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WIRO 8-AXIS CONTROLLER
USER'S MANUAL
1.  Purpose of the 8-Axis Controller

The 8-Axis Controller can be incorporated into most stepper               motor systems at WIRO.  The Controller's interface connectors are convenient to the telescope's prime focus and backplate as well as the optics bench. As many as eight steppers up to 3 A peak (4 A with modification to the controller) can be driven by any computer on the network.
1.A.  Why Have an 8-Axis Controller?

WIRO has become involved in the fabrication of instrumentation with adjustments or options that require automation for the sake of efficiency.  Rather than implement separate automation systems for each instrument, a decision has been made to adopt a single controller for most instruments.  These instruments will retain their own actuators and sensors; however, these actuators and sensors will connect to and be driven by the single Controller.
1.B.  What Can this 8-Axis Controller Do?

The Controller is not a complete system; it can do nothing by itself.  Up to eight stepper motors may be connected to the Controller.  Typically, only one motor may move at one time.  Five motors on the backplate, and either five motors on the optics bench, or (eff. Aug04) 3 motors at prime focus may be connected to the controller (subject to the eight motors maximum).
Sensors may be connected to the Controller from both the backplate and the optics bench as follows: two "limits" and one "home" committed to each of four motors (twelve wires total) plus twelve uncommitted "triggers".  Or, instead of connecting from the optics bench, four "triggers" (eff. Aug04) may be connected from prime focus.  These sensors must switch the corresponding 6K8 input between two electrical states, +24 V and ground.  They may be electro-mechanical or solid-state switches.
Four outputs may be driven by the Controller at both the backplate and the optics bench.  Or, instead of connecting to the optics bench, one output (eff. Aug04) may be driven by the Controller at prime focus.  These are open collector outputs which can either provide +24 VDC through 33k ohms or sink 300 mA (max.) to ground.  These outputs may be suitable for energizing relay coils or powering LED's.
The Controller provides power for the sensors and outputs electrically connected to it.  The Controller can also provide power for the general use of the astronomical instrument itself.  +24 VDC (up to 2.4 A and through about 1 ohm) is available at both the backplate and the optics bench; or, instead of connecting to the optics bench, +24 VDC is available at prime focus (through 1.2 ohms).  Also, +5 VDC (up to 3 A) is available at both the backplate (through 1.1 ohms) and the optics bench (through 1.2 ohms); or, instead of connecting to the optics bench, +5 VDC is available at prime focus (through 1.4 ohm).
2.  Scope the User's Manual

The User's Manual describes how to use the 8-Axis Controller (See section 6.).  It also describes the 8-Axis Controller in sufficient detail for an evaluation of its suitability for new projects.  The User's Manual can also be used to evaluate the suitability of modifications to working systems which already make use of the Controller.  Other references, which are listed in section 3., should be consulted before new projects or modifications to existing systems are designed.
The Maintenance Manual for the 8-Axis Controller assumes knowledge of information contained in the User's Manual.  It contains detailed assembly instructions, specification sheets and requisition forms which may be helpful for maintaining and modifying the 8-Axis Controller.
3.  Other Reference Material

For questions which are particular to 8-Axis Controller, as opposed to the IM483 or the 6K8, please consult the Controller's Maintenance Manual and the Observatory Engineer.

For questions concerning the IM483 or the 6K8, please consult the following manufacturer's documentation.  Copies of these should reside in the Control Room at WIRO, in the WIRO Labs, downtown, and the Observatory Engineer's office.
Intelligent Motion Systems (IMS) #IM483 High Performance Microstepping Driver Operating Instructions, Revision 08.02.2000
Parker Automation 6K Series Hardware Installation Guide, Effective: 9Nov98

Parker Automation 6K Series Command Reference, Effective: 5Nov98
Parker Automation 6K Series Programmer's Guide, Effective: 7Nov98
Parker Automation Motion Planner CD, Version 4.1.6

4.  Basic Description

4.A.  Layout and Cabling

This narration is illustrated by the following three diagrams:

4.A.1., 4.A.2. and 4.A.3.

This 8-Axis Controller makes use of one "8-Axis Servo/Stepper Controller" model 6K8 manufactured by Compumotor Division of Parker Hannifin Corporation.  The 6K8 receives commands from a computer via ethernet.  Effective August, 2004, the computer is a Microsoft Windows machine, "WIRO Prime"; and, the control programs are written in Microsoft Visual Basic.  In response to instructions from the computer, the 6K8 can produce either a +/- 10 V signal for servo motors or both step and direction signals for stepper motors; however, the WIRO 8-Axis Controller is wired for stepper motors only; so, servo commands should be avoided (see 5.B.).
The 6K8 has eight Drive connectors which provide eight sets of step and direction signals.  However, these signals cannot drive stepper motors directly.  Between the 6K8 and each stepper motor is a "High Performance Microstepping Driver" model IM483 manufactured by Intelligent Motion Systems, Inc. (IMS).  Thus, the 8-Axis Controller contains eight IM483's.
[The 6K8 also has eight Encoder connectors; but, these are unused in this application.  So, encoder commands should be avoided.]

The 8-Axis Controller box is made of steel which is painted gray and measures 24" by 16" by 8" high.  The 6K8 and the IM483's are mounted within this box along with four power supplies.  The 6K8 front panel LED's are visible through a window in the lid of the box.  Since the operating temperature range of the 6K8 is zero to fifty degrees Celsius, the box is kept in the WIRO Control Room.

Two 48-pin circular connectors are mounted on the box.  These connectors are labeled "Channel 1" and "Channel 2".  They are keyed differently.  Channel 1 carries the four motor drives, twenty-four inputs, and four outputs which are provided by the 6K8 for axes 1 through 4.  Similarly, Channel 2 carries the other four motor drives (axes 5 through 8), their twenty-four inputs, and their four outputs.  A three position switch within the Controller box allows motor 4 to be used on Channel 2 or motor 5 to be used on Channel 1 (Please refer to 4.C.5.).

One permanently routed and dedicated cable runs from the Control room to the telescope backplate (Please refer to 4.C.2.).  A second permanently routed and dedicated cable runs from the Control room to the optics bench which is located inside the Spectrograph room in the Dome (Please refer to 4.C.3.).  Within the Control room, the cable to the backplate can only connect to Channel 2 and is labeled "Channel 2 to Backplate".  The cable to the optics bench can only connect to Channel 1 and is labeled "Channel 1 to Optics Bench".  Both of these cables are used with WIRO's spectrograph, "WIRO Spec", while the telescope is in the cassegrain-focus configuration.
When the telescope is in the prime-focus configuration, alternate cabling is used to bring much of Channel 1's capability to a prime-focus instrument, such as "WIRO Prime".  A permanently routed cable connects the Control room to the top end of the east strut.  (It is used to control the Chopping Secondary Mirror when the telescope is in the cassegrain-focus configuration.  Formerly, it had been unused in the prime-focus configuration.)  Within the Control room this cable terminates at a 100-pin Elco connector which is located on the wall below the breaker panel.  A special-purpose, 68-inch-long adaptor cable connects Channel 1 to this Elco connector.  It is labeled "Channel 1 to Top End".  Thus, the following subset of all the axes-one-through-four signals are brought from the Controller box to the top end of the east strut: motors one through three, trigger inputs two through five, and output four. Please refer to 4.C.4.  [Seven and one half wire pairs remain uncommitted in the Elco connector; however, because of wire gauge limitations, adding motor four would consume six of these pairs.  Refer to 5.A.2.b.1. and 5.A.2.b.5.]

The following drawings illustrate the layout and cabling of the 8-Axis Controller.  They are included next within the User's Manual.
4.A.1.  WIRO 8-Axis Controller Box Layout......................9
4.A.2.  WIRO 8-Axis Controller Cassegrain Focus Cabling.......10
4.A.3.  WIRO 8-Axis Controller Prime Focus Cabling............11
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4.B.  Functions

The following documents describe the used functional capability of the IM483 and 6K8 in greater detail.  They are included next within the User's Manual.  Since the IM483 and 6K8 are inside the Controller box, the connectors referred to by these documents are only indirectly accessible to the user.  Please refer to section 4.C. for a description of the 48-pin circular connectors or 100-pin Elco connectors which make these signals available to the user.
4.B.1.  Compumotor 6K8 "Limits/Home" Schematic................13
4.B.2.  Compumotor 6K8 "Triggers/Outputs" Schematic...........14
4.B.3.  Compumotor 6K8 Sample Input Connections...............15
4.B.4.  Compumotor 6K8 Sample Output Connections..............16
4.B.5.  Compumotor 6K Series Commands.........................17
Some commands should be used with care or avoided entirely since certain front panel connections on the 6K8 are left unwired inside the 8-Axis Controller.  Please refer to 5.B.
4.B.6.  IMS Model IM483 Microstepping Driver Quick

        Refer Card............................................18
Please see section 4.C.1. for IM483 connections, switch settings and resistor values as implemented in the WIRO 8-Axis Controller. 
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©

NOTES

Motion will not occur on an axis until you do one of the following:

- Install end-of-travel limit switches

- Disable end-of-travel limits with the LE@ command (only if load not coupled)

- Change the active level of the limits with the LIMLVL command.
End-of-travel input functionality: Mount each switch such that the load forces it to open
before it reaches the physical travel limit (leave enough room for the load to stop).
When the load opens the switch, the axis stops at the LEAD deceleration. The motor
will not be able to move in that same direction until you execute a move in the,
opposite direction and clear the limit by closing the switch.
Home input functionality: After initiating a homing move with the oM command, the
6K waits for the home input switch to close, indicating the load has reached the
desired *home” reference position.
Refer to the Basic Operation Setup chapter in the 6K Series Programmer’s Guide for
in-depth discussions about using end-of-travel limits and homing.

See page 41 for connections to the "VM25" screw-terminal converter (sold separately).

Connector

Connections shown
for one axis

6560060060000
056006000006

For easy screw-terminal
connections, use the “VM25”
screw-terminal converter (sold
separately, includes 2-foot
cable). Connection instructions
are provided on page 41.

PIN OUTS & SPECIFICATIONS

End-of-Travel Input

End-of-Travel Input
GND (even # pin)

LIM-P Terminal

3 Internal Schemat
r o ViNre is +24VDC, unless
and noma inputs you connect an external
H have ine same 5.24DC supply to the _
s VINref terminal. ;
: 200K ‘
- 24VDC
L 18.2KQ —
-
: 7 330K
: 1S0 GND 10 GND —F
H s8KQ 330K

By defaul, the limit inputs are sourcing inputs.

1 you wish all of the limit inputs to sink current, connect
*LIM-P* to "GND" on the screw-terminal connector
located on top of the 6K chassis.

Pin# In/Out Axes1-4 Axes5-8 Description (inputfunctions programmed by L1MFNC) | Specification for limit inputs
25 e e RESERVED « Voltage range is 0-24VDC.
23 IN 1POS 5POS Positive direction end-of-travel limit, axis 1 or 5. « Switching levels: Low < 1/3 VINref
21 IN 1NEG SNEG Negative direction end-of-travel limit, axis 1 or 5. voltage, High = 2/3 VINref voitage
19 IN 1HOME SHOME ~ Home limit, axis 1 or 5. (factory default VINref voltage is
17 IN 2POS 6POS Positive direction end-of-travel limit, axis 2 or 6. +24VDC, but you can connect a
15 N ONEG  6NEG  Negative direction end-of-travel limit, axis 2 or 6. different voltage to the VINref
13N 2HOME 6HOME Home limit, axis 2 or 6. terminal**). To make all limit inputs
1IN aPOS* 7POS*  Pasitive direction end-of-travel limit for axis 3 or 7. sinking inputs, connect the LIM-P
9 IN  3NEG® 7NEG® Negative direction end-of-travel limit for axis 3 or 7. terminal™ o the GND terminal™.
7 N 3HOME * 7HOME * Home limit, or general purpose input for axis 3 or 7. « Status: Check with TLIM Of LIM.
5 IN 4POS* 8POS*  Positive direction end-of-travel limit for axis 4 or 8. « Active level is set with the LIMLVL.
3 IN 4NEG* B8NEG* Negative direction end-of-travel limit for axis 4 or 8. command. Default is active low:
1N 4HOME * 8HOME * Home limit for axis 4 or 8. end-of-travel limits which require a

n.c. switch and home limits which
require a n.o. switch.

All even number pins are connected to isolated logic ground.
* On 6K2 and 6K6 products, these pins function as general-purpose inputs (function is set with the LIMFNCi - A command).
** The VINref, LIM-P, and GND terminals are located on the screw-terminal connector on top of the 6K chassis.

20
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[image: image5.jpg]Master Trigger: The “MASTER TRIG" input on this
connector has the same circuit design as trigger
inputs on the “TRIGGERS/OUTPUTS" connectors.

| TRIGGERS/OUTPUTS
| Connector

Internal Schematic  :

VINref is +24VDC, unless

Output you connect an external
(odd # pins 1-7) 5-24VDC supply 1o the
i - ViNref terminal.

24VDC

Trigger Input
(odd # pins 9-23)

%
SO GND

v
1S0 GND

12.0KQ

connections, use the “VM25"
screw-terminal converter (sold
separately, includes 2-foot
cable). Connection instructions
are provided on page 41.

@ For easy screw-terminal

By default, the trigger inputs are sourcing inputs. If you wish all of the
trigger inputs to sink current, connect “TRIG-P* to “GND" on the
screw-terminal connector located on top of the 6K chassi

| PIN OUTS & SPECIFICATIONS (25-pin “TRIGGERS/OUTPUTS” connectors)

Pin#* In/Out Description (axes 1-4) Description (axes 5-8) Spes for Trigger Inputs Specs for GP Outputs
| 25 === RESERVED RESERVED » Voltage range is 0-24VDC. + Open collector output;
| 23 IN Trigger input 1 (TRIG-14) Trigger input 9 (TRIG-54) | » Trigger input switching levels: will sink up to 300mA.

21 N Trigger input 2 (TRiG-18) Trigger input 10 (TRIG-58) Low < 1/3 VINref voltage, High> 2/3 |  Status: Check with
19 N Trigger input 3 (TRIG-24) Trigger input 11 (TRIG-6A) VINref voltage (factory default VINref TOUT OF QUT.

f 17 N Trigger input 4 (TRIG-28) Trigger input 12 (TRIG-68) voltage is +24VDC, but you can « Programmable
| 15 N Trigger input 5 (TRic-34) Trigger input 13 rRiG-74) | connect a different voltage to the functions with the
13 IN Trigger input 6 (TAiG-s8) Trigger input 14 (rric7s) | VINref terminal**). To make all limit ourFnc command. Can

| 1IN Trigger input 7 (TRiG-s4) Trigger input 15 (TAIG-84) inputs sinking inputs, connect the also be used as an

9 IN  Triggerinput8 ric-s8) Trigger input 16 (TAIG-53) IR'?'FIE’""“B‘ tothe GND “Output on Position”

7 OUT  GPOutput1 GP Output 5 rminal?, output (oureNci-E).
| 5 OUT GPOutput2 GP Output 6 » Status: Gheck with s or 1x. o Active level is set with
| 3 OUT GPOutput3 GP Output 7 « Programmable functions with the the curLvz command.
| 1 OUT GPOutput4 GP Output 8 veNe command. Can also be used as|  Default is active low.

a “Trigger Interrupt” input (1NFNCi-E)
for position capture and registration.

If the outputs are
driving inductive loads,

(@P = general purpose) « Active level is set with the TzvL cofnact the OUT
command. Default is active low (see DIODE terminal to
n.o. switch in diagram above). 24VDC.

(;’ * All even number pins are connected to isolated logic ground.
+* The VINref, TRIG-P, and GND terminals are located on the screw-terminal connector on top of the 6K chassis.

Chapter 1. Installation 21
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[image: image6.jpg]Trigger Input Connections

Connection to a Sinking Output Device

Electronic Device

Output Trigger Input
(odd # pins 9-23)

The output shouid
be able to sink at
least 1mA of current.

TRIG-P Terminal

6K Internal Schematic

The trigger input s sourcing to VINref (factory default

ViNref is +24V0C, unless |
you connect an external
5-24VDC supply to the
VINref terminal.

24VDC

1SO GND

Thersfore, no connection is required if sourcing 24VDC is appropriate for your needs.
To source to a different voltage, connect a different external supply to VINref.

Connection to a Sourcing Output Device

Electronic Device

vy <
] i
A1 g
g Trigger Input

~___ Output} [ | (odd # pins 9-23)

Qg GND (even # pin)

TRIG-P Terminal

2

6K Internal Schematic

18O GND

The trigger input Is sinking current

ViNref is +24VOC, unless
you connect an external
5-24VDC supply to the.
VINref terminal.

20.0KQ

18.2 KQ

33.0KQ

v
1SO GND

33.0KQ

(TRIG-P connected to GND).

Connection to a Combination of Sinking and Sourcing Outputs

Electronic Device
Vi

A i

Trigger Input
(odd # pins 9-23)

GND (even # pin)

Output

Typical value for R

is 4500 (assuming

A4 =0). The value of
R may vary depending
on the value of Ry
and V-

TRIG-P Terminal

If you are connecting to a combination of sinking and
sourcing output, connect the VINref terminal to the
voltage supply (factory default is intemally connected
to 24VDC) to accommodate the sinking outputs. Then
for each input connected to a sourcing output, wire an
external resistor between the trigger input and GND.
The resistor provides a path for current to flow from
the device when the output is active.

6K Internal Schematic

v
1SO GND

ViNref is +24VDC, unless
you connect an external
5-24VDC supply to the
VINref terminal.

%
1SO GND

ming Tip: If connecting to sinking output, set
the trigger's INLVL setting to active low (INLVLO). If
connecting to a sourcing output, set the trigger's
INLVL setting to active high (INLVL1). Thus, when
the output is active, the TIN/IN status will report a “1"
(indicates that the input is active), regardless of the
type of output that is connected.

22 6K Hardware Installation Guide
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[image: image7.jpg]Programmable Output Connections

Connection to a Sinking Input (active high)

Extemal Supply
(24v0C)

CEE |

Electronic Device

6K Internal Schematic

Ry
Gutput

(odd # pins 1-7)

Connection to a Sourcing Input (active low)

Electronic Device Extomal Suply

£ (24vC)

4 =

v+

GND (even # pin)

6K Internal Schematic.

24VDC

Ground ¢———4 GND (even # pin)

H ke H
w H Output H
2 Input & | (odd # pins 1-7) Open Colector |

1S0 GND

Connection to a Combination of Sinking & Sourcing Inputs

Electronic Devices b i &K Internal Schematic
Vi Ve 24700
,VSE . 33K
skl j 4 nput & Output A
: (odd # pins 1-7)
Ground ¢— -
R H
4 i V150 GND 33K
R input} Gutput B
H id # pins 1-
Sinking Nx It : (oK p'"s_ 7
e A7 Dy (ST

1SO GND

Use an external
diode when driving

(24vDC)
4 GND (even # pin)

H 1SO GND

33KQ

inductive loads.

Output

(odd # pins 1-7)

—————

‘Proaramming Tip: If connecting to an active-high sinking input, set
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4.C.  Electrical Configuration

The following documents describe the electrical configuration of the 8-Axis Controller in greater detail.  They are included next, within the User's Manual.

4.C.1.  Typical Motor Drive and Power Supply Configuration....21
4.C.2.  Channel 2 With Telescope Backplate Connector..........22
4.C.3.  Channel 1 With Dome Optics Bench Connector............23
4.C.4.  Telescope Top-End Connector...........................24
4.C.5.  Channel Selector Switch for Motors 4 & 5..............25
The "Channel 1" and "Channel 2" circular connectors which are mounted on the 8-Axis Controller box are wired identically to 4.C.3. and 4.C.2. respectively.
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5.  Interfacing the 8-Axis Controller to an Instrument

5.A.  Hardware Issues

5.A.1.  Interface Specifications
5.A.1.a.  Stepper Motor Selection

Stepper motors must conform to motor voltage, peak current, holding current, microstep size, inductance and wiring constraints imposed by the IM483 as implemented within the 8-Axis Controller.  Please refer to sections 4.B.6. and 4.C.1.  Effective August, 2004, for all 8 axes, motor voltage is 24 V, peak current is 3 A (but please see 5.A.2.a. paragraphs 1 and 2), holding current is 0.2 A and microstep size is 2 microsteps per step.
5.A.1.b.  Sensor Selection for "Home", "Limit" or

          "Trigger" Inputs

Please refer to sections 4.B.1., 4.B.2., and 4.B.3.  Electrically, the three types of inputs are identical; however, they are distinguished in software.  Please refer to sections 4.B.5. and 5.A.2.a.
5.A.1.c.  "Outputs" Capability

Please refer to sections 4.B.2., 4.B.4. and 5.A.2.a.  When connecting an inductive load to a 6K8 output, it is important to place a flyback diode across the inductance.  See 7.B.2.
5.A.1.d.  Power Capability

Please refer to paragraph 4 of section 1.B. and section 5.A.2.a.  When switching an inductive load across a power supply, it is important to place a flyback diode across the inductance.  See 7.B.2.
5.A.2.  Applications
5.A.2.a.  Mounting Hardware on the Instrument

Stepper Motors designed for peak currents lower than 3.0 A will not necessarily be damaged when used with the 3.0 A peak drive provided by the 8-Axis Controller.  Damage to most motors will not occur if the motor's internal temperature is kept below 130 Celsius.  Assuming a 30 degree gradient, the motor's outside case must be kept below 100 Celsius.  As a guide, metal hot enough to touch without burning, but too hot to remain in contact with, is at about 65-70 Celsius.  Since the holding current is 0.2 A, reduced duty cycles should allow the safe operation of many stepping motors with peak currents lower than 3.0 A.

Stepper motors with peak currents higher than 3.0 A may work well with the 8-Axis Controller depending upon the application.  If the application requires more than 3.0 A for dependable operation then the "current adjust resistor" on the corresponding IM483 should be changed.  Please consult the maintenance manual and refer to 4.B.6. before attempting this modification.  The IM483 cannot provide more than 4.0 A peak.
Stepper motor control of an axis of motion will usually require additional sensors or actuators.  Snap-acting switches, Hall-effect sensors, photoelectric sensors, or fiber-optic sensors may be used to detect particular positions upon the axis.  A solenoid may be used to lock the position of the axis.  The WIRO 8-Axis Controller provides +24 VDC which can be used to power the sensors and actuators.  Please refer to 4.C.2., 4.C.3. and 4.C.4.
Position detection can be accomplished through the dedicated use of a single "Trigger" input; or, if multiple positions must be detected, then a binary encoding scheme can detect up to (2^X - 1) positions with just (X) inputs. Commands issued over the network to the 6K8 can read the state of one or many "Trigger" inputs.  Please refer to sections 4.B.2., 4.B.3. and 7.B.1.
Special positions for initializing motion or for limiting the range of motion should make use of the "Home" and "Limit" inputs.  These inputs are used by many useful 6K8 algorithms which anticipate typical problems in homing or limiting motion.  These algorithms are invoked with simple commands to the 6K8 via the network.  Please refer to sections 4.B.1., 4.B.3. and 4.B.5.
[The Compumotor 6K8 has separate connectors for each axis which could be used to implement position feedback by incremental encoder; however, these eight connectors are unused in the WIRO 8-Axis Controller.  Additionally, each of the axes could be configured to provide +/- 10 volt drive signals for servo motor control of motion; however, only the step and direction signals for stepping motors are used in the WIRO 8-Axis Controller.  Thus, encoders and servo motors cannot currently be used with the WIRO 8-Axis Controller; and, all 6K8 commands for encoders and servos should not be invoked.  Please refer to 5.B.]
Separate actuators may be necessary for assisting with stepper motor control of an axis.  The 6K8 "Outputs" can energize such actuators directly, by sinking not more than 300 mA, or indirectly by means of a relay.  Power can be provided by the Controller's 24 VDC supply for external functions.  Commands are issued over the network in order to change the state of the "Outputs".  Please refer to sections 4.B.2., 4.B.4., 4.C.1. and 7.B.2.
"Triggers" and "Outputs" from the 6K8 may also be used to implement functions which are unrelated to the control of motion along an axis which is propelled by a stepper motor.  For example, WIRO Spec uses four separate outputs to turn on argon, xenon, neon, and incandescent calibration sources.
+24 VDC from the WIRO 8-Axis Controller can be used to power actuators which are controlled by a 6K8 output via a relay.  For example, the filter wheel solenoid on WIRO Prime draws 0.5 A at 24 V while the 6K8 output which controls the relay need only provide 25 mA.  Also, actuator power need not be controlled by a 6K8 output.  For example, WIRO Prime's 24 V shutter current of 0.9 A is switched on and off by an output from the Leach camera controller.  Please refer to 7.B.1., 7.B.2., 7.A.5. and 7.A.3.
5.A.2.b.  Cabling the Controller to the Instrument

5.A.2.b.1.  Wire Gauge and Length Restrictions
Stepper motor wiring should not exceed a length of 100 feet from the 8-Axis Controller; and, it should be 18 gauge.  Please refer to 4.C.2., 4.C.3. and 4.C.4.
Inputs to and outputs from the 6K8 are not restricted as to length or wire gauge.

Delivery of +24 V power and +5 V power should account for the IR voltage drop which will occur when the required current (I) flows through wiring which has an inherent resistance (R).  Round trip resistances to the backplate, optics bench, and top end are given in paragraph four of section 1.B.  Additional cabling from these positions to the current consuming device will introduce additional resistance.  For example, 22 gauge has .0165 ohms/ft, 19 gauge has .0082 ohms/ft and 16 gauge has .0041 ohms/ft.  18 gauge is .0065 ohms/ft.  Select a wire gauge which yields an acceptable loss of voltage.
5.A.2.b.2.  Twisted Pair Wiring
Minimize radiation from rapidly changing currents by routing an outbound current with its return current if possible.  Use shielded, twisted-pair wiring.  Please refer to 5.A.2.b.4., 4.C.4. and 5.A.2.b.5.
5.A.2.b.3.  Shielding

Much effort has been expended in order to properly shield 8-Axis Controller cabling.  In the case of stepper motor wiring and +24 V power wiring, the Controller chassis was initially wired to the shielding via the box's circular connector bodies and screw lugs (as opposed to using one of the 48 pins).  Dedicated to this purpose, these shields were left unconnected at their other ends (as is standard practice) at the backplate, optics bench and top end.  However, random motor motion was encountered in the first tests of these cables.  At the suggestion of IMS technical support, the lugs were unscrewed from the connector bodies so that the shielding was left to float in an electrical sense.  This simple step eliminated the random motor motion; so, the lugs remain unscrewed and are currently insulated with electrical tape.
Unshielded motor cabling is not advised.  Prototype cabling to the optics bench was initially unshielded; when, the camera's readout picked up tremendous amounts of noise.  This noise was caused by simply turning "on" the 8-Axis Controller; no motion was commanded at any time during the exposure or readout.  In this case, noise on the camera readout was eliminated by (1) insulating the camera from the optics bench, (2) wrapping the four motor cables collectively in a couple layers of aluminum foil and (3) connecting the aluminum foil to the optics bench itself.  This is the final electrical configuration of the motor shields on the short cable which joins the circular connector to the optics bench itself (except that the motor phases are shielded individually).
All 6K8 Trigger, Home, Limit and Output signals are shielded by the 6K8's Isolated Ground.  "Iso Gnd" occupies pin z in the circular connectors or pins T2, T10 and U7 in the Elco connectors.  Iso Gnd should be used as a reference or return path for these 6K8 I/O signals as shown in 4.B.3. and 4.B.4.  Thus, 6K8 I/O signal wiring resembles coaxial wiring except that the shield surrounds a twisted pair.  Wire pairing of these 6K8 I/O signals within the Iso Gnd shields is somewhat arbitrary.  Please refer to 4.C.4. and the following two diagrams, included next within the User's Manual:

5.A.2.b.4.  Wiring Diagram for Circular Connectors............31
5.A.2.b.5.  Wiring Diagram for Elco Connectors................32
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5.B.  Software Issues

Where software is concerned, use of the WIRO 8-Axis Controller requires (1) the understanding of Compumotor 6K8 commands and (2) the creation of algorithms which make use of the 6K8 commands.  Please refer to section 3.  These algorithms can be programmed into any computer that can use the network to address the 6K8 (refer to 4.A.1.).  Microsoft support for Compumotor is more widely disseminated than others; and, currently WIRO makes use of the Windows machine, "WIRO Prime" to command the 8-Axis Controller via Visual Basic.  Software for the instrument WIRO Prime is in section 7.E. as an example.
The WIRO 8-Axis Controller does not use connections on the 6K8 front panel which are intended for incremental encoders or servo motors.  Therefore, all commands which reside under the functional groupings "Encoder" and "Servo" on 4.B.5. should be used with special caution.  Also, the "6K Series Command Reference" description of the AXSDEF command lists the following commands as "servo only commands": ANIFB, KDRIVE, PER, SFB, SGP, SGI, SGV, SGVF, SGAF, SGILIM, SOFFS, SMPER, SGSET, SGENB, STRGTD, STRGTE, STRGTT, STRGTV, TFB, TGAIN, TPER, TSGSET and TSTLT.
6K8 commands related to "shutdown" may be essential for obtaining zero motor motion.  In particular, motors which have received no command to move can still vibrate and even drift in position unless the "shutdown" command has been issued.  "Shutdown" makes use of the connection between pin 12 on the 6K8 Drive connectors, "Shutdown-", and pin 5 on the IM483 P1 connectors, "Enable/Disable Input".  Please refer to 4.C.1.
Keep in mind that different models of stepping motors may have different step sizes.  Also, all eight of the IM483's are currently NOT set to 2 microsteps per step as shown in the schematic.  Please refer to 4.C.1.

6.  Using the 8-Axis Controller

Verify that all the proper cables are plugged into the Controller box.  A power cable and an Ethernet cable should be plugged into the rear panel.  For prime-focus instruments the cable labeled "Channel 1 to Top End" should be plugged into the Channel 1 connector on the front panel.  For cassegrain-focus instruments the cable labeled "Channel 2 to Backplate" should be plugged into the Channel 2 connector on the front panel.  For cassegrain-focus spectrographs both the "Channel 2 to Backplate" and the "Channel 1 to Optics Bench" cables should be plugged into the front panel.  Make sure that the instrument is properly plugged into the circular connectors at the backplate and/or optics bench or the Elco connector at the top end of the east strut.

Verify that the three position switch is set properly.  The setting can be checked by lifting the cover and examining the switch itself (front panel LED's are not yet implemented).  The center setting sends motor 4 to Channel 1 and motor 5 to Channel 2.  The left setting sends both motors 4 and 5 to Channel 1.  The right setting sends both motors 4 and 5 to Channel 2.

Turn on the power switch on the rear panel of the 8-Axis Controller box.  Through the window on the lid of the 8-Axis Controller box the eight red axis lights and the green power light should be visible on the front panel of the 6K8.  If the power light is red, flip the power switch off and on again.  If the power light remains red, call the observatory engineer.  Wait several seconds while one of the LED's on the 6K8's Ethernet connector blinks on-off-on once.
Log onto the computer named "WIRO Prime" and activate the shortcut to the desired instrument controller software.  A graphical user interface (GUI) should appear on the monitor.  Click on the "connect" button with the mouse.  After several seconds a red disk on the GUI should turn to green indicating that the network connection between the computer and the 6K8 has been established.
Within the GUI click on a button labeled something like "initialize axes".  Look through the window in the lid of the box and verify that certain of the eight red axis lights have been extinguished.  Each extinguished lamp corresponds to one of the instrument motors.  Now the instrument motors, outputs, and sensors can be controlled by clicking on GUI buttons.  If a power consuming device other than a stepper motor (eg: solenoid or shutter) is activated then the front panel current meter will display the 24 V current which is being drawn by the device.
To turn off the 8-Axis Controller first click on the GUI "disconnect" button.  The green disk on the GUI should turn red.
Now the power switch on the rear panel of the box can be turned off and the GUI window can be closed.
7.  Appendix:  WIRO Prime, an Example

The instrument WIRO Prime is described on a web page which can be accessed through our department's website, "http://physics.uwyo.edu", and following links labeled "Observatories", "Wyoming Infrared Observatory", and "WIRO-Prime".  Effective September, 2004, this web page can be accessed directly at "http://physics.uwyo.edu/~mpierce/WIRO/Prime.html".
The following information pertains to the way in which WIRO Prime utilizes the WIRO 8-Axis Controller; and, it can be used as an example for the use of the Controller by an instrument:
pages
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* Streubreite des einzelnen Verschlusses 50% des
Grenzwertbereichs

* Individual shutters may vary within 50% of the
full variation range

Kiirzeste Zeit zwischen 2 Belichtungen: 1 s
Shortest time between 2 exposures : 13
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Hall Effect Sensor Family
in CMOS technology

Release Notes: Revision bars indicate significant
changes to the previous edition.

1. Introduction

The HALSxx family consists of different Hall switches
produced in CMOS technology. All sensors include a
temperature-compensated Hall plate with active offset
compensation, a comparator, and an open-drain output
transistor. The comparator compares the actual mag-
netic flux through the Hall plate (Hall voltage) with the
fixed reference values (switching points). Accordingly,
the output transistor is switched on or off.

The sensors of this family differ in the switching behavior
and the switching points.

The active offset compensation leads to constant mag-
netic characteristics over supply voltage and tempera-
ture range. In addition, the magnetic parameters are ro-
bust against mechanical stress effects.

The sensors are designed for industrial and automotive
applications and operate with supply voltages from
3.8V to 24 V in the ambient temperature range from
—40 °C up to 150 °C.

All sensors are available in a SMD-package (SOT-89B)
and in a leaded version (TO-92UA).

1.1. Features:

— switching offset compensation at typically 62 kHz
— operates from 3.8 V to 24 V supply voltage

— overvoltage protection at all pins

— reverse-voltage protection at Vpp-pin

—magnetic characteristics are robust

mechanical stress effects

- short-circuit protected open-drain output by thermal
shut down

— operates with static magnetic fields and dynamic mag-
netic fields up to 10 kHz

— constant switching points over a wide supply voltage
range

- the decrease of magnetic flux density caused by rising
temperature in the sensor system is compensated by
a built-in negative temperature coefficient of the mag-
netic characteristics

regarding

— ideal sensor for applications in extreme automotive
and industrial environments

— EMC corresponding to DIN 40839

1.2. Family Overview

The types differ according to the magnetic flux density
values for the magnetic switching points, the tempera-
ture behavior of the magnetic switching points, and the
mode of switching.

Type | Switching Sensitivity see
= Behavior ¢ Page
501 bipolar very high 14
502 latching high 16
503 latching medium 18
504 | unipolar medium 20
. 505 latching low 22

506 unipolar high 24

unipolar medium 26

unipolar low 28

unipolar with high 30

inverted output

unipolar with medium 32

inverted output

unipolar with medium 34

inverted output

unipolar with high 36

inverted output

(north polarity)

unipolar low 38

Latching Sensors:

The output turns low with the magnetic south pole on the
branded side of the package and tums high with the
magnetic north pole on the branded side. The output
does not change if the magnetic field is removed. For
changing the output state, the opposite magnetic field
polarity must be applied.

Bipolar Switching Sensors:

The output turns low with the magnetic south pole on the
branded side of the package and turns high with the
magnetic north pole on the branded side. The output
state is not defined for all sensors if the magnetic field is
removed again. Some sensors will change the output
state and some sensors will not.

Micronas
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Unipolar Switching Sensors:

The output turns low with the magnetic south pole on the
branded side of the package and turns high if the mag-
netic field is removed. The sensor does not respond to
the magnetic north pole on the branded side.

Unipolar Switching Sensors with Inverted Output:

The output turns high with the magnetic south pole on
the branded side of the package and turns low if the
magnetic field is removed. The sensor does not respond
to the magnetic north pole on the branded side.

Unipolar Switching Sensors with Inverted Output
Sensitive to North Pole:

The outputturns high with the magnetic north pole onthe
branded side of the package and turns low if the magnet-
ic field is removed. The sensor does not respond to the
magnetic south pole on the branded side.

1.3. Marking Code

All Hall sensors have a marking on the package surface
(branded side). This marking includes the name of the
sensor and the temperature range.

S R

e A K
HAL501 501A 501K
HAL502 502A 502K
HAL503 503A 503K
HAL504 504A 504K
HAL505 505A 505K
HAL506 506A 506K
HAL508 508A 508K
HAL509 509A 509K
HAL516 516A 516K
HAL517 517A 517K
HAL518 518A 518K
HAL519 519A 519K
HAL523 520A 523K

1.3.1. Special Marking of Prototype Parts

Prototype parts are coded with an underscore beneath the
temperature range letter on each IC. They may be used

for lab experiments and design-ins but are not intended to
be used for qualification tests or as production parts.

1.4. Operating Junction Temperature Range

The Hall sensors from Micronas are specified to the chip
temperature (junction temperature T ).

A: Ty=-40°Cto +170 °C

K: T;=—40 °C to +140 °C

Note: Due to the high power dissipation at high current
consumption, there is a difference between the ambient
temperature (Ta) and junction temperature. Please refer
to section 5.1. on page 40 for details.

1.5. Hall Sensor Package Codes

HALXXXPA-T
[ t__ Temperature Range: A or K
Package: SF for SOT-89B
UA for TO-92UA
Type: 5xx

Example: HAL505UA-K

— Type: 505
— Package: TO-92UA
— Temperature Range: T, =—40 °C to +140 °C

Hall sensors are available in a wide variety of packaging
versions and quantities. For more detailed information,
please refer to the brochure: “Ordering Codes for Hall
Sensors”.

1.6. Solderability
all packages: according to IEC68-2-58

During soldering reflow processing and manual rework-
ing, a component body temperature of 260 °C shouid
not be exceeded.

Components stored in the original packaging should
provide ashelf life of atleast 12 months, starting from the
date code printed on the labels, even in environments as
extreme as 40 °C and 90% relative humidity.

2
GND

Fig. 1-1: Pin configuration
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2. Functional Description

The HAL 5xx sensors are monolithic integrated circuits
which switch in response to magnetic fields. If a
magnetic field with flux lines perpendicular to the
sensitive area is applied to the sensor, the biased Hall
plate forces a Hall voltage proportional to this field. The
Hall voltage is compared with the actual threshold level
in the comparator. The temperature-dependent bias
increases the supply voltage of the Hall plates and
adjusts the switching points to the decreasing induction
of magnets at higher temperatures. If the magnetic field
exceeds the threshold levels, the open drain output
switches to the appropriate state. The built-in hysteresis
eliminates oscillation and provides switching behavior of
output without bouncing.

Magnetic offset caused by mechanical stress is com-
pensated for by using the “switching offset compensa-
tion technique”. Thus, an intemal oscillator provides a
two-phase clock. The Hall voltage is sampled at the end
of the first phase. At the end of the second phase, both
sampled and actual Hall voltages are averaged and
compared with the actual switching point. Subsequently,
the open drain output switches to the appropriate state.
The time from crossing the magnetic switching level to
switching of output can vary between zero and 1/fgsc.

Shunt protection devices clamp voltage peaks at the
Output-Pin and Vpp-Pin together with external series
resistors. Reverse current s limited at the Vpp-Pinby an
internal series resistor up to —15 V. No external reverse
protection diode is needed at the Vpp-Pin for reverse
voltages ranging from 0 V to -15 V.

= HAL5xx
Voo Reverse “Temperature| | Short Circult &{
Vottage & | | pependent [ Hysteresie Overvot
T | |overvotage || e Contrd Protecion”
I
Hall Piate. |OUY
s [ > | o l o
= |
ano
; - _l
2 b=

Fig. 2-1: HAL5xx block diagram

Vour

Vou —_\—
Vo f . .

Iop h k | &

1 1/iosc = 16 15

Fig. 2-2: Timing diagram

A
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3. Specifications
3.1. Outline Dimensions
£06 [0
TN ] Celerof e area
03
T
] T
He, L
% i i
HIi
I -
L 1T EH
iy

sPasozz s.AszE

Fig. 3-1:

Plastic Small Outline Transistor Package

(SOT-89B)
Weight approximately 0.035 g
Dimensions in mm

3.2. Dimensions of Sensitive Area

0.25 mm x 0.12 mm

3.3. Positions of Sensitive Areas

soTseE

X center of
the package

center of

the package

y 0.95 mm nominal

1.0 mm nominal

03 i
121121

254

SPaSITO0R-11-ANE

Fig. 3-2:

Plastic Transistor Single Outiine Package
(TO-92UA)

Weight approximately 0.12 g

Dimensions in mm

Note: For all package diagrams, a mechanical
of £0.05 mm applies to all dimensions where no

tolerance
tolerance

is explicitly stated. Package dimensions exclude molding

flash.
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3.4. Absolute Maximum Ratings

Symbol Parameter : PinNo. | Min. < Max. Unit
Voo Supply Voltage 1 -15 28" \
Vo Output Voltage 3 -0.3 28" '

lo Continuous Output On Current 3 - 50" mA
T, Junction Temperature Range —40 1702 °C
1) as long as T ymax is not exceeded

2) t<1000 h

Stresses beyond those listed in the “Absolute Maximum Ratings” may cause permanent damage to the device. This
is a stress rating only. Functional operation of the device at these or any other conditions beyond those indicated in the
“Recommended Operating Conditions/Characteristics” of this specification is not implied. Exposure to absolute maxi-
mum ratings conditions for extended periods may affect device reliability.

3.4.1. Storage, Moisture Sensitivity Class, and Shelf Life

Storage has no influence on the electrical and magnetic characteristics of the sensors. However, under disadvanta-
geous conditions, extended storage time can lead to alteration of the lead plating, which affects the soldering process.

Moisture Sensitivity Class:

The package SOT-89B achieves level 1 according to J-STD-020A “Moisture/Reflow Sensitivity Classification for Non-
hermetic Solid State Surface Mount Devices”. If the sensors are stored at maximum 30 °C and maximum 90% relative
humidity no Dry Pack is required.

The permissible storage time (shelf life) of the sensors is a minimum of 12 months, starting from the date of manufac-

ture, if they are stored in the original package at a maximum of 40 °C ambient temperature and a maximum of 90%
relative humidity.

3.5. Recommended Operating Conditions

Symbol || Parameter onit
Voo Supply Voltage \2
lo Continuous Output On Current 3 0 20 mA
Vo Output Voltage 3 0 24 \Z
(output switched off)

Micronas 7
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3.6. Electrical Characteristics at T, =-40

Typical Characteristics for T, = 25 °C and Vpp = 12V

°Cto+170°C, Vpp=38.8 V1024V, as not otherwise specified in Conditions

Fig. 3-3: Recommended pad size SOT-89B
Dimensions in mm

Symbol Parameter PinNo. | Min. | Typ. | Max | Unit Conditions
Iop Supply Current 1 23 3 42 mA Ty=25°C
Ioo Supply Current over 1 16 3 5.2 mA
Temperature Range
Vooz Overvoltage Protection 1 - 285 32 v Ipp =25 mA, Ty =25°C,
at Supply t=20ms
Voz Overvoltage Protectionat Output | 3 - 28 32 v low=25mA, Ty=25°C,
t=20ms
VoL Output Voltage 3 - 130 280 mv loL=20mA, Ty=25°C
Vou Output Voltage over 3 - 130 400 mv loL=20 mA
Temperature Range
Ton Output Leakage Current 3 - 008 01 pA Output switched off,
Ty=25°C, Vo =381024V
lon Output Leakage Current over | 3 - - 10 pA Output switched off,
Temperature Range Ty<160°C, Vo =381024V.
fose Internal Oscillator Chopper - - 62 - kHz
Frequency
ten(0) Enable Time of Output after 1 - 50 - us Vpp=12V "
Setting of Vop
1 Output Rise Time 3 - 75 400 ns Vpp =12V, R, = 820 Ohm,
CL=20pF
[ Output Fall Time 3 - 50 400 ns Vpp = 12V, R = 820 Ohm,
CL=20pF
Rinss ‘Thermal Resistance Junction - - 150 200 KW Fiberglass Substrate
case 1o Substrate Backside 30 mm x 10 mm x 1.5mm,
SOT-898 pad size see Fig. 3-3
Rinsa ‘Thermal Resistance Junction - - 150 200 KW
case to Soldering Point
TO-92UA
) B>Boy+2mT orB < Bopr — 2T for HAL50x, B> Bogr +2 mT or B < Bon — 2 mT for HAL51x
s

Micronas
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3.7. Magnetic Characteristics Overview at Ty = —40 °C to +170 °C, Vpp = 3.8 V10 24 V,
Typical Characteristics for Vpp = 12V

Magnetic flux density values of switching points.
Positive flux density values refer to the magnetic south pole at the branded side of the package.

Sensor Parameter On pointBon  Off point Bogr Hysteresis Buys Unit
Switchingtype | T, min. | Typ. | max | min. | typ. | Max | min. | Typ. | Max.
HAL 501 —40°C o8 |06 |25 |-25 [ -08 | 08 05 14 2 mT
bipolar 25°C -0.5 0.5 23 -23 -0.7 05 05 1.2 19 mT
170°C -1.5 0.7 3 -25 -0.2 2 04 09 1.8 mT
HAL 502 —40°C 1 28 5 -5 -28 -1 45 56 8 mT
latching 25°C 1 26 45 -45 -26 -1 45 52 7 mT
170°C 08 23 43 43 -23 -0.9 35 46 6.8 mT
HAL 503 —40°C 6.4 8.6 10.8 -10.8 86 64 146 17.2 206 mT
latching 25°C 6 8 10 -10 -8 -6 13.6 16 18 mT
170°C 4 6.4 89 -89 -6 —-4 " 124 16 mT
HAL 504 —40°C 10.3 13 15.7 53 75 9.6 44 55 6.5 mT
unipolar 25°C 9.5 12 145 5 7 9 4 5 8.5 mT
170°C 85 102 137 42 5.9 8.5 32 43 6.4 mT
HAL 505 —40°C 18 | 15 183 | -183 | -15 | -118 | 26 30 a4 | mr
latching 25°C n 135 17 -17 -135 -1 24 27 32 mT
170°C 9.4 17 16.1 ~16.1 =17 -84 20 234 31.3 mT
HAL 508 —40°C 43 5.9 s 21 38 5.4 16 21 28 mT
unipolar 25°C 38 55 72 2 a5 5 15 2 27 | mT
170°C 32 48 6.8 w 3 52 0.8 16 26 mT
HAL 508 —40°C 15.5 19 219 14 16.7 20 16 23 28 mT
unipolar 25°C 15 18 207 135 16 19 15 2 27 mT
170°C 127 15.3 20 1.4 136 183 1 1.7 26 mT
HAL 508 —40°C 231 274 311 199 238 272 29 386 39 mT
unipolar 25°C 231 | 268 | 304 | 199 | 282 | 266 | 28 35 39 |mT
170°C 213 254 288 183 221 253 25 33 3.8 mT
HAL 516 -40°C 21 38 54 43 59 77 16 21 28 mT
unipolar 25°C 2 a5 5 a8 55 72 15 2 27 | mT
inverted 170°C 17 3 52 32 46 6.8 0.9 16 26 mT
HAL 517 -40°C 14 i 215 155 19.6 225 16 25 3 mT
unipolar 25°C 135 | 1862 | 19 15 183 | 207 | 15 | 21 27 | mr
inverted 170°C s 123 | 18 105 | 137 | 20 08 14 |24 |mT
HAL 518 -40°C 1 187 | 20 155 | 19 22 15 |23 |3 mT
unipolar 25°C 135 16 19 15 18 20.7 14 2 28 mT
inverted 170°C 1 136 18.3 122 15.3 20 08 LEg 26 mT

Note: For detailed descriptions of the individual types, see pages 14 and following.
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Magnetic Characteristics Overview, continued
Sensor Parameter On point Bow  Off point Bopr Hysteresis Byys Unit
Switching type | Ty Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max.
HAL 519 —40°C 54 | 88 | 21 | 77 | 59 | 43 | 18 21 28 | mT
unipolar 25°C -5 36 | -2 72 | 55 | 88 | 15 19 27 | mT
inverted 170°C 52 | 80 | -15 | 68 | 46 | 28 | 09 16 26 |mT
HAL 523 -40°C 28 35 | 42 18 2 30 T 105 | 14 mT
unipolar 25°C 28 U5 | 42 18 24 30 i 105 | 1a mT
170°C 28 us | 42 18 24 30 7 105 | 14 mT
Note: For detailed descriptions of the individual types, see pages 14 and following.
mA HALSxx mA HAL5xx
25 50
2 45
Iop Ta=—40°C oo 4.0
15 A=
__..TA‘:ZIS C a5
i Tiettost l
30 [ i
Ta=100°C
5 25 —
i i e Ta=170°C
: N/
15
s
/ 1.0
=0 05 J
-15 0
>15-10-5 0 5 10 15 20 25 30 35V 1.2 38 4 5 6 7 8V
—— Vpp === Vpy
Fig. 3—4: Typical supply current Fig. 3-5: Typical supply current
versus supply voltage versus supply voltage
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mA HAL5xx

o 4

/.
1

Vop=38V

=50 0 50 100 150 200°C

—_— T

Fig. 3-6: Typical supply current

kriz HALSxx
100

fosc 80

\ To=25°C
60 e
\ Ta=—40°C

50 Ta=170 °C -

30

0 5 10 15 20 25 30V

—_— Vo

Fig. 3-8: Typ. Internal chopper frequency

-50 0 50 100 150  200°C

—_—

Fig. 3-7: Typ. internal chopper frequency
versus ambient temperature

versus ambient temperature versus supply voltage
kHz HAL5xx kHz HAL5xx
100 100
% %0
fosc 80 fosc 80
G ’_’QT_“V‘ B Tp=25°C
80 — 60 'r:_ 20°C —
50 bp=45V..24V ——] 50 TI=|7ol°c
40 40
30 30
20 20
10 10
0 0

3 35 40 45 50 55 60V

——— Vpp

Fig. 3-9: Typ. internal chopper frequency
versus supply voltage
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0 5 10 15 20 25 30V

—— Vpp

Fig. 3—10: Typical output low voltage
versus supply voltage
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mv HALSXx mv HALS5xx
400
0, lo=320mA lo=20mA
350
g \ Ve Vop=38V
300 300
Vop=45V
o Ty=170°C Vpp=24V
- Tp=100°C o
\ | é
150 Tp=25°C
LN
Toea0rC /
100 L] 100
50
o 0

-50 [ 50 100 150  200°C

——n

Fig. 3-12: Typical output low voltage
versus ambient temperature

my, HAL5xx
200 lo=20mA
Vo 5
400
20 Ta=170 °
\\ Ta=100°C
“ ™~ Ta=25°C
| iR ik
™~ T
00 Ta=—40°C
4

3 35 40 45 50 55 60V

— Voo

Fig. 3—11: Typical output low voltage
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Fig. 3-13: Typical output high current
versus output voltage
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4.8. HAL509

The HAL509 is a unipolar switching sensor (see
Fig. 4-29).

The output turns low with the magnetic south pole on the
branded side of the package and tums high if the mag-
netic field is removed. The sensor does not respond to
the magnetic north pole on the branded side.

For correct functioning in the application, the sensor re-
quires only the magnetic south pole on the branded side
of the package.

Magnetic Features:

— switching type: unipolar

— low sensitivity

— typical Bon: 26.8 mT at room temperature
— typical Borr: 23.2 mT at room temperature

- operates with static magnetic fields and dynamic mag-
netic fields up to 10 kHz

— typical temperature coefficient of magnetic switching
points is ~300 ppm/K

Applications

The HAL509 is the optimal sensor for applications with
one magnetic polarity and strong magnetic fields at the
sensor position such as:

- solid state switches,

— contactless solution to replace micro switches,
— position and end point detection, and

- rotating speed measurement.

Output Voltage
Vo

Bhyvs|

Vo

0 Borr B

Bon

Fig. 4-29: Definition of magnetic switching points for
the HAL509

Magnetic Characteristics at T; = —40 °C to +170 °C, Vpp =3.8 Vto 24 V,

Typical Characteristics for Vpp = 12V

Magnetic flux density values of switching points.

Positive flux density values refer to the magnetic south pole at the branded side of the package.

Parameter ~ OnpointBoy Off point Bore  Hysteresis Buys Magnetic Offset Unit
Ty Min. | Typ. | Max. | Min. Min. [ Typ. | Max. | Min. | Typ. | Max.
~40°C 231 274 311 19.9 238 272 29 36 39 256 mT
25°C 23.1 268 304 19.9 232 266 28 35 39 215 25 285 mT
140°C 217 257 22 18.6 224 256 26 3.3 38 24 mT
170°C 213 | 254 | 289 | 183 | 221 | 253 | 25 | 33 | 38 27 mT

The hysteresis is the difference between the switching points Bys = Bon — Borr
The magnetic offset is the mean value of the switching points Bogrset = (Bon + Borr) / 2

Micronas
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Fig. 4-31: Typ. magnetic switching points
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Note: In the diagram “Magnetic switching points versus
temperature” the curves for Bgoymin, Boymax,
Borrmin, and Borpmax refer to junction temperature,
whereas typical curves refer to ambient temperature.
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5. Application Notes

5.1. Ambient Temperature

Due to the internal power dissipation, the temperature
on the silicon chip (junction temperature T) is higher
than the temperature outside the package (ambienttem-
perature Tp).

Ty=Ta+AT

Under static conditions and continuous operation, the
following equation applies:

AT =lpp* Vop * Rin

For all sensors, the junction temperature range T, is
specified. The maximum ambient temperature Tamax
can be calculated as:

Tamax = Tymax = AT

For typical values, use the typical parameters. For worst
case calculation, use the max. parameters for Ipp and
Rin, and the max. value for Vpp from the application.

5.2. Extended Operating Conditions

All sensors fulfill the electrical and magnetic characteris-
tics when operated within the Recommended Operating
Conditions (see page 7).

Supply Voltage Below 3.8 V

Typically, the sensors operate with supply voltages
above 3 V, however, below 3.8 V some characteristics
may be outside the specification.

Note: The functionality of the sensor below 3.8 V has not
been tested. For special test conditions, please contact
Micronas.

5.3. Start-up Behavior

Due to the active offset compensation, the sensors have
an initialization time (enable time ten(o)) after applying
the supply voltage. The parameter ten(o) is specified in
the Electrical Characteristics (see page 8).

During the initialization time, the output state is not de-
fined and the output can toggle. After ten(o), the output
will be low if the applied magnetic field B is above Bop.
The output will be high if B is below Borr In case of sen-
sors with an inverted switching behavior (HAL516 ...
HAL518), the output state will be high if B> Borr and low
if B < Bon-

For magnetic fields between Borr and Boy, the output
state of the HAL sensor after applying Vpp will be either
low or high. In order to achieve a well-defined output
state, the applied magnetic field must be above Bonmax
respectively, below Borrmin-

5.4. EMC and ESD

For applications with disturbances on the supply line or
radiated disturbances, a series resistor and a capacitor
are recommended (see figures 5-1). The series resistor
and the capacitor should be placed as closely as pos-
sible to the HAL sensor.

Applications with this arrangement passed the EMC
tests according to the product standards DIN 40839.

Note: The international standard ISO 7637 is similar to
the used product standard DIN 40839.

Please contact Micronas for the detailed investigation
reports with the EMC and ESD results.

Fig. 5-1: Test circuit for EMC investigations

WARNING:

DO NOT USE THESE SENSORS IN LIFE-
SUPPORTING SYSTEMS, AVIATION, AND
AEROSPACE APPLICATIONS!

a0
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'============================================================================

'

' FILE:       GlobalModule.BAS

'

' PURPOSE:    Global declarations for VB example using Com6srvr.exe

'

' COPYRIGHT:  Copyright(c) 1992-2000, All Rights Reserved

'             Parker Hannifin Corporation

'             Compumotor Corporation

'             5500 Business Park Drive

'             Rohnert Park, California 94928

'             Applications Engineering:  (800)358-9070

'

' DISCLAIMER: THIS SOFTWARE IS PROVIDED FREE OF CHARGE AND WITHOUT

'             WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED.  IN NO

'             EVENT WILL PARKER HANNIFIN CORPORATION BE LIABLE FOR ANY

'             DAMAGES, INCLUDING ANY LOST PROFITS, LOST SAVINGS, OR OTHER

'             INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE

'             OR INABILITY TO USE THIS SOFTWARE.

'

' NOTE:       Additional information regarding the Com6srvr.exe driver is

'             avaliable in the readme.txt file in the Com6srvr directory.

'

'============================================================================

Option Explicit

'------------------------------------------------------------------------------------------------------------------------------------------

' Faststatus Information Data Structure

'------------------------------------------------------------------------------------------------------------------------------------------

Type FastStatusInfo

    UpdateID As Integer               ' Reserved for internal use

    Counter As Integer                ' time frame counter (2ms per count)

    MotorPos(1 To 8) As Long          ' commanded position (counts)

    EncoderPos(1 To 8) As Long        ' actual position (counts)

    MotorVel(1 To 8) As Long          ' commanded velocity (counts/sec)

    AxisStatus(1 To 8) As Long        ' axis status (TAS)

    SysStatus As Long                 ' system status (TSS)

    ErrorStatus As Long               ' user status (TER)

    UserStatus As Long                ' user status (TUS)

    Timer As Long                     ' timer value (TIM - milliseconds)

    Limits As Long                    ' limit status (TLIM)

    ProgIn(0 To 5) As Long            ' programmable input status (TIN)

    ProgOut(0 To 3) As Long           ' programmable output status (TOUT)

    Triggers As Long                  ' trigger interrupt status (TTRIG)

    Analog(1 To 2) As Integer         ' lo-res analog input voltage (TANV)

    VarB(1 To 10) As Long             'VARB1 - VARB10

    VarI(1 To 10) As Long             'VARI1 - VARI10

    Reserved As Long                  'Reserved for internal use

    CmdCount As Long                  'Command Count (from communications port)

End Type

'------------------------------------------------------------------------------------------------------------------------------------------

' Win API Function declarations

'------------------------------------------------------------------------------------------------------------------------------------------

Public Declare Sub CopyMemory Lib "Kernel32" Alias "RtlMoveMemory" (destination As Any, source As Any, ByVal numbytes As Long)

'------------------------------------------------------------------------------------------------------------------------------------------

' Global variables

'------------------------------------------------------------------------------------------------------------------------------------------

Global c6k As Object            ' comm server object (RS232 or Ethernet)

Global fsinfo As FastStatusInfo 'fast status information

Global connected As Boolean     ' flag to indicate connection state - could also use the state of timer1.enabled for this

Global FltList(12) As String

Global FltPos As Integer

Global FocusPos As Integer

Global CorrPos As Integer

Global CorrMin As Integer

Global CorrMax As Integer

Global FocusMin As Integer

Global FocusMax As Integer

'updated 08/01/03

Option Explicit

Dim i As Integer

Dim FiltPos As Single       ' FiltPos is the integer position of current filter and is globally defined

Dim NewPos As Single        ' NewPos is the integer position of where we go

Dim NewFilt As String

'Dim FltPos As Single

Dim FiltFree As Integer

Dim FiltStps As Single

Private Sub Lites()

    If CStr(fsinfo.ProgIn(0)) = 0 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbRed

    If CStr(fsinfo.ProgIn(0)) = 2 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbGreen

    If CStr(fsinfo.ProgIn(0)) = 4 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbGreen: FiltMag4.BackColor = vbRed

    If CStr(fsinfo.ProgIn(0)) = 6 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbGreen: FiltMag4.BackColor = vbGreen

    If CStr(fsinfo.ProgIn(0)) = 8 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbGreen: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbRed

    If CStr(fsinfo.ProgIn(0)) = 10 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbGreen: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbGreen

    If CStr(fsinfo.ProgIn(0)) = 12 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbGreen: FiltMag3.BackColor = vbGreen: FiltMag4.BackColor = vbRed

    If CStr(fsinfo.ProgIn(0)) = 14 Then FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbGreen: FiltMag3.BackColor = vbGreen: FiltMag4.BackColor = vbGreen

    If CStr(fsinfo.ProgIn(0)) = 16 Then FiltMag1.BackColor = vbGreen: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbRed

    If CStr(fsinfo.ProgIn(0)) = 18 Then FiltMag1.BackColor = vbGreen: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbGreen

    If CStr(fsinfo.ProgIn(0)) = 20 Then FiltMag1.BackColor = vbGreen: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbGreen: FiltMag4.BackColor = vbRed

    If CStr(fsinfo.ProgIn(0)) = 22 Then FiltMag1.BackColor = vbGreen: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbGreen: FiltMag4.BackColor = vbGreen

    If CStr(fsinfo.ProgIn(0)) = 24 Then FiltMag1.BackColor = vbGreen: FiltMag2.BackColor = vbGreen: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbRed

End Sub

Private Sub cmdConnect_Click()

  Dim iConnectStatus As Integer

  Dim cmdrtn As Long

  Dim sIpAddr As String

  sIpAddr = txtIpAddr.Text  ' Get the IP address ' Warning! -- No validation of Ip address format done here

  On Error GoTo err_connect_handler

  If Not connected Then  ' If a connection has not been established make one

    Set c6k = CreateObject("COM6SRVR.NET")  ' Create the Com6srvr

    iConnectStatus = c6k.Connect(sIpAddr)  ' Connect to the 6k

        ' Connect method returns positive number if successful

        ' if negative number returned connect attempt was unsuccessful

    If iConnectStatus > 0 Then

      connected = True                  'set connected flag to true

      c6k.FSUpdateRate = 100            'set fast status update rate to 100ms

      c6k.FSEnabled = True              'enable fast status polling

      shpTrafficLight.FillColor = vbGreen

    Else

      connected = False           'set connected flag to false

      Set c6k = Nothing           ' Destroy Com6srvr object

      MsgBox "Connection attempt failed..." & CStr(iConnectStatus), 0, "Status"

    End If

  End If

  Wait (3)

  Call FiltRead_Click

  Exit Sub  ' exit sub now don't go into error handler

err_connect_handler:

  Call Disconnect

End Sub

Private Sub cmdDisconnect_Click()  ' Call the disconnect procedure to disconnect

  Open "c:\FiltPos.txt" For Output As #1

        Write #1, FiltPos

    Close #1

    Call SolEng_Click

    Call Disconnect

End Sub

Private Sub Command1_Click()

    Dim Temp() As Byte

    If connected Then

        Temp = c6k.FastStatus

    Call CopyMemory(fsinfo, Temp(0), 280)

    Text3.Text = fsinfo.ProgIn(0)

    Text2.Text = dec2bin(fsinfo.ProgIn(0))

    Picture1.Print fsinfo.ProgIn(0)

    End If

End Sub

Public Function dec2bin(mynum As Variant) As String

    Dim Loopcounter As Integer

    If mynum >= 2 ^ 31 Then

        dec2bin = "Too Big"

        Exit Function

        End If

    Do

        If (mynum And 2 ^ Loopcounter) = 2 ^ Loopcounter Then

            dec2bin = "1" & dec2bin

            Else

            dec2bin = "0" & dec2bin

            End If

    Loopcounter = Loopcounter + 1

    Loop Until 2 ^ Loopcounter > mynum

End Function

Private Sub FiltJogM_Click()

Call SolDis_Click

'Dim FiltStps As Single

c6k.Write "D,,-5:"

c6k.Write "GO001:"

FiltStps = FiltStps - 5

FiltSteps.Text = FiltStps

Wait (2)

Call SolEng_Click

Call FiltRead_Click

End Sub

Private Sub FiltJogP_Click()

Call SolDis_Click

'Dim FiltStps As Single

c6k.Write "D,,5:"

c6k.Write "GO001:"

FiltStps = FiltStps + 5

FiltSteps.Text = FiltStps

Wait (2)

Call SolEng_Click

Call FiltRead_Click

End Sub

Private Sub Initialize_Click()

  Dim sResponse As String

  If connected Then

    c6k.Write "TREV:"  ' Send the 6K TREV command ' Note -- Colon character is delimiter

    c6k.Write "DRIVE0000:"

    c6k.Write "AXSDEF0000:"

    c6k.Write "LH0,0,0,0:"

    c6k.Write "DRFLVL0:"

    c6k.Write "DRFEN1:"

    c6k.Write "DRIVE1110:"

    c6k.Write "MC0,0,0:"

    c6k.Write "SCALE1:"

    c6k.Write "SCLD1,1,1:"

    c6k.Write "SCLV1,1,1:"

    c6k.Write "SCLA1,1,1:"

    c6k.Write "A50,50,100:"

    c6k.Write "V100,100,300:"

  End If

End Sub

Private Sub CorrMinus_Click()

    If CorrPos - 50 >= CorrMin Then

        c6k.Write "D,-50:"

        c6k.Write "GO01:"

        CorrPos = CorrPos - 50

        Corrector.Text = CStr(CorrPos)

    Else

        MsgBox "Minimum Corrector Position Exceeded!"

    End If

End Sub

Private Sub CorrPlus_Click()

    If CorrPos + 50 <= CorrMax Then

        c6k.Write "D,50:"

        c6k.Write "GO01:"

        CorrPos = CorrPos + 50

        Corrector.Text = CStr(CorrPos)

    Else

        MsgBox "Maximum Corrector Position Exceeded!"

    End If

End Sub

Public Sub FilterGo_Click()

Call SolDis_Click

If FiltFree = 1 Then

    Dim i As Integer

    Dim Change As Single    ' Change is the number of filter positions we need to move

    Dim Command As String   ' Command is the command string to be sent to the c6k

    Dim StrSteps As String

    Dim ScaleFact As Integer

    Dim Steps As Integer

'    ScaleFact = 334.3            ' Set the scale factor of # of steps/ filter pos.

    ScaleFact = 332.5            ' Set the scale factor of # of steps/ filter pos.

    NewFilt = Filter.Text    ' Read the filter name from the filter combo box

    For i = 1 To 12

            If NewFilt = FltList(i) Then

             NewPos = i

            End If

    Next i

    Change = NewPos - FiltPos       ' Compute the offset in filter units

    Steps = ScaleFact * Change      ' Compute the number of steps using an optional scale factor

    StrSteps = CStr(Steps)          ' Convert the number of steps to a string

    Command = "D,," + StrSteps + ":"

    c6k.Write Command               ' Issue the command to the c6k

    c6k.Write "GO001:"              ' Issue the command to the c6k

    FiltPos = NewPos                ' Update the current filter position

    Open "c:\FiltPos.txt" For Output As #1

        Write #1, FiltPos

    Close #1

Else: MsgBox "Unlock Filter Wheel!"  'remove?

End If

Wait (3 * Abs(Change))

    Call SolEng_Click

Wait (2)

    Call FiltRead_Click

End Sub

Private Sub FiltRead_Click()

  Dim Temp() As Byte            'create temporary byte array

  If connected Then             'Copy the c6k>FastStatus packet into a byte array

        Temp = c6k.FastStatus                   'get fast status information

                                'Use CopyMemory to map the byte array into the fsinfo structure

    Call CopyMemory(fsinfo, Temp(0), 280)       'copy byte array into structure

    FiltNumb.Text = ""

    Text1.Text = CStr(fsinfo.ProgIn(0))

    FiltNumb.Text = FiltNumb.Text & CStr(fsinfo.ProgIn(0))

    If CStr(fsinfo.ProgIn(0)) = 0 Then FiltPos = 0

    If CStr(fsinfo.ProgIn(0)) = 2 Then FiltPos = 1

    If CStr(fsinfo.ProgIn(0)) = 4 Then FiltPos = 2

    If CStr(fsinfo.ProgIn(0)) = 6 Then FiltPos = 3

    If CStr(fsinfo.ProgIn(0)) = 8 Then FiltPos = 4

    If CStr(fsinfo.ProgIn(0)) = 10 Then FiltPos = 5

    If CStr(fsinfo.ProgIn(0)) = 12 Then FiltPos = 6

    If CStr(fsinfo.ProgIn(0)) = 14 Then FiltPos = 7

    If CStr(fsinfo.ProgIn(0)) = 16 Then FiltPos = 8

    If CStr(fsinfo.ProgIn(0)) = 18 Then FiltPos = 9

    If CStr(fsinfo.ProgIn(0)) = 20 Then FiltPos = 10

    If CStr(fsinfo.ProgIn(0)) = 22 Then FiltPos = 11

    If CStr(fsinfo.ProgIn(0)) = 24 Then FiltPos = 12

        'If FltPos = FiltPos Then

        If FiltPos > 0 Then

            NewFilt = FltList(FiltPos)

            FiltNumb.Text = FiltPos & "  " & NewFilt

            Filter.Text = NewFilt

            Call Lites

        Else: Call Lites2

            'MsgBox "Initialize Filter Wheel!"

    End If

  End If

    Open "c:\FiltPos.txt" For Output As #1

        Write #1, FiltPos

    Close #1

End Sub

Private Sub FocusMinus_Click()

    If FocusPos - 50 >= FocusMin Then

        c6k.Write "D-100:"

        c6k.Write "GO1:"

        FocusPos = FocusPos - 50

        Focus.Text = CStr(FocusPos)

    Else

        MsgBox "Minimum Focus Position Exceeded!"

    End If

End Sub

Private Sub FocusPlus_Click()

    If FocusPos + 50 <= FocusMax Then

        c6k.Write "D100:"

        c6k.Write "GO1:"

        FocusPos = FocusPos + 50

        Focus.Text = CStr(FocusPos)

    Else

        MsgBox "Maximum Focus Position Exceeded!"

    End If

End Sub

Private Sub Form_Load()

    connected = False       ' When the form loads (Application starts) we're not connected to 6K

    'FltPos = 1             ' Initialize the filter at position #1 at startup

    Open "C:\FiltPos.txt" For Input As #1

        Input #1, FiltPos

        Close #1

    Open "C:\Filters.txt" For Input As #1   ' Read the filter list file and store in the FltList Array

    Dim j As Integer

    For j = 1 To 12

        Input #1, FltList(j)

        Filter.AddItem FltList(j)

    Next j

    Close #1

    Filter.ListIndex = 0

   FocusPos = 0                 ' Initialize the focus and corrector positions at 0

   Focus.Text = CStr(FocusPos)

   CorrPos = 0                  ' Initialize the focus and corrector positions at 0

   Corrector.Text = CStr(CorrPos)

                                ' Seup Corrector and Focus Limits

   CorrMin = -10000

   CorrMax = 10000

   FocusMin = -10000

   FocusMax = 10000

   FiltFree = 0

    Locked.Visible = True

    Unlocked.Visible = False

End Sub

Private Sub Form_Unload(Cancel As Integer)

    Open "c:\FiltPos.txt" For Output As #1

        Write #1, FiltPos

    Close #1

    Call Disconnect

End Sub

Public Sub Disconnect()

  shpTrafficLight.FillColor = vbRed

    'Call SolEng_Click?

    ' If connected stop fast status update by 6k

  If connected Then

    c6k.FSEnabled = False

  End If

    ' reset the global connected flag

  connected = False

    ' Destroy com6srvr object

  Set c6k = Nothing

End Sub

Private Sub InitWhl_Click()

Call FiltRead_Click

    Dim Command As String

    Dim StrSteps As String

    Dim Steps As Single

    Dim x As Integer

    Dim y As Single

    Dim z As Single

    y = 5

    'y = 37.5

    z = 0

        Open "c:\FiltPos.txt" For Input As #1

            Input #1, FiltPos

        Close #1

                If 1 <= FiltPos < 12 Then

                        x = 1

                   Else: x = -1

                End If

    If CStr(fsinfo.ProgIn(0)) > 0 Then

    Call FiltRead_Click

    Else

    Call SolDis_Click

            If FiltFree = 1 Then

            Do

                Steps = x * (y + z)         ' Compute the number of steps using an optional scale factor

                StrSteps = CStr(Steps)      ' Convert the number of steps to a string

                Command = "D,," + StrSteps + ":"

                c6k.Write Command           ' Issue the command to the c6k

                c6k.Write "GO001:"          ' Issue the command to the c6k

                z = (z + y)

                x = (-1 * x)

                Wait (4)

                Call FiltRead_Click

            Loop While CStr(fsinfo.ProgIn(0)) = 0

            End If

         End If

    'Else: MsgBox "Unlock FilterWheel"  'remove?

    Open "c:\FiltPos.txt" For Output As #1

        Write #1, FiltPos

    Close #1

    Call SolEng_Click

End Sub

Private Sub SolDis_Click()

        'Disengage Solenoid

        '*Change from 4 to 8 for 6k8 on mountain*??

    c6k.Write "OUT.4-1:"

    Solenoid.FillColor = vbGreen

    Locked.Visible = False

    Unlocked.Visible = True

    FiltFree = 1

End Sub

Private Sub SolEng_Click()

        'Engage Solenoid

        '*Change from 4 to 8 for 6k8 on mountain*??

    c6k.Write "OUT.4-0:"

    Solenoid.FillColor = vbRed

    Locked.Visible = True

    Unlocked.Visible = False

    FiltFree = 0

End Sub

Private Sub Lites2()

    FiltMag1.BackColor = vbRed: FiltMag2.BackColor = vbRed: FiltMag3.BackColor = vbRed: FiltMag4.BackColor = vbRed

End Sub

Sub Wait(ByVal s As Integer)

    Dim t As Double

    t = Now() + s / 86400#

    While t > Now()

    DoEvents

    Wend

End Sub
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