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| A b'atte'ry powered line trimmer (10) possessing a rela'tively. high ratio of mass moment of inertia about a vertical axis ex-
tending through its center of gravity to mass. The device comprising a motor and head assembly at the forward end (14) and a
rechargeable battery pack (24) at the rearward end of a support shaft (16). Also, adjustable handles (28, 30), for supporting the

line trimmer (10), attached about either side of the center of gravity.
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BATTERY POWERED LINE TRIMNMNER

TECHNICAL FIELD

This 1invention relates generally to 1line
trimmers for cutting vegetation and has particular
reference to battery powered 1line trimmers with a

relatively high ratio of mass moment of inertia about a

vertical axis to mass.

BACKGROUND ART

Line trimming devices are known in the prior
art which, when held in the operating position, have
high relative mass moments of inertia about a vertical
axis. However, these devices have employed either a gas
engine or an electric AC motor and attached power cord.
They possess the ease of handling characteristics
inherent in devices with high mass moments of inertia,
more due to necessity rather than feel. This high mass
moment of inertia helps to resist kickback when the line
strikes a rigid object. On the other hand, prior
battery operated line trimmers have not mounted the
battery and motor as necessary to obtain these favorable
handling characteristics. Accordingly, the principal
desired objective of this invention is to mount the
battery and motor so as to obtain an increased mass
moment of inertia, and center of gravity balance between
the handles of the trimmer, to significantly improve its
handling characteristics. This device will, in particu-
lar, remain relatively stable in the hands of the
operator when the cutting line strikes an object impos-

ing a reaction torque on the trimmer.
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The present invention contemplates a battery
powered line trimmer with significantly improved handl-
ing characteristics over the prior art due to the
configuration of its component parts.

The present invention further contemplates a
battery pack enclosed in a handle mounted on the rear-
ward end of the line trimmer shaft and a motor mounted
with the head of the line trimmer at the forward end of
the shaft. A second handle is located adjustably toward
the middle of the shaft and adapted to hold the opera-
tor's hand at a position well extended above the center
of gravity of the line trimmer. The location and
relative lightweight of these components provides for a
relatively high ratio of mass moment of inertia about a
vertical axis to mass, and a center of gravity located
between the two handles, thus improving the handling
characteristics of the battery powered line trimmer.

Specifically, the present invention contem-
plates a battery powered line trimmer having a mass
moment of inertia in excess of 40 slug-inches squared
(3765 Kilogram-centimeter squared (Kg-cm?)) and prefera-
bly ranging from 60-150 slug-inches squared (5648-14119
Kg-cm?) .

The 1nvention also contemplates a ratio of
mass moment of inertia about a vertical axis to mass,
ranging from 150-400 in® (968-2581 cm?’) and preferably
being about 250 to 300 in? (1613 to 1935 cm?).
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These and other advantages of the present
invention will become apparent upon consideration of the

following detailed description taken with the accompany-
1ng drawings.

Brief Description Of Drs

FIGURE 1 is a side view of the battery powered

line trimmer, of the present invention, in the operating
position;

FIGURE 2 1s a front view of the line trimmer
of Figure 1; and

FIGURE 3 1s a plan view of the line trimmer of
Figure 1.

Be

14 and a rearward end 16. Fastened to the forward end
14 is a motor housing 18 and a cutting head 20. The
motor housing 18 contains an electric motor 22, electri-
cally linked to the battery 24 at the rearward end of
the shaft 16.

The battery 24 is enclosed in a handle casing
26, the handle casing 26 is in turn fastened to the
rearward end of the shaft 16. Molded into the handle
casing 26 is the rear handle 28. The front handle 30
clamps to the shaft 12 by way of a bolt 32 which causes
the handle 30 to clamp down on the shaft 12 when tight-
ened. This method of attachment allows the axial
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position of the front handle 30 to be adjusted up or
down the shaft 12 before tightening the bolt 32, thus

balancing the center of gravity (CG) between the two
handles 28, 30.

Figure 1 shows a vertical axis Z generally
normal to the ground through the center of gravity (CG)
of the overall line trimmer 10. Also shown is a hori-
zontal axis X generally parallel to the ground through
the center of gravity of the overall line trimmer 10.
In addition, Figure 1 shows the location of the center
of gravity (CG,) of the battery 24 and handle casing 26;
the location of the center of gravity (CG,) of the shaft
12 and front handle 30; and the location of the center
of gravity (CG,;) of the motor 22, motor housing 18 and
head 20. The combination of these locations of the
centers of gravity, with the mass and geometry of the
various components, produce a mass moment of inertia
about a vertical axis through the center of gravity.

This mass moment of inertia can be "normal-
ized" by dividing such value by the overall mass of the

line trimner. For clarity purposes, the foregoing

normalized mass moment of inertia is herein referred to
as the "ratio" of mass moment of inertia to mass.

Through experimentation, and in the process of
evaluating handling characteristics of alternatively
powered line trimmers, i.e., gas engines and AC electric
motor powered line trimmers, the inventors have devel-
oped a battery powered line trimmer having superior
balance and resistance to reaction torque where (i) the
mass moment of inertia 1s established in excess of 40
slug-inches squared (3765 Kg-cm’) and preferably ranging
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from 60 to 150 slug-inches squared (5648 to 14119 Kg-cm?®)

and (11) the ratio of mass moment of inertia to mass is
between 150 to 400 inches squared (968 to 2581 cm?).

As given in the example appearing below, an
exceptionally well-balanced, reaction torque resistant
battery powered line trimmer is provided where the mass
moment of inertia equals approximately 80 slug-in® (7530
Kg-cm?) and the ratio of mass moment of inertia to mass
equals approximately 270 in? (1742 cm?).

Specific dimensional characteristics together
with the specific calculations for computing the rele-
vant design parameters are given below.

The calculations are made assuming the line
trimmer is in the operating position, with an angle ©
from the horizontal equal to 35 degrees (.611 radians).
The formulas used are common formulas and can be found
ln many references, such as Engineer in Training Review
Manual, by Michael R. Lindeburg, PE, pages 9-15 and 9-20
(6th Edition, 1982).

The following calculations will determine the
center of gravity of the line trimmer in its operating
position:

Leg 1s the distance from the most rearward end of the

handle casing 26 to the center of gravity of the
overall line trimmer 10, as seen in Figure 1.

L, = 3.75 inches (9.53 cm). As seen in Figure 1, this

is the distance from the most rearward end of the
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handle casing 26 to the center of gravity (CG,) of
the battery 24 and handle casing 26 assembly.

L, = 28.63 inches (72.72 cm). As seen in Figure 1, this

is the distance from the most rearward end of the

5 handle casing 26 to the center of gravity (CG,) of
the shaft 12 and front handle 30 assembly.

L, = 53.25 inches (135.26 cm). As seen 1in Fiqure 1,
this is the distance from the most rearward end of
the handle casing 26 to the center of gravity (CG,)

10 of the motor 22 and motor housing 18, head 20
assembly.
M1 = .206 slugs (3.01 Kg). This 1s the mass of the

battery pack, namely battery 24 and handle casing
26 assembly.

15 M2 = .037 slugs (.54 Kq). This is the mass of the
center section, namely shaft 12 and front handle 30
assemply.

M3 = .054 slugs (.788 Kgqg). This is the mass of the
front end, namely motor 22, motor housing 18 and

20 head 20 assembly.

Log = IML/IM,
Leg = (MLiML+ML, ] /M +M,+M, ]
Log = [-206(3.75)+.037(28.63)+.054(53.25) ]/

(0.206+.037+.054],
25 ([3.01(9.53)+.54(72.72)+.788(135.26)]/
[3.01+.54+.79])

LCG = 15.85 inches (40.27 cmn)
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The following calculation will determine the
mass moment of inertia of the front end, which will be

recognized as approximating the shape of a sphere about
the center of gravity (CG):

Icgs = (2/5)Mr?

M,

.054 Slugs (.788 Kqg)

-’
[

1.5 inches (3.81 cm). This is the radiues of an approxi-
mated sphere.

Icgs = (2/5)(0.054) (1.5)%, ((2/5)(.788) (3.81)%)
Icgs = -049 Slug-in®’ (4.60 Kg-cm?)
Now use parallel axis theorem;

ICG — ICG3 -+ MLZ

Icc = Ices + Myl (Ly=Lgg) Cos ©)2

Icg = .0485+.054([(53.25-15.85)Cos 35° ]2,
(4.60+.788([(135.26-40.27)Cos(.611) }?)

I = 50.73 Slug-in® (4775.4 Kg-cm?)

The following calculation will determine the
mass moment of inertia of the shaft 12 and front handle

30 assembly, which 1is approximated as a slender rod,
about the center of gravity (CG);

Iycqz = (1/3) Mr?

I,cqp = (1/12) ML?

M, = .037 slugs (.54 Kqg)

rs = .4 inches (1.02 cm) (This is the radius of the shaft 12.)
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L = 44.25 inches (112.39 cm)

Ivea

I YCG2

L1702

IZCG2

(1/3)(.037)(.4)%, ((1/3)(.54)(1.02)2)

.0020 slug-in®* (.187 Kg-cm?)

(1/12) (.037) (44.25)2,

6.04 slug-in®* (568.48 Kg-cm?)

((1/12) (.54) (112.39)3)

29 SEP 1992

Now use parallel axis theorem and coordinate rotation;

ML® Cos 8% + [(Iy-Iyx)Cos 6 + I,]

Ico

[Iz062+M; (L,-Leg) °Cos 8~Iypp,]COS 8+Iyc,

Icg = [6.04+.037(28.63-15.85)%Cos 35°~-.002]Cos 35°+.002,

ICG=

([568.48+.54(72.72~40.27)%cos(.611)~-.187)

cos(.611)+.187)

9.00 slug-in’ (847.15 Kg-cm?)

The following calculation will determine the

mass moment inertia of the rear end about the center of

gravity (CG) which approximates the shape of a circular

cylinder of radius r:

Lycai

1 2CG1

M, =

A
]

(1/2) Mr?

(1/12)M(3r*+L?)

.206 slugs (3.01 Kqg)

1.5 1nches. (3.01 cm) (This is the approximate radius of

the battery pack 24.)
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L = 6 inches. (15.24 cm) (This is the length of the battery

pack 24.)
Ivcat = (1/2)(.206)(1.5)%, ((1/2)(3.01)(3.81)3)
Ivogt = -232 slug-in® (21.84 Kg-cm?)
5 I,0a1 = (1/12) (.206) [3(1.5)2-4-621,

((1/12)(3.01)[3(3.81)*+(15.24)%))
I,061 = -734 slug-in®’ (69.14 Kg-cm?)
Now use parallel axis theorem;

Ieg = []:zcm"'Ml(I-'I'I-'cc)2 Cos B-1yqg] COs B+1ycg

[.734+.206(3.75-15.85)% Cos 35°-.232]Cos 35°+.232,
([69.14+3.01(9.53-40.27)% cos(.611)-21.843)
cos(.611)+21.843)

— —in2 — 2
I, = 20.88 slug-in® (1967.0 Kg-cm®)

The following summation of the mass moments of
15 inertia of the individual assemblies will determine the
overall mass moment of 1inertia about the center of

gravity of the line trimmer:

I = 50.73 + 9.00 + 20.88 = 80.61 slug-in?,
(4775.4 + 847.15 + 1967.0 = 7588 Kg-cm?)

20 The mass moment of inertia, normalized by mass

is the following:

I/M

Mo =M + M, + M

.297 slugs (4.333 Kg)

25 I/M, = 80.61/.297, (7588/4.333)

271 in? (1750 cm®)

I/ M
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The relatively high mass moment of inertia
about a vertical axis extending through the center of
gravity will create a greater resistance to the reaction
torque a line trimmer will produce when the cutting line
strikes a heavy object. Obviously, the higher its
value, particularly with a unit having a higher overall
mass, the greater will be the resistance to reaction
torque. However, as a practical matter, an upper design
limit of about 150 slug-in? (14119 Kg-cm?) can be estab-
lished which is deemed adequate to accommodate any

normally expected impediments which the cutting line may
strike.

The final criteria for exceptional overall
performance 1s the normalized mass moment of inertia,
and here, where it is obviously desirable for operator
endurance purposes that the unit be as lightweight as
practicable, the more desirable value will be at upper
end of the range with 400 in’ (2581 cm?) being a practi-
cal limit.

While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments

for practicing the invention as defined by the following
claims.
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1. A battery powered 1line trimmer for
cutting vegetation, the trimmer comprising:

an elongated shaft having a forward end and a
rearward end;

an electric motor having an output member for
rotating a cutting line, the electric motor affixed to
the forward end of the elongated shaft and aligned
relative thereto so that the output member extends
downwardly and has a generally vertical axis of rotation
when the trimmer 1s oriented in an operative position,
whereln the elongated shaft inclines rearwardly from the
electric motor and the cutting line rotates in a plane
generally parallel to the ground;

a battery pack affixed to the rearward end of
the elongated shaft;

a front handle cooperative with the elongated
shaft having a grip for one hand of an operator located
rearward of the electric motor and forward of the center
of gravity of the trimmer in the operative position; and

a rear handle cooperative with the elongated
shaft having a grip for the other hand of the operator
located forward of the battery pack and rearward of the
center of gravity of the trimmer 1in the operative
position, wherein the front and rear handles are located
above the center of gravity of the trimmer in the
operative position, and the electric motor and battery
pack spaced apart locations result 1n a relatively high
moment of inertia about a vertical axis extending
through the center of gravity so that the trimmer

remains relatively stable in the hands of the operator
when the cutting line strikes an object imposing a

reaction torque on the trimmer.
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2. The battery powered line trimmer of claim
1 wherein the overall line trimmer, in the operating
position, possesses a ratio of mass moment of inertia
about a vertical axis extending through the center of

gravity to mass of the line trimmer greater than 150
inches-squared (968 cm?).

3. The battery powered line trimmer of claim
2 wherein the overall line trimmer, in the operating
position, possesses a ratio of mass moment of inertia
about a vertical axis extending through the center of

gravity to mass of the line trimmer ranging from about
150 to 400 inches-squared (968 to 2581 cm?).

4. The battery powered line trimmer of claim
1 wherein the overall line trimmer, in the operating

position, possesses a mass moment of inertia about a

vertical axis extending through the center of gravity in
excess of 40 slug-inches-squared (3765 Kg-cm?).

5 . The battery powered line trimmer of claim
4 wherein the overall line trimmer, in the operating
position, possesses a mass moment of inertia about a
vertical axis extending through the center of gravity
greater than about 60 slug-inches-squared (5648 Kg-cm?),
but less than about 150 slug-inches-squared (14119 Kg-
cm?) .

6. The battery powered 1lined trimmer of
claim 1 wherein the overall line trimmer in the operat-
ing condition possesses a mass moment of inertia about
a vertical axis extending through the center of gravity
of about 80 slug-inches-squared (7530 Kg-cm’) and a
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normalized mass moment of inertia of about 270 inches-
squared (1742 cm®); and
sald front handle being located forward of the
center of gravity of the trimmer in the operative
5 position, said operative position being at an angle of
sald elongated shaft relative to a surface being trimmed
of about 35° (.611 radians).

7. A battery powered 1line trimmer for
cutting vegetation, the trimmer comprising:
10 an elongated shaft having a forward end and a
rearward end;
an electric motor having an output member for
rotating a cutting line, the electric motor affixed to
the forward end of the elongated shaft and aligned
15 relative thereto so that the output member extends
downwardly and has a generally vertical axis of rotation
when the trimmer is oriented in an operative position,
wherein the elongated shaft inclines rearwardly from the
electric motor and the cutting line rotates in a plane
20 generally parallel to the ground:
a battery pack affixed to the rearward end of
the elongated shaft;
| a front handle cooperative with the elongated
shaft having a grip for one hand of an operator located
25 rearward of the electric motor and forward of the center
of gravity of the trimmer in the operative position; and
a rear handle cooperative with the elongated
shaft having a grip for the other hand of the operator
located forward of the battery pack and rearward of the
30 center of gravity of the trimmer 1in the operative
position, wherein the front and rear handles are located
above the center of gravity of the trimmer in the
operative position, and the electric motor and battery

SUBSTITUTE SHEET
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pack spaced apart locations result in a ratio of moment
of inertia about a vertical axis extending through the
center of gravity to mass is in excess of 150 inches-
squared (968 cm’) and a mass moment of inertia about a
vertical axis extending through the center of gravity
greater than 60 slug-inches-squared (5648 Kg-cm?), but
less than 150 slug - inches squared (14119 Kg-cm®), so
that the trimmer remains relatively stable in the hands
of the operator when the cutting line strikes an object
imposing a reaction torque on the trimmer.

8. The battery powered line trimmer of claim
7 wherein the elongated shaft is inclined about 35°¢

(.611 radians) relative to a surface being trimmed when
the trimmer is oriented in the operative position.
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