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7 (72) Inventors TAKEFUMI HASEBE and TOSHIAKI ANDO (54) SELF-BALANCING
INSTRUMENT (71)  We, YOKOGAWA ELECTRIC WORKs  example, when a
self-balancing instrument 50 LIMITED, a Japanese Company, of 2-9   of the
two-pen type is to be constructed, an Nakacho, Musashino-shi, Tokyo, 180
Japan, /inner frame of a complicated and special do hereby declare the
invention, for which  configuration is required on which two sets 5  we
pray that a patent may be granted to us,  of basic elements may be
distributedly and the method by which it is to be per-  mounted. In
accordance with one aspect of 55 formed, to be particularly described in
and  the present invention, all of the constituent by the following
statement: -           elements of the self-balancing function sec- The
present invention relates to a self-  tion, i.e. the " balancing unit ",
are arranged 10 balancing  instrument. More particularly,  integrally
together as a single unit, secured to this invention relates to
improvements in the  a single base plate.              60 construction of
the self-balancing function    A principal object of the present invention
section in a self-balancing instrument, i.e. the  is to provide an improved
self-balancing in- portions of the apparatus which perform the  strument. A
more specific object is to provide 15 functions of a servomechanism.
a self-balancing instrument especially suit- In a self-balancing
instrument, the devia-  able for mass production at low cost.  65 tion
signal between an input measured signal   According to the invention a
self-balancing and a reference signal is detected and ampli-  instrument
includes a housing, an inner frame fied to drive a servomotor so as to make
the  in said housing, means mounting said inner 20 deviation signal zero,
thereby to effect self-  frame for rotary horizontal movement to-
balancing. The instrument comprises as its  wards the outside of the
housing, said inner 70 principal units a terminal section composed  frame
being formed with an opening pro- of outside connection terminals for the
viding communication between the front and power supply and for an input
signal; a self-  the back of said frame, means in the front of 25 balancing
function section comprising a  said frame for driving an indicating and/or
servo-mechanism including a slide-wire rheo-  recording device, and a
balancing unit 75 stat for comparing the input signal and the  secured to
the back of said frame, said balanc- reference signal, and an amplifier for
intensi-  ing unit being arranged to develop a devia- fying the deviation
signal; and an indicating-  tion signal representing the difference be- 30
and-recording section comprising a pointer, a  tween an input signal and a
reference signal recording pen, and recording paper.     and including a
servomechanism which per- 80 Typical prior art instruments of this type
forms a self-balancing function in response to include a housing containing
an inner frame  said deviation signal and which is coupled adapted to be
drawn out of the housing  through said opening to said driving means 35
Some of the elements of the self-balancing  to operate said indicating
device. function section are mounted on this inner   In a preferred
embodiment of the inven- 85 frame, while others are fastened directly to
tion, a balancing unit is provided comprising the housing. For example,
elements of the a series of constituent elements which to- self-balancing
function section may be dis-  gether perform the self-balancing function of
40 posed such that the slide-wire rheostat and  a servomechanism ranging
from an input the rebalancing motor (servomotor) are  circuit to a
slide-wire rheostat. The instru- go fixed to the inner frame, while a power
trans-  ment is well suited for mass production be- former and the
amplifier are fixed to the rear  cause a number of balancing units can be
wall of the housing. Thus the prior art con-  prepared for use either in
one-pen or multi- 45 struction has been disadvantageous in that pen
instruments, e.g only one of the balanc- inspection or adjustment is
complicated, and  ing units is used in a one-pen instrument, 95 the time
spent in trouble-shooting can be  while two are combined to assemble a two-
unduly long. Moreover, the prior art has  pen instrument, as may be
required, In addi- been unsuitable for mass production. For  tion, since
both the one-pen type and the (Price 33p]   
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2 two-pen type employ quite the same sort of  power transformer 42 is
supplied on its pri- balancing unit, components are common. The  mary side
with a supply voltage of 100V or manufacturing cost is therefore low.
112V, and furnishes desired voltages from its Another object of the present
invention is  secondary to the rebalancing motor 46 and 5 to provide a
self-balancing instument con-  two printed circuit boards 44 and 45.   70
venient for maintenance and  andling In    The relaying terminal box 41
comprises a one aspect of the invention, thi is achieved  lower stage 41a,
an upper stage 41b, and a through use of a fitting coupli  the balanc-
cover 41c. The interior of the lower stage ing unit and a string reeling
ulley in an  41a is divided into two chambers, one of 10
indicating-and-recording section and by use  which 411 is used as a
terminal box for the- of a connector for outside connection ter-  primary
of the power transformer 42, while minals. If the balancing unit develops a
fault,  the other 412 is used as a terminal box for it may be easily and
promptly  placed with  the secondary. The chamber 411 is provided another
new balancing unit t  repair the  with a 100 V terminal 413, a 112V
terminal 15  instrument. In addition, if a test-input is fed  414 and a
common terminal 415. The com- 80 to the balancing unit, a corresp  ding
output mon terminal 415 has a movable short-cir- will be produced. The
balancing unit may  cuiting plate 416 attached thereto. The upper therefore
be adjusted without  sembling an  terminal box 41b is used for relaying of
addi- instrument. Thus, maintenance  d handling  tional slide-wire
rheostats as hereinafter 20  are facilitated, and repair time  ay be short-
described.                          85 ened.
The first printed circuit board 44 includes Still another object of the p
esent inven-  electronic circuits such as a measuring range, tion is to
provide a relatively quiet instru-  a filter for removing noise in input
signals, ment. A cord for power supply and an input and a constant voltage
circuit for power sup- 25  cord in the balancing unit an  a cord for  ply
to the slid-wire rheostat 47. The second  90 outside transmission are sep
rately con-  printed circuit board 45 includes an amplifier structed. The
contact portions between the  circuit which converts a deviation signal be-
balancing unit and an inne  frame are  tween an input signal and a
reference signal brought into adjacency through an insulating  into an
intensified alternating current signal. 30  material. As a result, the
instr  ent is effec- The first and second printed circuit boards 95 tively
noise-free.                        44 and 45 are of the plug-in type, so
that Other objects and advantages of the inven-  they may be freely taken
out of and pushed tion will be apparent from  he following  into sockets
[err] respectively. description.                                The
slide-wire rheostat 47 has a frame 35    FIGURE 1 is a horizontal section
showing  470, an annular resistance wire 471, and a 100 the construction of
a self-balancing instru-  brush 473 mounted on a slide shaft 472. At ment
according to the present invention;    one end of this shaft is a square
male joint FIGURE 2 is a rear elevatio view of the  474 made of a synthetic
resin, and at the balancing unit;                           other end a
rotary knob 475. The unit further 40    FIGURE 3 is a vertical section of
the left includes a relaying base of lead wires 479. 105 side of Figure 2;
Referring particularly to Figure 5, both the FIGURE 4 is a block diagram
showing  frame 470 and the rotary shaft 472 are con- the functional
arrangement of the balancing  structed to permit separation into their com-
unit;                                    ponent parts. The rotary knob 475
and the 45    FIGURE 5 is a perspective view with parts  brush 473 are
fixed on the right-hand side of 110 of the balancing unit disassembled; and
the shaft. The shaft parts are coupled to- FIGURE 6 is an elevation view of
a string-  gether through an engaging plate 478 with a reeling pulley in
the indicating and recording  pin 477 on a gear 476. The gear 476 is the
section.                                 final stage in a gear train which
is arranged 50    Referring now to Figure 1, the instrument between the
rebalancing motor 46 and the 115 comprises a square-box-like housing 1 hav-
slide-wire rheostat 47. Since the slide-wire ing a door 2 and an inner
frame 3 to which  rheostat is separable into two parts by the is secured a
balancing unit B. When the door frame 470 and the slide shaft 472, replace-
2 is open, the frame 3 can be drawn to the  ment or repair of the
resistance wire 471, for 55  outside of the housing by a rotary horizontal
example, is relatively convenient.  120 movement about a hinge 30.
Referring also    Additional slide-wire rheostats 47' and 47" to Figures 2
to 5, the balanc g unit com-  are shown, and are of the same construction
prises a series of servomechanism elements  as that of the main slide-wire
rheostat 47. 



including a relaying terminal box 41 a power  They are all mounted on the
rotary shaft 472, 60  transformer 42, an input connector 43, that and
transmit signals which correspond to a 125 fits into a socket 43s first and
econd printed  measured signal obtained at the main slide- circuit boards
44 and 45, a reb lancing motor  wire rheostat. A shield case 48 surrounds
the 46, and a slide-wire rheostat 47- All of the  slide-wire rheostats 47,
47' and 47" and the constituent elements of the bal ncing unit are  printed
circuit boards 44 and 45. 65  integrally assembled in a single unit. The
A metal base plate 49 is mounted together 130    3
1,387,676                                     3 with a printed, base plate
50, and a protective  scraped off in the axial direction, to form cover 51
of an insulating material. At corres- escape grooves 75a to 75d. Springs
76a to ponding positions on both sides of the shield  76d, substantially
hook-shaped in section, are case 48, grooves 481, 482 and 483, 484 are
provided with their shorter sides secured to 5 formed as illustrated. When
the slide-wire  the rear of the plate 72 (the right side in 70 rheostats 47
etc. are covered with the shield  Figure 3) by pins 77a to 77c (only two of
case 48, both side ends of the first printed  which are shown), and with
their longer sides board 44 and the second printed board 45  loose and
opposite the escape grooves 75a are engaged in the grooves 481, 483 and
482, to 75d. The square female joint 73 is fitted 10 484 to secure them
firmly in place. With such  with the male joint 474 of the balancing 75
construction, contact problems on the printed  unit B. circuit boards are
minimized. Holes (not   Interposed between the rotary wheel 71 shown) are
provided at suitable positions of and the coupled plate 72 is a rotary
adjust- the metal base plate 49. Connecting terminals  ment member 78
(Figures 3 and 6). The 15 of the respective constituent elements of the
rotary member 78 is arranged to provide 80 balancing unit B as described
above, are  cylindrical sections including a larger-dia- exposed through
the holes to the opposite  meter part 781 on both sides of which are side
of the metal base plate 49. All the elec- formed smaller-diameter parts 782
and 783. trical connections among the respective con- A slot 784 is
provided in the outer smaller- 20 stituent elements are made en bloc by the
diameter part 782, and the inner smaller- 85 printed base plate 50. Two
screws 52 and 53  diameter part 783 is made eccentric to the secure the
balancing unit B to the inner other parts. The outer smaller-diameter part
frame 3, through cylindrical insulation seats  782 is fitted with a small
clearance into a 521.                                    hole on the side
of the coupled plate 72, 25    Referring again to Figure 1, an indicating-
while the smaller-diameter part 783 (eccen- 90 and-recording mechanism is
provided at the  tric to the larger-diameter part 781) is front of the
inner frame 3 and comprises a  engaged in a circumferentially extended
shaft 61 and a movable part 62 mounted on  arcuate hole and a radially
extended elongate the shaft. The movable part carries a pointer hole
respectively formed on the side of the 30 621 as well as a recording pen
622, refer- rotary wheel 71. The rotary wheel 71 and 95 enced to a scale
63. Shown enclosed by two- the coupled plate 72 are rotationally slid- dot
chain lines is a pulley 7 for reeling a  ably adjusted by loosening the
screws 83 and string and included in the indicating-and-  84 and turning
the rotary member 78, so that recording mechanism. A member 8 (Figure  the
relative angle about their axes may be 35 -6) is provided for mounting the
pulley 7. altered. Thus, adjustment may be made of 100 Referring also to
Figure 3, the mounting  the relative positions of the pointer con-
arrangement includes a bearing 81 pressedly  nected on the side of the
rotary wheel 71 and inserted in a cylindrical part 82 of the mount- the
brush 473 on the slide-wire rheostat 47. ing member 8. The pulley 7 is
rotatablv    Returning again to Figure 1, a recording- 40  mounted through
the bearing 81 on the  paper feeding section 9 is provided with an 105
mounting member 8. The mounting member electric motor 91, a
connecting-terminal sec- 8 is fixed to the front of the inner frame 3 by
tibn 10 having terminals 11 and 12 for input screws 701 and 702, opposite
an opening 31  signals and for power supply, and a wiring provided in the
inner frame 3.          holder 13 for holding wires. 45   The pulley 7
comprises a rotary wheel 71   It will be apparent that in the apparatus of
110 and a plate 72 which are integrally coupled  the foregoing
construction, the balancing unit by two screws 83 and 84. At the outer
peri- B is constructed in integral form. After the. phery of the rotary
wheel 71, there are  constituent elements of the balancing unit B, formed
grooves 711 and 712. A metal strip  such as the power transformer 42, are 



50 (not shown) is placed in the wider groove 711, mounted on the metal base
plate 49, the 115 while a string (also not shown) comprising a  printed
board 50 is soldered. The balancing metal wire with a synthetic resin
coated  unit B thus assembled is secured to the rear thereon is placed in
the narrower groove 712. of the inner frame 3 by screws 52 and 53, and The
strip and the string constitute a reeled  electrical connections with the
outside are 55 string, which is extended over between the  made by the
connector at the extreme end of 120 string-reeling pulley 7 and the movable
part the relaying terminal box 41 and the input 62 in the aforesaid
indicating-and-recording  connector 43. When the balancing unit B is
section. The movable part 62 is moved in  secured to the inner frame 3, the
male joint correspondence to the rotation of the string- 474 of the
slide-wire rheostat 47 is inserted 60 reeling pulley 7, to indicate and
record a  into the female joint of the string reeling 125 measured value by
means of the pointer 621  pulley 7, so that the balancing unit B and and
the recording pen 622.              the  indicating-and-recording  section
are A square female joint 73 is formed at the  automatically joined. Since
the connecting axis of the coupled plate 72. The central means between the
balancing unit B and the 65  parts of flat portions in the female joint are
indicating-and-recording section is of the 130    4
1,387,676                                       4 plug-in type, both
sections 're automatically  means mounting said inner frame for rotary  --
coupled by merely securing the balancing  horizontal movement towards the
outside of unit B to the inner frame 3. Hence, the  the housing, said inner
frame being formed handling is quite convenien.              with an
opening providing communication 5    In. addition, the balan ing unit B  is
between the front and the back of said frame, 70 secured to the inner fram
3 through the  means in the front of said frame for driving male joint 474
of insulating material, the in-  an indicating and/or recording device, and
sulating seats 521 of screw  52 and 53, and  a balancing unit secured to
the back of said the protective cover 51.  hus, the whole  frame said
balancing unit being arranged to 10 balancing unit B is electric  y
shielded from   develop a deviation signal representing the  75 the inner
frame 3, and the strument is, con- difference between an input signal and a
structed  in  an  esseni  ly  noise-proof  reference signal and including a
servomech- manner.                                   anism which performs a
self-balancing func- When power is supplied to the relaying  tion in
response to said deviation signal and 15  terminal box 41 and an in put
signal is fed  which is coupled: through said opening to  80 through the
input connector 43, desired volt-  said driving means to operate said
indicating ages are derived onthe sec  dary side of the  device. power
transformer 42. The. oltages are sup-    2. An instrument according to
Claim 1,. plied to the first and seco   printed circuit wherein said
balancing unit includes a ter- 20  boards 44, 45 and the reb    cing motor
46  minal box for the primary side of a power 85 in the balancing-unit. The
s ply voltagemay  transforme said terminal box including a be simply
changed-over by  oving the short-  short-circuiting plate for changing the
cir- circuiting plate 416 in the elaying terminal cuit connections to suit
different supply box 41. The input signal fr  the input con-  voltages. 25
nector 43 is fed through the first printed    3. An instrument according
to. Claim 1, 90 circuit board 44 to the slide wire rheostat 47, in which
said balancing unit includes a and is compared with a reference value. The
printed connection plate on a base plate to deviation signal is convert
into alternating  effect electrical connections among the con- current and
is amplified on the second  stituent functional elements of said balancing
30. printed circuit board 45. Th amplified signal  unit which' are wholly
located on said base  95 is applied to a driving coil of the rebalancing
plate. motor 46 which rotates in e ther direction to    4. An instrument
according to any one make the deviation zero. I thereby rotates  of the
preceding claims, in which said. the shaft 472 of the slide- ire rheostat
47  balancing unit is secured to said inner frame 35  through the gear 476,
and sopsthe movable  by contact. portions of insulating material, 10 part
62 in. the indicating- d-recording sec-  thereby to electrically insulate
sid balancing tion at a balanced position  y means of- the  unit from said
inner frame. string reeling pulley 7. The  agnitude of the    5. An
instrument according to any one input signal may be measured from  the  of
the preceding claims, in which said servo- 40  pointer 621 and the
recording pen 622 at mechanism includes a rheostat haying a rotat- 105 



this time.                                able shaft extending through said
opening to- In order to fabricate a self-balancing in- the front of said'
inner frame, and means strument of the two-pen. type when there are
coupling said shaft to said driving means. two quantities to be measured a
further    6. An instrument according to Claim 5, 45  balancing unit may be
secured on the inner  wherein said coupling means comprises, a 110 frame 3
as shown by broke lines in Figure  male joint portion having an inserting
part 1. The rotary shaft 472 of the slide-wire  with axial flat parts and
which is connected rheostat 47 may be rotated at adjustment or  to said
rheostat; a female joint portion com- inspection of the instrument.by the
knob 475. prising means formed with an opening hav- 50  The balancing unit
B may be used with an  ing substantially the same shape (including 115
output section having no recording func-  axial flat parts) as said
inserting part to tion, if desired.               '        allow said
inserting part to be fitted; and Although specific embodiments of. the in-
springs provided on said flat parts of said. vention have been disclosed
herein in detail, opening. 55 it is to be understood that this is for the
7. An instrument according to any one 120 purpose 'of illustrating the
invention, and  of the preceding claims, in which said driving should not
be construed as necessarily limit-  means. comprises a string, reeling
pulley in- ing the scope of the invention, since it is  cluding a rotary
wheel for laying a reeled apparent that many changes can be made to  string
thereon and a coupled plate for con- 60  the disclosed structures by those
skilled in  necting to said servomechanism; a rotary 125 the art to suit
particular applications .   member having an eccentric part disposed-
between said rotary wheel and said coupled WHAT WE CLAIM IS;:-
plate; and means operable by rotation of said 1. A self-balancing
instrument including  rotary member for effecting relative slidable 65 a
housing, an inner frame in said housing, rotation between said rotary wheel
and said 130    4                                       1,387,676
4 plug-in type, both sections are automatically  means mounting said inner
frame for rotary coupled by merely securing the balancing  horizontal
movement towards the outside of unit B to the inner frame 3. Hence, the
the housing, said inner frame being formed handling is quite convenient.
with an opening providing communication 5    In. addition, the balancing
unit B  is between the front and the back of said frame, 70 secured to the
inner frame 3 through the  means in the front of said frame for driving
male joint 474 of insulating material, the in- an indicating and/or
recording device, and sulating seats 521 of screws 52 and 53, and  a
balancing unit secured to the back of said the protective cover 51. Thus,
the whole  frame, said balancing unit being arranged to 10  balancing unit
B is electrically shielded from  develop a deviation signal representing
the the inner frame 3, and the instrument is con-  difference between an
input signal and a structed  in  an  essentially  noise-proof reference
signal and including a servomech- manner.
anism which performs a self-balancing func- When power is supplied to the
relaying  tion in response to said deviation signal and 15 terminal box 41
and an input signal is fed  which is coupled through said opening to 80
through the input connector 43, desired volt- said driving means to operate
said indicating ages are derived on the secondary side of the  device.
power transformer 42. The voltages are sup-   2. An instrument according to
Claim 1, plied to the first and second printed circuit wherein said
balancing unit includes a ter- 20 boards 44, 45 and the rebalancing motor
46  minal box for the primary side of a power -85 in the balancing unit.
The supply voltage may  transformer; said terminal box including a be
simply changed-over by moving the short- short-circuiting plate for
changing the cir- circuiting plate 416 in the relaying terminal cuit
connections to suit different supply box 41.The input signal from the input
con- voltages. 25 nector 43 is fed through the first printed    3. An
instrument according to Claim 1, 90 circuit board 44 to the slide-wire
rheostat 47, in which said balancing unit includes a and is compared with a
reference value.' The printed connection plate on a base plate to deviation
signal is converted into alternating  effect electrical connections among
the con- current and is amplified on the second  stituent functional
elements of said balancing 30 printed circuit board 45. The amplified
signal unit which are wholly located on said base 95 is applied to a
driving coil of the rebalancing plate. 



motor 46 which rotates in either direction to   4. An 'instrument according
to any one make the deviation zero. It thereby rotates  of the preceding
claims, in which said the shaft 472 of the slide-wire rheostat 47
balancing unit is secured to said inner frame 35 through the gear 476, and
stops the movable  by contact portions of insulating material, 100 part 62
in the indicating-and-recording sec- thereby to electrically insulate said
balancing tion at a balanced position by means of the  unit from said inner
frame. string reeling pulley 7. The magnitude of the    5. An instrument
according to any one input signal may be measured from  the  of the
preceding claims, in which said servo- 40 pointer 621 and the recording pen
622 at mechanism includes a rheostat having a rotat- 105 this time.
able shaft extending through said opening to In order to fabricate a
self-balancing in- the front of said inner frame, and means strument of the
two-pen type when there are  coupling said shaft to said driving means. two
quantities to be measured, a further   6. An instrument according to Claim
5, 45  balancing unit may be secured on the inner wherein said coupling
means comprises, a 110 frame 3 as shown by broken lines in Figure  male
joint portion having an inserting part 1. The rotary shaft 472 of the
slide-wire  with axial flat parts and which is connected rheostat 47 may be
rotated at adjustment or' to said rheostat; a female joint portion com-
inspection of the instrument by the knob 475. prising means formed with an
opening hav- 50 The balancing unit B may be used with an  ing substantially
the same shape (including 115 output section having no recording func-
axial flat parts) as said inserting part to tion, if desired.
allow said inserting part to be fitted; and Although specific embodiments
of the in- springs provided on said flat parts of said vention have been
disclosed herein in detail, opening. 55 it is to be understood that this is
for the    7. An instrument according to any one 120 purpose of
illustrating the invention, and  of the preceding claims, in which said
driving should not be construed as necessarily limit- means comprises a
string reeling pulley in- ing the scope of the invention, since it is
cluding a rotary wheel for laying a reeled apparent that many changes can
be made to  string thereon and a coupled plate for con- 60 the disclosed
structures by those skilled in  necting to said servomechanism; a rotary
125 the art to suit particular applications.  member having an eccentric
part disposed between said. rotary wheel and said coupled WHAT WE CLAIM IS:
-                    plate; and means operable by rotation of said 1. A
self-balancing instrument. including  rotary member for effecting relative
slidable 65 a housing, an inner frame in said housing, rotation between
said rotary wheel and said 130    1,387,676
5 coupled plate, thereby altering the relative  secured to the back of said
inner frame with positions between a movable output element  a rotatable
shaft extending through an open- 15 of said indicating and/or recording
means  g in said inner frame with coupling means and a movable control part
of said servo-  for coupling the shaft to the associated one 5  mechanism.
of said driving means. 8. An instrument according to any one    9. A
self-balancing instrument substanti- of the preceding claims having a
plurality of  ally as described with reference to the accom. 20 separate
indicating and/or recording means  panying drawings. secured to the front
of said inner frame and each having its own driving means, each
A. M. & WM. CLARK, separate indicating and/or recording means
5 Stone Buildings, Lincoln's Inn, having  a  corresponding  balancing  unit
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