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(57) ABSTRACT

Soft start systems for electrically powered tools are
described. The soft start systems use direction feedback
signal(s) from a direction selection switch of the power tool.
Also described are power tools using such soft start systems.

In addition, electrical power circuits using the soft start
systems are described.

125 | g 145
220VAC - 240VAC 130 138 e 140 5
S0HZ/B0HZ ;

220
180 178
145
L 185 = 178
150 155
V3
uehares
o 180 L
FRD DIRECTION FEEDBACK| | REV DIRECTION FEEDBACK
\
o 13 -
85 - 220
130 .




US 2021/0159818 A1l

May 27,2021 Sheet 1 of 19

Patent Application Publication

L Old

wm m\ M\ bl w@ }
g TrdlNEN TYelnEN P Ty LNEN
ZH0G OvAlEd
4! ERE NI - N



Patent Application Publication = May 27, 2021 Sheet 2 of 19 US 2021/0159818 A1

120

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

2 1M1 987 6 5 4 3 21
O 000Q0O0000O0

REV DIRECTION

€5 - FRD DIRECTION

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

r 0

o OO0 OB o B [ F POSITION

12 1t 16 86 8 7 6 & 4 3 7 1

Te o A M G R DR K R KR RRD KK KR BRE GO AR XA KR KR KK KN B R K MR KA WRE B B AR A R ok R o oon e o




Patent Application Publication

May 27,2021 Sheet 3 of 19

US 2021/0159818 A1l

?2{:
LMIR 5
N_MTR )
& AY4
N A
: . i ]
I oon w 1 03 - POSITION 1
112111098 ,71,,5;,3,5. 321
DIRECTION FEEDBACK
120

12 1

r ()

H

oo 0D [ 0O [+ POSITION |

106 8 7 6 5 4 3 7

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww



Patent Application Publication = May 27, 2021 Sheet 4 of 19 US 2021/0159818 A1

?zi
L.MTR _
N_MTR
HeRoNoReRoNoNeNoNoNoRoNo RN
2111098765432 1
IO Wgwg—m&mom
; L0
DIRECTION FEEDBACK
120
>\§ CQ0O0O0CQ0QOCOO0O OO0,
2111009 8 7.6 5 4 3 2 1
) 0 O 0O 3 O D10l 03 70— POSITION 2
: - 0

3
2
o)



US 2021/0159818 A1l

May 27,2021 Sheet 5 of 19

Patent Application Publication

o w L oo o
\ AARY ﬁ\ ﬂ ﬂ |
H
Y _
SIS NN TRHLNIN TYRLNIN - TWALAIN
N [F ,
o 5 N HOS OVAOEZ
bt dlN INITEND INIT - N




US 2021/0159818 A1l

May 27,2021 Sheet 6 of 19

Patent Application Publication

i 4

|
I

|
i

X
oG
o

iifffrnrnonnnrnrnreoned

3
Y

HOvHEO35d NOLLOZHIG N_mm% ?Q«mamm”m NOILOZHId QY4

o8t
e
EAL
24 )

s B

[N
<]

b

£
o
o
ot

14

R

[
[
o
[
e

0z

..L ZHOYZHOS
w e 7 4 3 IWAOYZ - DYAOZZ

Qe
(o]
o

Gl 7]

Lot




US 2021/0159818 A1l

May 27,2021 Sheet 7 of 19

Patent Application Publication

. 6 Ol AlddnS ¥IMO 0347108
A A
. . . oA NIA- .
e WMM “[hOA i ] M
A A AT mww ne o O? if...&mmm\
- _ gy T ) —
osravel] == & s " %
e 65
ﬁs.m rmww\ g LN0A% NiA+ : SRE
M g
PO N 1 il Wﬁ
308 NI P A
0
. Wiye o)
S K1ddNS Y304 JaLYI0SINON ooy
) VWV SRE
¥'s A} 4100}
; b ) f ;
¢ ; Wm el wWﬁmwu Ly T LY
it 918
O A 1w g It A1\
& A4 it Huu} L A
O0AS L] pa— A T any g A 4
110 4?1 7o J
05757
N 05}
70y



5 ] 0L 'Ol
= O3ONS mw 057
9 . g,
= “ . NOILO3L3] NN
= H0LoN0L WELENSOLON o o 01 HOLIVS 1004
o
m LN il TWULAEN |
= | 11808 574 ~
INTHOLOW NI DYk 4y Y OSIONS 2\
= . Y1
S ~ A 9l 1A%
) HIW Wie A A A
5 ey G0
m mm@ -l O8I OND vl
y Wy g a0y
S W | L] 10
5 AVZANNAN Y] s0s1 1 2081} HOLMSLOOA
N 9 “ b AN | Y3 LAY
- AY, L S C N, HOLMS 1004 TP
= 0~ an fmm y A
& S gy |7
5 ] Z
= o e
.m 01s T4 mnN 64
=
S 124 ) S AAA ,
- AN 08 e ol 0SIACEH 00Z8:
= 018 aanl 17 N
5 oS ¢+ 0oz
g A
&
-« EYE
g %
g 56l 081
=W



=
x .
= LL Ol
=
~
&
z 03I GND
> 316
3 Mo 1470 %,w
2 w1 TIFEN
2 el 51 . 031
INTHEN0 HOLOW | _ O g d
z mw%\m&mm W e A | MoV
S il Rt W Nowomia/a
% o XYW A m\ m% .
]
A
SV ON oals o WAL
£ TN LYY ; "
z g g ﬁ% YovE0IaA
= " NOILOZHIC QM4
s e UEER A mﬁm ‘
NOILOZHiC Ot 1 Qi
3 AS 08 A G+ pJY: w
: 9
]
(=9
A H
E g/} 50l
2
=W



¢l Old

US 2021/0159818 A1l

Jasll008

ANZ4uN0 H0L0W

Vol (HOLIMS NOLLOTH
| 40 11 LY 35Y170A)
SOYLTOA UNLIAY

May 27, 2021 Sheet 10 of 19

AHIVE0E34 NOLLD3NIC

T OYaOa NOLLOING

Patent Application Publication



US 2021/0159818 A1l

May 27, 2021 Sheet 11 of 19

Patent Application Publication

¢l Old

INZHdNd

HOLOW

. (HoLms

o VS Yo IRER
LNAHHNG HYEd 40 LN
LS 1405 ON LY 39Y10N
(Y 038U D05 AT | I5YLI0A

LuvLS QdAVTEd 3

ALY

{

YO8 WY
QrA Sl LHvis
1408 108N

Nl G2AY130

INAHEND HOLOW

ARG 24

A2
Lo WAV VIO SV WA

(HOLIMS

NOLLOZIT

40 LN

LY 3O¥LI0A)
JOVLION FN LYY

G e

AJYETEE4 NCILOFWId

1418 1408
- 38 XY

i

Agmmmﬁ NOILOZHIC

INZHHN0 HOLOW

(HOLIMS

NOILOAHIC

40 LNdNI

1Y 39Y1100)
99104 TN LMY




US 2021/0159818 A1l

May 27, 2021 Sheet 12 of 19

Patent Application Publication

Pl Old

OSI"GNS A,

Qmmgmzmw N %0

410
mjw 0S7OND
SIAS ol WiV WG
0SIA g+ 03 0
A AP
AAA : W LOSH 1 THinaN
1 | D DN |
g W tHRzsy e 0¥BO3E NOLLOZHIC A
dNC e AW S
0 siLE
08N+
AVAVA
AN 7081 Wi Y LTEN
mm%mmmw %) - N@ g
- = YOYEQE NOLLOTH Ok
phY A g AN | W
0SIASSH M w
OSATE+.L. Eh oy

=3
(ol
From
B
<
RE"D
o6
<=



US 2021/0159818 A1l

May 27, 2021 Sheet 13 of 19

Patent Application Publication

YBE XOuddY INJHHND dOLOR
TEAFTNOILALAT SNOINTd

AN

Gl Old

Y& %OuddY INFHHNO HOLOW

TRAFTNOI

JaLA0 MEN

/ |

\

A

-

#2ve03dd
NOLLOZMID
HSIODMTS

AIVECE3 NOULOFEIT QR ATON

LNIHN0 HOLOW




US 2021/0159818 A1l

oL Old

Sheet 14 of 19

TYNOIS:
ONIHOLIAG,
FOVII0A

May 27, 2021

Od3Z:

AOVECHE
NOILLOZ-Id

ﬂ\ .................

" 35Tnd

¥
1
B
¥

NOVE0TA |
NOILOTHIG

357N J1YO OYidl
40 M3IARCOZ

B I IR SRR B EIECIE RN

357Nd

HOLOW OL 03ddY
35Nd 21v8 04

AOVECEHS
NOLLOZ4Id

45 1Nd

Ao Oviel

ALvD Ovidl 21Y0 OVl
INAHHN0 M INZHHN0 INAHAND
HOLOW HOLOW HOLOW

Patent Application Publication




US 2021/0159818 A1l

May 27, 2021 Sheet 15 of 19

Patent Application Publication

LV Old

o o s OV
NOLLOZHIC
VREER
NOILDTHIO
Wi
357Nd
31¥9 JYRiL

- I | _ ——_m—_
RR

AINZNG
HOLORW

\/ INTHEND
MOLON




Patent Application Publication = May 27, 2021 Sheet 16 of 19  US 2021/0159818 A1l

FIG. 18

MOTOR
CURRENT
TRIAC GATE
PULSE
DIRECTION
FEEDBACK




Patent Application Publication = May 27, 2021 Sheet 17 of 19  US 2021/0159818 A1l

i

i
; i
16} i
% i
o i
@ i
;:3 §
=z i
143
2 - | D 2
= oy o
&
=3 =~ e \-E o J
;...w..
«<i .
-
& )
L ] i

§§£ﬂﬂ

NER

i o I



Patent Application Publication = May 27, 2021 Sheet 18 of 19  US 2021/0159818 A1l

300

310 SYSTEM POWER ON

;

320 ~_ CLOCK CONFIGURATION

%

B0 5pI0 CONFIGURATION

|

PERIPHERAL CONFIGURATION

;

SYSTEM VARIABLE INITIALIZATION

%

360 \(APPLECATiOE\E MAIN LOOP STARTS>

FIG. 20



Patent Application Publication

May 27, 2021 Sheet 19 of 19

WHILE (1)

W<APPLECATEON MAIN LQQF{)\ 405

" FOOT SWITCH

US 2021/0159818 A1l

400

A~“”dé"“~A,
< FREQUENCY ™,
~DETECTED

DETECT SUPPLY FREQUENCY
{(ZERC CROSSING DETECTION)

Vv

APPLY FIXED GATE

PULSE TO TRIAC

APPLY SOFT START TO MOTOR

v

MOTOR RUNNING

T FOOT ™

" SWITCH PRESS ™
< REMOVED OR DIRECTION.>
~\_CHANGED -

e 430

STOP MOTOR




US 2021/0159818 Al

SOFT START FOR POWER TOOL WITH
MOMENTARY SWITCH AND MECHANICAL
DIRECTION SELECTION SWITCH

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part (CIP)
application and claims priority from U.S. nonprovisional
application Ser. No. 16/420,383 filed on May 23, 2019,
which claims priority upon U.S. provisional application Ser.
No. 62/797,744 filed Jan. 28, 2019. This application also
claims priority from U.S. provisional application Ser. No.
62/976,714 filed Feb. 14, 2020. This application also claims
priority from India provisional application Serial No.
202021018474 filed Apr. 30, 2020.

FIELD

[0002] The present disclosure relates to the field of power
tools such as threading machines and drain cleaning
machines. More particularly, the present disclosure relates to
power circuits for power tools, soft start systems, and power
tools using such soft start systems.

BACKGROUND

[0003] Power tools such as threading machines are typi-
cally powered by a universal motor and utilize a momentary
switch, for example a foot switch, and a mechanical direc-
tion selection switch, which can be a rotary switch for
example, to control power flow from an AC power source to
the universal motor. Currently, threading machines are not
equipped with a soft start circuit. In conventional soft start
circuits, a soft start algorithm is utilized with the assistance
of current feedback and control circuitry on circuit boards.

[0004] However, conventional soft start circuits are not
suitable for threading machines. Typically, this is because of
the use of both a momentary switch and a mechanical
direction switch in threading machines. Further, circuit
board(s) associated with currently known soft start circuits
cannot be used for different machines or tools, and particu-
larly those utilizing controls such as in threading machines.
That is, due to the particular control configuration of many
if not all threading machines, conventional circuitry for
traditional soft start circuits is not appropriate for use in such
threading machines. Another drawback with conventional
soft start circuits is that in the absence of directional feed-
back, a HOT start can occur if a user operates a machine with
a momentary switch blocked condition, which is not accept-
able according to IEC62481 and IEC61000:3-3 standards.

[0005] Another issue associated with threading machines
provided with a momentary switch and a mechanical direc-
tion switch is that power to the machine, and particularly to
the armature winding of the motor, is controlled through
both the momentary switch and the mechanical direction
switch. More specifically, unless both switches are ON, the
threading machine cannot turn ON. Hence, it is necessary to
identify the position of the mechanical direction switch and
use this information to control the soft start algorithm.

[0006] Therefore, a need exists for a soft start circuit and
related provisions for a power tool with a momentary switch
and a mechanical direction selection switch which alleviates
the aforementioned drawbacks.
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SUMMARY

[0007] The difficulties and drawbacks associated with
previous approaches are addressed in the present disclosure
as follows.

[0008] In one aspect, the present disclosure provides an
electrical power circuit comprising a momentary switch, a
direction selection switch, a soft start system, and at least
one direction feedback signal from the direction selection
switch to the soft start system.

[0009] In another aspect, the present disclosure provides a
soft start system comprising a momentary switch for switch-
ing an electrical power source. The momentary switch
provides a momentary switch actuation signal. The soft start
system also comprises a zero crossing detection provision
for providing a zero crossing detection input AC supply. The
soft start system additionally comprises a driver for switch-
ing and controlling the electrical power source. The driver
has an input for receiving a driver control signal. The soft
start system also comprises a direction selection switch for
switching the motor rotation direction. The direction selec-
tion switch provides a forward direction signal and a reverse
direction signal. The soft start system also comprises a
microcontroller for performing a soft start algorithm. The
microcontroller receives the momentary switch actuation
signal, the zero crossing detection signal, the forward direc-
tion signal, or the reverse direction signal. The microcon-
troller is configured to generate a driver control signal using
the soft start algorithm. The driver control signal is provided
to the input of the driver.

[0010] In still another aspect, the present disclosure pro-
vides a power tool comprising an electric motor providing a
rotary output, a momentary switch for switching an electri-
cal power source to the motor, a direction selection switch
for switching the motor rotation direction to the motor, and
a soft start system for controlling operation of the electric
motor.

[0011] In yet another aspect, the present disclosure pro-
vides a power tool comprising an electric motor providing a
rotary output, and a soft start system for controlling opera-
tion of the electric motor. The soft start system includes (i)
a momentary switch for switching an electrical power
source, the momentary switch providing a momentary
switch actuation signal, (ii) a zero crossing detection pro-
vision for providing a zero crossing detection signal, (iii) a
driver for switching and controlling the electrical power
source, the driver having an input for receiving a driver
control signal, (iv) a direction selection switch for switching
the motor rotation direction, the direction selection switch
providing a forward direction signal and a reverse direction
signal, and (v) a microcontroller for performing a soft start
algorithm. The microcontroller receives the momentary
switch actuation signal, the zero crossing detection signal,
the forward direction signal, and the reverse direction signal.
The microcontroller is configured to generate a driver con-
trol signal using the soft start algorithm. The driver control
signal is provided to the input of the driver.

[0012] As will be realized, the subject matter described
herein is capable of other and different embodiments and its
several details are capable of modifications in various
respects, all without departing from the claimed subject
matter. Accordingly, the drawings and description are to be
regarded as illustrative and not restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 illustrates a system schematic block dia-
gram of a power circuit in a conventional threading machine.
[0014] FIG. 2 illustrates an internal schematic structure of
a direction selection switch.

[0015] FIG. 3 illustrates electrical connections of a direc-
tion switch in a forward (FWD) direction.

[0016] FIG. 4 illustrates electrical connections of a direc-
tion switch in a reverse (REV) direction.

[0017] FIG. 5 illustrates direction of current flowing
through an armature winding in a motor of the threading
machine and the direction switch in the forward (FWD)
direction.

[0018] FIG. 6 illustrates change in direction of current
flowing through the armature winding in the noted motor
and the direction switch in the reverse (REV) direction.
[0019] FIG. 7 illustrates a system schematic block dia-
gram of a power circuit with a soft start circuit board
incorporated in a power tool, in accordance with an embodi-
ment of the present disclosure.

[0020] FIG. 8 illustrates a schematic block diagram of a
soft start system, circuit, or board, in accordance with an
embodiment of the present disclosure.

[0021] FIG. 9 illustrates a schematic diagram of a power
supply and a converter used in association with the soft start
circuit.

[0022] FIG. 10 illustrates a momentary switch detection
circuit and a zero crossing detection circuit.

[0023] FIG. 11 illustrates a direction detection circuit and
associated waveforms.

[0024] FIG. 12 illustrates a waveform condition in which
a microcontroller reiterates a soft start routine or algorithm.
[0025] FIG. 13 illustrates waveforms associated with an
undesirable HOT start condition.

[0026] FIG. 14 illustrates a modified direction feedback
circuit.

[0027] FIG. 15 illustrates a waveform of a modified direc-
tion detection.

[0028] FIG. 16 illustrates a waveform of a TRIAC gate
pulse.

[0029] FIG. 17 illustrates waveforms with a modified

direction feedback.

[0030] FIG. 18 illustrates waveforms of a soft start.
[0031] FIG. 19 illustrates an alternative embodiment of a
power tool system in which a soft start is utilized but the
direction of motor rotation is changed electronically.
[0032] FIG. 20 is a flowchart illustrating a method for
powering up a tool in accordance with the present subject
matter.

[0033] FIG. 21 is a flowchart illustrating a method of
operation of a tool in accordance with the present subject
matter.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] Some of the objects of the present disclosure,
which at least one embodiment herein satisfies, are as
follows:

[0035] An object of the present disclosure is to provide a
soft start for a power tool with a momentary switch and a
mechanical direction selection switch.

[0036] Another object of the present disclosure is to
provide a soft start for a power tool with a momentary switch
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and a mechanical direction selection switch which facilitates
presence of direction detection.

[0037] Yet another object of the present disclosure is to
provide a soft start for a power tool with a momentary switch
and a mechanical direction selection switch which facilitates
a soft start without the need for a current sensor.

[0038] Still another object of the present disclosure is to
provide a soft start for a power tool with a momentary switch
and a mechanical direction selection switch which provides
a solution and remedies problems otherwise associated with
threading machines which include a momentary switch and
a direction switch.

[0039] Another object of the present disclosure is to
provide a soft start for a power tool with a momentary switch
and a mechanical direction selection switch which can be
used for threading machines operating in a power range of
0.5HP to 3HP.

[0040] Power tools such as threading machines with a
momentary switch and a mechanical direction selection
switch typically include a plurality of switch positions or
combinations of positions to control the flow of power from
an AC power source or supply to the motor of the power
tool. Typically, both the momentary switch and the mechani-
cal direction selection switch are connected in series and
hence unless both are ON, the motor cannot be turned ON.
[0041] The term “soft start” as used herein refers to a
characteristic of an electric motor gradually transitioning to
a typical or desired rotary output speed associated with
power tool operation. For example, this gradual transitioning
typically occurs when an electric motor is activated and its
rotary output is increased from 0 RPM to a speed of about
18,100 RPM, within a time period of from 0 msec to 800
msec.

[0042] FIG. 1 shows a system schematic block diagram of
a power circuit in a conventional threading machine. Such
threading machines are typically equipped with a universal
motor having field and armature windings. The direction of
the motor is reversed by changing the direction of current
flowing through the armature winding. Specifically, FIG. 1
illustrates a momentary switch 105, which as previously
noted can be in the form of a foot switch. FIG. 1 also
illustrates a suppressor 110, which for example can be a
surge protector which limits voltage supplied to motor
and/or other electrical components. Suppressors or surge
protectors protect against voltage spikes. FIG. 1 additionally
illustrates a mechanical direction selection switch 120 or
“directional switch” or “direction switch”, as periodically
referenced herein. The suppressor 110 is disposed between
and in electrical communication with the momentary switch
105 and the mechanical direction switch 120. FIG. 1 also
illustrates a motor 170. The mechanical direction selection
switch 120 is disposed between and in electrical communi-
cation with the suppressor 110 and the motor 170. The motor
170 includes a field winding 171 and an armature winding
172, as known in the art.

[0043] The mechanical direction switch such as switch
120, is used to change the direction of rotation of the motor
from a forward (FRD) direction to a reverse (REV) direc-
tion. FIG. 2 shows an internal schematic structure of the
direction switch 120. FIG. 3 is a detailed view of a portion
of the internal schematic structure of the direction switch
120, illustrating representative contacts and their numbering
for the motor 170 to rotate in the FRD direction (position 1).
FIG. 4 is a detailed view of a portion of the internal
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schematic structure of the direction switch 120, illustrating
representative contacts and their numbering for the motor
170 to rotate in the REV direction (position 2). From FIG.
2, it can be seen that switch contacts 8-6, 7-3, 4-2, 5-1 are
always in electrical connection or “short circuited.” When
the direction switch 120 is in the FRD direction, along with
the above noted contacts of FIG. 2, contacts 12-11, 6-5, 4-3
are also short circuited, as seen in FIG. 3. Whereas when the
direction switch 120 is in the REV direction, along with the
above noted contacts of FIG. 2, contacts 12-11, 8-7, 1-2 are
short circuited, as seen in FIG. 4. Once the momentary
switch 105 is pressed or otherwise actuated, AC input
voltage will be available at the input of the FRD/REV
mechanical direction selection switch 120 contacts 12 and 8.
If the mechanical direction selection switch 120 is posi-
tioned in the FRD direction, the direction of current flowing
through the armature winding is as shown in FIG. 5. If the
mechanical direction selection switch 120 is positioned in
the REV direction, the direction of electrical current flowing
through the armature winding changes is as shown in FIG.
6.

[0044] Comparing FIG. 5 and FIG. 6, it can be seen that
the armature winding voltage direction changes with respect
to the position of the mechanical direction selection switch,
such as switch 120, and hence it is possible to detect the
direction of motor operation, if the armature voltage is
properly sensed.

[0045] A preferred embodiment of a soft start system,
according to the present disclosure, for a power tool with a
momentary switch, for example a foot switch 105, and a
mechanical direction selection switch, for example switch
120, will now be described in detail with reference to the
noted figures.

[0046] FIG. 7 shows a system schematic block diagram of
a power circuit comprising a soft start system, circuit, or
board 115 in accordance with an embodiment of the present
disclosure. The power circuit is utilized in a power tool 250
as described herein. The soft start system, circuit, or board
115 is disposed between the suppressor 110 and the
mechanical direction selection switch 120 and one or more
direction feedback signal(s) 210, 212 are provided to the soft
start board 115 avoid the above mentioned HOT start issue.
Referring further to FIG. 7, the suppressor 110 is disposed
on an input side of the soft start system, circuit, or board 115.
A forward direction feedback signal 210 is provided from
the direction selection switch 120 to the soft start system
115. A reverse direction feedback signal 212 is provided
from the direction selection switch 120 to the soft start
system 115.

[0047] A variety of switches can be used in the present
disclosure. Although the direction selection switches are
described herein as mechanical, i.e., having physical com-
ponents such as contacts, terminals, and/or throws or mov-
able switching members; it will be understood that the
present disclosure includes the use of electromechanical and
electronic switches. The direction switches used in the
present disclosure are multiposition switches and typically
provide for selection of a first position, a second position, a
third position, and in many versions a fourth position or
additional positions. In many embodiments, the direction
switches may provide two positions, three positions, or four
or more positions. The switch positions typically correlate
with operation modes of the motor, tool, or machine, such as
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for example forward, reverse, and neutral. A wide variety of
momentary switches can be used.

[0048] FIG. 8 shows a schematic block diagram of the soft
start system, circuit, or board 115 in accordance with the
present disclosure. Referring to FIG. 8, in one embodiment,
when the momentary switch 105 (shown in FIG. 7) is
pressed or otherwise actuated, AC mains voltage is available
at the input of a non-isolated power supply 150. The
non-isolated power supply 150 generates DC voltage and is
applied at the input of an isolated DC-DC converter 155 to
power up all digital circuit(s) of the system 115. Typically,
the power supply 150 is an AC-DC transformer, and the
converter 155 is a step-down converter that reduces DC
voltage applied to its input, to a DC output voltage typically
within a range of from 5 volts to 3.3 volts. The system 115
generally comprises a momentary/foot switch detection cir-
cuit or other provision 130, a zero crossing detection (ZCD)
circuit or other provision 135, one or more TRIAC driver(s)
140, a forward direction detection circuit or provision 165,
a reverse direction detection circuit or provision 175, a
signal conditioning circuit or provision 180, and a micro-
controller 185. In some versions, the soft start system 115
may further comprise the non-isolated power supply 150 and
the isolated DC-DC converter 155. The soft start system 115
receives electrical power from an AC power source or line
125 and an associated neutral 145. The soft start system 115
is in electrical communication with an FRD/REV direction
switch 160 (similar to or the same as the previously noted
direction switch 120) which in turn is in electrical commu-
nication with a motor 170.

[0049] FIG. 9 shows schematic diagrams of a typical
power supply 150 and converter 155 used in the soft start
circuit 115. An on-board circuit detects pressing or actuation
of the momentary switch 105 (FIG. 7) and provides a signal
to the microcontroller 185 (FIG. 8). The soft start circuit or
board 115 also detects the ‘zero crossing’ of the AC mains
signal and generates one or more pulse(s) 220 (FIG. 8).
These pulses 220 are fed back to the microcontroller 185 for
identification of input signal frequency. The momentary
switch detection 130 along with zero crossing detection
(ZCD) 135 provides inputs to the microcontroller 185 to
start or otherwise initiate a soft start routine or algorithm.
[0050] FIG. 10 shows a momentary switch detection 130
and a zero crossing detection (ZCD) circuit 135. The motor
direction is detected based on armature voltage and hence to
obtain feedback, there must be voltage present across the
armature, and this is possible only if the mechanical direc-
tion selection switch 120 (FIG. 7) is either in the FRD
position or the REV position. If the mechanical direction
selection switch 120 is at another position such as a zero or
“0” or OFF position, there will be no voltage across the
armature and hence direction feedback will not be available.
With standard operating conditions, when a user positions
the mechanical direction selection switch 120 to the ON
position and then presses the momentary switch 105, the soft
start routine is initiated or otherwise applied and the motor
turns ON gradually.

[0051] FIG. 11 illustrates direction detection circuits 165,
175 and associated waveforms. It can be seen from FIG. 11,
that the direction feedback gradually increases as the arma-
ture voltage increases. It takes approximately 280 msec for
the direction detection circuits 165, 175 to provide the noted
feedback to the microcontroller 185. In a case in which the
user has blocked the momentary switch 105 but the
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mechanical direction selection switch 120 is at the 0 posi-
tion, the on-board microcontroller 185 will receive a signal
from the momentary switch 105 and the zero crossing
detector (ZCD) 135, and hence the controller 185 will
initiate the soft start routine. But since the mechanical
direction selection switch 120 is at the 0 position, there will
not be any voltage across the armature and thus no direction
feedback will be present and hence the soft start routine will
be halted and the microcontroller 185 will re-initiate the
routine as shown in FIG. 12. This results in a loop or
re-iteration of the soft start routine or algorithm. Since the
on-board controller 185 has no control over the time at
which the user will turn on the direction switch 120, this
situation may result into an unwanted HOT start condition as
shown in the waveforms of FIG. 13.

[0052] More specifically and in certain embodiments, the
forward direction and the reverse direction are monitored
using voltage measurement on the rotary switches. This
measurement (as shown in FIG. 11) is used to identity, if the
switch selection is a forward direction or a reverse direction
by measuring the voltage at terminals across the armature
winding. The circuit gives sluggish performance and if the
user has blocked the momentary switch 105 (not a recom-
mended operation but which can occur in the field), this may
result in loss of soft start functionality. To avoid this loss of
soft start functionality, the circuit of FIG. 14 is utilized.

[0053] FIG. 13 shows different time instances at which a
user can turn ON the direction switch 120 to either a
FRD/REV position and based on motor voltage at that
instant, equivalent current is fetched by the motor 170. This
results in a HOT start. Therefore, to remedy this condition,
in accordance with the present subject matter, it was deemed
necessary to improve the response time of direction feed-
back and to apply a constant voltage to the motor armature.
This was discovered to avoid both sluggish behavior and
sudden activation or “jerk” of the motor 170.

[0054] FIG. 14 shows modified direction feedback circuits
165A, 175A in accordance with the present disclosure. The
direction feedback output 210, 212 is provided to the on-
board microcontroller 185, and based on this feedback and
several other feedbacks, signals the microcontroller 185 to
execute the soft start functionality. The circuit of FIG. 14
ensures the timing of the circuit is fast enough to avoid a
HOT start. ISO1/ISO2 provide isolation from AC mains
voltage which is present on the mechanical direction switch/
armature winding. Further, IS01/IS02 convert AC mains
supply to low level DC voltage (such as from 0 to 3VDC)
which is then processed by additional signal conditioning
circuit(s) (180 in FIG. 8) before providing the low level
voltage to the microcontroller 185. The circuit of FIG. 14
allows early detection of direction, i.e., detecting direction at
low motor current. The circuitry includes an operational
amplifier which detects the direction of the rotary switch,
i.e., the direction switch, at very low armature voltage levels
and hence low armature current, and communicates this to
the microcontroller 185. The circuit allows AC voltage to
appear across the rotary switch, for a very small amount of
time, such as a fixed duty cycle, which will not result in
“jerk” to the motor 170 or sluggish behavior of the motor
170. When the user changes the rotary switch to either the
FRD or REV position, this AC voltage is applied to the
armature winding of the motor 170. The circuit of FIG. 14
senses this low voltage and a signal is given to the on-board
microcontroller 185 within 100 msec to execute a soft start
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routine, which is not detectable by user. This operation
makes the entire circuit unique and particularly when oper-
ated with a threading machine having the noted momentary
switch 105 and the mechanical direction switch 120.
[0055] FIG. 15 shows a waveform of a modified direction
detection. With this reduced detection level, it is now not
necessary to provide a complete soft start routine for direc-
tion detection. An optimum TRIAC duty cycle is identified,
which avoids the noted sluggish behavior and/or the noted
motor jerk, and this duty cycle can be applied continuously
to the motor 170 irrespective of the mechanical direction
selection switch position. This TRIAC gate pulse is sinked
with a zero crossing detection signal as shown in the
waveform depicted in FIG. 16. Waveforms with modified
direction feedback can be seen in FIG. 17.

[0056] Waveforms were evaluated with the momentary
switch 105 blocked and mechanical direction selection
switch 120 is turned ON/OFF. As shown in the waveform of
FIG. 18, a soft start is observed at every turn ON irrespective
of the machine misuse.

[0057] In many embodiments, the present disclosure aims
for presence of direction detection, and provides a soft start
without a current sensor. As a result, the reliability, cost and
size reduction of the resulting system is improved as voltage
sensors typically last longer than current sensors.

[0058] Further, the present disclosure provides a solution
for threading machines which have a momentary switch
such as switch 105 and direction switch such as switch 120,
and can be used for threading machines, and particularly for
those with a power range of from 0.5HP to 3HP. It will be
understood that the present disclosure can also be used with
power tools having a power range less than 0.5HP and/or
greater than 3HP.

[0059] In an alternative embodiment, a similar solution
can be implemented for power tools in which a soft start is
essential but the direction of rotation is changed electroni-
cally, i.e., a mechanical switch is absent, for example, by
pressing an on board button or other component. The system
can be realized using a combination of relays which can be
used to change the direction of current flowing through the
armature of the motor based on electronic signal(s) received.
FIG. 19 shows a schematic system block diagram for this
configuration. Relays can be mounted externally on a panel
or can be mounted on an electronic control board incorpo-
rated in the power tool for example. Specifically, FIG. 19
illustrates another embodiment of a circuit for a power tool
using a soft start system in which the direction of motor
rotation is changed electronically. An AC power source or
line 125 and an associated neutral 145 are provided at the
momentary switch 105. The output of the switch 105 is in
electrical communication with an electronic control board
195. The electronic control board 195 typically includes a
microcontroller and other circuitry as described herein. The
electronic control board 195 receives an actuation signal
from a push button, toggle, or rocket switch 200. The AC
power source and neutral 125, 145 provide electrical power
to the motor 170. Two relays RLL1 and RI.2, each with a coil
205, are in electrical communication with the field winding
and the armature winding 172, respectively. The electronic
control board 195 receives armature voltage measurement
signals which are used by the electronic control board 195
to determine direction of rotation of the motor 170. The
relays RL1 and RL.2 and associated coils 205 can be
energized, such as by the electronic control board 195 to
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change the direction of current flowing through the armature
winding 172 of the motor 170, based on the armature voltage
measurement signals or other parameter(s).

[0060] The soft start system and related aspects of the
present disclosure can be incorporated and/or used with a
wide array of power tools, such as the power tool 250
schematically shown in FIG. 7. Nearly any power tool using
an electric motor, a momentary switch, and a direction
switch can be used in conjunction with the present disclo-
sure. Non-limiting examples of such power tools include
threading machines, drain cleaners, hand drills, impact
wrenches, lathes, and the like.

[0061] Generally, in one embodiment the power tools
comprise an electric motor providing a rotary output, a
momentary switch for switching an electrical power source
to the motor, a direction selection switch for switching the
motor rotation direction to the motor, and a soft start system
for controlling operation of the electric motor. In certain
versions, the power tool may include a suppressor disposed
on an input side of the soft start system. The power tool may
include at least one direction feedback signal from the
direction selection switch or other circuitry to the soft start
system. The power tool may include a forward direction
signal from the direction selection switch or other circuitry
to the soft start system. Alternatively or in addition, the
power tool may include a reverse direction signal from the
direction selection switch or other circuitry to the soft start
system. The soft start system can include (i) a zero crossing
detection provision for providing a zero crossing detection
signal, (ii) a driver for switching and controlling the elec-
trical power source, the driver having an input for receiving
a driver control signal, and (iii) a microcontroller for per-
forming a soft start algorithm. The momentary switch or
other circuitry provides a momentary switch actuation sig-
nal. The direction selection switch or circuitry provides a
forward direction signal and a reverse direction signal. The
microcontroller receives the momentary switch actuation
signal, the zero crossing detection signal, the forward direc-
tion signal, and the reverse direction signal. The microcon-
troller is configured to generate a driver control signal using
the soft start algorithm. The driver control signal is provided
to the input of the driver. In certain versions, the direction
selection switch is a mechanical direction selection switch.
And, in other versions, the direction selection switch is an
electronic direction selection switch.

[0062] In another embodiment, the power tools comprise
an electric motor providing a rotary output, and a soft start
system for controlling operation of the electric motor. The
soft start system includes (i) a momentary switch for switch-
ing an electrical power source, the momentary switch or
other circuitry providing a momentary switch actuation
signal, (i) a zero crossing detection provision for providing
a zero crossing detection signal, (iii) a driver for switching
and controlling the electrical power source, the driver having
an input for receiving a driver control signal, (iv) a direction
selection switch for switching the motor rotation direction,
the direction selection switch or other circuitry providing a
forward direction signal and a reverse direction signal, and
(v) a microcontroller for performing a soft start algorithm.
The microcontroller receives the momentary switch actua-
tion signal, the zero crossing detection signal, the forward
direction signal, and the reverse direction signal. The micro-
controller is configured to generate a driver control signal
using the soft start algorithm. The driver control signal is
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provided to the input of the driver. In certain versions, the
soft start system is free of a current sensor. The direction
selection switch may be a mechanical direction selection
switch. Alternatively, the direction selection switch may be
an electronic direction selection switch.

[0063] FIG. 20 illustrates a method 300 for powering up a
tool or tool system in accordance with the present subject
matter. The method 300 comprises actuation of a power
switch or start routine associated with the tool or tool
system, shown as operation 305. In operation 310, system
power is on which may be indicated to a user via indicators
or lights for example. In operation 320, clock(s) and/or
controller(s) in the tool system are initiated, which may in
some applications include resetting. In operation 330, gen-
eral purpose input/output (GPIO) controls associated with
the tool or tool system are initiated and/or otherwise con-
figured. For example, this may include configuring the
controller pins as input or output depending on the type of
circuit to which they are connected. GPIO Pin can be
configured to input for detecting the direction feedback, also
GPIO can be configured to output to generate gate pulses to
turn on TRIAC. In operation 340, peripheral components are
configured. For example, this may include configuration of
timer inside micro controller required to do timing calcula-
tions and configuration of micro controller pins as a com-
munication channel such as UART or 12C. In operation 350,
system variables are initialized. For example this may
include initialization of some of the default variables such as
Zero Crossing Detection debounce delay and default input
frequency and Fixed gate Pulse width which needs to be
applied to TRIAC before direction feedback is received. In
operation 360, an application main loop begins. That is
described in association with FIG. 21.

[0064] In operation 370, the method 300 is terminated.
Termination may result from operator action and/or from
other operational aspects.

[0065] FIG. 21 illustrates a method 400 for performing an
application main loop associated with the tool or tool
system, such as the main loop referenced in FIG. 20. The
method 400 includes an initial permission stage shown as
405. If allowed, a state of a switch such as a foot switch 410
is assessed in operation 410. If the switch in operation 410
is actuated, the method proceeds to an operation 415 in
which frequency is detected. If the switch in operation 410
is not actuated, the method proceeds to loop stage 455,
described herein. In operation 415, if frequency is detected,
the method proceeds to a stage immediately prior to opera-
tion 425, described herein. In operation 415, if frequency is
not detected, an operation 420 is performed in which supply
frequency is detected, referred to as zero crossing detection.
In operation 425, a fixed gate pulse is applied to one or more
TRIAC(s). In operation 430, if a forward or reverse direction
is detected, the method proceeds to operation 435, described
herein. In operation 430, if a forward or reverse direction is
not detected, the method performs operation 425 again. In
operation 435, a soft start is applied to the motor. At stage
440 the motor is operating. In operation 445, if the foot
switch or other actuator is de-actuated, or if the direction is
changed, the motor is stopped in operation 450. If the foot
switch or other actuator is unchanged and if the direction
remains unchanged, the motor continues to operate as in
440. Upon stopping the motor in operation 450, the method
reaches loop stage 455 at which the method is repeated
beginning at 405.
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[0066] The present disclosure described herein provides
several technical advantages including, but not limited to,
the realization of a soft start for a power tool with a
momentary switch and a mechanical direction selection
switch. As noted, in certain versions the power tool may use
an electronic direction selection switch. These advantages
include but are not limited to facilitating the presence of
direction detection, facilitating a soft start without the need
for a current sensor, providing a common solution for
threading machines which includes momentary switch and
direction switch, and/or enabling use for threading machines
operating in a power range of 0.5HP to 3HP.

[0067] Embodiments are provided so as to thoroughly and
fully convey the scope of the present disclosure to the person
skilled in the art. Numerous details, are set forth, relating to
specific components, and methods, to provide a complete
understanding of embodiments of the present disclosure. It
will be apparent to the person skilled in the art that the
details provided in the embodiments should not be construed
to limit the scope of the present disclosure. In some embodi-
ments, well known processes, well known apparatus struc-
tures, and well known techniques are not described in detail.
[0068] The terminology used, in the present disclosure, is
only for the purpose of explaining a particular embodiment
and such terminology shall not be considered to limit the
scope of the present disclosure. As used in the present
disclosure, the forms “a,” “an,” and “the” may be intended
to include the plural forms as well, unless the context clearly
suggests otherwise. The terms “comprises,” “comprising,”
“including,” and “having,” are open ended transitional
phrases and therefore specity the presence of stated features,
elements, modules, units and/or components, but do not
forbid the presence or addition of one or more other features,
elements, components, and/or groups thereof.

[0069] When an element is referred to as being “mounted
on,” “engaged to,” “connected t0,” or “coupled to” another
element, it may be directly on, engaged, connected or
coupled to the other element. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed elements.

[0070] Terms such as “inner,” “outer,” ‘“beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used in the present disclosure to describe relationships
between different elements as depicted from the figures.
[0071] The use of the expression “at least” or “at least
one” suggests the use of one or more elements or ingredients
or quantities, as the use may be in the embodiment of the
disclosure to achieve one or more of the desired objects or
results.

[0072] The foregoing description of the embodiments has
been provided for purposes of illustration and not intended
to limit the scope of the present disclosure. Individual
components of a particular embodiment are generally not
limited to that particular embodiment, but, are interchange-
able. Such variations are not to be regarded as a departure
from the present disclosure, and all such modifications are
considered to be within the scope of the present disclosure.
[0073] The embodiments herein and the various features
and advantageous details thereof are explained with refer-
ence to the non-limiting embodiments in the following
description. Descriptions of well-known components and
processing techniques are omitted so as to not unnecessarily
obscure the embodiments herein. The examples used herein
are intended merely to facilitate an understanding of ways in
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which the embodiments herein may be practiced and to
further enable those of skill in the art to practice the
embodiments herein. Accordingly, the examples should not
be construed as limiting the scope of the embodiments
herein.

[0074] The foregoing description of the specific embodi-
ments so fully reveal the general nature of the embodiments
herein that others can, by applying current knowledge,
readily modify and/or adapt for various applications such
specific embodiments without departing from the generic
concept, and, therefore, such adaptations and modifications
should and are intended to be comprehended within the
meaning and range of equivalents of the disclosed embodi-
ments. It is to be understood that the phraseology or termi-
nology employed herein is for the purpose of description and
not of limitation. Therefore, while the embodiments herein
have been described in terms of preferred embodiments,
those skilled in the art will recognize that the embodiments
herein can be practiced with modification within the spirit
and scope of the embodiments as described herein.

[0075] Any discussion of documents, acts, materials,
devices, articles or the like that has been included in this
specification is solely for the purpose of providing a context
for the disclosure. It is not to be taken as an admission that
any or all of these matters form a part of the prior art base
or were common general knowledge in the field relevant to
the disclosure as it existed anywhere before the priority date
of this application.

[0076] While considerable emphasis has been placed
herein on the components and component parts of the
preferred embodiments, it will be appreciated that many
embodiments can be made and that many changes can be
made in the preferred embodiments without departing from
the principles of the disclosure. These and other changes in
the preferred embodiment as well as other embodiments of
the disclosure will be apparent to those skilled in the art from
the disclosure herein, whereby it is to be distinctly under-
stood that the foregoing descriptive matter is to be inter-
preted merely as illustrative of the disclosure and not as a
limitation.

[0077] Many other benefits will no doubt become apparent
from future application and development of this technology.

[0078] All patents, applications, standards, and articles
noted herein are hereby incorporated by reference in their
entirety.

[0079] The present subject matter includes all operable
combinations of features and aspects described herein. Thus,
for example if one feature is described in association with an
embodiment and another feature is described in association
with another embodiment, it will be understood that the
present subject matter includes embodiments having a com-
bination of these features.

[0080] As described hereinabove, the present subject mat-
ter solves many problems associated with previous strate-
gies, systems and/or devices. However, it will be appreciated
that various changes in the details, materials and arrange-
ments of components, which have been herein described and
illustrated in order to explain the nature of the present
subject matter, may be made by those skilled in the art
without departing from the principle and scope of the
claimed subject matter, as expressed in the appended claims.
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What is claimed is:

1. An electrical power circuit comprising:

a momentary switch;

a direction selection switch;

a soft start system;

at least one direction feedback signal from the direction
selection switch to the soft start system.

2. The electrical power circuit of claim 1 further com-

prising:

a suppressor disposed on an input side of the soft start
system.

3. The electrical power circuit of claim 1 wherein the at
least one direction feedback signal includes a forward direc-
tion signal from the direction selection switch to the soft
start system.

4. The electrical power circuit of claim 1 wherein the at
least one direction feedback signal includes a reverse direc-
tion signal from the direction selection switch to the soft
start system.

5. The electrical power circuit of claim 1 wherein the soft
start system includes (i) a zero crossing detection provision
providing a zero crossing detection signal, (ii) a driver for
switching and controlling an electrical power source, the
driver having an input for receiving a driver control signal,
and (iii) a microcontroller for performing a soft start algo-
rithm;

wherein the momentary switch provides a momentary
switch actuation signal;

wherein the direction selection switch provides a forward
direction signal and a reverse direction signal;

wherein the microcontroller receives the momentary
switch actuation signal, the zero crossing detection
signal, the forward direction signal, and the reverse
direction signal, the microcontroller configured to gen-
erate a driver control signal using the soft start algo-
rithm, the driver control signal provided to the input of
the driver.

6. The electrical power circuit of claim 5 wherein the

driver is a TRIAC driver.

7. The electrical power circuit of claim 5 wherein the soft
start system is free of a current sensor.

8. The electrical power circuit of claim 1 wherein the
direction selection switch is a mechanical direction selection
switch.

9. The electrical power circuit of claim 1 wherein the
direction selection switch is an electronic direction selection
switch.

10. A soft start system comprising:

a momentary switch for switching an electrical power
source, the momentary switch providing a momentary
switch actuation signal;

a zero crossing detection provision for providing a zero
crossing detection signal;

a driver for switching and controlling the electrical power
source, the driver having an input for receiving a driver
control signal;

a direction selection switch for switching the electrical
power source, the direction selection switch providing
a forward direction signal and a reverse direction
signal;

a microcontroller for performing a soft start algorithm, the
microcontroller receiving the momentary switch actua-
tion signal, the zero crossing detection signal, the
forward direction signal, and the reverse direction
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signal, the microcontroller configured to generate a
driver control signal using the soft start algorithm, the
driver control signal provided to the input of the driver.

11. The soft start system of claim 10 wherein the driver is
a TRIAC driver.

12. The soft start system of claim 10 wherein the soft start
system is free of a current sensor.

13. A power tool comprising:

an electric motor providing a rotary output;

a momentary switch for switching an electrical power

source to the motor;

a direction selection switch for switching motor rotation

direction to the motor;

a soft start system for controlling operation of the electric

motor.

14. The power tool of claim 13 wherein the power tool is
a threading machine.

15. The power tool of claim 13 wherein the power tool is
a drain cleaning machine.

16. The power tool of claim 13 wherein the electric motor
of the power tool exhibits a power output within a range of
from 0.5 HP to 3.0 HP.

17. The power tool of claim 13 further comprising:

a suppressor disposed on an input side of the soft start

system.

18. The power tool of claim 13 further comprising:

at least one direction feedback signal from the direction

selection switch to the soft start system.

19. The power tool of claim 18 wherein the at least one
direction feedback signal includes a forward direction signal
from the direction selection switch to the soft start system.

20. The power tool of claim 18 wherein the at least one
direction feedback signal includes a reverse direction signal
from the direction selection switch to the soft start system.

21. The power tool of claim 13 wherein the soft start
system includes (i) a zero crossing detection provision for
providing a zero crossing detection signal, (ii) a driver for
switching and controlling the electrical power source, the
driver having an input for receiving a driver control signal,
and (iii) a microcontroller for performing a soft start algo-
rithm;

wherein the momentary switch provides a momentary

switch actuation signal;
wherein the direction selection switch provides a forward
direction signal and a reverse direction signal;

wherein the microcontroller receives the momentary
switch actuation signal, the zero crossing detection
signal, the forward direction signal, and the reverse
direction signal, the microcontroller configured to gen-
erate a driver control signal using the soft start algo-
rithm, the driver control signal provided to the input of
the driver.

22. The power tool of claim 21 wherein the driver is a
TRIAC driver.

23. The power tool of claim 21 wherein the soft start
system is free of a current sensor.

24. The power tool of claim 21 wherein the direction
selection switch is a mechanical direction selection switch.

25. The power tool of claim 21 wherein the direction
selection switch is an electronic direction selection switch.

26. A power tool comprising:

an electric motor providing a rotary output;

a soft start system for controlling operation of the electric

motor, the soft start system including (i) a momentary
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switch for switching an electrical power source, the
momentary switch providing a momentary switch
actuation signal, (ii) a zero crossing detection provision
for providing a zero crossing detection signal, (iii) a
driver for switching and controlling the electrical
power source, the driver having an input for receiving
a driver control signal, (iv) a direction selection switch
for switching the motor rotation direction, the direction
selection switch providing a forward direction signal
and a reverse direction signal, and (v) a microcontroller
for performing a soft start algorithm, the microcon-
troller receiving the momentary switch actuation sig-
nal, the zero crossing detection signal, the forward
direction signal, and the reverse direction signal, the
microcontroller configured to generate a driver control
signal using the soft start algorithm, the driver control
signal provided to the input of the driver.
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27. The power tool of claim 26 wherein the power tool is
a threading machine.

28. The power tool of claim 26 wherein the power tool is
a drain cleaning machine.

29. The power tool of claim 26 wherein the electric motor
of the power tool exhibits a power output within a range of
from 0.5 HP to 3.0 HP.

30. The power tool of claim 26 wherein the driver is a
TRIAC driver.

31. The power tool of claim 26 wherein the soft start
system is free of a current sensor.

32. The power tool of claim 26 wherein the direction
selection switch is a mechanical direction selection switch.

33. The power tool of claim 26 wherein the direction
selection switch is an electronic direction selection switch.
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