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WEIGHING SYSTEM FOR A ROAD MILLING MACHINE

Technical Field
The present invention relates to a road milling machine, in particular, providing
a convenient and inexpensive method for weighing truck load limit and a road milling

machine having devices for providing such weighing and warning to a user.

Background Art

Generally, a road milling machine is configured for use in degrading formations.
The road milling machine comprises a rotary degradation drum disposed on the
underside of the machine and arranged transverse to the working direction. The rotary
degradation drum comprises a plurality of picks. In milling operation, such road
milling machines traverse over ground, with the milling rotor submerging into the
ground and milling off the soil material with the help of the milling picks arranged on the
rotating milling rotor. In milling operation, the road milling machine thus moves in the
working direction and traverses over the soil to be processed. Such road milling
machines are also preferably designed as self-propelled machines, thus eliminating the
need for separate transporting vehicles.

An important aspect in the operation of such road milling machines is the
handling of the milled material, i.e. the material milled by the cutting drum. In many
areas of application, it is necessary that the milled material is transported away from the
milling location by means of a suitable transporting device, for example, a truck. To
this end, the road milling machines usually has a conveyor by means of which the milled
material can be transported during the milling operation of the road milling machine
from the area of the milling rotor to the transporting container of the transporting vehicle.

Various embodiments are known in the industry regarding the specific
arrangement of the conveyor device to the transporting vehicle. Apart from the
possibility that the conveyor transports the milled material to the real (real-loader) or to
the side (side-loader), a conveyor belt directed to the front (front-loader) has particularly
proven suitable for milling devices designed as road milling machines. Front-loader
has the advantage that during milling operation the transporting vehicle may drive in

front of the milling device on the ground still to be milled.
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However, especially front-loader normally places heavy requirements on the
milling machine operator. For example, the visibility of the preceding transporting
vehicle is poor and the milling machine operator cannot see the loading trough in full.
The driver of the transporting vehicle cannot see the loading conveyor as well.
Traditional machine configurations do not provide the machine operator with data about
the weight and volume of material that is being conveyed. This is of particular
importance on some road construction projects that occur in areas with strict regulations
of truck loads. In these circumstances, specific truck weight limits and weight
distributions relative to the vehicle axles are required and enforced through fines. The
lack of accurate data about the material being conveyed often causes trucks to be under-
filled which has obvious impacts on productivity and cost. Further, the operator is also
responsible for safe work process, particularly road safety and personal safety. In the
mean time, the operator has to precisely control the loading process for proper removal
of the milled material.

Prior art shows that a measuring method with human senses to measure weight
or volume of vehicle load material reaches a height that is visible and relying on the
machine and the transporting vehicle operators' experience to approximate when the
weight limit is reached. However, this measurement is not accurate according to types
of materials. Also, relying too much on an operator, who might not have that much
experience, may interrupt operators' safe operation.

Prior art shows another method to measure the transporting vehicle load. The
weight of a truck fill materials can be measured by a conveyor belt scales purchased as
part of a third party troughing roller assembly. However, it is an expensive option than
the present invention and the location of scale on conveyor belt can limit design
flexibility and add complexity to harness routing. Also, if the conveyor with scale is
not initially attached to the road milling machine, it is hard to be adopted later on.

Further, prior art provides a method using a secondary conveyor belt lift cylinder
pressure to determine the load being conveyed. The conveyor drive motor speed sensor
is additionally used along with weight and a material density table to calculate material
volume. This prior art has to be equipped with a secondary conveyor belt lift cylinder
pressure sensor but the present invention does not require additional sensors except that

are already used in conventional road milling machines.
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Disclosure
Technical Problem

The standard layout and design of road milling machines places the operator in a
position that makes it very difficult to gain adequate visibility of the end of the secondary
conveyor and the inside of the truck being loaded. In addition, traditional machine
configurations do not provide the machine operator with data about the weight and
volume of material that is being conveyed. This is problematic where the road
construction projects occur in areas with strict regulations of truck loads. These
regulations require specific truck weight limits and weight distributions relative to the
vehicle axles where violations would result fines. The avoidance of overloading often
causes trucks to be under-loaded which will compromise productivity and cost-
effectiveness. Further, these measurements of weight and volume of materials loaded

on a transporting vehicle has to be inexpensive and easy to adopt.

Technical Solution

In order to achieve the aforementioned objects, the present invention employs
the following arrangement.

According to one aspect of the present invention, there is provided a method of
controlling volume or weight of material loaded into a transporting container from a road
milling machine, wherein the road milling machine comprises a conveyor through which
milled material is transported to the transporting container, a microprocessor for
controlling said machine, comprising the steps of:

a) 1inputting transporting container load limit in the form of volume or weight, and
material type;

b) detecting drive motor speed and material height via sensor devices;

c) calculating material weight via said microprocessor;

d) activating alarm system when a predetermined load limit of said transporting
container is met in material weight or in material volume.

It is preferable that the method further comprising the step of:

e) displaying loaded material volume and/or material weight of step c) at display panel.
It is also preferable that in step c), the following steps occur:
1) calculating material cross sectional area using detected material height and known

conveyor dimensions;
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2) calculating volume with calculated material cross sectional area and detected drive
motor speed;

3) calculating material weight by using volume and material density, according to the
material type of the milled material, found in a predetermined material density table.

It is also preferable that a method according to claim 1, wherein, in step d), said

It is It is preferable that the alarm system provides visual alarm and/or audible

alarm.

According to another aspect of the present invention, a method of controlling
volume or weight of material loaded into a transporting container from a road milling
machine, wherein the road milling machine comprises a conveyor through which milled
material is transported to the transporting container, a microprocessor to control said
machine, comprising the steps of:

a) Inputting transporting container load limit as forms of weight or volume, and
material type;

b) detecting drive motor speed and material cutting depth via sensor devices;

c) calculating material weight via said microprocessor;

d) activating alarm system when a predetermined load limit of said transporting
container is met in material weight or material volume.

It is preferable that a method further comprising the step of:

e) displaying loaded material volume and/or material weight of step c).

It is also preferable that a method according to claim 5, wherein, in step c), the
following steps occur:

1) calculating material cross sectional area using detected cutting depth and the cutting
drum width;

2) calculating material volume with calculated material cross sectional area, detected
drive motor speed and time;

3) calculating material weight by using calculated volume and material density,
according to the material type of the milled material, found in a predetermined material
density table.

It is also preferable that a method, wherein, in step 1) cutting depth is
determined by tracking the position of the lift cylinders where front wheel side lift
cylinder located on the precut road surface and rear wheel side lift cylinder located on

the milled road surface.
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According to yet another aspect of the present invention, there is provided a road

milling machine with a transporting vehicle load detecting device, comprising:

a conveyor through which the milled material is transported to a transporting container;

a microprocessor that controls calculation of weight or volume of the milled material and
determines when to activate alarm unit; and

sensor devices detecting drive motor speed, and material height of milled material
transported in said conveyor.

It is preferable that said sensor devices includes a drive motor speed sensor that
can detect speed of said conveyor drive speed and a material height sensor that can be
attached at laminar portion of said conveyor top to detect material height of the milled
material.

It is also preferable that a road milling machine with transporting vehicle load
limit detecting unit according to claim 9, wherein said sensor devices includes cutting
depth detecting sensor device which determines the depth by tracking the difference of
position of the lift cylinders where front wheel side lift cylinder located on the precut
road surface and rear wheel side lift cylinder located on the milled road surface.

According to yet another aspect of the present invention, there is provided a road
milling machine with a transporting vehicle load detecting device, comprising:

a conveyor through which the milled material is transported to a transporting container;

a microprocessor that controls calculation of weight or volume of the milled material and
determines when to activate alarm unit;

sensor devices detecting drive motor speed, and cutting depth of the road.

It is also preferable that the cutting depth can be determined by tracking position
difference of front wheel side lift cylinder and rear wheel side lift cylinder where the
front wheel side lift cylinder located on the precut road and the rear wheel side lift
cylinder located on the milled road.

It is also preferable that said cutting depth can be determined by tracking
position difference of the real moldboard and the side skirts where the side skirts located
on the precut road and the moldboard is located on the milled road.

It is also preferable that said position differences can be determined by using

position sensors, limit switches, or rope sensors.
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The present invention provides a method for measuring weight of truck load
materials with conveyor drive motor speed sensor currently attached to a road milling

machine, with conveyor cross sectional area and a material density table.

Advantageous Effects

The present invention provides easy and affordable transporting vehicle load
calculation without additional devices on the machine. It is easy to adopt, cost-efficient,
and useful for providing relatively accurate weight measurement for a road milling
machine. The present invention also can provide warning signs to a user when the
material load is close to preset percentage of the truck load limit so that a user can stop

or slow down the operation.

Description of Drawings

Fig. 1 illustrates a side view of a road milling machine.

Fig. 2 shows a flow chart for calculating weight by using conveyor cross-
sectional area.

Fig. 3 shows a cross sectional view of the conveyor belt of the road milling
machine measurements thereof would be used to calculate cross sectional area of loaded
materials on the conveyor belt using the material height.

Fig.4 shows a simplified cross sectional view of the conveyor belt of the road
milling machine.

Fig. 5 shows a flow chart for calculating weight by using cutting depth of the
milling machine.

Fig. 6 illustrates a schematic view of lift cylinders of the road milling machine.

Fig. 7 shows rear moldboard and side skirts of the road milling machine and its

parts in detail.

Best Mode

Reference will be made in detail to embodiments of the present invention,
examples of which are illustrated in the accompanying drawings. While the present
invention will be described in conjunction with the following embodiments, it will be
understood that they are not intended to limit the present invention to these embodiments

alone. On the contrary, the present invention is intended to cover alternatives,
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modifications, and equivalents which may be included within the spirit and scope of the
present invention as defined by the appended claims. Furthermore, in the following
detailed description of the present invention, numerous specific details are set forth in
order to provide a thorough understanding of the present invention. However,
embodiments of the present invention may be practiced without these specific details.
In other instances, well-known methods, procedures, components, and circuits have not
been described in detail so as not to unnecessarily obscure aspects of the present
invention.

Any discussion of the prior art throughout the specification should be in no way
be considered as an admission that such prior art is widely known or forms part of
common knowledge in the field.

In referring Fig. 1 which is a side view of a road milling machine according to
prior arts, the road milling machine comprises a main body 1, a conveyor 2 connected to
front part of the main body 1. The main body contains mechanical components of the
machine. The main body 1 further comprises two rotating wheels 4, 5 under the
machine part of the main body 1. Rotary cutting drum 3 with a plurality of picks is
located between two rotating wheels 4,5 of the machine. An operator would sit on the
operation seat 6 and will get the required information from the control panel 7.

The conveyor 2 is roughly divided by gathering portion 23 and discharging
portion 25. The speed of each portion can be quite different since the gathering portion
23 receives milled material from the cutting drum 3. The milled material in the
gathering portion 23 shows turbulent flow with generally higher speeds. However,
passing through laminar portion 24 of the conveyor, the flow gets steadier till the
discharge portion 25. The conveyor can be folded around the end of holding rope 22 so
that it can be carried easily while the machine moves to a job site.

Prior art conveyor using conveyor roller weight sensor would have sensors on
laminar portion of the conveyor. However, there are only limited numbers of points
where the roller weight sensors can be located, design flexibility would be significantly
harmed and complexity of the harness routing would make design very difficult. Also,
these types of conveyor with weight sensors have to be ordered to a third party producing
troughing roller assembly. These are usually more expensive and if the conveyor with
weight sensors is not initially included in the road milling machine, it is hard to be

included later on.
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However, height sensor of the present invention can be placed anywhere along
the top surface of the conveyor cover. It is preferable to put the height sensor toward
center of the conveyor width. The height sensor according to the present invention can
be attached to laminar flow region of the conveyor which is 24, 25 in Fig. 1. Also, it
can be used to almost any types of conveyor. Some conveyor already has height
sensors as default so it is not needed to include them to utilize the present invention.

Referring Fig.2 which shows a flow chart for calculating weight by using
conveyor cross-sectional area, the microprocessor of the road milling machine discloses
a method of calculating material volume or weight of the transporting vehicle by using
material height in the conveyor and conveyor drive motor speed.

An operator would input information of desired truck load limit of a transporting
vehicle and a type of material that the operator would mill with the road milling machine,
to the microprocessor of the road milling machine. Then, the microprocessor would
calculate material volume and weight using sensor-detected material height of the
conveyor and conveyor drive motor speed. We will discuss how the microprocessor
calculates material cross sectional area in the conveyor using material height in detail
according to the height level of the material in Example section later. Since we know
specific measurements of the conveyor used on the specific road milling machine, the
microprocessor can compute material cross sectional area using those measurements and
the material height detected by a sensor located on the conveyor. Conveyor drive motor
speed 1s usually used in a conventional road milling machine, thus most of the case the
present invention can utilize this sensor. Then, the microprocessor can compute
material volume using material cross sectional area and conveyor drive motor speed
which is distance (length)/time. In other words, material cross sectional area multiplied
by length of the conveyor would constitute the material volume.

Then, using the material type that operator inputted and a material density table,
material weight can be calculated by the microprocessor. The material density table is
preferably providing density listing for types of materials that the road milling machine
could conduct a milling process on the road consisting of those material.

Then, the microprocessor would determine whether the weight or volume of the
milled material is close to the desired truck load limit that the operator inputted before
the operation. Preferably, to give some time for the operator to respond to a warning,

warning could be given at X% of the truck load limit. It is preferable that the
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percentage is about 70% to 95% of truck load limit but it is up to the operator to decide
at which point of the truck load, he/she wants to be alarmed.

The microprocessor could control to give an audible or a visible alarm or both to
the operator. Otherwise, the information on truck loading can be given on the control
panel. Either or both of material weight of the loaded material or material volume can
be displayed on the control panel. This control panel warning can be given in addition
to the audible or visible alarm or it can be given by itself.

In referring Fig. 3 and 4 that show a cross sectional view and simplified cross
sectional view of the conveyor belt of the road milling machine, measurements thereof
would be used to calculate cross sectional area of loaded materials on the conveyor using
the material height. The height sensor located on top (cover) of the conveyor so that it
can measure the height of the material moving on the conveyor 2. Measurements in Fig.
4 can be used to calculate material cross sectional area of material moving on the
conveyor as shown below example.

Below is an example of calculating material cross-sectional area according to the
present invention. However, any kind of calculating method can be used and the below

example is only to show one way to do so.

Example

For easier but realistic calculation, it is assumed that the material would not sit
on top of the conveyor in a triangular or a pyramidal pattern but a circular pattern with
the same area as a triangular section.

An equation would be created for cross-sectional area in terms of angle of
surcharge B and height h. It is assumed that height = d - 0 for all calculation, where d is

total known height from the sensor of the belt, and ¢ is the sensor output value.
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For calculation the cases are divided by three according to the height of the

milled material in the conveyor. All three cases will be explained below.

a. For case 1, when the arc of material does not reach the tapered belt edge

As described in step two of the general solution, first set triangular area equal to

circular segment area:

%w [g: tan(/)’)} = g"zjl“n“z@l o —sin ()]

-
L

¢ ~ sin (@)
st (%)

In the above equation, w equals base length of the triangular segment, 3 equals

2tan(f) =

10  the angle of surcharge of the material, and y equals the angle of the circular segment,

shown in the figure below.

Then, general equations for area of a circular segment are used to find the area
based on height input. These equations are listed below, where A = Area, c= chord

15  length, R=radius, and h = height:

10
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¢ = 2ZRsin (—?)

h=R {1 - CoSs (g)]

2
A= lo - sin(o)]

Then the above equation is used to put area solely in terms of h and .

B = h
B 1—6‘08(3)

2

A= [¢ — sin(e)]

In all the equations in this specification, y is defined in radians rather than
5 degrees. Find the values of h from a known value of ¢ from the part of the road milling

machine to be used.

Conax = 2Rsin (gf—)

Crnax = 2 ----~;;)~ sin ("(28)

Conax {'1 — 0S8 (5:3)]

= 2 sin (%)

b. For case 2, when the arc of material ends at some point along the tapered

10  edge as the figure below.

11
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Conin

Since v is based solely on a material property [, y will not change with a height.

Thus, the equation relating the two terms will not change. In case 2, what was ¢ max in
case 1 was reassigned to ¢ min. Additional terms were added. These include a, the

5  belt angle that was previously calculated; c, the chord length; h arc, the height of the arc;

and X and Yy, the horizontal and vertical displacements of the arc.

General equation relating the terms to themselves are defined to solve for y .

h = hm'c + ¥

tan{a) = Z—

€= Cpn + 2%

2y
tan ()

C = Coypyp +

_ (C - Cmi-n)tan (“)
B 2

Using equations for h arc in terms of y, plug in the y equation and solve for h

10  total:

12
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hype=h—y=R {1 ~ €0S (Egﬂ
hnrc = m [_1 T o8 (%)}

ﬁmml = hm-‘c +y= (h~ }") +y

Roorat = Ch'“"s @)] , (e~ tntan (@)
total D5t (g) >

After establishing this equation for the total height h total known from the sensor,
the value of ¢ would be sought using known values y, ., h and ¢ min.
Then, solving for the composite area resulting from the trapezoid from ¢ min to ¢ and the

5 arc whose chord length is ¢ and whose height is h arc:

2

Aarc = “é“ [(p - sin ((p)]
( 2
zsm‘.’? )
Agre = % [QQ - sin ((P)]

C+ Copy
Atmzz = (T}m)}'

¢+ Cmin (C - Cm:'}z)tan {“:)
Atra}) = 2 2

Ararar = Bare + Arm;)

(255.;"5?) , €+ Crin 1 {6 = Cruntan (@)
Bt = 31— sin o) + (S )[ e }

The maximum value of h for which this equation is satisfied is dependent on a
maximum value of ¢ where the side edge becomes vertical, and this value will depend on
10  the part of the machine that is used. Thus, the maximum height h for which this

equation can be used is:

13
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y B Cmax {1 —€0S (%)} (Crax = Coin)tan (@)
total — 2sin (93) 2

2

C. For case 3, when the material arc exceeds the tapered edge and continues

up the wall as the figure below.

5 Cinin

New variables are added again to reflect case 3. L is the length of the tapered

belt edges, and z represents the vertical distance between the end of the trapezoid and the
beginning of the arc.

First, the equation is solved for the area of the trapezoid based on the listed

10  dimensions and variables:

_ x
cos{w) = 7

C = Cmin + 2X
C = Cpin + 2Lcos{a)
N €+ Cpin
Atr(tp - 2

([cmm * 2Looste] + C) (Lsin(a)]

Atm;v -

Aprap = [Cmin + Leos(@)[Lsin{a)]

Since z remains unknown, the next step is to solve for the topmost circular
segment area, which chord length ¢ and height h arc, and the relation between P and v is

15 still the same as in Case 1.

14
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2
Age = = Lo —sin (9)]
2
A
(255?1(5?)) .
Ao = e [o — sin (¢)]
2
( 251'11{(?) ) : . :
Agre = 57l sin (@)

[2Lcos{a) + cuml® |

Agre = o (f) {@ — sin ()]

Then, using the values of h, y, and h arc, write an equation for z that can be
used to find rectangular area. Find this area using the relevant equations listed below;
Avecr = (c)(2), C = Cppin + 2Lcos(a)

z=h-— y - harc

z=h—Lsin{a) - R [1 — €OS (fg—)]

z =h — Lsin(a) — m [1 — COS (g)]

z = h — Lsin{a) — 2Lcos(@) + Comin [1 — COS (%)]

. 4]
2sin (q—)
2

Avoer = O + 2Leos()] | k= Lsin{a) ~

2Leos{o) ‘+ Conin [1 ~ cos (f)}

2sin ( %)

There is no minimum value of h for this case 3 apart from the height of the
machine, but practical applications indicate that this height would never be reached.
The minimum value of h for this case is when h = h arc + y, or the same as the
maximum value for case 2.

10  Total area can be written as a summation of the three geometric areas:

15
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3
Aroral = ZAi = At'm.p + Agre + Arect
i=1

Then, multiplies Area function by conveyor belt velocity and time to determine

exiting volume, where A is one of the above equations as a function of h.

Viotal = (Atomi)(vbelt)(t)

The microprocessor of the machine would input values every x number of
milliseconds and creates a dataset of a set amount of values y , and calculate average.
After this average for a set amount of time is calculated, the microprocessor would use
the above equations to calculate volume of passing material. Once this volume for the
time frame is calculated, the microprocessor would begin collecting new information for
the next time frame, again calculating average and solving for volume. This will
account for real-time increases in height due to increases in belt speed or reduction of

milling belt angle.

In referring Fig. 5, a flow chart for calculating weight by using cutting depth of
the milling machine is described below.

An operator would input information of desired truck load limit of a transporting
vehicle and a type of material that the operator would mill with the road milling machine,
to the microprocessor of the road milling machine. Then, the microprocessor would
calculate material volume and weight using sensor-detected conveyor drive motor speed
and cutting depth of the road milling machine.

Since we would know cutting depth of the road milling machine from the
calculation and the cutting drum width, we can determine material cross sectional area of
the material that is milled by the machine. Then, we also can detect conveyor drive
motor speed which is usually detected in conventional road milling machines. Then,
the microprocessor can compute material volume by using material cross sectional area
and conveyor drive motor speed which is distance (length) /time. In other words,
material cross sectional area multiplied by length the machine is working would

constitute the material volume the road milling material milled during a specific time.

16
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Then, using the material type that operator inputted and a material density table,
material weight can be calculated by the microprocessor. Material density equals
weight/volume and we know volume and material density, thus we can get material
weight easily by the microprocessor. The material density table is preferably providing
density listing for types of material where the road milling machine could conduct a
milling process on.

Then, the microprocessor would determine whether the weight or volume of the
milled material is close to the desired truck load limit that the operator inputted before
the operation. Preferably, to give some time for the operator to respond to a warning,
warning could be given at X% of the truck load limit. It is preferable that the
percentage is about 70% to 95% of truck load limit but it is up to the operator to decide
at which point of the truck load, he/she wants to be alarmed.

The microprocessor could control to give an audible or a visible alarm or both to
the operator. Otherwise, the information on truck loading can be given on the control
panel. Either or both of material weight of the loaded material or material volume can
be displayed on the control panel. This control panel warning can be given in addition
to the audible or visible alarm or it can be given by itself.

In referring Fig. 6 that shows a schematic view of lift cylinders of the road
milling machine, the method of determining cutting depth with these lift cylinders will
be explained below.

Referring Fig.1, conventional road milling machines have four wheels as we can
see two wheels 4, 5 from one side of the machine and there will be another set of two
wheels on the other side of the machine. Fig. 6 shows lift cylinders for all four wheels.
Since the lift cylinders are connected to the wheels we can detect wheel position by
tracking lift cylinder position. For a road milling machine (front-loader), the front
tracks are sitting on the precut ground plane and the rear tracks are sitting on the milled
road surface. Cutting drum will be located between front lift cylinders 41, 81 and rear
lift cylinders 51, 91. Thus, front lift cylinders 41, 81 are located on a road which is not
milled yet but the rear lift cylinders 51, 91 are located on an already milled road. Thus
we can determine cutting depth by tracking the position of the lift cylinders. Position
sensors, limit switches, rope sensors, or any kind of sensors that can detect height
difference can be used to determine the height difference between the front and rear lift

cylinders, or we can monitor the position of the lift cylinder relative to a zero-plane.
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In referring Fig. 7, a way to determine cutting depth with rear moldboard and
side skirts of the road milling machine according to the present invention is disclosed.
The side skirts 12 rest on the precut ground plane, and the moldboard 11 is resting on the
milled road surface.

In detail, a road milling machine generally includes a body, a cutting drum
rotatably mounted to the frame for removing material (e.g. asphalt, concrete) from a
roadbed, and a conveyor. The cutting drum is connected with the body by a drive
assembly that includes a shaft, and operates by rotatably engaging with a road surface to
remove material there from. As the material is removed, the depth of engagement of
the drum generally must be increased in order to remove a desired quantity of material.
Typically, adjustment of the drum depth is achieved by vertically moving the body and
thereby moving the connected drum assembly.

Further, road milling machines generally include an enclosure or housing for
retaining material cuttings about the drum until the material can be conveyed to a
transporting vehicle. Such housings include one or more containment walls or "side
skirts" that enclose the area about the drum, each skirt being typically vertically
moveable relative to the drum. As such, the side skirts are typically vertically
moveable relative to the drum. As such, the side skirts are able to either remain
vertically stationary when the drum depth is adjusted or to move vertically in order to
remain disposed on a sloping base surface during machine travel. The real moldboard
is usually attached to the rear side of the cutting drum and also vertically moveable
between a retracted position and an extended position. Thus, the side skirts would
remain on precut surface and the real moldboard which is located behind the cutting
drum will disposed on top of the milled road surface and there is a height difference
between two elements.

Cutting depth can be determined by tracking the position of the rear moldboard
relative to the side skirts. Position sensors, limit switches, rope sensors or any kinds of
known detector can be used to determine the height of the rear moldboard. The height

of the side skirt is currently tracked with a rope sensor.
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Industrial Applicability

The present invention provides easy and affordable transporting vehicle load
calculation without additional devices on the machine. It is easy to adopt, cost-efficient,
and useful for providing relatively accurate weight measurement for a road milling
machine. The present invention also can provide warning signs to a user when the
material load is close to preset percentage of the truck load limit so that a user can stop
or slow down the operation.

Although the invention has been described with reference to the preferred
embodiments in the attached figures, it is noted that equivalents may be employed and
substitutions made herein without departing from the scope of the invention as recited in

the claims.
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CLAIMS
Claim 1 A method of controlling volume or weight of material loaded into a
transporting container from a road milling machine, wherein the road milling machine
comprises a conveyor through which milled material is transported to the transporting
container, a microprocessor for controlling said machine, comprising the steps of:
a) 1inputting transporting container load limit in the form of volume or weight, and
material type;
b) detecting drive motor speed and material height via sensor devices;
c) calculating material weight via said microprocessor;
d) activating alarm system when a predetermined load limit of said transporting

container is met in material weight or in material volume.

Claim 2 A method according to claim 1, further comprising the step of:

e) displaying loaded material volume and/or material weight of step c) at display panel.

Claim 3 A method according to claim 1, wherein, in step c), the following steps
occur:

1) calculating material cross sectional area using detected material height and known
conveyor dimensions;

2) calculating volume with calculated material cross sectional area and detected drive
motor speed;

3) calculating material weight by using volume and material density, according to the

material type of the milled material, found in a predetermined material density table.

Claim 4 A method according to claim 1, wherein, in step d), said alarm system

provides visual alarm and/or audible alarm.

Claim 5 A method of controlling volume or weight of material loaded into a
transporting container from a road milling machine, wherein the road milling machine
comprises a conveyor through which milled material is transported to the transporting
container, a microprocessor to control said machine, comprising the steps of:

a) inputting transporting container load limit as forms of weight or volume,

and material type;
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b) detecting drive motor speed and material cutting depth via sensor devices;
c) calculating material weight via said microprocessor;
d) activating alarm system when a predetermined load limit of said transporting

container is met in material weight or material volume.

Claim 6 A method according to claim 5, further comprising the step of:

e) displaying loaded material volume and/or material weight of step c).

Claim 7 A method according to claim 5, wherein, in step c), the following steps
occur:

1) calculating material cross sectional area using detected cutting depth and the
cutting drum width;

2) calculating material volume with calculated material cross sectional area,
detected drive motor speed and time;

3) calculating material weight by using calculated volume and material density,
according to the material type of the milled material, found in a predetermined material

density table.

Claim 8 A method according to claim 7, wherein, in step 1) cutting depth is
determined by tracking the position of the lift cylinders where front wheel side lift
cylinder located on the precut road surface and rear wheel side lift cylinder located on

the milled road surface.

Claim 9 A road milling machine with a transporting vehicle load detecting
device, comprising:

a conveyor through which the milled material is transported to a transporting container;

a microprocessor that controls calculation of weight or volume of the milled material and
determines when to activate alarm unit; and

sensor devices detecting drive motor speed, and material height of milled material

transported in said conveyor.

21



10

15

20

25

30

WO 2015/034497 PCT/US2013/058202

Claim 10 A road milling machine according to claim 9, wherein said sensor
devices includes a drive motor speed sensor that can detect speed of said conveyor drive
speed and a material height sensor that can be attached at laminar portion of said

conveyor top to detect material height of the milled material.

Claim 11 A road milling machine according to claim 9, wherein said sensor
devices includes cutting depth detecting sensor device which determines the depth by
tracking the difference of position of the lift cylinders where front wheel side lift
cylinder located on the precut road surface and rear wheel side lift cylinder located on

the milled road surface.

Claim 12 A road milling machine with a transporting vehicle load detecting
device, comprising:

a conveyor through which the milled material is transported to a transporting
container;
a microprocessor that controls calculation of weight or volume of the milled material and
determines when to activate alarm unit;

sensor devices detecting drive motor speed, and cutting depth of the road.

Claim 13 A road milling machine with transporting vehicle load limit detecting
unit according to claim 12, wherein,

said cutting depth can be determined by tracking position difference of front
wheel side lift cylinder and rear wheel side lift cylinder where the front wheel side lift
cylinder located on the precut road and the rear wheel side lift cylinder located on the

milled road.

Claim 14 A road milling machine with transporting vehicle load limit detecting
unit according to claim 12, wherein,

said cutting depth can be determined by tracking position difference of the real
moldboard and the side skirts where the side skirts located on the precut road and the

moldboard is located on the milled road.
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Claim 15 A road milling machine with transporting vehicle load limit detecting
unit according to claim 13, wherein,

said position difference can be determined by using position sensors, limit

switches, or rope sensors.

Claim 16 A road milling machine with transporting vehicle load limit detecting
unit according to claim 14, wherein,
said position difference can be determined by using position sensors, limit

switches, or rope sensors.
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