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This invention relates to magnetic shields. More par 
ticuarly this invention relates to magnetic shield and sup 
port construction for an instrumentation system com 
prising primary and secondary coils used in providing 
an output signal functionally related to the content of 
term-magnetic substances in ores of the same character 
passed in the vicinity of said coils. 

In a co-pending application, Serial No. 510,391, ?led 
by Edward W. Davis on May 23, 1955 for an In 
strumentation System, there is ‘disclosed and claimed a 
method and apparatus for generating signals of con 
tinuous character which are functions of the percentage 
of magnetic iron ore contained in Wet or ‘dry stream 
flows of ?nely ‘divided iron ore. 
One ‘form of that invention comprises a conveyance 

element, ‘on ‘or through which a stream of ore having a 
term-magnetic component is carried, surrounded at a 
given point by one or more primary coils ‘and a secondary 
coil. In the interests of accuracy of the determinations 
made by the instrumentation system, the conveyance 
element and the primary and secondary coils are shielded 
by means of a continuous surrounding outer protective 
shield formed from a magnetic material such as iron or 
steel. By this means the magnetic lines of force are 
con?ned and protected from disturbing outside magnetic 
in?uences. The coils are supported by ‘an inner shield 
surrounding the conveyor and ‘enclosed within the outer 
magnetic shield. The inner shield is formed of a con 
ductive but non-magnetic material such as aluminum. 
The principal object of this invention is to provide a 

magnetic shield and support construction for an in 
strumentation system comprising primary and secondary 
coils used in conjunction with a conveyance element for 
ferro-magnetic ore in the vicinity of the coils. 

Other objects of the invention will become apparent 
as the description proceeds. 
To the accomplishment of the foregoing and related 

ends, this invention then comprises the features here 
inafter fully ‘described and particularly pointed out in the 
claims, the following description setting forth in detail 
certain ill-u-stnat-ive embodiments of the invention, these 
being indicative, however, of but a few of the various 
Ways in which the principles of the invention may be 
employed. 
The invention is illustrated by the ‘drawings in which 

the same numerals refer to corresponding parts and in 
which: 

Figure 1 is a side elevation of a conveyance element 
surrounded at one point by coils comprising part of 
the instrumentation system, the coils being supported and 
enclosed by one form of the shield construction of this 
invention; 

Figure 2 is an enlarged vertical section taken along 
the line 2-2 of Figure 1 and in the direction of the 
arrows; 

Figure 3 is ‘a top plan view, partly in section, taken 
generally along the line 3—3 of Figure 2 and in the 
direction of the arrows; 
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Figure 4 is a vertical section through a modi?ed form 
of shield construction adapted ‘for use with a conduit 
conveyance element; 

Figure 5 is a horizontal section through the shield of 
Figure 4 taken on the line 5-5 and in the direction of the 
arrows; 

Figure 6 is a vertical section through another form of 
shield construction adapted for laboratory analysis; and 

Figure 7 is a further form of shield adapted for analyti 
cal use. 

Refer-ring now to the ‘drawings, and particularly Fig 
ures l to 3, there is shown an typical form of shield 
constructed ‘according to this invention as used with an 
ore-carrying conveyor belt. Conveyor belt 10 is sup 
ported at its ends by rolls, 11 and 12, at least one of 
which is a driven roll. The upper and lower conveyor 
?ights are supported respectitvely by idlers 13 and 14. 
Belt 14} is preferably formed of a non-magnetic material, 
such as rubber. It may, however, contain structural re 
iniorcing elements of magnetic material, such as wires 
or cable, so long ‘as the magnetic elements are substan 
tially uniformly distributed throughout the belt. In this 
manner compensation may be made for that portion of 
the output signal which is related to the ferro-magnetic 
substances in the belt to avoid errors in calculating the 
iron content of the ore carried by the upper ?ight of the 
conveyor. 
The ore body carried by the conveyor 10 is indicated 

‘at 15. At some intermediate point between the end rolls 
the upper ?ight of the conveyor is surrounded by one or 
more primary coils and ‘a secondary coil. For illustra 
tive purposes, only one of these coils, a primary coil 16, 
is shown here. Coil 16 may be any continuous coil of 
wire of appropriate gauge and number of turns for the 
purpose, as described in the co-pending Davis applica 
tion. The particular form of coil construction shown is 
one ‘described and claimed in our co-pending United 
States application Serial No. 534,295 ?led September 14, 
1955, now abandoned, this coil construction permitting 
ready formation of coils having a relatively large num— 
:ber of turns by means of a relatively few turns of multi 
strand cable the ends ‘of which are connected through a 
multiple pin and socket connector in such a manner 
to form a continuous coil. Such coil construction avoids 
much tedious winding. The shield of this invention is 
not dependent upon any particular coil construction. 

Coil 16 is supported upon an inner duct or tube 17 
of a conductive but non-magnetic material, such as alumi 
num, which surrounds the ore-bearing upper ?ight of 
the conveyor. The coil 16 and its supporting duct 17 
are in turn encased in a duct or tube 18 of the same gen 
eral shape and con?guration as duct 17 but spaced apart 
slightly ‘from it to provide room for the coils. Duct 18 
is formed of a magnetic substance, such ‘as iron or steel. 
The entire shield ‘and support construction is of a shape 
to conform generally to the conveyance element which 
passes through it and of a length suf?cient to accom 
modate the number of coils which are to be used. The 
entire structure is mounted on brackets 19 supported 
from the ?oor or from the conveyor frame. _ 
The inner non-magnetic shield, in the form illustrated 

in Figures 1 to 3, is comprised of a top plate 20 and an 
inner bottom and side piece 21. The two pieces are 
joined together in such a manner as to be out of direct 
metal‘to-metal contact with one another. This is ac 
complished by means of an aluminum angle 22 bolted 
to each of the pieces along their length with a strip of 
insulating material 23, such as “Formica,” interposed 
between one of the sides of angle 22 and the non-mag 
netic shield (“Formica” is the trademark of the Formica 
Co. for a line of thermosetting urea- and phenol-aldehyde 
resins). 
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The outer shield of magnetic material is formed of a 
top plate 24, bottom plate 25 shaped to conform gen 
erally to the bottom of inner shield 17 and belt 10, and 
opposite ?anged side members 26 and 27. These ele 
ments are bolted or otherwise fastened together so as to 
be in direct metal~to-metal contact to permit the ?ow 
of magnetic ?ux. The inner and outer shielding ducts 
or tubes 17 and 18 are held spaced apart by magnetically 
conducting blocks ‘28 to which they are bolted or other 
wise secured. The entire assembly is desirably con 
structed for easy assembly and disassembly to permit 
alteration, addition, repair, replacement, etc. of the coils 
and/ or conveyor belts. 

, .In Figures 4 and 5 there is shown a similar shield and 
coil support construction, adapted in this instance for 
use with a tubular conduit or pipe 30 through which the 
iron ore 31 passes. As in the case of the conveyor belt 
10, pipe 30 is preferably formed of rubber or some simi 
lar non-magnetic substance. However, the presence of 
reinforcing elements or the like made of magnetic material 
is not objectionable provided they are substantially uni 
formly distributed throughout the pipe. The ore-carry 
ing pipe 30 is surrounded by a closely adjacent tubular 
shield 32 of non-magnetic conductive material comprised 
of two semi-cylindrical shells 33 of aluminum held slight 
ly spaced apart at their facing edges by insulating strips 
34 of “Formica” or similar insulating material. 

Surrounding this inner shield of non-magnetic material 
is an outer tubular shield 35 of magnetic material. The 
appropriate number of coils are positioned around the 
pipe 30 in the annular space between the two shields. 
In the form of construction shown, the opposite ends of 
tubular shield 35 are provided with lugs or ?anges 36 and 
by this means annular rings 37 are secured by tie bolts 
38. The inner shield 32 of non-magnetic material is 
slightly shorter than the outer shield 35 and is held in 
position between annular rings 37 in grooved annular 
rings 39 formed of a conducting material. 

In Figures 6 and 7 there are shown two further forms 
of shield construction adapted for analytical use. The 
construction of Figure 6 is intended for use on small 
samples of ore, here indicated at 40, contained in a glass 
test tube 41. The inner tubular shield 42 of non-mag 
netic material is short in length so as to accommodate 
a small ore sample. This shield 42 is comprised of two 
spaced apart aluminum semi-cylindrical shells held in 
position in rings 43 of conducting material. Outer shield 
44 is of a size large enough to accommodate the required 
coils but is necked down to a narrow throat 45 to receive 
the short aluminum shield 42. 

In Figure 7 there is shown a ‘similar ‘shield for use 
when somewhat larger ore samples are available for 
analysis. The ?nely divided ore 50 is contained in test 
tube 51. The inner shield 52 is again made up of at 
least two pieces of aluminum spaced apart so as to pro 
vide an insulating gap between the adjacent edges. The 
inner shield is held positioned within the outer magnetic 
shield 53 by means of grooved rings 54 of conducting 
material. The coils are supported in the space between 
the shields. 

In the operation of the instrumentation system of 
which these shield and support structures may form a 
part, the primary coils are energized with an appropriate 
alternating current voltage. A magnetic flux circuit 
is set up through the primary coil, the magnetically per 
meable material in the ore lying within the coils and the 
secondary coil. All of the magnetic values of the flux 
path remain substantially constant except for variations 
produced, by the magnetic content of the ore. The vary 
ing magnetic reluctance of the ore is sensed by the sec 
ondary coil and a signal is generated. As explained in 
the above mentioned Davis application, the iron content 
of the ore is calculated from variations in value of volt 
age induced in the secondary coil. 
The ?ux path is axially through the coils through the 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

4 
body of ore lying there and normally the path of re 
turn would be through the air outside of the coils. By 
providing the outer shield of magnetic material an easier 
path of return is furnished. The magnetic conducting 
spaces between the inner and outer shields attract the 
magnetic lines of force to the outer return shield. The 
magnetic lines of force running lengthwise through the 
ore normally try to escape outwardly from the ore body. 
Eddy currents are induced in the inner aluminum shield 
setting up a counter magnetomotive force which tends to 
drive the lines of force back and route them towards the 
ends of the shield structure where they are attracted by 
the magnetic spacers to the outer iron return shield. The 
insulator blocks which separate the inner aluminum shield 
break up the paths of electromotive force induced in 
the shield so that voltage is induced but no current ?ows. 

It is apparent that many modi?cations and variations 
of this invention as hereinbefore set forth may be made 
Without departing from the spirit and scope thereof. The 
speci?c embodiments described are given by way of ex 
ample only and the invention is limited only by the terms 
of the appended claims. 

In the claims: 
1. A magnetic shield and coil support structure com 

prising an inner tubular shield and coil support formed 
from an electrically conductive non-magnetic solid sheet 
material and a surrounding outer tubular shield formed 
from a magnetic solid sheet material, said inner shield 
being positioned in spaced relation with respect to said 
outer shield, but in electrical contact therewith and having 
at least one longitudinal insulated space separating adja 
cent edges of the inner shield, said outer shield being 
magnetically conductive throughout. 

2. A shield structure according to claim 1 further 
characterized in that said conductive non-magnetic ma 
terial is aluminum. 

3. A shield structure according to claim 1 further 
characterized in that said magnetic material is selected 
from the group consisting of iron and steel. 

4. A shield structure according to claim 1 further 
characterized in that the inner and outer shields are held 
spaced. apart but in conductive contact by means of 
spacers of magnetic material adjacent the ends of the 
shield structure. 

5. A shield structure according to claim 1 further 
characterized in that the longitudinal insulating space 
separating adjacent edges of the inner shield is main 
tained a strip of resinous insulating material affixed to the 
adjacent edges of the inner shield. 

6. A magnetic shield and coil support structure com 
prising an inner tubular sheet aluminum shield and coil 
support and a surrounding outer tubular shield formed 
from a magnetic sheet material selected from the group 
consisting of iron and steel, said inner aluminum shield 
being positioned in spaced relation with respect to said 
outer shield but in conductive contact therewith by means 
of spacers of magnetic material adjacent the ends of the 
shield structure, said inner aluminum shield having at 
least one longitudinal insulated spaced extending the 
length of the shield and separating adjacent edges of the 
inner shield, said outer shield being magnetically con 
ductive throughout. 

7. A shield structure according to claim 6 further 
characterized in that the longitudinal insulating space 
separating adjacent edges of the inner aluminum shield 
is maintained by a strip of resinous insulating material 
a?ixed to the adjacent edges of the inner shield. 

8. A magnetic shield and coil support adapted to sur 
round the upper tlight of a ?exible conveyor belt com 
prising an inner tubular sheet aluminum shield and coil 
support having an arcuate bottom wall, a pair of vertical 
side walls and a horizontal top Wall and a surrounding 
outer tubular shield of substantially the same length hav 
ing- an arcuate bottom wall, a pair of vertical side walls 
and a horizontal top Wall formed from magnetic sheet 
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material selected from the group consisting of iron and said outer shield being magnetically conductive through 
steel, said inner aluminum shield being positioned in co- out. 
axial spaced relation within the outer shield but in con~ 
ductive material therewith by means of spacers of mag- References Cited in the ?le of this patent 
netic material between the inner ‘and outer shields adja- 5 

. . . . UNITED STATES PATENTS 
cent the ends of the shield structure, said inner aluminum 

shield having at least one longitudinal insulated space 5015(1); -------------- " {Any 215’ extending the length of the shield and separating the 2’388’848 Hroe uysen """""""" "Np-'13’ 1945 
adjacent edges of the inner shield, said insulating space ’ ’ owe """""""""""""" " 0v‘ ' 

- - - - - - , - \ 2598 252 Gossick _____________ __ May 27 1952 being maintained by a strip of resinous insulating ma- 0 ’ ’ ' 
terial af?xed to the adjacent edges of the aluminum shield, 2’714’710 Bradley ------------ " Aug‘ 2’ 1955 
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