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J > particularly, the present invention relates to a
5 safety needle syringe capable of withdrawing the

hypodermic needle into the syringe barrel after use.

Description of Related Information. Generally
speaking, a syringe includes a cylindrical barrel,
" commonly made of thermoplastic material or glass,
10 having a distal end connected to a sharpened needle
cannula and a proximal end adapted to receive a
stopper and plunger assembly.
In recent years there has developed an

increased concern regarding the transfer of disease,
15 infection or the like to syringe users and health
care professionals who accidentally, or through
negligent handling, stick themselves with hypodermic
needles while disposing of used hypodermic syringe
products. In many areas in a hospital, where needle
20 cannula products are wused, disposal bins are
provided so that a syringe or other needle cannula
product may be immediately discarded in a safe rigid
container. However, there are areas of medical
practice such as emergency rooms, or other areas
25 where disposal containers are not readily available
or practical, where products hav:ing self-contained
safety features are desirable. In theory, after
such a syringe is used to inject medication or for
another purpose, a safety device contained within
30 the syringe is activated to prevent further contact
with the sharp needle tip. One type of safety



fJ eXHELR &Has ment equi pnment is also avail abl e which allows a

contlnu uring operation. 30 In installations and/or
conpone ri se several electric circuits, it is also

| mport a nto bei ng able to distinguish partial discharges
fron1externa| n0|se, to be able to locate a detected partial discharge
to 35 a definite electric circuit, for exanple a certain gener.ator

coil in a power generator. WO 97/ 10515 P-2441

PCT/ SE96101126 2 A partial discharge
In a conponent gives rise to current pul ses through the conductors by
whi ch the conponent is connected t e2the surroundi ngs and these current
pul ses can be sensed either by neasuring the voltage caused by the 5
current pul ses when passing through a measuring i npedance connected to
one of the conductors, or by a direct or I ndirect current measurenent.
Dur i Ing vol tagesf? erremeludesthesfmf %@@Entwﬁﬂé?pﬁfﬂlléﬁﬁprlaﬁé aOI
coupl i ng capaci ree from.partia schar ges under
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test object, th@rﬁ@vplumgmﬁnm&zborcmehe;frreﬁnntheg lcma:-act wilthce are

galvanlcally | erco nect ed er k ected to
t he surroundi gﬁ%onﬁ ﬁéﬁtsrﬁer%ﬁtees{]?ﬂé 5]:21% n%n%ngréspec |vefl>[")'g 15
One pr obl em wheondbtiom ngcaar thel rdosehasgéelys tvagsported t tAgulsh

measur enment 5|g§§#§ Qﬂ frompartial dis- charges in the test
obj ect from di ances enanatlng from
a syringe is taught in U.S. Patent No.

4,026,287. This patent teaches. a syringe having a
frangibie zone which allows separation of the
10 forward wall of the barrel, which is connected to
the hypodermic needle, from the side wall of the
barrel. The syringe also contains structure on the
interior of the forward wall and .the exterior of the
piston for selectively attaching the piston to the
15 ~ forward wall so that the-user can forcibly twist the
piston to break the frangible means and draw the
forward wall, including the hypodermic needle, into

the syringe barrel. This design requires a com-—
promise in the design of the syringe barrel. The
.20 barrel must be strong enough to remain intact during

normal use yet weak enough to be sheared apart by
any user regardless of strength. Also, the forces
required to activate the safety mechanism are
rotational while most users are more familiar with
" 25 and able to safely handle a syringe with an exposed
needle while applying axial forces, such as those
encountered with drawing fluids into the syringe

barrel and expelling fluid from the barrel.
U.S. Patent No. 3,828,775 teaches a retracting
30 needle syringe wherein the needle assembly is
contained within the syringe barrel before use and
is withdrawn back into the barrel after wuse.
Designs of this type have a disadvantage in that the
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injection. More v1scous medications may require a
large needle. Less viscous medications may be

delivered with a smaller needle which is believed: to

be less painful. Also, the depth of ihjection may
be different depending on the therapy and the
portion of the body being injected.

U.S. Patent No. 4,675,005 teaches a retracting
needle syringe wherein the needle is held at the
distal end of the barrel through interaction of
mating threads on the exterior of the needle hub and

the interior of the distal barrel opening. This

syringe relies on a torque or rotational force
supplied by the user to secure the needle in an
extended position and reversal of this procedure to
withdraw the needle back into the barrel. Like many
designs, including those wherein the needle is
retained by a frictional interference f£fit, this
design requires - substantially the same force to
install as to remove. Accordingly, the needle must

be secure enough to withstand normal use which may

include puncturing rubber vial stoppers, and still
be easy enough to unsecure by any user. Without a
lock or additional structure the holding force is,
in these many designs, substantially equal to the
removal or withdrawal force. Also, in designs which
rely on rotational force applied through the plunger
rod to tightly secure the needle in the extended
position, the wuser must be careful not to

The
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use, there still exists a need for a simple,
straight-forward, reliable, easily fabricated safety
needle syringe which allows the user to change
needles at the time of use and provides structure to
15 - withdraw the needle into the syringe barrel using
substantially axial forces such as those used for
drawing liquid into a syringe. There also exists
the need for a safety needle syringe having locking
structure for holding. a needle in a position with
20 respect to the barrel, which can be deactivated to
lower the force required for withdrawal of the
needle into the barrel.

SUMMARY OF THE INVENTION |

A safety needle syringe of the present inven-—

25 tion includes a barrel having an inside surface
defining a chamber, an open proximal end and a

distal end. A movable needle carrier is positioned

in fluid-tight engagement with the inside surface of

the barrel at the distal end of the barrel. The

30 carrier includes a distal end, a proximal end and a
passageway therethrough in fluid communication with

the chamber. A needle cannula projects outwardly
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4 at high-voltage | evel, connects the conponent to the

surrou Replacglecondary winding is divided into two parts by
means of H each part being | oaded by a resi stance. The
secondal und in such a way 5 that the voltages between the
centre tap and the respective termnal are equal in magnitude but of
opposi te phase posi - tion. The nediumvoltage term nals of the voltage
di vi der are connected to the centre tap on the seBoAtdly winding of
the current transformer such that the voltage at the res- 10 pective
termnal of the secondary wi nding consists of the vectoral sum of the
vol tage fromthe vol tage divider and the™ vol t age across the
correspondi ng part of the secondary wi ndi ng. Dependi ng on the current
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directed forces applied to the proximal end of the
plunger to be transmitted to the carrier. Control
structure is provided for helping to prevent move—
ment of the carrier 'with respect to the barrel
15 during normal use of the syringe while the control
structure is in a first locked position. The
control structure allows the carrier to be moved
proximally into the chamber through forces applied
to the plunger while the control structure is in a
20 second unlocked position. Transition between the
first locked ©position and the second unlocked
position to withdraw the cannula into the barrel is
accomplished by at least two motions of the plunger
with respect to the barrel, while the distal end of
25 the plunger engages the carrier. The first motion
being distally directed to force the carrier in a
distal direction with respect to the barrel followed
by a second proximally directed motion to move the
carrier into the barrel far enough so that the
30 distal end of the cannula does not extend beyond the
distal end of the barrel.



tional to the voltage across the conponent being avallable

therefore conprises, in addition to a device for direc- Tm d
current sensing, also a voltage divider of a hi gh- pass '
the event that such a voltage divi- 35 der cannot be galva

connected at the conponent in guestion, the use of a field probe or an
aerial for capaci- tive sensing of the voltage on the conponent is

pr oposed. WO 97/ 10515
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docunent EP O 061 254 B descri bes a device for monitoring of partia

di scharges in high-voltage equip- ment conprising nore than two
conponent s and exhi biting nore than Two di scharge paths for a partia

di scharge, for 5 exanple a transfornmer substation, in which case it should
be possible to individually and continuously nonitor each sel ected

conponent and to distinguish part i al d| schar ges from noi se and signals
emanating from external | 3254 IPT % ' en¥e. The descri bed

device is designed f_.-qg 101 i taorpggspeeumagr wiewomongntp&aﬁeﬁﬂmform of
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and ground pot ddduEtratdnghethew dhitate o ﬁ@r 1nge

and the plunger rod, and the carrier;
10 . Fig. 4 is an enlarged partial cross-sectional
side elevation view of the syringe of Fig. 1;

Fig. 5 is an enlarged partial cross-sectional
side elevation view of the syringe of Fig. 1, as
viewed from the back side or the opposite side as

15 the view in Fig. 4;

Fig. 6 is an enlarged partial cross-sectional
side elevation view of the syringe of Fig. 1 showing
the plunger rod engaging the carrier;

Fig. 7 is an enlarged partial cross-sectional

20 side elevation view of the syringe of Fig. 1 showing
the carrier partially withdrawn from the distal end
of the barrel;

Fig. 8 is a partial cross—sectional side
elevation view of the syringe of Fig. 1 showing the

25 carrier and needle withdrawn into the barrel;

Fig. 9 is a partial cross-sectional side
elevation view of an alternate embodiment of the
safety needle syringe assembly of the present
invention; and _

30 Fig. 10 1is a partial cross—-sectional ' side
elevation view of another alternative embodiment of
the safety needle syringe of the present invention.



tively, forma network for the partial discharge paths

the other current transforners, but with reversed QMQthﬁ qm%@
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t hrough all the current transforners. Each one of the dlscharge
detectors delivers a coded signal, the pulse wdth of which corresponds
to the polarity of the detected current pul se, t®-aadacoder. The
decoder conprises a nunber of denultiplexers, which generate 30 and store
a signal pattern corresponding to the detected state of polarities for
each of the conponents. This signal —7pattern i s decoded and eval uat ed,
wher eby a devi ati ng pol a- rity of a detected current pulse from one
conponent i ndi - cates a partial discharge therein. 35 The devi ce
requires an extensive electronic system for codi ng and eval uati on,
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I ncorrectly d
10 scope of the invention will be measured by the

appended claims and their equivalents.

Adverting to Figs. 1-8, a safety needle syringe
assembly such as syringe assembly 20 includes an
elongate barrel 21 having an inside surface 22

15 defining a chamber 23. Barrel 21 also includes an
' open proximal end 25 and a distal end 27.

For the purposes of the description of the
present invention, the term “distal end" is intended
to refer to the end of the syringe furthest from the

20 person holding the syringe, whereas the term “"proxi-
mal end" is intended to refer to the end of the
syringe closest to the holder of the syringe,

A movable needle carrier 28 is positioned in
fluid-tight engagement with inside surface 22 of

25 barrel 21 at distal end 27. The needle carrier
includes a distal end 29, a proximal end 31 and a
passageway 32 therethrough in fluid communication
with chamber 23. The carrier includes circum-
ferential groove 33 at 1its proximal end. Annular

30 elastomeric ring 34 is positioned in groove 33 and
contacts the inside surface of the barrel to help
provide a fluid-tight engagement between the inside
surface of the barrel and the carrier.
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‘tlal di scharged. Also this results in the device not func

the intended way and also this state is sensed and SI mﬁi]

of a special electronic circuit. 15 SUMVARY OF THE

object of the invention is to provide a device of the ki nd stated |n
the introduction, which, by means of trans- ducers which can be applied
in a sinple manner to conponents 20 of a varying size and shape al so during
conti nuous nonito- ring under regul ar operating c®x@idtdilons, allows a

si npl e and reliable distinction between, on the one hand, parti al

di scharges in a predeterm ned conponent and, on the other hand,

external interference and partial discha#ges in 25 connected conponents or
test equipnent. In this way, a safe and reliable location of a possible
partial discharge to the predet er mi ned conponent can be carried out.
What characterizes a device according to the invention will 30 becone clear

frﬁm Lhe appelnded chai if‘léedleh car\YBat aFPOUsSr 6 Jerty erartwamily hefdowent i on
Ly e cralheatrannds Se b oLPR AR e A £ it Res £5 B
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acconpanying shQQBﬁw'%ﬁﬁré¥H¥éﬂdh in fluid communication with--
5 passageway  32. The needle cannula includes
sharpened distal tip 46 to facilitate use of the
needle to pierce the skin for delivery of thera-
peutic liquids. In this embodiment the needle is
removably attached to the carrier. Also in this
10 embodiment, the needle cannula is part of a needle
assembly 35 which includes needle cannula 37 and a
hub 41. The needle hub and the carrier contain
cooperating structure so that the needle assembly is
removably attached to the carrier. In this embodi-
15 ment the needle hub includes a frusto—conically
shaped interior structure adapted to frictionally
engage a tapered luer tip 43 at the distal end of
the carrier. To further facilitate the engagement
of the needle hub to the carrier, projections 44 on
20 the proximal end of the hub engage an internal
helical groove 45 of the carrier so that clockwise
rotation of the needle with respect to the carrier
causes projections to be drawn proximally along the
' helical groove to tighten and secure the frictional
25 engagement of tapered luer tip 43 with the frusto-
conically shaped recess of hub 41. The needle
assembly described herein is a "known and com—
mercially available needle assembly, designed to
cooperate with syringes or other fittings having
30 male locking luer type fittings.
The present invention includes plunger means
slidably positioned in fluid-tight engagement with
the inside surface of the barrel.. In this embodi-
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7 Figure 1
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shows a device according to the invention |n
test object with two connection conductors and one u

eﬁer

at each of these, 5 Figure 2A shows a device according t

in a test object with four connection conductors and

one transducer at each of these, Fi gures 2B-2C 10 show
transducer signals in a device according to gure 2A during
a discharge in, and outside, the t est obj ecqf respectively,
Fi gures 3A-3B 15 ~ show enbodi nents of eval uation equipnent in a
further devel opnent of the device accordgng to Figure 1,

Fi gures 3C-3D 20

to

Fi gures 3A-3B during a discharge in, and outside,

the test object, respectivel Y, Fi gure 4 shows enbodi ments of
urther devel ggmerlu of the gevi ce

t ransducer equi
according to

x[{oment i
o unger Flf\%ﬁl}% includes an elonga nger ro
47 and an annular sealing ring 49. The plunger rod

is accessible outside of the proximal end of the

. barrel and is provided to move the sealing ring

10
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along the barrel to force fluid into and out of the
chamber through the passageway. Disc—shaped plunger
rod flange 50 is provided as a convenient structure
for applying force to move the plunger rod with
respect to the barrel. Barrel flanges 51 are also
provided to assist the user in providing axial force
between the plunger rod and the barrel.

Engagement means is provided for allowing the
distal end of the plunger rod to engage the carrier
for allowing distal and proximally directed forces
applied to the plunger to be transmitted to the
carrier. In this embodiment, engagement means
includes an enlarged projection 52 on the distal end
of the plunger rod and a recess 53 in the proximal
end of the carrier. Recess 53 includes inwardly
projecting'annular ring 55. Enlarged projection 52
includes undercut 57. The projection of the plunger
rod and the recess of the carrier are designed to
engage each other in a snap-fit arrangement when
axial force is applied to the plunger rod to force
the distal end of the plunger rod, including the
enlarged projection, against the carrier. When the
plunger rod fully engages the carrier, as illus-
trated in Figs. 6, 7 and 8, the inwardly projecting
annular ring 55 of the recess will be positioned
adjacent to undercut 57 of enlarged projection 52 so
that the plunger rod can now transmit axial force to
the carrier in both a distal and a proximal
direction. It is preferred that in this engaged

show transducer signals in a device according
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further devel opnent of the device according to 30 . g piaced
conprising a nodel of the test object, Fi gures 6A-6 w m I
show enbodi ments of a transducer in a devi ce t he
i nvention, 35 Fi gures 7A-7C show furt her enbodlnents of a
transducer in a devi ce according to the I nventi on,
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Fi gures 8A-8D show furt her enbodlnents of a transducer in a
devi ce according to the invention, 5 Figures 9A-9C show
further enbodi ments of a transducer ingy-

the i nventi on,

in a 10
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devi ce according to

Figure 10 shows a further enbodi nent of a transducer

devi ce according to the invention,

position that the carrier has some freedom to rotate
with respect to the plunger rod.
An important feature of the present invention

is that it allows the user to easily change needle-

assemblies at time of use to suit the type and
viscosity of medication being delivered and the
depth of injection required. Accordingly, one
safety needle syringe of the present invention can
work with many sizes of hypodermic needle assemblies
to deliver medication or perform another fluid
transfer function.

A deficiency of syringe designs which allow the
user to change needle assemblies is that the com-
ponents have to be held together securely enough to
resist the relatively substantial forces involved
with frictionally engaging a needle assembly hub to
a syringe tip, and still be weak enough to allow the
user to force the needle assembly and connected
structure into the Dbarrel. Accordingly, if the
carrier is frictionally engéged inside the syringe
barrel it must be tight enough to resist axial and
rotational forces involved with needle installation
and removal yet not be so strong that the typical
user cannot withdraw the carrier into the barrel.
This same analogy applies to threaded carriers which
must be able to resist the torque of needle instal-
lation and removal while being able to provide
superior torque to remove the carrier into the
barrel. The present invention overcomes these
shortcomings of prior art syringes by providing
control means for helping to prevent movement of the
carrier with respect to the barrel during normal use
of the syringe while the control means is in a first



Flgur§ 1A—1lB show enbodi nents of transducer equi pnent

when t ee‘H'n‘sBeenRe:plam:ed test object consists of a cable joint, 15

Fi gure |nents of transducer equi pnent when the

test o of a cable term nation, Figure 13 shows
enbodlnents of transducer equi pment when the 20 test object
consists of a voltage transforner, Fi gure 14A shows
enbodi ments of transducer equipnent when t he P-2441 test object
consists of a three-phase power trans- 25 former, Fi gure
14B shows enbodi nents of transducer equi pnment when the
test object consists of a tap-changer Hal-a power 30

t ransf or ner, Figures 15A-15B, Figure 16, and Figures 17A-17B

show enbodi ments of transducer equi pnent when the t est

obj ect consists of a high-voltage bushing, 35 Figure 18 shows an

embodi ment of HR¥RBRE HHEPEUYAST and allowin SR B ieherd hapd est

obj ect con5|st%082d pr%glmally into the j;a é%BhIQ%ugh axial
forces applied to the plunger rod while the control
means is in a second unlocked position. According- -

5 ly, another feature of the present invention is that
the force used to remove and install a needle
assembly will not substantially affect the force
required to withdraw the needle assembly intoc the
barrel. .

10 In the present embodiment, control means
includes u-shaped grooves 59 on outside surface 61
of the carrier. Each groove includes a closed end
62 and an open end 63. The u-shaped groove is
oriented so that closed end 62 and open end 63 are

15 positioned distally with respect to the remainder of
the groove. Inwardly directed projections 65 on the
inside surface of the barrel are positioned within
the grooves when the carrier is at the distal end of
the barrel. In this embodiment the projections are

20 cylindrical having a circularly-shaped cross-—
section. As illustrated in Figs. 4 and 5, the
projections prevént proximal motion of the carrier
with respect to the barrel when the projections are
in closed eﬁds 62 of grooves 59. Accordingly,

25 substantial axial force can be apﬁlied in a proximal
direction, such as when installing a needle as-
sembly, without forcing the carrier into the barrel
and rendering the syringe wunusable. Also, the
relationship of the projections with the closed end

30 of the grooves resists rotational forces applied to
the carrier when installing and removing a locking
luer type needle. Although the present invention is
illustrated with a locking luer type needle assembly



WO 97710515 | ~ PCT/ SE96/ 01126

9 mlslghé}uﬂ@ an enbodi nent of the invention when the test
obj ec a hi gh-vol tage generator, Fi gure 20 shows
enbod sducer equi pnment when the 5 test object

con5| hgear unit, Fi gure 21 shows enbodi nents of
transducer eqw pnment when the test object consists of a
gas-insul ated swi tchgear unit, 10 FPgR4 €3 22A- 223

show a.further enbodi nent of transducer equi pnent when t he
test object consists of a power transforner, 15 Figure 23
shows an enbodi ment of eval uation equiph®nt in t ransducer
equi pnment according to Figures 22A-22B, Fi gures 24A-24B 20

show enbodi ments of transducer equi pnent when the test object
consists of a current transforner, Fi gure 25 shows an enbodi nent of

transducer equapdescarwben, it is not resteiteed @b egliisossratsucé a
com ¢ P &ha ol IR ELoR LA Mo zon oi® afabe FeRigE Do
shows an enbodprevided toman‘shielcerarez;pﬁq)rmmt aomassembly where the
needle is permanently attached to the carrier using .
5 epoxy or other suitable adhesive or other joining
method. The 1locking 1luer type structure or 1luer
slip type structure is prefetred because it allows
the user to change hypodermic needle assemblies.
In order to help resist distal motion of the
10 carrier with respect to the barrel each dgroove
includes a restriction or area of reduced width 67
adjacent to closed end 62. The area of restriction
or reduced width is smaller than the distance across
projection 65 so that additional force is required
15 to move the carrier into and out of a position where
projections 65 are positioned at closed ends 62 of
the grooves.
The syringe of the present invention can be
used in the same manner as a conventional hypodermic
20 syringe following known and accepted safe usage
procedures. At the end of the injection stroke
which delivers medication to the patient, the user
intentionally applies an additional axial force,
preferably by squeezing flanges 51 and 50 toward
25 each other, to force projection 52 on the plunger
rod into engagement with recess 53 of the carrier,
as illustrated in Fig. 4. Distally directed axial
force on the plunger rod will also force the carrier
to move in a distal direction as resisting force
30 provided by the interference between the projections
65 and restriction 67 is overcome and the carrier
will advance distally until the projections are at
base 68 of the u-shaped groove, as 1illustrated in



30 . ri sing series-connected Rogowski coils. DESCRI PTI ON COF
THE Pm NTS Figure 1 shows a test object 1 with two

el ectr 35 conductors la and I b. The test object consists of
an ele nponent which is insulated against its surroundi ngs,

or of an electric high-voltage apparatus, such as, for exanple, a
cabl e, a power transforner, a sw tchgear cubicle, WO 97/ 10515 .
PCT/ SE96/ 01126 10 P—244d; a high-vol tage
generator, but is shown generally in the figure as an inpedance

el enent . " The test object is energized by power frequency, .that is,

5 usually 50 Hz or 60 Hz, which is narEg 7in the figure by a gener at or
2a, connected to the test object via an external I npedance el enent 2b,
whi ch i npedance el enent usually com prises an inductive elenent, in a
series-connection with the generator. Across the test objects there are

stray capaci- Fdgtarfoes Ahdthiserdaimihctheonsggesnaymithen i pulhe tfhegure by
capaci tive el ﬁgﬁﬂhéegaun?‘b ag‘éo?ﬁm'a'it eéffé@é‘fcﬁl Vv?iéfi‘g?esgecﬂe'%%r o

Addi ti onal conponents dy ure connecte to the
generator 2a bPawAEflof tQ cBﬁ»th rawduc’ir\‘ﬂ SC%%P? t #edt e§hegpmeadle py way
of the conduct @sséhblib.inte ¢heduired 45 dQNuetratedo 1 OFig.by:way of a

ground cong uct 9r %hls preferred embodiment the grooves are shaped
such that only substantially axial motion of the
plunger rod is required to engage the carrier to the
plunger rod and to remove the carrier into the
barrel of the syringe. All substantially axial
10 motions are made possible by careful design of the
shape of the grooves and/or the projections. For
example, the projections can be non-circularly
shaped to lean or 1lead toward the side of the
u-shaped groove having the open end so that when the
15 projections are in base 68 of the groove axial
forces applied to the plunger rod in the proximal
direction will cause the projections to follow the
open side of the groove and therefore allowing the
carrier to be withdrawn into the syringe barrel.
20 When the needle assembly is completely within the
barrel it 1is no longer possible to accidentally
touch the needle tip and thus the syringe is made
safe for disposal. '
Further enhancements of the instant invention
25 may include a plunger rod which is frangible so that
that portion of the plunger rod projecting out of
the syringe barrel can be physically disconnected
from the remainder of the plunger rod so that the
needle cannot be accidentally moved back through the
30 distal end of the syringe to expose the sharp needle
tip. Also, the portions of the plunger rod and
carrier which interconnect can be designed so that
the carrier misaligns itself with respect to the



_Antelectrlc dlscharge in the insulation systemof the com ponent, that
atege, gives rise to a 20 current pul se which, by

curren I’ di stributed t hrough the connection conductors of

the co circuit in which the conponent is included. If

such a di sc arge of a certain polarity occurs in the conponent 4,

the current pul se through the connection conductors of the 25 test object

wi |l have the direction nmarked by dashed arrows pa2ahe figure, that is,

the current pul se passes into the test object through the connection

conductor | b and passes out of this through the connection conductor

| a. 30 If, on the other hand, such—a4di scharge occurs in the test

obj ect, the current pul ses through the connection conductors of the

test object will have the direction which is marked by unbr oken arrows

inthe figure, that is, the discharge generates current pul ses which

essentially slgyéi@un&pgﬁyaﬁ% {,ko%bhrsg;tgh,gtéﬁehgwrﬁgém ofitcggduct ors,
either in a dlrectlon out fromt, etfﬁt ob ect |nad|rect|on|nto

this. Whet herWiRRAERWRARLRi O i INGS) o*PReCRITPESt obj ect
s dFFSESﬁL“S lﬁﬂisgbiﬂgigéﬁair n:th%e Qieédm?dc&ﬁhatge)e forch'd" ex;ferriﬁ akhe
EE??SEG/OllZG arrefeﬁﬁﬁx?ﬂe gh%ﬁ%ﬁ?neﬁﬁg b?ﬂr?£ebﬁcgg%§nnégf%%n 3onduct or s
have t heiSr coangheomigim respeetambthhesahen@it@d\mgb igkis which
causes it to embed itself into the forward wall of
the syringe barrel when the plunger is advanced.
It is also within the purview of the present
invention to include a threaded engagement between
10 the plunger rod and the carrier. For example, the
plunger may include a distal threaded projection
which mates with a threaded recess in the carrier.
The threads only function to connect the plunger rod
and the carrier and the function of the syringe with
15 respect to moving the needle assembly and carrier
into the barrel is exactly as described above. A
wide variety of structures are capable of allowing
the engagement of the plunger rod with the carrier
and those structures described hereinabove are
20 representative of these many possibilities which are
within the purview of the present invention.
Referring to Fig. 9, an alternative embodiment
of the safety needle syringe assembly 70 of the
present invention is illustrated. This embodiment
25 functions similarly to the embodiment of Figs. 1-8
except that barrel 71 is substantially cylindrical
and has a substantially constant inside diameter at
its distal end. Carrier 72a is approximately the
diameter of the plunger rod and occludes the distal
30 open end of the barrel. This structure is advan-
tageous for small diameter syringes and for allowing
the use of barrels made from constant diameter
tubing such as extruded tubing. This embodiment



t he test object IS to be understood, however, that since at | east

cert?ﬂ obj ects exhibit -an i npedance 5 which, in the
frequ H for sensing of current pul ses, danps the anplitude
of an ts currents whi ch pass through the test object

t hr ough thelr connection conductors, generally no absolute

si nul t aneousness occurs. If, for exanple, discharges occur in the
conponent 4, 10 current pul ses through the connectloB 52&Quctor la,

because of deviation and phase shift in the test oObject, wll occur

del ayed in phase and danped in relation to current pulses t hrough the
connection conductor |b. 15 Transducgk-equi pment conprises a transducer
6a arranged at t he connection conductor |a and a transducer 6b arranged
at t he connection conductor Ib. The sensors sense the magnetic.

field which is generated by the current pul ses through t he connection

conductors and 3Le dir on-sensitiv th res- ect larity
of the nmagneti 1si°ellcf1 Pféﬁi?‘? oﬁer}tsﬁarﬁiowe zpf’fns%c ?ade?%vé'tegeufp%
transducer sigezbsstseatdon2” 73. onr eppengevel yodwhed sseurthatt phlese flows

t hrough the rgag,ggt 'e;ﬁ | %nagé déﬁ{ﬁgggu%gr Mef)gb;ﬁfl A %lﬁr gy of

t he t ransdacer nthe p arit magneti c
field and henc&rom tﬁ edi remeindenf efe tg r ®unger pHP@e afgex hithe

enbodi nents, t h@alri-aB3ddaar Heedd dsinbly HPFO¥aEL1FOWiEhEha e Alb,
respectively, which surround the respecti ve connecti on conductor.

However, for tHd-sake of clarity, the coils are shown in the flgure as
eIongated 30 CO|IsReEemglhbe rfespeEigve aannecanovhepndwdite@rnative

bn ol ectric. coRhRraRaRtacs nehe, FEEGRY jiSed1 8 EOPEREe AegeridY ["‘f‘eﬁ’i‘ty "
substantial |y iis theustinated ec-This pm&¢dmmenkafvnculonae§uhsuanr '
gﬁggﬁ;' tchﬂ;o' el d tﬁ%ﬁlﬁﬁ%mﬂﬁﬁﬁ@d Ceie" BBbdliRehB® oF0HAYH Or1-GRNergf es
this embodiment, plunger rod 75 is connected to an
elastomeric stopper 76 which provides the fluidtight
engagement between the inside surface 22 of barrel
21 while covering the  entire distal end of plunger
15 rod 75. An advantage of this embodiment is that the
medication in the syringe only contacts the stopper
and not the plunger rod. The stopper can be made
from natural rubber, synthetic rubber or thermo—
plastic elastomers which are compatible with the
20 medication being used. In this embodiment, carrier
77 includes a centrally located proximally directed
spiked projection 79. Plunger rod 75 includes a
distal recess 80 including enlarged central portion
81. In order to engage the distal end of the
25 plunger rod with the proximal end of the carrier the
user provides an axial force on the plunger rod
causing the plunger  rod to advance and further
causing distally directed spike projection 79 to
pierce stopper 76 and enter distal recess 75 of the
30 plunder rod. Spike projection 79 includes enlarged
portion 82 which snaps into enlarged central portion
81 of the distal recess to lock the carrier to the
plunger rod for withdrawal of the needle assembly
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12 The coils are arranged such that voltages of the sane TmSS
are generated at the termnals on the coils which are mark Iluu ﬂtn}[lmll

figure by a point, when current pul ses fl ow t hrough the co

conductors in a direction so as 5 to pass through the coils fromthat end
of the coils marked by a point to the unmarked end. The
transducer can also be based on other principle, knowg_s,,qPer se, which
give a direction-sensitive sensing of the mag- 10 netic ?leld gener ated by
the current pul ses, for exanple conprising Hall el enents,

magnet oresi stive el enents, or superggnducting el enents, so-called

SQUI Ds. Each one of the transducer signals is supplied to eval uation
15 equi pnent conprising a filter unit PA, associated with the

respective transducer, a signal-mxing unit ABU and a logic unit LU.

Each one of the filt uni ts, conprises yresistive C l-.20 tive
i npedance el entht? th% f%{rlﬁﬁﬁ né’atrﬁ"ee]t ran?&uc&tg?g agagﬁecFésokg\éce
frequency whi cémbsdismeéhtn ofie Figquehly fangelons simaflerestot othie

sensi ng, mhich heyrange O. - 1 MHz. Further, each one
of the filter ?sgﬁ%%%m;f Fﬂgé 148, npllfler AMP and a, bandpass filter
BP, the bandpass of The ited 19fsthet maf etive HeadhR RYL +R%Qe06f th$t er est

tothe o Senﬁtegenﬁhelﬁvéhe&oﬁmha PApet hgoh8étitked and capasiideve

|npedance elenents R lifiers, ,and f he ndpa filters are
inthe figure WﬁFk@HYPA?Af If,f-’ctg1 ama‘éﬁnREJSCbWIQ‘ R Lastid' o
glass materials being preferred. Inwardly facing

projections at the distal end of the barrel may be

formed of the barrel material or be formed of

10 additional components made of suitable rigid

materials such as thermoplastic and corrosion-
resistant metal such as stainless steel.

The plunger rod and the carrier of the present

invention can be made through a wide variety of

15 rigid materials with thermoplastic materials such as
polypropylene, polyethylene and polystyrene being
desirable. A wide variety of materials such as

natural rubber, synthetic rubber and thermoplastic
elastomers are suitable for forming the annular

20 elastomeric ring, the annular sealing ring and the
stopper. For embodiments of the present invention
which are desirably sterile the materials used for
the components should be chosen to withstand the
sterilization process utilized.

25 Thus, it can be seen that the present invention
provides a simple, straight-forward, reliable,
easily fabricated safety needle syringe which allows
the user to change needles at the time of use and
provide structure to withdraw the needle into the

30 barrel using substantially axial forces such as
those used for drawing liquid into the syringe. The
present invention also provides locking structure
for holding the needle in position with respect to



laced

AVPa, AWVPb and BPa, BPb, respectively. The out put 5|gnalqm§gwdﬁﬁggahﬁ
signal -m xing unit ABU conprises an addi ng menber ADD, ?,

bandpass filters are designated vl' and v2', respect|1

supplied with the output signals vl' and v2' from 35 the rs
via respective wei ghting nmenbers BM schematical |l y marked |n the figure
as potentioneters BMa and BMb, respectively. The output signals vl and
v2, respecti- vely, fromthe wei ghting nenbers, tPa244%, fromthe
novabl e termnals of the potentioneters, are supplied to the adding
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13 menber, the output signal S of Wh¥Th constitutes a sum si gnal
formed as the sumof the signals vl and v2. The sumsignal Sis
supplied to a discrimnator DC which is 5 conprised in the logic unit and
whi ch delivers an indicating signal I ND when its input signal in

magni t ude exceehle darrelpr esmﬁtédckmmarémcmmecan be Tdeadtiice
described with renc i er f egga
di schar ge occurégéﬁt g-’l%dglévz%gt gg objrg:(r:ét Laécﬁ&l?édr %&an@%‘%ﬂﬁwf e gorrponent
4, the output thgnaeedie' imhg the barredom t he bandpass filters will be of

different polarity, since the current pul se associated with the
di scharge passes the transducer 6b in a direction fromthat end of the
coil 15 marked by a point to the unmarked end of the coil, but passes

the transducer 6a in a direction away fromthe un-



mar ked end of the coil to that end which is marked by a .spoi nt. Far—---_

exanpl e, by sensing of an interference pul se externalalgu e¢nrR
manner known per se, the 20 weighting nmenbers may be adj us

t he out put signals vl and v2 fromth8mwill have the s

Thi $- ns that the sumsignal S under these circunstances wll deviate
insignificantly fromzero, and therefore the discrimnator DC, with a
Sui 1 pari son value, 25 wll not deliver any indicating

Si gf}g}?ﬂ%fseéfg . mcharge occurs in the test object, the output signals
vl' and v2' fromthe bandpass filters will be of the sane pol arity,
since thg curr ' ith the dis- 30 charge pass both
transducgr's ei‘?ﬁig?@ﬂﬁé‘g;éﬁgg%@hﬁg?%dmthat end of the coil nmarked by a
poi nt t o antelongatedhapebhaving asrinside surface defining acchamber, ap opeproximal end ands dist
conghfi ons, the sum signal Swill deviate fromzero, and therefore the

di scri - m,nator,DC, with.,a s it%ﬁ% sel ected corrp§ son value, wll 35

del fver dmPHANE Aesdlfcasrieaesitioned in istight mgagemegt Sidhoaid Mmside giriasealsaid

MoNibafrel A Gaid @ikt €Ad of said bkl Qaid caRerEhavidgRadistiN@idNa ?ﬁfx‘nﬁﬂ end O dpassagbway

S erathropehin Buid toRutiicatioh With said chamber; O 7/ 10°15 -

particular in

test obj ecteedieicatnumprojettiog outwardiy dbmnsaid distal andlofsdid tartier) gaid chamylfa having a

B

test obj dlunges means slidghlyspepitianed ip flidrtight engegeroent with said inside surface of said
barrel, said plunger means having a distal end, a proximal end extending outwardly from said open end
of said barrel; '

- engagement means for allowing said distal end of said plunger means to engage said carrier for
allowing distally and proximally directed forces applied to said proximal end of said plunger means to be
transmitted to said carrier; and .

control means for helping to prevent movement of said carrier with respect to said barrel during
normal use of said syringe while said control means is in a first locked position, and allowing said carrier
to be moved proximally into said chamber through forces applied to said plunger means while said
control means is in a second unlocked position, transition between said first locked position and said
second unlocked position to withdraw said cannula into said barrel being accomplished by at least two
motions of said plunger means with respect to said barrel while said distal end of said plunger means
engages said carrier, said first motion being distally directed to force said carrier in a distal direction
with respect to said barrel followed by a second motion proximally directed to move said carrier into
said barrel far enough so that said distal end of said cannula does not extend beyond said distal end of

said barrel.
2. The syringe of Claim 1 wherein said needle is removably attached to said carrier.
3. The syringe of Claim 1 wherein said needle cannula includes a proximal end connected to

a hub, said hub being removably connected to said carrier.

4.  The syringe of Claim | wherein said carrier includes an annular elastomeric ring
extending around the periphery of said carrier, between said carrier and said barrel.

—_—

0



Figure 2A shows a test object with four_gpnnection conduc- tors la, Ib,
1c, 1d, which within the test object are’in gal vani ¢ connection with

each other. Each one of the 10 connection conductors is associated with a
transduce?- 6a, The syrsige @fcClabul 1 avtebrain fsaidt engagemient Rikans BmdePAcprojedon beSpiEC-

ti veldivial & i ey ng? | ‘ : .t hose . .
des céliytgeld dﬁ ﬂkﬁl%@% nce ?o [ﬂgiﬁ r@%qg ga#&é&gﬁ?%%{ﬁ%%}as%%%ﬁ gau% PERFTHRE being _
1 esptAPRPlG Of FRgREPRSaidierese Inssnaprlis pRngeBeNt s v, v2', v3', v4', are
supplied, in a manner anal ogous to that described for the device with
reference.to Figure. 1l . i ghti. means BMa, BMy, ,BMc, BMJ, and the
out put si %nal s'ﬂ%e Syripge 0&; %’lanyé,w lsﬂan%f‘ﬁﬁ?@eatr ’@e@?dblv?q‘i‘@d & fist thecaded) PAgion
me nben said plungéreneansraddptetato eﬁgigecimebﬁei thekshid &lgpdimlﬂh oh gaﬂdﬁwﬁé fer 'Eaxbbks rdtﬁidn%f%aiao
enmbogii Rﬂ@ the signals vl, v2, v3 an v4, is
supgﬂ?lgg%?%nc?%t et@?‘g}g%rﬁa Eﬁ?%lrﬁmﬁ% whi ch delivers the I ndi cating signal
| ND when the sum signal exceeds a presel ected conparison value. 25
Fi gure 2By showphes ' ; ' I o d
viiiBé SPCIatR PRALRICKI de)‘ﬁ‘é‘?é;}g rnﬁehﬂéarr&'iﬁl:lﬁdé/saasn éafl a%eclj[l$l% ﬁiugégt[xﬁg

S, plotted on the vertical axig ip th [ )
i e aVIRoRT ElStOMerin SYORREF b ftsaistak pad, and sid, cpBagsment aasy nsludes adpsimaliye

i n tdirectedirojeltictcon saidedtrier capiﬁlaﬁﬁ?l%ﬁfgssaﬁ%meﬁhﬁd &ipagingsH8 DuMBECidd,
essentially sinmul- 30 taneously flow through all the connection
conductors, either out fromor into the test object. Al the signals

vl, v2, 8. v3Thesyringhiof IClaimbiswhereinasaldycdntrob niehes mblafes ©h-shaptangredve on said
Si nugehdalai | ' | YeaddNs . bhase
o SREERORFAL 8510 Sl WAl s i o
consyosk &nds arecpositioned distalliwith gespect o dhe remadnder o said groays, rupncjeetion ondeaidof
t he indi@Mfirfack bf sild baitel pdRmiordd within saidF%aweewﬂ& S Urrigr fsYob 'sﬁﬁ'disgﬁ%‘ﬁﬂ ol
of the FI als, vl v2 . v3,. v4 and In, case of an electrjc discharge
out Sb,a&'g ,tsgi projection preventing proximal motion of said carrier with respect to said barrel when said
projection is in said closed end and allowing proximal motion of said carrier when said projection is in
said open end. ' |

9. The syringe of Claim 8 wherein said u-shaped groove in said carrier includes an area of
reduced width adjacent to said closed end, said area of reduced width being smaller than the distance
across said projection so that additional force is required to move said carrier into and out of a position
where said projection is positioned at said closed end of said groove.

10.  The syringe of Claim 8 further including a second u-shaped groove in said carrier
opposed from sgid u-shaped groove and a second projection on said barrel opposed from said
projection, said second projection being positioned in said second groove when said carrier is at said
distal end of said barrel.
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15 test object. The current pul ses associated with the dis- char ge
reach the test object via the connection conductor |b and pass through
the test object in order to |leave this t hrough t he connecti on
conductors la, Ic and 1d. The signals 5 v1, v2 and v4 will have
essentially the sanme phase position whereas the signal v3 is
essentially in reverse phase, and t herefore the maxi mum anplitude of
the sum signal consists of the sum of the maxi nunfahptltudes of the
signals vl, v2, - v4 reduced by the mpxinmum anplitude of the signal v3.
10 - An advant ageous i nprovenent of the invention, as described wth
reference to Figure 1,. is shown in Figure 3A The signal -m xi ng unit
ABU conprises, in addition to the adding menber ADD, al so a subtracting
menber SUB. The output 15 signals vl, v2, respectively, fromthe weighting
menbers are supplied to the subtracting nenber, the output signal D of
whi ch constitutes a difference signal forned as the diffe- rence of the

signals vl and v2. The sum si gapTy kDIl syrRiNGH f erence signal D are
supplied to a conparing member—QTn 20 the Tormof a quotient generator

which is arranged in the | ogic unit LU and which forns the quotient of
t he sum and di fference signals. ABSTRACPuUt signal SQ fromthe conparing
menber is supplied to the discrimnator DC which delivers an i ndi cating

signal when the signal SQ exceeds a presel ected 25 conparison value. It is
realized fromthe fEregafagydenaedie synanEtrmnclwﬁe%npalth§§§eéf t he

respective Suny, g g g 55e1ns1dé' §1ﬂ&ﬂ Qecham58¥er§ﬁ gbgaortlon
to each ot her 3 din er e transducers i ndi cat e 5 terna

i nterference pmrg%séma&s a@E vﬁtlﬁh(ﬁtsaclhapﬁés ok siMpY b€ 3pee
object, or intgpipieRcesPPordtidhedi pi eflwidPtiglt engagement w1th

5 the inside surface. of the barrel  .and includes a
- distal end, a proximal end and a passageway there-
through in fluid communication with the chamber. A
needle cannula projects outwardly from the distal
end of the carrier and includes a lumen in fluid
10 communication with the passageway. A plunger
assembly is slidably positioned in fluid-tight
engagement with the inside surface of the barrel.
Structure is providing for allowing the distal end
of the plunger to engage the carrier for allowing
15 distally and proximally directed forces applied to
the proximal end of the plunger to be transmitted to
the carrier. Control structure is provided for
helpiﬁg to prevent movement of the carrier with
respect to the barrel during normal use of the
20 syringe while the control structure is in a first
locked position and for allowing the carrier to be
moved proximally into the chamber through forces
applied to the plunger while the control means is in

a second unlocked position.
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charges in the test object«ln the fornmer case, the ma&i num anpl i tude
of the sumsignal.will be conparatively | ow, wher eas the anplitude of
the difference signal will be conparatively high, whereas in the latter
case thegCond-#35 tions are the reverse. The conpari son between the sum
and N f er efce si gnals thus results in an increased sensitivity in.
the dete ati on of the origin of the discharges. WO 97/ 10515
PCT/ SEO6/ 0NN 6 o .16 The conpari ng
menbet Q mai n_anpt her enbodi ment, illu- strated in Figure 3b,
conpri'se a my\tiplier Mand a sunmmat or SUM In the summtor there is
formed as out RNt signal SQ the difference of the sumsignpl S and a
signal D, whekg the 5 signal D is fornmed of the differesee signal D,

mul tiplied W the gltiplier by an optional constant K e constant K
may be chosen ."\. of Mhe typical order of magnitude of to 3. 10
Figure 3C shows d¥aywp+rcal appearance of the signals vl, v2, | the sum
signal S - vl V\‘o the difference signal D - vl- v2,_photted on the
vertical axis in \NA\di agrans, as a function of time, plotted on the
BAase of an electric discharge in the test object,

hori zontal axi s.

the transdugers 15 \ @~ Cu gnt pul ses which es ially simultaneously
flow t hFough aheaid N "o on conductors,/either out fromor ~ into
the test object. TEUSA N\, vl a2 then havegessen- tially the sane

Rea Th® nmaxi num anmpl i tude of the sum signal
% 20 of the sumof the maxi num anplitudes of
%as the maxi num anplitude of the difference

phase position, 2 -;‘?{
consists at |egst app
t he signals vl.ur,l ang”

si gnal K

S9

———

T



_beconmes at | east approxiﬁgﬁely zero. Fi gure 3D‘;%om5 a typical
appearance of the signals vl1l, v2, 25 the sumsignal S = vl+v2 and the

difference signal D - vl-v2 i ;\ case of an electric discharge outside
the test object. The signals ‘vl and v2 are essgntially in reygrse
phase, and therefore the maxi muny &4plitydeof 2he difference=signal

the ampbunts of 3 thhe

ereas the m

approxi mately zero.

vice in 3 e
achi evet”wi th an

consi sts at | east approximtely :
naxinun1:;Réitudes of the signals vl and vZ:—=

anplitude /0 the sum signal pecones at .l east Y\
A correspgonding increase of {the sensiti\ity of \
determ nati ony, of the origin of !
enbodi grent of \t he devi & '
conngégzpn cogductors 0
t ransducer s/ \6c and 6b, W
associ at pd filté\ unit and &

— obj &t is a§
yLespectiveky, egeh one&m’th an

associ at ed
e, BMH, respectively.
\\W\\ ough the sanme
\ R B ot signal s of
b b
onnecti on

sensi ng of
r,are

wei ght «é".\f,-‘,'g)‘

Tr ans f:‘/'»'\ Jr
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been described with referénce to Figure 1 as a sum fdTyed in dependence

on transducer signals originating fromthe trans- ducers 6a and 6b,
whereas the difference signal is forned in 10 the subtracti ng menber SUB
in dependeﬁ&s on transducer signals originating fromthe transducers 6c¢c
and 6d9 |t shoul d be realized that sum and difference signals wll have
simla ees both in the enbodi nent according to Fi gure 3A and
in the or di ng Figure 4. 15 Figure 5 illustrates a

the iVventi on, whi ch is especially advant ageous

4 bits an inpedance which, in THe}frequency

when t he {-s
range use\i X

3 \Ng of current pulses, in a manner—diSturbi ng the
sen- 20 s\WO 4§ aap! i tude of and/or phase-shifts GET)ents
passi ng t hryuo$ ¥ ¢t via the connection conduc tors
t hereof . Thé shown in this figure depﬂcted as a
I'1-network CON Nedance el enents 101, 1p2~and 103, of
whi ch the fi#Z&) 25 bghween the connecti onductors | a
and | b, whe ones &e connected between the conductor 5
and the and | b, ‘respectively. \Wen the

eval uati on &g
reference t
t hese conditi
near zero in CW¥
di scharge is ¢

jor exanple, as described wth .

e sum. pny Signal becones zero or very
WS d&¥t he test object. If the
in the conponent 4, the transducer

signal emanati n@ ducer 6a, because of deflection and
phase 35 shj 3 nti:re resenting the test obj ect,
wi | | appear/del aysd—=3 bed i rﬁgation to the transducer
signal emahating fromtRe transduce nversely, if the discharge is

concei ved™o occur in atn
| a of the

N



WD 97/ 10515
18

test object,

=

t he transd

PCTTSE9/ O 126

ucer signal

emanating fromthe trans-

ducer 6b will occur delayed in gase and danped in rel ation to the
transducer signal enmanating frorwthe transducer %at i sfactory
extincti f ' ang/ v2-+gqthus 5 made difificu n the test
object iff the frefgllency range im,estlon el properttes which can
be illusfrated in a nod¢l fas il rated in |gure 5. A ensati on
for thes profdrt i - owev be achi eved by |conpri m in the
si gnal Byiixi ng egufl i rerE—ABU del the test objeqt which 1p danps
and/ orflpljase=shi-Fgg—the si fro i ch the sum signal s formed in
a manndr [whieh- i nfiflat es the % danpi ng and/ior the se shift
under gdéing¢-by a cufdent puls assing through the jgonnecti on conductors
of t heritg ] ; | e of such a nodel ig|shown in Figure 5. It
15 ¢ reses tihree | npedanc ) Z1, Z2, Z3, eadqhj o W th a
charadff¥iti sti¢ simlarito th t he i npedance el emgits N 101, 102, 103
in thg ! il Yy connected in a nner anal ogous to
t hese fat nec‘gi on I nt. 2. Further, two ijnpedance el enents Z4,
Z5 ar conn tosth 0 | "at=xconnection pointg|P3, P4, whiah .
i mped e,l e I N mangger descri bed abovg,| are adj ust for
tunin the transd r to Sothance frequency ijlch is wi thin the
frequ = he sensing. Eac_one §of the t ransducers
is conn d\W tih ope oi terf8nals, to the®25\¢dnnect i points Pl and
P2, ren ] otherterninal to e conr@acti on points
P5 an®*P6, r ively, &t the inpedance el nd Z5. Signals
vl and , the gonnection points P4 and are
suppl i g to t er A For exanpl e, by { ng 30 of an
interf e e e ernaégy applied in some man known per se, the
i npedance el Z1 , may be set $uch tihiglil § he Bt put signals
vl and y2 f t no¢gl wil | have t hg same anpl e and phase
positi ap; | t M signal S be®® di sghar ges out si de
the test 35 e l N P ‘\
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Fi gures 6A-6D show an enbodj nent of a transducer 7, mh%ch j 5 This Sheot Has Been Replaced
particul arly advantageous in those.cases where the tes obj imu&"“ﬂlmﬂﬁ "l
of .a coil for a stator winding for an el ec- . WO 97/

PCT/ SE96/ 01126 19 tric power
generator and t hif -'é; Is located in a w nding sho 'iii:he stator of
the generator inpwhich a furt coi | Is | ocate Fi gure’ shows t he
t ransducer de view. A thin insul ated@erfduttor is wewhd with a
plurality o 5 around hin rectangul ar disc J2 of neyically
conducti ng dtleri al , for nple iron, with | ow hysteresi 0sses, Sso
as to forma coilf{71 with two ferninals 73, 74. The cpi!| has | its axis
parallel to a shddt side of the,rectangul ar disc dis s unded by a
screew 75 of an dljectrically codduc- 10 tive materiaf} for e |l e
alum Qfum foil . ‘He transducer is shown in Figureffb6A with the screen
cut-a to the ljq f a section B-B. Figure 6B.f t he transducer
as vie from t hem secti.on B-B. Figure ED shows the tfansducer enbedded
in a\lisc 76 §df Irinated plastic and with the tefjninals of the 15
coil wthdrawmn frigmthe disc in a slot 761 therein vijg a coaxi al cable
77. Figure 6C shdws a cross section of part of a ptator for a generator
with a winding slfqgt 8. Two coils 81, 82 are locatld in the ‘'ng sl ot
and the transducqn is pl aced between two adjacentficoil sigés of the two
coils. 20 lyr es 7A- 7C show an enbodi nent of a tkjansduc 7 of a
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conposition simlar to t hat *descri bed with reference fG

but with the difference that the coi

side of the rectangul ar disc.
a di sc of anorphous iron,
| ongi t u- dinal directi
around a cable 9 as illygtrate
described with referencento Fi
in a frequency range of typi.

t he transducers can als

mat eri al . 35 Fi gur esd8A:
prising a Rogowski coi 1971, i
t he connection conductor of
8A exenplified by a coil 81
generator, has trans-

PCT/ SEQE/ O1126
respectively,
Figure 8B shows a cross

Fi gure BC shows a secti
conductor. The coil 71 is
core of epoxy and enbedded

t

n

n

coil is surrounded by an oufjer
&
-—h

material, for exanple a

t hrough t he

By,

|

n off th

25

rgs

he| t
or

a

arranged at tHe resflect
secl i

CH

an

X
S
.

n t
t hi

(4]

1t

LD,

Fi gures 6A-6D,
has its axis parallel to a long
for exanple, wi nding the coil around

nsducer can be made flexible in the

i sc dﬂd, for exanple, be applied
e J7C. 30 The transducers
A- 6D and 7A-7C are s |Lable to use
0.1 - 5 MHz. The coi+s~conprised in
ound a disc of a no netic
odi nent of a transd r 7, com
vant ageously be adplied around
ect. The test obg , in Figure
ator wnding for an tric power
/ 19515
W 20 ducers 7a and 7b,

connection conductors la, |Db.

=5 —

ugh the connection conductor |a and
oigh the coil and the connection 5
tyipically 10 to 30 turns around a

~¢n al so of epoxy. The enbedded

n 75 of electrically conductive
hegt . Figure 8D shows a section CGC
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10 connection conductor Wi th tmo'transducers 7 and 7w thin_a

screen 75. Fi gures 9A-9C show an additional enbodi nent
t ransducer 7. Acoil 71 is wound around a U shaped core 7 “‘“‘M““
15 tric material, I

alternatively of anmpbsphous iron, and the coi

surrounded by a sc n 75 of an electrically conductive material, for
exanpl e al um ni um Eﬁ%F\gégered by a plastic figl m (not shown in the
figure). Figure 9Afshows trans S of this Kij\nd appli o the
connection conductgfs la, Ib of 200 a coil 81 of alstator w Adi ng for an
el ectric power gene rator. gures 9B and 9C ghow a vigw<of the
transducer as ewed in th gi tudi nal directjon of t onnection
conductor and perpepdi cul ar thereto, respectively. capa- l citor (not
shown in the figurg¢) may be arrahged at the two 25ffermnal s!73, 74 of the
coil for tuning of {{ he resonanc frequency of fthe trandﬁg:kr.
Fi gure 10 shows anf} nprovenent f ¥ he transducer agrording to Figures
9A-9C, which may- agivant ageousl y be used when the 3{Qf test object consists of
a coil in a statorfii nding for an el ectric gengfrator in those cases
where an additi onakf coil I's disposed in the s wi ndi ng slot. Figure
10 shows a crogp section through two coils 81, , disposed in a conmon
stator slot (not shpwn in the figure). Around the coils 35 a transducer
I's arranged which §p conposed of a U shaped~ C of the same kind as
that described withireference to Figuré? -9 condition that the
test object consiskp of a coil 81, in this d with a coil wound
as descri bed [ h reference to Figures 9A-9 |b use of the connection
g vl' . . : : !
l | / T
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give riseity
mut bal Iy ser
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Lﬁg?ﬁbnnéﬁﬁﬁa"baﬂv§“$¥ﬁﬂaﬂdL7#[, resd - . pegtivelyyswound. i v

uper g s

e ' T PCT) SE9EI 01126,
0i.l 81 andcoi:l 82, also a di schérge inzeoil 82¢. ..

Y

Caltrafiabiter sp-gRdPecdBy--diivi ding thé:coil - . cintogtwo - .- 4

opposi te diyettions ardund-t+He reorle,~and = 5 by a/suitable.choicg of thi
rati o bet wken the nunberdeof. o g¢yrms.ijn part 71" and part *71" and by’

ar rangi ngipart. 71" at, ' r.the coil..8}
effect of dis- charges in the

nd part; 71' at the.coil,

the «

8 e
82 can méireducédiﬂ;ﬁioi:%?ﬁ%ﬂes;____

11A-11B show schematical |y, isar&mvoRGisDid Hir 138E tion, a location of

a transducer
cabl e ends 9
by neans of

I n case the test object consists of a cable joint.

Two

1, 92 are joined to each other, in a manner known per se,

a

15 illustrates the case where the screen is separated fromthe
e it is advantageous to arrange the transducer 6a, 6b,
in thefieddr efbych@ygbopention. colhe, presémt cabienthds in the

818664 0ROl hypoadlifi A { eRabRqS| ASUEANG t B screen.

I n which cas
exenplified
| ongi t udi nal
Figure 1B 2

e case

sl eeve BACKSROUNINGF] THE INWENTHIN screen 94. Figure 11A

sl eeve,

e tthe screen”is Integrated with the

0 i#éustrates 5
sl eeve, in whitRHP caRF GMRLY r afSidentadn baeefdedde§tiifkEhe MOEPeeve at

the | ocation

sparncical cllyn titee f ipnesont

invdntdwre k21dtess sehegntically

a | ocation of n [ ase the.test _obje consists. pf a cable
term nation. i\gfé{ﬁca‘g% geé :{ﬁ %ﬁ%@f’% naﬁa@aa%lr? a9 nké&hgﬁa\%ﬁngert 8 by a
term - natypedemnic meedbe cimeoi théesspdingeabeone]l astemried.in the

rrange transducers 6a, 6b, exenplified in the figure by
| s, at_the pagje near the cable term- 30 nation and around

figure, to a
Rogowski coi
t he term nat

t hereby pass
| east

ing fl

elatgd. Information. r cGEBEERYEYY. A
current pul sespesiotna@f ed yhinge indilidwy 08 QISR 1l CBRkeet grmi nati on

®Sommony" FEHE PBEN ERbEmoSTHSEIS Mtk SHAT YR gh g Q8come at

having a distal end connected to a sharpened needle
cannula and a proximal end. adapted to receive a
stopper and plunger assembly. .
In recent vyears there has developed an
increased concern regarding the transfer of disease,
infection or the 1like to syringe users and health
care professionals who accidentally, or through
negligent handling, stick themselves with hypodermic
needles while disposing of used hypodermic syringe
products. In many areas in a hospital, where needle
cannula products are used, disposal bins are
provided so that a syringe or other needle cannula
product may be immediately discarded in a safe rigid
container, However, there are areas of medical
practice such as emergency rooms, or other areas
where disposal containers are not readily available
or practical, where products having self-contained
safety features are desirable. In theory, after
such a syringe is used to inject medication or for
another purpose, a safety device contained within
the syringe is activated to prevent further contact
with the sharp needle tip. One type of safety
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approximately zero. In case of a discharge in the cable 35 termnation, a

current pulse will flow to the grounding screen surrounded by the
transducer 6b and arranged in the cable termnation. This current pul se
consi sts of the sum of the current pul ses passing through the
connection conductors of the cable termnation and is sensed by the
transducer 6b WO 97/ 10515

PCT/ SE96/ 01126 -2 22 wher eas, under

t hese conditions, the transducer 6a only senses the current pul se which
passes through the cable 91. Figure 13 shows schematically a |ocation

of a transducer in 5 case the test object consists of an instrunent

t ransf or ner me ' ol t age. si ngl e: phase voltage transforner
11 corrpriss‘gilgé%i gﬂfr\&l/%jrlglcg%% bui‘%lh%éfﬁ an@‘gcgox i%oggownt f

cross sectionwithdwamal oo f agkewhypodgrnisa aeeddd dmtwl thegesyringendi ng

114, shown i t 1 OR 4 ged @n oIt e in the
box. The hi grr:l-)ﬁaﬁﬁfl ﬁvg??gimggég a(EI\E/\A n |n°g aﬁﬁ%gfcore aa(r\éé‘Lr c%%%gct ed to

ground pot ent ¥B¢ pyharp 1sr atEdnduclthe 118yrindehi s ignsethis is
advant ageous, conditsompr kegh i oéd hqnéfgurgafépyarﬁggggﬁéfggaduggrsa6a, 6D,
t

exenplified ig.the f:Lgure %ﬁ Rogowski coils, "around e 15 Ilower part of
t he hi gh-volt Jgﬁp%stu% [ T the box and at t he conductor 116 outside
t he box. Fi g8neeh 14A- &¥Binghenisd | aalughtshdaw aul §cattiaverdd Rot r ansducer

Tanaror iy SESbROPERL CERtkSaing AL PR S ld 0,2 PO
t ransfor mer 1@Wf%eszﬁn80xwﬁfthncﬁllows separation of the '
forward wall of the barrel, which is connected to
the hypodermic needle, from the side wall of the
barrel. The syringe also contains structure on the
interior of the forward wall and the exterior of the
piston for selectively attaching the . piston to the
forward wall so that the user can fore¢ibly twist the
piston to break the frangible means and draw the
forward wall, including the hypodermic needle, into
the syringe barrel. This design requires a com—
promise in the design of the syringe barrel. The
barrel must be strong enough to remain intact during
normal use yet weak enough to be sheared apart by
.any user regardless of strength. Also, the forces
required to activate the safety mechanism are
rotational while most users are more familiar with
and able to safely handle a syringe with an exposed
needle while applying axial forces, such as those
encountered with drawing fluids into the syringe
barrel and expelling fluid from the barrel.

U.S. Patent No. 3,828,775 teaches a retracting
needle syringe wherein the needle assembly is
contained within the syringe barrel before use and
is withdrawn back into the barrel after use.
Designs of this type have a disadvantége in that the

This is the replacement sheet
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hi gh-vol t age w ndi ngs WR, W5, WI, each one passed out of the box vi a
bushi ngs BR1, BR2, BSl1l, BS2, BT1l, BT2, respectively (Figure 14A). In
this case, it is advantageous, as marked in 25 the figure, to arrange
transducers 6aR, 6bR, 6aS, 6bS, 6aT, 6bT, exenplified in the figure by
Rogowski coils, around the | ower part of the respective bushing near
the box. A tap- changer, of whi ch—8me phase is schematically shown in
Fi gure 14B, has a connection conductor 123 secured to the w nding 30
122 and the other connection conductor .124 connected to the cont act
125, which is novable along the w nding, and trans- ducers 6a, 6b are
arranged at tuser espeuidtve champet imeedlen- size daotdor the 38echiaicase the

t t i st - t t
est consists,g %d%%ate% lé;Izé ﬂ%%%fe PH2EE be USRRCIRIst 15@na§§§ers can

pl aced in a man 1 ) ['ogous to that described w
reference to &% gii®e tupe the syringe ip pyrapzged.

PCT/SE96/ 01126  In many situations, the decikion |Pe§as@ihge test
obj ect consi st for ex

connecti on to‘“'lisiiﬁsh otﬂ@?ggglr ?§°81t &'goﬁé p@ﬁgcﬁaﬁgtct:/\z)%xﬁ‘? ﬁeaﬁ‘]ghngfoinsl '
i ncluded, a timjechioen. caMore visEbasethadicavinmsermapalogniisd oat hat
Coser e " e ShEREIER, LouB 3 kIS, ddicdPoft (AR g Vol L 20e
outsi de the efrliszered oritheapsmallespaeedde, wiich isitbelpavedotot he
hi gh-vol t age faishieRds ©4ihHE1 POVAN s63Pahe depthOlbf lbhjection may
be different depending on the +therapy and the
portion of the body being injected.
U.S. Patent No. 4,675,005 teaches a retracting
needle syringe wherein the needle is held at the
. distal end of the barrel through interaction of
mating threads on the exterior of the needle hub and
the interior of the distal barrel opening. This
syringe relies on a torque or rotational force
supplied by the user to secure the needle in an
extended position and reversal of this procedure to
withdraw the needle back into the bér'rel. Like many
designs, including those wherein the needle is
retained by a frictional interference f£fit, this
design requires substantially the same force to
install as to remove. Accordingly, the needle must
be secure enough to withstand normal use which may
include puncturing rubber vial stoppers, and still
be easy enough to unsecure by any user. Without a
lock or additional structure the holding force is,
"in these many designs, substantially equal to the
removal or withdrawal force. Also, in designs which
rely on rotational force applied through the plunger
rod to tightly secure the needle in the extended
position, the wuser must be <careful not to
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.Flgures 15A-15B, 16, 17A-17B and 18 show schematically exanpl es of the
| ocati on of transducers in case the test obj ect consists of a -

hi gh-vol t age bushing for an electric hi gh-vol t age apparatus. A

hi gh-vol tage bushing 13, arranged 15 on a cover 133 of an electric

hi gh-vol t age apparatus, com prises an external connection conductor
131, arranged in an I nsul ator 132, for exanple of porcelain. The

ext er nal connection conductor passes through a flange 134 down into

the lower part 135 of the bushing, located in the interior 20 of the

hi gh-vol t age appar at us. Fi gure 15A shows a transducer 6a, exenplified
in the figure by a Rogowski coil, arjyanged around the outer connection
conductor of the high-voltage bushing above the insulator. 25 Figure 15B,
in which the insulator is showmn cut up, shows a transducer 6a,
exenmplified in the figure by a Rogomski coil, arranged around the outer
connecti on conduct or ahe hi g voltage bushi ng i nside the insulator
and at the uppéggﬁﬁﬁﬁlve YthEPEBf the plupggurerod sliows thenumrengof

alternative | oddreocnsonf when atttre’tltﬁﬁttﬁfrtéalgoéém tg?et 'hneiééié1 eﬁe{rpl :cf'tﬁd
in the figure by, 0 arranged aroun e lower part o e
hi gh- vol t age bR Isngcaasg PRE S %‘?ﬁe 1¥ALdn more, sttty s £ecsirespl i fi ed

in the figure and phus Rogesskif £oet]lt atbangawbwes ounBxédesiovefopat of the

insul ator in tRgyVi ghBb!YdQhabl® £h8N%yringe so t1R¢ 1 3eedle
PCT/ SE96/ 01126 )
cannot be withdrawn. All of these possible diffi-

culties can occur while the used needle is exposed.

Althdugh the prior art -teaches many useful and
different syringe assemblies having the capacity to
withdraw the needle into the syringe barrel after
use, there still exists a need for a simple,
straight-forward, reliable, easily fabricated safety
needle syringe which allows the wuser to change
needles at the time of use and provides structure to
withdraw the needle into the syringe barrel using
substantially axial forces such as those used for
drawing 1liquid into a syringe. There also exists
the need for a safety needle syringe having locking
structure for holding a needle in a position with
respect to the barrel, which can be deactivated to
lower the force required for withdrawal of the
needle into the barrel.

SUMMARY OF THE INVENTION

A safety needle syringe of the present inven-—
tion includes a barrel having an inside surface
defining a chamber, an open proximal end and a
distal end. A movable needle carrier is positioned
in fluid-tight engagement with the inside surface of
the barrel at the distal end of the barrel. The
carrier includes a distal end, a proximal end and a
passageway therethrough in fluid communication with
the chamber. A needle cannula prbjécts outwardly
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24 . Figure 17B shows a nunber of alternative |ocations of trans-

ducers 6a', 6a", exenplified in the figure by Rogowski coils, arranged
around the outer connection conductors of t he hi gh-vol tage bushi ng
inside the'insulator and at the 5 |ower part thereof and bel ow t he cover,
respectively. Figure 18 shows a transducer -6a, exenplified in the
figure by a Rogowski coil, arranged around the insulator and

arranged novabl e along this. Such a transducer nay advan- 10 tageously be
used in conbination with a transducer 6b, . pl aced, for exanple, as

Il lustrated in Figure 16. It is clear fromthe foregoing that by
summ ng signal s originating fromtr sducer pl aced according to any of
the 15 ways shown in Figures 15A-15B, 16, 17A-17B and 18, the | ocati on
of electric discharges in a desired part of the " el ongat ed test object

I s made possible. By conbining, for exanpl e, the novabl e-transducer 6a,
as shown in Fi%ure 18, with a fixed transducer 6a', as shown in Figure

16, by 20 novERgM hthep\distal r andiuafr &hei seABF§eLrmy TRE | H€gdde in
a defined part cghnliig txﬁ%tma@se% ,dﬁ%ioyeﬁaraagmﬁmm end0¥A8! &

transducers al on t hi s | ocatign c ke place . corrpl et el freel y
al ong the test 19BPBcttR e}%’ énlfyﬁﬁs CRtdCRo W HER I’%‘
i nvention V\henphheagewayest Rbj pn’nn@@ﬂmﬁ s s)lf1<in1ﬁlpreﬁc§xytm‘ne&ut dal |ty

lectric ac goRdnaRer oA, adedepelter el Ent MRk Tk e Toe

seri es- connect éievbarredi.r Tbenpiungegl’ lnﬂlld&!ﬂ a @?Stalrhenéoandr@n part
of the stator ip$ogyRRY! '&?d'éx@aagﬁﬂg' rb&éwaéa rom aye $geh' R 141,

142. At each of the termnals rans uer ar’ is
arranged, for QfaﬁﬁPehai’Fr%Jr'entﬁiﬁafﬁﬁﬂent sra%‘é%?‘él?ﬂglﬁopt‘fﬁgl&@gcrﬁ%lon
w th referencealldosingofthe diEtdHl asnd-3£. thee plemigedt itee engrigsd ey

stgnais are sugghiede%S ebe TIIRSWHI'S SNy NGV RiloSEAY
directed forces applied to the proximal end of the
plunger to be transmitted to the carrier. Control
structure is provided for helping to prevent move-
ment of the carrier with respect to the barrel
during normal use of the syringe while the control
structure is in a first locked position. The
control structure allows the carrier to be moved
proximally into the chamber through forces applied
to the plunger while the control structure -is in a
second unlocked position. Transition between the
first 1locked position and the second unlocked
position to withdraw the cannula into the barrel is
accomplished by at least two motions of the plunger
with respect to the barrel, while the distal end of
the plunger engages the carrier. The first motion
being distally directed to force the carrier in a
distal direction with respect to the barrel followed
by a second proximally directed motion to move the
" carrier intoc the barrel far enough so that the
distal end of the cannula does not extend beyond the
distal end of the barrel.
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designated vl'-v7", are supplied to a signal-mxing unit of an

enbodi nent simlar to that signal-mxing unit described with reference
to Figure 3. To sinplify Figure 19, however, t he wei ghti ng nenbers
conprised in the signal-mxing unit ' WD 97/ 10515

PCT/ SE96/ 01126 ' - 25 are not shown in
the figure. The signal-m xing unit conpri- ses an addi ng nenber

ADDI - ADD7, associated with each trans- ducer, and a subtracting nenber
SUB1- SUB7, associated with each transducer, and is furthernore adapted
such that each 5 one of the adding and subtracting nenbers is supplied
wth signals originating froma pair of transducers arranged at
termnals to two coils arranged in a s&ffes connection adj acent to each
ot her. Thus, for exanple, the addi ng nenber ADD2 and the subtracting
menber SUS2, respectively, are 10 supplied with signals originating from
the transducer pair 6a2, 6a3 and formsum and difference signals S23 -
v2 + v3 and D23 - VBRIEF3DESCROETIONeDY, THECDRAWINIGS addi ng nenber
‘ADD3 and the subtragting,megper S r ti , e W th
signals originati naﬁc]f‘#'omlt hgé@t r%nggg’csgre%%g?'% l\égéﬁ&@%ai‘ a%"f#%ﬁeng%um and
di fference si g&@@igimlt WX + the safeky DIeedld -symingespeftitkey. All
the sum and digfed&Ceinventsigial s are supplied to a logic unit LU of the

same kind as the, logic, unit described with reference to Figure 3 and
form by conbinati cﬁﬂs‘?mgz a’s%o%?a?%ﬁfgﬂﬁﬁiaﬂae?fi FhOvaRc% & s"i‘ﬁﬁ%‘F‘EiY
i ndi cating si gifilthd A&, ofMEI. thyus the signal I ND2 indicates an

el ectric disoharge fip Coul 82 ad NBR1arged YA £1 2018POBE ! Gif scharoe i
' illustrating the distal end of the syringe barrel
and the plunger rod, and the carrier;

Fig. 4 is an enlarged partial cross-sectional
side elevation view of the syringe of Fig. 1;

Fig. S is an enlarged partial cross-sectional
side elevation view of the syringe of Fig. 1, as
viewed from the back side or the opposite side as
the view in Fig. 4;

Fig. 6 is an enlarged partial cross-sectional
side elevation view of the syringe of Fig. 1 showing
the plunger rod engaging the carrier;

Fig. 7 is an enlarged partial cross-sectional
side elevation view of the syringe of Fig. 1 showing
the carrier partially withdrawn from the distal end
of the barrel;

‘Fig.” 8 1is a partial cross-sectional side
elevation view of the syringe of Fig. 1 showing the
carrier and needle withdrawn into the barrel;

Fig. 9 is a partial cross-sectional side
elevation view of an alternate embodiment of the
safety needle syringe assembly of the present
invention; and .

Fig., 10 1is a partial cross-sectional side
elevation view of another alternative embodiment of
the safety needle syringe of the present invention.
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indi.cating signals are forwarded to central nonitoring equi pment of a
ki nd known per se via a databus, nmarked 15 in 25 the figure, and to an

i ndi cating panel 16, conprising indi- cating nmeans, for exanple in the
formof light-emtting di odes 162-167 which I'ight up when indicating a
di scharge in the respective coil. 30 It is realized fromthe
foregoing and from Figure 19 that by arrangi ng the signal-m xing unit
such that the adding and subtracting nenbers are supplied with signals
origi nating froma pair of transducers arranged at term nals between
whi ch are placed a nunber of coils arranged in a series 35 connection

adj acent to each other, discharges in ap_optional group of nutually
series-connected coils can be sensed. Fi gure 20 shows an application
of the invention when the test object consists of a sw tchgear cubicle,
for exanple in WD 97/ 10515

PCT/ SE96/ 01126 ED DE 26 encl osed i ndoor
medi um vol t age swi tchgear or i%&r‘——m switchgear. Figure 20
shows parts of a S\mtickgewhis inwehtiont his f mahisf iedchymaenbodingl e-1 i ne

di agram The Y5l VB CSOURE SForis CORHGMP B bU SRl 7180 1 e

5 test object conS|sts ng a circuit br eaker

172 and an outhf 1115%‘6111‘]8 Endarfs&kebg @&r%ﬁ d&,scrlbe‘%xb‘hp@??é& in the
figure by Rogcymemd S, e 64 BhdPg € lo £ tleéoumvéﬂel@usbaitnn bReh sides

of the oW tohgeel L fng enbl! B35 220l 1Gc1LsRHE" QUM UPOpgUI ol e
' considered exemplary of the principles of the
invention and is not intended to limit the scope of
the invention to the embodiments illustrated. The
scope of the invention will be measured by the
appended claims and their equivalents.

Adverting to Figs. 1-8, a safety needle syringe
assembly such as syringe assembly 20 includes an
elongate barrel 21 having an inside surface 22
defining a chamber 23, Barrel 21 also includes an
open proximal end 25 and a distal end 27.

For the purposes of the description of the
present invention, the term "distal end" is intended
to refer to the end of the syringe furthest from the

_person holding the syringe, whereas the term "proxi-
mal end" is intended to refer to the end of the
syringe closest to the holder of the syringe.

A movable needle carrier 28 is positioned in
fluid-tight engagement with inside surface 22 of
barrel 21 at distal end 27. The needle carrier
includes a distal end 29, a proximal end 31 and a
‘passageway 32 therethrough in fluid communication
with chamber 23, The carrier includes circum-

 ferential groove 33 at its proximal end. Annular
elastomeric ring 34 is positioned in groove 33 and
contacts the inside surface of the barrel to help
provide a fluid-tight engagement between the inside
surface of the barrel and the carrier.
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10 output line 173. The transducer signals are supplied, in a manner
simlar to that described with reference to Figure 3, via filter units
PAa, PAb, PAc, to a signal-mxing unit ABU for formng a sumsignal S -
vl +v2+v3. If only signals ori- ginating fromthe transducers 6a, 6b are
supplied to the 15 signal-mxing unit, the test object will conprise the
swi tchgear cubicle 171 and the output line 173 with equip- ment
connected thereto. If signals originating fromthe transducers 6a, 6b
and 6¢c are supplied to the signal-m xing unit, the test object is
limted to conprising only the 20 sw tchgear cubicle 171. Fi gure 21
shows an application of the invention wh&n the test object is in the
form of gas-insulated switchgear. The figure shows in the formof a
single-line diagrama 25 sw tchgear unit 18 with an encl osure 181,
conprising an I nsul ating gas 182, such as SF6. The sw tchgear unit is
of t hr ee- phase peshgedlbutcammibe fipurprejdot®neouytwmrily frommar ked

Mdent | cal . - ThollaFBLnGBE, 494t Cohy FEEL 18550 CAnelide 77, SRR O
di sconnect or 184stalbesid n38 188, proximal rendt 39 cak@r algbyumen daditt i onal,
bushing " 109"BYAY o FhendeHiBug ! Ng1AACOPBRRUAL CAEL LT IR, Too!
the figure by R8§6RERWa¥oil 32-are ZPPangd®eldd®pecGaPOUIRs IHTIIES he
busbar - on- bot hgga#ipenell t&Es€@INaGY 0”6t Otbhefacil Pt@r@diuxg doscamect or
184, around the-cqnunection.betwee the Qundi di sconpect.or 184 and
t he bushi ng 18§,ee§38untcp Plerge c&‘ﬁecﬁlﬁfﬁ %r&r\/\egﬁrigﬁgrgus%?n}%-and t he
groundi ng piestdonetiqguids8s, drourhitsheembodimenbn i waeadibe is
removably attached to the carrier. Also in this
embodiment, the needle cannula is part of a needle
assembly 35 which includes needle cannula 37 and a
hub 41. The needle hub and the carrier contain
cooperating structure so that the needle assembly is
removably attached to the carrier. In this embodi-
ment the needle hub includes a frusto-—conically
shaped interior structure adapted to frictionally
engage a tapered luer tip 43 at the distal end of
the carrier. To further facilitate the engagement
of the needle hub to the carrier, projections 44 on
the proximal end of the hub engage an internal
helical groove 45 of the carrier so that clockwise
rotation of the needle with respect to the carrier
causes projections to be drawn proximally along the
helical groove to tighten and secure the frictional
engagement of tapered luer tip 43 with the £frusto-
conically shaped recess of hub 41. The needle
assembly described herein is a known and com-
mercially available needle assembly, designed to
cooperate with syringes or other fittings having
male locking luer type fittings.
The present invention includes plunger means
slidably positioned in fluid-tight engagement with
the inside surface of the barrel. In this embodi-
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W97/ 10515 PCT/ SE96/ 01126

27 groundi ng di sconnector 188 and the | ower part of the outdoor
bushi ng 189, and around the conductor through the outdoor bushi ng 189
at the upper part thereof. As an exanple it is shown how transducer
signals originating fromthe trans- 5 ducers 6a, 6b, 6¢, via filter units
PAa, PAb, PAc are supplied to the signal-mxing unit ABU for formng a
sum signal S - vlv2+v3. The test object consists in this case of

t he groundi ng di sconnector 184 and parts of the busbar | ocat ed bet ween
the transducers and the connection of the 10 groundi ng di sconnect or
thereto. It is realized fromthe - forégoing and from Figure 21 that by
suppltying to the signal -m xing unit signals originating fromsuitably
chosen transducers, the test object can be limted to conprising a
chosen part of the switchgear unit. By, for exanple, desig- 15 ning the
si gnal - m xi ng umént apldageri medns tinglridosenar edongate gplengernndod

oo e scharbt BRI, ShORLAE. BH1RE uEE a9 L TRETHEGRSRR R oo
bushi ng 189. Oigoaceessdilble outsidehaesthe tbroxhmadhgerd mdfy bbe

equi pped with tggpse1 20andlucey s grovalRl e !MEvERINIE deslinpdragye.
Fi gures 24A-24B show an aggglcatlon of the_inven{ion he t ést

\ when
object is.in thRleRIntBe gedeto thokrg ofheid 1ndg apdyput 2% §REus a
si.ngl e- phase cughafibet r hsbgherchkd passLuwly Si Ui SchsRapedl pagageeshi ng
191 and a box 192 ??th 0shown | n..cross_section. A conduc%or %939
carrying the r°%u 8h8: 3% Sk ; i§sp§séﬁa“ﬂ§%he?%r8 6Hc H& hi gh-
vol t age bushi ngfot hrapply ingorforiss! ara amgse | thehepbangernd®D wdgai n up
thr ough the hi oheyPbbeade DUt NHar A6 21N Balle 10! Elanged 9812/ £i% 8 s3ggondary
wi ndi ng 195 is arranged. The cqre an t he- secondary w nding are
connected to grBEYeWl g@eﬁpigpsg§t the user in providing axial force

between the plunger red and the barrel.

Engagement means is provided for allowing the
distal end of the plunger rod to. engage the carrier
for allowing distal and proximally directed forces
applied to the plunger to be transmitted to the
carrier. In this embodiment, engagement means
includes an enlarged projection 52 on the distal end
of the plunger rod and a recess 53 in the proximél
end of the carrier. Recess 53 includes inwardly
projecting:annular ring 55. Enlarged projection 52
includes undercut 57. The projection of the plunger
rod and the recess of the carrier are designed to
engage each other in a snap-fit arrangement when
axial force is applied to the plunger rod to force
the distal end of the plunger rod, including the
enlarged projection, against the carrier. When the
plunger rod fully engages the carrier, as illus-
trated in Figs. 6, 7 and 8, the inwardly projecting
annular ring 55 of the recess will be positioned
adjacent to undercut 57 of enlarged projection 52 so
that the plunger rod can now transmit axial force to
the carrier in both a distal and a pfoximal
direction. It is preferred that 'in this engaged
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means of a conductor 196 and a neasured val ue of the current t hr ough
the conductor 193 is forwarded via a conductor 197. 35 In this case, it is
advant ageous, as marked in the figure, to arrange a transducer 6a,
exenplified in the figure by a Rogowski coil, around the | ower part of
t he hi gh-vol tage bushi ng near the box. A discharge in those parts of

t he current transfornmer which are located in the box gives rise

28 to current pulses which, viewed fromthe transducer, pass :
-through the downwardl y- and upwardl y-ext.ending parts of the conduct or
193 in the same direction, whereas a discharge outside of these parts
of the current transfornmer gives rise 5 to current pulses which, viewed
fromthe transducer, pass t hrough tR€-downwar dl y- and upmardl ext endi ng
parts of the conductor 193 in different directions. The magnetic field
generated by the current pulses are therefore in the forner case
different fromzero, whereas in the latter case it is 10 essentially zero.
In this case, pbeitibhethast thbj earrd@r has somé¢ sfoéedbunseopanitatel the

current transfor r ' a t he box. Fi gure 24B
shows a singl e- ﬁﬁgsegggﬁggn%gthﬁs% né%glggdf a 15 so-called top-core
nmodel , conprising aAhi gimpertank ﬁashum@ of the apresembx ipyEntisemh shown
in cross sectiqg. ﬂﬁé&”f%d%hlows‘¥ﬂé3&§ﬁ W@‘%héfifoaﬁﬁﬁééddébémﬁund

potential in a manner hown 1n t

ure, ranged at e upper
part of t h@8SEEER1}ESt gk Ui ngf AuESndElgt o$‘-“.L§3 "?ﬂ‘?g Qﬂg
current to be iggsukedy | 9fpamead caltiongh befiag Ol’d@lti&ierweand the

secondary w ndi.n 95 1 s wound around th re and ught th both
its termnals gt}‘lm"{hr bﬁﬁﬁc?ﬁgnhl é'l?q%l%% ol t & Jéé% %ﬁngigfo A dé& box.
The term nal 1s@fetycomedledsyringe gebHuthepmreesent anueatmasma;d val ue

of the currepthQkoquh many sizes of hypodermic needle assemblies
to deliver medication or perform another fluid
transfer function.

A deficiency of syringe designs which allow the
user to change needle assemblies is that the com-
ponents have to be held together securely enough to
resist the relatively substantial forces involved
with frictionally engaging a needle assembly hub to
a syringe tip, and still be weak enough to allow the
user to force the needle assembly and connected
structure into the barrel. Accordingly, ‘if the
carrier is frictionally engaged inside the syringe
barrel it must be tight enough to resist axial and
rotational forces involved with needle installation
and removal yet not be so strong that the typical
user cannot withdraw the carrier into the barrel.
This same analogy applies to threaded carriers which
must be able to resist the torque of needle instal-
lation and removal while being able to provide
superior torqﬁe to remove the carrier into the
‘barrel. The present invention overcomes these
shortcomings of prior art syringes by providing
control means for helping to prevent movement of the
carrier with'respect_to the barrel during normal use
of the syringe while the control means is in a first
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25 .the conductor 193 is forwarded via a conductor 197. Also in this
case,- it is advantageous, as marked in the figure, to arrange a
transducer 6a, exenplified in the figure by a Rogowski coil, around
the | ower part of the high-voltage bushi ng near the box. Discharges in
those parts of the 30 current transforner which are | ocated above the

t ransducer give rise to current pul ses which, viewed fromthe
transducer, pass through the downwardly- and upwardly- extendi ng parts
196 and 197, respectively, of the conductor 195 in the sane direction,
wher eas di scharges outside of 35 these parts of the current transforner
give rise to current pul ses whi ch—~-1aewed fromthe transducer, pass

t hrough t he downwar dl y- and upwar dl y- ext endi ng parts of the conductor

195 in different directions. In the former case, WO 97/ 10515
PCT/ SE96/ 01126 29 therefore, the

magnet ¢ i el d geRepat edebys bHE CHARENR11owiRY! See DasarPredll fer aay from

zero whereas in

ecomes essent |‘§u’é¥ ero. In this
case, thus, thaoved t psoximaddy cdmdiost Fher (PP Far t ughye &idlent

trans- 5 for mgsrpisC f;fqué@%ad egh@bpranybe tromseibe. the corfimgslre 25
shows an application o

h h
formof a cont MEGES kh, 1 o |2§\% " Wgc’gtﬁefg ?lﬂsétté‘?f%’él gc cfﬁcé:r%:o Tt or

UCt or
for a transfornsr, \umd:lhregt .’f@at\niriectcﬁ sthedpresentf davengion is thAkiuctors

of the above kifpd arg JRANUTAGLI §Y DY &¥d "%t install a needle
assembly will not substantially affect the force
required to withdraw the needle assembly into the
barrel.

' In the present embodiment, control means
includes u-shaped grooves 59 on outside surface 61
of the carrier. Each groove includes a closed end
62 and an open end 63. The u-shaped dgroove is
oriented so that closed end 62 and open end 63 are
positioned distally with respect to the remainder of
the groove. Inwardly directed projections 65 on the
inside surface of the barrel are positioned within
" the grooves when the carrier is at the distal end of
the barrel. In this embodiment the projections are
cylindrical having a circularly-shaped cross-—
éection. As illustrated in Figs. 4 and 5, the
projections prevent proximal motion of the carrier
with respect to the barrel when the projections are
in closed ends 62 of grooves 59. Accordingly,
substantial axial force can be applied in a proximal
direction, such as when installing a needle as-
sembly, without forcing the carrier into the barrel
and rendering the syringe unusable. Also, the
relationship of the projections with the closed end
of the grooves resists rotational forces applied to
the carrier when installing and removing a locking
luer type needle. Although the present invention is

jllustrated with a locking luer type needle assembly
This is the replacement sheet
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nunmber of sub-conductors of copper in epoxy into a conductor in the
formof a tape. To increase the insulating resistance 15 of the conductor,
a paper strip is wound around the tape so that the paper strip, viewed
froma cross section through t he conductor, becones C- shaped. These
steps in the manufac- ture take place while the conductor is fed
forward in a continuous web, at a rate typically of the order of nmagni-
20 tude of 0.2 nls, and it is thus advantageous to arrange a

conti nuous inspection of the insulation of the conductor. The figure
shows a nunber of sub-conductors 201 which are fed forward between two
roll pairs 202 and 203 in a direc- 25 -%3-on of novenent, nmarked by arrows,
fromleft toright in the figure. A paper web 204 is supplied and

f ol ded around t he sub-conductors in a rotating feed device 205. Two
nmut ual Iy gal vani cal ly connected el ectrodes 206a, 206b, which are

el ongated in tdmel diamriemn bt vaaﬁEn&eﬁtﬁﬁutdmbt@“%h&@ s%&u&tdiyer t he

entire width h b, ran et ween, t he rs, 202 and
203. The el ec%r d&de%a\gﬁ‘ flug{&l ea'q%?‘t h%a R}"Sﬁ aﬂ‘é?na{ v%i'rft%’gfkgfrom a
generat or 207 pravided t ans tgxmecaméeri nom savct asnsemb)‘(yofwhaeev\mhe an
electric = fdé&diéoewegamuh@hﬂg t&&étﬁ{&imgél R EdritldiOyding Ne 35

web. Transducers 6a,. 6b are arrang one at end of
the section XSROX¥dOFr Hh@IcePUifaRAes adhesive gp- ‘aFBeEup}ﬂVé’eP‘in a

filter units h&thddAb t Tha sigedling 1uét><lﬁ}q:émlsttrﬁ3¥dur@ bhi syga@se, thus,
the test object, .con: %I sts of ft.he sec on é bof t he c%ntlﬂjous web and

t he %%77%%1§ ructure 1is Pre erre ecause 1
PCT/ SE96/ 01126he user to change hypodermic need3 assembmliesti on

conductors of the tgstopRbpCled nEIPSG ddtEtP2R 8tal motion of the
carrier with respect to the barrel each groove
includes a restriction or area of reduced width 67
adjacent to closed end 62. The area of restriction
or reduced width is smaller than the distance across
projection 65 so that additional force is required
to move the carrier into and out of a position where
projections 65 are positioned at closed ends 62 of
the grooves. '

The syringe of the present invention can be
used in the same manner as a conventional hypodermic
syringe following known and accepted safe usage
procedures. At the end of the injection stroke
which delivers medication to the patient, the user
intentionally applies an additional axial force,
preferably by squeezing flanges 51 and 50 toward
each other, to force projection 52 on the plunger
rod into engagement with recess 53 of the carrier,
‘as illustrated in Fig. 4. Distally directed axial
force on the plunger rod will also force the carrier
to move in a distal direction as resisting force
provided by the interference between the projections
65 and restriction 67 is overcome and the carrier
will advance distally until the projections are at
base 68 of the u-shaped groove, as illustrated in
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of the web which are connected to this section at the res- pective ends
of the section. A device 208, only roughly I ndicated in the figure,
conprises two netal brushes in 5 electrical contact with the web. The
brushes are connected to a voltage source and a current-sensi ng menber
senses |if - an electric current flows through the brushes, which indi-
cates the absence of insulation. 10 Figures 22A-22B show an i nprovenent
of the invention, which i s especially advantageous for nonitoring
during nor nal operation in those cases where the test object exhibits a
very high inpedance, for exanple consists of a power trans- former, and
in particular in a difficult noise envizpgwent. 15 The hi gh i npedance of
the test object results in a current pul se, caused by an electric

di scharge outside of this, bei ng greatly danped during its passage

t hrough the test object, and therefore a sensing via the nmagnetic

field assgeiql eg Wi bt LR SUpbeRE RllS%sd HAG cONBECHAn copduc- 20

tor where it ro out from object can be
consi derably diB¥yndg% . in a Pmigm@l 2dAregbhonawakht r&SpReYPovke the

transformer 12 pisfeR hex vtuus,aaa@ndtﬁi;egl dar¢abiagaraisiing BRedfe

capaci tive neasure- n ar e n nown per
sel,O is proﬁ?ﬁﬁf‘éﬁyt ﬁgtﬂl gﬁ" f558e b@?mhlg{]@%%#t ﬁg &eo’x/% Bart P

gf th_he hi gh-vol]tragﬂxbmspregerpeét aﬁmdanmnftl artge §P2Boves drw oslyapedi ch the
ushi ng passes A an ("

conprising two Omttﬁfat%:o%l gﬁés@nt%akﬂr é’g{%fl ?‘gggrdlrés%coﬁggt ed by
means of a con(ﬂ’k‘mger rot I rqqugre@zgy eaqegeomhebe:argrxmumeuhefor

exanple, as  pHARr bathav tind eftey enGidve FttwéreéaZéizQ into Eheure 22B

shows the tran ducer_ vi d froma plane per en- |
| ongi t udi nal- aXqa ! trfég\etﬁl?'ﬁ‘ ngs%t'hﬁ“??i u- Pr %‘EIP%’E%%t%?\g{'YeaEﬁlﬁﬁe of

t he Rogowski cmdmcnwpareesm&daesposs1b11barbylad:éréﬁe1Cdeedqhercﬁhcehef t he

bushi ng. - The Cqslﬂép&agfbethe grooves and/or the projections. For
example, the projections can be non-circularly
shaped to 1lean or 1lead toward. the side of the
u-shaped groove having the open end so that when the
projections are in base 68 of the dJroove axial
forces applied to the plunger rod in the proximal
direction will cause the projections to follow the
open side of the groove and therefore allowing the
carrier to be withdrawn into the syringe barrel.
When the needle assembly is completely within the
barrel it is no 1longer possible to accidentally
touch the needle tip and thus the syringe is made
safe for disposal.

Further enhancements of the instant invention
may include a plunger rod which is frangible so that
that portion of the plunger rod projecting out of
the syringe barrel can be physically disconnected
from the remainder of the plunger rod so that the
needle cannot be accidentally moved back through the
distal end of the syringe to expose the sharp needle
tip. Also, the portions of the plunger rod and
carrier which interconnect can be designed so that
the carrier misaligns itself with respect to the
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fixed to the bushing, for exanple by gluing, and the design of this

transducer facilitates above all its nmounting on WO 97/ 10515
PCT/ SE9/ 01126 31 bushi ngs of vari ous
di nrensions. Fromthe interference point of view, it is advantageous to
pl ace the coils so as to be rotationally symetrical around the

bushi ng. The out put signal vl fromthe transducer is supplied via
conductors 73, 5 74 to evaluation equipnment 127. The out put signal.Vc from
t he capacitive neasurenent termnal is |ikew se supplied to t he

eval uation equi pnment via a conductor 75. In this inprovenent of the

I nvention, both the magnetic and 10 - the electric field, which are
generated by a current pul se associal4d with a electric discharge in
the test object, are sensed. By neans of nultiplication of signals
caused by these fields, the power flux through a connection conductor

which is associated with the discharge can be determned in 15 nmagnitude
and direction. Ibmyidudindlc adiiscloff geheayybinge assembligr whemodit ide or a

the-connent on ynbaull fulkd ScRE?Ryringe' 3iracl® I ol Sk ik O19"
di scharge are @isedignedithet ogedien clinnat | ba fownseds aufe péstthmj ect of
away from 20  tirselThagreg! &t t ¥si SifleEREMHIGE Y RERidW Lhe sRol ity of
t he out put. signal Vc fromthe capacitive neasurenent term -, nal wher eas
the direction P34 Eth]erﬁeﬁﬁﬁ stPs A erlongitugdiingd pHxi8nsyHFR he
polarity of theauggititi goalembded r 985elf into the forward wall of

the syringe barrel when the plunger is advanced.

It is also within the purview of the present

invention to include a threaded engagement between

the plunger rod and the carrier. For example, the

plunger may include a distal threaded projection

which mates with a threaded recess in the carrier.

The threads only function to connect the plunger rod

and the carrier and the function of the syringe with

respect to moving the needle assembly and carrier

into the barrel is exactly as described above. A

wide variety of structures are capable of allowing

the engagement of the plunger rod with the carrier

and those . structures described hereinabove are

representative of these many possibilities which are

within the purview of the present invention.

Referring to Fig. 9, an alternative embodiment

of the safety needle syringe assembly 70 of the

present invention is illustrated. This embodiment

functions similarly to the embodiment of Figs. 1-8

except that barrel 71 is substantially cylindrical

and has a substantially constant inside diameter at

its distal end. Carrier 72a is approximately the

diameter of the plunger rod and occludes the distal

open end of the barrel. This structure is advan-

tageous for small diameter syringes and for allowing

the use of barrels made from constant diameter

tubing such as extruded tubing. This embodiment
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the -transducer 6aR 25 An enbodi nent of the eval uation equi pnent 127 is
shown in Figure 23. The output signal vl fromthe transducer 6aR and
the output signal Vc fromthe capacitive neasurenent ter- m nal are
each supplied to a respective interface unit 21', 30 21", respectively, in
order to be adapted to each ot her and to a suitable signal level, in a
manner known per se, by nmeans of resistive, capacitive, inductive and
anpl i fying circuit elements. The output signals fromthe respective -
interface units are each supplied to a respective bandpass 35 filter 22",
22" . The bandpass filter 22', associated with t he out put signal from
the transducer 6aR, has its passband around the natural resonance
frequency of the transducer, whi ch™ }ﬁ turn is selected to obtain the
best signal/noise ratio in the measurenent system The passband for the
band- WD 97/ 10515

PCT/ SE96/ 01126 pass filter 22"
may suitably bel$pvércimdesang EFangdbds szone aqy caégat i baedweed filter

22" . Thecﬁu§Me§tg@@I svﬁr%t@ﬁ@@@ctﬂd@ bmdl%@SStﬁhltt efh@re 5
each supplied for lev aga tfa_t on t.0 an anP aflca on g 23",
respectively, Bﬁﬂ?%ﬂ% ﬁ?gug AR YIH  £od; £80e Bf ¢ %ﬁﬁﬁ??@ﬁt?% a

nul tiplying mefibem Xhe i resdiniddrhecf theo plungés arad malfttieml i eNeby each
et ve 10" BibeRaF 84 merbi8TRBRReBEY, e et Bl AT RERR L

_ Referring to Fig. 10, another alternati&e
embodiment of the safety needle syringe assembly 70
is illustrated. This embodiment functions substan-
tially similarly to the embodiment of Figs. 1-8. In
this embodiment, plunger rod 75 is connected to an
elastomeric stopper 76 which provides the fluidtight
engagement between the inside surface 22 of barrel
21 while covering the entire distal end of plunger
rod 75. An advantage of this embodiment is that the
medication in the syringe only contacts the stopper
and not the plunger rod. The stoppef can be made
from natural rubber, synthetic rubber or thermo-
plastic elastomers which are compatible with the
medication being used. In this embodiment, carrier
77 includes a centrally located proximally directed
spiked projection 79. Plunger rod 75 includes a
distal recess 80 including enlarged central portion
81. In order to engage the distal end of the
plunger rod with the proximal end of the carrier the
user provides an axial force on the plunger rod
causing the plunger rod to advance and further
causing distally directed spike projection 79 to
"pierce stopper 76 and enter distal recess 75 of the
plunger rod. Spike projection 79 includes enlarged
portion 82 which snaps into enlarged central portion
81 of the distal recess to lock the carrier to the
plunger rod for withdrawal of the needle assembly
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ment, it is assuned that a positive output signal indicates a di scharge
in the test object, which can be achi eved by sel ection of the w nding
direction for the coils conprised .in the transducer 6aR 15 The
out put signal U nd fromthe nultiplying nmenber is supplied to a peak
val ue detector 25, which to an envel ope circuit 26 only forwards
signals with a positive polarity. The envel ope circuit reproduces its

i nput signal with an 20 extended decay tine. The anplitude of the output
signal from -the envelope circuit is related to the |evel of the sensed
di scharges in the test object such that an increasing |evel of internal
di scharge results in an increasing val ue of the out put signal of the
envel ope circuit. The output signal 25 —ifrereof is supplied to a

si gnal -converting nenber 27, which converts the output signal fromthe
envel ope circuit to a corresponding direct current IIND. The anplitude
of this direct-current signal is dependent on the anplitude of the

i nput signal tointe sﬂgHMSynimgstkmgrmﬂnberIandothes 3Pesgepesdesheon t he

magni tude of t gheF?$gnai I ctioA are%$?ig?d Eﬁnggﬂltorlng

equi pment (not s omn I n ?he gure €°Co na na Rnown
per se with a embediment apfirFigevel-8. 35 It may be noted that, in this

| mprovenent of the "le@nthE}el of aEhé“Qh%@%&”%e%d&@'sﬁoinéé‘dbfai:hag the
presence of a dis- the test object is obtained wt

transducer g??ﬁﬁﬁtfo}nggﬂg?ﬂ% t%%YnaBﬂet?%n$F%?9teQSSB§|a?edw&FFh t he
current pul se, ‘adarbety @t efigide moteetalon wiriduehermopllastic and WO

97/10515 glass materials being .preferreggT/SEg%égaigﬁ facing
projections at the distal end of the barrel may be
formed of the barrel material or be formed of
additional components made of suitable rigid
materials such as thermoplastic and corrosion-
resistant metal such as stainless steel.

The plunger rod and the carrier of the present
invention can be made through a wide variety of
rigid materials with thermoplastic materials such as
‘polypropylene, polyethylene and polystyrene being
desirable. A wide variety of materials such as
natural rubber, synthetic rubber and thermoplastic
elastomers are suitable for forming the annular
eélastomeric ring, the annular sealing ring and the
stopper. For embodiments of the present invention
which are desirably sterile the materials used for
the components should be chosen to withstand the
sterilization process utilized.

Thus, it can be seen that the present invention
provides a simple, straight-forward, reliable,
easily fabricated safety needle syringe which allows
the user to change needles at the time of use and
provide structure to withdraw the needle into the
barrel wusing substantiélly axial forces such as
those used for drawing liquid into the syringe. The
present invention also provides 1locking structure

for holding the needle 1n position with respect to
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33 - the test object. In the event that no capacitive measurenent

termnal exists at the bushing of the transforner, sone ot her type of
transducer for sensing the electric field generated by the current
pul se may be used. 5 Still anot her advantageous enbodi nent of
transducer equi p- ment is shown in Figure 26. Two transducers 6a, 6b,
respec- tively, in the formof Rogowski coils 6la, 61lb, respecti-

vely, are arranged one on each side of a test object 1. Each 10 one of the
Rogowski coils is connected to a superconducting sensor of a kind known
per se, a so-called SQU D. The out put signals fromthe respective

super conducti ng sensor are suppl i ed Hg bandpass filters BPa,- BPb to
formsignals vl and v2', which can¥hen be processed further, for
exanple as 15 described above with reference to Figure 3A Fi gure 27
shows an alternative 'enbodi nent of transducer equi pnent. Four
transducers 6a,,6c_.and 6b, 6d,  respectively, in the formof Rogowski
coil's, are arr ZRGePatiRby- t TRiBn logkingc Sy aatere acaastbebdescti-at t he
connection consatedr £d alower akfiel for@s Pesdlvedd , fbPeweehdr SRhlS o7 r anged
on both sides . _§f6?2% Leit %g%e§t a&g series-connected to each other
such that ThE BSePLSsANERy BETRdund i n opposite directions to

each other and the coils 6¢c and 6d are wound in the sanme 25 direction with
respect to each other. The output signal from t he series.connection of
t he negative-feedback coils is. supplied to a filter unit PAa and the
out put signal fromthe series connection of the positive-feedback coils
is supplied to a filter unit PAc, which filter units are of the sanme 30
kind as those described with reference to Figure 1. It is realized
that, by the connection of the coils, the anplifiers, in Figure 27

desi gnat ed AnPa and AMPc, respectively, conprised in the filter units
will form signals corresponding to the sumand difference signals S 35
and D described with reference to Figure 4. These signals are suppli-ed
to a conparing nenber Q for exanple of the sane kind as that described
with reference to Figure 3B
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WO 97/ TOSH | - ; PCT/ SE96/ 01126
34 Wﬂm limited to the enbodi ments shown but t he

i nventi & # npri ses ot her conbinations of t he transducers
descri be H M’M"EI es of signal -18- m xing and of measurenent
obj ect s. THe Fnvention i s based on the use of transducers which can
be manuf actured I n shapes and di nensi ons adapted to test obj ects of
varyi ng kinds and which are gal vanically separa- ted therefrom The
eval uation equipnent for |ocating the 10 discharge at the test object is
based on Mm&lﬂe principles and is therefore insensitive to
external inter- ference. . 15 20

L. A safety needle syringe comprising;

an elongate barrel having an inside surface defining a chamber, an open proximal end
and a distal end;

a movable needle carrier positioned in fluid-tight engagement with said inside surface
of said barrel at said distal end of said barrel, said carrier having a distal end, a
proximal end, and a passageway there through in fluid communication with said
chamber;

- a needle cannula projecting outwardly from said distal end of said carrier, said
cannula having a distal end and lumen therethrough in ﬂu1d communication with said
passageway; -

plunger means slidably positioned in fluid-tight engagement with said inside suzface.
of said barrel, said plunger means having a distal end, a proximal end extending
outwardly from said open end of said barrel;

engagement means for allowing said distal end of said plunger means to engage said
carrier for allowing distally and proximally directed forces applied to said proximal
end of said plunger means to be transmitted to said carrier; and

control means for helping to prevent movement of said carrier with respect to said
barrel during normal use of said syringe while said control means is in a first locked
position, and allowing said carrier to be moved proximally into said chamber through
forces applied to said plunger means while said control means is in a second unlocked
position, transition between said first locked position and said second unlocked
position to withdraw said cannula into said barrel being accomplished by at least two
motions of said plunger means with respect to said barrel while said distal end of said
plunger means engages said carrier, said first motion being distally directed to force
said carrier in a distal direction with respect to said barrel followed by a second
motion proximally directed to move said carrier into said barrel far enough so that
distal end of said cannula does not extend beyond said distal end of said barrel.

2. The syringe of Claim 1 wherein said needle is removable attached to said carrier.

3. The syringe of Claim 1 wherein said needle cannula includes a proximal end
connected to a hub, said hub being removably connected to said carrier.

4. The syringe of Claim 1 wherein said carrier includes an annular elastomeric ring
extending around the periphery of said carrier, between said carrier and said barrel.
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* 35 1. A device for sensing
eléctrlc a_test object (1) with at least two electric
connect i Eﬂmmm , 5 1Ib, 1c, 1d), conprising transducer equi pnent
~and eval nt (PA, ABU, LUy, the transducer equipnent
conpri sing at Ieast one transducer (6a, 6b, 6c, 6d) for direction-
sensitive .sensing of current pul ses thetgigh the connection conductors

. by sensing a magnetic field, generated by the 10 current pulses, and the
pol arity thereof said at | east one transducer delivering a transducer

signal (41", Yge syiitbeof Claim'f'wheréiilsaid dfithgdmd? nfedfis SURLEAS bdfecBON bRYRGL 1 1

dependence . . . . .
P dlstal end of said plunger means and a recess in said proximal end of said carrier, said
projection being capable of engaging said recess in snap-fit arrangement.

6. The syringe of Claim 1 wherein said engagement means includes a first threaded
' portion on said plunger means adapted to engage a second threaded portion on said
carrier upon rotation of said plunger means with respect to said carrier.

7. The syringe of Claim 1 wherein said plunger means includes an elongate rigid plunger
rod having an elastomeric stopper at its distal end, and said engagement means
includes a proximally directed projection on said carrier capable of piercing said
stopper and engaging said plunger rod.

8. The syringe of Claim 1 wherein said control means includes a u-shaped groove on
said carrier, said groove includes a closed end and an open end, said u-shaped groove
being oriented to that both ends are positioned distally with respect to the remainder of
said groove, a projection on said inside surface of said barrel positioned within said
groove when said carrier is at said distal end of said barrel, said projection preventing
proximal motion of said carrier with respect to said barrel when said projection is in
said closed end and allowing proximal motion of said carrier when said projection is

" in said open end.

9. The syringe of Claim 8 wherein said u-shaped groove in said carrier includes an area
of reduced width adjacent to said closed end, said area of reduced width being smaller
than the distance across said projection so that additional force is required to move
said carrier into and out of a position where said projection is positioned at said closed
end of said groove.

10.  The syringe of Claim 8 further including a second u-shaped groove in said carrier
opposed from said u-shaped groove and a second projection on said barrel opposed

from said projection, said second projection being positioned in said second groove
when said carrier is at said distal end of said barrel.
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on said current pulses and their direction, characterized in that the
eval uati on equi pnent in dependence on received-15 transducer signals
generates an indicating signal (IND), i ndi cating an el ectric discharge
in the test object, when * the transducer equi pnent:senses current pul ses
whi ch essen- tially sinmultaneously flow either in a direction out of
t he test object through all the connection conductors or in a 20
direction into the test object through agll the connection conduct ors.
2. A device according to claim1, charac{erized in that t he transducer
equi pnment conprises transducers such that at 25 |[|east one transducer is
associated wth each one of at |east two connection conductors for
sensing of current pul ses SARERYONEEDLE S¥YRENGE/e connecti on conductor.
3. A device according to claim2, chassectzed in that it 30 conprises
transducers such that two transducers are associ a- ted with each one of
at least two gQ i C for sensi-ng. of current | se
t hrough t he r%sﬁgeg ?’%/Egﬁ% nﬁggﬁcg%d%s f‘%a"‘é‘r%‘ ueest _1ns?deg%xrﬁﬁe_ d.%] ﬁﬁ?gﬁaﬁbem
according to 3;?% ) ca&'ﬁ%[r‘%ﬁ?sé?‘?“fédf‘ pid-tight epgapement withthg qst
equi prent  conpifaseand inchules agassagvay therethroushyin fiddemmemeation vith BEgnal (S)
i n dependenceckamkers dnmasfile canntla progettsomtwatidyntrom the cayiieradistalgentrandh
transducers agwbgieatduinen in fitiid bommunikiion wHth tiRrpagagewsy) eg blungecaseinblyds s
and that the slidably positioned in fluid-tight engagement with the barrel inside surface structure
allows the plunger distal end to engage the carrier for allowing forces applied to the
proximal end of the plunger to be transmitted to the carrier. Control structure helps
prevent movement of the carrier with the respect to the barrel during normal use while
the control structure is locked and allows the carrier to be moved proximally into the

chamber through forces applied to the plunger while the control means is unlocked.

Figure 1.
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36 . indicating signal is forned in dependence on said sum si gnal .
5. A device according to claim4, characterized in that 5 the evaluation
equi pnent conprises a subtracting nenber - (SUB) and a conparing nenber
(Q "SUM, whereby the subtrac- ting menber forns a difference signal
(D) in dependence on a di fference of transducer signals originating
fromtrans- e gﬁssociated W tém-mutual |y different connection con-
10 ductors, and f at t'he conparing nmenber forns a conparison si gha
(SQ in depend-' A\on said sumsignal and said di fference signal and
t hat the |nd|--t|no,5|gna&}|s f or med i n dependence on said conparison
si-gnal . 15 ob. A d@wise/according’'to claimb5, characterized in that

the difference signalN\is forned in dependence on transducer signal s
(vl", v2") originatiny\fromthe same transducers (6a,~6b)—$§ t hose
whi ch deliver those tr¥g sducg& signal s (vl", v2") from wh t he sum

signal is formed. 20 \\ 7. Andevice according to any of the cedi ng.

cl ai s, characterizédain-that the eval uation equi pment conpri ses,

for each transducer, a faR\er unit (PAa, PAb, PAc, PAd) asspciated with
it and which filter unlt\Nww-rlses a tuning 25 olrcuit (Ra, , Rb, Cb,

Rc, - Cc, Rd, Cd) for tunln IR Ratural frequency of the transducer as
well as a bandpass > \"\%}\;\ Bp4, ~BPb, BPc, BPd), B transducer signals
bei ng supplied To the(\ zﬁ\ unit and sald su nd difference
signal s being forned in dwﬁa ,;F sbutput signMls (v1'. 30 v2', v3

v4', vi1l', v21') fromahe ﬁﬁﬁ

_ 8. A device accordlng to claim
7, characterized in ihat

pass filters are tuned to the series

resonance frequeffty of( 9. A device accordlng to
any of clains 4-8, chafact§

4]

o
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I n that the eval uation equi pnment conprises wei ghting nenbers (EMa, BM,

BMe, BMd) for weighting the signals from which the sumsignal is

f or med. ) 37 10. A device
according to any of clains 4-9, characterized in that the eval uation
equi pnment conprises a nodel (Z1, Z2, ~2= 73, 74, Z5) of the test object
whi ch danps and/or phase- ShlftS thessignals fromwhich the sum signa
is formed in a 5 way which imtates thé\anplltude danpang and/ or pﬂgse-
shift which a current pul se flow ng th %#' h jlecti on cond

tors of the test object undergoes. /9 N ce according to &Ry of

clains 1-10, whereyNy the 10 test object conS|st a section (X- of a

‘conti nuous web (201, 204), su as, foryexanp\g, an insulated |
conductor for - a {ransformer ndi ng whi IS iR the&brocess of\ Rei ng
manuf act ur ed, d the\connect igon coxreTy consi st ose _ ts of

t he web whi ch % cona.ect ed t 1 it

conpri ses at a t

web and whi ch
to cover
conpri ses at
conduct ors.

6S
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_12. A device according to any of clainms 1-10, wherein the test object
consists of a switchgear cubicle (171) in an 25 electric switchgear unit

with a busbar (17) and an out put line (173), such as, for exanple,

medi um vol t age swi t chgear or gas-insulated switchgear, characterized in
that the transducer equi prent conprises transducers (6a, 6b) arranged
at the busbarfﬁn b\tlh sides of the smitchgear cubicle. 30 13. A device
according to ai m\{2, characterized in that t he transducer  equi prment
further conpriges_iransey cers (6¢) arranged at the output |ine viewed

fromthe switc e cle. 38 14. A device according to any of
clains 4-10, whe t est pbject consists of a plurallty of
mutual ly series- —Torls (81, 82, ... 86, 87) in phase of a

stat or wi ndi

, ric ac generator, characteriz in
38. that the trg

\§BmROt conprises a transducer |,

6a2,..., 6a6, 6a7, \\ 3 N nged at a term nal (g1, 81", 82",
82", ..., 86', 86", \\\ ively) of each one said coils
and that the eval /,\c npri sgs addi ng nenbers DDI, ADD2,
..., ADD6, ADD7, \ h folMn sum signals (S12, S23, ...,
S67) in depende Msducer signals originating from

an arbitrarily chosg
to claim 14, charact\y
addi ng nenbers whi \

10 15. A device according
eval.uati on equi pnent conprises
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sum signal s in dependence on a sum of transducer signals
froma pair of said transducers arranged at termnals of coils arranged
adj acent to each other in a 15 mutual series connection. 16. A device
according to any of the preceding clains, characterized in that the
transducer conprises at | east one'ﬁbgomski'toil (7, 7a, 7b) arranged
around a connection 20 conductor RS 17. A device ac i mg to claim 16,

originating

characterized i hat —Sat-e8—-Ragowski cﬁLL i s arrangediar ofhd U shaped
core (72) offf magnet ijgt | o whi ch lclore is am d around !a 25
connecti on condy : : |ce EYD rdi ng t8 of cl 1-10,
wherein the 'S oi |l (81) |n stator ndi ng for

an electric g¢
di sposed in o

gi

p an addi ti onal coi

82) 30 |being
erator,

£ ; gsagt f the g
characterlzedi . S ‘u, crngpqges a serjjes conmtécti on of
t wo. Rogowski 5 | L1 A atually wound in oppadite directions and
arranged arouﬂn 2 oMo oSt ?d cone (72) of magngt terial,
that 35 one GW 0 ang%d at that coill|(88 which
constitutes tHf ' fother (71') of the ddils i s
arranged at t i s *{lthe sl ot of t he stator
wi ndi ng. g o
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39

19. A device according to any of clainms 1-10, wherein the
obj ect consists of a coil (81) in a stator wi nding for
generator, said coil and an additional coil (82)

winding slot (8) in the stator of the 5 generator,
the transducer is in the formof a substantially flat
arranged in said winding slot in the stator
20. A device according t % of clai ms-%-10; wherein th

has an el ongat ed extensijyn, such aizgjor exanple, a
el ectric high-voltagé apggara- characteri zedg t
equi pnent com pris at | east g Rogowski coil (6a)

al ong the test object. 21. vi ce according to di
wherein the test objject is in the formof a power trdi
at | east one Righ-voltagg bushing ¢ ) and a capacitive
term nal (126F arranged §at said bushihg, 20 characterize

t est
an electric

bei ng di sposed in one
characterized in that

Rogowski coi

(7)

and between said two coils.

&t est obj ect

shion’g-q ) for an
at the_ltansducer
arrangedynovabl e
ny  of ms 1-10,

nsformerl (12) with

neqsyyenent
at said

inth

transducer congrises at t one Rogowski coil (6aRj}; 6aR') arranged
around sai d highg vdlit age bushing and that the eval ugft og, equi pnent is
supplied with a Measurerfgnt ¥ignal (Vc.). from said capaciffived
nmeasurenent termnal. 2 22. A device according to clfaim 21
characterized in that sai d transducer conprises two ggparate (6aR ,
6aR', respec- tivel ), nutually series-connected Rog@wski coi -3
arranged opposite tgjeach other around said high-vol §age bughing. 30
23. A device accorgjng ti¢ claim1l, wherein the test obje s in the
formof a current t®angfiorner &}9) arranged at a @Y Fnt~carrying
conductor (193), said tpg&nsforaer conpri- sing a hi ghsvol e bushing
(191) 'and a secondary f 5 (195), characterized i ﬂT t the
transducer consists of I
> N & N
- [ 00 - 1
F/ W (- / Vi
S oyl
Ny
2 N
—
[ . b4
u.\ i 3 |
7]
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Rogowski coi

parts of either of said current-carrying conductor
said parts being arranged in
sai d hi gh-vol tage bushing and constituting connection
24. A device accordithg”to any of the preceding
du®rs conprise at

wi ndi ng,
40
for-the test object.

clains, 5 characterized in that said t

(6a) which surrounds downwardly and upwardly

ext endi ng
and sai d secondary

conductors

| east one

ductor to the

Rogowski coil (61a, 6lb), arranged at fSdhnectison con-
test object, and a superconduct se " D) connected to said
Rogowski coil . “« 41
AMENDED CLAI M5 [recei ved by theg#it er R& onal Bureau on 10 Febrluary
1997 (10.02.97); original cl —2Z2—Tgpl aced by anended ims 1-21
(6 pages)] 1. A device en$§ g gl gEtric discharges i t est
object (1) wth at |least two electflicic %& on |
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5 conductors (la, I'b, 1c, Id), conprising transducer equi pnrent and

eval uation equi pnent (PA, ABU, LU), the t ransducer equi pnent
conprising at |east two transducers (6a, 6b, 6¢c, 6d) for
diréction-sensitive sensing of current pul ses through the connection
conductors by 10 sensing a magnetic field, generated by the current
pul ses, and the polarity thereof, each of said transducers
delivering a transducer signal (v1", w2+ v3", v4"., v11", v21") to the
eval uati on equi-pnent in de dence on said current pul ses and their
direction, and the eval uatjion P equi prent in dependenge on received
transducer signals genfgrates an-.i rgg¢ating signal ({ND), indicating an
el ectric discharge in the flest object, _when the transdufier eqyi pnent
senses current pul ses whicf] essenti al si mul t aneousl fIOM/iisSer in a
direction out of the test GO object ough all the cofpnecti o jcgnductors
or in a direction intdithe test objlect through all he.conneption
conductors, characterized filn that the_d&vi ce conprises means~( ADD, PAa)
which forns a sumsignal (§$) in dence on a’'sunifof tra cer
signals originating from23% transduc associated w tgh nutual ly different
connecti on conductors,fjnmeans (SUB, Pac) which for .a difference
si'gnal (D) in dependence q@n a difference of transducer signal s
originating fromtransducg¢fs associated with mut u di fferent
connection conductors, an@f{a conparing 30 nmenber (Q which forns a.
conparison signal (SQ in dependence on saiqj um gHghal and said
di fference signal andjf hat the eval uati on equi Ane orms the
i ndi cating signal in fglependence on said conpari gnal. 35 2. A
devi ce accordi ng cl ai , Charactewized in that F conpri ses
t ransducers such t ansducer s Jare associ ith each one of
at | east two connection i conde;%gré for sensing df, curjjent pul ses
t hrough t he respectif connec® on conduct or.
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. . Bowdr 2ro>
42 3. A deV| y of the preceding clains,
chagactérized int mﬁﬂ“ mﬁ“m signal (D) is forned 5 in dependence

on transducer signal®s originating fromthe sane. Lransducers :
(6a, 6b) as those-which. del i ver 1 those tranddicer. si-gnahs {(ul"] »v2"™y-
fromwhich the suhhhw S -31 Jor med, 10 :4:- A- device- accor.di ng .o sany
of the precedi ng‘ cl ai m&PL CL char cteriked in th,at t-he - evak uat i Bn:-equi p #
conpri ses, r_each transducer, a filter unit (PAa, PAb;  PAG, +PAd)*
assomated Wi S and whi ch fllter unit conprises a . tuni. ng..ctyeuiti...
(Ra, Ca, Rob, Ch, Rc, Cc, Cd) for tuning the 15 natural frequency of the
transducer as well @ a ban;d filter (BPa, BPb, BPc, BPd),a{,g
transducer signals f‘ﬁb‘s c i ed to the filter unit. and ‘sai'd -Sum-anmd—

di fference si gnai & Brichy nrcsﬁi IR EPBIRIENRS: on output signals (v1",
v2', v3', v4', vi1l' anekdngaterearreineaving aerinsidetsur@e defining 4 devi ce

accor di ng to claim 4, clkdrpbact 81 bged ppamﬁgltend an8a gsspgrgiﬁass filters are
tuned to the seri esarﬁé%‘@i'&c-‘%e:d!e Jdal€ gu%g%‘@&cdt-laeq&@ hiect 25 6. A

devi ce according to \1 g; eﬁg B of I &erlzed i n that
el ety

the evaluation equip I§Ma BMy, EM,
BMI) for weighting t &< aistd H %‘%‘%rﬁ’@v\h ciig 'Gi%at is formed. 30

7. A device accordin F"@“&ﬁﬁ Bf?rﬁﬁ@ﬁr@@e@ﬁg’- RAssRgeway t*Rfl‘e’:har acterized in
that the eval uation &8appgdne budporyoynization winbishiddemiEr 73, 74, 75) of
the test object whixmatalpscannulanprojecpiaseusididly frber saghal s f r om whi ch
the sum si gnal distal end of said carrier, said cannula having a
A . distal end and lumen therathrough in fluid commu-
nicauon with said passageway;
plungar means slidably positioned in fluidtignt en-
gagement with said inside surface of said barrel,
said plunger means having a distal end and a proxi-
mal end extending outwardly from said open end of
said barrel;
engagement means for allowing said distal end of said
plunger means to engage said carrier for allowing
distally and proximally directed forces applied to
said proxunal end of said plunger means to be trans-
mitted to said carrier; and
control means for helping to prevent movement of
said carrier with respect to said barre! during nor-
mal use of said syr:nge while said contral means is
in a first locked position, and allowing said carrier
e to be moved proximally into said chamber through
forces applied to said plunger means while said
control means is in a2 second unlocked position,
. transition between said first locked position and
-said second unlocked pasition and withdrawing
said cannula into said barrel being accomplished by
at least two motions of said phinger means with
respect to said barra{ while said distal end of said
plunger means engages said carrier, said first mo-
tion being disally directed to force said carrierina
distal dir=ction with respect to said barrel followed
by 2 second motion proximally directed to move
said carrier into said barrel far enough so that said
distal end of said cannula does not extend beyond
said distal end of said barret.
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s formed |nJm tes the anplitude danping 35 and/or phase
shitt which m‘ mmnrow ng through t he connecti on conductors
of

the test olj e€t under goes. devi ce according to any of the
precedi ng cl ai ns, wherein the test Obj ect copsists. of a section (X-X)
of a 43 | THiSCORLIMMQYSED (201,
204), such as, for exanple, an I nsul at ed conHuctorHEngAC@tranjformer
wi ndi ng which is in t he process of bei ng manufaet+s+ed—and..thd
connection conductors consi st of those parts of the web which are 5

connected to said sec [ hat ses at | east
two el ectrodes (206a, é&ﬁ%ga M&dl ‘BH %czséﬁj Bﬁf“'ﬂl?{gﬂ;tl ng vol tage
and extended in the‘:lc fdne the web and which are each
arranged on a respect v'e['hﬁ HEIRge Ph&l%%ls‘ﬁnsscmcﬁaedmecdlms r€ai d section of
the web, and the tramserhigrartaghcgnionsaid cargenpri ses at | east one transducer
arranged at each of t#eThe syringearttdlaim & wilsretiosasid neadle Snnftidlevi ce
according to any of jdiala® alp %xxﬂﬁ?reﬁdfbdﬁﬁbcléd thep huBPkagth@onsi sts of

a. swi tchgear cubi cl Mﬂk;";l:);b conn&iu.‘?@tté's?zc?wr? ear unit with a busbar

(17) and an out put % r exarxg .nedi um vol t age
swi t chgear or gas-i ns 12 ea at”é’&e'm GATIET 107 hat the
transducer equi prrenF"é'-Jtﬁ?pﬂ%§‘ 41a %c(rB%S eaoenghiz aruihed at the
busbar on both si detheperipheswialcRifbgarrier, bagwicenesaid carriergndA devi ce

according to clai m Saiddimareict eri zed in that
6. The syringe of ciaim 1 wherein said engagement

s means includes a projection on said distal end of said
plunger means and a recess in said proximal end of said
carrier, said projection being capable of engaging said
recess in a snap-fit arrangement.

7. The syringe of claim 1 wherein said engagement
means includes a first threaded portian on said plunger
means adapted to engage a second threaded portion oa
said carrier upon rotation of said pluager means with
respect 10 said carrier.

8. The syringe of claim 1 wherein saxd plunger means
includes an elongate rigid plunger rod having an elasto-
meric siopper at its distal end, and said engagement
means includes a proximally directed projection on said
carvier capable of piercing said stopper and engaging
said plunger rod.

o/ 9. The syringe of claim 1 wherein said control means
includes a u-shaped groove on said carrier, said groove
includes a closed end and an open end, said u-shaped
groave being oriented so that both ends are positioned
distally with respect to the remainder of said groove, a
projection on said inside surface of said barrel posi-
tioned within said groove when said carrier is at said
distal end of said barrel, said projection preventing
proximal motion of said carrier with respect 0 said
barrel when said projection is in said closed end and
allowing proximal motion of said carrier when said
projection is in said open end.

— .
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t he transducer equi pnent further conprises transducers 25 (6c¢) arranged at

t he- out put |i ' ann”“le swi t chgear cubicle. 11. A device
according to mmmm , Wherein the test object consists of a

plurality of mttually s®ri®s-* 30 connsct ed coils (81, 82, ... 86, 87) in a
phase of a stator winding for an electric ac ¢ep OF haracteri zed
i n that the transducer equi pnment conprises a traanﬂg’{ash“éT Hgs;ﬁ'E,EN a2, ...,
6a6, 6a7, respectively) arranged at a t erm nal (81'H;EPQ_ALG,D 82', [82",
..., 86', 86", 87,, 87", 35 respectively) of each one of said corrs and
that the eval uati on equi pnment conprises addi ng nmenbers (ADDI, ADD2,
ADD6, ADD7, respectively) which formsum signals (S12, S23, ..., S67)
i n dependence on a s transduce . . :

9 Oﬁ ganoéﬁg?‘ﬂ & herepsaid gaiters sai d

44 signal s originati %fsly
t ransducers. %@’.‘?okcd VRICCHEKS iaF Mg <t an @Fes af 19duceRavdéberi zed in that
5 the eval uation eﬂgﬁ‘ﬁﬁtt%w%ﬁﬂ%%d anddisaiy asabef eduied hwidth f orm sum
signal s in dependerRsngusmalisnthat the dissutaearcross said grajkstionisgi nating from a
pai r of said transdhaerasiditiondir forg@dsl raguired onaldveotai@otdrgiear r anged
adj acent to each int@weh@lodibra AOdiHEh WREICHIE PRERRELAMS g%gi- . 13. A
devi ce according t qjffpg of i?ecla%&p% ragsgjﬁa Paye. Characterized in that
t he transducer conpr |ﬁe§- LLASTor oa; o§|e pogonskh ?‘84e!:ti£:g’hzza’ 7b)
arranged around a conie ﬁﬁ' &= of slajt1 Synergan said prdj
a circularly shaped cross section.
12. The syringa of claim 9 further including a second
Y, u-shaped groove in said carrier opposed from said u-
shaped groove and a second projection on said barrel
opposed from said projection, said second projection
being positioned in said second groove when said car-
rier is at said distal end of said barrel.
13. The syringe of claim 1 wherein said barrel is made
of material selected from the group consisting of ther
moplastic and glass. -
14. The syringe of claim 1 wherein said plunger
means includes a frangible zone between said distal end
of said plunger means and said proximal end of said
plunger means so that the proximal end of the plunger
means can be disconnected from the distal end of the
plunger means after said carvier is moved into said bar-
rel far enough so that said distal end of said cannula doe
nao extend beyond said distal and of said barrel.
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14. A device accor di ng to claim 13, characterized in that REPLACEMENRBHABRTKI
coi™dis arranged around a Dtshaped core (72) of magnetic materi al,

whi Th corecl connecti on. conducton =20 . .15, A
deV| ce acc mumﬂmm ium Ia| ns 1-7, wherel n the: 7ot gy Obj ect consists
a coil (81)¢inta stator W ndi ng or an Jectrl (ol generator : sai.d coil
|

and an additional coil (82) bei d| sposed *i n- one:w nding sl ot in t,be
stator 25 of the generator, characterized in thatthe: transduce«r — ;
conprises a series connection of twd Rogowski’ oi I:s - (71, 1), rrut uaJIy
wound in opposite directions and arranged ; around a commn U—shaped core
(72) of magnetic material, su t one.(71")- of . t-he.coil g cﬁ%arranged
at that coil 30 (81) whi ch constltut es the test- obj ect=arnd.-t hé ers (71 5)
of the coils is ar gange df? ot her (8 of the coils in the sl ot of
the stator W|nd|ng c’iic ﬁf & to apy of clains 1-7,
wherein the 35 tedR SPRGHE 3)\‘“&“%6? Sizj FE\ H‘ngator wi ndi ng

for an electric genemmbef.ﬁi opewiprozimalendy sl end; coi| (82) being
di sposed in one wi adnoyabkleoneddis c:annehposmon:daucﬂmdtxghhengener ator
characterized in thagagdment with saiddrside sugface dffsaid barreblata substt ant lally

flat Rogowski said dxstal end of smd barrel said carrier avﬁ:i a coil (7)
arranged in said w ngﬁ% drE gggaa%“ said two coils.
17. A"devi ce-accor di i |, gr3hh Bnfthlhichtion WK ssidt

a needle cannula projecting outwardly from saxd
distal end of said carrier, said cannula having a
distal end and lumen therethrough in fluid commu-
nication with said passageway;

plunger means slidably positioned in fluidtight en-
gagement with said inside surface of said barrel,
said plunger means having a distal end and a proxi-
mal end extending outwardly from said open end of
said barrel;

engagement means for allowing said distal end of said
plunger means to engage said carrier for allowing
distally and proximally directed forces applied to
said proximal end of said plunger means to be trans-
mitted to said carrier; and

control means for helping to prevent movement of
said carrier with respect to said barrel during nor-
mal use of said syringe while said control means is
in a first locked position, and allowing said carrier
to be moved proximally into said chamber through
forces applied to said plunger means while said
control means is in a second unlocked position,
transition between said first locked position and
said second unlocked position and withdrawing
said cannula into said barrel being accomplished by
at Jeast two motions of said plunger means with
respect to said barrel while said distal end of said
plunger means engages said carrier, said first mo-
tion being distally directed to force said carrier in a
distal direction with respect ta said barrel followed
by 2 second motion proximally directed to move
said carrier into said barrel far enough so that said
distal end of said cannula does not extend beyond
said distal end of said barrel. -
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-5 test "obj ect has an el ongated extension, such as, for

exanpl e, a
bushi ng (13 gp hi gh-vol t age appar at us, ML&EEMENE@HEEE
that the trummum"m&mm conprises at |east one Rogowski coil (6a)
arranged novabl® * ®fldng*the test object. 10 18. A device according
to any of clainms 1-7, wherein the - {¢est object is in the formof a power
transforner (12) with at | east one high-voltage bushing (BR1) and a
capacitive measurenent termnal (126) arranged at said 15 bushing,
characterized in that said transducer conpri ses at | east one Rogowski
coil (6aR, 6aR) arrandedhe syriage of claimi lhwlereio said)dissalsendigfand that the
eval uati on equi pmeedle eamuiplmelixdmtmslmrpm&gﬂ enment signal (Vc) from
sai d capacitive neasurmes fige df claith 1 whbdein/sail® Hieedleaio-di ng t o

claim18, characterizg ducer conprises two separate
(6aR , 6aR', respe ed 16 $4id és%g?? éisggg@ coils,
arranged opposite to e% r0 ﬁfc %&z éthl ng.

20. A device accordi ﬂﬁc Sy pB?’“FH'g - said-Rubacteri zed in
t hat said transducersbeé cmya hly cense RG@%% i coil (6la, 61b),
arranged at a connectlﬁn symmcobmlmm tlh&hecr:m ssidecarriexnin-a

super conduct or sensorciudes af@iridlar elastamerict ring aéxdtdndingiroundi | . 21.

A device for sensing eesdripleryi O suid Gurrier, BetwWdencsid carriéf angf or ner (19)
arranged at a currentges conduct or 35 (193) sald transf or ner

\c\ﬁrrprl Si gg a hi glh voIt eg?mggg t t %@ Q]Eil ng ((1195)
erel n aownwar X sai
current - chr I’ yg%aeé Q’g'e%gédﬁf@'{ ﬂ‘ﬂCﬁ n ¥ re arr anged
in said high-voltage piungempanmendiemecmmrd proximal end of said

carrier, said projection being capable of engaging said

recess in a snap-fit arrangement.

7. The syringe of claim 1 wherein said engagement
means includes a first threaded portion on said plunger
means adapted to engage a second threaded portion on
said carrier upon rotation of said phmgcr means with
respect to said carrier. _

8. The syringe of claim 1 wherein saxd plunger means
includes an elongate rigid planger rod having an elasto-
meric stopper at its distal end, and said engagement
means includes a proximally directed projection on said
cacrier capable of piercing said stopper and engaging
said plunger rod.

9. The syringe of claim I wherein said control means
includes a u-shaped groove on said carrier, said groove
includes a closed end and an open end, said u-shaped
groove being oriented so that both ends are positioned
distally with respect to the remainder of said groove, a
projection on said inside surface of said barrel posi-
tioned within said groove when said carrier is at said
distal end of said barrel, said projection preventing
proximal motion of said carrier with respect to said
barrel when said projection is in said closed end and
allowing proximal motion of said carrier when said
projection is in said open end.
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'46 < ev?f[Tat‘i on equi pnent (PA, ABU, LU and a transduce

del iLverin Lgnal to the evaluation equi
cha”racterﬂ'ﬂmmﬂr Emu; ansducer consists of a Rogowski

;
whi ch surrsunds sail rdly 5 and upwardly extending parts of either

of said current-

mggbm&m SHEET

coil (6a)

carrying conducteg20and said secondary w ndi ng, and

t hat t he eval uati on eqi pnent in dependence on received

signal s generates an indicating signal (IND), i ndicating an electric

di scharge in the cu;@ﬁni.alo transformer when the transducer, senses current
tr,

pul ses whi ch es

t ransducer

£y ragerf slapud yhersto isaids drshaggdnwar dl y and

upwar dl y ext endi ng8iRgMeInsaidcansiar in¢ludas an anea efreduced wigthyi ng conduct or

and sai d secondary&

that additional force is required to move said carrier
into and out of a position where said projection is posi-
tioned at said closed end of said groove.

11. The syringe of claim 9 wherein said projection has
a circularly shaped cross section.

12. The syringe of claim 9 further including a second
u-shaped groove in said carrier opposed from said u-
shaped groove and a secand projection on said barrel

- opposed from said projection, said second projection

being positioned i said second groove when said car-
rier is at said distal end of said barrel.

13. The syringe of claim 1 wherein said barrel is made
of material selected from the group consisting of ther-
moplastic and glass.

14. The syringe of claim 1 wherein said plunger
means includes 2 frangible zone between said distal end
of said plunger means and said proximal end of said
plunger means so that the proximal end of the plunger
means can be disconnected from the distal end of the
plunger means after said carrier is moved into said bar-
rel far enough so that said distal end of said cannula doe
no extend beyond said distal end of said barrel.

jRaen it said whased end; said agtareftteduced widsh t he current
transformer or in beidgrsewllernhibthd disniceacesss said ptdjeetbansoer .
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REPLACEMENT SHEET

-21 -

SAFETY NEEDLE SYRINGE
ABSTRACT -

A safety needle syringe includes a barrel having an inside surface defining a chamber.
A movable needle carvier is positioned in fluid-tight engagement with the inside
surface and includes a passageway therethrough in fluid communication with the
chamber. A needle cannula projects outwardly from the carrier distal end and
includes a lumen in fluid communication with the passageway. A plunger assembly is
slidably positioned in fluid-tight engagement with the barrel inside surface structure
allows the plunger distal end to engage the carrier for allowing forces applied to the
proximal end of the plunger to be transmitted to the carrier. Contro! structure helps
prevent movement of the carrier with the respect to the barrel during normal use while
the control structure is locked and allows the carrier to be moved proximally into the
chamber through forces applied to the plunger while the control means is unlocked.

Figure 1.
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