




























2.2.t+ General Rules for Sub-Assembly Replacement 

a. Always disconnect the mains power before attempting any 
replacements. 

b. Obtain enough information to make a diagnosis before changing 
units. 

- Do not swap parts on "we'll get it right sooner or later" basis. 

c. If a replacement has cured the fault, it may be worth proving that 
the original will reproduce the fault, by refitting it. 

d. Ensure that replacement units are properly fitted 
connections are tight, screws are tight. 

all 

e. If adjustment points are fitted to replacement units, ensure that 
these are set up correctly. 

f. Always ensure that the system configuration (option switches) is 
correct before despatching equipment to a customer. 

Refer to section 2.5 of the M2t+ Commissioning Procedure for 
adjustment and configuration instructions. 

3. Condusion 

During the opening stages of each job the status is determined. If the 
customer is claiming warranty, this must be validated by Strand before 
the repair, and Strand will issue an order number to cover your work as is 
normal procedure. 

At the same time or if an exchange unit has to be supplied, Strand will 
issue a 'Returns' number which is used to identify the equipment you are 
likely to return to Engineering Service. This 'Returns' number must be 
shown on the equipment being returned to Strand. 

Once Strand have been advised on a pending requirement, an exchange 
system will be reserved against that job for seven days only. 

When Strand are advised of the faulty assembly, a replacement will be 
despatched within t+ working hours by the most expedient method 
(probably Secur icor ). 

During these exchanges, serial numbers play an important role. These 
numbers are used to trace the production of every piece of M2t+ and to 
assist warranty validation. 

Therefore, it is important for Strand to know the serial number of the 
exchange unit fitted to the customer's equipment. 
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Appendix 1 

Al.l 

Al.1.1 

A 1.1.2 

Al.1.3 

Al.2 

(i) 

(ii) 

Stripdown procedures 

The following procedures describe the method of reducing a 
complete unit to its component sub-assemblies. The procedure to 
rebuild each unit is the reverse of the method of reduction. 

Apart from a clean workspace, surface area approximately 1 m by 
2m with a clear surface, the only tools required to work on the 
equipment are:-

Nos 1 & 2 Pozidriver 
4.5 mm Screwdriver 
M3 Nutdriver 
Flat nose Pliers 

Obviously, for component level maintenance at the most basic level, 
additional tools would be required. 

General Notes 

Screws/Nuts/Washers: 

All sizes used in M24 are metric and thread sizes are either M3 or 
M4. 

Screws are black, pan head, pozidrive, length as shown below. In 
some cases taptite (thread forming) screws are used to reduce 
assembly time. Thread types and lengths should not be confused, as 
this may damage the equipment. 

Washers are identified as either S for Shakeproof or P for Plain. 

Interna! Connections: 

The majority of internal connections are made using "Molex" 
connectors (the little rectangular brown housings). Leads should be 
disconnected by pulling on the housing, not the lead. 

Re-assembly: 

During re-assembly a number of LEDs and fader operating arms & 
switch knobs/spindle have to be fitted through the panel. 

Excessive force could bend or break these items. If the panel does 
not fit, re-check the alignment. 

Console 

Disconnect all leads: Mains input, Mux output, Cassette, TV /VDU. 
Remove the knobs from the Master and Playback faders. Clip the 
top cover onto the console to protect the front panel. Turn the unit 
over, to rest on its top cover, with the rear extrusion towards the 
front. 

Remove the 8 retaining screws on the perimeter of the base cover 
and lift the cover off the unit, standing it on its left-hand end. 

Disconnect the two earth continuity wires from the earth stud on 
the power supply assembly. 

Disconnect the DC power cable to the Motherboard. Move the base 
cover out of the way. 



(iii) Disconnect the internal cables from the rear panels to the Motherboard-Mux 
Output to PL4-, Cassette to PLI and the Video Modulator to the Video 
Interface. Remove the retaining screws and remove the Mux/Cassette panel 
and the Video Modulator. 

(iv) Undo the Video Interface retaining screw, open the card retaining clip and 
remove the Video Interface Card. 

(v) Remove the Memory Expansion Card in the same manner. 

(vi) Disconnect the interconnecting cable from the Motherboard to the Front 
Panel. 

T o remove the Motherboard, starting in one corner ease the PCB retammg 
clip away from the card and lift the card sufficiently to prevent the clip 
returning. When all the clips are released, lift the Motherboard out of the 
Console. Ensure that the Motherboard does not rest on any conductive 
material, as it incorporates a 3V battery to maintain lighting information in 
the onboard RAM. 

(vii) Remove the 6 retaining screws from the Front Panel ensuring that the 
pillars and washers, from the screws which would have been obscured by the 
Motherboard, are not lost. 

Lift the Front Panel card on the left hand side and unplug the Record Lock 
Keyswitch - PL3 and then on the right-hand side to unplug the Wheel -SKI. 
The card may now be removed. 

(viii) Finally, undo the 2 nuts retaining the Wheel, which also have shakeproof 
washers fitted, and remove the Wheel. If you wish to carry on, remove the 
Record Keyswitch next. 

(ix) If you have gone this far, you should have the following subassemblies . and 
fixings (assuming nobody has previously lost some of the bits) in your 
workspace:-

M24- Console Housing and Front Cover 

Bottom Cover, with Power Supply, 8 screws M4-x8 & washers Ml/.S 

Mux/Cassette Connector Panel, 2 screws M3x6 & washers M3S 

Video Modulator/Connector Panel, 2 screws M3x6 & washers M3S 

Video Interface, no loose screws or washers 

Memory Expansion, no loose screws or washers. 

Motherboard 

Front Panel Card, 5 long screws M3xl 6, 1 short screw M3x8, 5 collars M3 
clearance x 10 & 6 washers M3S 

Wheel, 2 full nuts M3 & washers M3S 

Keyswitch (if you went that far) 

4- Fader knobs 

To take the Motherboard and Front Panel Card out as one unit, omit step (vi). 
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A 1.3 Multiplex Box 

i) Disconnect all leads: Mains input, Mux input, Mux output, Manual input(s), 
Dimmer output(s). 

ii) Remove the 4 screws and washers fixing the top cover, lift it off, detach the 
earth lead, and put the cover to one side. 

iiia) Cannon connectors - remove the Mux link lead to PL 1. 

iiib) Bleecon connectors - remove the Mux link lead to PLl, remove the 
input/output leads 

iv) 

Channels Input Output 

1 6 PL3 PLlO 
7 12 PL4 PL9 
13 18 PL5 PL8 
19 24 PL6 PL7 

Remove the seven retaining screws and washers from the MUX/DEMUX 
card. 
Disconnect the mains wiring to PLll 

110/120V 220/240V 

PLll/ 1 E E 
3 N N 
5 Link to 9 Linked to 7 (leave connected) · 
7 Link to 3 Linked to 5 (leave connected) 
9 L L 

Finally remove the card, taking care that the Leads and connectors do not 
foul on the housing. 

v) Once again we find a little heap of pieces that used to be a Multiplex box, 
and assuming that all the pieces were there to start with, that heap should 
contain the following:-

Housing 

Top Cover, 4 screws M4 x 10 & washers M4S 

MUX/DEMUX Card, 7 screws M3x8 & washers M3S 

Al.4 M24 Effects 

i) Disconnect all leads: Mains input, Mux input, Mux output, Audio input. 
Remove the knobs from the faders and the rotary controls. Clip the cover 
on to the unit to protect the front panel. Turn the unit over, to rest on its 
cover, with the front extrustion towards the front. 

ii) Remove the 8 retaining screws (2 of which fix the outer front rubber feet) 
on the perimeter of the base cover and lift it clear of the unit. 
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Disconnect the earth continuity wire from the earth tag on the base cover. 

Disconnect the DC power cable to the FX Processor Card. 

Lay the base cover, bottom side down, on the work surface alongside the 
unit housing. 

iii) Disconnect the internal cables from the rear panel to the FX Processor Card 
-Mux Input to PL2 and Mux Output to PL3. 

iv) Remove the 8 FX Processor Card retaining screws (but not the 22 used for 
the faders) 

Remove the bottom 2 rear extrusion fixing screws (remember that they are 
the two furthest a way from the work surface) and slacken the top 2 rear 
extrusion fixing screws. 

Tilt the rear extrusion such that the bottom edge is outside the line of the 
housing and remove the FX processor Card. 

v) At this point, your kit form unit should be in the following pieces, assuming 
yet again that nothing was missing when you started. 

M24 FX Housing, Front Cover 

Bottom Cover, including Power Supply, 6 screws M3 taptite x 6, 2 screws M3 
taptite x 12, 6 washers M3S, 2 washers M3P, 2 small rubber feet. 

FX Processor Card, 8 screws M3x8 & washers M3S 

Rear extrusion fixings - 2 screws M4 taptite x 12 & washers M4S 

9 Fader Knobs 

7 Round Knobs 1 !arge red 
1 small red 
2 green 
2 blue 
1 yellow 

- Chase Length 
- Audio Mid 
- Rate 
- Mark/Space, Audio Bass 
- Audio Treble 
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Appendix 2 

( A2.l 

A2.l.l 

Seif Tests 

Seif Test is a facility which can assist a service technician/engineer 
or even a user to diagnose a faulty sub-assembly within the 
equipment. Wherever possible, error reporting is comprehensive and 
could point directly to the offending item. 

However, these 'self tests' use the same hardware as the equipment 
and their program is contained within the same software storage as 
the normal equipment operating system (the program to control 
lights on stage) 

Thus, if the fault is at all significant, e.g. a dead power supply, 
neither the ordinary program nor the test program will run, and 
consequently there will be no self-test information. 

Seif Test 

Console 

Self test runs a two levels, the first is very simple and is invoked 
every time the system is turned on, the second must be instigated by 
operating the hidden switch through the small hole in the front panel 
( with a non-conductive object). 

Power-up: 

As the Console powers up it runs a very simple sequence of tests on 
the memory, program, analogue (Mux) interface and tape interface. 

Assuming that the unit has not developed any quirks or failed any of 
the tests, the result will be that the system powers up as expected:-

On the front panel the only "LED" illuminated will be that above the 
Channel push. 

On the VDU/TV, the top line of the display will include the legend 
below for approximately 3 seconds. 

TEMPUS M24 VERSION Bl SELF-TEST O.K. 

The system may also restore the lighting state which was present 
when it was turned off, latch playback modes, select Memory 1, 
and/or start a fade, depending on how the configuration switches are 
set. 

The Mux output should conform with the displayed channel levels. 
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A2. l.2 

A2.l.2.1 

If the unit has developed a fault which can be found by the simple 
tests, the error number will be displayed in the front panel 
Channel/Memory Number display (until Clear is pressed), and the 
description will be displayed on the VDU in place of 'SELF-TEST 
O.K." (until "SHIFT" is pressed). 

The errors are:-

NO PANEL RESPONSE: 

The interface circuit to the Front Panel (on the Motherboard) is faulty, 
or the Front Panel is unplugged, or is faulty. 

El MEMORY FAULT: 

The Motherboard RAM is faulty. 

E2 PROGRAM CHECKSUM ERROR: 

One, or more, of the Program PROMs is faulty. 

E3 ANALOG INTERFACE FAULT: 

The Analog Interface on the Motherboard is faulty. 

E4 TAPE INTERFACE FAULT: 

The Tape Interface on the Motherboard is faulty. 

E5 INSUFFICIENT MEMORY: 

The Memory Expansion card is selected on the configuration switches, 
but is not fitted, or is faulty. 

"Instigated": 

This package is considerably more comprehensive than that 
described above and runs under front panel control thus allowing a 
particular sub-test to be selected and repeated, and runs in two 
parts as described below. 

Front Panel: 

This sequence of sub-tests is designed to test the front panel and 
basic communication with the Motherboard. These tests are 
sufficiently independent that the sequence will run even if the 
Motherboard is dead. 

As the whole sequence of self-test is called up, Test 1 will 
automatically start (assuming as for all following statements, in this 
section and the next, that the equipment is basically working 
correctly ). 
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CLEAR will cancel the current test 
+ 1 will select the sequentially next test 
The test number will select that test. 

Test 1 

Test 2 

Mimics- causes all the LED mimics and all segments of 
the displays, to flash on and off, at about 2Hz. 

Contacts- a unique number for each contact is displayed 
in both the "Active Memory" and the "Channel/Memory" 
display windows as the contact is made (the numbers are 
below) During this test Clear must be pressed twice, as 
its number is displayed on the first operation. 

The wheel movement is displayed as a rolling-over count 
in the "Level" window. 

The contact numbers are:-

Number 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 

Test 3 

Test 4 

Test 5 

Contact Number Contact Number Contact 

0 
l 
2 
3 
4 
5 
6 
7 
8 
9 
+ 

12 23 Return 
13 F 24 Fade 
14 Clear 25 Sequence 
15 +l 26 Manual 
16 Memory 27 Use Time 
17 Cue 28 Blackout 
18 Channel 29 Record Blind 
19 Shift 30 Record Total 
20 Link 31 Record Enable 
21 Thru 32 Flash Out 
22 @ 33 Flash Full 

Communication - checks basic communication between 
the Front Panel and the Motherboard, and should result 
in a count in the Active Memory and Channel/Memory 
displays incrementing at approximately l Hz 

Program Checksum - if the Checksum is OK the two 
displays will show 0. 

The term "Program Checksum" refers to a simple 
mathematical routine which adds the contents of each 
location in the PROMs into an accumulator. 

When the addition is completed, the result (sum) should 
be equal to a validation (check) figure held within the 
same PROM and should be the same. If the result is not 
equal, an error is indicated and means that one, or more, 
location is wrong. Depending on which location is wrong, 
the program will not run correctly and may result in a 
system crash or an unexpected reaction to a button 
operation. 

enters the second series of tests applicable to the 
Motherboard and Video Interface. 
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A2. l .2.2 Motherboard/Video Interface: 

This sequence of sub-tests is designed to test the Motherboard and 
Video Interface. All sub-tests are selected on the Front Panel by 
the test number followed by + 1. In some cases a further + 1 will 
select a sub-sub-test. 

The sub-test number is shown in the Channel/Memory display. Any 
current error number is shown in the Active Memory display, and in 
certain tests the pass count is shown in the level display. 

Certain tests produce error reports on the VDU which .all take the 
same format. 

ERROR SUBTEST ADDRESS GOOD DATA BAD DATA 

The error numbers are described under each sub-test heading, 
however, the data displayed can sometimes be misleading and 
figures shown are for guidance only. 

If the screen should fill up with error messages, the test will pause 
and a further message is displayed adv ising the opera tor to press + 1, 
and the 'TAPE' LED on the front panel will flash. 

When +l is pressed, the test continues and the 'TAPE' LED is 
extinguished. 

As this sequence of tests is entered, and between running each 
subtest, the VDU/TV will display a menu of available sub-tests. 
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M24 SYSTEM TESTS 

l. VDU TEST (A) 
2. VDU TEST (B) 
3. MASTER & TIME F ADERS 
4. TAPE INTERFACE 
5. PROGRAM CHECKSUM 
6 CUE STORE (CLEARS MEMORY!) 
7. ANALOG INTERFACE (FLASHES LIGHTS!) 

TO RESUME NORMAL OPERATION, TURN SYSTEM OFF AND ON AGAIN. 

ENTER TEST NUMBER FOLLOWED B Y +l. 

Each test is described below:-

Test l - VDU TEST (A) - This test writes all possible 
characters to the display and will indicate as 25 
lines, the lst and 5th etc bright, 2nd and 6th etc 
blinking, 3rd and 7th etc. reverse, 4th and 8th etc. 
dim. 

The characters that should be displayed are:-

@ABCDEFGHIJKLMNOPQRSTUVWXYZ !"/1$%&'0*+,-. / 0123456789 :; = ? 

Test 2 -

Test 3 -

A further + l will cause the same character to be 
displayed for every screen location starting with @ 
and working thru the sequence to ? • The first 
sequence in bright, next blinking, next reverse, 
next dim, next bright etc. 

There are no pass or error numbers associated with 
this test. 

VDU TEST (B) - This test initially writes the same 
information as Test 1, but starting in the bottom 
right hand corner of the screen, and working 
backwards. 

A further +l will cause the same data to be re­
written with a different starting point, working 
from the top left hand corner each time. ' 

MASTER & TIME F ADERS - although the faders 
are mounted on the Front Panel Card, as analogue 
controls they are outside the capability of the 
front panel processor. Also, as the Motherboard 
includes analogue circuits for the Mux 
Input/Output, it can easily process the 4 faders. 

The test performs a simple analogue to digital 
conversion for each fader and displays the result on 
the video display in percent where 100% indicates 
as F 
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The result of each conversion is shown in the front 
panel Level display. Initially the level from the 
Manual Fader is shown. +l rotates the selection 
through each of the faders in turn. 

Test 4 - TAPE INTERFACE - this test uses an internal loop 
to check the tape interface (except for a couple of 
resistors, one capacitor and the wiring to the Tape 
Connector ). 

The test is to write an ascending data pattern to 
the tape output register and check th~~ the same 
data is received in the tape input register (both of 
which are electronically connected for the duration 
of the test). 

Successful passes are shown on the video display 
and in the Level display by an ascending count. 

The possible errors are:-

41 

42 

43 

44 

Output timeout 
AD DRESS = 
GOOD DATA = 
BAD DATA = 

Input timeout 
AD DRESS = 
GOOD DATA = 
BAD DATA = 

Status Error 
AD DRESS = 
GOOD DATA = 
BAD DATA = 

Data Error 
AD DRESS = 
GOOD DATA = 
BAD DATA = 

8006 
00 
tape status register 

8006 
00 
tape status register 

8006 
00 
tape status register 

8007 
Output Data 
Input Data 

Any error reporting indicates a Motherboard fault. 

Test 5 - PROGRAM CHECKSUM - this checks the 3 PROMs 
on the Motherboard. 

Successful passes are shown on the video display 
and in the level display by an ascending count. 

The possible errors are:-

51 Error on lst PROM 
52 Error on 2nd PROM 
53 Error on 3rd PROM 

In all cases the rest of the error reporting is the same 
AD DRESS = EOOO 

GOOD DATA 
BAD DATA 

= 
= 

AOOO 
cooo 
Expected Checksum 
Actual Checksum 
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Test 6 -

The possible errors are:-

CUE STORE - This test will leave the memory 
totally cleared, including all recorded lighting 
states, except for the output lighting state at the 
time the test was started - that is why it says 
CLEARS MEMORY! 

The test writes a sequence of data to the memory 
and then verifies that the same data can be read 
back. 

Before the unit is turned off, the sub-test must be 
stopped by Clear and the video display allowed to 
revert to the Menu. Otherwise the memory may 
not be clear but full of random information. 

Successful passes are shown on the video display 
and in the Level display by an ascending count. 

60 attempt to test the memory with the record keyswitch in the lock 
position - also displays 'CUE STORE LOCKED!!' 

61 error on simple write/verify of entire memory 
62 error on simple pattern test 
63 address error 
64 data error 
65 error on complex pattern test 
66 error on immediate write/verify 
66 SUBTEST 6 failure of memory write protect circuitry. 
69 Memory Expansion card selected but not accessib'le - also displays 

'INSUFFICIENT MEMORY FITTED' 

The rest of the error reporting is the same 

AD DRESS 
GOOD DATA 
BAD DATA 

= 
= 
= 

failing loca tion 
data written to memory 
data read from memory 

Addresses 0000 - 3FFF correspond to Motherboard RAM 
Addresses 4000 - 7FFF correspond to Expansion RAM 

Test 7 - ANALOG INTERFACE - This test checks that the clean 
OV, used for the MUX output, and the MUX output are 
correct. The MUX output levels for out and full are first 
asserted and the result is fed to an analogue to digital 
convertor to verify that they are correct. 

If the output circuit passes these tests, an incrementing 
ramp is asserted on the output and this is verified. 
However, the high level of adjustment available for the 
MUX signal precludes any test for absolute results, 
instead it checks that the ramp is increasing. 
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Because the sync signals are inserted during this process, 
Multiplex boxes connected to the M24 will assume that 
the signal is correct. This will light the MUX OK Led 
and cause box II 0 to generate dimmer outputs -hence 
the caution 

FLASHES LIGHTS! 

Successful passes are shown on the video display and in 
the level display by an ascending count. 

The possible errors are:-

In all cases:-

71 

72 

73 

AD DRESS 
BAD DATA 

= 
= 

Clean OV level too high 
GOOD DATA = 

800A 
data read from A/D converter 

00 
the bad data will probably indicate either a bit permanently set by 
the A/D convertor or an illegal offset. 

Mux output low at full 
GOOD DATA = FF 
the lower limit of acceptance for bad data is CO (hexadecimal) or 
7 5% to allow for the range of adjustment, any error would probably 
indicate a faulty D/ A convertor 

Mux output high at zero 
GOOD DATA = 00 
as above but the upper limit is approximately 40 (hexadecimal) or 
25% 

74 Analogue ramp failure 

75 

GOOD DATA = data written to D/ A convertor 
acceptable tolerances are +/- 25% or 40 (hexadecimal) 

Sync level too high 
GOOD DATA = 

General: 

00 

As successful completion of the Memory test will leave that 
memory cleared, it is worthwhile attempting a transfer of the data 
to tape before the test is invoked. 

While the Front Panel tests are in progress, any fades running will 
continue, as will Auto Sequence, as these are controlled by the 
Motherboard. 

Normal operation is resumed when the system is reset, which can be 
achieved by turning its power off and on. 
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A2.2 

J 

A2.3 

Effects 

As the M24 FX unit exits reset, it checks itself, in a similar fashion 
to the Console power up tests. 

The tests run are on the program checksum and the memory. 

If the unit successfully passes the test it will sequentially display 
the following text: 

POWERUP OK 

If either of the tests fails, the unit will attempt to work, but will 
display either of the following messages:-

PROM FAIL 

DATA FAIL 

Multiplex Boxes 

- if the checksum is incorrect 

- if the memory data is incorrect (this message 
might appear if the system had been turned off for 
a period in excess of its memory retention period) 

As the boxes do not incorporate a microprocessor, they cannot 
attempt to run any form of self-test. But they do check for the 
MUX input signal, which, if present, will cause the MUX OK LED to 
illuminate. 

Each unit will also, individually and independently, pass its own 
manual inputs, to its own dimmer outputs, should the MUX input 
signal disappear. 
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Figure 2.5.4 Wheel Adjustment Waveforrns. 

TP. 1 

TP.2 

If waveform with TP.1 voltage added to TP.2 voltage 

is not as ehown above then check that individual 

waveforms from the teet pointe are as ehown below. 

K 

OR/ 1L 
J 

The exact phase relationship between the two eensor 

outputs depends on the direction cf wheel movement, 

but a 'quadrature' phasing will always be observed 

if the wheel ie eet up correctly. 

Each eensor gain must be eet euch that the output 

waveform has a unity mark:space ratio. 

~ 


