12157212 " COVBI NATLON STUD DRI VI NG TOOL AND. TORQUE LI M TI NG DEVI CE" Thi s
invention relates to torque transmtting connectors between machine tools,
and nDre~§Re0|f|- caIIy relates to such connectors between autonatic 10
stud dri tools and torque limting devices. The automatic stud drivers
to which this invention relates are typically able to grasp a st%ii@;a
.thread rf‘lnto a workpi ece, and are then capable of automaticall g
-the stud without the requirenent thatl the 15 st.ud be unt hreaded from
the tool. Torque limting ‘devices of the type to’ mhlch this invention
relates are typically those which have as an input a high torque input, and
provi de nmeans for disengaging the input torque fromthe output of the
torque limting 20 devi ce when a predeterm ned maxi numtorque at the .
out put i s encountered. - 2 - An automatic stud driving tool of the type -
to which this invention relates is described in our co-pending patent

application No 2 135 92%' Fur t her exanpl es of automatic stud driving tools
are described in our 5 ZCOMB 1 tions Nos. 2.082, 104

and
AND TORQUE LIMITING DEVICE"

This ihvention relates to torque transmitting
connectors between machine tools, and more specifi-.
cally relates to such connectdrs between automatic

i0 stud driving tools and torque limiting devices. The
automatic stud driveré to which this invention relates
are typically able to grasp a stud and thread it into

. a workpiece, and are then capable of automatically

o

releasing the stud without the requirement thaﬁ the
15 stud be unthreaded from the tool. Torque limiting
devices of the type to which this invention relates
are typically thosé which have as an input a high
torque input, and provide means for disengaging the
'inputltorque from the oﬁtput.of the torque limiting
20 device when a predetermined maximum totrgque at the

" output is encountered.



2,098,904. A-torque limiting device of the type to which this invention
relates is described in our co-pending 10 Pat ent Application No.
2,2090.-346. The principle object of the present inventionn is to provide g

t or que transqittfng connector between two rotating machine tools, in (EE%}
particul ar between a torque 15 limting device and an automatic st
driving tool. This connector should be small in dinension to allow the
cokdsi ned tool to be used in small work areas. but shoul d have sufficient
strength and durability to allow rugged~ r&liable performance. 20 It is a
further object. of this invention to provide a connector which can be easily
di sassenbl ed with a miAf MwkoRatdsr stud: dotelng tool of the type|tofwhidhr
object of this inventiqgn tq provide opnect or  of tgge bove .descri bed E*Pe

a
that al lows the automffike dmysnkion feiabes 18 feagribed th (PUF §9-RandL
| ocations within the body of the, st : I ¥hRg tool. . 1t i til
further object of the® ti%ﬂ#i} a328§i§3 %u%ggayéghnegﬁkﬁhfél?ihéhi%ﬂi?ﬁan
with an automatic stud driving tools are described in our
5 co-pending Patent Applicatiohs Nos. 2,082,104 and
2,098,904,
A torque limiting device of the type to which this
invention relates is described in our co-pending

10 Patent Application No. 2,090, 346.

The principle object of the present inventionn is to
provide a torque transmitting connector between two
rotating machine tools, in particular between a torque
15 limiting device and an auﬁoiatie.stud driving tool.
This connector should be small in diiension to allow
s the combined tool to be used in small work areas. but
should have sufficient strength and durability to
allow rugged, reliable petfornanee.
20
It is a further object of this invention to provide a
connector which can be easily disassembled with a

minimum number 6f tools.



i nproved torque linmting device, and an inproved 10 -automatic stud
driving tool. According to the present invention there is provided a

con or between two rotary driven tools, an upper tool and a | ower tool,
“whe the |l ower tool has a 15 carriage rotatably disposed within a

| oner~"t ool body, the connector conprising: (i) . an adaptor housinhg
rotatlonally secured to the output of the upper tool, said adaptor housing ..
axiatly secured-to said | ower tool 20 body at a circunference of !
the adaptor housing; and (ii) & drrven head axially and rotationally '
secured to the adaptor housing, but renpvable fromthe housing during

di sassanbly, EBeissa still f“HFP?énOHEQthngBBéﬁ %PYﬁFhl?hetelrcunference
-4- at which the | ower tool body is secured to_the a gtor housi ng, said
driven head aR§°¥iAg éaFPPBQSteécﬁfbéPﬁgaBPBQ|ﬁéﬂcﬁkPﬂ nBYPRgtR3Rt ours such

h he d head b |1
}n?grioﬁnegégg nglfgﬁhépéﬂyaﬁlFoFﬁPFoﬂﬁFggﬁgBg?ggpt?ﬁér8 g%#oggolyis

transmtted t@)1081399PL%" 10cations within the body of the stud

5 driving tool.

It is a still further object of the invention to g;i~~
‘provide sﬁch a connector in combinatiuon with an
improved torque limiting device, and an improved

10 automatic stud driving tool.

Accotding to the present invention there is provided a
éonnectof between two rotaryfdriven tools, an upper
tool and a lower tool, wherein the lower tool has a
15 ca:riage-rotatably disposed within a lower tool body,
"+ the connector comprising:
(i) an adaptor housing rotatzonally secured
- to the output of the upper tool, said adaptor
housing axially secured to said lower tool
20 body at a circumference of the adaptor housing;
(ii) a driven head axially and rotationally
secured to the adaptor housing, but removable
from the housing during disassambly, the

25 - driven head disposed within the circumference



housi ng, to,the:driven head, and then to carriage. 10 A particul ar <3
enbodi nent of the present invention will now be described, by way of N
exanple only, with reference to the acconpanyi ng draw ngs, wherein: 1 )
Figure 1-is an exterior view of a combined tool and connector of the
present’ invention;, Figure 2 is a partially exploded view of the present

inventioQJ showi ng the connector of the present 20. =~ invention in
exfanded formand partially in cross-section; Figure 3 is a cross-sectional
view of the conbination tool of the present invention. 25 -5- The torque

limting device of thaet Whﬁttﬁjemi%kg&°:°§'at‘6?’g& %%5685883& e controlled

t orque apparatus describe at ent , and the

disclosure of that apd Gfdgtbd hou¥islyy, isRGQ" BRA¥efdhaad and Py reference.
The torque limting apparatus has two major parts, a cylindrical base 710

?ggg?t ﬁé : I ndrical sl esyia dakr idre\achl deing’ Praviidedy withamakiagt o, but
contours such that the driven head and the
5 _ housing can be rotationally interconnected;
(iii) whereby a rotational output of the
i . upper tool is transmitted to the adaptér
"housing, to the driven head, #nd then to
carriage.
10
A particdlar embodiment of the present invention yill

now be described, by way of example only, with

reference to the accompanying drawings, wherein:

15 Figure 1 is an exterior view of a combined tool and

connector of the present invention;

Pigure 2 is a partially exploded view of the present
invention, showing the connector of the present '
20 f invention in expanded form and partially in

cross—-section;

Figure 3 is a cross-sectional view of the combination
tool of the present invention.

25



10 nal ly secured within base 710 as will be nore fully explai ned
_An engagi ng neans 714 is provided on the upper end of the todl to

al | ow connection to a torque supplier, while an adaptor housing 170 is
an in al part of the |lower end of base 710. The 15 adapt or housi ng
170 forns a part of the connector of the present invention, as wil1 be nore
fully explalned | ater. The specific choice of the engaging neans w |l of

coursé depend on the specific use _and torque supplier involved. 20 Sleeve
712 is longitudinally held in, bu® relatively rotatable to, base 710 by the
co-operation of support bearlngs 724 within bearing race 728, which is
recessed i nt o Thife tOrgugylinditipgsdevige oguﬁpsrprggent inyentingsi®24 are

| ocated in holes 72 lgrou%p t he S|dg%a of .sl eeve 712, and are held in
pl ace in the Y&tds Al tp3fhepcoptys 5ﬁs&°§gP9e§PE§rat§Erlng shoe for

ot er” 8- Trus SaerRYL A, PR BRE sRac b, 187, 20 bSop bk B6R Bher e
Cooalron ! <GB He at 4ot 1BaRIBN' 08 BEELY EnchlpbEales™! | V©

rotation i s not
5 by reference.

The torque limiting apparatus has two major parts, a ' i;j";

cylindrical base 710 and a cylindrical sleeve 712.
éleeve 712 is relatively rotatablemto, but longitudi-
10 nally secured within base 710 as will be more fully
explained later. An engaging means 714 is provided on
the upper  end of the tool to allow for connection to a
torque supplier, while an adaptor housing 170 is an
integral part of the lower end of base 710. The
15 . édéptor housing 170 forms a part of the connector of
. the present invention, as'wiil be more fully explained
lategf The specific choicé of the engaging means will ~
| of course depend on the specific use and torque
. supplier ;nvolved.
20 _
Sleeve 712 is longitudinally held in, but relatively
rotatable to, base 710 by the co-operation df suppbrt'
bearings 724 within bearing race 728, which is
recessed into the sidewall of baée 710. 'Supﬁort

25 . bearings 724 are located in holes 726 through the



The size and number of holes and support ‘bearings wll 10 of course
vary dependi ng on the size of the apparatus bei ng nanufactured, and it

i Rt ended use. Torque is transmitted between base 710 and sl eeve 712 thé%??h
t or que transnlsS|on beari ngs 720. These 15 torque transni ssion .
bearings rest in part-spherical recesses 718 in base 710, and extend into
apertures 722 in the bottom of sleeve 712. The sum of the depth of recesses
_71& and the thickness of the bottom @f _base 710 shoul d be equal to or
substantially the same 20 as the dianeter of torque transm ssion

bearing 720. Veridfdwd19r GF ig108ve0M 2GS ah@n a2kl h8da’ 38 ?ia&éaﬂﬁ'tﬁitted to
torque transm ssion bearing 720 by means of spring shoe 730." This force

urges torque tranfolet by disk 930Qn Daski 7307 3a0sbnkerpast asphespebhg
recesses 718. -7- As indicated above, in the preferred enbodi nent, the
spring shoe al so stwye/eforaspr ingt 312 in d slteEemredppmbbdlnmentmgai2\@;.11

al t hough ot her suitable arrange- nents, such as a thin walled, hollow,
cylindrical 5 be mawenifvdd yarekpd atinied dptemg shoe are readlly ascertain-
able. It is advantageous for the force applied by conpreSS|on spring 732 to
be varlatﬁe In the present

Thus, longitudinal movement of sleeve 712 is prevented

pﬂ\43 by the engégement of support bearing 724 with bearing
race 728, while relative rotation is not inhibited.

‘The size and number of holes and support bearings will

10 of course vary depending on the size of the apparatus

being manufactured, and its intended use.

Torque is transmitted between base 710 and sleeve 712
thrqugh torgue transmission bearings 720. These
15 torQue transmiséion bearings_test in part-spherical
. recesses 718 in base 710, and extend into apertures
S~ | 722 in the bottom of sleeve 712. The sum of the depth
of.recesses 718 and the th;ckness of the bottom of
base 710 should be equal to or substantially the same

20 as the diameter of torque transmission bearihg 720.

Vertical force from compression spring 732 is trans-
mitted to torque transmission bearing 720 by means
of spring shoe 730. This force urges torque trans-

25 mission bearing 720 into part-spherical recesses 718.



v

10 ~_ invention, the force is preferably varied by neans of adjuster 734,
whogexext er nal threads can co-operate with an internally threaded sl eeve

71 ?% e adjuster can be readily rotated to adjust the spring force by

i nSext on and novenent of a |ong narrow object in 15 t hr eaded hol es
738. -This is facilitated by the plurality of threaded holes 738 and the
provi sion of opening 733 into the side wall of sleeve 712. Renobvabl e set
screws 736, which fit in threaded holes 738 and extend through opening 733m,
can secure the 20 - adj ust er ¥3% =agai nst uni ntentional rotation. Upon

t he presence of excess torque between sleeve 712 and base 710,  torque
transm ssi on bsringkcated ahover day mw@g@mmhmmm of spri ng
732. This allows the torque_ transm ssion bearings 720 to slip, - and
the sl eeve thu@?b?%t%@?% 3189 A9KNeS (a8 aLetaining disk fam s pr ovi des an

I ndi cation that the of, t.orqye been lied and prevents

t he appliction %?p% ?R&PéT#gH! alfthou Jﬁh? % A oper at i on
of the automat V. t t j,nvention is

|i kewi se very li"s%’m "Egoﬁ t#wh in R?Jcl i r]ilv% c&} d&ésc bed in

Pat ents Appl i Ca{é@é‘u{\& Zanida 9&?“1 spring shoe are readily ascertain-

able.

It is advantageous for the force applied by
compféésioh'séfing 732 to be Va:iable; In the present
10 invention, the force is preferably varied by means of
adjuster 734, whése:external threads can co-operate
with an internally threaded sleeve 712. The adjuster
can be readily rotated to adjust the spring force by
insertion and movgment'of a lohg narrow object in

15 ‘threaded holes 738. This is facilitated by the

plurality of threaded holes 738 and the provision of
| opening 733 into the side wall of sleeve 712.
Removable set screws 736, which fit in threaded holes
738 and extend through opening 733, can secure the
20 adjusié:'734'against unintentionalﬁrotatidn. Upon the
presence of excess torque between sleeve 712 and base
710, tdrque trénsmiésion bearings 720lare forced
‘'upwards agaihsththéhpteSSure of spring 732. This
allows ﬁhe'torque transmission bearings 720 to slip,

25 - and the sleeve thus rotates with respect to base 710.



entitléd Automatic Stud Driving Tool filed 22nd 10 Sept enber 1983,
and the contents of that application are |ikew se hereby incorporated

within this specification by reference. The automatic stud driver accor 'ggm
to the present 15 i nvention is conposed of a body 10; a driven hea

30; carriage 40; two sets of balls in the carriage (two upper |ock bal

and two | ower |ock balls 46); a set of jaws 50; and a plunger 60. 20
Thé~body 10 is a cylindrical nmenber, and may be provided with a uniform
thread over nost of the exterior surface-th®reof. The.interior of the body
conprises a cylindrical cavit;ﬁof varying, cross- sectiognal dianeter. In the

enbodi ment di scl osed 28hi8 progides sn tadicatipn fhat, bhe propes, agouptqef
bet ween the carriage | gdge. 14, and the bot ed of the b ) -9- . This
mi ni num di aneter is in?g?ﬂﬂﬁtgﬁ’afeﬁﬂ ?%?%ﬁ%%-’éﬁiﬁﬁ?ﬁﬁﬁiﬁt%%é ARPAigtign
enl argenment 120 of the,jpn | §&Vvi body 10, whose function wll be
nore fully described bgfo§?é#%%iu%p%é¥%§%é of annular 5 enl ar genent
120 is provided with an angl ed canm ng surface 100. The upper edge of
t he-m ni num di aneter portion of
5 - " The configuration and operation of the automatic stud
driving tool portion of the present invention is
v \ | likewise very similar to the automatic stud driving
tool described in Pateht Application No 2 135 922
entitled "Automatic Stud Oriving Tool", filéd 22nd
10 ~September 1983, and the cbntents of £hat application
are likewise hereby incorporated within this

specification by reference.

} ' The auvtomatic stud driver according to the present

15 invention is composed of a body 10; a driven head 30;
| -cafriage 40; two sets of balls in the carriage [two

{ - upper lock balls 44 and two lower lock balls 46);: a

set of jaws 50; and a plunger §0.

20 The body 10 is a cylindrical member. and may be
provided with a uniform thread over most of the
exterior surface thereof. The interior of the body
comprises a cylindrical cavity of varying cross-
sectional diameﬁer. In the embodiment disclosed

25 in the figures, the ainimum diameter extends between

the carriage ledge 14 and the bottom edge of the body.

[ - —— -




the body cavity term nates at carriage | edge 14, where 10 - -the dianeter
of t dy cavity abruptly increases to a somewhat |arger circular
crosB{seqdtion. This somewhat |arger cross-secti.on can sinmilarly terninate -,

t Yy /at a head | edge (not- illustrated), where the body cavity can be

agai | arged to another circular 15 cross-section. Alternately, the
sonmewhat | arger cross-section can continue to the upper edge of body 10. .
Driven head 30 is disposed within the upper portion of 20 the hol | ow s

body cavity, and has at its | owsr9emd an outside cylindrical circunference .
sufficient to_provide: . a mnqr clearance between ghe uggeén ortion of the
h

body 10 and t F@iSoMdnigym d3ameter,dsytprentHRLAd38t BFBER head 30

(o Totatably diatm BREE By 4 anmwieR. SRoasoBeRR T2AnRRFBE A W11 be

the s 7 ChirRetipr Peiter e bRAF 18, Bubkel BURCHLoRYLATE BT 00"

i amoter por { PR Col Y HomTANE, ek, O e OB R ate S R RLEE ] T Re
5 enlargement 120 is provided with an angled camming

‘'surface 100.

: The'uppét_edge of the minimum diameter portion of

the body cavity terminates at carriage ledge 14, where
10 ‘the diameter of the body cavity abruptly increases to

a somewhat larger circular cross—-section. This -

somewhat larger cross-section can similarly terminate

abruptly at a head ledge (not illustrated), where the

body cavity can be again enlarged to another circular
15 cross-section. ‘Alternately, the somewhat larger .

. ctoSs-section”cén continue to the upper edge of body

10. o | | | A4

Driven head 30 is disposed within the upper portion of
26 the hollow body cavity, and has at its lower end .an
- outside cylind:icél,citcumference sufficient to
provide a minor clearance between the uﬁpet portion of
the body 10 and the lower poition'of the driven head
30. The driven head 30 fotms:part of the connector

25  between the upper and lower tools, and is rotatably



has an abrupt increase in cross-sectional dianmeter, 10 t hereby form ng
carriage head 41. The dianeter of this carriage head is small enough to
altbow it to hove past the head | edge, if such a head | edge is used, but 55 :3 .
too large to all ow passage beyond carriage | edge 14. The axial |ength ofl=CJ
carriage head 41 is 15 substantially | ess than the axial |ength of
I'nternmedi ate di aneter of the body cavity, i.e. that portion between

carwi age | edge 14 and the bottom surface of .driven head 30. 20

Carriage 40 is therefore constrained to~alPimted axial nmovement within the
hol | ow body cavity, the upper extent of such mpvenent being defined by the
position in which carr® ?ﬂ%ﬂ}tli"CGHFaZPQYtHQ ﬁBtPoﬁ?BPengQ%ﬁ Hielly b

t he bottom extent defined the 25 . . .position in which carriage head 41
contacts carriage lQﬁﬁﬁfﬁé&lYSFﬁgéaﬁgfﬁ gﬁg°gkterior of the carriage and
the surface of the body cavity are cylindrical, carriage 40 is free to
rotate within body 10. 5 The interior of carriage 40 is a roughly
cylindrical cavity 38,ca¢iGlyes A0Mya eat es#gswheyﬂﬁeﬂesl OdnipE€, OHd | age
at the bottomthereof. In the preferred enbodinent, the resulting wall of
the carriage i%$ piercathjoriftguoragdet exeeribrociraunt erénté vt bopesr being

. aized sufficiently to allow sliding_and rotational
gvj movement within the aininum diameter portion of the
body cavity. The uppermost section of the carriage
has an abfupt increase in cross-sectional diameter,
10 thereby forming carriage head 41. The diameter of
" this carriage ﬁead is small enough to allow it to move
past the head ledge, if such a head ledge is used, but
is»ﬁoo large to glldw passage beyond carriage ledge

'14. The axial length of carriage head 41 is

15 substantially less than the axial length of the
X intermediate diameter of the body cavity, i.e. that
N - portion between carriage ledge 14 and the bottom

surface of driven head 30.

20 Carriage 40 is therefore constrained to a limited
a#ial movement within the hollop body_cavity. the
upper extent of such movement being defined by the
position in which car?iagg head 41_c9ntacts the bottom
of dri#eh head 30, the bottél extent defined by the

25 position in which carriage head 41 contacts carriagé




10 upper carriage apertures 45, and two dianetrically opposed._ | ower
caryrage apertures 47. The axial position of the upper carriage apertures
are 3h that they are aligned with the enlargenent 120 when the carri age
head I8 in contact with the carriage | edge 15 14, but are al so such
that the upper carriage apertures 45 will not be aligned with enlargenent
120 when carriage head 41 is in contact with the bottomof driven head 30.
The I'ower carriage apertures 47 are aX|aIIy positioned al ong the carriage xJ
40 such that 20 they are at+whys-aligned with the m ni mum di aneter.
portion of the body cavity. The | owernmost portion of the carriage 40

ext ends bel owledgebddt onSbnceobgthothenexter wnobsthe caspbagaland 25
contoured aperture.- This aperture_is provided with a -12- closing .
contour 102. &he auﬁﬁﬁéﬁngfcéh?ob95¥0qathﬁs%r?uﬁ%%i%#%1Qﬂl& be nore fully

‘descri bed below. The c 40 is the enve]| ope for_t assenbly of 5
jaws 50. AItﬁBEﬁﬁagﬁeg }ﬁmgrﬁ?et%hﬁﬁﬁaFﬁ E*Eg E%QXlﬁ% in the draw ng

‘Figure 3, it should be understood that each of jaws 50 is of a roughly
sem -cylindrical shape simlar to the jaws described in Patent Application

No. 25098, 904py, N ;LG 188 88 carriage 40 is a roughly cylindrical
' cavity 38, which communicates to the exterior of the
'céfriage'at'the'bottom thereof. In the preferred Q;
embodiment, the resulting wall of the carriage is
pierced by four apertures, two diametrically opposed
10 upper carriage aperﬁutes 45, and two diametrically
| opposed lower carriage apertures 47. The axial
position of the upper carriage apertures are such that
they are aligned with the enlargement 120 when the
carriage head is in contact with the carriage ledge
15 .14, but are also such that the upper carriage
| . apertures 45 will not be aligned with enlargement 120
when carriage head 41 is”iﬁ contact with the bottom of
driven head 30. The lower carriage apertures 47 are
axially positioned along the carriage 40 such that
20. they été always'aligned with the minimum diameter

portion of the body cavity.

The lowermost'pdrtion'of'the carriage 40 extendé below
" the bottom of body 10, and'tefminates in a specially

25 contoured apeﬁture. This aperture is provided wi;h a



10 pl anar surface of each jaw 50 is a sem -circular cross-section
groove 51 extending the length of the jaw. The | ower section of the groqve
513 the threaded section 54, is threaded to match the threads on a s
Thus, when the jaws are closed onto the stud the 15 t hreaded se
54 of the jaws 50 can grip the stud without damagi ng any of the threadS on
the stud. Pitted into the upper section of the groove 51 above the threaded
seedion 54 is the plunger neans 60. The 20 conflguratlon of the

pl unger nmeans 60 and its co- operatlon wi thifhe jaw 50 are exactly the sane

s d bed Pat I 35 922. - 13 - The exterior
2zr :‘ Zce?&t ! t ﬁe Ib(r)]t t gm?’SSP?ﬁ nlzgﬁ1 Q@@' a?'é‘?p? é?ﬁ%d‘%"c%?d’é'ci%‘ix'zé’d‘lue

f . Th I alei HLf ' d
hol di ng_cont our iBE?'ab@éﬁgag*s‘%uﬁfff PRBR L ST S G bkl 557 ey

nmove upward into the interior of carriage 40. At this point cI05|ng
contour 112 contacts closing contour 102, and the resulting interaction
bet ween these inclinedraer éagpsagausesis Fﬂ.@@ﬁmlﬂi o\t il asaad 1yedged
together, so that 10 t hreaded section 54 may firmy grasp the stud
When the stud Bs pul | eJawswsod thbthotglntinése hjaiso@re shown in cross-

section in the drawing Figure 3, it should be
\_ understood that each of jaws 50 is of a roughly

semi-cylindrical shape sin;lar to the jaws described
in Patent Application No. 2,098,9304. On the inside

10 planar surface of each jaw 50 i§ a semi-circular
cross-section groove 51 extending the length of the
jaw. The lower section of the groove 51, the threaded
section 54.lis threaded to match the threads on a
stud. Thﬁs. when the jaws are closed onto the stud the

15 threaded section 54 of the jaws 50 can §r1p the stud

without damaging any of the threads on the stud.

Fitted into the upper secfion of the groove 51 above

the threaded section 54 is the plunger.neana 60.  The
20 configuratibn of the plunger means 60 and 1£s

co-opergtion with the jaw 50 are exactly the same as

is described in Patent Application No 2 135 922,



jaws 50 are extended out of carriage 40 by the firmgrip between threaded

section 54 and the threads of the 15 stud, until the closing contours:
102, \no | onger force the bottons of jaws 50 together. The inclined .
surf. of the threads of the stud now interact with the inclined surfaces
of t read portions of threaded section 54, to wedge the bottofrs of the

] aws 50 apart. The dianeter defined by the distance between .

hol difhg contours 106 on each jaw is now |l arger than the diameter of the s
~carriage interior at holding cod @y -104. Jaws 50 are therefore securely
held within.carriage 40, and cannot be renoved until they 25 assunme a

. closed positi dfhe edtérioxr cpmfaxed iafurthe dottom pbttitome ofi JtamscS0bet ween :
closing contours 112 of each jaw 50 is larger than the snaller internal

di aneter of tRreprovifgediovith #padiad ized AW LETRS BeThese the jaws 50 are
hel d apart by their co-operation with the 5 pl unger neans 60, they
are theref or e 3Pecbatisrd (DI FARAS FIMRILSN1F a8dng spntenr 112, and

and 112 be oot 14ARE FAREGRAUE. Wit AHUch A APt DeERea g 40
and j s 50, 1o INUFPY Y RS diadd! iR el 1n¥erTBE AN
' carriage 40. At this point closing contoﬁr 112
‘contacts closing contour 102, and the resulting W,
interaétioh'BetWéen’these inclined surfaces causes the |
botﬁbms'of'jawé'so to be wedgéd together, so that

10 threaded sectioh 54 may firmly grasp the stud.

When the stud is pulled toward the bottom of the tool,
jaws 50 are extended out of carriage 40 by the firm
grip between threaded section 54 and the threads of the
15. stu&, until the closing cbntdurs.ioz, 112 no longer
* force the bottoms of jaws 50 together. The inclined -
surfaceé of the threads of the stud now interact with
~the inclined surfaces of the thregd pdrtions of
threaded section 54, to wedge the bottoms of the jaws
20 Sdlaéaft;.'fhé diamete: definéd by the diétance
o 'betﬁeén holding cdhtouis 106 on each jaw“is now larger
than the diameter of the cafriage'interior_at holding
contour 104. Jaws 50 are therefore seéufely held
within.ca::iage 40, and cannot be removed until they

25 assume a closed position. At this open configuration,



. :
durability of the tool. These qualities may be further enhanced by form ng
each elenent and its respective contours froma single piece of nmateri g4

15 I nner_ | ocking groove 140 is provided in the exterior surface of eagh
50. These inner |ocking grooves 140 are situated such that when the sgF /
jaws 50 are assenbl ed about plunger 60, the |ocking grooves 140 20 re

positioned | ongitudinally along a portion of jaws 50, .and are placed along
t hewaxial length of jaws 50 at a p0§ii{qp sufficient to allow the grooves

to be aligned with | ower carriage apertures 47 both when hol di ng cont our

104 is engaged w h | o] sl os 4 5§§H | 351 c ur
102 is engaged wi %’ﬁecﬁ%g#ﬁgcgo%%eﬂf%ﬁ%%c %%]ﬁ'ng:lé&zré?& Q%gged :
within |ower carrsggesSiarger €R&A!EHESsallendimtdrmfl & idin®iClof the
sufficiently large so that they not only protrude into | ower carriage

apertures 47, butcakgfageotoude ¢IdSindgNGsntmokiIGR gr Gassuskt theBejamsse
t hese grooves 140 are substan- tially no wider than the dianeter of | ower
| ock balls 10 - 5046éretheldsapabtybyftheais &O-operdickarbywirtdt atheonal |y
interlocked with carriage 40. That is, any rotation '

5 plunger means 60, they are therefore prevented from

- moving back into carriage 40.

It is advantageous that holding contours 104 and 106,

and closing contours 102 and 112 be constructed as a
10 permanent portion of the carriag;'40 and jéws 50, to

thereby increase the reliability, strength and

durability of the tool. These qualities may be

further enhanced by forming each element and its

respective contours from a single piéce of material.
15

. Inner locking groove 140 is provided in the exterior

¢

surface of each jaw 50. Ihese-inner locking grooves
140 are situated such that when the set of jaws 50 are
assembled about plunger 60, the locking grooves 140

- 20 are positioned longitudinally along a portion of jaws
50, and are placed along the axial length of jaws 50
at'é position sufficient to allow the grooves to be
aligned with lower carriage apertuies 47 both when

holding contour 104 is engaged with holding contour



applied to carriage 40 is transmtted by |lower |ock balls 46 to inner
| ocki ng groove 140 of the jaw assenbly. Wen the jaws assune their cl osed
posiuiy~ 15 - the bottoms of the grooves are substantially parallel to
i 8- pf. the tool. Cross-section reduction 110 is |ocated on the

surface of jaws 50 above inner |ocking groove 140. 20 ~ This
gction reduction 110 can take the formof either |ongitudinally o
extendi ng grooves similar in shape_to those of inner |ocking grooves 140, i
or can take the formof a reduc&di@ianeter cross-section of the exterior of
jaws 50. If th%platter ItergatLve.Ls 25 chosen, upper.lock balls 44
will be unabl %8s Apdn¥hep <losipg FRRLABTaHPRi L8 ©BIRARE | WLER40 to jaws
- 50, but since éhis'function i | ready perfornmed by | ower |ock balls 46,

the provisi onSdP33ng: §8DE°HF §}§SS-section reduction 110 is not strictly
necessary. 5 Cross-secti®dn reduction 110 is positioned longitudi- nally on
- jaws 50 so that it is not aligned with upper carriage apertures 45 when

hol di ng cont oggget04oRR0bh28s24e bkl #i8pesa@0wibHinSYehet Nahrkiagenes into
10 al ignment wi th upper carriage apertures 45 when

5 apertures 47, and are of a diameter sufficiently large

L 4

so that they not only protrude into lower carriage
apertures 47, but also protrude into inner locking W)
grooveé 140. Because these grooves 140 are substan-
tially no wider than the diameter of lower lock balls
i0 46, the assembly of jaws 50 is thereby rotationally
interlocked with carriage 40. That is, any rotation
applied to carriage 40 is transmitted by lower lock
balls 46 to inner locking groove 140 of the jaw
assembly. When the jaws assume their closed position,
15 the bottoms of the grooves are substantially parallel

., to the axis of the tool.

Cross-section reduction 110 is located on the exterior
surface of jaws 50 above inner locking groove 140.
20 This cross-section reduction 110 can take the form of -
- either longitudinally extending grooves similar in
shape to those of inner locking grooves 140, or can
take the form of a reduced diameter cross-section of
the exterior of jaws 50. If'the latter alternative is

25 chosen, upper lock balls 44 will be unable to transmit



§

cl osing contour 102 has mated sufficiently with closing contour 112 to
allow the stud to be grasped. Upper |ock balls 44 are di sposed w thin upper

carriage 15
t hi ckneSs of the carriage wall. Because of this |arger dinension, ajy
of the upper-lock balls 44 nust be accommpdated by a space other th
provi ded,.by upper carriage apertures 45. \Wen the 20

_apertures 45, and have a dianeter larger than the

i .® when hol ding contours 104 and_lqg are fully engaged, cross-section
reduction 110 is not-aligned with thé& upper carriage apertures 45, and the

|ar ger di mensi on fz e Jeank dipldos At rTusl Wy 8CSaRE! ¥obepaccgrypgat ed

wi thin enlargenent 1
102 and 112

gri pped,

45. This 5

\-.J

10

15

20

25

y cavity: ce c

ison

j aws 50 ar e open,

0Sl ng contours

- this Fic e L M3edyapdricbensudyhaswBeenobk BhYls

the jaws 50 have noved into the position shown in Figure 2, and
cross-section redgt ighe Provisivnvod iaggedovet Atuppeksesettign apertures

extra space allows camm ng surface 100 at the upper edge
of enlargenent 1Zeductdaon udferid oot Isxiclictd4 necasdacrgto cross-section
reduction 110 and entirely out of enlargenent 120. Further downward force
applied to the tool then results in the carriage

Cross-section reduction 110 is positioned longitudi-
nally on jaws 50 so that it is not aligned with upper
carriage apertures 45 when holding contours 104 and
106 are fully engaged, but such that it comes - into
alignment with upper carriage apertures 45 when
closing contour 102 has mated sufficiently with

closing contour 112 to allow the stud to be grasped.

Upper lock balls 44 are disposed within upper carriage
apertures 45, and have a dianeter larger than the
thickness of the carriage wall. Because of this
larger dimension, a portion of the upper lock balls 44
must be accommodated by a space other than that
provided by upper carriage apertures 45. When the
jaws 50 are open, i.e. when holding contours 104 and
106 are fully engaged, cross-section reduction 110 is
not aligned with the upper ca;riage apertures 45, and
the larger dimension of the lock balls 44 must bf
necessity be accommodated within enlérgement 120 of

the body cavity. Once closing contours 102 and 112



10 novi ng upward within the body cavity, until carriage head 41
contacts the | ower surface of driven head 30. The upper surface of carriage
d1xgnd the | ower surface of driven head 30 are provided with mating 15 .
f fficient to allow a torsional inter- connection between driven
0 apd carriage 40 when carriage head 41 contacts driven head 30. A
speciti-e“exanpl e of contours sufficient for this purpose have been shown in. -
Figures 2 and 3. As can be 20 _ Zptparly seen, carriage head 41 is oo/
provi ded with an upstandi ng post 1 runni ng across its dianmeter. The post
141 can have g squgre cr, - tjgn,. e _ | B _Fl g, Thi s upst andi ng
post 141 is dgﬁ‘gehé%cf%no e%ﬁage\%ctdr?g; té%r’ ?gggg%%ﬁén'g%esﬁnogl%giypr ovided in the
25 botto e %ﬂqg el i a 4 - 18 -
134, head 30 ?nr}{g aé;ar:'l ai‘g{ee ar?br(?ta\é){aieo&nal I yll}'{n%e?ml %?Eé' ,1%?0 that a
torque appl i esidedoft By e P nTddd-Fbcdelonrddudtidh 120 is The
bottom surface of driven head 30 is preferably not flat, but is instead
provi ded with fow ghigHed witl) upgert care isgeaipertalries as.angadswi th :
respect to the axis of the tool. Each of these chanfers 210 can take the
formd an i ncdxtral spadeicd ldwsstcanising isurffaper 400 at the upper

edge of'eniargement 120 to cam upper lock balls 44
inward ihto cross-section reduction 110 and.entirely tb'
out of enlargement 120. -Furthér downward force
applied to the ‘tool then results in the carriage
10 moving upward within the body cavity, until carriage

head 41 contacts the lower surface of driven head 30.

The upper surface of carriage head 41 and the lower

- surfaée of driven head 30 are provided with mating

15 = contours sufficient to allow a torsional inter- .

. connection between driven head 30 and carriage 40 "
when carriage head 41 contacts driven head 30. A ~
specific example of contours sufficient for this
purpose have been shown in Figures 2 and 3. As can be

20 clearly seen, carriage head 41 is provided with an
| upstanding post 141 running across its diaﬁeter; The
post 141 can have a square cross—-section, best seen in

Figure 3. This upstanding post.141 is designed to

mate with a corresponding slot 134 provided in the

25 bottom surface of head 30. When post 141 engages slot



10 3, which inclines fromthe bottomnost portion of the driven head
upward, away fromcarriage 40 and post 141, and continues to extend in this
divrection until it termnates at the radially outernost edge of slot 134 N
The chanfer 210 is shown on edge in Figure 2. 15 ~* The direction of/
incline of chanfer 210 is chosen such that when the driven head 30 is
an-operational rotaional input and the carriage has not yet begun to
rotsat e, the distance between the top of post 141 and the directly opposite
portion of the 20 bott om of dr+\dh head becones progressively | arger
as the chanfer 210 passes over post 141. In operation, when-the as yet
non-rotating carrldge bead 30 andl edrr ings 4 Brejratedionsddy dnitegm head
25 30, the tip of post 141 contacts chanfer 210 and is - -19- allowed
to smoot hly advant@ck@fariP tehat poi tRr Rkl et ykohdedde 300 %@0ndet edge of
t he advancing slot 134. Post 141 is therefore advanced toward slot 134 to a
poi nt beyond thattmﬂlw DL IARR Mt hout 5 chanf er 210, and
as a result high speed engagenent between slot 134 and post 141 is
facilitated. Further, the square cross-section of post 141, in conbination

W th changer 210’Tﬁ£'9@§t5hr§“f¥§g§LH¥ driven head 30 is preferably not

flat, but is instead provided with two chamfers 219,

“kJF that are symmetrically arranged with respect to the
| . axis of the tool.. Each of these chamfers-ZlO can take

the f;rm of an inclined surface, best shown in Figure

10 3, which inclines from the bottom-most portion of the
driven head upward, away from garriage'40~and post
141, and continues to.extend-ih this direction until
it terminates at the radially outermost edge of slot
134. The chamfer 210 is shown on edge in Figure 2.

15 ' The direction of the incline of chamfer 210 is chosen

« such that when the driven head 30 is given an

operational rotaional input and the carriage has not
yet begun to rotate, the distance between the top.of
post 141 and the directly opposite portion of the

20 ~ bottom of driven head becomes progressively larger as

the chamfer 210 passes over post 141.

In operation, when -the as yet non-rotating cartiage
head 41 and the post 141 advance toward driven head -

25 30, the tip of post 141 contacts chamfer 210 and is



di sengagenent between slot 134 and post 141 upon 10 w t hdrawal of the
carrl.s-. Thi s decreases the tendency of the tool to inpart axial inpacts
dri ven head 30 and carriage 40 when post 141 and slot 134 are '

di sengigd , but are still in close enough proximty to interfére with each
ot her t hey pass 15 during each rotation. The height of post 141 is
| ess than the distance that carriage 40 is capable of sliding axially

within the body cavity. This results in carriage 40 and head 30 20 ot
being rotationally di sengaged mﬁéﬂ9c5rriage head 41 is engaged with car

(%Ingggalr ??%Self‘eéﬂv#ée ) %&”%ﬁgf"eﬁﬁé@@%#ﬁ%ﬁkf HPoR RBIAS %e“ﬁ%ﬂa??adl *

i 5 1

paci ng bet no YRy & deyertbet, BBeBetnel agUabe s S e30R 038,700 100
di sengages frqggy olyy 1e:i‘§ ‘%.‘Sx‘”e’}e@?rre' %ﬁ‘%a‘&%ﬁ ‘H:w'a%dstsh.Ut 439 @@l Li cant

di stance above carrlag This results I n upper carriage
apertures 45 gﬂ G:f!ﬂ(i: WHilkhe Rodllde BRNa113Wwedh ¢4 thid@er ot at i onal
to carrlage

drive supplie 40 by driven head 30 is

5 : chamfer 210, and as a result high speed engagement
between slot 134 and post 141_15 facilitated.
?urther,lthe square cross-section of post 141,'in | L}
combination with chamfer 210, allows_a.more abrupt
disengagement between slot 134 and post 141 uéon

10 . withdrawal of the carriage. This decreases the
- tendency of the tool to impart axial impacts to both
driven head 30 and carriage 40 when post 141 and slot
134 are disengaged, but are still in close enough

proximity to interfere with each other as they pass

15 during each rotation.

The height of post 141 is less than the distance that
carriage 40 is capable of sliding axially within the
body cavity. This results in carriage 40 and head 30

20 being rotationally disengaged when carriage head 41 is
engaged with_cagriage ledge 14. Drive disengaging
spring 116 is disposed between head 30 and carriage

._40,_the:ebyjbiasing these members into the

rotationally disengaged position.

25



first disengaged. At this point. due to the non- alignnent between upper
carriage apertures 45 and 10 enl argenent 120. jaws 50 remain in their
closed position, firmy grasping the-stud. The tool thus is prevented from .
driving the jaws 50 about the stud unless they are in the closed position.,
15 . The sequence of operation of the stud driving tool is exactly the
same as that described in Patent Application No 2 135 922. The follow ng
desefi'bes the operation of the tool fromthe position it assunes

i nmedi ately prior to being | oaded onto an dfhdriven 20 stud. Jaws 50
are open, and hol ding contours 104 and 106 are fully engaged, thereb

preventing the renoval T8¢ PEMERE PN At Y AR 4be o3pal PeERipg Psxusear e

vt ng o a1 1y wi th cOERTgn Héey, SO e T Wial U5 870 2395, LhaE] post
. . . h . _ _ . o f

G Sengaged wi th i or T dEHiaaddil o AU AN whith bECELERE Bba, g 1o

stud contacts plunger &0 1y ididyriles ANt diStancaabobeOBaPl Qe NTedyel 24
130 and into closing groove 5 52. Further novenent between thée tool

and the stud thereby CPhSE S8 lUNA L UPpAN Tak@FdagedapedtiiPedCi5 being

non-aligned with enlargement 120 when Ehe rotational
(O | drive.supﬁlied to carriage 40 by driven head 3b is
| first disengaged. At this point, due to the non-
alignment between upper carriage apertures 45 and
10 enlargement 120, jaws S0 remain in their closed
position, firmly grasping the stud. The tool thus is
prevented from driving the jaws 50 about the stud

unless they are in the closed position.

18 _ The sequence of operation of the stud driving tool is
exactly the sape as that described in Patent
Application No 2 135 922. The following describes the
operation of the tool from the position it assumes
immediately prior to being loaded onto an undriven

20 stud. Jaws 50 are open, and holding contours 104 and

- 106 are fully engaged. thereby preventing the removal

.; - 'of jaws 50 froa éar;iaqe 40. Upper lock balls 44 are

contained within enlargement 120, thereby!prevenfing

the carriage from moving axially with respect to the |

25 body. Carriage head 41 is in contact with carriage




upon each other and close jaws 50 firmy about the stud. 10 - The

Cross- tion reduction 110 then cones into alignnment with the upper

carria \pertures and all ows canm ng surface 100 to push upper lock balls
44 i nt oss-section reduction 110, and out of enlargenment 120. The
carriage’is now free to nove axially with 15 respect to the body, and

i s beginning to approach driven head 30, although post 141 and slot 134  _
have not yet engaged. The tool continues to advance toward the stud. \When ‘w
20 post 141 engages slot 134, the 20&-ation supplied to driven head 30
drives the carriage, |lower |ock balls 46, and jaws 50, thereby inparting
rotati onal notion tkedgRe Ku@ndriposs: Jdlhdg tbereforecddsengegedewibhk
piece. 25 = - 20b- The body w Il be prevented from advancing further

toward the work pi e8Pt Hollyeh® S&hec &9odsand) stydgappspach,easht phherio be

drawthe 5 o e AR RankaRl S ey ReRs e aBors e FRe BapRfugesao”
moves suf ficiently AWEY fraiMiberlngd sitria®eth38"434C into closing groove

s $2. Further movement between thg tool and the stud

‘thereby causes closing contours 102 and 112 to act

upon each other and close jaws 50 firmly about the ",
10 The ctoss-section reduction 110 then comes into

'-alignﬂent:with the upper carriage apertures and allows
camning surface 100 to push upper lock balls 44 into
cross-section reduction.llo. and out of enlargement
120. The carriage ls_now free to'mové axially with

1§ respect'to the-body. and is beginning to approach
driven head 30, although post 141 and slot 134 have

not yet engaged. : : v

The tool continues to advaﬁce toward the stud. When
20 _ post 141 engages slot 134, the rotation supplied to
dfiven head_so drives the cﬁrriage. lower lock balls
" 46, and jaws 50, thereby imparting rotational lotién
to the stud. The stud begins Eo thread into the work

piece.

25



post 141 and slot 134, the rotational notion inparted to the stud has

ceased, and the inplantation of the stud is conpleted 10 To renove the tool
it*is sinply necessary to pull the tool upwardly away fromthe stud and _
wor k piece. This serves to pull the jaws 50 in a direction away from \“Q\
carriage 40, thereby disengaging closing contours 102 15 . and 112. 2.
When t hese contours have becone sufficiently disengaged and the jaws 50
hawe been opened by the interaction betwe t he threaded portions of the

jaws 50 and the stud, spring 114 forces Ta “us 62 to engage bl ocking

.surface 130. Hol di ng cfgq ang, . 0 e y d and
agai n prevent the renova q%#&t @li]]'fivq\’/(si é%efvre&%e%lhgr?éoragﬁéi’#él ga??ggg?
nmovement between the j@w ﬁ{“ilfé‘rﬁdm%ﬂ&%.Ca‘ﬁ%%vﬁl‘?eﬁiﬁéérPéﬂ@ PRET NG eS
45 to becone 2S aligned with enlargenment 120, and has allowed the -

20C- upper edge of crafifotsadd @ontahua it bel@nigaged; CEnwpatnud! 05Ke bAt hér 44
into enlargenment 120. The stud has therefore been automatically di sengaged
fromthe tool, and thehreadedd imtad\t HeowoxkolpliececundesetSives to draw the
5 carfiage downward away from head 30. The carriage 40
moves sufficiently away from the head 30 to disengage
: \J; _ ' post 141 and slot 134, the rotational motion imparted
-to the stud has ceased, and the implantation of the
stud is completed.
10
To renﬁve the tool it 1s'sinply necessary to pull the -
tool upwardly away from the stud and work piece. This
gserves to pull the jaws 50 in a direction away from
i . carfiage 40, thereby disengaging closing contours 102
15 and 112. When these contours have become sufficiently

disengaged and the jaws S50 have been opened by the

~ interaction between the threaded portions of the jaws

wnrt N e ———————s §

50 and the stud, spring 114 forces annulus 62 to
engage blocking surface 130. Holding contours 104 and
20 106 are now fully engaged and again prevent the

- removal of the jaws 50 from the tool.

R N T

The relative movement between the jaws and carriage
has caused upper carriage apertures 45 to become

25 aligned with enlargement 120, and has allowed the

S e m e g e o m— - e -



The conpector of the present invention is disposed between the-torque

-

limt apparatus and the automatic stud driving tool, and conprises a

port i Ffntegral with the body 710 of the torque limting 10 device, a .,
port i Yntegral with body 10 of the -21- automatic stud driving tool, '
and aportion integral with driven head 30. The driven head 30 according to
the present invention 5 differs fromthe driven head disclosed in -

Pat:ent Application No 2 135 922 in that the upper surface of the driven S
head 30 of the present invention has-p88¢-166 extending therefrom This

post is provided with external threads. 10 Correspondingly, the |ower
surface of base 71MRpern iedgeoofusrosa-seatiappardugtion %KQ bectonce
invention is provided wth g or, 16% extendiEg thereinig. This bore 164 is
provided with threPPeSt 1O0F¥ 22}ds:44 into gpippgeaenbnlad. ( nEhexsehdal

t hreads of post 166. The digen _h 30. pa [ r threaded into the
bott om of base 710%‘ nEﬁggfﬁﬁgfy%???egugﬁé?gpgag}?hs}ggﬂéﬁ?gﬁoPﬁﬁfht%%iaI

and rotational MVERR, 42 the t48% R3SPeddy FbE0aRBEREFREELe NOUSI NG 170

f or med

S
The connector of the presgnt-ihventionlis disposed
‘between the torque limiting apparatus and the \;J
‘automatic stud driving tool, and comprises a portion -
integral with the body 710 of the torque limiting

10 device, a portion integral with body.lo of the




integrally therewth.

peri pher al

wal |

ext end

Thi s adaptor housing 170 can take the form of a_' AN
I ng downward fromthe bottom of base 710. The

interior of "'this adaptor housing 170 is preferably cylindrical. and h
-22- at its lower nost
to the upper edge of this threaded section 162, the interior of adaptor
housi ng 170 is provided with an increased. dlaneter portion 5 160,

whose! dlane

ter

is larg

portion a threaded section 162. |medi ately adjacent

er than the | argest dianeter encountered at threaded

portion 162. The body 10 of the automatic2&twud driving tool is provided at
its upper nost end with external threads 10 152 of the sane
configuration as intePHiPBakicagiudcdriringdtact; yandijaRant ion tintegnadr

edge t hreaded portion
section 150, whose di

t hr eaded section 152.

housi ng 170,

al l ows the uppernost 3
170 by a sinple threa

o

5

10

15

20

25

d
A
t
1

c

ovided with a reduced di aneter
gigﬁeprggxgnﬁFPérgﬁhan the smal | est di aneter of

Durlng 15 assenbly of body 10 into adaptor

t hreaded section 152 mates with t hreaded section 162, and

pggagébeﬂthat 8008cbEALHYCES Whd Thrk AP L Hy VAN
iffers from the driven head disclosed in Patent
pplication'uo 2 135 922 in that the upper surface of
he driven head 30 of the present invention has post

66 extending therefrom. This post is provided with

Xxternal threads.

orrespondingly. thé lower surface of base 710 of the

torque 1initing apparatus of the present invention is

P

rovided with a bore 164 extending thereinto. This

bore 164 is provided with threads of the same

c

onfiguration as the external threads of post 166.

The diven head 30 may therefore be threaded into the

bottom of base 710, and securely fixed thereto #ith

r

T
i
t
t

espect to both axial and rotational movement.

he basé 710 also has adaptor housing 170 formed
ntegrélly therewith. This adaptor hoﬁsing 170 can
ake the form of a peripheral wall extending downward

rom the bottom of base 710. The interior of this

adaptor housing 170 is preferably cylindrical, and has

PR - s - - « cee e N TS - e cmmeaes e am o m



20 However, when the uppernost end of body 10 becones sufficiently drawn

into or housing 170, the threaded portion 152 is entirely opposed by
i ncr e di aneter section 160, while threaded portion 162 is 25
entire pposed by reduced dianmeter portion 150. - - 23 - Body 10 is

therefor€ free to rotate with respect to adaptor housing 170, but 'is
constrai ned from axi al novenent by the engagenent of the |owernost portion -
of threaded area 152 with the uppeppost edge of threaded 5 area 162. «'
This allows the stud driving tool to be firmy secured to the torque

limting devicau its lloWRire mostsipby tibaaaseheakdednsaaeionFusbher, because
body 10 is 10 rotatable with respect to adaptor housing 170, and

t her ef ore al so Immeidik¥4lyn adjacenthead tie, upperi egged46£cahikoad onto the
driven head at any position of the body. That is, when carriage 40 js
rotationally irheeadeded$enitionddiéen theadngeripbosdpfledepharnbossing
rotatable with respect to both driven head 30 and carriage 40. This
rot at abl e coupli’fy iiseProsmideddyith and ingsgrsednddampger7ponkioBi dably
result% 'n Sqnﬁé%ha¥hgggwgigmeter is larger than the largest

diameter encountered at threaded portion 162.

The body 10 of the automatic stud driving tool is
provided at its upper most end with external threads
16 152 of the same configuration as internal threads 162.
Immediately adjacent :o'thellowe:_edge threéded
portion 152, body 10.is provided with a reduced
diameter section 150, whose diameter is smaller than
~ the smallest diameter of threaded section 152. Duriné
15 assembly of bddy.lo into_adaptot-housihg 170, threaded
section 152 mates with threaded section 162, and
allows the uppermost end of body 10 to be introduced -
within adaptor housing 170 by a simple threading
action.
20.
Ebweve:, wheh'the-uppe:most end of body 10 becomes
- sufficiently dréwn_into adaptor housing 170, the
threaded portion 152 is entirely oppésgd”by increased
" diameter sectioh 160, while threaded portion 162 is

25 ehtirely opposed by'reduced diameter portion 150.



20 these two el enents. However, this play can be mnimsed through
t he provision of close tolerances between increased dianeter section 1 \\
and exferndl threads 152, as well as between reduced dianmeter section-

and internal threads 162. The alignment of body 10 .and adapter housi ng<l?

can be further ensured by - 24 - providing external threads 152 to the
upper nost edge of body 10, while providing internal threads 162 to the
| owernost edge of adaptor housing 170. 5 The axi al novenent of body

10 with respect to adaptor housing 170-wB@n-the tool is fully assenbled can

be m nim sed by ensuring that as small a cl earance as possible exists
bet ween the upper ed§84%r 1Pnisr FAerefPEe Erae X o krtake IWhidt respecss to

I h ds 10 . 152, | i ' 732, i by -
20 st abl & monber  73R4RPERPSAPRPAPET 70 BYG X SORTERRA Rl dfy BxaALng
t to be t ' t [ Aimti
tovice to base 710, MeyCHehtoRy! Phe PRYdodheds of end Vodlallt bty oRdor
transmitted during tRgreaued! aPes" P62 "G SR WS pg¥rddit Ydie ¥r vhrdalieg!

to the stud, which is threaded into the
: 5 area 162.

U - This allows the stud driving tool to be firmly secured
to the torque limiting device in a simple, easily
disassembable nanher. ‘FPurther, because body 10 is

10 rotatable with respect to adaptor housing 170, and
therefore also slot 134 on driven head 30, carriage 40
can load onto the driven head at any position of the
body. That is, when'carriage 40 is rotationally
interlocked with driven head 30, body 10 reamains

15 rotﬁtable with respect to both driven head 30 and

carriage 40.

This rotatable coupling between body 10 and adaptof
housing 170 unavoidably results in some play between
20 these two elements. However. this blay can be

minimised through the provision of close tolerances
between increased diameter section 160 and external
threads 152, as well as between reduced dianetér

~ section 150 and internal threads 162. .}he alignment
of body 10 and adapter housing‘170 can be further

ensured by



wor kpiece. We
exany ue to
N\ed of

causes The rot
710. . The t
of thé automat
m ni m zi ng any
exanpl e of the
devi ce can be
will result in
into a blind h

n this normal operating sequence is 20 i nterrupted,

for

a msalignnent between the stud and workpi ece, the torque
the stud driving tool becones abnormally high. This reaction-
torque”i g then transmtted to driven head 30, and to body 710, where it
ational 25 di sengagenent between sl eeve 712 and body

ool therefore prevents excessive torque being applied to any

ic stud driving tool the stud, or the workpiece, thereby

8%%&%% neszfte&nslp&mgas' RY8NLL0p et Bpga.%gﬁg L{sggti ng

reset t rel ease at torque sone

ol e en the stu contac s the bottom o hol e,

t which
ol %hgﬁqoof w&.fiqesg%vﬁ@ﬁ sauéesﬁalt Eﬁ?e?ﬁgll 62 to driven

and

the torque enceneat aowdrRvsthedgeudfdaddpbort ROLsiAg £28¢S substantlally
When this torque reaches the preset val ue of the torque limting device,

the torque limting 15 - device is disengaged fromthe
ut, and the resulting non-rotation of the stud driving tool

t he out put of
rotational inp
i ndi cabes t hat

10

Thiee astiad moveheort ofi bodyt 40i withukesprténto adaptor
housing 170 when the tool is fully assembled can be
minimised by ensuring-thaﬁ as small a clearance as
possible exists between the upper edge of internal
threads 162 and the lower edge of external threads

152.

‘In operation, ﬁhe-spring 732 is preset by adjustable

member 734 with sufficient tension to allow normal

operating torques to be transmitted from the input of

15

the torque limiting device to base 710, and thereby to
driven head 30. This torque is then transmitted

during the normal dpérating sequence of the stud

" driving tool to the stud, which is threaded into the

20

25

workpiece. When this normal operating sequence is

" interrupted, for example due to a misalignment between

the stud and'workpiece,.the torque encountered of the
stud driving tool becomes abnormally high. This
reaction torque is then transmitted to driven head 30,
and to body 710, where it causés the rotatiohal

disengagement between sleeve 712 and body 710. The

~

S
damage t hat m ght ogcur due to the mal function. As a further

-



20 O her nodes of operation will be readily apparent to those skilled
in the art. - -26 - 1. A connector between two rotary driven tools, an

upper tool and a | ower tool, wherein a rotational 5 out put of the =
upper tool is transmtted through said connector to the | ower tool, an
| ower tool has a carriage rotatably disposed within a | ower tool bodijéggf
connector conprising: (i) an adapt or housing secured to the upper

toet for rotation therewith said adagtar housing having a socket and bei ng
axially secured to said | ower tool body at an internal surface of said

socket of the adayyiereduredidie pe RRnEs! exte@sliveCiotgak Be@ugt appriage
relative to said adaptor housing; and 15 (i) a driven head

axi al |y secured g die ol affieoradtonaitig seudr drdviag tbelewths, sbua,
.renovabl e from the housing during disassenbly, the driven head being

di sposed wi t hi n dthetheoolcatkpieoehi cheriebyl miaimizdngbedy dsmageutbatto the
adapt or housing, said 20 driven head and said carriage each-being
provi ded with nmight Qanusudiies toh theamalfungtioan head and the carriage
can be %?Iectlvely rotationally

As a further example of the operation of the present
invention, the torque'limiting device can be preset to
release at a torque somewhat less than that which will
:esuit in breakage of the stud. The stud can then be
10 driven into a blind hole. When the stud contacts the
bottom of blind hole, and the torque encountered by
the stud driving tool increases substantially. When
this torque reaches the preset value of the torque
limiting device, the output of the torque limiting
15 device is disengaged from the rotational input, and
. the resulting non-rotation of the stud driving tool
N indicates that the stud has been driven to its full

extent.

20 Other modes of operation will be readily apparent to

those skilled in the art.



- 27 - interconnected; (iii) wher eby the rotational output of-the upper

t ool |s transn1tte dapt.or housing, to the driven head, and
t hen £0.f he c The connector of Caim1, wherein free

r ot a%}?)eans !ﬁﬂ ”flm allowing the lower tool body to rotate
freet h respec | ower tool carriage and the adaptor
hou5|ng 10 3. The connector of Claim2, wherein the free rotating

means conprises an externally t hreaded %rtlon at the uppernost end of the ui_
| ower tool body, a reduced dianeter portion adjacent to the | ower edge of
15 said externally threaded portion. the reduced di aneter portion
having a dianmeter smaller than the smallest dianmeter of the externally
t hreaded portion, an internally threaded portion at the | owernost end of
sai d adaptor housing, an increased dianmeter portion 20 - adjacent to the
upper edge of said- internally threaded portion, said increased dianeter
portion having a dianeter larger than the | argest dianeter of the
external ly threaded portion whereby theLAaM8rnal and external threads nesh
when the | ower tool body is '
1. °~ A connector between two rotary driven tools, an
upper tool and a lower tool, wherein a rotational K;J
5 output of the upper tool is transmitted through said .
connector to the lower tool. and the lower tool has a
carriage'rotatablf disposed within a lower tool body.
the connector coaprising:
(i) an adaptor housing secured to the upper
10 tool for rotation therewith said adaptor housing
having a socket and being axially secured to said
lower tool body at an internal surface of said socket
of the adapter housing to permit said lower tool body
to rotate relative to said adaptor housing: and W
15 {ii) a driven head axially secured to the
adaptor housing for rotation therewith, but removable
rron“the'housing during disasaemhly.'the driven head
being disposed within the socket in which the lower
tool body is secured'to the adaptor housing, said
20 driven head and said carriage each being provided with

mating contours such that the driven head and the

carriage can be selectively rotationally



25 I ntroduced into said adaptor housing, but when the - 28-
upper nost edge of said | ower tool body abuts the bottom of said socket t he

i‘nternal threads are entirely opposite the redUCﬁn“ on and the
external threads are entirely opposite the 5 I L ﬁHﬂﬂal ter w;;;//

portion, allowing the |ower .tool body to rotate fteely i h sespect to t
adapt or housi ng while preventing axi al. novenent between the | ower tool
ard t he adaptor housing. 10 4. A connector as in Claim1l. wherein
the mati ng contour conprises a slot in -t #€ dariven head and a square cross
section post on the t %rfgggtgf ,the carriage, the carriage being capable
of axial novenent wi thH T ﬁg fhe driven head to sel ectively engage 15
and di sengage the post mnth slo e t i al

| (4232, knaReBy "RE kB A0FE0T Ao S5 to

facing | ower surface of the
approach the slot beygpért R8ohOWEr BPahathabaOEni-begﬂle/ﬁa 8L S s

rotates relative to said driven head and appr oaches engagenent mnth
said slot. S. A anmmetﬂri&enlheﬁhalﬁhﬂ t hénCcoo Dt Né\t ddXr Mg\, t he | over
tool, which is an automatic stud dr|V|ng t ool conprising
5
2. The connector of Claim 1, wherein free rotating
WA ' means are provided for allowing the lower tool body to

rotate freely with respect to both the lower tool
carriage and the adaptor housing. |

10
3. - The connector of Claim 2, wherein the free
rotating means comprises an externally threaded
portion at the uppermost end of the lower tool body, a
reduced diameter portion adjacent to the lower edge of

‘18 . said externally threaded portion, the reduced diameter
portion having a diameter saaller than the smallest
d;aleter of the externally threaded portion, an
internally threaded portion at the lowermost end of
said adaptor housing., an increased dianeter'portion

20 “adjacent to the upper edge of said 1nternaily threaded
portion, said increased diameter portion having a
diameter laréer than the largest diameter of the
externally threaded portion wheredby the internal and
external threads hegh when the lower tool body is

25 introduced into said adaptor housing, but when the



25 ————safd“rﬁﬁEFﬂFBBTgbody, sai d body being hol |l ow + 29.- and

havi ng an i nner 'E“lomer tool carriage, said carriage disposed
wi t hi nssai d. bog“m ﬂ m“ﬂm ngi tudi nal axis, the carriage provided with
a cavi extendfges ¢ " Yhérethrough along said axis: a pair’ of opposed
jaws pkovi ded partially within said cavity and capable of sliding -

si mul't alteously as a unit along the axis of said carriage, the jaws being
substantially non-rotatable 10 W th %espect to said carriage, means

for assuring that the jaws are further=c2dabdl e of axially nmoving with
respect to the carriage_to_at | t sjtions, rel atiye t.o .eagh other,
an open po;ition.andugyeragﬂé ng?t?%ﬁgaqg i%"er5t°°iEb?%&u?ﬁﬁﬂﬂ}ghgj aws
bei ng provi ded wi th gk pBRNge TERDS §biek | ALA% Rk éii) [dh ey 3t 30! €
manner when said jaws are in said closed position, and for releasing said
'stud when said jaws. 3581#31?%%89?@;%tﬂ‘&ﬂic&p_dianeter port ULV aRld N9
means for positively preventing the jaws from noving fromthe open position
to the closed positieneugkEébnal Sthrleads GRSt ¥rély STPrbalitidVhg
5 increased diameter portion, allowihg the lower tool
- body to rotate freely with respect to the adaptor
housing while preventing axial.ndvenent between the

lower tool body and the adaptor housing.

10 4. | A connector as in Claim 1, wheréin the mating
- contour comprises a slot in the driven he#d and a
' square cross section post on the top surface of the
carriage, the cﬁrriage-belng capable of axial movement
with respect to the driven head to selectively engage
15 and disengage the post with the slot, and wherein the
" contour of the axial facing lower surface of the _
‘driven head is chélfered-to allow the post to approach g*)
the slot beyond the lowermost poin: of the diven head
as the post rotates relative to said driven head and

‘20 ~ approaches engagement with said slot.

5. A connector as in Claim 1, in combination with
. the lower tool, which is an automatic stud driving
tool comprising:

25 o said lower tool body, said body being hollow



Ce

nmeans: holdlng means provi ded to prevent the renoval of-the jaws

fromthe carriage driving nornmal operation jaws a \{n
sai d open position. said holding neans corrprl mﬂﬁ# Hmﬂg M ol d| n
contour on the surface said jaws and a per nanertt kol di *

surface of sai d cavity, such that when the jaws 5 . assune thelr open
position during normal operation the permanent hol ding contours abut and
prevent renoval of said jaws, but when said jaws assune their closed
position the pernmanent hol di ng contours” &§rﬂn abut and the jaws can be
renmoved fromsaid caryri that said jaws are held within said

carriage at the open 1)'6‘@% #‘%Lﬁfﬁtﬁmﬁ Vcﬁﬁv by sal d permanent

contours; wherein the carrlq&ﬁ S said
body: and 15 ' t he J%?év% 4 ransnﬂ?? ?ogg?k h t he

connector to the car rd??‘oiéh tmmy Jﬂ@tﬁdw%aﬂ\ﬂ%uhe h”lBH&i‘tﬁ@%ﬁLf the

stud into a workpiece he connector as in Qaimb5 wheréin t
carriage of the autorgtis, (nel c"knmm iprdvidedvithl ¥ sRvabycedtbhdiRgPECt

to sald body when said jaws are
5 therethrough along said axis:;
a pair of opposed jaws provided partially
QJ: : within said cavity and capable-of sliding
simultaneocusly as a unit along the axis of said
carriage, the.jaws_being substantially non-rotatable
10 with respect to said carriage, means for assuring that
the jaws are further capable of gxially moving with
respect to the carriage to at least two positions
relative to each other, an open position and a closed
position; |
15 the pair of jaws being provided with gripping
means for gripping a stud in é non-rotatable ménner
when said jaws are in said closed position, and for
releasing said stud when said jaws are in said open
position:
20 preventing means for positively preventing the
jaws from moving from the open position to the closed
-_position_unless a stud in engaged with said gripping
means; |
holding means provided to prevent the removal

25 of the jaws from the carriage driving normal operation



in a closed p

body serV|ng to gage the mating contours. and means are
provw/ i B g such novenent of the carriage relative to
t he gkar%h en s 7. The connector as in CGaimé6. -

b

venent of the carriage realtive to the

wher carrlage preventlng means conprises at |east one upper

| ock an enl argenent in the inner surface of the body, an upper

aperture through the wall of the carriage and a portion of the jaws havi ng
a reduced cross-section, wherein each=upPer | ock ball has a 10

di anmeter larger than the thickness of the wall of the carriage, and is
carried in the uppth&BePP&ﬂejPH’tHEec&Pr?agﬁ oRen P%ﬁthiﬁhalsﬁﬁﬂHhQ1ﬂiqeww
are in their open position. ar genent and t he upper

aperture are allgne&eaﬂﬁtcPﬂgriégﬂg 3"‘“L“Er€%§ i t??ﬁF?ﬂ’t?ﬂeﬁQﬁw i s
o L AR S B AR b i 1
Egﬁ%ecfgr.asllﬁ-CIaF#féguagg?g?% mﬂﬁi&dﬁggfg pg%ﬁgp!%ﬁ€%elr closedﬂa‘mth i
position, tise reduchisgimentheir open position during normal operation the
pérhanent holding contours abut and prevent removal of
said jaws, but_when-sgid jaws assume their closed \;)
' pdsitidh the permanent holding contours do not abut '
and the jaws cangpe removed from said carriage such
10 that said jaws are held within said carriage at the
open position substantially only by said permanent
contours;
wherein the carriage is ax;ally movable with
respect Eo said body: and '_
15 | the upper tool transamits rotation through the

connector to the carriége to thereby rotate the jaws,

to in turn rotate the stud into a workpiece, _ e

6. The connector as in Claim 5 wherein the

20 °  carriage of the automatic stud driving tool.is axially
movable with respect to said body when said jaws are
in a clpSed'position.-the‘axial movement ofgthe
carriage realtive to the body serving to engage and

diséngagé the mating confours. and means are provided



cross-section is aligned with each upper aperture in the carriage wall, so

t hat each upper | ock ball can -32 - nove-ewt—of—theentargenent ™

thereby free the carriage to nove axially wthg body. (9.4},
An automatic,stud driving tool in conbination mﬂgﬂﬁ |B“ MOnne { or ¥Yas
in Caim8 wherein the automatic di sengagene ses*t he ratationa

I nt'erconnec- tion between the driven head and the carriage to becone
disengaged before the upper carriage aperture becones realigned with the
enl argenment in the body 10 cavity~- 3Q. - The connector of Caiml, in
conbi nation with an upper tool which is a controlled torque apparatus
conprising: 15 for prevgntingt syghsmavement yofthedeanniagm makatiixe ng
an open end, a closed end and a sidewall; a second substantially
cylindrical nmember hd® ffeabedgs¥henng2ifdqIave; BERPPeNt he cl osed end of
said second cylindrical nenber fitting within the open 20 end 6f said
first cylindrical nenber; torque overl oad-responsive clutch neans

I nterposed between sgid firgha20dneeedd &' LHIEILA € WRFein the

5 carriage preventing means comprises at least bne upper
lock ball. an enlargement in the 1nngr surface of the
Kﬁf _ body, an upper apérture through the wall of the
| carriage and a portibn of the jaws having a reduced
cross-section, wherein each upper lock ball has a
10 diameter larger than the thickness of the wall of the
carriage, and is carried in the upper aperture in the .
carriage wall, such that when the jaws are in their
open position, the enlargement in the body and the
upper.aperture are aligned, but the reduced
18 - cross-éection of the jaws is not aligned therewith,
thereby causing the upper lock ball to protrude into
‘the enlargement and preventing'the relative moveﬁent

of the carriage and body.

20 8. An automatic stud driving tool in combination
with a connector as in ciain 7. wherein when the jaws
are in théir closed position, the reduction in
cross-gsection is aligned with each upper aperture in

the carriage wall, so that each upper lock ball can



means for securing said -secend eyllndrlcal 25 menber within said first
cylindrical menber, said ecuring means connecting said first

cyl i ndrjeal mlﬂmlﬁummgﬂﬁ d cyI indrical menber so that said first
cyl i ndflie me ally fixedly secured to said second

NZa) nenber Dut” 5 rotatable relative thereto and conprises: an

apertur hrough the sidewall of said second cylindrical nmenber; a ball .
beari ng di sposed in said aperture. the sidewall of said second cyllndrlcal-ui
menber having a 10 t hi ckness | ess 3han the di aneter of the ball
~bearing; an annul ar bearing race fornmed on the inner surface of the

sidewal | of said fipayecovt mef the Qﬂ%ﬂﬁﬁeﬂﬁmﬁré@ﬂbﬁ@ﬁﬂ;bﬂbffaﬂdt&perture

and ball bearing retaining neans |ocated within 15 sai d_second

cylinder to retain %%FEFQéhItQMQRY?uf§¥?%%¥(Y%ﬁQHQﬁﬁﬂictlfp thepbodinect or

as in daim1l, in conbination with an upper tool which is a controlled
t orque apparatus 20 conprising: a first substantially cylindrical

menber having an opgn endyn 3¢ (et € A2 ViYL in combination

5 with a connector as in Claim 8, wherein the automatic

diéengagenent means causes the rotational interconnec-
tion between the driven head and the carriage to i;)
" become disengaged before the upper catriage aperture
becomes realigned with the enlargement in the body

10 cavity.

10. The connector of Claim 1, in combination with
-an ‘upper tool which is a controlled torque apparatus
comprising:

15 a first substantially éyiindrical member having
an open end, a closed end and a sidewa;l:

a second substantialiy cylindrical member
having a closed end and a sidewall, the closed end of
satd second cylindrical member fitting within the open

20 end of said first cylindricél'nenber:
| torque overload-responsive_clutch'néans
interposed between said first and second cylindrical
' members;
‘"means for securing sa;d second cylindrical

25 member within said first cylindrical member, said



v

first engagi ng ‘neans extending fromthe exteri-er—ef—the—Ttosed end of said

first cylindrical 25 menber s -34- a sec
¢yl indrical. nember having an open end, a cl osed mg ﬂﬁ'ﬂ "E&M
cl osed end of said second cylindrical nmenber fit ope
- said first cylindrical menber; 5 second engagi ng nean
ext-ending fromthe open end of said second cylindrical nenber; adjustable
t B¥que overl oad-responsive clutch neanSéQHENposed bet ween said first and
second cylindrical nenbers; 10 “neans f or securing said

second' cyl i ndr i cal JEERELol ddiih ihddvisly HdP1ket! (HTTRAE1 037 ¢

securi ng neans connect | ng S er t Sard~second

cylindrical nenber sgedbésd ©6ishid sdcdnd Imrﬂmzemnhehbbguhenahsed Pi‘b'y

fixedly 15 secured to said second cyli'ndrical menb rotata

rel ative thereto andfcesprefbridricalpaiduber iy Quagitbainateyakk xedlgai d
second cylindrical nenber; a ball bearing disposed in said aperture, the 20
sai dewal | of said semammreqlhoukakﬂﬂseundiﬂcjtﬂndn;cal menber but

5 rotatable relative thereto and coaprises:
an aperture through the sidewall of said second
cylindrical member;
~a ball bearing disposed in said aperture, the
sidewall of éaid second cylindrical member having a
10 thickness less than the diameter of the ball bearing:
an annular bearing race formed on the inner
surface of tﬁe sidewall of said tirst_cylindrical
member corresponding to said aperture; and
-ball bearing retaining means located within
15 said second cylinder to retain said hall bearing in

salid aperture.

11, A connector as in Claim 1, in combination with
an upper tool which is a cbntrollgd torque apparatua
20 coaprising:
| a first substantially cylindrical member having
an open end, a closed end and a sidewall:
- first engﬁging means extending from the
exterior of the closed end of said first cylindrical

25 member:



t hi ckness | ess than the dianeter of said ball bearing; an annul ar bearing
race fornmed on the inner surface of the sidewall of said first cylindrical
menber. ¢Qr¢ 8spondi ng to said aperture; and 25 bal | bearing
ret ai ni pgs ns |located within -35- said second cylindrical menber to
retain §aid pall bearing in said aperture. 12. A connector as in Claim1

I n conbi on with 5 an upper tool which is a controlled torque .
apparatus conprising: a first substantially cylindrical nenber having an Nt
open end, a closed end and a sidewal | ; -f Bdst+ engagi ng neans extendi ng from

t he 10 exterior of the closed end of said first cylindrical nenber; a
second substantially cylind@ &acondnBupbskaptiglif spiandrical resker end and

i dewal |, the closed end of said d cylindrical nenber fitting 15
i thi the’ open ond g1 A a0 ARSR FRRncs: EAPeRANBER. 2B8:8,ALAREALT Nt ans

extending from the oneief! ofa 33 4a38°94doRd! b9t nGPL oUE RERbeRT} HEL A0} ©

torque overl oad-responsi ans conp
: within the open end of said first cylindrical member:;

5 .-  second éngaging means extending froam the open

end of said second cylindrical member:

adjustable torque overload-responsive clutch U
means interposed betveen said first and second
cylind:idal members:

16 means for securing said second cylindrical
memhér within said first cylindrical member, said
securing means connecting said first cylindrical
member to said second cylindrical.nenher 80 that said
first cylindrical member is longitudinally fixedly

15 secured to said second cylindrical member but;
rotétable relgtive thereto and comprises:

an aperture through the sidewall of said second
cylindrical member:;
a ball bearing disposed in said aperture, the

20 saidewall of said second cjlindrical membher having a

thickness less than the diameter of said ball bearing:
an'annular'beariﬁg race formed on the iﬁner

surface of the sidewall of said first cylindrical

nember'cdrrésponding to said aperture: énd

25 ball bearing retaining means located within



S

20 . a part-spheri-cal recess on the inner surface—ef-the closed

end of said first cylindrical nenber; a hole through t d end of said
second cylindrical nenber corresponding to se”ﬂllﬂjﬁﬁ wﬁﬂl“ﬂiﬁue ‘3
transmtting bearing |located in said 25 X L ol es g%%&;
a spring disposed within said second cylindrical nmenber to apply forc

said torque transmitting bearing; and adjustnment neans for changing the

f okce applied 5 by said spring: means for securing said second
cylindrical nenmber within said first cy+i®8ir+cal nmenber, said securing
means connecting said first cylindrical nenber to said second cylindrical
menber so that said fPaig gecond crlindmpicel semberta seatain sadidndaly
fixedly secured to sajd second cyljndrical nenber but rotatable relative
thereto and conpri ses?®8hiBPctR ALY ARIVER: si dewal | of said second
cylindrical nmenber; 15 a ball bearing disposed in said '
aperture, the sidewall of said second cylindrical nenber having a thickness

[ess than the dianmetej,of thg OlledESE 49 in Claim 1. in combination with

5 an upper tool which is a controlled torque apparatus
comprising:
W ' - a first suhstantially'cylindrical member having

an open end, a élosed end gnd a sidewall:;
first engaging means extending from the
10 exterior of the closed end of said first cylindrical
member; |
a second sdbstantially,cylindrical'nenber
having an open end, a closed end and a sidewall, the
closed end of said second cylindrical member fitting
15 " within the open end of said first cylindrical member;
o second engaging means extending from tﬁe open
"end of said second cylindrical member:
adjustable torque overload-responsive means
coaprising: |
20 ' a part-spherical recess on the inner surface of
the closed end of sqid first cylindrical meamber:
| a hole through the closed end of said second
cylindrical aember corresponding to said recess:
a torque transmitting bearing located in said

25 recess and said hole;



[PPSO

an annul ar bearing race forned on the inner surface.of the sidewall of said

first ¢ I|ndL+ea+—26~—""ﬁ§ﬁ55F correspondi ng to said aperture; and bal

g4 1a|n| within said second cylindrical nenber to
' \mﬁ&w ““ d aperture. - 37 - 13. A connector as
-, IMO

nswi th an upper tool which is a controlled torque

appar conpr|5|ng a first substantially cylindrical menber having 5
an open end, a closed end and a sidewall; first engagi ng nmeans extendi ng
fromthe exterior of the closed end of $8 ¢ first cylindrical nenber a
second substantlally cylindrical, nenper 10 avi ng an open end, a

cl osed end and a S|demall tﬂ?qﬁnﬂkéﬂ’@ﬁﬂeéf"%&P&nséegﬂd’eyppﬁdrlcal menmber
fitting within the g id first c Lin second ‘
engagi ng neans exten Hi?i % nt8nadP *ysgPH°§e58nﬂa§9IFﬂﬂ??ﬁal
menber; 15 tran éyy %@b&ganggqeagxerload responsi ve neans
conprising: a sem - spherlca cess on I'nner surface of

adjustnent means for changing the force applied
5 by said spring:

means for securing said,second_cylindrical

e

member within said first cylindrical member, said _ &;J

securing means connecting said first:cylindrical member
to said second cylindrical member so that said first
10~~ cylindrical member is longitudinally fixedly secured
" to said second cylindrical member but rotatable
relative thereto and comprises:
an aperture through the sidewall of said second
- cylindrical member: _
15 | : a8 ball bearing disposed in said aperture, the

'sidewall of said second cylindrical member having a

thickness less than the diameter of the ball bearing: N

an annular bearing race formed 6n the inner
‘surface of the sidewall of said first cylindrical
20 member corresponding to said aperture; and
ball bearing retaining means located within
said second cylindrical nenher to retain said ball

bearing in said aperture.

K]
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the closed end of said first cylindrical nenber;_a hole through the closed

end of said second 20 cylindrical nenber correspoﬁﬁTﬁ@‘T“@afd-recess;
a*torque transmtting bearing located in said reciﬂlﬂﬁwﬂ -

spring disposed within said second cylindrical "'m‘ H ’ce t

said torque 25 transmtting bearing; -38- 4 sbbstarti &

di sk-shaped spring shoe disposed in said second cylindrical nenber bet
sard- spring and said torque transmitting bearing; and adjustnent neans to
change the force applied by 5 said 8préng; neans for securing said
second cylindrical nmenmber wthin said first cylindrical nmenber, said
securi ng neans conneciBrg sahdcennectop| amdincelaimnberin aichbdaatidn with
cylindrical nenber so that first 10 cylindrical menmber is

| ongi tudi nal'ly fixedl $RsBRREEJLEBL sahacbeb%nﬂ e9ntrelkled t onguec epparatus
rotatabl e relative thereto, apd conprlses an aperture through the sidewal |
of said second cyIindFPBBFiﬁgﬁ%er a ball bearing disposed

yn sai d aperture, the. a first substantially cylindrical member having
S an opeh end, a closed end and a sidewall:;
first engaging means extending from the
i exterior of the closed end of said first cylindrical
member: |
a second substantially cylindrical member
10 '~ having an open end, a closed end and a sidewall, the
closed end of said second cylindrical member fitting
‘Within the open end of said first cylindrical member:;
second engaging means extending from the open
end of said second cylindriéal a’ember;
15 adjustable torque overload-responsive means
coaprising:
a seii-spherical recess on the inner surface of
the closed end of said first cylindrical member: |
a hole through the closed end of said second
20 cylindrical member corresponding to said recess:;
a torque transaitting bearing located in sa;d
recess and said hole;. |
a spring'disbosed within said second
cylindrical member to apply force to said torgque

25 transmitting bearing;



sidewal | of said second cylindrical nenber having thickness | ess than the

di anet er._ of said ball bearing;.an annul ar bearing race forned on the inner
surfadg_of. th ﬂmﬁ“lﬂﬂmﬂm first cylindrical 20 menber

corre ingi“ﬂl Me; -said spring shoe acting as a ball bearing
retai nhog/ means* t & rétaln $aid ball bearing in said aperture. -39- 14.

A control l ed"torque apparatus as clainmed in Claim1l2 wherein said second

cylindrical nenber isinternally threaded and said adjustnent neans

conprises an externally threaded nut di 88osed within 5 sai d second

cylindrical nenber. 15. A controll ed torque apparatus as clained in

C ai m 13 wherein said secofd supstantiediydiskrshapedspning yshoe caded and

sai d adj ustnent nea 10 conpr,i ses an externally threaded nut di sposed
depraed 4n aend

wi t hin sai d second ePec9Bd crlindricthcrenpernsbetyeen aim 1,
e oy LR UE b hnA R CPRBRLS T 1St e e
surface and having an aXiSEdjustnent means to change the force applied by
S ‘ said spring;
means for securing said second cylindrical
'nénber within said first cylindrical member, said Q;;
securing means connecting said first cylindrical
member said second cylinerCal'nenher 80 that first
10 - cylindrical member is longitudinally fixedly secured
to said second cylindrical member but rotatable
relative thereto and comprises:
an aperture through the sidewall of said
second cylindrical meaber:; |
15 S a ball bea;;ng disposed in said-éperture; the
sidewall of said second cylindrical neiher'having
‘thickness less than the diameter of said ball bearing: A
an annular bearing race formed on the inner
surface of the sidewall of said first cylindrical
20 nenbeb corresponding to said aperture:
said spring shoe acting as a ball bearing
retaining means to retain said ball bearing in said

aperture.
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the carriage, said carriage having a cavity therein disposed within said
hol | ow body and capabl e 20 of axial novenent reartive—teo—the body;
pkural ity of jaws disposed at |east partially wi vity and bqgf
axially novable relative to said carri age t he jl“’,ﬂﬂg '@”M’H‘ 0 assu
open p05|t|on and a cl osed position; head being
engageabl e with the -40 - carriage mhen said carriage is at an upper
posttion with respect to the body, but being di sengaged fromthe carriage
when the carriage is at a |ower position;3¢afriage prevention neans for
preventing the 5 -carriage from noving fromthe | ower position to the
upper position when the.jawsh sFentnpklind JrnqysAppasatusuasaciladmed doch

novenent of the carriage when the jaws are in the closed position, the
carriage preventing n%ghg' %ﬁ?ﬁfeﬂ?&ﬂnﬂﬁcqqﬁ:EYB&PFrﬁSQanefeer is 3

di t t t han, t he t
through the varl o :th'é"gﬁ'ﬁ £ iiEneed (SpE HRLE HRaHEkmeoR pERRR ok ort 1
oross- oetional area SyRPTLeedd e "4}%}3%3*“%% BubClispdeea utenin

the lower posgtion t4g14 second cylindrical member.

l,f ‘18. ‘ A controlled'totque apparaﬁds ea claimed in
Claim 13 wherein said second cylindrical'menbér is
internally thregded and said adjustment means

10 co-pfises an externally threaded nut disposed within

said second cylindrical aeaber.

16. The connector ae-in claim 1, in combination
with a lower tool which comprises: _
15 'said lower tool body, said lower tool body
being a hollow bodf defining an inner surface and
‘having an axis; | |
the carriage, said carriage having a cavity
therein disposed within said hollow bodf and capable
20 of axial movement realtive to the body; |
a plurality of jaws disposed at least partially
withinISaid cavity and being axially movable relative
to eaid carriage, the jaws being able to assume an
open pbsii;on and a closed position:

25 said driven head being engageable with the



enl ar genent |s_aL+gﬁed—wrth—thE‘Upper aperture, and.when the jaws are open
t he reduced Cross-sec allgned with the aperture, so that the
A Cd w*w“ t he enl argenent and t hereby 20

_ arriage with respect to the body, but where,
when thg ] Aws are closed the reduced cross-section is aligned with the
upper aperture to allom/the upper lock ball to nove out of the enlargenent __
and thereby free the carriage to nove 2 with respect to the body; i
- 41 - resitient biasing neans for b|a3|ﬂg'the carri.age toward the | ower

position, to-therebyfayar ge WhentBh1 A chPFLhgUS1 ¥ A0 RS r Soditio
I L g e

carriage over novenent of Ihe carriage wt pect to t
 means for preventingi@y we&ge@i tBethabodppubut h@eﬁﬁy'ddbﬂﬁﬁ%éé‘ef&@d\’s are
in the closed posi tion, means for preventing driving of e jaws
i ncl udi ng an ‘Upst andtihag cheTiage ahenotheheagtDageoistde &alowerycpadit idre:
head and a mating slot in the 10 ot her of the group of the carriage
and the head, the hei ght ofkariréagesprioeentibnsseshant ohcpreavent igtithee
bet ween the upper and | ower positions of the carriage such that the post
engages theSs| ot af carcniegeussen moving froa the lower position to the

upper position when the jaws are in the open position,
but allowing such movement of the carriage when the o
jaws are in the closed position. the carriagg | H{
preventing means comprising an upper lock ball having
10 . = a diameter greater thaﬁ the thickngss of the carriage
wall, an upper aperture through the wall of the
carriage partially containing the upper lock ball, an
enlargemént of the inner surface of the body, and a
reduced crﬁss-sectional area_of the jﬁws, such that
.-18 when the carriage is at the lower position, the
enlargement is aligned with the upper aperture, and
when the jaws are open the reducé# cross-section is \,}
ndt aligned with the apgrture; so that the upper lock
ball must extend into the enlargement and thereby
20" prevent axial movement of the carriage with fespéct to
'the'body, but where, when the jaws aré closed; the
reduced cross-secﬁion_;s aligned with the upper
aperture to gllow ;he upper.lock'ball to move out of

‘the enlargement and thereby free the carriage to move

25 with respect to the body:



l-ock bal |l s .di sengage fromthe enl argenent 15 17. The connector of claim
16 wherein the biasing neans conprises a spring—extendi ng bet ween t he

d¢riven head and the carriage. 20 l-ai m J
wherein both the slot and post extend di arretn'@’“mm mmlmmlrcarr
driven head, the post has a squared cross-secti “hE?EIﬂ t he §.
the el enment having the slot therein is chanfered, such that the disfa
between 25 the face of the el enent and the post i ncreases as the -
42 - driven head is driven rotationally 4ith respect to the carriage. 19.
A connector between two rotary. driven tools 5 - substantially as
herein described with refereqcéltentuhlaaﬁngﬂlnuns fdrhdiasiagpahg Ng

drawi ngs. 20. A connector in conbination with an automatic stud driving
tool substantially aSametage %RE!#¢tkﬂPJIPﬂer postiitii anof doctberedbyafidvas
shown in the acconpan dramn s. A connector in conbination with
a controlled torque ® é s°% a?ﬂ‘f’al‘!’;“h§mtn t9c$be sagrisge over

MEERRFERErEncesto an9°§§59£§) £h£r§;§¥¥§% Jpéh QQspect to the body and;

S means for preventing driéing of the jawé about

the stud unless the jaws are in the closed position,
N _ said means for preventing driving of the jaws

including an upstanding post on one of the group of
the carriage ahd the head and a mating slot in the

10 other of the group'ot the carriage and the head, the
height of the post being less than the axial distance .
between the upper and lower positions of the carriage
such that the posf engages the slot after the upper

lock balls disengage from the enlargenenf.

15
. 17. The connector of claim 16 wherein the biasing
N A l
means comprises a spring extending between the driven
head and the carriage. |
20 18. The connector of claim 16, wherein both the

slot and post éitend diametrically across the carriage
and driven head, the post has a squared cross-section,
and wherein the face of the eleaent having:the'slot
therein is chamfered, such that the distance between

25 the face of the element and the post increases as the



dr awi ngs.
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- 42 - -
driven head is driven rbtatiohaily with respect to the
carriéqe,

19. A connector between two rotéry.driven tools
substantially as herein described with reference to
and .as shown in the accompanying drawings. _

20. A connector in combination with an automatic

. stud driving tool substantially as herein described

with reference to and as shown in the accompanying

drawings.

21. A connector in combination with a controlled.
torque apparatus substantially as herein described

with reference to and as shown in the accompanying

- drawings.




