconti nued.
4. A tightening device as defined in claim3 wherein the predeterm ned
val ue for the' tightening torque is s | er than a proper value for

final 25 tightening torque, and the conttrol neans further

Chr eaded monber <ot PEt FEpTaRerY  FRAFCt oparendat oot 2 E8REhed. o pen
the threaded MUREL bdal tHOECoE Cals mesniRGRELRYEhL OBbERear? 5. A
ightening device as defrned in claim erern e control neans

further conprises exgesgi ¥fghtenif§’ @o%iCONQEN@éEiNedNPhCcalanE TeRARSChOT
di sconti nui ng tightening and T ndicating abnormal tightening upon the

- tightening toraue ehapaerotiide ihrerdedcnendsas r £¥cgedhbBetineo
predet ermi ned val ue before the anmount of ti ghtening of the threaded

menber reaches thspesitatdl end of ovs motoi.drive shaft By & foghteni ng
device as defined in claimb5
with play provided between the joint and the motor
drive shaft for permitting the spur gear to rotate
siightly about an axis of the motor shaft relative to
the shaft.

10 9. A tightening device as defined in any one of
claims 1 to 6 which is characterized in that the wrench
portion is connected to the rotary shaft movably
axially thereof.

10. A.tightening device as defined in claim 9

15 which is characterized in that a coiled compression
spring is provided for biasing the wrench portion so as
to move the wrench portion forward relative to the

rotary shaft.



wherein the control neans further conprises deficient 15 torque
abnormality indicating neans for discontinuing ti ghtening and

i ndi cati ng abnormal tightening when the ti ghteni ng torque of one of
the threaded nenbers is + bel ow the predeterm ned val ue even if the
anount of tightening of the threaded nenber reachegs.a_specified 20
upper limt. 7. A tightening device as definefTj

clains 1 to 6*which is charac QF  THIE HTSEUASURE | ve

conprises notors for driving the respective rot ar y=s .
the notors having a spur gear 25 oi&asitee tedres forward end of a drive
shaft thereof, and each

of the rotary shafts EaV|n pini end t her eof

and - meshing with t he T8fur 889F on pgo 4as"g § dﬁv? Shggﬁlﬁﬁiﬁgﬁ%ﬁ39a§
defined in Cla'n];%ﬁ@aﬁéan h% Sp%gaﬁéﬁE%§§d E”tkga% #%eﬁymgﬁ%¥ﬁﬂ’

attached to he notor drive

W th play prov'g PQEtﬁﬁﬁﬁuEhﬁlkﬁbﬂi ﬁ@@e%gﬁtgﬂﬁﬁ the clilokesomalt for

permtting the ear to rofat out an axis of the not or
shaft relatgve b?ocedurbhéfsEéﬁhtlnéothe memb%rsthbgb§96h@9t%QW

- defined in any one of claims 1'to 6 which is characterized in that t he

~wrench por spesiifsedosnaticdnytet B BOtdmg 2haf witvhoall y

: unequivalent tightening of the members.

The tightening device 1 comprises two rotary

shafts 6 each provided at a forward end thereof with a

10 wrench portion 8 fittable to the threaded member 44,
motors 3 for individually driving the rotary shafts 6
and a control unit 9 for detecting the tightening
torque of each threaded member 44 and controlling the
motor 3 based on the detected wvalue to ensure proper

15 tightening. The control unit 9 checks the tightening
torque of each threaded member 44 as to whether the
torque is within a predetermined range and whether the

difference in tightening torque between the threaded

members 44 is within a predetermined range.
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axially thereof. 10. A tightening device as defined in claim?9

-

15 wh o ' iTged in that a coiled conpression ' '
iy, _ 2 . np spring is
prodet ﬁLAﬁhﬁEEU?n“E.%B wrench portion so as to nove the wench
portl ¢n f orwar.d r&s?at ve to the . rotary shaft.
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ABSTRACT OF THE DISCLOSURE

TIGHTENING DEVICE

The invention provides a device for tightening up
a plurality of threaded members at the same time with
proper torque without necessitating the cumbersome
5 proéedure of rotating the members one by one through a
specified small angle at a time and without
unequivalent tightening of the members.
The tightening device 1 comprises two rotary
shafts 6 each provided at a forward end thereof with a
10 wrench portion 8 fittable to the threaded member 44,
motors 3 for individually driving the rotary shafts 6
and a control unit 9 for detecting the tightening
torque of each threadéd member 44 and controlling the
motor 3 based on the detected walue to ensure proper
15 tightening. The control unit 9 checks the tightening
torque of each threaded member 44 as to whether the -
torque is within a predetermined range and whether the
difference in tightening torque between the threaded

members 44 is within a predetermined range.

(Fig No. 1)



