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T'o all whom it may-concern? A
Be it known that I, Micaarr Birt Frsup,

_a subject_of the King of the United King-
“dom of Great Britain .and Ireland, and- re-
siding at Glasgow, Scotland, have invented

- a certain new and -useful Improvement in

«

Filar Controls, of which the following is-a.

- specification. .. - 3

- This invention relates to new or immproved
10 forms of instruments comprising bifilar or-

multi-filar suspensions -or control means. ,

A well-known form of bifilar suspension
comprises two flexible filaments or ligaments
assumed for the purpose of explanation. to

" 15 have negligible torsional rigidity, hanging
substantially vertically at a distance apart

which is small in relation. to the length of-

the: filaments, the filaments being attached
- at the upper end to a frame and supporting
20 the moving system from the lower end. The
weight of the moving system. constitutes a
“load ” on the. filaments and produces ten-
sion therein. “When the only forces acting
upon the moving system are those of gravity
25 and the tensions of the filaments, the two
filaments are-in a plane, the load being at
its lowest level under: these conditions. I
shall hereafter refer to this position as the
“ initial ™ position. \ T
80 ‘As.is understood; if an angular displace-
anent about the vertical axis of the system
be imparted to the suspended load, the fila-
ments of such a bifilar suspension twist out
of the original plane and the load is raised,
whereby a gravitational turning moment
is set up, tending to restore the system to
the initial position. ‘Thus, when thé turning
of the moving .system or load oceurs,: the
filaments are on a vertical surface which
49 has a twist about the vertical axis.

3

Tt

- The turning moment fending: to restore

the system to the initial position. is. termed
the control.. The amount of control depends
in part on the manner in which tlhe two fila-

W
<

influenced by any change of level of the ap-
paratus, , R o ‘
To obviate the effect of such influence, it

has been proposed so to support the bifilar

59 suspension at its upper end that it can swing

freely -about a horizontal axis; passing

ments shave the load and may, therefore; be-

through the vertical axis at right angles to-
the plane containing the filaments when.in

the: initial position. - : :
- If the length of the filaments be great in

relation to their separation; as is usual, the -
centrol is proportional to the sine: of  the

angle of angular displacement of the load
from its initial position,. Thus, the maxi-
mum control ‘occurs with an angle of twist
of 90°, and with increasing angles the con-

~trol decreases. = If; therefore, the deflecting

force be sufficient to produce a deflection
greater than 90°, the.system will be unstable.
The use of such bifilar suspensions and ‘con-

55 -
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trol “means - has heretofore  been  confined - ,
to the first quadrant of rotatory motion,.and, "

in fact, it has-been usual to réstrict the mo-

tion to comparatively small angles from the

initial position. )

It ‘will further be observed that if the
filaments be parallel in the initial position,
when angular displacement oceurs, the sep-
aration varies from point to point, the fila-
ments: being nearest together at their -cen-

70

75

tral points and being. straight from end to -

end. - SR ‘ i

So:far as T am ‘aware, it -has hot hitherto.
been proposed to interpose between the fila-
ments distance pieces distributed along their
length in the mannér which I shall describe
and as the result of which the filaments do

80

not follow straight -line courses from: end

to'end when in the twisted position, wheré-
by there is obtained a useful modification
of the law of control. ’ '

85

My invention contemplates new - or -im- -

proved forms of bifilar or multi-filar sus- -

pensions or control means for instruments
wherein the moving system is controlled by
such suspensions o1 control means and where
the tension in the filaments controlling load
Is independent of the weight of the moving
system; -and means for anchoring the non-
rotating end of the suspension or  control
nieans. i : . o
The characteristics of the bifilar or multi-

80
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filar suspensions or control means contem-

plated by this invention are filaments under:

tension, directed in general along the axis
of turning, attached at one end to a rotat-

104y

able member and attached at the other end -
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rigidly or yieldingly to the frame, so that
rotation is accompanied by change in_the
inclination of the filaments to the plane
transverse to the axis of rotation, whereby
the tension components in such transverse
plane give rise to a turning moment about
said axis varying as the angle of rotation is
varied. ,

" A feature of my invention consists in dis-
posing & strut or struts between the fila-
ments at a location or locations between the
ends thereof so that as the suspension or

control means is twisted, a given separation

: e 2 .
is maintained at such location or locations,

and the filaments do not follow straight line
courses frem end to end. In this way, the
law of control is altered so as to-render the
suspensicn or control aneans more suitable
for various purposes. ' .

Tn the drawings Figs. 1 .and 2 are eleva-
tions at right angles to one another of 2
concentric watt-meter for the measurement
of large alternating current powers.

Fig. 3 is a perspective view illustrating
one form of anchorage for the bifilar sus-
pension. ;

Fig. 4 is a perspective view showing a
modified form of anchorage. '

Figs. 5 and 6 are diagrams of movements
controlled by filar combinations.

Fig. 7 is a detail view showing a form of

strut_interposed between the filaments of
the bifilar suspension. ;

Referring to Figs. 1 and 2, 1 denotes the
contral conductor which carries the main
current. (The terminal attached to the
conductor is not shown, but may be assumed
to be located on the right hand side of the
central conductor shown broken off in Fig.
1.) The current passes axially along the
central conductor: 1 into the flange 2, thence
to the flange 2 and cage bars 3 into the
flanges 4 and 4’ and’ the neck piece 5 and
thence to the second main current terminal,
not shown, but also assumed to be located
on the right hand side of the instrument,
Fig. 1. " '

The shunt current coils 6 are arranged
one above and one below the central con-
ductor 1, being held together on a light in-
sulating frame 7 and supported on a spindle
8 capable of turning about a vertical axis,
as hereafter explained. A lower spindle 9
attached to the coils carries a damping vane
10 which rotates in a liquid damping pot 11
carried by the base 12. A three-legged
bracket 13 is supported on a horizontal
plate 14 insulated from the cage by the in-
sulating strips 15 and carries on its upper
end a rotatable head for adjusting the 1n-
strument to zero, or, in other words, for
bringing the pointer to the zero mark of the
scale. - -

The rotatable head includes a worm-
wheel 16 threaded on a spindle 17 arranged
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to turn in a bearing formed in the upper

part of the bracket 13. The spindle 17 car-
ries an extension 18 with knife-edge bear-
ings 19. Cooperating with the worm-wheel
16 is a worm 20 rotatable by mieans of the
knurled head 21, whereby to rotate the axis

_of the knife-edge 19 in azimuth. .

The general construction of such watt-
meters is well understood and further ex-
planation of the details heretofore referred

‘to is.considered unnecessary.

In the knife-edge bearings 19 is mounted
a member 22 which carries an insulating
plate 28. ‘To the insulating plate 23 are at-

tached two metallic strips 24 which are

connected by fine flexible wires 25 to shunt
terminals 26 carried by the bracket 13. ‘The
metallic strips 24 form the upper terminals
to which a “bifilar ladder” 1s attached by
screws 28. The bifilar ladder consists of
two filaments 29 distanced apart by strats
30, the upper and lower ends of the fila-
ments terminating in insulating plates 31
which support metallic strips 82 to which
the ends of the filaments are electrically con-
nected. .

"In the form shown, the path of the cur-
vent entering the moving system is as fol-
lows:—'

‘From one of the terminals 26 through one 97

of the connections 25-to a strip 24, thence
by a screw 28 into an upper strip 82, thence
through one filament to the corresponding
lower strip 82 and through the spindle 8
into the coil, returning through a wire (not
shown) wrapped round the spindle 8, to
the second terminal 26 in a manner similar
to the foregoing. '

36 (Fig. 1) is'a pointer which is attached
to- a member 38 carried by the spindle 8
and which cooperates with a fixed scale 39.
40 is o mirror attached to the moving sys-
tem for co-operation with a beam of light
and a distant indicating scale in well knowr
manner.

In order to avoid sharp bending or kink-

ing of the ligament material in the imme-

diate neighbourhood of the points of at-
tachment to the plates 31 and to the struts
30, when the suspension is twisted, I find
it -desirable to constrain the ligaments to
bend around or unbend - from suitably
curved surfaces or members formed on or
attached to the struts 30 and plates 31.
Sharp bending of the ligaments is undesir-
able since it may set up destructive distor-
tion of the material and it may give rise
toa sub-permanent set of the material which
militates against precision of measurement.
“In Figs. 1 and 2, the curved constraining
members or surfaces are not shown on ac-
count of their smallness and the struts
shown in these (igures are to be considered
as indicative of the principle rather than as
illustrating constructional features.
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- In Figl 718 shown a' desirable form of.
strut consisting of ‘a round rod with en-
larged cylindiical heads-in the form of a

~dumb-bell.  The heads are slotted and the

ligament meeting the surface tangentially

passes a quarter way round the cylindrical

- head, Dback through ' the slot, a further

10
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quarter way round in the opposite direction,

“and leaves tangentially,:as indicated.

Fig: 3 illustrates ‘a construction for an-

choring the lower end of the bifilar suspen-

sion in such wise that it is free to move over
a small range in the vertical ‘direction but

1is restricted. from rotation about a vertical
5. axis,

55 denotes the filar pair; 56 a cross
strut; and 57 the bottom member which

constitutes the load on the filar pair. The-

member 57 is anchored, by hinged links 58,
59 and 60, to spring members 61, 62, 63,
which are carried on Supports 64, 65 on a

‘base plate-66.~ The member 57 is also an-
chored, by links 67, 68, 69 to the bell-crank

levers 70, 71 and 72, which are supported
pivotally on brackets 73, 74. The links 67,
68, 69 are disposed normally in a horizontal
plane and are under tension dué to small
weights at 75, 76, 77 on the horizontal arms

of the bell-crank levers. . The arrangement:

is such that vertical motion of the -member

3¢ is- permitted while ‘horizontal motion and

rotatory motion about a vertical axis are
prevented, and the tensions in 'the links are

so adjusted by the proportionment of the:
weights 75, 76, 77 that the tension in the
i filaments remains sensibly constant through-

out the range of twist to which the bifilar
suspension is subjected. = Screws 78, 79, 80
serve for-centralizing the member 57 in the
vertical axis-of the instrument. Guard
wires 81 serve to limit the motion of the
bell-crank levers -during transport . ete.
‘When current is -led into and out of the
moving system by means of the filaments,
they are extended below the lower strut and
attached with easy bends to terminal
posts 82.

Fig. 4 represents another form of -an-
chorage in which the bottom member of the
bifilar suspension is a Y-shaped piece 883,
anchored by three hinged links 84, 85, 86,
of which the links 84 and 85 are attached
to spring plates 87, 88 and the link ‘86 is
attached to the depending arm of the bell-
crank lever 89. © . ‘

Figs. 5 and 6 represent diagrammatically
various arrangements- of movements con-
trolled by filar combinations where the con-
trol load is independent of the weight of
the moving system,: , :

- Fig. 5 shows.an arrangement where the
coil A. is supported upon a pivot B, balanced
so that its centre of gravity is at the pivot
point, and the-lower ends of the filaments

C are attached to a pivoted or knife-edged -

8

member D mounted on the frame of the in-

strumeilt £o° a8 to"lie siibstdntially horizon-

tally and to produce tension inthe filaments,
by 1its own' weight modified as may be de-
sired by adjustment of ‘the counterbalance
weight W or by additional weighting or
gtherwise. L e : ‘
- Fig. 6 shows a moving system comprising
a ~coll A" supported on a single pivot
B where the bifilar combination C* is ar-
ranged above the coil, the pull being up-
wards and effected through the medium of
an_overbalanced drum E supported on’ a
knife-edged bearing F. It will be under-
stood that the axial tension exerted on-the
filaments C* is less than the weight of the
moving system, so ‘that there is in all cir-

cumstances .a' residuum of ‘weight ' carried
~on the pivot point B* whereby the coil ‘A*

is - maintained -in . position. * The ' moving

“system is-'so balanced “that ‘thie centre: ot

gravity is.at the centre of the coil. In Fig.
6 there is illustrated anintermediate strut

I “whereby the tension ‘in the ligaments' is

equalized.

"By the term “ filaments » T intend to in-

I

80
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clude not only fine threads but also ex:

tremely narrow strips.

By the term “moving system” I intend

to imply the rotatable member to which one
end of the suspension or control means is
attached, together with the relative pointer,
balance arms, and other members ‘rigidly
attached to said rotatable member.
~Ielaime— - ' :

1. In a measuring or like instrument, in

05

100,

combination, a uni-pivoted moving system -

so_balanced that the centre of gravity of
sald system is at the -pivot point, a filar
control means’ for 'said system arranged
above said system and comprising filaments
connected at their lower ends to said sys-
tem and anchored at their upper ends in such
wise as to permit axial mofion of the upper
ends of said filaments while restricting ro-
tatory motion, means for spacing said fila-
ments apart intermediate their ends, and
means for producing tension in said fila-
ments. S o g

-2. In a measuring or like instrument, in
combination, a moving system, a filar con-
trol ‘means for said system comprising fila-
ments each connected at one end to said sys-
tem and anchored at the opposite end, and
means independent of said system for pro-
ducing tension in said filaments.

3. In-a measuring or: like instrument, in -

110

120

combination, a moving system, a filar con-

trol means for said system comprising fila- -
ments each connected at one end to said
system and anchored ‘at the opposite end,
and a weight independent. of said system

‘exercising axial tension in said filaments,

4. In a measuring or like instrument, in
combination, a pivoted moving system, -a

125

bifilar suspension -above said system, and. 180

7o
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means independent of said system exercis-
ing in said suspension axial force less than
1he weight of said system.

In a measuring or like instinment, in
comblmmon, a uni- plvoted moying system
so balanced that the centre of omwty is
at the pivot, filar control means comprising
filaments each connected. at one end to said
system, and means for anchoring each of
said filaments at the opposite. and in such
wise that the anchored ends of said fila-
ments are free to move over a small range in
axial direction hut are. rest]flcted f10m ro-
tation.

6. A filar control means for measur 1n0
instruments and the like comprising a sys-
tem of filaments in p‘lmdel distance means

for spacing said filaments apart intermedi- -

ate - their ends, and means for anchoring
each of said ﬁlaments flexibly at one. end
in such wise as to Dell’“lt fu\'ml motlon of
the anchored ends of said filaments over the
requisite range without sensibly modifying
the tension of said Alaments but to restrict
rotation of the anchored ends of said fila-
ments about the axis of said system.

-of part of the weight of said system.

1,540,770

7. A filar control means for measuring
1nst1uments and the like, comprising fila.-
ments in -parallel and a.strut connecting
said  filaments  intermediate their ends in 30
such wise as to equ ah7e the tensions in said
filaments.

8. A filar control means for measuring
instruments and the like comprising ﬁh—
ments in parallel, attachment members at 35
the ends of.said ﬁhments, and a dlSt‘\llCL
picce connecting said fil aments mtermbdx
their ends.

9. In combunmon, a pivoted moving sys-.
tem, a pivot bearing for said System, filar 40
control means for snd system comprising
ligaments - connected to said system, and
means for producmo tension in the liga-
ments whereby to relieve the pivot befmntr
45

- In testimony Whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

MICHAI‘L BIRT I“ITTJD

‘Witnesses:

-Isaser: Rorro,
May Ross.



