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The objective of this project is to design and construct an equipment which is used to control laser
projector. The computer programming is designed to receive input data from user to control motors and laser pointer
then generate nearly 2D - Graphic. The data are submitted to a computer via parallel port and display to the monitor

by software developed by Visual Basic programming. This project can help people to learn how to develop a
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1. Bipolar chopper drive

2. Microstepping

3. Digital Electronic Damping
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6. Optically isolated signal interface connection
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Decimal Binary

Full 200 Half 400
Half 400 1/4 800

1/5 1,000 1/8 1,600
1/10 2,000 1/16 3,200
1/25 5,000 1/32 6,400
1/50 10,000 1/64 12,800
1/125 25,000 1/128 25,600
1/250 50,000 1/256 51,200
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Dwg. No. A-9594

Note that the ULN20xxA series (dual in-line
package) and ULN20xxL series (small-outline
IC package) are electrically identical and share
a common terminal number assignment.

ABSOLUTE MAXIMUM RATINGS
Output Voltage, V

(ULN200xA and ULN200xL) ........ S0V

(ULN202xA and ULN202xL) ........ IS5V
Input Voltage, V  ...cccocvvrvernirrinnnnnnn. 30V
Continuous Output Current,

L, 500 mA
Continuous Input Current, - 25 mA
Power Dissipation, P .

(one Darlington pair)..................... 1.0W

(total package)........ccuu........ See Graph
Operating Temperature Range,

Ty e, -20°C to +85°C
Storage Temperature Range,

] A — -55°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Ideally suited for interfacing between low-level logic circuitry and
multiple peripheral power loads, the Series ULN20xxA/L high-voltage,
high-current Darlington arrays feature continuous load current ratings
to 500 mA for each of the seven drivers. At an appropriate duty cycle
depending on ambient temperature and number of drivers turned ON
simultaneously, typical power loads totaling over 230 W (350mAx 7,
95 V) can be controlled. Typical loads include relays, solenoids,
stepping motors, magnetic print hammers, multiplexed LED and
incandescent displays, and heaters. All devices feature open-collector
outputs with integral clamp diodes.

The ULN2003A/L and ULN2023A/L have series input resistors
selected for operation directly with S V TTL or CMOS. These devices
will handle numerous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The ULN2004A/L and ULN2024A/L have series input resistors for
operation directly from 6 to 15 V.CMOS or PMOS logic outputs.

The ULN2003A/L and ULN2004A/L are the standard Darlington
arrays. The outputs are capable of sinking 500 mA and will withstand
at least 50 V in the OFF state. Outputs may be paralleled for higher

load current capability. The ULN2023A/L and ULN2024A/L will
withstand 95 V in the OFF state.

These Darlington arrays are furnished in 16-pin dual in-line plastic
packages (suffix “A”) and 16-lead surface-mountable SOICs (suffix
“L™). All devices are pinned with outputs opposite inputs to facilitate
ease of circuit board layout. All devices are rated for operation over the
temperature range of -20°C to +85°C. Most (see matrix, next page) are
also available for operation to -40°C; to order, change the prefix from
“ULN” to “ULQ”.

FEATURES

B TTL, DTL, PMOS, or CMOS-Compatible Inputs

B Output Current to 500 mA

H Output Voltage to 95 V

B Transient-Protected Outputs

B Dual In-Line Plastic Package or Small-Outline IC Package

x = digit to identify specific device. Characteristic shown applies to family of
devices with remaining digits as shown. See matrix on next page.

193ys ejeQ



2003 tHRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

PARTIAL SCHEMATICS
ULN20x3A/L (Each Driver)

Dwg. No. A-9651

ULN20x4A/L (Each Driver)

10.5K

~
N
"=

Dwg. No. A-9898A

DEVICE PART NUMBER DESIGNATION

VCE(MAX) 50V 95V
IC(MAX) 500 mA 500 mA
Logic Part Number

5V ULN2003A* ULN2023A*

TTL, CMOS ULN2003L* ULN2023L
6-15V ULN2004A* ULN2024A
CMOS, PMOS ULN2004L* ULN2024L

* Also available for operation between -40°C and +85°C. To order, change
prefix from “ULN” to “ULQ”.

2/

2.0

N

SUFFIX A, R ;4 = 60°C/W

N

N

o

AN

0.5

SUFFIX L', R, = 90°C/W

AN

25 50

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

75 100

125

AMBIENT TEMPERATURE IN °C

150

Dwg. GP-006A

X = Digit to identify specific device. Specification shown applies to family of
devices with remaining digits as shown. See matrix above.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1974, 1998 Allegro MicroSystems, Inc.
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2003A, ULN2003L, ULN2004A, and ULN2004L
ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current lcEX 1A All Vce =50V, Tp =25°C — <1 50 pA
Vce =50V, Tp =70°C — <1 100 pA
1B ULN2004A/L | Vcp=50V, Tp=70°C, V)N =1.0V — <5 500 pA
Collector-Emitter VCE(SAT) 2 All Ic =100 mA, Ig = 250 uA — 0.9 1.1 \
Saturation Voltage lc =200 mA, g = 350 pA — 44 13| ¥
Ic =350 mA, Ig =500 pA — 1.3 1.6 \Y
Input Current liN(ON) 3] ULN2003A/L | V|y=3.85V — 0.3 135 mA
ULN2004A/LL | Viy=5.0V —. 035 0.5 mA
Vin=12V — 1.0 145 mA
lIN(OFF) 4 All Ic =500 nA, Tp =70°C 50 65 — HA
Input Voltage ViN(ON) ULN2003A/L | Vgg=2.0V, Ic =200 mA — — 2.4 \
Vee=2.0V, Ig =250 mA — — 2.7 Vv
Vece=2.0V,Ic =300 mA — — 3.0 \
ULN2004A/L | Veg=2.0V,Ic=125mA — — 5.0 \Y
Vce=2.0V, Ic=200 mA — — 6.0 Vv
Vee=20V, lc =275 mA — — 7.0 \Y
Vee =2.0V, Ic=350 mA — — 8.0 \%
Input Capacitance CiNn — All — 15 25 pF
Turn-On Delay tpLH 8 All 0.5ENt0 0.5 Equr — 0.25 1.0 us
Turn-Off Delay tpHL 8 All 0.5ENt0 0.5 Eqyur — 025 1.0 us
Clamp Diode IR 6 All VR=50V, Tp=25°C — — 50 pA
Leakage Current VR =50V, Tp=70°C _ _ 100 1A
Clamp Diode Vg 7 All I = 350 mA — 1.7 2.0 \Y
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.

www.allegromicro.com
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

Types ULN2023A, ULN2023L, ULN2024A, and ULN2024L

ELECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Max. Units
Output Leakage Current lcEX 1A All Vee =95V, Ta=25°C — <1 50 HA
Vece =95V, Tp=70°C — <1 100 HA
1B ULN2024A/L | Vg =95V, Ta=70°C, Viy=1.0V — <5 500 HA
Collector-Emitter VCE(SAT) 2 All Ilc =100 mA, Ig = 250 uA -— 0.9 1.1 \Y)
Saturation Voltage lc = 200 mA, Ig = 350 A — 11 13 v
Ic =350 mA, Ig =500 pA — 1.3 1.6 \Y%
Input Current liN(ON) 3 ULN2023A/L | V|N=3.85V —, 093 1.35 mA
ULN2024A/L | Viy=5.0V —, 1,035 05 mA
ViN= 12V — 1.0 145 mA
lIN(OFF) 4 All Ic =500 pA, Tp = 70°C 50 65 — HA
Input Voltage VIN(ON) 5 ULN2023A/L | Vcg=2.0V, lc=200mA — — 24 \Y,
Vee =2.0V, Ig =250 mA — — 27 \%
Vece =2.0V, Iz =300 mA — — 3.0 Vv
ULN2024A/L | Ve =2.0V, Ic =125 mA — — 5.0 \Y%
Vee =20V, Ic =200 mA — — 6.0 \Y%
Vece=2.0V, Ic=275mA — — 7.0 \%
Veg=2.0V, Ic= 350 mA — — 8.0 \Y%
Input Capacitance CiNn — All — 15 25 pF
Turn-On Delay tpLH 8 All 0.5 Ejnto 0.5 Equt 3 025 1.0 us
Turn-Off Delay tpHL 8 All 0.5 Ej\ to 0.5 Egyt — 025 1.0 us
Clamp Diode . IR 6 All VR=95V, Tp=25°C — — 50 HA
Leakage Current VR =95V, Tp = 70°C . . 100 A
Clamp Diode VE 7 All IF=350mA — 1.7 2.0 \Y%
Forward Voltage

Complete part number includes suffix to identify package style: A = DIP, L = SOIC.,

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000




2003 tHRU 2024
HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

TEST FIGURES

FIGURE 1A FIGURE 1B FIGURE 2

oPeN  VcE OPEN

Dwg. No. A-9729A Dwg. No. A-9730A Dwg. No. A-9731A
FIGURE 3 FIGURE 4 FIGURE 5
OPEN
Vin
Vce Ic
Dwg. No. A-9732A Dwg. No. A-9733A = S = :Dwg. No. A-8734A
FIGURE 6 FIGURE 7 FIGURE 8

=

OPEN
vm
Dwg. No. A-9735A Dwg. No. A-9736A ULN20X3* 35V cszglﬁsxﬁon
ULN20X4* 12V PR = 108z

* Complete part number includes a final letter to indicate package.

X = Digit to identify specific device. Specification shown applies to family of devices with remaining digits as shown.

www.allegromicro.com
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

ALLOWABLE COLLECTOR CURRENT TYPICAL APPLICATIONS

AS A FUNCTION OF DUTY CYCLE
(Dual In-line-Packaged Devices, Suffix ‘A’)

+Vss +V
600 1 ——| >0———1+—116
Yy
2 \__.I >o 15
A ' Ly
g \ N AN 31> 12
4 \ 2 LN—
< 400 = NG TN 2 3
§ \\\\\ SN < _{>°#[>:
N LN—
E 4] I~ 5
z N \ 5 ] i2
5 6 LN"'
z ™ 7 ST T = 3 > ik
@ b \\\ ] N
5 200 . = 7 r——D: 10
o NUMBER OF QUTPUTS ~~— {
5 CONDUCTING PMOS I
g SIMULTANEOUSLY [Tazs70c | OUTPUT 8 }77 1 9 :
) R = 60°CIW L
Dwg. No. A-9652
0
0 20 40 60 80 100

+Vpp +V

DUTY CYCLE IN PER CENT
Dwg. GP-070

(Small-Outline-Packaged Devices, Suffix ‘L’)

600
TA=4+70°C

Rwa = 90°C/W |

: -

g 400 '\’\ N TR N sttty — .

2

s \\\\‘\\ \ 2 I 2N4g01

A AN SN AT Y i

o 6 N ~—

g L~ \\§\ q CcMOS

2 ~ OUTPUT

o NUMBER OF OUTPUTS e— = =

SIMUE?X‘SSSJ&‘.% Dwg. No. A-9654A
o 20 40 60 80 100
DUTY CYCLE IN PER CENT
SATURATION VOLTAGE COLLECTOR CURRENT AS A
AS A FUNCTION OF COLLECTOR CURRENT FUNCTION OF INPUT CURRENT
600 600 .
; 400 L ; 400 o Z
= raWAs £ o /
& \(}\",o' Oé g \d);" /
3 & s g & Q&‘é
o / S o g N
g NS S ARy
G 200 AT 5 200 o o
= ¥ u S /_Q@
é ,/I § /1 / W
7 — //' /
0 .—"' / 0 0/ /

0 0.5 1.0 15 20 0 200 400 600
COLLECTOR-EMITTER SATURATION VOLTAGE INPUT CURRENT IN pA

Owg. GP-067 Dwg. GP-068

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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HIGH- VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

TYPICAL APPLICATIONS INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE
Types ULN2003A, ULN2003L, ULN2023A, and
ULN2023L

+Vee +V
25 /
2.0 //
z y
- N
| y*\“ .
< L
£ 175 L -]
z -
e
£
=237 R
o
=
5
= a
= g :
TTL 0.5 <
OUTPUT - AREA OF NORMAL OPERATION
= WITH STANDARD OR SCHOTTKY TTL
Dwg. No. A-9653A 5 l I l ]
2.0 3.0 4.0 5.0 6.0
INPUT VOLTAGE
Dwg. GP-069
+Vee Types ULN2004A, ULN2004L, ULN2024A, and
ULN2024L
2.0
215
RP T /
<
_l: £ ]
z " O /
E 10 W
I / _________
AW L |
8 / ______ = \;\ET\L
ouTRUT 5 e
& os R
Dwg. No. A10,175
0
5 6 7 8 9 10 11 12
INPUT VOLTAGE

Dwg. GP-069-1

www.allegromicro.com
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HIGH-VOLTAGE,

HIGH-CURRENT
DARLINGTON ARRAYS
PACKAGE DESIGNATOR “A”
Dimensions in Inches
(controlling dimensions)
16 9 —
’ To.430
0.280 MAX
0.2140 L
B OB B BB BT E UL ------------------ L
1 8 - v
0.070 0.100 +-0.0
0.045 JF.' 0.775 BSC Mlgs
; 0.735

0.210
MAX \_

0.015
MIN

Dwg. MA-001-16A in
Dimension in Millimeters
(for reference only)

16 9

5.33

MAX

MIN

— ¥
|- 0.558
0.356 Dwg. MA-001-16A mm

NOTES: 1. Leads 1, 8, 9, and 16 may be half leads at vendor’s option.
2. Lead thickness is measured at seating plane or below.
3. Lead spacing tolerance is non-cumulative.
4. Exact body and lead configuration at vendor’s option within limits shown.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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HIGH-VOLTAGE,
HIGH-CURRENT

DARLINGTON ARRAYS

PACKAGE DESIGNATOR “L”

Dimensions in Inches
(for reference only)

1A AAAAAD T oo

0.1574 0.2440
0.1 f97 0.2284 0.050

IRTRINI I —

0.020_¢ 1 <-0.050
0.013 " F 0.3937 __._'l | BSC 0°108°|\u
0.3859
0.0688 | )
oosazt (LTI
0.0040 MIN. Dwg. MA-007-16 in

Dimension in Millimeters
(controlling dimensions)

THHHHHHHH I 0l

4.00 6.20
3.80 5.80 1.97

BTN IRIR TR a /et

0.51_..1|+2 3 1d MR

0.33 BSC 0° 10O 8°

10.0
9.80

=

¢ | 1
o (TR
T

NOTES: 1. Lead spacing tolerance is non-cumulative.
2. Exact body and lead configuration at vendor’s option within limits shown.

0.10 MIN. Dwg. MA-007-16A mm

www.allegromicro.com
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HIGH-VOLTAGE,
HIGH-CURRENT
DARLINGTON ARRAYS

The products described here are manufactured under one or more
U.S. patents or U.S. patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to
time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or
manufacturability of its products. Before placing an order, the user is
cautioned to verify that the information being relied upon is current.

Allegro products are not authorized for use as critical components
in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsi-

bility for its use; nor for any infringement of patents or other rights of
third parties which may result from its use.

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
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3 Powering Up the 6410 Drive

In this chapter This chapter explains how to power up the 6410 drive after
installation. Topics covered are:

¢ Setting up functions using switch S1 and Jumper J6
* Testing the installation

This section is intended to familiarize the 6410 user with the
hardware adjustments and settings required to power up and
operate the 6410 drive.

3.1 Setting Switch S1 & Jumper J6

Introduction DIP switch S1 and Jumper J6 set the following:

* Step size

* Motor current level

* Digital electronic damping ON/OFF
* Idle current reduction

5
:.
o))
£
e
)
=
()
B

* Enable sense

e  Step filter response time

6410 Installation and Hardware Reference Manual - Rev E 3-1
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Location of S1
ENABLE SENSE JUMPER DEC JUMPER (SEE SW1 TABLE BELOW) \\
IN: OPTO ON TO ENABLE IN: SELECT DECIMAL STEP SIZES
OUT: OPTO OFF TO ENABLE OUT: SELECT BINARY STEP SIZES FACTORY.DEFAULTS:
[= J 5.0 AMPS RMS
IDLE T JUMPER STEP BW JUMPER STEPSIZE 1/25
SELECT IDLE CURRENT IN: 500 KHz MAX STEP RATE 500 KHz MAX STEP RATE
REDUCTION TIME OUT: 2 MHz MAX STEP RATE IDLE CURRENT REDUCTION
SEE TABLE BELOW J ENABLED (0.1 SEC)
717 JUMPERS 1-2, 3-4, & 7-8
AR ) DIGITAL ELECTRONIC
S 1. ||| INSTALLED AT FACTORY DAMPING CONTROL ENABLED
8 ¢ DRIVER ENABLED UNLESS
o NABLE OPTO DRIVEN
. 7, ENABLE OPTO DRIVE
/L PC CARD EDGE RIRININININI
/ [
OPEN |} S1 SIDE VIEW
T 123456 78 FACTORY DEFAULT POSITIONS SHOWN
STEP SIZE SW1 POSITION MOTOR
1 5
SW1 POSITION ?ﬁgﬂ ?ﬁga CHRRENT
1 5 3 ik Ly 6 7 8 ;;Mops RMS
CLOSED| CLOSED| CLOSED I
Goaey | ey oo i | e | | ["eeem e e |
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IN OPEN 0.1 SEC DELAY
OPEN ENABLED
out CLOSED 0.05 SEC DELAY
out OPEN 1.0 SEC DELAY
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3.1.1 Step Size

Definition The step size sets the amount of rotation per input step. Fifteen

step sizes are available using Jumper J6 position 3-4 and DIP

switch S1 positions 1-3 as shown. For all Pacific Scientific
stepper motors and all 1.8° step motors, step size can be converted
to steps per rotation using the following table:
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Decimal Binary
Full 200  Half 400
Half 400 1/4 800
-— —
1/5 1,000 1/8 1,600
1710 2,000 1/16 3,200
1/25 5,000 1/32 6,400
1/50 10,000 1/64 12,800
1/125 25,000 1/128 25,600
1/250 50,000 1/256 51,200
Benefits Selecting a microstep size of 1/4 or smaller results in:

* higher resolution
* smoother low speed operation
¢ ability to operate in low-speed resonance regions
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3.1.2 Digital Electronic Damping Control

Definition

Benefit

Mid-speed instability and the resulting loss of torque occurs in any
step motor/drive system due to the motor back EMF modulating
the motor winding currents at certain speeds. Mid-speed
instability can be explained as a region of potential instability that
occurs as a result of the electronic, magnetic, and mechanical
characteristics of any stepping motor system. The circuitry used to
control this phenomenon does so by advancing or delaying the
switching of the output current with respect to the incoming pulse
train. This should be taken into account if the user is attempting
to employ pulse placement techniques.

Enable the digital electronic damping function by placing DIP
switch S1 position 4 in the open position as shown. This is the
default position and should be used for most applications if your
application is affected by loss of torque at mid-range speeds. If
pulse placement techniques are being used, disable the digital
electronic damping function by placing DIP switch S1 position 4
in the open position.

This feature controls torque loss at mid-range speeds. When
enabled, the motor maintains torque at mid-range operation,
provided the torque load does not exceed motor torque ratings.
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3.1.3 Idle Current Reduction

Definition The Idle Current Reduction (ICR) function reduces the phase
current at times when no motion is commanded. Motor current is
reduced when no step commands are received for a given time.
This time can be set to 0.05 seconds, 0.1 seconds or 1.0 second.
Current to both motor windings is reduced by one-half.

The ICR function can be enabled/disabled and the time delay
between the last step command and current reduction can be set to
50 ms, 0.1 seconds, or 1.0 second using DIP switch S1 position 5
and Jumper J6 position 7-8. With the jumper installed (factory
default), ICR is disabled when DIP Switch S1 position 5 is in the
closed position and enabled with a delay of 0.1 second (current is
reduced by 50% when no step command is received for 0.1 second
when the switch is open. With the jumper removed, ICR is
enabled and the delay can be set to 0.05 second or 1.0 second by
placing DIP Switch S1 position 5 in the closed or open position
respectively.

Note: When ICR is active, both the holding torque generated by
the motor and the motor stiffness around the holding position are
reduced by approximately 50%.

Benefits * The ICR function:

*  Reduces motor and drive heating during stand-by operation
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3.1.4 Setting Motor Current

Motor current can be set using DIP Switch S1 positions 6, 7, and 8
as shown. Current should be compatible with motor current
ratings.

Note: Power dissipation in the 6410 drive increases as the output
current is increased, so that more cooling is required at high
motor currents.

3.1.5 Enable Sense Control

The polarity of the enable input can be changed using Jumper J6
position 5-6. With the jumper removed (factory default), the drive
is enabled when the enable input is not driven and disabled when
driven (current flows in enable opto). This allows the 6410 to be
used with no connection to the enable input. With the J6 5-6
Jjumper installed, the enable input must be driven (current in opto)
for the 6410 power stage to be enabled.

3.1.6 Step Bandwidth Adjustment

A digital filter can be enabled which reduces susceptibility to
noise on the step input at the expense of a lower limit on
maximum step frequency. With Jumper J6 positions 1-2 installed
(factory default) the filter is enabled and step pulses must have a
minimum width of one microsecond. Pulses less than 0.5
microseconds in width will be iejected. With the filter disabled,
Jumper J6 position 1-2 removed, step pulses must be a minimum
of 0.25 microseconds wide. Therefore, the maximum step

frequency is 500 KHz with the filter enabled and 2 MHz with the
filter disabled.
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3.2 Testing the Installation

Background The following procedure verifies that the 6410 is installed properly
and that it was not damaged during shipment.

Procedure After installing the 6410 as described in Chapter 2, test your
installation as follows.
Warning
Perform this initial power up with the motor shaft disconnected
from the load. Improper wiring or undiscovered shipping
damage could result in undesired motor motion. Be prepared to

remove power if excessive motion occurs.

Connections test 1. Check all wiring and mounting to verify correct installation.

2. With the power Off, check that S1 is set as follows (factory
default settings):
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These settings reflect the following:

- Step size of 1/25

- Digital electronic damping enabled
- Idle current reduction enabled

- 5 A rms motor current

Warning

If the motor is rated at less than 5 A rms winding current,
set positions 6, 7, & 8 accordingly.
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Procedure cont'd

Warning
Make sure power is removed before proceeding.
3. Check that Jumper J6 is set as follows:
NO) 2
= P

These settings reflect the following:

- Idle Current Reduction Enabled (0.1 second delay)
- 6410 enabled without enable input driven
- Decimal step size selected

- Step input filter enabled

4. Switch On power.

Signals test 1. Verify that the motor has holding torque by attempting to
rotate the motor shaft. The energized motor shaft is either
immovable or is resistant to rotation.

2. Input a step command and verify that the motor moves.

3. Reverse the polarity of the DIRECTION signal and step the
motor. The direction of rotation should change.

Getting help If you need further assistance with your installation, please contact
your local distributor.
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