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The present invention relates to computing
mechanisms and has as its principal object the
provision of a computing mechanism which will
automatically indicate variations in the location
of the load center of a craft or vehicle as cargo
is stowed and passengers and crew are stationed
in various locations with respect to the normal
load center thereof.

Instruments embodying the invention are par-
ticularly useful in connection with aircraft, for
indicating fore and aft displacements of the load
center as the passenger, fuel, and cargo loads are
disposed in the locations provided in the craft,
and also for totaling these loads to present an
indication of the gross weight of the loaded
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craft. Previously, the loading of transport planes-

has involved extended longhand computations

for determining gross weight, and the fore and

aft position of.the load center for each partxcu-

oo lar distribution of the weights.

A further object of the invention is, therefore,
to provide a visual indication of the fore or aft
displacement of the load center of a vehicle
under various load distributions.

o5 A still further object of the invention is to
provide a visual indication of the gross weight of
a vehicle carrying a plurality of distributed loads.

A further and more specific object of the in-
vention is to provide a visual indication of the
location of the load center of a vehicle with ref-
erence to a selected part thereof,

The foregoing, together with other objects of
the invention, are preferably accomplished by the
provision of a control board carrying a plurality
of manually adjustable indicators, each of which
represents a separate fuel, cargo, or passenger
location in a vehicle. Each indfcator is settable

. to indicate the weight of the load carried in the
location which it represents, and all are con-
nected to control movable linkages, or the like,
for totalizing the indicated weights and auto-
matically moving an indicator showing the gross
weight of the loaded vehicle.
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Such of these manually adjustable indicators
as represent load locations removed from the load’

45
center of - the unloaded vehicle, are also con-
nected to control movable linkages, or the like,
for algebraically totalizing the moments pro-
" duced about a -selected point in the vehicle by
the loads disposed at the locations represented
by the several adjustable indicators, and effect-
ing a registration (which may or may not be vis-
ually indicated) of the net total moment pro-
duced by the loading of the vehicle according to
the setting of the adjustable indicators.
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(CL 235—61)

In order to obtain a visual indication of the
distance through which the load center is dis-
placed by such a load distribution, the net total
moment thus obtained is divided by the gross
-weight of the loaded vehicle, the mechanism for
effecting this computation being hereinafter de-
scribed in detail. Indication of the result of the
computation. is effected by movement of any
suitable indicating device, such as a hand movable
over a scale, which may be graduated in any
units of distance, but in air transport applica-
tions is preferably graduated in percentages of
the mean wing chord length of the particular
craft which is the subject of the calculation.

The novel features characteristic of the inven-
tion are set forth with particularity in the ap-
pended claims. The invention itself, however,
together with additional objects and advantages
thereof, will be best understood from the follow-
ing description of a specific embodiment, when
read in connection with the accompanying draw-
ings, in which:

Figure 1 is a view in frontal elevatlon of the
control panel of an instrument embodying the
present invention;

Figure 2 is a diagrammatic view in frontal ele-
vation of the weight totalizing mechanism;

Figure 3 is a diagrammatic view in frontal ele-
vation of the moment totalizing and computing
mechanisms; and

Figure 4 is a detail view of one of the setting
devices.

The instrument illustrated in these drawings
is designed particularly for use in calculations of
the character described, with reference to a mod-
ern type of transport airplane having front and
rear fue]l and cargo spaces, and five lateral rows
of seats in each row of which four passengers
may be accommodated.

As shown in Figures 1 and 4 the panel 10 car-
ries the several manually operable devices for
setting the various weights into the instrument,
including the five “passenger row” knobs (1 to I5
inclusive. The connections illustrated in Fig-
ure 4, whereby the passenger row knob 12 may
adjust both the weight and moment totalizing
-mechanisms, is typical of the connections be-
tween the other setting devices and these mecha-
nisms, except in special cases noted hereinafter.

These connections comprise the shaft 21 fixed
to knob {2 and rotatably mounted in the panel
18. Fixed on the opposite end of shaft 21 is a
pinion 22 meshing with a rack 23, retained in
mesh with said pinion by means such as rollers
24 (Figures 1 and 2). This arrangement is such
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tionate vertical movement of the rack 23, and in
order to prevent inadvertent displacement there-
of after knob 12 has been set, a frictional device
such as the spring washer 26 may be used to
resist rotation of the shaft 21.

The empty weight of the alrplane with its

_crew, which is usually determined by actually

each airplane at periodic intervals, is first set
into the instrument by rotating the weight ad-
justment knob 21 (Figure 1) until this known
gross weight is indicated by the hand 28 on the
scale 28. :

As shown in Figure 2, clockwise rotation of
the weight adjustment knob 27 acts through its
associated pinion 23 and rack 24 to pull link 31
pivotally connected at 32 to said rack and at 33
to a lever 34. ILever 34 is thus rocked about the
pivot 36, which functions as & fixed pivot during
this adjustment, and pulls a link 37 which is
pivotaiy connected to lever 384 at 38, and to a
lever 39 at 41. Lever 38 is thus rocked about
the pivot 42; which also acts as a fixed pivot
during this adjustment, and pulls & link 43 which
is pivotally connected to lever 39 at 44 and to a
lever 46 at 47. Lever 46 is thus rocked about
the pivot 48, which also acts as a fixed pivot
during this adjustment, and pulls a link 49 which
is pivotally connected to lever 46 at 8t and at 52
to a lever 53 having a pivotal mounting on the
frame of the instrument at 54. Lever 83 is pivot-
ally connected at 56, adjacent its free end, to a
link 57, the opposite end of which is pivotally
connected at 58 to an arm 59 fixed to the arbor
60 on which is mounted the weight indicator
hand 28, described above ' The movement of the
weight adjustment knob 27 is thus proportion-
ately transmitted to this indicator hand, and

adjustment of the knob to show the gross empty’

weight of the airplane with its crew may be
readily effected.

With the individual load setting knobs set at
zero, the balance adjustment knob is then- ad-
justed until the load center indicator shows: the
normal load center of the craft, as will be de-
scribed in ‘detail after the description of the
weight totalizing mechanism has been concluded.

After these preliminary adjustments have been
effected, the welghts which it is proposed to
place in the various spaces therefor in the craft,
are set into the instrument by adjusting the vari-
ous knobs until their pointers indicate such
weights on the individual scales associated with
each pointer. )

The first cargo compartment knob 61 adjacent
the left side of the panel 10 is rotated clockwise
until its pointer 62 indicates, on the scale 63, the
weight of the baggage or other cargo which it is
proposed to stow in that particular cargo com-
partment of the craft. The pinion 22 and rack
23 associated with this knob 61, are thus moved
to pull link 64 pivotally connected. at 68 to said
rack, and at 67 to a lever 68, and thus rocks
said lever about.the pivot 69, as a fixed pivot, to
pull link T1 pivotally connected to lever 68 at 712
and to lever 34 at 36. Lever 34 will therefore
be rocked about its pivot 33, as a fixed pivot,
imparting to links 37, 43, and 49 a movement
proportionate to the weight of this part of the
cargo, in addition to the movement imparted to
said links by the initial adjustment of the weight
adjustment knob 21. 'The various lever arms in-
volved are so proportioned as to effect an addi-
tional movement of the weight indicator hand 28
proportionate to the weight of the added cargo,

2,179,822
that rotation of the knob 12 will effect propor-.

so that this hand will now indicate on its scale
29 the sum of the empty weight of the craft
with its crew and the cargo which it is proposed
to stow in the first cargo compartment.

In a similar manner, the weight of the fuel in
the front fuel tank is set by rotating knob 76
until its pointer 11 indicates the proper weight
on scale 18, this adjustment serving to move link
19, lever 68, link 71, lever 34, link 37, lever 39,
link 43, lever 46, link 49, lever 53, link 57, and
hand 28 in the same manner as the previously
described adjustments to obtain an indication on

" scale 29 of the total of this weight and those

previously set into the instrument.

As will be apparent from Figure 2, the weights
proposed to be stowed in the remaining cargo,
fuel, oil, and passenger locations will, upon simi-
lar appropriate adjustment of the individual
knobs provided for setting these factors into the
instrument, be added to the weights previously
set, by movement of the illustrated linkages by
means of which each of the knobs, except that
representing the landing gear, may move the

.indicator hand 28. The weight of the landing

gear is constant, but its location may be changed
in a craft provided with retractahle landing
gear, and hence its knob is connected to the
moment totalizing mechanism only, as herein-
after described.

From the foregoing detailed description of
the leverage system appertaining to the weight
adjustment, first cargo compartment, and front
fuel tank knobs, the operation of the remaining
elements of the illustrated system will be readily
apparent. Each operates to rock lever 53 and
advance hand 28 along its scale through the fol-
lowing levers and links, which will be briefly re-
ferred to. :

The knob 8!, representing the second cargo
compartment, is connected to rock lever 53
through link 82, lever 83; link 84, lever 86: link
87, lever 39; link 43, lever 46; and link 49.

The knob 91, representing the third cargo com-
partment, is connected to rock lever 53 through
link 92, lever 83, and thence through the links
and levers described in connection with the knob
81 representing the second cargo compartment.

The knob 101, representing the oil tank, Is
connected to rock lever 53 through link (02, lever
86; link 87, lever 39; link 43, lever 46: and
link 49.

The knob 103, representing the fourth cargo
compartment, is connected to rock lever 53 in the
same direction through link 104, lever 105; link
108, lever 107; link 108, lever 109; link (10, lever
46; and link 49.

The knob representing the first lateral row of
four passenger seats is connected to rock lever
53 through link {12, lever 105, and thence
through the system described in connection with
the knob 103 representing the fourth cargo com-
partment. - . )

The knob representing the second lateral row
of passenger seats is connected to rock the lever
53 through link 115, lever 116; link {11, lever
107; link 108, lever 109; link (10, lever 46, and
link 49.

The knob representing the third row of pas-
senger seats is connected to rock the lever 53
through link 118, lever {16, and thence through
the same system described above in connection
with the second row of passenger seats.

The knob 119 representing the rear fuel tank is
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lever (22; link 123, lever [09; link 110, lever 46,
and link 49. ,

The knob representing the fourth row of pas-
senger seats Is connected to rock lever §3 through
link 126, lever 127; link 128, lever 122; link 123,
lever 109; link 110, lever 46, and link 49,

The knob representing the fifth row of pas-
senger seats is connected to rock the lever 53
through link 131, lever 121, and thence through
the same system described above in connection
with the knob representing the fourth row of
passenger seats. .

Since the maximum weights designed to be re-
ceived in the locations represented by the several
adjustable knohs differ, the calibration of the
individual scales associated with these knobs will
not usually be on the same scale. These differ-
ences in calibration however correspond to dif-
ferences in the leverages of the lever systems
by means of which the knobs move hand 28, so
that, for instance a larger weight difference may
be represented by a given movement of one of the

-cargo compartment knobs, than by an equal

movement of one of the passenger row knobs.
The leverages may be so varied in designing an
instrument for a ship of any given weight capac-
ity as to provide adjustable setting devices call-
brated to the full capacity of each weight location.

It has been found unnecessary to effect ex-
tremely accurate setting of the individual adjust-
able knobs in an instrument designed for such
use as that disclosed herein, and therefore, as
will be seen on reference to Figure 1, it is sufficient
to provide in connection with the passenger row
knobs, scales showing merely the number of pas-
sengers in the lateral row represented by the
knob. For such calculations as the present in-

strument is designed to perform, it is customary -

to assume the weight of passengers as averaging
170 pounds, and the leverages connecting these

knobs with hand 28 are proportioned accordingly.

-The hand 15f indicating the center of gravity

. position or load center, is movable over a scale
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152 which is preferably graduated so that the
load center position is indicated in terms of per-
centage of the mean wing chord-of the airplane.
That is, a certain percentage of the distance
between the leading edge of the wing and the
rear terminus of the wing chord.. As mentioned
hereinabove, it is initially positioned to indicate
the normal load center of the airplane with its
crew, by adjustment of the balance knob 153
(Figure 1) which acts, through its associated
pinion 22 and rack 23, to pull link 154 (Figure 3).

Link 154 is pivotally connected at i56 to the
said rack 23, and at 157 to lever 158 so that in the
initial balance setting, lever 158 is rocked around
its pivot. 199, as a fixed pivot, to pull link - 161,
pivotally connected at 162 to lever 158, and at
163 to lever 164, to rock said lever 164 around
its pivot 166, as a fixed pivot, and pull link 167
pivotally connected to lever 164 at 168, and at
169 to the moment totalizing lever 70.

The opposite end of the moment totalizing lever -

{10 is supported by engagement of a slot {T{
therein with a pin 1712 on lever {13 pivotally
mounted in the frame of the instrument at 174,
Thus it will be apparent that upon clockwise
rotation of the balance knob 153, lever 110 may
be rocked around pin 112 as a fixed pivot. It
is, however, preferably constrained against lat-
eral-movement during such adjustment by means
such as a pin 116 journaled in the lever 170 and
having squared ends movable in vertical slots 171
in a frame member 178. ‘

Pivotally mounted on the pin 18 is a link (81

3

adjacent the lower end of which there is carried .

a pin 182 extending into a slot 183 of lever 184
pivotally mounted on the frame at 185, the pur-
pose of which will be described hereinafter.

The free end of lever 184 is pivotally connected
at {86 to a link 187, the opposite end of which is
pivotally connected at 188 to an arm 189 fixed on
the arbor 191 carrying the indicator hand 151.
This arrangement is such that, as the balance
knob 153 is rotated in a clockwise direction to
rock lever #1710 about its support on pin 112, pin
176 will be moved downwardly in the slot 177,
rocking lever 184 in a clockwise direction around
its pivot 185, and advancing the indicator hand
151 in a clockwise direction along its scale 152
until the said hand indicates the normal center
of gravity position, or load center of the airplane
with its crew. h

The several manually adjustable knobs repre-
senting cargo, fuel, and passenger locations dis-
posed to the rear of the normal load center of
the airplane, are connected by linkages, similar
to those described in detail in connection with the
gress weight totalization, to the link {67 adapted
to lower the right end of the moment totalizing
lever 1710. In the present instrument these knobs
comprise ‘those representing the fourth cargo
compartment, the rear fuel tank, and the second
to fifth passenger seat. rows. The adjustment
knob representing the first passenger seat row

is not connected to the moment totalizing mech-

anism at all since in the airplane for which the
present instrument is designed, that passenger
row is in the same vertical transverse plane as
the normal load center of the airplane.

The leverage systems whereby the several ad-
justable knobs are connected to the moment
totalizing mechanism are so proportioned that
the movement transmitted to lever 170 by rota-
tion of each of the knobs is proportioned, not
only to the calibration of the individual scale
associated with the knob in question as described
in connection with the weight totalization mech-
anism, but also to the distance between the nor-

"mal load center of the airplane and the several

load locations represented by the individual
knobs. . :

Thus, when the knob representing the fifth
passenger row is rotated in a clockwise direc-
tion, it will act through its associated pinion
22 and rack 23 to pull link 201 pivotally con-
nected at 202 to the rack 23 and at 203 to a
lever 204 to rock said lever about 206, as a fixed
pivot, and exert a pull on link 207 pivotally con-
nected to lever 204 at 208, and at 159 to lever
158, -and thence through the same system de-
seribed in connection with the initial balance
adjustment to lever 170,

The individual adjustment knob representing
the fourth passenger row is connected to lever
204 by a link 209 pivotally connected to said
lever at 206 and to the rack 23 associated with
the ‘adjustment knob representing the fourth
passenger row at 211,

The calibration of the weight sca'es associated
with the fourth and fifth passenger rows is the
same, but it will be noted, on reference to Fig-
ure 3, that the distance between the pivot 203
and the pivot 208 is less than the distance be-
tween the pivot 206 and the pivot 208, and that
therefore a given movement of the knob repre-
senting the fifth passenger row will produce a
greater movement of lever 170 than will an equal
movement of the knob representing the fourth
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passenger row. This Is because In the airplane

in which the instrument is designed for use, the .

fifth passenger row is further removed from the
normal load center of the craft than is the fourth
passenger row, and hence, if the loading of both
said rows is equal, the weight in the fifth pas-

- senger row will produce the greater moment
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about the normal weight center. The two arms
of lever 204 above referred to are therefore pro-
portioned so that the movement of lever 1710 ef-
fected by movement of these knobs, will be pro-
portionate to the moment exerted by the load,
and not to the weight thereof alone.

. The adjustment knobs representing the re-
maining load positions disposed at the rear of
the normal center of gravity of the airplane,
are connected to move the link 16T connected
to the right of lever 170 by similar moment total-
izing lever systems which need be only briefly
described.

The knob representing the rear fuel tank is
connected to link 167 by link 211, lever 218; link
219, and lever {64,

The knob representing the third passenger
row is connected to the link (87 by link 221,
lever 222; link 223, lever 224; link 226, lever 218;
link 219, and lever 164.

The knob representing the fourth cargo com-
partment is connected to the lever 167 by link
28, lever 229; link 230, lever 224; link 228, lever
218; link 219, and lever I64.

As mentioned hereinbefore, the retraction of
the landing gear in alrplanes fitted with retract-
able landing gear, has the effect of shifting its
weight somewhat to the rear, and it is there-
fore desirable to provide a knob 231 cooperating
with a scale 232, the calibrations of which in-
dicate merely the retracted and lowered posi-
tions of the ship’s landing gear. This knob is
not connected to the weight totalizing mecha-
nism since no change in the gross weight is In-
volved, but the shifting of the weight to the
rear involves an increased moment, and this
knob is therefore connected by its associated
pinion 22 and rack 23 to a link 233 pivotally
mounted on lever 228 at such a distance from
sald lever’s connection with the link 230 as to
effect & movement of the latter proportionate
to the change of moment effected by the shift-
ing of the weight of the landing gear through
the distance involved in the particu'ar aircraft
for which the instrument is designed. Thus the
operator of the instrument may, by adjusting
the knob 23{, determine whether or not the re-
traction of the landing gear after takeoff will
carry the load center out of the optimum or per-
missible range as indicated on the scale 152.

From the foregoing description it will be ap-
parent that the adjustment of the setting knobs
described will effect a totalization of all of the
moments produced by loads disposed at the rear
of the normal center of gravity position or load
center of the aircraft for which the instrument
is designed, and that the pin 176 will be moved
downwardly in the slot 11T a distance propor-
tionate to the total of said moments. The mo-
ments produced by loads disposed forwardly of

the normal center of gravity position of the craft

for which the instrument is designed, will have
the effect of shifting.the position of the load
center in the opposite direction, and it is there-
fore necessary to provide means for totalizing
these moments and. subtracting their total from
the total of the moments produced by the loads

2,179,822 :

disposed at the rear of the normal center of
gravity position.

For this purpose, as shown in Figure 3, the
adjustment knobs representing the first and sec-
ond .cargo compartments and the oil tank, are
connected by link and leverage systems similar
to those hereinabove described to the lever {718
pivotally mounted on the frame at 174, and pro-
vided with pin 172 engaged in the slot {11 of
lever 170. The adjustment of these knobs will
therefore effect counter-clockwise movement of
the lever {13 about its pivot 174, raising the left
end of lever 170 and moving the pin 176 up-
wardly in its slot 111. The ultimate position of
the pin (16 in its slot 177 will therefore consti-
tute a registration of the algebraic total of the
moments of the several loads removed from the
normal center of gravity position of the airplane
on both sides thereof. -

The linkages whereby the above mentioned
knobs representing loads disposed forwardly of
the normal center of gravity position effect such
movement of the lever 173, are similar to those
described above in connection with the totaliza-
tion of the moments produced by loads disposed
at the rear of the normal center of gravity po-
sition, and a brief description thereof will there-
fore suffice.

The knob representing the first cargo compart-
ment is connected to lever 173 by link 237, le-
ver 238, and link 239.

The knob representing the second cargo com-
partment is connected to lever 113 by link 242,
lever 243; link 244, lever 238, and link 239.

The knob representing the oil tank is connect- °

ed to lever 173 by link 247, lever 243; link 244,
lever 238; and link 239.

It will be observed that the knobs represent-
ing the front fuel tank and the third cargo com-
partment are not connected to the moment to-
talizing mechanism. This is because these loads
as well as the load in the first passenger row are
disposed in the same vertical transverse plane as
the normal load center of the plane, and hence

are not effective to alter the moment in either |,

direction.

As has been pointed out above, the ultimate
position of the pin 176 in its slot 117 constitutes
a registration of the algebraic total of the mo-
ments produced by the several loads.
words, this is a summation of the products of
& plurality of multiplication operations, in each
of which the factors are the magnitude of the
load and its distances from the normal center of
gravity position of the airplane.
order to obtain an indication of the d'stance
through which the load center will be displaced
by a given distribution of loads of a known mag-
nitude, it is necessary to divide this algebraic
sum of products by the gross weight of the load-
ed airplane and to provide means for indicating
the quotient in lineal terms. )

For this purpose the weight totalizing mecha-
nism is connected to the linkage whereby the
moment totalizing devices control the center of
gravity position indicator 151, so that as the
total loaded weight of the craft increases the
movement of the load center ind'cator effected
by a given change in the algebraic total of the
moments will decrease progressively.

Link 250 (Figure 2) is pivotally connected at
251 to an arm 252 fixed on the arbor 60 of the
welght indicator hand 28, and is pivotally con-
nected at its opposte end (Figure 3) at 253 to
the link (81 which, as previously described, is

In other .

Therefore, in :
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plvotally mounted on the pin 176 and provided
at its lower end with a pin 182 movable in the
arcuate slot of lever 184.

In the position in which the parts are shown
in Figure 3, the moment is zero, and movement

of the link 181 by link 250 will therefore produce

no movement of the load center indicator 151, It
will be observed, however, that after any change
of the total moment in either direction, an altera-
tion of the total weight will serve to move the
pointer 151, and that increases in the total
weight will, by moving link 250 to the right,
throw the pin 182 rightward in the slot 183 and
decrease the amount of movement imparted to
pointer 151, and that increases in the total
ment indicated by the position of pin 116, At
a zero weight registration (which happens to be
beyond the capacity of the particular instrument
illustrated, however) the link 2580 would move
the link 181 to the left until pin 182 would lie
on a direct line between pivot 185 and pin 176
so that any change in the moment would theo-
retically produce an infinite movement of the
pointer £51. In the instrument illustrated, the
parts are so proportioned that if the moments
remain at a constant value other than zero and
the weight be doubled, the difference for which
the load center is displaced is reduced by one-
half, or proportionately reduced for various other
changes in the weight total.

It will be evident from the foregoing descrlp-
tion that the instrument provided by the pres-
ent invention will give an instantaneous visual
reading of the weight of an airplane, or other
vehicle carrying distributed loads, and the corre-
sponding location of the center of weight meas-
ured in terms of the distance thereof from some
particular reference point, for any proposed dis-
tribution of the individual loads. While the il-
lustrated instrument is calibrated to measure the
position of the load center in terms of percent-
age of the mean wing chord, it can, of course,
be calibrated to measure the position of the load
center from any convenient reference point, and
would be so calibrated in the case of a wingless
airplane such as an autogiro.

While the horizontal position of the center
of gravity measured from a fore and aft direc-
tion is all that is required for the proper balance

“of aircraft at the present time, the instrument

is capable of modification to provide similar read-
ings of the horizontal position of the center of
gray ty in a lateral direction and the vertical
position of the center of gravity in addition there-

 to, if desired.

Therefore, although a certain speclﬂc embod-
iment of the invention has been shown and de-
seribed herein, it will be apparent to those skilled
*in the art that many modifications of the appli-
cation thereof, as well as of the details of con-
struction, is possible. The invention, therefore,
is not to be considered as restricted to the form
disclosed except in so far as it is necessitated by
the prior art and by the spirit of the appended
claims.

I claim:
- 1. Aload center computer comprising suitable
weight registering means, multiplying means op-
erable by said weight registering means to com-
pute the moment exerted by the registered weight
about a predetermined point, and mechanism
controlled jointly by said weight registering

means and said multiplying means for quanti--

tatively indicating dlsplacement of the load
center.

5

2. A load center computer comprising a plu-
rality of suitable weight registering devices, mul-
tiplying means controlled by said  devices for
computing and algebraically totalizing the mo-
ments, about a predetermined point, of a plurality
of weights registered upon said devices and so
located with respect to said point as to produce
moments of different sign character, means con-
trolled by said devices for totalizing said weights,
and mechanism controlled jointly by said moment
and weight totalizing means for quantitatively
indicating displacement of the load center. .

3. In a computer of the class described, means

.for multiplying a plurality of factors, means

controlled by said multiplying means for totaliz-
ing a plurality of products of said multiplica-
tions, means for totalizing a plurality of items,
and means controlled by sald product totalizing
means and said item totalizing means for divid-
ing the total of said products by the total of said
items and indicating the quotient of said prod-
uct total and said item total.

4. In a computer of the class described, means
for muiltiplying a plurality of positive or nega-
tive factors, means controlled by said multiply-
ing means for algebraically totalizing a plurality
of positive and negative products of said multi-
plications, means. for totalizing a plurality of
items, and means controlled by said product
totalizing means and said item totalizing means
for dividing the algebraic total of said products
by the total of said items and indicating the
value and sign character of the quotient of said
product total and said item total.

5. In a computer of the class described, item
entering mechanisms, factor representing de-
vices, means controlled by said mechanisms and

" said devices for multiplying each of the items

entered -by said mechanisms by one of the fac-
tors represented by sald devices, means, con-
trolled by said multiplying means for totalizing
the products of said multiplications, means con-
trolled by said mechanisms for totalizing the
items entered thereby, and means controlled by
said product totalizing means and said item:
totalizing means for indicating the quotient of
said product total and said item total.

6. In a computer of the class described, ‘item
entering mechanisms, factor representing de-
vices, means controlled by said mechanisms and
said devices-for multiplying each of the items
entered by said mechanisms by one of the factors
represented by said devices, means controlled by

said multiplying means for algebraically totaliz~

ing positive and negative products of said multi-
plications, means controlled by said mechanisms
for totalizing the items entered thereby, and
means controlled by said product totalizing
means and said item totalizing means for “indi-
cating the value and sign character of the quo-
tient of sald product total and said item total.

7. In a computer of the class described, a
plurality of differentially movable control mem-
bers adapted to be set to represent one group of
factors in a caleulation, a primary differentially
movable moment totalizing element, means con-
necting said element and a plurality of said mem-~
bers, for effecting movement of said element
proportional to the sum of the individual move-
ments of said connected members, each multi-
plied by a different predetermined factor, a
secondary differentially movable moment totaliz-
ing element, means connecting said latter
element and a plurality of said members, for
effecting movement of said latter element pro-
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portional to the sum of the individual move-
ments of the last mentioned members, each
multipied by a different predetermined factor,
means settable under joint control of said pri-
mary and secondary moment totalizing elements
for registering the sign character of and amount
of the difference of the moment values repre-
sented by the positioning of said elements, means
settable to register the sum of the factors repre-
sented by the setting of said control members,
and means controlled jointly by said last men-
tioned registering means and by said moment
difference registering means for indicating the
sign character and value of a function of the
values registered by both sald registering means.

8. In a computer of the class described, a plu-
rality of differentially movable control members
adapted to be set to represent one group of fac-
tors in a calculation, a primary differentially
movable moment totalizing element, means con-
necting said element and a plurality of said mem-
bers, for effecting movement of said element
proportional to the sum of the individual move-
ments of said connected members, each multiplied
by a different predetermined factor, a secondary
differentially movable moment totalizing element,
means connecting sald latter element and a plu-
rality of sald members, for effecting movement
of said latter element proportional to the sum
of the individual movements of the last men-
tioned members, each multiplied by a different
predetermined factor, means settable under joint
control of sald primary and secondary moment
totalizing elements for registering the sign char-
acter of and amount of the difference of the
moment values represented by the positioning of
said elements, means settable by said control
members to register the sum of the factors rep-
resented by their respective settings, and means
controlled jointly by said last mentioned register-

~ ing means and by said moment difference regis-
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tering means for indicating the sign character
and value of a function of the values registered
by both said registering means.

9. In a computer of the class described, a
plurality of differentially movable control mem-
bers adapted to be set to represent one group
of factors in a calculation, a differentially mov-

.able moment totalizing element, a plurality of

motion transmitting devices connecting said mo-
ment totalizing element and said members re-
spectively, for effecting movement of said ele-
ment proportionate to the sum.of the individual
movements of said members, each multiplied by
a different predetermined factor, a differentially
movable weight registering element settable to
register the sum of the factors represented by

. the setting of said control members, and means

Jointly controlled by said moment totalizing
element and said weight registering element for
indicating the value of a function of the values
registered by the respective differential position-
ing of said elements. .
10. In a computer of the class described, a
plurality of differentially movable control mem-
bers adapted to be set to represent one group
of factors in a calculation, a differentially mov-
able moment totalizing element, a plurality of
motion transmitting devices connecting said mo-
ment totalizing element and said members re-
spectively, for effecting movement of said element
proportionate to the sum of the individual move-
ments of said members, each multiplied by a
different predetermined factor, a differentially

‘movable weight registering element, a plurality

2,179,822

of motion transmitting devices connecting sald
weight registering element and said control mem-
bers respectively, for effecting movement of said
element proportionate to the sum of the indi-
vidual movements of saild control members, and
means jointly controlled by said moment totaliz-
ing element and said weight registering element
for indicating the value of a function of the
values registered by the respective differential
positioning of said elements.

11. In a computer of the class described, a
plurality of differentially movable control mem-
bers adapted to be set to represent one group
of factors in a calculation, a primary differen-
tially movable moment totalizing element, means
connecting said element and a plurality of said
members, for effecting movement of said element
proportional to the sum of the individual move-
ments of said connected members, each multi-
plied by a different predetermined factor, a sec-
ondary differentially movable moment totalizing
element, means connecting said latter element
and a plurality of sald members, for effecting
movement of said latter element proportional to
the sum of the individual movements of the last
mentioned members, each multiplied by a differ-
ent predetermined factor, and means settable
under joint control of said primary and sec-
ondary moment totalizing elements for register-
ing the sign character of the difference of the
moment values represented by the positioning of
said elements.

12, In a computer of the class described, a
plurality of differentially movable members
adapted to be set to represeni one group of fac-
tors in a calculation, a primary differentially
movable totalizing element having control devices
associated therewith comprising motion trans-
mitting means connecting one of said members
with saild element for effecting movement of said
element proportionate to the movement of said
member multiplied by a predetermined factor,
and motion transmitting means connecting an-
other of said members with said element for
effecting additional movement of said element
proportionate to the movement of said last named
member multiplied by a different predetermined
factor; a secondary differentially movable total-
izing element having control devices associated
therewith corresponding to the above mentioned
devices associated with said primary totalizing
element; and connecting means between said
primary and secondary totalizing elements where-
by movement of said secondary totalizing ele-
ment by its associated control devices moves said
primary totalizing element in a direction to
subtract from the movement of the latter effected
by its associated control devices.

13. A load center computer comprising settable
weight registering means, settable weight-movea
ment registering means, multiplying means oper-
able by said weight registering means to compute
the moment exerted by the registered weight
about a predetermined point, mechanism con-
trolled jointly by said weight registering means
and said multiplying means for quantitatively
indicating displacement of said load center, and
means controlled by said weight-movement reg-
istering means for altering the setting of said
last named means to quantitatively indicate dis-

placement of the load center effected by move-

ment of a predetermined weight with respect
to said load center.

14. A load center computer comprising a plu-
rality of settable weight registering devices, a
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settable weight-movement registering device,
multiplying means controlled by said weight reg-
istering devices for computing and algebraically
totalizing the moments, about a predetermined
- point, of a plurality of weights registered upon
said weight registering devices and so located
with respect to said point as to produce moments
of different sign character, means controlled by
said weight registering devices for totalizing said

10 weights, mechanism controlled jointly by said

7

moment and weight totalizing means for quan-
titatively indicating displacement of the load
center, and means controlled by said weight-
movement registering means for altering the set-
ting of said mechanism so as to quantitatively
indicate displacement of the load center effected
by movement of a predetermined weight with
respect to said load center. ’
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