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This invention relates to electrical instruments,
and it has particular relation to electrical meas-
uring instruments of the permanent magnet
moving coil type,

(CL 171—95)

iently can be formed from magnetic disks or
washers is riveted to the supporting member by
a rivet passing through one of the holes, The
remaining holes are employed for receiving bear~

Permanent magnet moving coil measuring in- 5 ing screws which rotatably position the moving
struments are commonly known as D’Arsonval coil in the gap between the magnetic core and
instruments, Such instruments are widely em- the pole faces of the permanent magnet,
ployed in the electrical arts for voltage and cur- The extremely weak operating torques avail-
rent measurements. As commonly constructed able in a D’Arsonval instrument require a light
a permanent magnet having spaced arcuate pole 10 movement. One of the main sources of weight
faces is provided. Between the pole faces a cy- associated with the movement is the indicating
hndn]cal magnetic ‘c?:‘%; 1is }Cr;lserted to deﬁnqlan pointer which generally is attached to the mov-
annular air gap. 1thin the air gap a coil is ing coil. In prior art instruments this pointer
mounted for rotation. i ioht-~

It is customary to mount the various parts of g 15 ?oisbgign_constrqcteq with two fight-angle b.ends‘

; ) nging the indicating portion of the pointer
DrArsonval instrument on the permanent magnet into proximity to the transparent cover of the
by means of brackets and bridges affixed to the  jpstrument. Such proximity i desirable for con-
iﬁﬁmﬁggg I%Zi’;izg’yfn;ian;‘%f mzlchme Sl‘ir €WS  venience in reading the instrument,

: o0l the extremely small size Partly because of its right-angle bends, such a
Independont parte ynien aers S mumber of 20 Doloter ds lo tho weight of the moving col
: - A ’ assembly. c n increase i eight is ob-
Is extremely difficult to construct a D’Arsonval jectionable because of the increased wear on the
measurmg_ instrument with accurate alignment small pivots employed for the instrument and
:;ghgx‘é?gggscggt; ggﬁﬁ?:éfﬁfmur zgﬁﬁgcg 25 because of the increased inertia of the moving

. X } R assembly which retards the rate of response of
assuie satisfactory operation of such instru- the instrument.
ments . : o

: . ; . . In accordance with a further aspect of the in-
s By 08 4 DA sy Yoo, % SAEHE poios e oo L 22
is maintained in position by the resiliency of a 3¢ gg‘éﬁi g?lihzsigﬁ?éﬁlenin aoig:fl sggrefr?fgg\?zi
bermanent magnet. In order to mount the ar- L N =
mature assembly the pole faces of the permanent employed therefor is brovided with a well over
magnet are separated against the resiliency of the armature assembly which, prpwdes adequate
the permanent magnet to permit the armature cleara}nce therefqr. The provision of the well
assembly to be inserted therebetween. The re- 33 Permits the remainder of the cover to be placed
siliency of the permanent magnet then is per- In proximity to the straight pointer for con-
mitted to urge the pole faces towards the arma- venience in reading. T :
ture assembly, whereby the armature assembly In prior art instruments adjustments of the
is effectively clamped between the pole faces. It instrument have been effected by means of an
will be noted that the armature assembly is firm- 4, adjusting element passing through the cover
ly gripped without recourse to rivets, machine thereof. In accordance with the invention, such
screws, or bolts. At the same time the armature an adjustment element may be omitted by pro-
assembly serves to space the pole faces ac- viding a readily detachable cover., Adjustment
curately. , of the instrument then is effected by removing

Preferably the armature assembly includes a 45 the cover.
single homogeneous supporting member which It is, therefore, an object of the invention to
may be substantially S-shaped. This supporting provide a measuring instrument of improved and
member has two ends connected by an interme- simplified construction. .
diate connecting link. Paraliel grooves are It is a further object of the invention to pro-
formed in the supporting member for receiving 50 vide a permanent magnet measuring instrument
edges of the permanent magnet whereby the sup- having an armature assembly positioned between
porting member is clamped between the pole pole faces of the permanent magnet by the
faces of the permanent magnet. Moreover the clamping action of the permanent magnet,
Supporting member is provided with three It is another object of the invention to pro-
aligned holes. A magnetic core which conven- 353 vide a permanent magnet measuring instrument
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having an armature assembly mounted on a sin-
gle homogeneous supporting member.

1t is a still further object of the invention to
provide a measuring instrument having a sub-
stantially S-shaped supporting member for sup-
porting a magnetic core and a moving coil.

Tt is a further object of the invention to provide
a permanent magnet instrument designed to
clamp an armature supporting member between
the pole faces of the permanent magneat and hav-
ing & magnetic core and a coil mounted on the
supporting member.

Tt is @ still further object of the invention to
provide a permanent magnet instrument having a
readily detachable cover.

Other objects of the invention will be apparent
from the following description taken in conjunc-
tion with the accompanying drawings, in which:

Figure 1 is a view in front plan with portions
broken away of a measuring instrument embody-
ing the invention;

Fig. 2 is a view in cross section of an instru-
ment substantially similar to that illustrated in
Fig. 1; .

Fig. 3 is an exploded view in perspective of an
instrument - movement guitable for the instru-
ments of Figs. 1 and 2;

Tig. 4 is a detailed view
supporting member suitable for
of Figs. 1 and 2;

Fig. 5 is a view in bottom plan showing a slight-
1y modified form of the supporting member illus-
trated in Fig. 4; and ,

TFig. 6 is a view in any elevation of the s
ing member illustrated in Fig. 4.

Referring to the drawings, Fig. 1 shows a per-
manent magnet instrument of the D’Arsonval
type having a casing { for supporting a perma-
nent magnet 2. This permanent magnet is pro-
vided with pole faces 3 and 4 defining an air gap
within which a coil 8 is mounted for rotation.
The coil 5§ carries a pointer § which in rotating
sweeps over a scale 1 carried by a dial plate 8.
For protecting the instrument a light-permeable
cover.9 encloses the open face of the instrument.

As is customary in D’Arsonval permanent mag-
net instruments, a zero adjuster is provided in the
form of a lever {8 which may be actuated for
varying the adjustment of the instrument. If
the light-permeable cover g
from. the casing |, the cover may be made con-
tinuous and adjustments effected by removal of
the cover from the casing to expose the adjust-
ing lever 10.

Fig. 2 discleses an instrument which is exactly
the same as the instrument of Fig. 1 except for
the provisions of an externally accessible adjust-
ment device {{. This adjustment device is in the
form of a pin extending through a light-perme-
able member Sa which otherwize is similar to the
light-permeable cover 8 of Fig. 1. The pin is re-
tained in position by means of an external head
and a resilient ring {2 which is forced over the
interiorly protruding portien of the pin. The
pin also carries an eccentrically positioned lug i3
which extends into a slot 18 provided in the lever
{9. From an inspection of Fig. 2, it will be noted
that rotation of the adiustment device {! oper-
ates to move the lever 13 and therehy to adjust
the instrument.

The attachment of the light-permeable cover 8
or 8¢ to the casing | may be effected by providing
the cover and casing with abutting flanges 18
and 16, To retain the cover in position on the
casing, a split spring ring 11 having dependent

in side elevation ¢f a
the instruments

uppoert-

ig readily detachable ,
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is positioned to engage the
flanges {5 and 18. By spreading the ring 17 and
removing it from the flanges i5 and {8, the cover
g or 9¢ may be removed readily from the cas-
ing 1.

Attachment of the instrument to a supporting
panel is facilitated by the provision of cotter pins
20 spaced around the periphery of the instru-
ment. Each of the cotter pins 20 extends through
a snugly fitting hole 21 provided in the flange 16
of the casing. The hole 2{ terminates in an en-
larged slot 22 for receiving the head of the cotter
pin. By extending the casing | which may be of
cylindrical formation through a snugly fitted
opening in a panel and spreading the cotier pins
20, the instrument may be meintained in posi-
tion on the panel.

In permanent magnet instruments, it often is
desirable to mount auxiliary equipment on or in
the instrument. i

flanges I8 and I8

Such equipment may be mount-
ed in the space provided within the permanent
magnet 2 and is represented in Fig. 1 by an ele-
ment 23 which may represent a multiplying re-
sistance for determining the range of the instru-
ment, or a contact rectifier for converting the
snstrument for alternating current operation.
The construction of the permanent magnet and
armature assembly may be understood more fully
by reference to Fig. 3. The permanent magnet
9 may be in the form of & conventional solid
permanent magnet, but preferably this perma-
nent magnet is of laminated construction. Al-

though any suitable number of laminations may
be employed, for the purpose of illustration, five

laminations 24 are attached to a supporting base
25 which preferably is of non-magnetic insulat-
ing material. The attachment of the lamina-
tions to each other and to the base 25 may be
effected by rivets 28, 27 and 28 which extend
through the laminations. Preferably one of the
rivets, as the rivet 28, does not extend through
the base 25 in order that the pole faces 3 and 4
of the permanent magnet may be separated
against the resiliency of the permanent magnet
for reasons which will be set forth below. As
indicated in Fig. 3, the base 25 may be provided
with openings 28 for receiving terminal screws
30 and 3} and with additional openings 32, as de-
sired.

The terminal screws 38 and 2{ also may be
employed for attaching the permanent magnet
2 to the casing I. Tothis end the terminal screws
have heads 33 and 34 which engage the insulating
pase 25, and extend through pillars 35 formed
integrally with the casing {. Suitable nuts 36
are provided for attaching the terminal screws
in place and for establishing suitable electrical
connections thereto. If desired, the rivets 28
and 27 may be internally threaded to receive ma-
chine screws 27 employed for attaching the dial
8 to the magnet 2.

The armature assembly for the instrument is
carried by a supporting member 88, which pref-
erably is of non-magnetic material such as brass.
The supporting member may Vary substantially
in shape. Conveniently, this member may be
generally of S-shape having two ends 33 and
49 joined by a connecting link 1. Either the
permanent magnet or the supporting member
may be provided with greoves for receiving
tongues or edges formed on the other of these
two structures. In the specific embodiment
illustrated the material employed for the sup-
porting member is sufficiently thick to receive
a plurality of aligning surfaces in the form of
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grooves 42, 43, 44 and 45. From an inspection
of Fig. 3, it will be noted that these grooves are
bositioned to engage opposed edges 46, 47, 48
and 48 formed by extensions on opposite sides
of the arcuate pole faces 3 and 4. The spacing
hetween the grooves 42 and 43 and between the
grooves 44 and 45 is slightly larger than that
between. the edges 46 and 41 and between the
edges 48 and 4.

In order to insert the supporting member 38
between the pole faces 3 and 4 a jack or other
suitable fixture is applied to the magnet 2 in
order to force the pole faces 3 and 4 apart
slightly against the resiliency of the magnet.
Generally a movement of the order of 0.008 inch
is adequate. With the pole faces separated in
this manner, the supporting member 38 may
be positioned to receive the edges 48, 41, 48 angd
49 in the grooves 42, 43, 45 and 44. When the
permanent magnet 2 is released, its resiliency
forces the edges into the grooves to clamp the
supporting member 38 securely in position.

It will be noted that the supporting member
38 operates as a spacer element for accurately
spacing the pole faces 3 and 4. For this reason
the rivets 26 and 27 need not be relied on to
align the laminations accurately, nor need they
grip the laminations firmly. Morecover, varia-
tions in the permanent magnets, such as those
produced by warping thereof during heat-treat-
ment, have no appreciable effect on the final
spacing of the pole faces 3 and 4. It will be
noted further that the grooves and edges pro-
vide interlocking formations which permit move-
ment of the supporting member 38 only in a
direction substantially parallel to the axis of the
gap between the pole faces 3 and 4. Construc-
tion of the supporting member is shown some-
what more clearly in Figs. 4, 5 and 6.

The three portions of the supporting member
38 including the ends 39 and 49 and the con-
necting link 41 are provided with aligned open-
ings 89, 51 and §2. The central opening 51 re-
ceives a rivet 52 for clamping to the supporting
member a  suitable magnetic core 54, This
magnetic core may be of unitary construction
but is illustrated in the form of a plurality of
magnetic disks or washers positicned on each
side of the connecting link 4{. As shown in
Fig. 5, one of the washers 55 may have a recess
for receiving the connecting link 41. Such a
construction extends the effective volume and
surface of the magnetic core,

The openings 58 and 52 may be provided with
threads for the reception of suitable bearings
56 and 57 (see Fig. 2). These bearings are po-
sitioned to receive stub shafts 58 and 59 carried
by the movable coil 5.

It will be understood that the magnetic core
%4 is maintaineg in position between the pele
faces 3 and 4 to define therebetween an annular
air gap. The magnetic structure including the
permanent magnet 2 and the magnetic core 54
creates a magnetic field of high intensity in this
annular gap. The coil § is mounted for rotation
in the annular gap. If desired, notches 60 may
be provided in the connecting link 41 to provide
an increased path of travel for the coil 5.

In accordance with well-known practice, one
terminal of the coil 5§ may he connected through
a flexible conductor or spring 81 to a lug 62 which
is carried by the bearing §7 and which is insu-
lated therefrom. The lug 62 is in turn connected
through a suitable conductor §3 to one of the
terminal screws 38. The remaining terminal
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screw 31 may be grounded to the permanent mag-
net hy means of a guitable conducting strap 64.
A spring 65 may be employed for connecting the
remaining terminal of the coil 5 through the
lever 18, which is pivoted on the bearing 56, to
the permanent magnet 2. In accordance with
standard practice, rotation of the lever 10 may
be employed for varying the position of the spring
85 thereby to vary the adjustment of the instru-
ment. .

The construction of the supporting member 38
initially contemplates the formation of paralle]
surfaces on the connecting link 41. 'Thege par-
allel surfaces are intended to receive the mag-
netic washers employed for the core 54. After
the parallel surfaces have heen formed, the sup-
porting member 38 ig grasped, preferably by
clamping the connecting link 41 in a suitable fix-
ture, and the parallel grooves 42, 43, 43 ang 45
are formed therein. At the same time, if desired,
the notches §90 may be cut.

After the formation of the grooves, and while
the supporting member 31 is still clamped at its
connecting link 4, the holeg 50, 5§ and 52 are
drilled therethrough, preferably in a single drill-
ing" operation. By this sequence of steps the
grooves are accurately cut perpendicular to the
surfaces of the connecting link 41, and the holes
ot openings 58, 5, or 52 gre drilled accurately
in alignment angd along an axig perpendicular to
the same surfaces of the connecting link 41. Be-
cause of this construction, it is not necessary
that the ends 39 and 48 of the supporting mem-
ber be parallel to each other or to the connect-
ing link 4i. Since the holes 50 or 52 are prop-
erly aligned for reception of the bearing screws,
the exact inclination of the ends 39 and 40 is
of minor importance.

It will be noted that the S-shaped membper 38
performs 2 number of functions. In the first
place it accurately aligng the laminations of the
permanent magnet 2 snd establishes an accurate
air gap betwesn the pole faces 3 and 4. In addi-
ticn, the supporting member 38 carries the mag-
net cove 54 and accurately pesitions it within
the air gap hetween the pole faces 3 and 4. Fur-
thermore, the supborting  member accurately
aligns the bearing screws 58 and 57 for support-
ing the coil § in proper position within the an-
nular air gap between the magnetic core 54 and
the pole faces 2 and 4.

As ahove indicated, it ig customary in the art
to provide a D’Arsonval instrument with g point-
er having two right-angle bends. Such a pointer
is iDustrated for example, in the Bernarde Pat-
ent; 2,157,845, issued May 9, 1929, and assigned to
the Westinghouse Electric & Manufacturing
Company.  As pointed out in this patent, it is
desirable to provide a light pointer construction.
Because of the right-angle bends necessitated by
the prior art constructions, the minimum weight
for the pointer has not been ohtained.

Referring to Figs. 1 and 2, it will be noted that
the pointer 6 is a straight pointer adjacent the
dial plate 8. For ease in reading, the cover § or
90 is provided with an offset portion b over the
end of the pointer 6. Such g construction results
in the formation of a well 8¢ over the armature
assembly of the instrument for providing ade-
quate clearance therefor. Tf desired, the cover
9 or 8¢ may be molded in one piece from a suit-
able light-permeable material such as glass or a
translucid plastic such as a methyl methacrylate
resin.

By reference to Fig. 2, it will e noted that
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the cover 3 or % is provided with a cylindrical
wall portion 9d surrounding the dial plate. When
the instrument is illuminated by external light,
the cylindrical wall portion 9d permits the entry
of an increased amount of light for illuminating
the dial plate 8 and the pointer 6.

The casing | conveniently may e formed from
any suitable insulating material such as a phenol
rormaldehyde resin.

It is believed that the construction and oper-
ation of the instrument constructed in accord-
ance with the invention is apparent from the
foregoing description. Any suitable number of
laminations of permanent magnet material may
be formed into the desired shape, heat treated,
aged, magnetized and assembled by means cof
rivets 2§, 27 and 28 to each other and to the base
25. The supporting member 38 then is provided
with fiat parallel surfaces for the reception of
magnetic washers which are attached thereto
subsequently by means of the rivet 53. With the
supporting member 33 grasped by its connect-
ing link or central supporting portion, grooves
42, 43, 44 and 43 are cut therein perpendicular to
the connecting link #1. Tinally the holes 82,
5{ and 52 are drilled through the ends and con-
necting link of the supporting member in align-
ment with each other and perpendicular to the
surfaces of the connecting link 41. The ends 39
and 40 have their holes or openings threaded for
the reception of bearing sSCrews 56 and 57.

Because of the § formation of the supporting
member, the coil & may be slipped readily over
the supporting member with its shafts in posi-
tion to engage the bearings 85 and 57. This per-
mits the adoption of a single piece, homogeneocus
supporting member. When the armature assem-
bly is completely assembled, the permanent mag-
net 2 may have its pole faces 3 and 4 separated
against the resiliency of the permanent magnet
by means of a suitable jack. The armature as-
sembly may then be slid into position wherein
the grooves 82, 43, 44 and 45 are positioned to
receive the edges or extensions 48, 41, 49 and 48.
When the permanent magneb 2 is
edges grip the supporting member 38 to retain
the armature assembly firmly in operative posi-
tion. The only points of contact between the ar-
mature assembly and the permanent magnetl are

the abutting portions or aligned surfaces con-

tacting the edges 48, 41, 43 and 43.

The conductor 63 then may be attached to the
lug £2, and the permanent magnet 2 together with
its armature assembly may be mounted ‘in the
casing by means of the terminal screws 30 and
31. The desired dial plate is attached to the
permanent magnet by means of the screws 31,
and the cover 9 or 9a is attached thereover by
means of the split spring ring 17 to complete the
instrument assembly.

If desired, the cover may be provided with a
notch 9e for the reception of a lug ta carried
by the casing |. The lug and notch cocperate to
prevent the mounting of the cover when the well
9¢ is displaced from its position over the arma-
ture assembly.

Although the invention has been described with
reference to certain specific embodiments thereof
numerous modifications are possible. Therefore,
the invention is to be restricted only by the ap-
pended claims when interpreted in view of the
prior art.

1 claim as my invention:

1. In an electrical measuring instrument, a
resilient, laminated magnetic structure having

released, the

10

15

20

40

60

2,315,587

spaced integral pole faces defining an arcuate
gap extending transversely to the laminations of
said structure, said magnetic structure being ef-
fective for producing a magunetic field in said
gap, the individual ends of the laminations form-
ing said magnetic structure being unevenly
aligned, a coil positioned in said gap, means
mounting said coil for rotation in said gap rela-
tive to said magnetic structure with the sides of
said coil in close proximity to said pole faces,
and supporting means for supporting said mount-
ing means comprising spaced, parallel ways on
said magnetic structure respectively adjacent
each of said pole faces and extending trans-
versely to the laminations of said structure, said
mounting means having a portion interposed be-
tween, and grasped by, sald ways of sufficient
width to spring apart the pole faces of said mag-
netic structure sufficiently to align said individ-
ual ends.

2. In an electrical measuring instrument, a
laminated, resilient magnetic structure having
spaced integral pole faces defining & cylindrical
gap extending transversely to the plane of the
Jaminations of said structure, and having spaced
extensions respectively adjacent said pole faces,
said magnetic structure being effective for pro-
ducing a magnetic field in said gap, the individ-
ual ends of the laminations forming said mag-
netic structure being unevenly aligned, and a
unitary armature assembly positioned between
said pole faces, said assembly including a mag-
netic core cooperating with said pole faces for
defining a substantially annular gap, a coil hav-
ing a portion within said annular gap, and means
mounting said coil for rotation, said armature
assembly having a supporting portion interposed
between said extensions, the spacing between said
extensions being less with said armature assem-
bly removed therefrom than the corresponding
dimension of said supporting portion . by an
amount suficient to spring apart and align the
individual ends of the laminations. forming the
magnetic structure.

3. Tn an electrical measuring instrument, a
laminated, resilient magnetic structure having
spaced integral and arcuate pole faces for de-
fining a cylindrical gap extending transversely
to the plane of the laminations of said structure,
said magnetic structure being effective for pro-
ducing a magnetic fleld in said gap, the individ-
ual ends of the laminations forming said mag-
netic structure being unevenly aligned, and an
armature assembly removably mounted in said
gap comprising a supporting member having por-
tions extending between the opbosed edges of
said pole faces proporticned for spreading said
pole faces apart against the resiliency of said
magnetic structure sufficiently to align the indi-
vidual ends of the laminations forming said mag-
netic structure, a cylindrical magnetic core cai-
ried by said supporting member, said cylindrical
magnetic core being positioned concentrically
within said cylindrical gap for defining with said
pole faces a substantially annular gap, a coil
having portions positioned in said annular gap,
and means mounting said coil on said supporting
member for rotation relative thercto about the
axis of said magnetic core.

4, In an electrical measuring instrument, a re-
silient, laminated permanent magnet having
spaced, arcuate pole faces for defining a cylin-
drical gap, and having opposed, parallel edges
bordering said pole faces, said permanent magnet

‘being effective for producing a magnetic fleld in
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sald gap, and an armature assembly removably
mounted as a unit in said gap comprising a sup-
porting member having a pair of parallel surfaces
disposed for engaging sald parallel edges, said
parallel edges being spaced apart by a dimension
normally less than the corresponding spacing of
sald parallel surfaces, whereby insertion of said
parallel surfaces therebetween causes said par-
allel edges to grip said supporting member, and
said supporting member having first, second and
third spaced portions extending generally at right
angles to said parallel surfaces, said portions be-
ing spaced along the axis of said gap, and each
of said portions having a hole aligned with said
axis, a-cylindrical magnetic core, first means pass-
ing through the hole in said first portion for at-
taching said core to said first portion, said mag-
netic core being positioned within said gap to
define a substantially annular gap bounded by
pole faces, a coil surrounding said magnetic core
and having portions in said annular gap, and
means assoclated with the holes in said second
and third portions for mounting said coil for
rotation about said axis.

5. In an electrical measuring instrument, g
resilient, laminated permanent magnet having
spaced, arcuate pole faces for defining a cylin-
drical gap, and having opposed, parallel edges
bordering said pole faces, said permanent mag-

net being effective for producing a magnetic field P

In said gap, and an armature assembly remov-
ably mounted as a unit in said gap comprising a
generally S-shaped supporting member having a
pair of parallel surfaces disposed for engaging
said parallel edges, said parallel edges being spaced
apart by a dimension normally less than the cor-
responding spacing of said barallel surfaces,
whereby insertion of said parallel surfaces there-
between causes said parallel edges to grip said
supporting member, said parallel surfaces and
edges having interlocking formations permitting
movement of said supporting member relative to
said permanent magnet only in a direction par-
allel to the axis of said gap, and said support-
ing member having first, second, and third spaced
portions extending generally at right angles to
sald parallel surfaces, said portions being spaced
along the axis of said gap, and each of said por-
tions having a hole aligned with said axis, a plu-
rality of magnetic washers assembled to form a
cylindrical magnetic core, first means passing
through the hole in said first portion for attach-
ing said core to said first bortion, said magnetic
core being positioned within said gap to define
& substantially annular gap bounded by pole faces,
a coil surrounding said magnetic core and having
portions in said annular gap, and means associ-
ated with the holes in said second and third por-
tions for mountnig said coil for rotation about
said axis.

6. In o magnetic circuit for an electrical in-
strument, a resilient laminated magnetic struc-
ture having integral opposed pole faces for de-
fining a gap ang having opposed, parallel edges
bordering said pole faces and extending trans-
versely to the plane of the laminations of said
structure, said magnetic structure being effective
for producing a magnetic field in said gap, and
means for accurately spacing the laminations of
said magnetic structure for defining a predeter-
mined gap, said means comprising a non-mag-
netic spacer element spaced from said pole faces,
said spacer element having parallel surfaces abut-
ting said parallel edges, said parallel surfaces be-
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normal spacing of said parallel edges when said
magnetic structure is free, whereby insertion of
said spacer element between said edges accu-
rately aligns the laminations of said structure
and determines said gap.

7. In a magnetic circuit for an electrical in-
strument, a resilient laminated permanent mag-
net having integral arcuate opposed pole faces
for defining g cylindrical gap, and having spaced
bairs of opposed parallel edges bordering said
pole faces, the axis of said gap extending at right
angles to the plane of saiq magnet laminationsg,
sald magnet baing effective for producing a mag-
netic field in said gap, the individual ends of the
la‘minations»forming said permanent magnet be-
ing unevenly aligned, and means for accurately
spacing the pole faces for defining a predeter-
mined gap, said means comprising a spacer ele-
ment having parallel surfaces abutting only said
barallel edges, said parallel edges and surfaces
having interfitting surfaces permitting movement
of said spacer element relative to said magnet
only in a direction barallel to said edges and sur-
faces, the spacing of said barallel surfaces being
greater than the normal spacing of said parallel
edges when said bermanent magnet is free by an
amount sufficient to spring apart and align the
individual ends of the laminations forming said
Permanent magnet,

8. In a magnetic circuit for an electrical in-
strument, g, resilient laminated permanent mag-
net having integral arcuate opposed pole faces
for defining a cylindrical gap, and having g pair
of opposed parallel edges bordering said pole
faces on each side of the axis of said gap, the
axis of said gap and said parallel edges extending
at right angles to the plane of said magnet lami-
nations, said magnet being effective for produc-~
ing a magnetic field in said gap, the individual
ends of the laminations forming said permanent
magnet being Unevenly aligned, means for ac-
curately spacing the pole faces for defining g pre-
determined gap, said means comprising a spacer
element having parallel surfaces each abutting a,
separate one of said parallel edges, said parallel
edges and surfaces having interfitting surfaces
bermitting movement of said spacer element rela-
tive to said magnet only in a direction paralle] to
said axis, the spacing of said parallsl surfaces
being greater than the normal spacing of each
pair of said paraliel edges when said bermanent
magnet is free by an amount sufficient to spring
apart and align the individual ends of the lami-
nations forming said bermanent magnet,

9. In an armature assembly for an electrical
instrument, g homogeneous non-magnetic sup-
porting element comprising two substantially par-
allel, spaced outer members, and an intermedi-
ate member substantially parallel to said outer
members, said intermediate member heing con-
nected to each of said outer members, a mag-
netic core affixed to said intermediate member
and contacting said intermediate member over a
surface parallel to said members, a coil posi-
tioned around saig magnetic core, and means ag-
sociated with said outer members for mounting
said coil for rotation about said magnetic core.

10. In an armature assembly for an electrical
instrument, an S-~-shaped non-magnetic support-
ing element having two outer ends and an inter-
mediate connecting link for said ends, said sup-
porting element having openings aligned along
3 common axis in said ends and in said inter-
mediate link, a cylindrical Magnetic core, means
extending through said magnetic core and the
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opening in said intermediate link for attaching
said magnetic core to said intermediate link, first
bearing means positioned in each of said openings
in said ends, a coil positioned around sad mag-
netic core and proportioned to lie between said
outer ends, and second bearnig means carried by
said coil, said bearing means comprising shaft
means cooperating with bearings for mounting
said coil for rotation about said axis.

11. In. an electrical instrument an armature
assembly including a homogeneous non-mag-
netic supporting element comprising two substan-
tially parallel spaced outer members, and an in-
termediate member substantially parallel to said
outer memers, & magnetic core affixed to said
intermediate member, a coil positioned around
said magnetic core, and means associated with
said outer members for mounting said coil for
rotation about said magnetic core, said support-
ing element having a pair of portions on oppo-
site sides of the axis of rotation of said coil, and
a resilient magnetic structure clasping each of
said portions to position said armature assembly
relative to said magnetic structure, said portions
and said magnetic structure having interfitting
parts permitting movement of said armature as-
sembly relative to said magnetic structure only
parallel to the axis of rotation of said coil.
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12. In an electrical measuring instrument, an
armature assembly comprising an $-shaped non-
magnetic supporting element having two outer
ends and an intermediate connecting link for
said ends, said supporting element having open-
ings aligned along a common axis in said ends
and in said intermediate link, & cylindrical mag-
netic core, means extending through said mag-
netic core and the opening in said intermediate
iink for attaching said magnetic core to said in-
termediate link, a bearing positioned in each of
said cpenings in said ends, a coil around said
magnetic core, and shaft means carried by said
coil, said shaft means cooperating with said
bearings for mounting said coil for rotation about
said axis, said S-shaped supporting element hav-
ing a plurality of pairs of spaced grooves in op-
posed surfaces thereof extending substantially
parallel to said axis, said pairs of grooves being
positioned on opposite sides of said axis, and re-
silient supporting means having 2 portion posi-
tioned in each of said grooves for resiliently
clamping said armature assembly in mounted po-
sition.

WILLIAM M. BRADSHAW.



