1 TITLE OF THE.I NVENTI ON METHOD OF Tl GHTENI NG THREADED MEMBE BA! ND

OF THE | NVENTI ON The present invention relates to a threaded r
ti ghteni ng nmethod of sinultaneously tightening up a plurality of eaded
menbers sdch as. hexagon socket head bolts, hexagon head bolts nyts, and

‘nore parthuIarIy to a met hod of tlghtenlng up threaded nenbers which
method is suitable for tightening up 10 t hreaded nenbers for installing,
for exanple, massflow controllers which are to be provided in gas contro
apparatus for fabricating sem conductors atd whi ch -must be hel d hi ghly

gastight. Controllers such as o] o] Lch 15 are provided

I n such gas control apparatus fdff£Q§ % fé% {ggéﬁtﬁﬁ%uctors and whi ch need
to be given high air- or ed to a bhase

plate with four bolts ha¥g2§°§ %?i23§§TE§?b§?%ﬁ§§§E§ﬁh&§$¢§%§£d on one side
of the menber, usually 20 wth a gasket or |ike seal disposed between the
butting faces. If the bolt tightening torque is too weak, a faulty seal

wll result, whereas exceSS|ngtﬁcﬁggNgeb@fngtﬁgvggq&gh to entail an
| mpr oper seal so that each bolt needs to be tightened up with proper
torque. 2 The present invention relates to a threaded member
5 tightening method of simultaneousiy tightening up a
plurality of threaded members such es_hexagon socket
head bolts, hexagon head bolts and nuts, and more
particularly to a method of tightening up threaded
members which method is suitable for tightening up
10 threaded members for installing, for example, massflow
controllers which are to'be'provided in gas control
apparatus for fabricating semiconductors and which must
be held highly gastight.
Controllers such as massflow controllers which
15 are provided in such gas control apparatus for
fabricating semicenductors and which need to be given
high air- or gas-tightness include a member fastened to
a base plate Qith four bolts having a hexagon socket
head and arranged on one side of the member, usually
20 with a gasket or like seal disposed between the butting
faces. 1If the bolt tightening torque is too weak, e-
faulty seal will result, whe;easfexcessive 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 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 5 equi val ently.
In installing the massflow controller, accordingly, the follow ng
tightening nmethod is used. The bolts are first tightened manually, and one
of the four bolts is then tightened wwth a wench by a fraction of the
required or specified amount of 10 tightening. Next, the second bolt,
which is positioned diagonally of the fir8t bolt, is tightened by the sane
anount, the third bolt adjacent to the second bolt is subsequently
tlghtened by tRershes afoone, bos podyt hsbsighSesed vidd @ aFeadary of the
third bolt is 15 ht ened by the sane anount, and the first bolt is

t hereafter tlgﬁPéﬁ@dtgénr§béaPthﬁé §Q#§5pﬁ6c€G§PétaénaﬁéﬁgenThus the bolts

are tightened equivalently by a small anpount at a ti and eventual |y
screwed up by fA8t §Bé89ﬁ|¥83aﬁééﬁﬁt Z@ﬁl be defﬁEmFgr%BwPﬁgdﬁﬁﬁb@ens are

encountered in_th conve tio hod of t| ht eni n r ed nber s
nerBitioRgadn nide Bonts mustsciarglold BR HIGRREH
bol 12 'a“me'ng“a' ' gxgg giigf{a' | (ATOHN 30 5Rq! LHE hASSHIRES émroaﬁe amount
i tine, ! _

the bolt i
accordlngly, the following tightening method is used.

- The bolts are first tightened manually, and one of the
féur bolts is then tightened with a wrench by a
fraction of the required or specified amount of . |

10 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 diagonally of the third bolt is

15 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 The following problems.ére encountered in the
conventional method of tightening up threaded members

using a wrench for hexagon head bolts.



I ncreased, facilitates the tightening work but 5 I ncreases the
possibility of deform ng the gasket by uneven fastening, hence increased
- likelihood of nmaking the seal faulty. 3. Although the angle through which
the bolt is to be rotated by the wench after manual tightening is 10
predeterm ned, the accuracy of the angle of rotation is insufficient
because of the manual work involved. This entails the |ikelihood that the
bolt will not be tightened up by the proper anobunt to cause a fault in the
seal . 15 SUMVARY OF THE3I NVENTI ON An obj ect of the
present invention is to provide a nethod of tightening up threaded nenbers,
for example, for usd-i Bhpnwexkl phgturrisgr tb® g@ﬁﬁﬁoPPQ#V%ﬁN@HlWShWbabe
provi ded for a gas_control apparatus for producing 20 sem conductors and
whi ch needs-tos%%lhePEOHpéhﬁg BaSimghis FHEORESRBE -bei ng adapted to tighten

p threaded menber s ul L gPLaREt st PhAUROIL HUL AgeeRall 3 10 Lie cyppersore
A B R S R SR
plurality §f tﬂﬂ@?@SQeEEERSrBoE¥iQii!Ey of deforming the gasket by
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 prdper amount to cause a fault in
the seal.
15 _ SUMMARY OF THE INVENTION
An object of the present invention is to provide a
method of tightening up threadedlmembers, for example,
for use in installing a massflow controller which is to
be provided for a gas control apparatus for producing
20 semiconductors and which needs to be held highly
gastight, the method 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

25 angle at a time and free of the likelihood of producing



means, the nethod being characterized by tightening 5 each of the

t hreaded nenbers while detecting the anount of tightening of the threaded
- menber and the tightening torque thereof, stopping tightening upon the
. amount of tightening of each threaded nmenber reaching a specified val ue
based on the time when the tightening torque 10 reaches a predeterm ned
val ue, and judgi ng each threaded nenber to be properly tightened when the
. tightening torque of the threaded menber is within a predeternined range,
"with the difference in tightening torque #etween the threaded nenbers

within a 15 predeterm ned range. The threaded nenber tightening nethod of .°

the invention aastabeytf@eleach of the t hreaded nenbers as tightened is at

a proper absolute | evel by judgin at the t| htenlng %orqu of the
t hreaded menber is TRenHPRESENE &0 ?%Hé?%rﬂ?ﬂga ?ﬁnﬂem E 4'RE amount of
tightening (e. revol utiops aded, nenbe

~ reaching a.spm£§9¢ié§%agﬂagr?hﬁlﬂﬁ? bﬁyfﬁgtﬁgFeﬁéggr ﬁﬁ? Pﬁedfﬁygaded
e L Ly ey GBI e g &
i eaded Homba 1S of (e PRECANYY, AiepRinite, BRER ARG REE. ABoufs™
of tightening of the threaded member and the tightening
torque thereof, stopping tightening upon the amount of
tightening of each threaded member rea;hing a specified
value based on the time when the tightening torque
10 reaches a predetermined value, and judging each
threaded member to be properly tightened when the
tightening torque of the threaded member is within a
predetermined range, with the difference in tightening
torque between the threaded members within a.
15 predetermined range. |
The threaded member tightening method of the
invention assures that each of the threaded members as
.tightened is at a proper absolute level by judging that
the tightening torque of the threaded member is within_
20 a predetermined range upbn the amount of tightening
(e.g., the number of revolutions) of the threaded
.member reaching a specified value. The method further
assures that the threaded members are equivalently

tightened by judging whether the difference in

25 tightening torque between the threaded members is



unequi val ent tightening or uneven fastening, the 5 threaded menbers are
judged to be properly tightened and can therefore be tightened up at the
sane tinme. Accordingly, the threaded nenbers can be tightened up with
proper tightening torque w thout necessitating the cunbersone procedure of
~rotating the 10 t hreaded nenbers one by one by a snmall anount at a tine,
with uneven fastening precl uded. The specified value for the anount of
tightening is smaller than a proper value for the final amunt of
- tightening. Preferably, the control means Sfor the 15 met hod has nain
tightening means for finally tightening up each threaded nenber to the
proper val ue wHégRhiReat Rreseserminser reggeudgEenseWensiypeonl vt iWieened.
Faults in tightening can then be detected early to discontinue the
ti ght eni ng opeFBei BRSEdIGEe leNelsedl eash theppded merbexads @1thdingr oken.
The present inyvention provides a _neth of ti.ghtening up a plurality of
{hrended membel BobFBAFLSSeediEl tonE LR8P RS ARG ER3PatPer | zod by
" tightening each thee r Ll e i he unt 25 of
ti ghtening of'?ﬂga?%9§é8§§ ﬁgﬁgggﬁgﬁ§ ?ﬁgn Fgﬁgeﬁgﬁéeﬂgnpbrgﬁgothereof,
- stoppi ng tgghtepni o] [ en| orque .0 h nber
- reachi ng aspregg#ggﬁggege&§F5§ %?%hEPﬁgegnggngeoFrgggﬁ%gnF%gﬂ%gtg?h a
- specified ranggnqaggni ¢leragoeachet RigREEHAEURCRL! €nBESBREPR ..
| Accordingly, the threaded members can be tightened up -
with proper tightening torque without
necessitating the cumbersome procedure of rotating the
10 threaded members one by one by a small amount at a
time, with uneven fastening precluded.
The specified value for the amount of tightening
is smaller than a propér value for the final amount of
tightening. Preferably, the control means for the
15 method has 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
20 member, for example, is broken.
The present invention provides a method of
tightening up a plurality of threaded members by drive
means, the method being_characterized by tightening

each of the threaded members while detecting the amount

25 of tightening of the threaded member and the tightening



5 ti ghtened when the difference in tightening anount between the threaded
~menbers is within a specified range. The threaded nenber tightening nethod
of the invention assures that each of the threaded nenbers as 10
~tightened is at a proper absolute |evel, by conpleting tightening upon the
. tightening torque of the threaded nenber reaching a predeterm ned val ue

' with the anpbunt of tightening within a specified range. The nethod further
~ensures that the threaded nenbers are tightened 15 equi val ently by

j udgi ng whet her the difference in tightenﬁng torque between the threaded

mb ' it hi d I ned , I ly . wh h
absolute | evel CRTIRRCRAFRPERACACHBRRBE FAIREERTHOL HEOE EBe fadnbaning
i t hout gi vi ' t0,.20 L val.ent tighteni f ast.eni ng,
the thr eaded HERERPE GFcoPilioRitEou8e BPBBERI §oRrORPan AU ERRASES TIERRALT or
be tight d t ti b : : ded ; b
(i ght oned up v EhBr 468 PR pRenECEE FaRLEnAher e B R e

cunber some proggdure Qit*d&??ﬁ&;%ﬁgvéﬁe? thfehBEA2HRALERTREN $OBeJPLARE DY a

smal | amobunt at a tine, \ astening precluded. The"preédetérm ned
val ue for ghe ¢ightentadwhehdtRel 8i§FBELRE! hANtAgREEAShgVAkd@nior fi nal

ti ghtening
between the threaded members is within a specified
range.
The threaded member tightening method of the

~invention assures that each of the threaded members as

10 tightened is at a proper absolute level, by completing
tightening upon the tightening torque of the threaded
member reaching a predetermined value with the amount
of tightening within a”specified range. The method
further ensures that the threaded members are tightened

15 equivalently by judging whether the difference in
tightening torque between the threaded members is
within a predetermined range. Consequently, only when
the absolute level of each threaded member is within
 the'épecified limits without giving rise to

20 unequivalent tightening or uneven fastening, the
threaded members are judged to be properly tightened
and can therefore be tightened up at the same time.
Accordingly, thé threaded members.can bé tightened up

with proper tightening torque without

25 necessitating the cumbersome procedure of rotating the



5 torque. Preferably, the control neans for the nmethod further conprises
~main tightening neans for tightening up each threaded nenber until the
proper final torque value is reached when the threaded nmenber is judged to
be properly tightened. Faults in tightening can then 10 be detected early
. to discontinue the tightening operation before the seal nenber, for

- exanpl e, is broken. The nunber of threaded nenbers to be tightened up by

" the method descri bed above may be two, three or at 15 | east four. A
plurality of threaded nenbers nmay be rotated all at the sanme tinme, one by

one, or 10 of Al ReilEs LS SUTBRLSMRP auk1a shalgli g g feast two

t hr eaded nenbe one a sSmal*l "anou at a tinme can be i m nat ed

by rotating th t hi8adedindYen BERRLS YRe 1sae . time. Wien a plurality
of threaded neﬁ%gfé are to e%ﬁgﬂwenéﬁn%;p;t the sane tine, all the

threaded nenbers ar enbl MR ratinldde vaanR tfo¥e théhed ghiteriimghtteyddige t or que
on one of the nenbers has reached the 25 predeterm ned value with the

ti ghteni ng anpygt swalhiet tha® taherepes faddier £Foge fintali & idgsiereichg o st op
tightening the nenber at this nmonment. This obviates the likelihood that one
the threaded neskgue.w Preferabdy,i dghice ot nodk megnist fioos $ihd anatdiad ght en
up the fufther 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 properly tighténed. Faults in tightening can then
10 be detected early to discontinue the tightening
operation before the seal member, for example, is
broken.
The number of thréaded members to be tightened up
by the method described above may be two, three or at
15 least four. A plurality of threaded members may be
rotated all at the same time, one by one, or two of
them at a time. The cumbersome work of rotating at
least two threaded members one by one by a small amount
at a time can be eliminated by rotating these threaded
20 members at the same time.
When a plurality of threaded members are to be
tightened up at the same time, all the threaded members
are tightened at the same time. When the'tightening

torque on one of the members has reached the

25 predetermined value with the tightening amount within



5 t hreaded nenbers nore equivalently. Wien at |east four threaded nenbers
are to be tightened up, it is desired to divide these threaded nenbers into
sets of at least two and to tighten up each of the sets by the nethod
descri bed. At |east 10 four threaded nmenbers can then be tightened up by
using the tightening nethod enpl oyed for tightening two threaded nenbers at
the sane tine. This permts use of a sinpler judging or checking program

t han when at ‘| east four threaded nenmbers af e ti ghtened at the sane 15

time. Wen four threaded nmenbers are to be tightened up, it is desired to

Lime. vhe d_member | 1S des
i agonal Iy and BT LS Horrs 151 Ashfad aoravey TLACERRys a
this 20 tine,tﬁéﬁgnéxm&aﬁ%g D amdle. i engl fualerafly by

pretightening two di agona positioned nmenbers by a specified anount

first, then pratightionidey di YhereHIGHEIRES magdiOned diggonal | y

reversely by a specified anount, thereafter rotating the first two 25
menbers to a speeiftiethtfdnwl, mdad art By ds 18I tENidigghter? WhdHe nal |y

rotating the other .two nenbers to a specified final range for nmain
ti ghtenings | nthireadsaly mente s meade dquEideientdan be progressively
ti ghtened up nore equivalently than when the first two
When at least four threaded members are to be
tightened up, it is desired to divide these threaded
members into sets of at least two and to tighten up
each of the sets by the method described. At least
10 four threaded members can then be tightened up by using
the tightening method employed for tightening two
threaded members at the same time. This permits use of
a simpler judging or checking program than when at
least four threaded members are tightened at the same
15 time.
When four threaded members are to be tightened up,
it is desired to divide these threaded members into a
set of two members positioned diagonally and a set of
two members positioned diagonally'teversely. At this
20 time, the threaded members are tightened preférably by
pretightening two diagonally positioned members by a
specified amoﬁﬁt first, then pretightening the other
two members positioned diagonally reversely by a

spedified amount, thereafter rotating the first two

25 members to a specified final range for main tightening



5 menbers are tightened up to the final extent at a tinme. It is desired
that a judgnent of abnormality be nmade to discontinue tightening upon the
ti ghtening torque of one of the threaded nenbers exceeding the
predet erm ned val ue before the anmount of tightening of 10 t he threaded
menber reaches a specified lower [imt. It is also desired to nake a
judgnment of abnormality to discontinue tightening when the tightening
torque of one of the threaded menbers is hglow the predeterm ned val ue
even if the anount of tightening of the threaded 15 menber reaches a

speci fied upperarld Hina iy NIy (e SUMY WIS GABRIA (@) gray be di vi ded.

into a plurality of steps, each of” which I's execute y t eaded nenber

ti ghteni ng net hgRddesed FBha’?kange for main HRHdedEFR Pid h{F THE
DRAWNGS FIG 1 is a perspective view partly broken away and show ng a

met hod of ti ghtweyi,ng:heh ristatked ot metse i csdrd iby grogdesdinmengion; FIG 2 is
a flow chart showing the primary routine 25 of tightening up bolts by the
met hod of the itdghttened up h@ren eapticial erehigt thaom wherbethe ofirst twsle;

FIG 3 is a flowchart of a pretightening routine of the sane; FIG 4 is a
fl ow chart Sof Zembiers: iage diiighfened up to the final extent at a time.

It is desired that a judgment of abnormality be
made to discontinue tightening uﬁon the tightening
torque of oﬁe of the threaded members exceeding the
predetermined value before the amount of tightening of

10 the threaded member reaches a specified lower limit.
It is also desired to make a judgment of abnormality to
discontinue tightening when the tightening torque of
one of the threaded members is beldw'the predetermined
value eﬁen if the amount of tightening of the threaded
15 member reaches a specified uppér limit.

Furthermore, the tightening operation may be
divided into a plurality of steps, each of which is
executed by the threaded member tightening method
described.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view partly broken away
and showing a method of tightening threaded members
according to the invention; .

FIG. 2 is a flow chart showing the p;imary routine

25 of tightening up bolts by the method of the invention



5 routine of the sane; FIG 5 is a graph of the relationship between the
bolt revolution nunber and the bolt torque to show an overall checking
procedure in the sane node; FIG 6 is a flow chart of the primary routine
of 10 tightening up bolts by the nmethod of the invention in a bolt
tightening torque control node; FIG 7 is ais a flowchart of a

. pretightening routine of the sane; FIG 8 is a flow chart of a main

ti ghtening 15 routi ne of the same; and G 9 is a graph of the

rel ati onship between the bolt revol ution nunmber and the bolt torque to show

an overall chegki c iR th } RTI ON OF THE
PREFERRED ENBO%H/ERH@“ZJO%%MH Ir}‘bgb‘?‘%eg%t EBSL? rf%%'g%ént ion will be

described bel ow wit krgef 8regca oolhendrawotds phl tild thalingWirdtine
description, the term"forward end"” refers to an end closer to the threaded
menber to be tpghtreedamp,; and the term "base end" to the other end. 25
FIG 1 shows an exanple of device for use in the t hr eaded nenber

ti ghteni ng met hod ofiGhe4i dgeat ifaow €hartti gift anmagndéiigheehing used for
tightening up and | ooseni ng threaded nmenbers such as hexagon socket head
bolts 44 fbr ineutlihengfatiesskimew controller 42 for 5 use in a gas.
control apparatus 41 shown in FIG 1. The . .

FIG. 5 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;

FIG. 6 is a flow chart of the primary routine of

10 tightening up bolts by the method of the invention in a
bolt tightening torque.control mode; |

FIG. 7 is a is a flow chart of a pretightening
routine of the same; -

FIG. 8 is a flow chart of a main tightening

15 routine of the same; and |

FIG. 9 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.

DESCRIPTION OF THE PREFERRED EMBODIMENTS'

20 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

the term "base end" to the other end.

25 FIG. 1 shows an example of device for use in the



massfl ow controll er 42 has a seal conprising a gasket 43. Flanges 42a

provi ded respectively at opposite sides of the controller 42 are each

t formed with four tapped bores 45, in which four hexagon socket head 10

. bolts 44 are screwed. The tightening device 1 is adapted to sinultaneously
. tighten up two of the four bolts 44 which are positioned diagonally. The

. device 1 conprises a body 2, right and left notors 3 disposed inside the

- body 2, a spur gear 4 15 attached by a jeint 5 to the forward end of the
drive shaft 3a of each notor 3, right and left rotary shafts 6 each

carrying at itgpbageeethefdiitAynt dril P He tidd) M hEP UMWl ich . i ght and

| eft wench portions 8 provided at the fforward ends of the respective

shafts 20 6, TaRd ta gh@RINiQlg Haivick di SROsskd Forde ilght ity i aind
controlling the nmotors 3. The body 2 is rectangul ar parall el epi pedal and

has a base endlwelskendag Whrdladed metitedsd stidhh a3 haxdgor? Jodkmindmdat 24,
forward- reverse change-over switch 25 and on-off button swtch 25 26.
Play is provi dedliyet udeforhd sl lgery 4 mearss fillov contZodrliere &haffar of t he
motor 3 for permtting the gear 4 to idly rotate slightly relative to the
nmot or shaf 6. Theeriighte agad lcontnodt appastediuss 44 shoeld ithEdiEh khe The war d
end wall 2b of the body 2 and are each 5 rotatably supported at a portion
t her eof cl ose mesisfdow controller 42 has a seal comprising a 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
10 bolts 44 are screwed. The tightening device 1 is
adapted to simultaneously tighten up two of the four
bolts 44 which are positioned diagonally. e
The device 1 comprises a body 2, right and left
motors 3 disposed inside the body 2, a spur gear 4
15 attached by a.joint 5 to the forward end of thg drive
shaft 3a of each motor 3, right and left rotary shafts
6 each carrying at its base end a pinion 7 in mesh with
the spur gear 4, right and left wrench portions 8
provided at the forward ends of the respective shafts
20 6, and a control unit 9 disposed inside the body 2 for
controlling the motors 3. The body 2 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

25 26. Play is provided between the spur gear 4 and the



based end by the forward end wall 2b of the body 2. A bearing portion 10
accommodati ng 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 snmall- 10
~diameter portion 11 coaxial with the shaft 6. Since the spur gear-4 plays
. relative to the drive shaft of the notor 3, the rotary shaft 6 starts to

- rotate a short period of tinme after the start of rotation of the notor

"~ shaft, folloWng the rotation of the notqg shaft. 15 The wrench portion
has at its forward end a hexagonal prism 3 shaped in cross section in

f ' ' he h K f bolt 44.. Th h ' 8
connected’to ALt 3h8 LenaE; LheppolpandedotoPe it EARGITF MRt orhe
h I [ 8 of _.th h,20 1 8,hS i.d .t h | t
ol der 22 bonphPL¥ngoEREBe SHLAPELEpFPABE LY oh k8 BB Bt T L he
bol t 44 can b, held B! hig dhoLh ol 155,22 ENG.GRRLY Shrich LiOPI i ses.

for exanple, a croconputer rol’'s the notors 3 whil e judging

whet her each b 4 39141 9Bt Re¢nks by 2P EARERreewalcraANd al so
checki ng 13@%%g;gglfs 44 tor relative Ievg? to judge whether the bolts

are equi vakent byrhigRi¢nedppbieecdnake a0boirtiahl thedleoithelose thl idrs t he
di spl acenent thereof iS used as the anobunt of 5 tightening of the
t hreaded nmenbepasedhenanglethke 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-
10 diameter portion 11 coaxial with the shaft 6. Since
the spur gear 4 plays relative to the drive shaft of
the motdr 3, thé rotary shaft 6 starts to rotate a
short period of time.after the start of rotation of the
ﬁotor shaft;_following the rotation of the motor shaft.
15 The wrench portion has at its forward end a hexagonal
prism 18 shaped.in cross section in conformity with the
hexagon socket of the bolt 44. The wrench portion 8 is_
connected to the rotary shaft 6 by Stepped bolts 21
axially movably. The hexagonal prism 18 of the wrench
20 portion 8 is provided with a bolt holder 22 comprising
three plate springs. The hexagon socket head of the
bolt 44 can be held by the bolt holder 22. The control
unit 9 comprisés, for example, a microcomputer and

controls the motors 3 while judging whether each bolt

25 44 as tightened is at a proper level and also checking



rotation of the bolt 44 can be determ ned, for exanple, by an encoder. The
rotational angle of the bolt 44 can of course be determ ned fromthe angle
of rotation of the rotary shaft 6. Alternatively, the angle of 10
rotation can be detected by using a potentioneter and converting an anal og
signal to an angle. The displacenent of the bolt 44 can be determ ned by
measuring the distance between the bolt 44 and the nmassflow controller 42
- with a potentionmeter, eddy 15 current dh;plaoenent sensor, | aser

di spl acenent sensor or the like. The tightening torque can be determ ned by

using a strain_gauge,affixed. to the r.otary aft 6 apd convert] t he
strain of the gﬁgf gofﬁti/ 421 '(tjqogthtre %td"{eorlqeu‘éeqﬂeﬁoeé’tuoc?ge eeiﬁ}}eaﬁ iq%é? y, the
20 ti ght eni.ng . tQrg C ] V) agnet ostrictive torque
s&nsor. Furt hergoé:&tse%%aet fé\%'ﬁ%ﬂt%rgtr]{q (i:]\ﬁ%e&r:}:leﬁgec{%r gue can be cal culated from
the current for dri qvih@gatdgﬂemgprr&égiiad A cHed1actad it g current

exhibits the sane tendency as the 25 tightening torque on a graph. 14

FIGS. 2 to 4 aHgsblaweala! $heayMd LRSS dhalzariund /e the net hod of
tightening up four .bolts arranged at four corners of the nenber to be

fast ened uSi ngttil®tiendige @i g hdewWhre aded aldmberv.ol Theornylesf 5 control
node). FIG 5 shows the relationship between

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. Alterhatively, the angle of

10 rotation can bé-detected by ﬁsing a potentiometer and
cénverting an analog signél 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

15 current displacement sensor, laser displacement sensor
or the like. The tightening torque can be determined
by using a strain gauge affixed to the rotary shaft 6
and converting the strain of the shaft 6 by a
tightening torque detector. Alternatively, the

20 tightening torque can be determined by a
magnetostfictive torque sensor. Further alternatively,
the.tightening torque can be calculated from the
current for driving the motor 3 utilizing the fact that

the current exhibits the same tendency as the

25 tightening torque on a graph.



the bolt revol ution nunber and the bolt torque, as established for two
bolts positioned diagonally and each provided with a spring washer when the
bolts were tightened up nornmally. 10 Wth reference to FIG 5, the
bolt is tightened with constant small torque after the bolt starts to
rotate and until the bolt cones into contact with the spring washer. Upon
the bolt comng into contact wth the spring washer, the torque increases:
with an 15 approxi mat el y const ant gradifpt until the bolt intimtely
contacts the surface of the menber to be Tastened (flange). Upon the bolt

com ng into intimaterggnt ackowyt i khe bl argertishengladiyeBheOmddy GH4e

I ncreases, and the torque thereafter 1ncreases wth thé 20 sane gradient.

- Suppose the prﬁ@&&tibﬂh@@ﬂhegmhﬁhaaeo@pemghh@naabtu@oﬁbﬂ& betied Ntimate
contact with the flange is 10 kgf cm and the proper tightening torque at

- the time of coaprehgetli gbt €6uRgcbegndskef ehe Méhbeteter ecalstenldd 2, the
~primary routine of 25 the tightening nmethod in the bolt revol uti on nunber
15 control nodesingl the téghtehédgf desticeFilr §bpltheekaldudbe ofunites:
- mcroconputer is initialized to set the paraneters, ports and nenory for
* the start ®f operbrobnmodedp 1FIGThé shaws kby relehéanShippbessiesdn(step 2)
. to pretighten two of the four bolts .
é the bolt revolution number and the bolt torque, as
established for two bolts positioned diagonally and
each provided with a spring washer when the bolts were
tightened up normally. _
10 With reference to FIG. 5, the bolt is tightened
with constant small torque after the bolt starts to
rotate and until the bolt comes into contact with the
spring washer. Upon the bolt coming into contact with
the spring washer, the tdrque increases with an
15 approximately constant gradient until the bolt
intimately contacts the surface of the member to be
fastened (flange). ‘Upon the bolt coming into intimate
contact with the flange, the gradient of torque
increases, and the torque thereafter increases with the
20 same gradient. Suppose the proper tightening torque
upon the bolt coming into intimate contact with the
flange is 10 kgf-cm, and the propér tightening torque
at the time of complete tightening is 30 kgfcmu

With reference to FIG. 2, the primary routine of

25 the tightening method in the bolt revolution number



whi ch are positioned diagonally (step 3). In step 3, a bolt pretightening

~revolution nunber and start-point torque are set first (step 4). Specified
as the start point toque is a torque value i mediately after the 10

tightening torque starts to increase upon the bolt comng into contact with

the spring washer. The predeterm ned bolt pretightening revolution nunber

i s based on, and counted from the revol ution nunber giving this torque

val ue and is ‘a revol ution nunber 15 thaé brings the bolt into intimte

contact with the flange (see FIG 5). Sub équently based on the

pretightening rQ t the lts in the diagonal
position are chec (Pe v'\'/gle}tg“fcleégtf %/)cea]% %ﬁ%ﬁt ened properly (step 5).
20 When the HH%HL fggg@? t are judged
to be pretightened pr operl Y, %h %é’gﬁal%ée{vnl(ce 11 l%ée)%ovg%i fromthe
di agonal bolts J.%rﬁltél%efd tﬂoe%é@ de ﬁmemg S }:Rﬁsrlé | e G0N £d1E

ot her or reverse diagonal |ine (reverse diagonal bolts). VMen t he

start key is ther esedhfd %ﬁkﬁmon (siteg he Jeveisestimgara)y D9 tigerr €
pretightened (step.7). Step is simlar to step 3; a bolt pretightening

revol uti onsnunipafessadl Ststtdp )i o tpyeticytien oo fof Hhd Ayr Poltscor di ng
to the pretightening routine, the 5 reverse di agonal bolts are checked as
to whet her thewhich are positioned diagonally (step 3). 1In step 3, a

bolt pretightening revolution.number and start-point

torque are set first (step 4). Specified as the start

point toque is a torque value immediately after the

10 tightening Eorque starts to increase upon the bolt
coming into contact with the spring washer. The
predetermined bolt pretightening revolution number is
based on, and counted from, the revolution number
giving this torque value and is a revolution number

15 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
in the diagonal position are checked as to whether they
are pretightened properly (step 5).

20 When the bolts positioned diagonally (diagonal
bolﬁs) are judged to be pretightened properly, the
tightening device 1 is removed from the diagonal bolts
and then fitted to the other bolts positioned along the
other or reverse diagonal line (reverse diagonal

25 bolts). When the start key is then pressed (step 6),



are pretightened properly (step 9). Since the reverse diagonal bolts differ
fromthe first diagonal bolts in tightening torque curve, the bolt
pretightening revolution nunber and the start-point torque set are 10

val ues determ ned for reverse diagonal bolts by actual tightening. Wen the
reverse di agonal bolts are conpletely pretightened, the device 1 is renoved
. fromthese bolts and fitted to the first diagonal bolts. Depression of 15

. the start key (step 10) is followed by the main tightening of the diagonal
bolts in accordance with the nmain tighten#%g routine to be described bel ow

t 11). The devi 1is.th d_f th irst di l,,bol t d
ot “on he reveheoEHaESRaRiAgPaL B0 LonarroRer ORI RS SEARE Kdy (step

12) is foll b h n.tigh ' 1 ' I | t

actor ding 1o tRESNal nie! SHE4APRG PotErRe> wAcPeny BretddBRInTYl (bt eni ng
operations is £ophatednl AlmbRe hAH sALESpLIHER thilueSheR detoldiodt again
to repeat 25 he foregol ng steps mﬁen anot her set ‘of four bolts are 17

to be tightenedspy bv.thﬁcEe&agﬁ'Fnaop&aeeﬁﬁettiea_taalihgi Fol@lidlegd thle @ hi gh
speed for pretightening and at a ow speed for nmain tightening. In the

pretightensng peeeakkOBiagbaal bolteshrBakheeketihasoper ahietheraithies
effected at a high
are pretightened properly (step 9). Since the reverse
diagonal bolts differ from the first diagonal bolts in
tightening torque curve, the bolt pretightening
revolution number and the start-point torque set are
10 values determined for reverse diagonal bolts by actual
tightening.

When the reverse diagonal bolts are completely
pretightened, the deviée 1 is removed from these bolts
and fitted to the first diagonal bolts. Depression of

15 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
11). The device 1 is then removed from the first
diagonal bolts and set on the reverse diagonal bolts.

20 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
sequence of tightening operations is completed for the

four bolts (step 13). Step 2 follows again to repeat

25 Ithe foregoing steps when another set of four bplts are



speed, and the second half thereof at a | ow speed. Although the torque
value at a tinme inmmediately after the tightening torque starts to increase
following the contact of the bolt with the spring washer is selected 10

as the predeterm ned start-point torque, the predeterm ned torque may be
the value at the tine when the bolt is engaged in the tapped bore or the
val ue gi ven when the bolt has been rotated by one turn or two turns. 15
Next, the pretightening routine of the tiggtening met hod wi |l be descri bed
with reference to FIG 3. First, bolt (1)*+and bolt (2) are rotated at a

hi gh speed for the start of tjghtening, and flags for torque (1), torque
(2), revolutloﬁ°n§ﬁb§FQPB n&s olution 20 nunber (2) are reset (step

21). The fl f t dt f
bol (1) and boi t (2P Mok erafiihd Fre s e i, e driad dhinea
tart-point t | f Lt
auﬁir:)erp?IZ)n arce)lhg‘g?l fgé%évmfe%%sl?o tl@ﬁwgﬁg{(%o%r{&]@? aﬁl(?wro te;dg‘ﬁ?@t Ilaggt to
the 18 pred eg,ktg AN G e BLAUGHRANED HoerliPilon L Rind | ag T or

torque (1)-is C It I's set” (step Wien the flag is

found to bg SEtf’lr‘éﬁ':Ettﬁqrf tdre tfﬂé‘%ﬁélrattﬁfrﬂl&&y( De 'e?@téds ar a qiegked
(step 23). If the flag for torque (2) is found

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

Although the torque value at a time immediately after
the tightening torque starts to increase following the
contact of the bolt with the spring washer is selected
10 as the predetermined start-point torque, the
predetermined torque may be the value at the time when
the bolt is engaged in the tapped bore or the value
lgiven when the bolt haé been rotated by one turn or two
turns.
15 . Next, the pretightening routine of the tightening
ﬁethod will be described with reference to FIG. 3. “
First, bolt (1) and bolt (2) are rotated at a high
speed for the start of tightening, and flags for torque
(1), torque (2), revolution number (1) and revolution
20 number (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 smaller than the
predetermined start-point torque. The flags for
revolution number (1) and revolution number (2) are set

25 when bolt (1) and bolt (2) are rotated at least to the



to be on, this is interpreted as indicating that bolt (1) and bolt (2) are
both at the start point, and the sequence proceeds to step 30. If the flag
.for torque (1) is not found to be on in step 22, the torque of 10 bol t
(1) is read (step 27) and checked as to whether it is not smaller than the
'predetermned start-point torque (step 28). Wen the torque is found to be
not smaller than the start-point torque in step 28, the flag for torque (1)
is set, and tightening of bolt (1) 15 i di sconti nued (step 29), followed
by step 23. If the torque of bolt (1) is found to be smaller than the

tart-point I st 3.d | | ] | f the fl f
forque (2) 15 Med it Pty equﬁt%rﬁg&%ae%%"q%rﬁsqﬁw bol t (2) 1
d t 24 d |, | h th
%Eggtffﬁg%t azr/aﬁﬂe ?\P%x ;‘g?éeﬁaqu or qﬁe f tfr)oljtss %‘ (l? o§§r1d ?gnbe ggnd
[ @ﬁ%h
ti ghteni ng of tg,a%f léﬂ Lb'fisl s%o%tfé}u%;) (és)t ep t?‘[efl owe é % uﬁdzgé
25 the toqu%eofsebpl twt(e@héﬁ HfHungl 4 Msﬁ@ﬂ'#@ﬁ! {2@ng 4 r'@et id

start-point value i-n step 25, step 22 directly | ows. Upon the t or que of
one of the sbol ichadokeahi N-dpe Predet®riHdefl afl fier itbEdige f 02 £ODE NEosA@PS 22

to 29, tightening of that bolt is discontinued, and the other 5 bolt is
conti nuously titghttenesh,urtthils tise mteedfpmtradleais indicating that bolt

(1) and bolt (2) are both at the start point, and the
sequence proceeds to step 30. If the flag for torque
(1) is not found to be on in step 22, the torque of

10 bolt (1) is read (step 27) and checked as to whether it
is not smaller than the predetermined start-point
torque (step 28). When the’torque'is found to be not
smaller than the starf;pbint torque in step 28, the
flag for torque (1) is set, and tightening of bolt (1)

15 is discontinued (step 29), followed by stép 23. If the
torque of bolt (1) is found to be smaller than the
start-point &alue in step 28, step 23 directly follows.
If the flag for torque (2) is not found to be set in
step 23, the torque of bolt (2) is read (step 24) and

20 checked as to whether it is not smaller than the start-
point wvalue (step 25). If the torque of bolt (2) is
found to be at least the start-point value in step 25,
the flag for torque (2) is:set, and tightening of bolt
(2) is discontinued (step 26), followed by step 22. If

25 the torque of bolt (2) is found to be smaller than the



torque value is reached. Wth the two bolts thus tightened with the
predeterm ned torque, the sequence proceeds to step 30 and the foll ow ng
for pretightening on the basis of the bolt revol ution nunber. 10 In
step 30 et seq., an inquiry is made as to whether the flag for revol ution
nunber (1) is set (step 30). If the answer is negative, tightening of bolt
(1) is started (step 31), and the nunber of revolutions of bolt (1) is read
i (step 32). Aninquiry is made as to 15 2gether the nunber is at |east the
- predeterm ned pretightening revol ution nuitber (step 33). Wen the answer to

the i : : £ ive. . o [ Iy,
t hg :‘ ngl 1[gr | ?g{?o Ijl}': i or%'ln\nﬁﬁn‘%%?lé( _f)(nli)ssﬂe}eltz,vgj'g;%%ltﬁeé?i&ga{]%én'?ir%eﬁﬁz%‘% 'rrgol %/
(1) is discontinuedysdeRnitoorddld LG ﬁﬂxé&ml\%erkééc&ifr{%gtﬁ@r

revol ution nunber (2) is not found to be set in step 35, step 36 starts to
tighten bolt (BredetdinitddrRduelin ey Wdmifoiaig eldp 22 itso rasd (step

37). An inquiry is nade as to whether the 25 nunber is at |east the
predet ermi ned fiehitghtisry f thal0 bedwolilg idirs qomthieruddt gnd&)he Widret he
answer is affirmative, bolt (2) is judged to be pretightened.normally, the
flag for révol bbildn isurdeart ifRiousd ys dtighdrethed gintteinl ritheofpdrdatgyined
di scontinued (step 39), 5 followed by step 30. If the flag for revol ution
nunber torque value is reached. With the two bolts thus
tightened with the predetermined torque, the sequence
proceeds to step 30 and the following for pretightening
on the basis of the bolt revolution number.
10 In step 30 et seq., an inquiry is made as to
whether the flag fof revolution number (1) is set (step
30). If the answer is negative, tightening of bolt (1)
is started (step 31),.énd the number of revolutions of
bolt (1) is read (step 32). An inquiry is made as to
15 whether the number is at least the predetermined |
pretightening revolution number (step 33). When the
answer to the inquiry is affirmative, bolt (1) is
judged to be pretightened normally, the flag for
revolution number (1) is set, and the tightening of
20 bolt (1) is discontinued (step 34), followed by step
35. When the flég for revolution number (2) is.not
found to be set in step 35, step 36 starts to tighten
bolt (2), and the number of revolutiﬁns of bolt (2) is

read (step 37). An inquiry is made as to whether the

25 number is at least the predetermined pretightening



(2) is found on in step 35, this is interpreted as indicating that the
preti ghteni ng revol uti on nunber (absolute |evel) of each of bolts (1), (2)
is within a predeterm ned range, followed by checking as to whether 10

i the bolts are tightened normally. First, an inquiry is made as to whet her
- torque (1) is within a predeterm ned range (step 40). If the answer is

. negative, torque abnormality is indicated (step 42), and the routine is
changed over ‘to a manual node routine (step 49). If 15 the answer is
affirmative, an inquiry is nade as to whek@er torque (2) is within the
predeterm ned range (step 41). Wen the answer is negative, torque -
abnormal ity i s rievdiledtion @simger4 Xstepol38dwed Winera tditargeswereris o t he nanual
node routine (step 49). Wen 20 torque (1) and torque (2) are both within
t he predet er nm adf irmegdverobpld ((B) iis dadsade Fonibieh Rretdedtened st ep 43).

In the case where tgrqueéﬁ? .S greater, torque (2) . is s gtnacted from
torque (1) to agragldye HhE tdrgudodi Frso qm4¥é¥ﬁﬁ 4%).%% SaLs torque
fodue (2) to o aPEuIEIEE Hamanth P ot @ orice HPeeRtapars toketl lliny T
Pt o8 oo RN S VSR M Pl e
I ndi cating tha%ZBhQS found on in step 35, this is interpreted as
indicating that the pretightening revolution number
(absolute level) of each of bolts (1), (2) is within a
predetermined range, followed by checking as to whether
10 the bolts are tightened normally. First, an inquiry is
made as to whether torque (1) is within a predetermined
rénge (step 40). If tye answer is negative, torque
abnormality is indicated (step 42), and the routine is
changed over to a manual mode routine (step 49). If
15 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
abnormality is indicated (step 42)) followed by a |
change-over to the manual mode routine (step 49). When
20 torque (1) and torque (2) are both within the
predetermined range, torque (1).is compared with torque
(2) (step 43). 1In the case where torque (1) is
greater, torque (2) is subtracted from torque (1) to
calculate the torque difference AT (Step 44) . If

25 torque (1) is not greater than torque (2), torque (1)



bolts are ti ghtened properly, and the sequence cones to an end (step 47).

| f the answer

IS negative, the bolts are judged to be tightened

unequi val ently, and an unequi valent tightening error is indicated (step
| owed by a change-over to the manual node routine (step 49).
Upon the torque of one of the bolts reaching the predeterm ned revol ution

48), 10 fol

nunmber first,

di sconti nued,

in the foregoing steps 30 to 39, tightening of that bolt
and the other bolt is continuously tightened until the

predet ermi ned revol ution nunber is reachedl Wth the two bolts thus
| east to the predeterm ned revolution nunber, the sequence

proceeds to st éf s0bfFaqted ffmamfiasme A®) to caligliate Hdrerdiarqueht eni ng
routi ne of the present tigptening net hod will be described with reference

tightened at

to FIG 4. Fi

r dL FIggencel

is 15

Tarks 988 4)2) d¥e inGudedd is themoWadfeds for the

start of tightening, .and flags for 25 . evol ution .nunher (1) and

revol uti on gunﬁ@rwg?f%&Fe'thegf?rr%’feldl(féeé\én%q I.A%Tﬁéuf’ﬁl}é’sl(“f Z?r revol uti on
nunber (1) and_revol utiaqn nher are t bl t d.holt (2) are

otated al | oaBFoHscaRBS DR IEARAR it oRPER T ST o number

Thi s nunbeg 15,285 2ma+§4RN W1 P!

and

10

15

20

25

bolts are tightened properly, and the sequence comes to
an end (step 47). If the answer is negative, the bolts
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
predetermined revolution numbér first in thé foregoing
steps 30 to 39, tightening of that bolt is
discontinued, and the other bolt is continuously
tightened until the predetermined revolution number 1is
reached. With the'two bolts thus tightened at least to
the predetermined revolution number, the sequence
.proceeds to step 40 and the following.

Next, the main tightening routine of the present
tightening method will be described with reference to
FIG. 4. |

First, bolt (1) and bolt (2) are rotated at a low
speed for the start_of tightening, and flags for

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

it HFARG BV ehuliar iRy PasRd on



counted fromthe bolt pretightening revolution nunber. The flag for
.revolution nunber (1) is checked as to whether it is set (step 52). If the
flag for revolution nunber (1) is found to be on in step 52, the 10 fla
for revolution nunmber (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 termnate the routine. In the case where the flag for
revol uti on ndnber 15 (1) is not found to be on in step 52, revolution
nunber (1) of bolt (1) is read, and an ing@iry is nmade as to whether the
nunber is at |least the main tightening revolution nunber (step 58). If the
answer is affi mesdtve(stap rbl)i ght®re Mflafs bbbt Xdyolstjermigatber 201) be
effected normally, tightening of bolt (1) is discontinued (step 59), the
flag for revol @ichrreRmistiqn numbeset ()staxe emgt vireh @kt 56U cnadws t o

check whether the flag for revol uti on nunber is set. |If the revolution
number (1) is i&?ﬁi tmt%m%%l%ﬁt@hﬁ%rﬁh@ Rradatarminedmain bol t
(1) is continuqQus ti tene f ol | owed . step 53 to check whet her

the flag for r 3\}&% Lﬁﬁ}g’r Gion aunher. | (T e § L i@ found to be

o o R e RS DAL T iraN Y
reyolutlon counted from the bolt pretightening revolution number.
The flag for revolution number (1) is checked as to
whether it is set (step 52). If the flag fér
revolution number (1) is found to be on in step 52, the
10 flag for revolution number (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.
In the case where the flag for revolution number
15 (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
revolution number (step 58). 1If the'ansﬁer is
affirmative, main tightening of bolt (lf is judged to
20 Dbe effected normally, tightening of bolt (1) is
discontinued (step 59), the flag for revolution number
(1) is set (step 60), and step 53 follows to check
whether the flag for'reVOlution number (2) is set. If
the revolution number (1) is smaller than the main

25 tightening revolution number, bolt (1) is continuously



nunber (step 55). If the answer is affirmative, main tightening of bolt (2)
IS judged to be effected normally, tightening of bolt (2) is discontinued
(step 56), the flag for revolution nunber (2) is set (step 10 57), and

t he sequence returns to step 52 to check whether the flag for revol ution
nunber (1) is on. In this way, the flags for revolution nunbers (1), (2)
are eventually set, and the sequence proceeds to step 54 to termnate the

~routine. 15 ° Thus, the four bolts can be tightened up equivalently

. With proper torque using the device 1 for28ightening two bolts at the sane

time. Since the tightening torque is checked in the pretightening routine

- as to whether theghtengde ifoll@wedibvhisterhd pricdatheak mdetteyehdt is not
' necessary to check in the main tightening torque whether_ the tightening

“torque is wthfhag Fodd&edodutden avgberand )t RE Fedgr arhic dhoE R FiT fi ed

" by a correspondi ng anount. \Wether, the eventual tqQrque.is mﬁthirkipe 5
i

pr edet er mi neg pgqFeURsy ter beo @t d & TR dad TP on mymher eni ng
ti f d i tl t he ., t ' '

outi ne. |H oo, BIE, 18Tas HesrciBA SR HORT Vartd, REEeade Toaie it eni ng

torgue congrol tﬁ@%ﬁé@g&h‘is@@(i%a%ft %he WA $18% Wy RS AL L IPUT

corners of "t he
number (step 55). If the answer is affirmative, main

tightening of bolt (2) is judged to be effected
normally, tightening of bolt (2) is discontinued (step
56), the flag for revolution number (2) is set (step

10 57), and the sequence returns to step 52 to check
whether the flag for revolution number (1) is on. 1In
this way, the flags for revolution numbers (1), (2) are
eventually set, and thé sequence proceeds to step 54 to
terminate the routine.

15 Thus, the four bolts can be tightened up
equivalently with proper torque using the device 1 for
tightening two bolts at the same time.

Since the tightening torque is checked in the
pretightening routine as to whether the tqrque.is

20 within the predetermined fange, it is not necessary to
check in the main tightening torque whether the
tightening torque is within a predetermined range, and
the program can be simplified by a corresponding
amount. Whether the eventual torque is within the

25 predetermined torque may of course be checked, or the



be fastened by the tightening device. FIG 9 shows a graph corresponding to
the graph of FIG 5 which shows the rel ationship between the bolt
~revolution nunber and the bolt torque and in which the scal es of abscissa

- and 10 ordinate are altered in conformty with the present node of

" tightening method. It is seen that when rotated n turns, the bolt cones
into intinmate contact with the flange, and the proper tightening torque
(pretightening torque) at this time is 10 kgf cm 15 Wth reference
to FIG 6, a description will be given fipgt of the primary routine of the
tightening nethod in the bolt tightening torque control node. First, the
hardware of thaaiinCrAEHEHifg iroutlirdd atdy sk tgeSfirid® Araxetels, tports
and nmenory for 20 the start of operation (step 1). The start key is then
pressed (step 2pameomaretdrdsethievpmdt ighetdroing bodutsivdi ch are positioned
diagonally (step 3). In step 3, a predeterm ned bolt pretightening

revol uti on nunber afdGSr.ecettay i reste dflagorchans tshawine anether xedep 4).
25 In connection with the predeterm ned revol uti on nunber 25 which is
based on one rdbollt itdwhdfening Bwinquen gafinrledadiige § sthrigertied obfain a

predeterm ned upper |imt of revaolution nunbers and ggfr det erm ned | ower
linmt therfof téghieding fu: Aolds AdLuImRPEsHTRY & rf%‘%f‘g?ﬁ e is

the tighteningb%o%%%%éagﬁnggrgke tightening device. FIG. 9 shows a
graph corresponding to the graph of FIG. S5 which shows
the relationship between the bolt revolution number and
the bolt torque and in which the scales of abscissa and

10 ordinate are altered in conformity with the present
mode of tightening method. It is seen that when
rotated n turns, the bqlt comes into intimate contact
with the flange, and the proper tightening torque
(pretightening torque) at this time is 10 kgf-cm.

15 With reference to FIG. 6, a description will be
given first of the primary routine of the tightening
method in the bolt tightening torque control mode.

First, the hardware of the microcomputer is
initialized'to set the parameters, ports and memory for

20 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
predetermined bolt pretightening revolution number and
predetermined diagonal bolt torque are set (step 4).

25 In connection with the predetermined revolution number



fromexactly one revolution of the bolt. According to the pretightening
routine to be described below, an inquiry is then nade as to whether the
is within 10 t
is affirmative,
inquiry is nade as to whether the tightening torque has reached the

. pretightening torque (10 kgf cn) (step 6). Wen the pretightening torque is
: not reached, the next predeterm ned bolt 15 revol uti on nunber and
predet erm ned di agonal bolt torque are segS(step 7), followed by step 5.
The predeterm ned bolt revolution nunber is based on one revolution of the
bol t, predeter Wi tigr dasads oetorfepresdntriorlaf itdve dfoltthe aolt. The
the bolt is rotated

tightening torque for the first revolution of the bolt
. range of predetermned torque (step 5). If the answer

pretightening routine 20 of step 5 is repeated until
n turns. |nci dEREAERD Gandfe isedsidechdar drtaime apmxs
the predeterm
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. tightening devlic 'S renove omthe
| from exactly one revolution of the bolt.

According to

the pretightening routine to be described below, an

inquiry is then made as to whether the tightening

torque for the first revolution of the bolt is within

10 the range of predetermined torque (step 5).

If the

answer is affirmative, an inquiry is made as to whether

the tightening torqﬁe has reached the pretightening

torque (10 kgf-cm) (step 6). When the pretightening

torque is not reached, the next predetermined bolt

15 revolution number and predetermined diagonal bolt

torque are set (step 7), followed by step 5.

The

predetermined bolt revolution number is based on one

revolution of the bolt, predetermined torque is set for

each revolution of the bolt. The pretightening routine

20 of step 5 is repeated until the bolt is rotated n

turns. Incidentally, in the second half of the

pretightening procedure, the predetermined bolt

revolution number may be based, for example, on half

turn to increase the checking frequency and obtain a

25 more accurate result. When no abnormality occurs in



di agonal bolts and then set on the reverse diagonal bolts. Depr essi on of
the start key (step 8) starts pretightening of the reverse diagonal bolts
(step 9). In step 9 which is the same as step 3, a predeterm ned 10 bol t
revol uti on nunber and predeterm ned torque for the reverse diagonal bolts

. are set (step 10). According to the pretightening routine, the tightening
' torque is checked as to whether. it is in the range of predeterm ned torque
~ (step 11). If the result is 15 acceptable, an inquiry is made as to

whet her the tightening torque has reachedzaghe pretightening torque (10 kgf
cn) (step 12). When the pretightening torque is not reached, the next
predeterm ned kabkt prewdlghitiedl nduHait idk] mhedetiephtambthd agrendor the
reverse di agonal 20 bolts are set (step 13), followed by pretightening
routi ne of stepedthedhehenpraivightening docuue i(1d ey foemd | ghhenithg
routine, the tightening torque reaches the pretightening torque (10 kgf
cn), and the ppeetdighdeniggofofsisdaepd 3f diort lthe diagomadi dypditd Idlts 25 s

conpleted. As to the predeterm ned torque values in 27 steps 10 and 13,
the first di agonapliesleds differ fromthe reverse diagonal bolts in torque
curve, so that torques are predeterm ned based on the actual result of
ti ght eni ngSoper at i oAheotighEandngr devdicggdndis Bemeyeds from theyhen the
reverse diagong&aggkgi %it%OE%E?E%E% set on the reverse diagonal
bolts. Depression of the start key (step 8) starts
pretightening of the reverse diagonal bolts (step 9).
In step 9 which is the same as step 3, a predetermined
10 bolt revolution number and predetermined torque for the
reverse diagonal bolts are set (step 10). According to
the pretightening rout;ne, the tightening torque is
checked as to whether it is in the range of
predetermined torque (step 11). If the result is
15 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
is not reached, the next predetermined bolt revolution
number and predetermined toque for the reverse diagonal
20 bolts are set (step 13), followed by pretightening
routine of step 11. When no abnormality occurs_in the
pretightening routine, the tightening torque reaches
the pretightening torque (10 kgf-cm), and the

pretightening of step 9 for the reverse diagonal bolts

25 is completed. As to the predetermined torque values in



pretightened, the device 1 is renoved fromthese bolts and fitted to the
first diagonal bolts. Depression of the start key (step 14) is followed by
the main tightening of the diagonal bolts in accordance with the 10 mai n
tightening routine to be described bel ow (step 15). The di agonal bolts
are tightened in step 15 with main tightening torque (30 kgf cnm). The
device 1 is then renobved fromthe first diagonal bolts and set on the
reverse diagbnal bolts. Depression of the start 15 key (step 16) is
followed by the main tightening of the reyerse diagonal bolts according to
the main tightening routine, and the reverse diagonal bolts are tightened
with the main stgpsenongntongye tha0 thgktcuiagoheleby 1 ss edfdere faom

ti ghtening operations is conpleted for the 20 four bolts (step 17). Step
2 foll ows agai theoreepese tliagbaadgbioddsstiapsonique auctieer ssetthaft f our
bolts are to be tightened up. In the foregoing process, the bolt is rotated
at a hi gh speetotquepr eregptredietigraidedt basedwospsbe petuad regulg of
tightening. In the pretightening operation, the 28 first half of the
operation may bégbteBingdoreratirghfopethe Zeyerse sdagraataPPrltSereof at a

| ow speed. Next, the pretightening roytine Qf t tightening nethod wll be
described i th ref eFBRBe thE FP@Prgﬁ élag°naq PPHSF,ag8|F°F??e§ﬁ Yool t (2)

are rotated atpgegkgﬁtened, the device 1 is removed from these bolts

and fitted to the first diagonal bolts. Depression of
the start key (step 14) is followed by the main
tightening of the diagonal bolts in accordance with the

10 main tightening routine to be described below (step
15). The diagonal bolts are tightened in step 15 with
main tightening torque (30 kgfrcm). The device 1 is
then removed from the first diagonal bolts and set on
the reverse diagonal bolts. Depres;ion of the start

15 key (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
with the méin tightening torque (30 kgf'cm), whereby a
sequence of tightening operations is completed for the

20 four bolts (step 17). Step 2 follows again to repeat
the foregoing steps when another set of four bolts are
to be tightenedlup.

In the foregoing process, the bolt is rotated at

a high speed for pretightening and at a low speed for

25 main tightening. 1In the pretightening operation, the



speed for the start of tightening, and flags for torque (1) and torque (2)
are reset (step 21). The flags for torque (1) and torque (2) are set when
the torque of bolt (i) and bolt (2) beconmes not smaller than a value 10
corresponding to a predeterm ned revol ution nunber. Next, an inquiry is
made as to whether the flag for torque (1) is set (step 22). If the answer
is affirmative, the flag for torque (2) is checked as to whether it is set
(step 23). 15 If the flag for the torque (2) is on, this indicates
that the absolute | evel of tightening torzgie of bolts (1) and (2) is within
a predeterm ned range, followed by checking of relative |evel. Mre
specifically, €évektuhadf odniie Opepratibal maflpel &fZ@ctedomtarethiygit h

revol uti on nunber (2) of bolt (2) (step 24). If the nunber (1) is greater,
the nunber (2)speedubtndctebe Seconthbahdnbberedf as eallowl speedhe
difference AP in bolt revolution nunber (step 25). If the nunber (1) is not
greater than the nulB&t,(Zhe Pﬁétzghten&ﬁﬁeﬁoptynﬁs°§u§bﬁa@ﬂ@@ﬂﬁﬂyﬂqtua

nunber (2) to 29 determne the difference AP in bolt revol ution nunber
(step 26). An mﬁﬁhpﬂywﬂéltHéndﬁ§6€1§§dtUlﬁﬁeFﬁéPrﬁﬁéebGPtFF@VOIutlon number
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speed for the start of tightening, and flags for torque
(1) and torque (2) are reset (step 21). The flags for
torque (1) and torque (2) are set when the torque of
bolt (1) and bolt (2) becomes not smaller than a value

10 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
affirmative, the flag for torque (2) is checked as to
whether it is set (step 23). |

15 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,
followed by checking of relative level. More
specifically, revolution number (1) of bolt'(l).is

20 compared with revolution number (2) of bolt (2) (step
24). 1If the number (1) is greater, the number (2) is
subtracted from the number (1) to calculate the
difference AP in bolt revolution number (step- 25). If
the number (1) is not greater than the number (2), the

25 number (1) is subtracted from the number (2) to



ti ghtened, whereupon the sequence cones to an end (step 42). Wen the
answer to the inquiry of step 27 is negative, bolts are judges to be
unequi valently tightened, and an unequivalent tightening error is 10

i ndicated (step 43), followed by a change-over to a manual nobde routine
(step 45). If the flag for torque (1) is not found to be on in step 22,
revolution nunber (1) is read, and an inquiry is made as to whether the
nunber is at’ |east 15 the predeterm ned revol uti on nunber |ower limt
(step 35). Wien the answer to the inquiry29f step 35 is affirmative, an
inquiry is further made as to whet her revol ution nunber (1) is up to the
predet er m ned determinen thendd L fepencel AR tin Hodiy FEVoLuticohe namhes 20
to the inquiry of step 36 is affirmative, torque (1) of bolt (1) is read
(step 37) and ¢AEERedbis t ANABANAEYt d8qlBepiade a6t toowke thdsn

prodet e 1o (018U (3050128 nlied, bOEBLE LR B 2 igut, fhan (e
39). the 11 ag PEPOPEFEBARES) EPEO.1sr8PepTAo) . Mhel hE SoidtcdYroceeds to
PLP 22 8" oL Rk st el UGSk EREE S b Bl fordue (1
inquiry is nadfi&ﬂtened, whereupon the sequence comes to an end (step
42). When the answer to the inquiry of step 27 is
negative, bolts are judges to be unequivalently
tightened, and an unequivalent tightening error is
10 indicated (step 43), followed by a change-over to a
manual mode routine (step 495).
If the flag for torque (1) is not found to be on
in step 22, fevolution“number (1) is read, and an
inquiry is made as to whether the number is at least
15 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
revolution number (1) is up-to the predetermined
revolution number upper limit (step 36). If the answer
20 to the inquiry of step 36 is affirmative, torque (1) of
bolt (1) is read (step 37) and checked as to.whether
torque (1) is not lower than the predetermined torque.
(step 38). When torque (1) is not lower than the

predetermined torque, this is interpreted as indicating

25 that bolt (1) is nofmally tightened, tightening of bolt



step 23 as to whether the flag for torque (2) is set, with bolt (1)
continuously tightened. If revolution nunber (1) is found to be | ower than
the predetermned lower limt in step 35, torque (1) is read, and an 10
inquiry is nmade as to whether it is up to the predeterm ned torque (step
41). When the answer is affirmative, step 23 follows in which the flag for
torque (2) is checked as to whether it is set, with bolt (1) continuously
tightened. If the answer to the 15 inquiry of step 41 is negative, this
is interpreted as indicating that torque 34) has reached the predeterm ned
torque before revol ution nunber (1) reaches the predetermned lower limt,
wher eupon abnorkhl isodgseoind inngidcdssep( SPép Fhp flag dwsd teyraeral)
change-over to the manual node routine (step 45). In the case where the

flag for torquds(Spti IskeP MBindang GBeoRerNeBCEY PEYCeLEFoI R iSh¥Phfrber (2)
50020, (ol oned, B SRR PLOC el 81 40 Rt el 9 TR (D
53) . When the KEnbEFTs) V' 6 FBYBH ERePR GaUESr FABI Fvol ut i on number
over 1T, SB-LABN KR YRR TROSCED U8 VAR s ol vaggher (2
step 23 as to whether the flag for torque (2) is set,
with bolt: (1) continuously tightened. If revolution
number (1) is found to be lower than the predetermined
lower limit in step 35, torque (1) is read, and an
10 inquiry is made as to whether it is up to the
predetermined torque (step 41). When the answer is
affirmative, step 23 follows in which the flag for
torque (2) is checked‘és_to whether it is set, with
bolt (i) continuously tightened. If the answer to the
15 inquiry of step 41 is negative, this is interpreted as
indicating that torque (1) has reached the
predetermined torque before revolution number (1)
reaches the predetermined lower limit, whereupon -
abnormal torque is indicated (step 44), followéd by a
20 change-over to thé ﬁanual mode routine {step 45).
In the case where the flag for torque (2) is not
found to be on in step 23, revolution number (2) is
read, followed by the same procedure as steps 35 to 41

for bolt (l). More specifically, an inquiry is made as

25 to whether revolution number (2) is at least the



If the answer to the inquiry of step 29 is affirmative, torque (2) of bolt °
(2) is read (step 30) and checked as to whether torque (2) is not |ower
than the predeterm ned torque (step 31). Wen torque (2) is not 10 | ower
than the predetermined torque, this is interpreted as indicating that bolt
(2) is normally tightened, tightening of bolt (2) is discontinued (step
32), the flag for torque (2) is set (step 33), and the sequence returns to
step 22 wheréin the flag for torque 15 (2) is checked as to whether it is
set. If torque (2) is found to be |Iower 3han the predeterm ned torque in
step 31, the sequence returns to step 22 in which the flag for tor%ue (1)

i s checked as poevkéekainede rielvad ubdon wurpetrolower) 1dgHth niFdiaRn

tightened. If 20 revol ution nunber (2) is found to be | ower than t he
predet er ni ned Wb@er thennumberst(@p 29 aﬁoﬂ@@ét(iﬁq Qr@9§§eﬁﬂiy%ﬂ1l nquiry is

made as to whether it .is up to the edet erm ned .t or é i When t he
answer is affi FR¥PLHELIOR ¢ dO Sﬂb §1|%?\M% for
torque (1) is ch cked ether it is set to the
i nqﬂi ry(m2 st ef}2%% PS 893'?’1%63 PR RN er"b‘lr;%’ | nd| ati n\éﬁ{%

torque (2) .has_re tyeln f I Y} unber
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I's indicated (§EGEhé4enswer to the inquiry of step 29 is affirmative,
| torque (2) of bolt (2) is read (step 30) and checked as
to whether torque (2) is not lower than the

predetermined torque (step 31). When torque (2) is not

10 lower than the predetermined torque, this is
interpreted as indicating that bolt (2) is normally
tightened, tightening of bolt (2) is discontinued (step
32), the flag for torqﬁe (2) is set (step 33), and the
sequence returns to step 22 wherein the flag for torque

15 (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
flag for torque (1) is checked as to whether the flag
set, with bolt (1) continuously tightened. If

20 revolution number (2} is found to be lower than the
predetermined lower limit in step 28, torque (2) is
read, and an inquiry is made as to whether it is up to
the predetermined torque (step 34). When the answer is
affirmative, step 22 follows again in which the flag

25 for torque (1) is checked as to whether it is set. If



foll owed by a change-over to the manual node routine (step 45). \Wen torque
(1) and torque (2) are not abnormal, the flags for torque (1) and torque
(2) are both 10 eventual ly set, fol'l owed by step 24 in which revolution
nunber (1) is conpared with revol ution number (2) for the checking of
relative |l evel. For exanple if torque (1) of bolt (1) reaches the
predeterm ned torque first in the pretightening routine 15 descri bed,

ti ghtening of bolt (1) is discontinued, and bolt (2) only is tightened.
Accordingly, bolt (1) is unlikely to be o¥2rtightened. Upon revol ution
nunber (2) of bolt (2) exceeding the predeterm ned upper limt before
torque (2) reath@sapfbegr Egettdenilneyiter @fe steme 3o 1s pagatide jthdded to
be unequival ently, tlghtened Further if torg&F (%? reaches he

predet erni ned t8r 4BESHBFE-ES BForBAHGR St OF U0l 2 )( 2 eaches t he

i ghtened 1n sTeRcRsd; fhei pradel Srarach 40 q%a&e%ﬁbe TS of boi
(2)71s excess'g?ﬁ%Frbé?? gfgghgﬁzkggn gk 1 @%éa %LerF g@. even w th

torques (1) chlng t etern1n ‘orque, an
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followed by a change-over to the manual mode routlne
(step 45).

When torque (1) and torque (2) are not abnormal,
the flags for torque (1) and torque (2) are both
10 eventually set, followed by step 24 in which revolution
number (1) is compared with revolution number (2) for
the checking of relative level. |
For example if to%que (1) of bolt (1) reaches the
predetermined torque first in the pretightening routine
15 described, tightening of bolt (1) is discontinued, and
bolt (2) only is tightened. Accordingly, bolt (1) is
unlikely to be overtightened. Upon revolution number
(2) of bolt (2) exceeding the predetermined upper limit
before torque (2) reaches the predetermined torque, the
20 bolts are judged to'be uﬁéquivalently tightened.
Further if torque (2) réaches the predetermined torque
before revolution number (2) of bolt (2) reaches the
predetermined upper limit, the bolts are judged to be

unequivalently tightened in step 27 in the case where

25 revolution number (2) of bolt (2) is excessively



" checked as to

elimnates the likelihood of the operator forgetting to insert the gasket
to be installed in the seal ed portion. Thus, the bolt is judged to be
properly tightened only when the predeterm ned torque is 10 reached, with
the revolution nunber within the predetermined Iimts. Wien the bolts are
thus found properly tightened, the sequence proceeds to the subsequent
step. Next, the nmain tightening routine of the present 15 ti ghtening

met hod wi |l be described with reference to FIG 8. First, bolt (1) and bolt
(2) are rotated at a | ow speed for the std#t of tlghtenlng, and flags for
torque (1) and torque (2) are reset (step. 51). The flags for t or que
(1) and torquedfeptaretben Fhak PﬁebPéltqdé)of Byrther) eXsa b’éltth (2)

i ncreases least to the gredetern1ned fln& gg§en|ngptor value The
flag for torquBoFaress (dhpsddlieRtl POLhEcKEd - ® s set (step

)k L bR b a8 WS )

step 53, the bogtg-g Pﬁgﬂg gt%ﬁggéhkggkepﬁgbg Q?@|XrtQ8§eE@‘%@T%d:he

routine (step 3 rque i’s not 5 found

to be on ig St@ﬂe5grethg¥ﬁlﬁéﬁ 96uwRY §ifdk L% this case. This
eliminates the likelihood 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 predétermined torque is
10 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
15 tightening méthod will be described witﬁ reference to
FIG. 8.
First, bolt (1) and bolt (2) are rotated at a low
speed for the start of tightening, and flags for torque
(1) and torque (2) are reset (step 51). The flags for
20 forque (1) and torque (2) are set when the torque of
bolt (1) and bolt (2) increases least to the
predetermined final tightening torque value. The flag
for torque (1) is subsequently checked as to whether it
is set (step 52). 1If the flag is found on in step 52,

25 the flag for torque (2) is checked as to whether it is



read (step 59), and an inquiry is made as to whether the torque is at |east
the final tightening torque value (step 60). If the answer to the inquiry
of step 60 is affirmative, nmain tightening of bolt (1) is 10 judged to be
effected normally, 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 flag for torque (2) is set. If the torque (1) is smaller than the final
ti ghtening torque in step 60, 15 bolt (1) is continuously tightened,

foll owed by step 53 to check mhether the 3 ag for toque (2) is set. If the
flag is not found to be on in steg tor (2) of bolt (2) is read (step
55). and an i re@i f§teB Bade adft dtwhst fepn h§°tBPq88 L8 gtePesr (9 i nal

ti ghtening 20 orque val 6 nswer to the _ inquiry of
step 56 is aff??iﬁfl@ﬁe Hﬁe& 5 |%égBFe88 pf??eF§¥|8ﬁg§8r %ﬁéey
effected nornm L htenkn Sgglt (2) is discontinued (step 57), the
flag for torqu %25 FETRE; f and the sequence returns to step 52

25~ to check whethgg the b gg raorcﬁaef&g_\é £8:080rqlib (19 15 Fpel Or dUe

(2) is smaller than tenln ein ste step fol | ows

again to C!Feck a\*ﬁﬁ ahes Beeoﬁ' g Eeépt szqueo&ahel 313ebr Bolk tqu)t (32)
continuously tightened. In this way, the flags for torques (1) are
eventual |y Setreéﬁd(EE@pSEQP?nﬁﬁdpéﬁCQﬁéﬁlk9 $k€Rade 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
10 judged to be effected normally, tightening of bolt (1)
is discontinued (step 61), the flag for torque (1) is
set (step 62), and step 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,
15 bolt (1) is continuously tightened, followed by step 53
to check whether the flég for toque (2) is set. If the
flag is not found to be on in step 33, torque (2) of
bolt (2) is read (step 55), and an inquiry is made as
to whether the torque is at least the final tightening
20 torque value (step 56). If the answer to the inquiry
of step 56 is affirmative, main tightening of bolt (2)
is judged to be effected normally, tightening of bolt
(2) is discontinued (step 57), the flag for torque (2)

is set (step 58), and the sequence returns to step 32

25 to check whether the flag for torque (1) is on. If the



54 to terminate the routine. The pretightening routine increases the torque
of the bolt to the predeterm ned torque, with the nunber of revol utions
thereof within the predeterm ned range, 10 so that it is unnecessary to
check in the main tightening routine whether the revolution nunber is

Wi thin the predeterm ned range. This serves to sinplify the programby a
correspondi ng anount. The final revol ution nunber may be checked as to

whet her it 15 is within a predeterm ned range, or the main tightening
routi ne may of course be perforned in exadbly the sanme manner as the
pretightening routine. The four bolts can be tightened up equivalently with
proper torque lprgue A2)vd sreimldfer itglarertiheg f£2Mal ridtdhdening he lswmre
manner as in the bolt revolution nunber control node using the device 1 for
ti ght eni ng t woibolstepats & hetem®2 ified. Loasc aradilng to ahesck Wiretdidmgheet hod
as practiced in the bolt tightening torque control node unlike the bolt 25
revol uti on nunéadcéer donmige, (1hd@et i ¥ithediadd i(#) coRgFimOusdinti al

t1 ght encd propERRRLertet orud Mg A o SIS erte HREAHRe Udvartdge
et abnor el | L1 25 ot NS 28 S AE Y hcReed Y SIS e
54 to terminate the routine.

The pretightening routine increases the torque of
the bolt to the predetermined torque, with the number
of revolutions thereof within the predetermined range,

10 so that it is unnecessary to check in the main
tightening routine whether the revolution number is
within the predetermined range. This serves to
simplify the program by a corresponding amount. The
final revolution number may be checked as to whether it

15 | is within a predetermined range, or the main tightening
routine may of course be performed in exactly the same
manner as the pretightening routine.

The four bolts can be tightened up equivalently
witﬁ proper torque by the above mode of tighteﬁing

20 method in the same manner as in the bolt revolution
number control mode using the device 1 for tightening
two bolts at the same time.

According to the tightening method as practiced in
the bolt tightening torque control mode unlike the bolt

25 revolution number control mode, the bolt is checked in



to be fastened. Wth the tightening nethod in the bolt revolution nunber
control node, as well as in the bolt tightening torque control node, the
two bolts as positioned on one 10 di agonal line or on the other diagonal
line are rotated at the sane tinme, whereas these bolts can be individually
rotated not at the same tine. In corresponding relation to this case, the
ti ghtening device my be so adapted as to rotate the two rotary 15 shafts
i ndividually” Although the tightening nmethod as practiced in either of the
two nodes conprises a pretightening routi®@ and nmain tightening routine
separate therefrom the entire tightening operation may be carried out in
t he sanme mannetheas inigigdetst@aeewihd izhtening iand sbaeduerftily 3 or 7
W thout resorting to the main tightening routine. The flow chart of FIG 3
or 7 is concer Aé¥e¥pih timess @swier ahekbepolits igr & ighfier@te PaRPeter eas t he
flow chart can_be readily expaand for tightening up three or four bolts.
Three or four BBPt §oFsue contiyo F§ﬁ¥%ﬁiﬁgﬁﬁoéﬁ %ﬁé a4t 9Srding to
t he 37 expa ag ‘flow chart.. Al thoygh.the .devi_ce %§ﬁF5 ri.bed is .adapted
to tighten up ? gb& POTRR tl@ﬁbl§aﬁggﬁ 0GRS OSSR ﬁé%ﬁn%ﬁﬁ%@ devi ce
s readilygavagbaBle forliGh ealAGAR I 8¢ Yol YW 10l And MR 1M
by 5 usingTthréée or TOour sets of rotary shafts 6, wench

to be fastened.

With the tightening method in the bolt revolution
number control mode, as well as in the bolt tightening
torque control mode, the two bolts as positioned on one

10 diagonal line or on the othér diagonal line are rotated
at the same time, whereas these bolts can be
individually rotated not at the same time. 1In
corresponding relation to this case, the tightening
device may be so ‘adapted as to rotate the two rotary

15 shafts individually. Although the tightening method as
practiced in either of the two modes comprises a
pretightening routine and main tightening routine
separate therefrom, the entire tightening operation may
be carried out in the same manner as the pretightening

20 routine shown in FIG. 3 or 7 without resorting to the

" main tightening routine. The flow chart of FIG. 3 or 7
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

25 can be tightened up at the same time according to the



portions 8 and notors 3. Three or four bolts can be tightened up

simul taneously by using the nmultishaft device. For exanple, four bolts can
be tightened at the sane tine by using a four-shaft tightening device 10
and using a nethod of tightening the four bolts while checking these bolts
for absolute level and relative level. Wth this nmethod of tightening up

t hreaded nenbers, it is also possible to tighten up the nenbers at a tine
until the evéntual tightening torque is 15 reached with the pretightening
procedure onmitted, hence a sinplified tigBt¥ening procedure. On the other
hand, the tlghtenlng device 1 described in detail and adapted to -

si mul t aneousl| y expgincad Jplaivechssitt.s Hesthdughaditentdagei af belenrsibgder in
construction and in 20 control programthan is the case with the nethod
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portions 8 and motors 3. Three or four bolts can be
tightened up simultaneously by using the multishaft
device. For example, four bolts can be tightened at
the same time'by using a four-shaft tightening device

10 and using a method of tightening the four bolts while
checking these bolts for absolute level and relative
level. Wlth thls method of tlghtenlng up threaded
members, it is also p0551ble to tighten up the members
at a time until the eventual tightening torque is

15 reached with the pretightening procedure omitted, hence
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

20 control program than is the case with the method of

tightening four threaded members.



10 reaches a predeterm ned val ue, and judgi ng each threaded nenber to be
properly_tightened when the tightening torque of the threaded nenber is
within a edetern1ned range, with the difference in tightening torque
betmeenitEu rmgrs within a 15 predeternined range. 2. A

- threaded met hod of tightening up a plurality of threaded
menbers by dr|ve means, the met hod bei ng characterized by tightening each
of the threatled menbers while detecting the anmount 20 of tightening of
the threaded nenber and the tightening to3gue thereof, stopping tightening
upon the tightening torque of each threaded nenber reaching a predeterm ned
val ue with t heWhatunts coflatimghlt ési:ng mﬁthin a specified range, and judging
each t hreaded nenber to be properly 25 ht ened when the difference in
ti ghtening anount 1.38 @éﬁﬁé@ﬁdtﬁémbﬁﬁeédé teBiper Beitiod ofin a specified
range. 3. A threaded nmenber tig htenln% met hod as define | ai m.1 which
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of tightening of the threaded member and the tightening
torque thereof, stopping tightenihg upon the amount of
tightening of each threaded member reaching a specified
value based on the time when the tightening torque

10 reaches a predetermined value, and judging each
threaded member to be properly tightened when the
tightening torque of the threaded member is within a
predetermined range, with the difference in tightening
torque between the threaded members within a

15 predetermined range.

2. A threaded member tightening method of
tightening up a plurality of threaded members by drive
means, the method being characterized by tightening

~ each of the threaded members while detecting the amount

20 of tightening of the threaded member and the tightening
tofque thereof, stbpping tightening upon the tightening

torque of each threaded member reaching a predetermined'
value with the amount of tightening within a specified

range, and judging each threaded member to be properly

25 tightened when the difference in tightening amount



10 reached the predeterm ned value with the tightening amount within the
speci fied range, tightening of the threaded nmenber is discontinued at that
tinme. 5. ti ghtening nmethod characterized in that at |east
f our thremummmummﬂll are tightened up by dividing the threaded
menbers | nto Sets of & Pkeast two and tightening up each of the sets by a

t hreaded nmenber tightening nethod as defined in claim3 or 4. 6. A threaded
menber tightening nethod as defined 20 in claim5 which is characterized
in that in tightening up four threaded neihers, the threaded nenbers are
divided into a set of two threaded nenbers positioned diagonally and a set
of two threadddetivadnr thesthreadaddmagbrars| ysrwishdg| ¢ specified 7 A

t hreaded nenber tightening nmethod as defi ned 40 in claim1l which is
characterized FaRghat the specified value for the anmount of tightening is
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4. A threaded member tightening method as defined

in claim 2 which is characterized in that the threaded
members are all tightened up at the same time, and that
when the tightening torque on one of the members has
10 reached the predetermined value with the tightening
amount within the specified range, tightening of the
threaded member is discontinued at that time.
5. A threaded memﬁer tightening method
characterized in that at least four threaded members
15 are tightened up by dividing the threaded members into
sets of at least two and tightening up each of the sets
by a threaded member tightening method as defined in
claim 3 or 4.
6. A threaded member tightening method as defined
20 in claim 5 which is characterized in that in tightening
up four threaded members, the threaded members are
divided into a set of two threaded members positiqned
diagonally and a set of two threaded member positioned
diagonally reversely.

25 7. A threaded member tightening method as defined



threaded ne up until the proper final torque value is
reached whe nber is judged to be properly tightened. 9. A

t hr eaded nenber tlghtenlng nmet hod as defined 15 in claim2 which is
characterized in that a judgnment of abnormality is nmade to discontinue
tightening upon the tightening torque of one of the threaded nenbers
exceedi ng the predeterm ned val ue before the anount of tightening of the
threaded menber reaches a specified 20 BO&wer limit. 10. A threaded menber
tightening method as defined in claim9 which is characterized in that a
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ti ghtening neth e |ne n clai
5 the proper_value when the threaded member is judged to

snallebﬂbhan a EEO er value for final tightening torque, and that each

be properly tightened.

8. A threaded member tightening method as defined
in claim 2 which is characterized in that the
predetermined value for the tightening torque is

10 smaller than a proper value for final tightening
. torque, and that each threaded member is tightened up
until the proper final torque value is reached when the
threaded member is judéed to be properly tightened.

8. A threaded member tightening method as defined

15 in claim 2 which is characterized in that a judgment of
abnormality is made to discontinue tightening upon the
tightening torque of one of the threaded members
exceeding the predetermined value before the amount of
tightening'of the threaded member reaches a specified

20 lower limit.

10. A threaded member tightening method as defined
in claim 9 which is characterized in that a judgment of
abnormality is made to discontinue tightening when the
tightening torque of one of the threaded members is

25 below the predetermined value even if the amount of
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tightening of the threaded member reaches a specified
upper limit.
11. A threaded member tightening method which is
characterized by effecting tightening in a plurality of
5 divided steps and executing each of the steps by a

threaded member tightening method as defined in claim 1

or 2.



