creative conners, inc.

Stagehand Apprentice
Reference Manual

Version 1.0.4

Copyright © 2018, Creative Conners, inc






TABLE OF CONTENTS

1= GETTING STARTED ......coitiiietinententnnteneentestestesstessesssessesssessessssssssssssssssssssasssssssssssssssssasssessasssans 1
WHAT’S IN THE BOX7...o.ouiiiiiiciciiiesct sttt a s s s sa s aes 1
STAGEHAND APPRENTICE OVERVIEW......cvuiiiuiiciiieiicteis ittt ssas s ssss s ss s ss s sae s snssassnes 1
INSTALLING THE STAGEHAND .....outiititetictite ettt sesaes 4

STANDALONE ..ottt st 4
RACK MOUNT ..ottt sttt 4
MAKING THE CONNECTIONS .....coiuitirtiietintnise sttt s s naes 5
HOOKING UP POWER.......coooeuiuiietiieiieisias st s 5
HOOKING UP THE E-STOP ...ttt 6
HOOKING UP AND CONFIGURING THE NETWORK CONNECTION........coovvvuniririuniniinninsssssssssssssssssssssssssassassnsans 6
HOOKING UP A MOTORIZED EFFECT ....ouvuiiiieiietisesctsise s ssss s sss s s s s ssas s sssssnes 7
SIGNAL CONNECTION ...ouurvieviiriicsiasiisi st a e ae e 7
MOTOR AND BRAKE CONNECTION.......cvuvvieuriurieuniansssssssssas s sssssss s ssssssssssssssssssssssssssasssssssassassssassassssassassans 10

2 — USING THE STAGEHAND.........utiiietintintinnttintinteeneensessseessesssessssesssessssssssessssssssssssessssssssssssenns 10
MANUAL OPERATION ...ovuiuiiiiiiitiscieisiets ettt ss et b b a s s b a bbbt st sas st e s enanae 10
COMPUTER CONTROL WITH SPIKEMARK .....coviuriiniiniinntsiiini it sssssss st sas s s sss s s s s sssassssssaens 1
PERSISTENT POSITION ..ottt st 12
ADJUSTING VFD PARAMETERS .....ovuriiiiitiniintiinieieie ettt s s st sa s 12

ADJUSTMENTS FROM THE KEYPAD ......cocvvvuiueiinniiiiciniissisisssissisas s ss s s sssas s sssassssssassssassssssassssssssans 13
DEFAULT MITSUBISHI DRIVE PARAMETERS.......coucuiuiuciiiniicinisiieisisissisassiss s ssassss s ssssssssssssssssssssnns 14
VIFD AUTO-TUNING......o.ovuriineieiiicteisteietcts ittt et s aes 16

AUTO-TUNING PROCEDURE:.......oetiuriinrtiinniicse sttt ss s ssss s s s s st st s e s sanaes 18

3- TROUBLESHOOTING.........coitirtitintintintenentinesntenesssessessssssesssessesssessessasssssssssssssssssssssssssssssssassssns 19
MOST COMMON ISSUES ....ouvuiiriiiiieiiie st scss st sca st n s 19
TECHNICAL SUPPORT .....ocviitiictet ettt ssas st s sa s s s a sttt naes 21

PHONE ..ottt s bbb 21
EMAIL. oottt 21
WEB. ...ttt R 21

4 — SPECIFICATIONS ......cocotietiinttenttenttententesntesntessteesssesssesssssssssssssssssessssssssssssessassssssssssssasssssessasssaens 22
PHYSICAL SPECIFICATIONS .....ouvtiirtiititctcie ittt s s st sas e 22
ELECTRICAL SPECIFICATIONS ......ouitiitiicictetictcie ettt st ss s sa s 23

THP, SINGLE PHASE ..ottt ettt 23
SHP, THREE PHASE ......ooovieuierieieiie ettt s s 23
STAGEHAND APPRENTICE OVERVIEW DRAWINGS ........cuoiiiriiiiiiiiiiciicii ittt sassssnenes 24
STAGEHAND APPRENTICE WIRING DIAGRAM ......ovuiiiiiiiiciicicteci it 26
120VAC, SINGLE PHASE INPUT, THP QUTPUT ......cocuiiiriicteiiieiicie ittt sasaes 26

208VAC, THREE PHASE INPUT, 5HP QUTPUT ...ccueeveieieieieiecieieiestesissesssssssesesssssssssssessssessessssessessssessessssenseses 27






Stagehand Apprentice Reference Manual
Rev 1.0.4

1 — Getting Started

Congratulations on your purchase of the Stagehand Apprentice motion controller from
Creative Conners, Inc. The Stagehand Apprentice brings the excitement of automation to
theatres of all sizes. Combining the motion controller and motor drive into a compact
package, The Stagehand Apprentice eliminates the clutter and complexity of other
automation systems.

This manual will direct you through:

1. Unpacking
2. Installation and testing
3. Setup and Operational procedures

If you need help along the way contact us by email (support@creativeconners.com), online
(www.creativeconners.com) or by phone (401-289-2942).

What s in the box?

Inside the box you should find:

Quick Start Guide

Stagehand Apprentice motion controller

Rack ears with bolts

Mitsubishi D700 instruction manual on CD

If you purchased a 120VAC Stagehand Apprentice you will also have a cable mount
Powercon True 1 connector

SR NEAINEES

If any of these items are missing or damaged, please contact us immediately for a
replacement.

If you purchased any accessories (cables, adapters or hardware), those items are packaged
separately.

Stagehand Apprentice Overview
The Stagehand Apprentice performs two major functions: Motion control and power
amplification. This means that Stagehand can:

1. Track the position and control the speed, acceleration and deceleration of a motor
that is equipped with a compatible encoder.

2. Supply the necessary 3 phase power necessary to move the motor.

3. Stop motion when a limit switch is triggered.
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Typically, these functions have been divided between several pieces of equipment, but the
Stagehand packs all this functionality into one compact and convenient box.

After unpacking the Stagehand Apprentice, take a moment to familiarize yourself with its
various connections, buttons and features. (Figure 1 shows the 5HP model)

Figure 1— Stagehand Features

1. Stagehand Motion Controller — The brains of the controller are located here.
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Momentary Limit Override buttons — When pressed, the Stagehand will temporarily
override the FWD or REV limits. This feature is intended to be used when manually
jogging the motor.
Forward and Reverse Manual Jog Buttons — When pressed the Stagehand will
switch to manual operation, allowing jogging in forward or reverse.
OLED Display — The OLED display shows information about the Stagehand’s status.
When idle, it shows the current IP address and the network connection status to the
PC running Spikemark.
Multi-function Jog Wheel — The Jog Wheel has two functions:
a. If either the FWD or REV jog buttons are pressed, the knob functions as a
speed dial.
b. Clicking the wheel (it’s also a button) allows the user to set the IP Address.
Sensor input — This includes the encoder and both the Forward and Reverse limits
a. Encoder supply voltage is 12VDC, and receives position information from an
incremental quadrature, line driver encoder.
b. Both FWD and REV limits should be wired as normally closed (N.C.)
Ethernet — The Ethernet receptacle accepts both the rugged Ethercon connectors as
well as standard RJ45 connectors. The Stagehand Apprentice uses Ethernet to
communicate with the PC running Spikemark software.
Showstopper Input — The E-Stop (Emergency Stop) receptacle is a 5-pin XLR
connector (a.k.a. standard DMX cable). The E-Stop signal (24VDC) is provided by the
Showstopper 3 Base. If the signal is present, the Stagehand is free to move, when
the signal is interrupted all motion will stop.
Mains Power — This is the power input from the distribution panel, the connector
varies based on the maximum capacity of the Stagehand
a. 1THP versions utilize a Powercon Truel (single-phase, 120V, 20A) connector
b. 5HP version utilize the familiar L15-30M connector
Motor and Brake Output — Both the brake and motor output is bundled in the single
industrial connector.
a. 1HP Version
i. Motor output: 3-phase, 230VAC, 15A
ii. Brake output: Single phase, 120VAC
b. 5HP Version
i. Motor output: 3-phase, 230VAC, 30A
ii. Brake output: 208/230VAC
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Installing the Stagehand

The Stagehand Apprentice ships from the factory with top handles and rubber feet installed,
making it a snap to setup on any flat surface. The Stagehand Apprentice also includes Rack
Ears if you prefer to rack the unit. No matter the mounting method, the Stagehand
Apprentice should always be oriented horizontally.

Standalone

Out of the box, the Stagehand is ready to go: simply place the Stagehand on its feet, on a
level surface. The integrated top handles make it easy to move and the rubber feet keep it
planted firmly on the horizontal surface.

Rack Mount

Regquired Tools
Before beginning any work assemble the following tools:

e 3/16” Hex Top handle scews %-20 SHCS
e 9/64” Hex Case and Rack Bracket screws 8-32 SHCS
e 5/32” Hex Rubber Feet 10-32 SHCS

If you prefer to rack up your Stagehands all you need to do is install the included rack ears
and install the Stagehand in a rack. The Stagehand must remain horizontal when in use, to
maintain proper heat ventilation.

To rack mount the Stagehand Apprentice:

e Remove the four SHCS holding the two plastic handles on the top of the Stagehand

Figure 2 — Top handle removal for rack mounting
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e Remove the four SHCS and rubber feet from the bottom of the Stagehand

Figure 3 — Rubber Foot removal for rack mounting

e Install the rack ears on each side of the Stagehand with the included hardware, 3x
SHCS per side.

Figure 4 — Installation of Rack Ears

e Secure the Stagehand in an equipment rack, keeping it horizontal

Making the Connections
Thanks to the introduction of the industrial locking connectors we have reduced the number
of cable connections on the Stagehand from eight to five.

Hooking up power

With either configuration, making the power connection is simple and secure. Both the
120VAC single-phase Powercon and the 208VAC 3-phase L15-30 are locking connectors.
Simply align the nub on the Powercon connector or the tab on the L15-30, insert the
connector and turn.
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Figure 5 — Stagehand Apprentice Power Connections

Once power is connected and turned on, the OLED display will light up and show a rolling
list of faults as well as an IP address. The faults will cycle through EMERGENCY STOP,
DRIVE FAULT, BRAKE FAULT, FWD LIMIT, REV LIMIT and will clear once the E-Stop is
connected and released.

DRIVE FAULTeshaor | EMERGEMCY STOP#k

FID LIMIToboobetn: | REU LIMITookotobosk | BRAKE FALL Toeskototok
192.168.108. 166+ | 192.169. 160, 168+

192,162, 1688, 1868+ (192,162, 1684, 188+ 192. 168, 188, 186:+

Figure 6 — Stagehand Rolling Fault Screens

Hooking up the E-Stop

The Emergency Stop circuit is powered through standard DMX cable (a.k.a 5-pin XLR). The
E-Stop cable needs to plug directly from a Showstopper Base or Hub into the Stagehand.
Be sure to engage the Showstopper mushroom button prior to plugging in the E-Stop cable.

Figure 7 — E-Stop Wiring

Hooking Up and Configuring the Network Connection

The Stagehand Apprentice connects to the PC running Spikemark software through a
network switch and the Stagehand Network. The Stagehand Apprentice Ethernet
connector accepts both Neutrik Ethercon and standard RJ45 connectors.
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Each Stagehand requires a unique IP Address to communicate with Spikemark. To set the
IP Address, press the Jog Wheel.

Figure 8 — Set IP Address Screen

Use the jog wheel to scroll to the part of the IP address to change and click the wheel. Turn
the jog wheel until the desired number is showing, set it by pressing the jog wheel. All
Stagehand and Showstopper devices ship from the factory with a default IP Address in the
range of 192.168.10.xxx. Feel free to set the IP Addresses to any range which works for you,
as long as each IP Address is in the same range. Once the IP address is set, scroll to “OK”
and click the wheel, the IP Address is now set.

Stagehand Firmware REV45 also allows you to set the Subnet Address. To unlock the
subnet menu simply press and hold the jog wheel until the display shows the Set Subnet
screen. The default subnet of 255.255.255.0 should suffice for almost everyone, though if
you are integrating the Stagehand and Spikemark with show control systems you may need
to adjust the Subnet.

(SUBNET :0K CANCEL
255.255.255.0

Figure 9 — Set Subnet Address Screen

Hooking up a motorized effect

Now that you have the input power, network and E-Stop connected it’s time to hook up your
machine. One of the space-saving decisions includes the introduction of Industrial
Rectangular Connectors on the Stagehand Apprentice. The Motor and Brake cable are
specific to the Stagehand Apprentice, though the Signal Cable is shared between the
Apprentice and Pro lines

Signal Connection

Connecting the Encoder, Forward/Reverse/Ultimate! limits is accomplished through a single
locking connector (IRC - 44mm X 27mm (6B) 24P 10A). This is the same connector and
pinout we use with the Stagehand Pro Signal cables. Compatible connectors are available

' The Stagehand Apprentice can support an Ultimate limit circuit, though it is jumped
internally from the factory. If you would like to include the ultimate limit circuit in your
system, please contact support@creativeconners.com. We will be happy to walk you
through the process of removing the internal jumpers.

Page | 7



Stagehand Apprentice Reference Manual
Rev 1.0.4

from a variety of suppliers. No matter the motor capacity of your Apprentice, the signal
wiring is the same.

All limit switch signals require Normally Closed (N.C.) switches. The Stagehand sources
12vdc on a pin of each limit circuit and expects to sense a 12vdc signal returned on the
other pin when the limit is not activated. If the limit is either activated, or disconnected, or a
wire breaks, the 12vdc return signal is lifted and the Stagehand will enter a limit fault
condition and disallow motion.

The limit switch inputs are used to protect against the motor traveling too far in a direction
and causing damage or injury. When running in a cue, this is one of the safety features that
guards against encoder failure. When jogging manually, this keeps you from accidentally
traveling too far.

The encoder signal uses differential line receivers which employ a balanced signal
transmitted over twisted-pair wires to drastically reduce electrical interference and thus
reduce the opportunity for inaccurate encoder data. Encoders connected to the Stagehand
must be equipped with differential line drivers to be compatible. Encoders are powered at
12vdc, please confirm your encoder is 12vdc compliant.

ULTIMATE LIMIT* REV +12VDC
ULT +12VDC \ [ REVLIMIT
ot 401
FWD LIMIT —— | NI
FWD +12VDC 05 Oy O sol
09 k%bigflzov
N s
-o13 O Y0 1601
@

POSITION ENCODER /A

.
021 g & g 240 ~— POSITION ENCODER A
P .
POSITION ENCODER B — j S COM
POSITION ENCODER /B — +12VDC

Figure 10 — Stagehand Apprentice Signal Connector

Let’s start with the limit signals:
e Reverse Limit — a Normally Closed (N.C.) switch can be wired to this pair of terminals.
If the switch is activated, the Stagehand will not allow further motion in the reverse
direction until the limit is cleared either by adjusting the switch mechanically or by
moving in the forward direction far enough to clear the limit switch.
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e Forward Limit — a Normally Closed (N.C.) switch can be wired to this pair of terminals.
If the switch is activated, the Stagehand will not allow further motion in the forward
direction until the limit is cleared either by adjusting the switch mechanically or by
moving in the reverse direction far enough to clear the limit switch.

Since the Stagehand provides three (3) separate pins that all source 12vdc, (pins 1, 3 & 5)
one for each limit signal, you can reduce the wiring in your machine to four (4) wires by
using just one of the 12vdc source pins and three (3) wires for the three limit return signals.
Sometimes it is more convenient to wire a pair of conductors for each switch, other times it
may be better to reduce the number of conductors by sharing a common voltage source.
Both options are shown below:

—
01 0O O 4
o~ ™
05 0, 4O 80 05 O
2l 2 3 0% Y, 2l 21 8] Bl | v o
5wl | L L 09 O 12¢ L ® ® @ T ‘ -
%l gj\ gj\ gg{ 75 W “;.’K EX g E¥< 0¢ O, 0 120
= = [0} = = o ~ s .
@ 2 - | L Q13 O ) 160 ¥ | =) = s L 1013 O 2 160
@ % 2 7
HJo17 o ‘o 200 - HJo17 o ‘o 200
368 6
021 O O O 240 —+021 24 O
A L
Shared Common Limit Wiring Discrete Common Limit Wiring

Figure 11— Typical Limit Wiring Schemes

Now let’s look at the encoder signal.

Although the Stagehand Apprentice shares the signal cable with the Stagehand Pro, there
are a few notable changes. First and foremost, the Stagehand Apprentice outputs 12VDC
to power the Incremental, Quadrature Line Driver encoder. In contrast, the Stagehand Pro
outputs 5VDC. Your position encoder must be 12VDC compliant to work with the
Stagehand Apprentice. Additionally, the Stagehand Apprentice only powers and
detectsfor a position encoder. Lacking a secondary speed encoder, the Stagehand
Apprentice is not suited for closed loop vector control or for overhead lifting.

If you are building your own machine we recommend a PPR of 1024-2500 for a motor side
encoder and anything above 4,000 PPR for the load side. For reference, the dancer wheel
encoder included with the Revolver is a 10,000 PPR model.
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Motor and Brake Connection

Power output for a both the motor and brake have been combined into a single IRC - 44mm
X 27mm (6B) 6P 16A Female socket. As with the signal connectors, the motor and brake
connectors are available from several manufacturers and suppliers. The wiring of the
connector will vary slightly depending on the Stagehand Apprentice Model. For instance,
the 1HP, 120VAC single phase Stagehand Apprentice power cord will output 120VAC on pin
4. While the 5HP, 208VAC three phase Stagehand Apprentice power cord will output
220VAC across pins 5 & 6. Refer to the following diagram for details.

MOTOR V
MOTORU — _— MOTOR W
45 6 —
BRAKELL __ BRAKE L2
(120VAC) BRAKE L1 (220VAC)

(220VAC)

Figure 12 — Motor/Brake Power Connections

2 — Using the Stagehand

Now that all the connections are made, it’s time to Make It Move™! The first time you apply
power to your machine it should be done without a load attached. It can be quite scary if a

multi-ton piece of scenery is yanked around by a misbehaving machine, so make sure to do
your first test run in the shop or on an empty stage without any scenery connected.

Manual Operation
Before you can write complex cues in Spikemark, let’'s make sure the machine runs fine
when jogging it manually using the buttons and knobs on the face of the Stagehand.

e Release the Emergency Stop button on your Showstopper

e Confirm the Stagehand display is not displaying “SET IP” or “SET SUBNET”.
0 If so, use the jog wheel to highlight CANCEL and click the wheel

e Press the Forward Button.

e While holding the Forward Button turn the Knob Clockwise slowly.
0 The brake should release and the machine should begin to move.
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0 The Position Encoder counts are displayed on the Status Display. The counts
should be increasing in positive value, if not the motor and encoder are out of
phase and you’ll need to rewire either the motor or encoder. See the
troubleshooting section for more details.

e Gradually rotate the Knob counterclockwise until the machine stops.
e Release the Forward Button.

e Press the Reverse Button.

e While holding the Reverse Button turn the Knob Clockwise slowly.

0 The brake should release and the machine should begin to move.

0 The Position Encoder counts are displayed on the Status Display. The counts
should be decreasing, if not the motor and encoder are out of phase and
you’ll need to rewire either the motor or encoder. See the troubleshooting
section for more details.

If you strike a limit while jogging in the direction of the limit, the Stagehand will immediately
stop the motor. This is a necessary safety feature, though during machine prep and load in
running into the limits can be frustrating — especially when you are certain no accident will
occur. To address this frustration, the Stagehand Apprentice includes forward and reverse
momentary limit override buttons to the left of the OLED display.

To bypass a limit, press and hold either the FWD or REV limit override and continue jogging
the motor. Once the motor has been tested, and functions correctly you will need to set the
physical hard limits before attaching scenery and running the motor in a cue.

If you are using the ultimate limit circuit and you strike it, you must physically clear the limit
switch before restarting motion in either direction. Although the Stagehand Apprentice
supports an ultimate limit circuit, it is jumped internally from the factory. If you would like to
include the ultimate limit circuit in your system, please contact
support@creativeconners.com. We will be happy to walk you through the process of
removing the internal jumpers.

Computer Control with Spikemark

Once all the physical connections are made, IP Addresses are set and you have moved the
motor manually, it’s time to open Spikemark, connect your Stagehand and write a cue.
Adding the Stagehand to Spikemark is as easy as adding the motor (Ctrl-M) and setting the
IP Address in Spikemark to match the one on the Stagehand. Finally, press the CONNECT
button in the Stagehand Properties pane on the right.

Once Spikemark is connected to the Stagehand it will recognize the Stagehand Apprentice.
You will see this information displayed in the Hardware pane on the right-hand side of
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Spikemark. The Stagehand Apprentice can reset a drive fault from within Spikemark. This
feature only works with the Stagehand Apprentice.

From the properties pane, you can set many additional parameters. Refer to the Spikemark
manual for details.

Persistent Position

For those long-time customers, you may notice the beloved battery backup is missing.
Thanks to the release of Persistent Position with Spikemark 3.7.0, the battery backup is no
longer necessary. The encoder position data is now stored in the Stagehand. This means
you no longer need to worry about powering down your Stagehand and losing your current
position. Your Stagehand now remembers the last position stored, no matter if that was
from last night or last month. Feel free to turn that company switch off every night!

Adjusting VFD parameters

Another item missing from this Stagehand is the VFD keypad. Unlike the Battery Backup
which was removed completely the keypad is still there, it is just located inside the
Stagehand.

SAFETY NOTE

When setting parameters from the keypad the Stagehand will be
energized and line voltage will be present.

To access the VFD keypad you will need to remove the top cover of the Stagehand and you
will see it located on the VFD. See below for the location of the seven SHCS that need to
be removed.
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Figure 13 — VFD Access

Adjustments from the keypad

Once you have the cover off, setting the parameters on the D700 series VFD is a
straightforward process. Press the MODE button until “P.” is displayed. Use the scroll
wheel to find the parameter to change and press the SET button. Make the adjustment with
the wheel and press SET to save the new value. Once all the parameters are set press
MODE until 0.00 is displayed.

The following pages contain a table of the default D700 drive parameters.
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Parameter | Description Value Description
77 Parameter write selection 2 allow parameter writes regardless of
status ***SET THIS ONE FIRST***
1 Maximum Frequency 120Hz max output frequency
7 Acceleration time 0 seconds
8 Deceleration time 0 seconds
9 Motor full load amps 16A/3.7A | 16A for 5Hp; 3.7A for 1Hp
13 Starting frequency 0.5 Motor won'’t start until the speed signal is
at least this value.
30 Regenerative function 1 External brake resistor, L1/L2/L3 power
source
70 Regenerative brake duty 10.00% duty cycle of the braking resistor
71 Motor type 3 Other mfg. standard motor
72 Carrier frequency 15 Reduces output noise
73 Analog input selection 1 Terminal 2 input O to 5V without reversing
79 Control mode 0 Keypad disabled, external control
80 Motor capacity 3.7/0.75 | 3.7 kilowatts for 5Hp; 0.75Kw for 1Hp
83 Motor voltage 230V Motor voltage
84 Motor rated frequency 60Hz Motor rated frequency
117 PU communication station number | 1
118 PU communication speed 48 Value x 100 = comm. speed bps
119 PU communication stop bit length 0 Stop bit =1. Data length =8
120 PU communication parity check 0 Without parity check
121 Number of PU communication 9999 If a communication error occurs, the
retries inverter will not come to trip
122 PU communication check time 9999 No communication check
interval
123 PU communication waiting time 50 Set the waiting time between data
setting transmission to the inverter and the
response
124 PU communication CR/LF selection | O Without CR/LF
125 Terminal 2 frequency setting gain 60Hz ** Max frequency (adjust for overspeed) **
frequency
190 RUN output 199 Fault output (normally closed, opens if
fault)
192 Relay output 0 Running
197 SO terminal 180 Safe Stop output (normally closed, opens
if stopped)
338 Operation Command Source 0
339 Speed Command Source 0
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340 Startup Mode Selection 0
549 Modbus RTU Protocol 1
551 PU Command Source 9999
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VFD Auto-Tuning

The Mitsubishi D700 Variable Frequency Drive (VFD), like many VFDs, has a built-in auto-
tuning procedure which electrically probes the motor to give the VFD a better
understanding of the motor it is tasked with controlling. This procedure should be run every
time you connect the Stagehand to a different motor since different motors have different
electrical properties. The operation typically takes less than a minute and does not move
the motor shaft substantially but will release the motor brake, so the drive can sense the
motor’s reaction to applied power. There are two methods to complete the Auto-Tuning
procedure, from within Spikemark (v 4.0 and up) and from the

Auto-tuning procedure from Spikemark 4.0:
1. Select the correct Stagehand in the Cue Grid
2. Scroll down the Stagehand Properties on the right until the Drive Section
3. Select “Auto-Tune”
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4. The Drive Auto-Tune window will open:

a. The current drive parameters are listed on the left under “Drive Value”
b. Make any changes to the parameters on the right and click “Write
Parameters”

5. Click the red Auto-Tune button
a. The confirmation window opens and if safe to proceed click “Yes”
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6. During the tuning process the status will change to “Tuning Drive”

7. The status will change to “Finished Tuning” once successfully completed:

Auto-tuning procedure from the D700 keypad:
1. Confirm the E-Stop is released
Set parameter 77 to ‘2’ (allow parameter writes regardless of status)
Set parameter 9 to the motor rating (check the connected motor nameplate)
Set parameter 71 to 3 (other mfg. standard motor)
Set parameter 80 to the motor capacity (confirm correct value from the motor
nameplate)
Set parameter 83 to 230V
Set parameter 96 to 11 (offline auto-tuning without moving)
Press the Mode button until the display shows 11 without flashing
Press and hold the FWD jog button on the face of the Stagehand to begin the tuning
process
a. During the tuning process the keypad displays “12”. If it completes
successfully, the keypad will displays “13”.
b. If there was an error, the keypad displays “9”. For more information see the
Mitsubishi D700 series manual starting at page 105.

ok wN

© 0N
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3- Troubleshooting
Most common issues
Problem Solution
When running forward, the encoder The encoder and motor have electrically inverse polarity.
position decreases. When running You need to either change the motor wiring or the

reverse, the encoder position increases encoder wiring.
Re-wire the motor to match the encoder polarity:

e Swap two power legs on the motor by swapping
the wires on Pin 1and Pin 2 inside the motor

plug.
—OR-

Re-wire the position encoder to match the motor
polarity:

e Swap signal A with signal B
e Swap signal /A with signal /B

The OLED status display is dark, butthe = The motion controller may be disconnected internally, to
main power indicator is on. fix it:

e Unplug the power cord from the Stagehand.
Remove the motion controller by loosening the 4
#10 socket head cap screws surrounding the
motion controller.

e Gently pull the faceplate forward to view the
back side of the circuit board behind the
faceplate.

e Check that all terminal blocks are securely
mated onto the circuit board.

Motor runs roughly or makes strange Run the auto-tuning procedure outlined on

noises when jogging manually. page 14.

The FWD LIMIT or REV LIMIT fault e Make sure the Encoder/Limits cable is plugged
messages are displayed on the status into the rear of the Stagehand.

screen and the motor won’t move. e Check the placement of your limit switches, if

either are physically activated, adjust the
placement to clear one or both switches.
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e Check the limit switch wiring, confirm that the
switches are wired Normally Closed (N.C.)

e Use the limit override button to allow you to jog
the machine off the limit

ULT LIMIT fault message is displayed on  One (or both) Ultimate limits are engaged. Check limits
the status screen and clear manually before moving.

If you are not using the ULT limits, call
Creative Conners.

I’m trying to jog or run the motor, but The motion controller is in IP/Subnet Address setting
nothing is happening and the status mode, which happens when the knob is pressed (either
display shows “SET IP” or “SET intentionally or just bumped in passing). Confirm the IP
SUBNET” or Subnet Address is correct and turn the knob until the
cursor is blinking over the word CANCEL and then press
the knob. The motion controller will now be in normal

mode and can operate the motor again.

Drive faults whenever the motor triesto  There are a few reasons why the drive may be faulting:

move. Stagehand displays “DRIVE
FAULT” and the Drive fault icon is e Confirm the drive fault is cleared. Clear a drive

fault by either:
0 Removing mains power for 30 seconds
0 Reset the drive from the Stagehand
menu in Spikemark

showing in Spikemark

e Confirm the brake is releasing by checking
voltage at the motor/brake cable

e Confirm the machine is free to move (no
obstruction in the deck track)

e Open the Apprentice and look up the fault code
in the Mitsubishi manual that is shown on the
VFD keypad.

The motor operates great with the
manual jog controls on the Stagehand
but will not operate from Spikemark

Confirm the Stagehand Apprentice is connected
to the Stagehand Network with a CAT5 cable
Confirm the IP Address and Subnet Address are
set correctly

Confirm the IP Address of the Stagehand
matches in Spikemark

Confirm Spikemark is in LIVE mode

Motor won’t run in cue

Confirm the Stagehand is connected and clear of
any faults
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e Execute the auto-tuning procedure noted on
page 14

e Tune the motor within Spikemark, see the
Spikemark manual for details.

Technical Support

Despite our best efforts and intentions to provide reliable equipment and clear instructions,
there may come a time that you need more direct, personal help. We are happy to do that
too. Please getin touch in whatever way is most convenient.

Phone

You can reach us weekdays from 8:30am — 5:00pm EST at 401-289-2942. If you call
outside of normal business hours (like during tech, or pre-show check, or intermission), one
of us will be on-call. If we do not answer the call immediately don’t despair — we are
diligently checking voicemails and will call back as soon as possible.

Email

Email is a very convenient tool for tech support, whether you are experiencing a tech
stopping issue or if you don’t have a time-critical problem. Emails sent to
support@creativeconners.com are distributed to the entire tech support staff, meaning that
even if one of us is tied up or out of the office, someone will see your email and respond
quickly. If you are encountering an issue with a specific cue in a show, please email the
show file along with the relevant log file from Spikemark with a description of the issue and
ideally a date and time of the incident. We respond within 24 hours, though usually it’s only
a matter of minutes.

Web

Our forum has some cobwebs these days, not too many folks prefer it over the phone or
email, but we still check it religiously every day and answer any questions that come up.
Feel free to check it out here http://creativeconners.com/phpBB3/.
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4 — Specifications
Physical Specifications
Height Width Depth Weight
Stagehand Apprentice | 10-5/8” 14” 13-1/4” 26lbs
With handles and feet
Stagehand Apprentice | 8-3/4” 19”7 13-1/4” 28.5Ibs
With Rack Ears
Shipping Specifications | 14-1/2” 16-3/4” 18-1/4” 35Ibs
} U 14.00In !
i 18.00in /ﬁ. '\ @ ﬂ
- .BEOH T SHE@OH i

Figure 14 — Stagehand Apprentice Overview

=
T i

I 10.00in |
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Flectrical Specifications
THP. Single Phase 5HP, Three Phase
Input Voltage 120VAC, single phase 208VAC, three phase
Max Input Current | 20 amps. 30 amps.

Integrated VFD

Motor Output Voltage
Max Motor Output

Min Motor Output
Minimum Motor Speed
Maximum Motor Speed

Motor Brake Voltage

Motor Brake Output Current
Emergency Stop Input Voltage
Emergency Stop Input Current
Forward Limit Switch Voltage
Forward Limit Switch Current

Forward Limit Switch Contact

Type
Reverse Limit Switch Voltage

Reverse Limit Switch Current
Reverse Limit Switch Contact

Type
Ultimate Limit Switch Voltage

Ultimate Limit Switch Current
Ultimate Limit Switch Contact
Type

Control Input
Position Encoder Input

Encoder Power Supply Voltage
Maximum Encoder Position
Minimum Encoder Position
Maximum Encoder Velocity
Maximum Acceleration

Supply proper branch circuit
protection using UL Class T fuses or
a Listed UL 489 Molded Case
Circuit Breaker (MCCB) with a
maximum allowable rating of 20A.
FR-D710W-042

230VAC 0.2Hz-60Hz
1HP

1/2HP

.5Hz

60Hz

Supply proper branch circuit
protection using UL Class T fuses
or a Listed UL 489 Molded Case
Circuit Breaker (MCCB) with a
maximum allowable rating of 30A.
FR-D720-165

230VAC 0.2Hz-60Hz
5HP

2HP

.5Hz

60Hz

Overspeed motor by adjusting Parameters 125 and 903

120VAC 50/60Hz

10A Max

24VDC

520mA

12VDC

10mA

Normally Closed (N.C.) dry contact

12VDC
10mA
Normally Closed (N.C.) dry contact

12VDC
10mA
Normally Closed (N.C.) dry contact

220VAC 50/60Hz

5A Max

24VDC

520mA

12vDC

10mA

Normally Closed (N.C.) dry contact

12VDC
10mA
Normally Closed (N.C.) dry contact

12vDC
10mA
Normally Closed (N.C.) dry contact

Ultimate limit circuit is bypassed internally. Contact
support@creativeconners.com if Ultimate limits are required.

10Base-T Ethernet

12VDC Quadrature encoder with
differential line driver

12VDC

1,073,741,823 counts
-1,073,741,824 counts

15,999,023 counts/second
15,999,023 counts/second/second

10Base-T Ethernet

12VDC Quadrature encoder with
differential line driver

12VDC

1,073,741,823 counts
-1,073,741,824 counts

15,999,023 counts/second
15,999,023 counts/second/second

Page | 23



8.74in
CLEAR

19.00in -—
-~ 14.00in ———=
(@) ©
@ CONMECTED [a»)
Slg CE==1 O
_ 8.50in
5U
© ©
o (@)
FRONT VIEW
WITH RACK EARS
(@) (@)
I o
Qg =0
QB8
10.50in

e}
W - = - LJ

14.00in -

FRONT VIEW
RACK EARS REMOVED

M

©
©

]
©

PROJECT

Stagehand Apprentice

TITLE

Overview

This drawing is the property of Creative Conners, Inc. Copyright 2017. All rights reserved.

APPROVED SIZE CODE DWG NO REV
CHECKED B
DRAWN  Mike Wade 9/9/2017|SCALE 1-1/7" = I-0"|WEIGHT SHEET 1 /2



AutoCAD SHX Text
PROJECT

AutoCAD SHX Text
TITLE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
WEIGHT

AutoCAD SHX Text
SHEET

AutoCAD SHX Text
DWG NO

AutoCAD SHX Text
REV

AutoCAD SHX Text
CODE

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
1/2

AutoCAD SHX Text
1-1/2" = 1'-0"

AutoCAD SHX Text
9/9/2017

AutoCAD SHX Text
Mike Wade

AutoCAD SHX Text
B

AutoCAD SHX Text
Stagehand Apprentice

AutoCAD SHX Text
Overview


SIGNAL INPUT

IRC-44MM x 27MM (6B)
BULKHEAD BASE WITH LEVER
Han DD 24P Female Insert

1) 3 <
o
I
ETHERCON o
RJ-45 N
0 (@)
©
(a»)
o
j (@D}
XLR 5 PIN
MALE
NEMA MOTOR/BRAKE OUTPUT
L15-30M

IRC-44MM x 27MM (6B)
BULKHEAD BASE WITH LEVER
Han E 6P 16A Female Insert

SIGNAL INPUT
IRC-44MM x 27MM (6B)
BULKHEAD BASE WITH LEVER
Han DD 24P Female Insert

ETHERCON

0
Ll
RI45

()
XLR5PIN — |
MALE S
NEUTRIK MOTOR/BRAKE OUTPUT
NAC3MPX IRC-44MM x 27MM (6B)
BULKHEAD BASE WITH LEVER
Han E 6P 16A Female Insert
PROJECT
Stagehand Apprentice
TITLE
~Rear FPanel Detall
APPROVED SIZE CODE DWG NO REV
CHECKED B
DRAWN — Mike Wade 9/9/2017|SCALE 3" = 1'=0WEIGHT SHEET 2 /2



AutoCAD SHX Text
PROJECT

AutoCAD SHX Text
TITLE

AutoCAD SHX Text
DRAWN

AutoCAD SHX Text
CHECKED

AutoCAD SHX Text
APPROVED

AutoCAD SHX Text
SCALE

AutoCAD SHX Text
WEIGHT

AutoCAD SHX Text
SHEET

AutoCAD SHX Text
DWG NO

AutoCAD SHX Text
REV

AutoCAD SHX Text
CODE

AutoCAD SHX Text
SIZE

AutoCAD SHX Text
2/2

AutoCAD SHX Text
3" = 1'-0"

AutoCAD SHX Text
9/9/2017

AutoCAD SHX Text
Mike Wade

AutoCAD SHX Text
B

AutoCAD SHX Text
Stagehand Apprentice

AutoCAD SHX Text
1HP & 5HP

AutoCAD SHX Text
Rear Panel Detail


REVISIONS
Rev. Drawn Date Revisions
A gbc 12/3/16 Moved brake contactor supply to VFD
B mrw 9/15/17 Adjusted encoder voltage notation
NEUTRIK etherCON 84 Cutler St #7 warren, ri 02885
NESFDP 401-289-2942
RJ45 Ethernet (#433)
- Q
Brown (8) o % ;03 S 8
T 8250
. - D c ~
Brown/White (7) S S
ETHERNET Stagehand Unipolar 8 o o5
_ D
RJ45 Jack revE Green (6) s
control card C = .. ‘e
[[“u”ﬂ (Product #364) Blue/White (5) r— GL) = % 8 n?f
Pro Signal Adapter PCB RNE=" % @ g S
CDDF-24 RJ45 Jack = —— < S B
] o \ RJ145 Jack R145 Jack Blue (4) o5
Ultimate Limit (+12V) 1 1 timate Limit (+12V) — — —r—m
<1 |iitimate Limits N.C. (+12V) ENABLEN.O|  1>— -U
Ultimate Limit | 2 > Ditimate Limit X2 X6 » . X1 c
RevLimit (+12v) 3 3 (Interlock 1) RJ45 Jack RJ45 Jack D G RI45 Jack Green/White (3) E
Revumit | 4 4 |oao ceny
‘ < Speed COM ~ 4>— q)
Fud Limit (+129) | 5 5 [(toad cel) @ [ET | S [[T Orange (2) @)
FwdLimit 6 ————————<6 (nterlock2) m
—<6 AuxInput2 Reverse N.O.  6)— ]
(Interlock 1) 7, 7 |(Load Cell) .
SIGNAL CONNECTOR | 8 s lcoscen Y Foriard NOY - 7)—) Orange/White (1 (0p)
MENCOM CDDM-24 ot s wd
44mm x 27mm (6B) - RJ45 J
Load Cell) | 10 ack R
24P 10A MALE N e o vt RJ45 Jack RJ45 Jack RJ45 Pinout
(Load Cell) | 12) 2 |Speed Encoder /B X3 X3 S Ry D X2
[ proscerse ot 2> —— 11 Buerunite
Speed Encoder A 13, 3 Speed Encoder A RJ45 Jack RJ45 Jack %3 RJ45 Jack k\/
Speed Encoder /A | 14 4 | +12v Fncodern AUXSERIAL COM - 3)— #@7 Green/White
:p 4 Encod 5 E_Tj <4 RevLimitNC. (+12V) AuxseriALRx]  4>—] E_T_g -
ced Encoder B | 15 s | e ) e s FO—=1—0—
Speed Encoder /B | 16 6 Speed Encoder /A [ pevtmenc : > Qrange 2-2
(#974, #981, #1749) o | > o —<6  Encoder /A Power +12V  6p— o
com | 18 ‘ L <5 |com <7 Fwd Limit N.C (+12v) Aux Serial COM  7>—] ( )
o <8 Fwd Limit N.C. Aux Serial 5| 8>—]
Postion Encoder A | 19
Position Encoder /A 20 RJ45 Jack
otz | 21 2 N RJ45 Jack RJ45 Jack
postion Encoder /8. | 22 > |position Encoder /8 X1 X5 [ oo veRne) 0 X4
<2 power coM Brakes Fault N.C]  2)—]
v 23 L———3 Pposition Encoder A R145 Jack RJ45 Jack L tcon s> RJ45 Jack
:h :: ;Nz:% 4 :v t‘w:; (+129) @ @ < power +12v output 1N.0]  4>— TJ
REV LIMIT OVERRIDE ot e <5 power +12v Output 1N.OJ  5)—]
SW2 O rev ot umr ' —<6 Pover+12v InputcoM 6)—
I:O Rev UL LT ; W:“m(uzv) < Esopnc cim oupezno| 7>
0O O revivar e I fswpumenc oupt 20| 8>
D O revimr
O rwoumr
LO rwo L
1O Fwo it mrr
FWD LIMIT OVERRIDE | | [ |50
SW1
Blue/White
l 1
Blue/White 32
X2 / Blue T G 3-3 O—
XLR 5-PIN NC5MD-L-B-1 Green f T
e-stop plug (#67) Green/White
Orange l 4-1 Q l
Brown/White 4-2 bii
Brown T
XLR 5P Plug
o (#1447)
K—
pa — PU
280 OF % E R145 Jack,
Oz >
D 3
>k - — O
= i Green/White
l: . g E Green/Whi O m O
; g g Orange/White FO 1 Brown/White
= w0 X Orange
g O STF Green/White
—1O8
o e O s MENCOM CCEF-06
X1 4 o cO—
L= FO ru Ol 44mm x 27mm (6B)
PowerCon NAC3MPA-1-WOT o Ne 6P 16A FEMALE (#1056, #981)
120V 20A (#1696) —Os — 30 _— "
— (s — 2OH O =0
W o
CR1 Os=
O s 0 O
CCEF-06
‘ Ou v O 1 | votoru
L Ou vO ‘ > | motorv
\&‘7 low wO 5| moToRwW
O e 1HP o O 4 | Brae Lt (1200)
e Mitsubishi - O L¢s | oracers camn
— HO o D700 = Of S
- (#1290) o
R1
(#1292)
PS1
Power Supply
60W
— tolerances:
— % iylfiu
xx : £0.010
Xxx 1 £0.003
’@1 4 the information
contained in the
drawing is the
L0 property of creative
i conners inc.
[
[l
CR2
CR2
—r—




10 11

12

13

14

15

16

17

18

19

20

21

22

NEUTRIK etherCON
NESFDP
RJ45 Ethernet (#433)

Pro Signal Adapter PCB

CDDF-24

Ultimate Limit (+12V) | 1

Ultimate Limit | 2

Rev Limit (+12V) 3,

RevLimit | 4

Fud Limit (+12V) | 5,

Fwd Limit 6

(Interlock 1) | 7,

SIGNAL CONNECTOR

(Interlock 2) | 8,

MENCOM CDDM-24

(Load Cell) 9

44mm x 27mm (6B)

(Load Cell) | 10

24P 10A MALE

RJ45 J:

(Load Cell) | 17

1

RJ45 Jack

Itimate Limit (+12V)
Itimate Limit
(1nterlock 1)

(Load Cell)

(Load Cell)
(1nterlock 2)

(Load Cell)

(Load Cell)

Jack

Speed Encoder B

X2
RJ45 Jack

ETHERNET
RJ45 Jack

—@

X6
RJ45 Jack

)

——@

Stagehand Unipolar
rev E
control card
(Product #364)

RJ45 Jack

U

U

A

A

litimate Limits N.C. (+12V)
litmate Limits N.C

ux Input 1

ux Input 2

RJ45 Jack

RJ45 Jack
EenBLENO| 2>
Speed PWM  3)—
Speed COM ~ 4)—
Direction COM ~ 5)—
ReverseN.O.  6)—
Forward N.O|  7)—]
g 8y—

RJ45 Jack

X1

RJ45 Jack

=

REVISIONS

Rev. Drawn Date Revisions
A gbc 12/3/16 Moved brake contactor supply to VFD
B mrw 9/15/17 Adjusted encoder voltage notation

Brown/White (7)

Blue/White (5)\
Blue (49—

Green/White (3)J
Orange (2)

Orange/White (1

Brown (8)

Green (6)

<]

RJ45 Pinout

MENCOM CCEF-06
44mm x 27mm (6B)

6P 16A FEMALE (#1056, #981)

CCEF-06

1 fncoders RS 4854 1
(Load Cell) | 12 2 | Speed Encoder /B X3 < e > X2
Speed e [ froterse s o Orange/White Blue/White
peed Encoder A 13 3 Speed Encoder A RJ45 Jack RJ45 Jack RJ45 Jack
—3  Encoder A AUX SERIALCOM ~ 3)—
Speed Encoder /A 14 4 +12)
peed Encoder v <4 Revimitnc. (+12v) AUX SERIALRX] ~ 4)—]
Speed Encoder B 15, 5 +12v
S <5 Revimitnc AUXSERIALTX]  5)—] Orange
peed Encoder /B | 16 Speed Encoder /A
(#974, #981, #1749) - o loom —<6 Encoder /A Power +12V 6)— ‘
‘ < <7 Fwd Limit N.C (+12V) Aux Serial COM  7>—] (#1447)
com | 18 <6 Jeom
<8 fwd Limit N.C Aux Serial 5V 8)—]
Position Encoder A | 19
Position Encoder /A 20 RJ45 Jack
—— B s R4S Jack R4S Jack
1 wer COM VFD Fault N.C. 1,
PostionEnceder /5 | 22 > [postion Excoder /5 X1 X5 B . o] X4
2 ower COM Brakes Fault N.C. 2,
+12v 23 L———3 Position Encoder A RJ45 Jack RJ45 Jack Lo powoon P RJ45 Jack
com | 24 4 Rev Limit (+12v)
Shield [ND »>— 5 [RevLimit )
REV LIMIT OVERRIDE st e <5 power +12v Output 1N.0)  5)—]
REV ULT LIMIT 6 Power +12v InputCOM 6
SW2 0 . D e
LO revur umr L Esopnc ¢izy ouput 20| 75—
8  [Fwd Limit
O O revimr L Esioptimtnc ouput2no| 8|
1 2
— O revumr
O Fwpumr
1O Fwo e
L ewp uur o
FWD LIMIT OVERRIDE
PN e —
SW1
Blue/White
l T
Blue/White 3-2
X2 Bue | 33 5
XLR 5-PIN NC5MD-L-B-1 Green |
e-stop plug (#67) Green/Whte
© Orange/White
Orange J. 4-1 o J.
Brown/White 4-2 @ |
XLR 5P Plug
(#1447)
coM
® s
K
. PU
2 2 Y
' z = RJ45 Jack,
RO £ Wl
ra
. 53 oF N Te!
= g E / Green/White O: O
o (9]
X1 Z % E Orange/White LO 10 Brown/White
HUBBELL L15-30P . s
230V 30A Twist-Lock (#44) ] . O s Green/White
& O sw Green
2 ¢ OH—J
Lo w 8
L 1og 8
4 LO o
A
oy
s —1 — 30 o o
Brown/White O — 2O
QO rc s O
—Ox — 3’0—‘
O st
CR1 O
QO sc so OH
Qu v
Ou VO
O e
O ow oo O
Mitsubishi " O
7 O pr+ D700 R OH
— (#710)
R1
(#405)
PS1
Power Supply
60W
7

#1697

1| MoTORU
3 | MOTORW
<4 | BRAKE L1 (120V)
BRAKE L1 (220V)
6 | BRAKEL2
GND|

84 Cutler St #7 warren, ri 02885
401-289-2942

A £ T© oL

T S£375

LN U’::E

S uh =

O A s 8

O o

= c

C T .. -

V=253
Q o

8 “s¢
C m©

©

C

©

o

Q

(@)

O

s

(0]

tolerances:

%( . iylfiu
XX : £0.010
Xxx : £0.003

the information
contained in the
drawing is the
property of creative
conners inc.

10 11

12

13

14

15

16

17

18

19

20

21

22




	TABLE OF CONTENTS
	What’s in the box? 1
	Stagehand Apprentice Overview 1
	Installing the Stagehand 4
	Standalone 4
	Rack Mount 4

	Making the Connections 5
	Hooking up power 5
	Hooking up the E-Stop 6
	Hooking Up and Configuring the Network Connection 6

	Hooking up a motorized effect 7
	Signal Connection 7
	Motor and Brake Connection 10

	Manual Operation 10
	Computer Control with Spikemark 11
	Persistent Position 12
	Adjusting VFD parameters 12
	Adjustments from the keypad 13
	Default Mitsubishi Drive Parameters 14
	VFD Auto-Tuning 16
	Auto-tuning procedure: 18


	Most common issues 19
	Technical Support 21
	Phone 21
	Email 21
	Web 21

	Physical Specifications 22
	Electrical Specifications 23
	1HP, Single Phase 23
	5HP, Three Phase 23

	Stagehand Apprentice Overview Drawings 24
	Stagehand Apprentice Wiring Diagram 26
	120VAC, Single Phase Input, 1HP Output 26
	208VAC, Three Phase Input, 5HP Output 27


	1 – Getting Started
	What’s in the box?
	Stagehand Apprentice Overview
	Installing the Stagehand
	Standalone
	Rack Mount
	Required Tools


	Making the Connections
	Hooking up power
	Hooking up the E-Stop
	Hooking Up and Configuring the Network Connection

	Hooking up a motorized effect
	Signal Connection
	Let’s start with the limit signals:
	Now let’s look at the encoder signal.

	Motor and Brake Connection


	2 – Using the Stagehand
	Manual Operation
	Computer Control with Spikemark
	Persistent Position
	Adjusting VFD parameters
	Adjustments from the keypad
	Default Mitsubishi Drive Parameters
	VFD Auto-Tuning
	Auto-tuning procedure from Spikemark 4.0:
	Auto-tuning procedure from the D700 keypad:


	Most common issues
	Technical Support
	Phone
	Email
	Web


	4 – Specifications
	Physical Specifications
	Electrical Specifications

	5HP, Three Phase
	1HP, Single Phase



