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(57) ABSTRACT 

A cutting head is provided for milling rumble strip depres 
sions in a road Surface. The cutting head has a center rota 
tional axis and a transverse diameter that varies along the 
length of the rotational axis So that an outer cutting Surface 
of the cutting head defines a plane curve. Such as an ellipsoid 
with truncated ends. The cutting head is mounted on a mill 
ing machine and rotated about the rotational axis as it is 
moved alternately up and down into the road Surface. As the 
milling machine moves down the road, the movement of the 
cutting head creates spaced apart rumble strip depressions in 
the road. Because of the elliptical configuration of the cut 
ting head cutting Surface, the dimensions of the depressions 
can be varied along both the forward and lateral axes by 
simply varying the depth of cut. The curved profile of the 
cutting head along the rotational axis creates rumble strip 
depressions that avoid the sharp ninety degree corners and 
vertical side walls found in conventional rumble strips. 

39 Claims, 3 Drawing Sheets 
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1. 

APPARATUS FOR CUTTING RUMBLE 
STRIPS IN A ROAD SURFACE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from provisional applica 
tion Ser. No. 60/333,897 filed Nov. 28, 2001 and is a 
continuation-in-part of application Ser. No. 09/783,418 filed 
Feb. 14, 2001 now U.S. Pat. No. 6,454,490. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to road safety 
devices and, more particularly, to rumble strips and methods 
and apparatus for forming same. 

Depressions, commonly referred to as rumble strips or 
sonic nap alert patterns (SNAPS), are formed in the surfaces 
of roads to alert drivers when their vehicles have drifted out 
of the travel lane of the road or when the vehicle is approach 
ing a dangerous portion of road, Such as a stop sign or toll 
booth. Rumble strip depressions are typically either uni 
formly spaced apart or are placed in spaced apart groupings 
in what is known as a skip pattern. Although there is no 
uniform standard for rumble strips, many highway depart 
ments require a five inch separation between adjacent 
depressions, with each depression having dimensions of 
seven inches by sixteen inches and a minimum depth of 
one-half inch. The long dimension of each depression nor 
mally extends perpendicular to the longitudinal axis of the 
road. 

Rumble strip depressions are conventionally formed in 
various fashions, including by using a roller drum to impress 
the depressions into asphalt roads, using forms to shape wet 
concrete, or milling or cold planing the depressions in either 
asphalt or concrete roads. Using roller drums to form the 
rumble strips is desirable because the depressions are 
quickly and easily formed by simply rolling the drum over 
the road surface. Roller drums, however, can only be used on 
asphaltic roads, and the impressed depressions may tend to 
rebound over a period of time, thereby reducing the effec 
tiveness of the rumble strips. Using forms to shape the 
depressions is of limited applicability because the forms can 
only be used with wet concrete. Milling of rumble strips is 
more versatile because the depressions can be formed in 
asphalt as well as hardened concrete. 

Various types of milling machines are currently used to 
cut rumble strip depressions. These machines typically uti 
lize a cylindrical cutting head that is formed by ganging 
together a plurality of circular diamond saw blades or by 
attaching tungsten-carbide-cutting elements to a drum. The 
cutting head is rotated about an axis parallel to the road 
Surface and is repeatedly raised and lowered to cut spaced 
apart rumble strip depressions as the milling machine travels 
down the road in a continuous or step-wise fashion. The 
resulting depressions are typically rectangular in 
configuration, with curved forward and rearward walls and 
vertically extending lateral walls. The distance between the 
forward and rearward walls is variable and is determined by 
the length of time that the cutting head remains in contact 
with the road surface. The spacing between the lateral walls 
is fixed and corresponds to the axial length of the cutting 
head. 
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2 
The vertically extending lateral walls in conventional 

rumble strip depressions can cause several problems. First, 
when a vehicle drifts off the travel lanes and onto a rumble 
strip positioned on the road shoulder, the vertical lateral 
walls cause the tires to suddenly drop laterally from the road 
surface into the rumble strip depression. This abrupt move 
ment may pull the vehicle even further onto the shoulder and 
may momentarily distract the vehicle driver. Once the 
vehicle tries are within the rumble strip depressions, the ver 
tical lateral walls may cause the driver to overcorrect in an 
attempt to remove the tires from within the rumble strip 
depression. These problems may be particularly serious for 
Smaller cars, motorcycles and bicycles that are lighter and 
have smaller tires. 

Another drawback of rumble strip depressions having ver 
tical walls is the sharp 90° corner formed between the bot 
tom of the depression and the Vertical walls creates an area 
of localized stress that can cause cracking of the pavement. 
This cracking may accelerate degradation of the road and 
require costly repairs or replacement of the road. Water and 
other debris may also accumulate in those 90° corners and 
further contribute to road degradation. 
As a result of the foregoing problems, a need has devel 

oped for a rumble strip depression that is less likely to inter 
fere with vehicle steering and which does not cause prema 
ture failure of the road surface. 

BRIEF SUMMARY OF THE INVENTION 

In one aspect, the present invention is directed to a cutting 
head for milling rumble strip depressions in an upper Surface 
of a road. The cutting head includes a drum having opposed 
ends and a center rotational axis extending between the 
opposed ends. A plurality of milling elements are mounted 
on an outer Surface of the drum and have cutting Surfaces 
positioned to define a plane curve as the drum is rotated 
about its center rotational axis. The plane curve has a trans 
verse diameter that varies in dimension along said center 
rotational axis so that the plane curve approximates at least a 
portion of an elliptical or other curved configuration. Posi 
tioning the cutting Surfaces in the plane curve allows the 
cutting head to be used to mill rumble strip depressions that 
have a concave bottom that curves upwardly along two per 
pendicular axes. The milling elements preferably are milling 
teeth that are removably positioned within holders 24 
welded or otherwise secured to the outer surface of the 
drum. The milling teeth also preferably having cutting tips 
formed of a material that includes tungsten carbide. The cut 
ting tips are positioned so that they cut in the plane curve by 
either configuring the drum in the shape of an ellipsoid and 
using the same sized milling elements across the Surface of 
the drum or by providing a cylindrical shape to the drum and 
using different sized milling elements to achieve the desired 
profile. In an alternate embodiment, the drum and milling 
elements are formed by stacked saw blades with interposed 
Spacers. 

In another aspect, the present invention is directed to the 
resulting rumble strip depressions. In the preferred 
embodiment, the depressions have only two spaced apart 
sides and the curved bottom curves upwardly along the first 
axis to form the two sides. In another embodiment, the bot 
tom curves upwardly along the second axis and connects to 
two lateral and spaced apart side walls. 
The invention also includes a method of milling the 

rumble strips using the cutting head described above and a 
milling machine that can otherwise be of a conventional con 
struction. 
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The rumble strip depressions of the present invention have 
bottoms that curve along both perpendicular axes, in contrast 
to conventional rumble strips that curve upwardly along only 
one axis. The resulting forward and rearward side walls 
curve in a horizontal plane and, when painted with traffic 
paint or another light reflective coating, is more readily 
observable because light from vehicle headlights is reflected 
in multiple directions. The curved nature of the bottoms of 
the depressions also reduces the areas of localized stress that 
can lead to cracking and degradation of the road Surface. 
Vehicle-induced wind currents more easily remove debris 
entering the rumble strip depressions because there are no 
sharp corners within the depressions where the debris can be 
shielded from the wind currents. The rumble strip depres 
sions can also be easier to mill because less road material is 
removed in the formation of the rumble strip depressions of 
the present invention. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

In the accompanying drawings which form part of the 
specification and in which like reference numerals are used 
to indicate like parts in the various views: 

FIG. 1 is a side elevation view of one embodiment of a 
cutting head of the present invention; 

FIG. 2 is a side elevation view of another embodiment of 
the cutting head of the present invention; 

FIG. 3 is a side perspective view of a rumble strip milling 
machine; 

FIG. 4 is a side elevation view of a portion of the rumble 
strip milling machine taken in vertical section along line 
4 4 of FIG. 3 and with portions broken away to illustrate 
details of construction; 

FIG. 5 is a fragmentary top perspective view of a road 
containing rumble strip depressions cut in accordance with 
the present invention; 

FIG. 6 is a side elevation view of a rumble strip depression 
taken in vertical section along line 6–6 of FIG. 5: 

FIG. 7 is a fragmentary top perspective view of the road 
containing an alternative embodiment of the rumble strip 
depressions; and 

FIG. 8 is a side elevation view of a further embodiment of 
the cutting head of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings in greater detail, and ini 
tially to FIG. 1, a cutting head used to mill rumble strip 
depressions in accordance with the present invention is rep 
resented broadly by the numeral 10. The cutting head 10 is 
designed to be rotated about a center rotational axis 12 as it 
is moved up and down to mill away portions of a road Sur 
face to form the rumble strip depressions in the road. 
The cutting head 10 has a preselected length along its 

rotational axis 12 and a transverse diameter that varies along 
the length of the rotational axis 12. As used herein, the trans 
verse diameter is understood to be taken in a plane perpen 
dicular to the rotational axis 12. In the preferred 
embodiment, the Smallest transverse diameter is at opposite 
ends 14 and 15 of the cutting head 10 and the greatest trans 
verse diameter is midway between the ends 14 and 15. It will 
be appreciated that the areas of Smallest and greatest trans 
verse diameter can be shifted along the axis 12 so long as the 
areas of Smallest transverse diameter are located on opposite 
sides of the area of greatest transverse diameter. In this 
manner, an outer cutting Surface 16 of the cutting head 10 is 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
outwardly convex and defines a plane curve, such as an 
ellipsoid, having a major transverse diameter located in a 
first region and areas of reduced transverse diameter located 
on one and preferably both sides of the first region. The 
resulting profile of the cutting Surface 16 and the cutting 
head 10, when viewed from the side, is preferably elliptical 
with truncated ends, but other outwardly curved configura 
tions such as oval, round and oblong can be selected if 
desired. 

The cutting head 10 is preferably a solid drum 18 to which 
a plurality of individual milling teeth 20 are removably 
attached in a spiral, chevron or other pattern that provides 
the necessary coverage along the drum 18. The milling teeth 
20 are also referred to as bullet teeth or tools and normally 
have cutting tips 22 which form the cutting surface 16 of the 
cutting head 10. The cutting tips 22 are formed of a durable 
metal Such as tungsten carbide, but can be formed from other 
materials having a hardness and durability suitable for mill 
ing asphalt or concrete. The milling teeth 20 are mounted in 
blocks or holders 24 that are welded or otherwise secured to 
an outer surface of the drum 18. Each holder 24 includes a 
bore 26 that extends through the holder 24 at a preselected 
angle to the tangent of the outer surface of the drum 18. The 
bore 26 receives a cylindrical body portion of the milling 
tooth 20 and positions the milling tooth 20 at the desired 
angle in relation to the Surface to be cut. A lock ring (not 
shown) or other fastener is used to removably secure the 
body portion of the milling tooth 20 in the holder 24 so that 
the milling teeth 20 can be replaced when worn. 
The non-cylindrical outer cutting Surface 16 of the cutting 

head 10 is preferably obtained by fashioning the drum 18 in 
the desired elliptical or other curved configuration and using 
the same size holders 24 and milling teeth 20 across the 
outer surface of the drum 18. Alternatively, the non 
cylindrical cutting Surface 16 can be obtained by using a 
cylindrical drum 18 and placing different sized holders 24 
and/or milling teeth 20 on the drum 18 in a manner so that 
the cutting tips 22 are positioned in the desired plane curve 
when the cutting head 10 is rotated about the rotational axis 
12. 

The outer cutting surface 15 of the cutting head 10 can 
alternatively be formed by simply placing diamond bits or 
other abrasives on the outer surface of the drum 18, or by 
ganging together a plurality of disc-shaped cutting elements, 
Such as diamond saw blades with spacers inserted between 
adjacent blades. If disc-shaped cutting elements are used, it 
will be appreciated that cutting elements with differing 
diameters must be used to obtain the desired elliptical or 
other curved profile for the cutting head 10. 
The ratio of the length of the cutting head 10 to its trans 

verse diameter can be relatively small as illustrated in the 
cutting head embodiment of FIG. 1 or it can be relatively 
large as shown in the cutting head embodiment of FIG. 2. 
As is best shown in FIG. 1, the cutting head 10 includes a 

pair of stub shafts 28 that are suitably secured to the drum 18 
at the opposite ends 14 and 15 of the cutting head along the 
center rotational axis 12. The stub shafts 28 allow the cutting 
head 10 to be mounted for rotation on any suitable milling 
machine, including those conventionally used for milling 
rumble strips in road Surfaces. The type of milling machine 
used is not of particular relevance to the present invention so 
long as it is capable of rotating the cutting head 10 while 
moving it up and down and along the road Surface. 

Turning to FIGS. 3 and 4, a preferred milling machine of 
the type disclosed in U.S. Pat. No. 6,454,490 is designated 
broadly by the numeral 30 and includes a rumble strip mill 
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ing attachment 32 mounted forwardly of a vehicle 34. The 
attachment 32 includes a hydraulic motor 36 that directly 
drives the stub shafts 28 of the cutting head 10 to effect 
rotation thereof. A flywheel 38 is connected to one of the 
stub shafts 28 by one or more belts 40 and functions to store 
kinetic energy which is then used to Smooth out variations in 
rotational velocity of the cutting head 10 resulting from load 
variations in the milling operation. The cutting head 10 is 
housed within a cutter box 42 that is spaced inwardly from 
lateral outer walls 44 of the attachment 32. The cutting head 
10 and box 42 are movable in an up and down direction by a 
crankshaft 46 that is driven by another hydraulic motor 48. 
The crankshaft 46 is spaced above the box 42 and rotates 
within bearings (not shown) carried by the outer walls 44. 
The crankshaft 46 includes a shaft 50 having a pair of spaced 
apart eccentric lobes 52. A pair of spaced apart crank arms 
54 are mounted on the lobes 52 by bearings 56 that allow 
shaft 50 to rotate within one end of the crank arms 54. The 
other ends of the crank arms 54 are pivotally connected at 
pivot point 58 to brackets 60 that are fixed to and extend 
upwardly from the cutter box 42. In this manner, it can be 
seen that rotation of the crankshaft 46 causes the crank arms 
54 to move alternately up and down while pivoting about 
pivot points 58. This movement of the crank arms 54 in turn 
causes the cutter box 42 to move up and down. The crank 
shaft 46 thus exerts an alternating up and down force on the 
cutter box 52 that causes up and down movement of the 
cutter box 42 and cutting head 10. Notably, the positive 
downward pressure advantage exerted by the crankshaft 46 
on the cutting head 10 causes the cutting head 10 to cut into 
the road Surface more quickly than would be possible relying 
solely on gravitational forces. Up and down movement of 
the cutting head 10 can be obtained through other means 
known in the art, such as cam wheels that contact the road 
Surface or cams that lift the cutting head upwardly, with 
gravity exerting the downward force to move the cutting 
head in the downward direction. It can be seen that hydraulic 
lines and other components have been omitted from FIGS. 
3–4 in order to simplify and provide greater clarity in the 
illustrations. Further details of construction of the milling 
machine 30 can be obtained from U.S. Pat. No. 6,454,490. 

Turning now Co FIGS. 5 and 6, the elliptical or other 
curved profile of the cutting head 10 allows complementary 
shaped rumble strip depressions 62 to be milled into a top 
surface of a road 64 by rotating the cutting head 10 about 
rotational axis 12 as it is lowered into the road. The cutting 
head 10 preferably rotates in a reverse direction in relation to 
the travel direction of the milling machine 30 so that the 
cutting action resists the forward motion of the milling 
machine 30. Alternatively, the opposite or forward rotational 
direction may be used, 4 such as when milling a softer road 
material Such as asphalt. The rotating cutting head 10 is 
preferably raised and lowered in a uniform, alternating 
motion as the milling machine 30 is moved along the road 
64. It will be appreciated that the up and down movement of 
the cutting head 10 can be controlled so that it stops for a 
preselected period of time at one or more positions and can 
also move more rapidly during selected segments of its 
travel cycle. The forward movement of the milling machine 
30 may also be slowed or stopped during portions of the 
milling process. In order to achieve a faster production rate, 
the milling machine 30 will normally be moved in an unin 
terrupted fashion in the direction of the longitudinal length 
of the road 64. 
The rumble strip depressions 62 can be formed along any 

desired portion of the road 64. For example, the rumble strip 
depressions 62 can beformed along one or both shoulders 66 
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6 
of the road 64 to provide a warning to vehicle drivers that 
they have drifted out of the normal travel lanes of the road 
64. Alternatively, the rumble strip depressions 62 can be 
positioned along the centerline or dividing line between 
travel lanes of the road 64 to provide a audible warning when 
the vehicle is drifting from one travel lane to another. As yet 
another example, the rumble strip depression 62 can be posi 
tioned across one or more travel lanes to warn of an upcom 
ing intersection, toll booth or hazardous stretch of road 64. 
The rumble strip depressions 62 can be arranged in vari 

ous desired patterns, such as being uniformly spaced apart or 
grouped together in a skip pattern. The long dimension of the 
depression 62 will normally be perpendicular to the longitu 
dinal direction of the road 64, but can alternatively be paral 
lel to the longitudinal road direction or can extend at an 
angle thereto. In one embodiment, each rumble strip depres 
sion 62 has a length of sixteen inches along the long axis, a 
dimension of seven inches along the short axis and a depth of 
one-half to five-eighths inch at the center of the depression. 
Other dimensions are possible and are within the scope of 
the invention. 

Each rumble strip depression 62 has a concave bottom 68 
that is curved along both the long and short axes, and transi 
tions along one of the axes, normally the short axis, into 
forward and rearward side walls 70 and 72. If the cutting 
head 10 cuts deeply enough into the road 64, the depressions 
62 will also have optional lateral side walls 74 and 76 that 
transition into the bottom 68 along the other axis, normally 
the long axis as shown in FIG. 7. Because the bottom 68 of 
the depressions 62 curves upwardly along both the long and 
shortaxes, the vertical walls and ninety degree corners found 
in conventional rumble strip depressions are eliminated or 
minimized. As a result, the depressions 62 allow for gradual 
lateral entry of vehicle tires into the depressions 62 without 
the type of abrupt movement that can cause driver distrac 
tion. As the vehicle drifts into the rumble strip depressions 
20, the noise generated by contact of the tires against the 
forward side wall 70 gradually increases because the depth 
of each depression 20 increases as the tires move toward the 
lateral center of the depression 62. This variation in rumble 
effect can help the driver understand that the noise and vibra 
tion are caused by road conditions rather than a flat tire that 
would be more likely to produce a constant response. In 
addition, the curved nature of the bottom 68 along the long 
axis of the depression 62 allows the vehicle tires to be easily 
removed laterally from the depressions 62 without the ten 
dency to over-correct, as can be the case with conventional 
rumble strips where the vehicle tires must scale the lateral 
vertical walls in order to be removed from the rumble strip 
depression. 
The curved nature of the bottom 68 along both the long 

and short axes and the absence or minimization of ninety 
degree corners eliminates or reduces the areas of localized 
stress that can lead to cracking and degradation of the road 
64. In addition, water or other debris that enter the rumble 
strip depressions 62 is funneled to a low point in the center 
of the depressions where it is exposed to vehicle induced 
wind currents that can expel the debris from the depression 
62. In this manner, the debris is unlikely to remain in the 
depressions 62 for extended periods of time where it can 
contribute to premature degradation of the road 64. 

Notably, controlling the depth to which the cutting head 
10 is lowered into the road 64 can vary the size of each 
depression 62 along both the long and short axes. This 
allows the dimensions of a particular series of rumble strip 
depressions 62 to be gradually increased or decreased by 
simply increasing or decreasing the depth to which the cut 
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ting head 10 cuts into the road 64. The size of the depression 
62 along the short axis or between the forward and rearward 
side walls 70 and 72 can also be varied by increasing or 
decreasing the amount of time that the cutting head 10 
remains in contact with the road 64 as the milling machine 
30 moves along the road 64. The amount of time that the 
cutting head 10 contacts the road 64 can be varied by 
increasing or decreasing the rate of up and down movement 
of the cutting head 10, as well as the rate of forward move 
ment of the milling machine 30. 
The rumble strip depressions 62 may also be painted with 

a reflective coating to provide a visual indication of their 
location. For example, when positioned along the center of 
the road 64, the depression 62 may be coated with the nor 
mal centerline markings formed from traffic paint containing 
crushed glass reflective beads. Because the forward walls 70 
of the depressions 62 curve in both the vertical and horizon 
tal directions, light from vehicle headlights is reflected in 
multiple directions and is more readily observed by an 
approaching driver. 

In an alternate embodiment illustrated in FIG. 8, side-by 
side rumble strip depressions 62 can be formed by a single 
cutting head 110 having two areas of larger transverse 
diameter, each of which has areas of reduced transverse 
diameter on opposite sides thereof. Depending upon the 
shape of the cutting head 110 and the depth of cut into the 
road Surface, the side-by-side depressions 62 can be spaced 
apart or interconnected. It will be appreciated that the side 
by-side depressions 62 can also be formed by positioning 
separate cutting heads 10 end-to-end and providing means 
for independent operation thereof. 
As used herein, the term “road' includes the travel lanes 

of the road, as well as the shoulders that extend along the 
travel lanes and are intended to be used to accommodate 
stopped vehicles for emergency use. The use of the terms 
“long axis' and “short axis' in describing the dimensions of 
the depressions 62 is not meant to exclude the possibility 
that the perpendicular axes will be of equal length. This is 
contemplated by and within the scope of the present inven 
tion. 

From the foregoing, it will be seen that this invention is 
one well adapted to attain all the ends and objectives herein 
above set forth together with other advantages which are 
inherent to the structure. 

It will be understood that certain features and subcombi 
nations are of utility and may be employed without reference 
to other features and subcombinations. This is contemplated 
by and is within the scope of the invention. 

Since many possible embodiments may be made of the 
invention without departing from the scope thereof, it is to 
be understood that all matter herein set forth or shown in the 
accompanying drawings is to be interpreted as illustrative 
and not in a limiting sense. 

Having thus described the invention, what is claimed is: 
1. A rumble strip milling machine comprising: 
a vehicle movable along a road Surface; 
a cutting head rotatably mounted in associated with said 

vehicle and mounted for alternating up and down 
movement into and out of said road surface while said 
cutting head is rotating, said cutting head comprising: 
a drum having opposed ends and a center rotational axis 

extending between said opposed ends, said drum 
having a convex outer Surface in a direction along 
said center rotational axis; 

a shaft extending from said opposed ends of said drum 
along said center rotational axis; and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
a plurality of milling elements positioned on said outer 

Surface of the drum and having cutting Surfaces posi 
tioned to define a plane curve as said drum is rotated 
about said center rotational axis, said plane curve 
having a transverse diameter taken in a plane trans 
verse to said center rotational axis, said transverse 
diameter of the plane curve being greatest in a first 
region and of reduced dimension in regions on oppo 
site sides of said first region; and 

a motor coupled with said shaft of the cutting head for 
effecting rotation thereof. 

2. The milling machine of claim 1, wherein a vertical 
plane taken through said plane curve along said center rota 
tional axis has at least a partially elliptical, oval, or round 
configuration. 

3. The milling machine of claim 1, wherein said drum and 
milling elements comprises a plurality of Stacked, disc 
shaped saw blades with interposed spacers. 

4. The milling machine of claim 1, wherein said drum is 
ellipsoidal in configuration. 

5. The milling machine of claim 4, wherein said milling 
elements comprise milling teeth mounted to the outer Sur 
face of said drum. 

6. The milling machine of claim 5, wherein said milling 
teeth are removably mounted within holders secured to said 
outer surface of the drum. 

7. The milling machine of claim 6, wherein said milling 
teeth include cutting tips formed of a material comprising 
tungsten carbide. 

8. A rumble strip milling machine comprising: 
a vehicle movable along a road surface; 
a cutting head rotatably mounted in associated with said 

vehicle and mounted for alternating up and down 
movement into and out of said road surface while said 
cutting head is rotating, said cutting head comprising: 
a drum having opposed ends and a center rotational axis 

extending between said opposed ends, said drum 
having an outer Surface; 

a shaft extending from said opposed ends of said drum 
along said center rotational axis; and 

a plurality of milling elements positioned on said outer 
surface of the drum and having culling cutting Sur 
faces positioned to define a plane curve as said drum 
is rotated about said center rotational axis, said plane 
curve having a transverse diameter taken in a plane 
transverse to said center rotational axis, said trans 
verse diameter of the plane curve being greatest in a 
first region and of reduced dimension in regions on 
opposite sides of said first region, wherein a vertical 
plane taken through said plane curve along said cen 
ter rotational axis has at least a partially elliptical, 
oval, or round configuration; and 

a motor coupled with said shaft of the cutting head for 
effecting rotation thereof. 

9. The milling machine of claim 8, wherein said drum and 
milling elements comprises a plurality of Stacked, disc 
shaped saw blades with interposed spacers. 

10. The milling machine of claim 9, wherein said milling 
elements comprise milling teeth mounted to the outer Sur 
face of said drum. 

11. The milling machine of claim 10, wherein said milling 
teeth are removably mounted within holders secured to said 
outer surface of the drum. 

12. The milling machine of claim 11, wherein said milling 
teeth include cutting rips tips formed of a material com 
prising tungsten carbide. 
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13. A rumble strip milling machine comprising: 
a vehicle movable along a road Surface; 
a cutting head rotatably mounted in associated with said 

vehicle and mounted for alternating up and down 
movement into and out of said road surface while said 
cutting head is rotating, said cutting head comprising: 
a drum having opposed ends and a center rotational axis 

extending between said opposed ends, said drum 
having an outer Surface which is ellipsoidal in con 
figuration; 

a shaft extending from said opposed ends of said drum 
along said center rotational axis; and 

a plurality of milling elements positioned on said outer 
Surface of the drum and having cutting Surfaces posi 
tioned to define a plane curve as said drum is rotated 
about said center rotational axis; and 

a motor coupled with said shaft of the cutting head for 
effecting rotation thereof. 

14. The milling machine of claim 13, wherein said drum 
and milling elements comprises a plurality of Stacked, disc 
shaped saw blades with interposed spacers. 

15. The milling machine of claim 13, wherein said milling 
elements comprise milling teeth mounted to the outer Sur 
face of said drum. 

16. The milling machine of claim 15, wherein said milling 
teeth are removably mounted within holders secured to said 
Outer surface of the drum. 

17. The milling machine of claim 16, wherein said milling 
teeth include cutting tips formed of a material comprising 
tungsten carbide. 

18. The milling machine of claim I, including means for 
moving said cutting head into said road surface with a posi 
tive downward pressure while said cutting head is rotating. 

19. The milling machine of claim 18, including a crank 
shaft having a rotatable shaft and coupled with said cutting 
head to cause said alternating up and down movement of the 
cutting head as the rotatable shaft is rotated. 

20. The milling machine of claim 19, wherein said rotat 
able shaft of the crankshaft is rotatably driven by a second 
inotor: 

21. The milling machine of claim 20, wherein said crank 
shaft includes at least one eccentric lobe mounted on said 
rotatable shaft and a crank arm mounted at One end of the 
lobe by a bearing, said crank arm being coupled at an oppo 
site end with the cutting head. 

22. The milling machine of claim I, wherein said cutting 
head is mounted for rotation in a reverse direction in rela 
tion to a forward direction of travel of said vehicle along 
said road surface so that a cutting action of said cutting 
head into said road surface resists said forward direction of 
travel of said vehicle. 

23. The milling machine of claim I, wherein said vehicle 
is movable in a forward direction of travel along said road 
surface while said cutting head is rotating and moving up 
and down into and out of said road surface. 

24. The milling machine of claim I, wherein said plane 
curve includes a second region spaced from said first region 
and having a transverse diameter greater than said reduced 
dimension in said regions on opposite sides of said first 
region. 

25. The milling machine of claim 24, wherein said trans 
verse diameter of said plane curve in said second region is 
the same as said transverse diameter of the plane curve in 
the said first region. 
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26. The milling machine of claim I, used in a method to 

mill spaced apart rumble strip depressions into said upper 
surface of the road, comprising the steps of (a) rotating said 
cutting head at a preselected rotational speed about a center 
rotational axis, (b) moving said rotating cutting head down 
wardly a preselected distance into said road surface to mill a 
depression having a concave bottom that curves upwardly 
along perpendicular first and second axes, (c) moving said 
cutting head in an upward direction and advancing the mill 
ing machine along the road surface, and (d) repeating steps 
(b) and (c) to form a plurality of said depressions in spaced 
apart relationship along said road surface. 

27. The milling machine of claim 26, including the step of 
removing the cutting head from the road surface before 
advancing the milling machine along the road surface. 

28. The milling machine of claim 26, including advancing 
the milling machine along the road surface during said steps 
of moving said rotating cutting head down into the road 
surface and moving said cutting head in an upward direc 
tion. 

29. The milling machine of claim 26, including varying 
the preselected distance said rotating cutting head is moved 
down into said surface as said steps (b) and (c) are repeated. 

30. The milling machine of claim I, wherein said cutting 
head is rotated at a preselected rotational speed about said 
center rotational axis. 

31. The milling machine of claim 2, wherein said cutting 
head is moved into a road surface a preselected distance so 
as to mill a depression. 

32. The milling machine of claim 31, wherein the depres 
Sion has a concave bottom that curves upwardly along per 
pendicular first and second axes. 

33. The milling machine of claim 32, wherein upon form 
ing the depression, said cutting head is moved in an upward 
direction away from the road surface. 

34. The milling machine of claim 33, wherein said milling 
machine is advanced along the road surface so as to locate 
the machine in spaced positions for forming a plurality of 
said depressions in spaced apart relationship. 

35. The milling machine of claim 34, wherein said cutting 
head is moved in a downward direction upon advancement 
of the milling machine along the road surface. 

36. The milling machine of claim 35, including means for 
moving said cutting head into said road surface with a posi 
tive downward pressure while said cutting head is rotating. 

37. The milling machine of claim 13, including means for 
moving said cutting head into said road surface with a posi 
tive downward pressure while said cutting head is rotating. 

38. The milling machine of claim I, wherein said cutting 
head is housed within a cutter box that extends in a forward 
direction beyond said cutting head. 

39. The milling machine of claim 38, including means for 
moving said cutting head into said road surface with a posi 
tive downward pressure while said cutting head is rotating, 
wherein said means comprises a crankshaft having a rotat 
able shaft and coupled with said cutting head to cause said 
alternating up and down movement of the cutting head as the 
rotatable shaft is rotated, said crankshaft further including 
at least one eccentric lobe mounted on said rotatable shaft 
and a crank arm mounted at One end of the lobe by a 
bearing, said crank arm being coupled at an opposite end 
with the cutter box. 


