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The Mount Controller: A Digital Autoguiderfor Las CampanasIan Barnes and Brek MillerThe University of Birmingham, Edgbaston, Birmingham B15 2TT2011 May 26Abstra
tSome te
hni
al information on the Mount Controller is presented.Contents1 Introdu
tion . . . . . . . . . . . . . . . . . . . . . . . . . 12 Unit Design . . . . . . . . . . . . . . . . . . . . . . . . . 23 System Design . . . . . . . . . . . . . . . . . . . . . . . . 74 External Cable Assemblies . . . . . . . . . . . . . . . . . 115 Internal Wiring . . . . . . . . . . . . . . . . . . . . . . . 176 Main Board . . . . . . . . . . . . . . . . . . . . . . . . . 277 Power LED Board . . . . . . . . . . . . . . . . . . . . . 548 Generi
 LED Board . . . . . . . . . . . . . . . . . . . . . 569 The RS-232 LED Board . . . . . . . . . . . . . . . . . . 5810 Component Pin-outs . . . . . . . . . . . . . . . . . . . . 6011 Me
hani
al Drawings . . . . . . . . . . . . . . . . . . . . 601 Introdu
tionThe Mount Controller is the �rst digital, solar autoguider in the Birmingham Solar-Os
illationsNetwork (BiSON). This report des
ribes the devi
e that 
ontains main board MC-MAIN-2 andwas sent to Las Campanas [1℄ in 2011 January.
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2 Unit DesignThe Mount Controller, like many other units, is housed in an aluminium 19-in
h ra
k 
ase withits own internal power supplies.Be
ause there are a lot of 
onne
tors on the rear panel of the mount 
ontroller, this unit usesa 2U ra
k 
ase rather than the usual 1U 
ase.2.1 The Front PanelThe front panel of the Mount Controller is shown in Figure 1.On the left there is the HiROS standard power swit
h. Underneath the power swit
h is anLED that is illuminated when the +24V power that is used for motor slewing is present. Nextthere is a Power LED board that shows that the other power rails are a
tive. On the MountController these rails are +12V, +5V, and �12V.Next there are two Generi
 LED boards whi
h show the status of various parameters for thestepper motors. There is one board for the RA motor and a separate one for the DEC motor.Finally on the right of the unit is the standard RS-232 LED board. This board shows thestatus of the Rx and Tx lines of the RS-232 serial 
ommuni
ations interfa
e. The red LEDindi
ates that the line is low whilst the green LED indi
ates that the line is high.
Figure 1: The Front Panel of the Mount Controller.2.2 The Rear PanelFigure 2 shows the layout of the rear panel of the Mount Controller. On the left of the unitis the 
ase fan. In the 
entre of the rear panel are a number of D-type 
onne
tors. These
onne
tors 
onne
t the mount en
oders, �ne and 
oarse autoguider, mount limit swit
hes, andstepper motors to the Mount Controller.Finally on the right there is the mains power inlet. Underneath this there is the 
onne
tionfor the serial port to the 
omputer.2.3 Internal LayoutThe main 
ase of the Mount Controller 
ontains a Main p
b and two smaller power supplyPCBs. There is also some din rail terminal that distributes the AC power to the power supplies.The internal layout is shown in Figure 3. Components �tted to the front and rear panels havebeen omitted for 
larity. 2



Figure 2: The Rear Panel of the Mount Controller.

Figure 3: The Internal Layout of the Mount Controller.
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2.4 Parts ListThe parts list for the Mount Controller is too large to �t in a single table. Hen
e it has beensplit into several smaller tables a

ording to 
omponent type. These tables are summarized inTable 1. A spare parts kit is also supplied.Table 1: Mount Controller | Case Parts ListsComponent Type Table PagePCB Sub Assemblies 2 4Case 3 5Spare Parts Kit 4 6Table 2: Parts List | PCB Sub AssembliesName PartNumber Des
ription (SSM)PSU1 FEC 144-1237 24-V 4.6-A 100-W Open Frame PSUPSU2 FEC 117-6970 Triple Output 40-W Open Frame PSUPCB1 HiROSMC-MAIN-2 Main Board AssemblyPCB2{PCB3 HiROSPWR-LED-4 Power-LED Board AssemblyPCB4{PCB5 HiROSGEN-LED-1 Generi
 LED Board AssemblyPCB6 HiROS232-LED-3 RS232-LED Board Assembly
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Table 3: Parts List | CaseName PartNumber Des
ription (SSM)| RS 584-227 Ra
k Case 2U� 84HP� 254mmSW1 RS 664-553 Green Visiro
ker Swit
hCN1 RS 238-794 IEC Inlet Filter 6-ACN2{CN4 Rapid� 15-0150 9-pin Female D-Type Conne
torCN5{CN6 RS 642-4907 9-pin Female Low-pro�le IDC D-TypeConne
torCN7{CN8 RS 642-4834 9-pin Male Low-pro�le IDC D-TypeConne
torCN9{CN10 RS 642-4890 15-pin Male Low-pro�le IDC D-TypeConne
torFAN1 CPC CS13345 Akasa 80-mm Cooling FanLED1 Rapid� 56-0440 Yellow 5-mm Low-
urrent LED| Rapid 55-0260 5-mm LED Mounting Bezel| FEC 150-221 Mini DIN-Rail Grey Terminal (10)| FEC 150-222 Mini DIN-Rail Blue Terminal (10)| FEC 150-223 Mini DIN-Rail Earth Terminal (10)| FEC 150-229 Mini DIN-Rail End Cover (10)| FEC 150-233 Mini DIN-Rail End Stop (10)| FEC 150-234 10-Way Jumper Kit for DIN-Rail Terminal| FEC 177-126 0.5-m Mini Top-hat DIN Rail| FEC 150-235 Blank 5� 5 Marker Strips pk100| Rapid 37-0825 80-mm Fan Finger Guard| RS 211-0907 IEC Inlet Insulating Boot (5)| FEC 769-277 Heatshrink Boot 28-mm| Rapid� 15-0365 D-type 8-mm Female S
rewlo
k Kit| Rapid� 33-3525 M3� 12 Hexagonal Spa
ers pk25| Rapid� 33-4210 M3� 6 Panhead Pozidriv S
rew pk100| Rapid� 33-4260 M3� 6 Pozidriv Countersunk S
rew pk100| Rapid� 33-4200 M2:5� 6 Pozidriv Panhead S
rew pk100| Rapid� 33-1715 M4 Nuts pk100| Rapid� 33-1765 M4 Washer pk100| Rapid� 33-2975 M4� 20 Pozidriv Panhead S
rew pk100| Rapid� 33-2977 M4� 25 Pozidriv Panhead S
rew pk100�These items are available from Physi
s Stores. 5



Table 4: Parts List | Spare Parts KitPartNumber Des
ription (SSM)Rapid 87-1945 Condu
tive IC Storage BoxRapid 73-3206 PIC16F877-20P Mi
ro
ontrollerRapid 82-0148 MAX232CPE RS-232 Line Driver ICRapid� 82-0054 TL074 Quad Op-amp ICRapid 47-0156 ZVN2106A n-
hannel MOSFETRapid 47-0174 ZVP2106A p-
hannel MOSFETRS 426-991 CP82C55A parallel I/O ICRapid 82-0198 L297 Stepper Motor Driver ICRapid 82-0202 L298N Dual Full-bridge Driver ICRapid� 83-0380 4049 Hex Inverter ICRapid� 83-0382 4050 Hex Bu�er ICRapid� 83-0414 4081B Quad 2-Input AND ICFEC 117-5735 AQZ202 PhotoMOS Relay 60-Vd
 3-ARapid 08-1200 1.8-pF Cerami
 Capa
itor 2.5-mm�These items are available from Physi
s Stores.
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3 System DesignThe Mount Controller main unit sits at the heart of a larger system. The main unit will belo
ated in the main ele
troni
s 
rate whilst the mount will be sitting up in the dome se
tion ofthe building. Obviously 
ables are needed to 
onne
t the main unit to the mount.Thus a system diagram of the whole Mount Controller system is required. The systemdiagram for the Mount Controller is too large to �t onto a single drawing and so it has been splitup into smaller logi
al blo
ks. The drawings that make up the system diagram are summarizedin Table 5. Table 5: Mount Controller | System DiagramMount Controller Subsystem Figure PageEn
oders and stepper motors 4 8Limit swit
hes 5 9Teles
opes 6 10
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oders and stepper motors.
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4 External Cable AssembliesAll of the external 
ables that are needed for the Mount Controller are summarized in Table 6.Table 6: Mount Controller External Cable AssembliesDrawing Figure PageHiROS Signal Cable 7 11Teles
ope Wye Cable 8 12Stepper Motor Wiring 10 13Stepper Motor Cable 11 13Mount En
oder Wiring 12 14Mount En
oder Cable 13 14Limit Swit
hes 14 14Limit Swit
h Tails 15 154.1 HiROS Signal CableThe majority of signals have to travel from a remote sensor to some instrument. Be
ause ofthis it was de
ided to adopt a standard 
able that is used on any system that requires signalsto travel over a 
onsiderable distan
e.The HiROS signal 
able is this standard 
able. It is basi
ally a network 
able that has D-Type 
onne
tors �tted on ea
h end. The 
able is made up of four twisted pairs of 7/0.2-mmwires. The 
ables 
ome in a variety of di�erent lengths and several di�erent outer sheath 
oloursare available in
luding yellow, blue, and red.Figure 7 shows how the 
able is 
onne
ted internally.
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able.4.2 Teles
ope Wye CableThe Teles
ope Wye Cable is used to split the �ne and 
oarse quadrant photodiode signals intotwo separate bran
hes be
ause they use di�erent 
onne
tors on the rear of the Mount Controller.The autoguider teles
opes used in our stations are all wired di�erently. The teles
ope wye 
ablewill be adjusted at ea
h station to 
ompensate.Figure 8 shows the teles
ope wye 
able in Birmingham. Figure 9 shows the teles
ope wye
able in Las Campanas. 11
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4.3 Stepper Motor WiringThe Mount Controller uses two M
Lennan 23HSX-202 stepper motors with an IP057-M02 50:1gearhead to alter the position of the mount in both right as
ension and de
lination.The stepper motors 
ome pre-wired with eight wires 
onne
ting to the 
oils of the motor.This 
on�guration allows the user to 
on�gure the stepper motor in a number of di�erent ways.A 9-pin D-Type 
onne
tor is �tted to the stepper motor and the wiring 
on�guration is set onthe main board of the Mount Controller.Figure 10 shows how both the RA and DEC stepper motors are wired.
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able that 
onne
ts the stepper motors to the MountController main unit. Figure 11 shows how the 
able is 
onne
ted internally.
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able.4.5 Mount En
oder WiringThere are two en
oders used on the mount, one for RA and one for DEC. Both en
oders arewired in exa
tly the same way and this is shown in Figure 12.4.6 Mount En
oder CableThe Mount En
oder Cable 
onne
ts the RA and DEC en
oders �tted on the mount to the MountController. Figure 13 shows how the 
able is 
onne
ted internally.13
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oder 
able.4.7 Limit Swit
hesThere are a total of six limit swit
hes �tted to the mount. There are separate limits for up,down, left, and right whi
h tell the 
omputer that the mount has rea
hed the appropriate limit.Then there are two spe
ial limit swit
hes one ea
h for RA and DEC 
alled \Armageddon"limits. The \Armageddon" limit swit
hes kill the power to the asso
iated stepper motor whenthe mount has been driven past the normal limit. The 
omputer 
annot re
over if either of the\Armageddon" limit swit
hes has been a
tivated. This is be
ause there is obviously a problemwith the limit swit
h that the 
omputer uses and there is a serious risk of damage to the mount.All six mount limit swit
hes are wired in exa
tly the same way and this is shown in Figure 14.
COM

NO

NC NC

Relay Tail CablesFigure 14: The limit swit
hes.4.8 Limit Swit
h TailsAll six mount limit swit
hes are wired in exa
tly the same way and this is shown in Figure 14.14



5

4

3

2

1

9

8

7

6

9-Pin D-Type Male

All Cables are 16/0.2

BLACK
YELLOW

RED

GREEN
BLUE

ORANGE
VIOLET

WHITE

RA Tail uses Red 5-mm Ring terminals.

DEC Tail uses 6.8-mm Shrouded Spade terminals.

Crimp TerminalsFigure 15: Limit swit
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Table 7: Mount Controller | External Cable Assembly PartsPartNumber Des
ription (SSM)M
Lennan 670001150 10-bit En
oderM
Lennan23HSX202 Stepper MotorM
LennanIP057-M02 50:1 GearboxRapid� 15-0525 9-Pin Female D-Type Conne
torRapid� 15-0500 9-Pin Male D-Type Conne
torRapid� 15-0530 15-Pin Female D-Type Conne
torRapid� 15-0505 15-Pin Male D-Type Conne
torRS 442-2016 10-pin Male MIL Conne
torRapid 33-1003 Red 5-mm Ring Terminal pk100Rapid33-11062 Red 6.3-mm Shrouded Spade Terminalpk100RS 544-3402 D-Type Conne
tor Hood 9-Pin (10)RS 544-3418 D-Type Conne
tor Hood 15-Pin (10)Rapid� 19-4424 Yellow 10-meter Network CableFEC� 119-0267 12-Core 7/0.2 Bla
k S
reened Cable 100mReelRapid� 02-0205 8-Core 7/0.2 Bla
k S
reened Cable 100mReelFEC� 715-232 4-Core 7/0.2 Bla
k S
reened Cable 100mReelRapid� 01-0935 Red 16/0.2 Cable 100m ReelRapid� 01-0900 Bla
k 16/0.2 Cable 100m ReelRapid� 01-0950 Yellow 16/0.2 Cable 100m ReelRapid� 01-0915 Green 16/0.2 Cable 100m ReelRapid� 01-0905 Blue 16/0.2 Cable 100m ReelRapid� 01-0945 White 16/0.2 Cable 100m ReelRapid� 01-0925 Orange 16/0.2 Cable 100m ReelRapid� 01-0940 Violet 16/0.2 Cable 100m Reel�These items are available from Physi
s Stores.
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5 Internal WiringThe Mount Controller uses a single main board and then there are 
onne
tors and panel-mounteddisplay boards used to make up the entire system. This means that the unit requires internalwiring using 
able assemblies. This se
tion of the report des
ribes all of the internal wiring ofthe Mount Controller.5.1 Internal Wiring DiagramsThe wiring diagram for the Mount Controller is too large to �t onto a single page and thereforeit has been split up into smaller logi
al blo
ks.Table 8 summarizes the individual drawings that make up the internal wiring diagram forthe Mount Controller. Table 8: Internal Wiring DiagramDrawing Figure PageAC Power Supplies 16 18DC Power Supplies 17 19Coarse and �ne autoguiders 18 20Stepper motors 19 21RS-232 
ommuni
ations interfa
e 20 22Limit swit
hes 21 23Mount en
oders 22 24The internal RS-232 
able was damaged and had to be repla
ed in Las Campanas. No 4-wire
able was available. Figure 20 in page 22 shows the repla
ement 
able that was made.5.2 Internal Wiring PartsThe parts to 
omplete the internal wiring of the Mount Controller have been split up intoseparate tables for 
ables and 
onne
tors.The tables that make up the parts list for the internal wiring are summarized in Table 9.Table 9: Internal Wiring Parts ListsDrawing Figure PageCables 10 25Conne
tors 11 26
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Table 10: Internal Wiring Parts List | CablesPartNumber Des
ription (SSM)Rapid 01-0256 2-Core (32/0.2) Mains Cable 100m ReelRapid� 01-0282 3-Core (32/0.2) Mains Cable 100m ReelFEC� 119-0255 4-Core (7/0.2) S
reened Bla
k Cable 100mReelFEC� 119-0171 8-Core (7/0.2) S
reened Bla
k Cable 25mReelRapid� 01-1461 10-Way Coloured Ribbon Cable 30.5m ReelRapid� 01-1464 16-Way Coloured Ribbon Cable 30.5m ReelRapid� 01-0450 7/0.2 Yellow Cable 100m ReelRapid� 01-0400 7/0.2 Bla
k Cable 100m ReelRapid� 01-1100 24/0.2 Bla
k Cable 100m ReelRapid� 01-1135 24/0.2 Red Cable 100m ReelRapid� 01-1105 24/0.2 Blue Cable 100m ReelRapid� 01-1150 24/0.2 Yellow Cable 100m ReelRapid� 01-1125 24/0.2 Orange Cable 100m Reel�These items are available from Physi
s Stores.
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Table 11: Internal Wiring Parts List | Conne
torsName PartNumber Des
ription (SSM)CN1{CN3 Rapid� 33-0660 Red Insulated 6:8� 0:8 Female Terminalpk100CN4{CN7 Rapid� 33-0650 Red Uninsulated 4:8� 0:8 Female Terminalpk100CN8{CN18 Rapid 33-1368 Yellow 1-mm Bootla
e Ferrule pk100CN19{CN20 Rapid 22-2500 0.156" 2-Way Crimp HousingCN21{CN24 Rapid 22-2520 0.156" 6-Way Crimp HousingCN25 Rapid 22-0905 2-Way Molex KK Crimp HousingCN26 Rapid 22-0915 4-Way Molex KK Crimp HousingCN27{CN28 Rapid 22-0920 5-Way Molex KK Crimp HousingCN29{CN30 Rapid 22-0925 6-Way Molex KK Crimp HousingCN31{CN32 Rapid 22-0930 8-Way Molex KK Crimp HousingCN33{CN36 Rapid 22-2355 9-Way Molex KK Crimp HousingCN37{CN40 Rapid� 19-0300 10-Way IDC So
ketCN41{CN42 Rapid� 19-0305 16-Way IDC So
ket| Rapid 22-1098 Molex KK Crimp Terminal pk1000| Rapid 22-2576 0.156" Crimp Terminal pk1000�These items are available from Physi
s Stores.
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6 Main BoardMost of the ele
troni
s needed by the Mount Controller are 
ontained on the Main board. Thisse
tion of the report des
ribes the design and 
onstru
tion of the Main PCB of the MountController.6.1 S
hemati
 DiagramThe s
hemati
 diagram for the Main board of the Mount Controller is too large to �t onto asingle page. Hen
e the s
hemati
 has been split up onto several pages, with ea
h page being alogi
al blo
k of the whole design. Table 12 shows all the pages that make up the s
hemati
 forthe Main board. Table 12: Mount Controller Main Board S
hemati
sDrawing Figure PageHierar
hi
al blo
k diagram 23 28External power supply input 24 29Power supply de
oupling | analog 25 30Power supply de
oupling | digital 26 31Programmable peripheral interfa
e 27 32Mount en
oders 28 33Coarse teles
ope 29 34Fine teles
ope 30 35Stepper motor power and 
ontrol 
ir
uits 31 36Stepper motor LED board driver 
ir
uit 32 37RA stepper motor driver 
ir
uit 33 38DEC stepper motor driver 
ir
uit 34 39Limit swit
hes 35 40RS-232 serial 
ommuni
ations interfa
e 36 41
6.2 Cir
uit Design and Des
riptionThe s
hemati
 diagram has been split up into several logi
al blo
ks as summarized in Table 12on Page 27. It makes sense to des
ribe the 
ir
uit operation of these sub-blo
ks individually inthis order.6.2.1 Hierar
hi
al Blo
k DiagramThe hierar
hi
al blo
k diagram is given in Figure 23 on Page 28. This diagram shows all ofthe sub-
ir
uits in the design of the Mount Controller. The diagram also shows some of the
onne
tors that are also used on the Main board.27
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6.2.2 External Power InputThe external power input s
hemati
 is given in Figure 24 on Page 29. The Mount Controlleruses several power rails and all of these rails are provided by two 
ommer
ial power supplies.One supply provides the power for the stepper motors and the other provides all of the otherrails needed by the ele
troni
s.The s
hemati
 shows the 
onne
tors whi
h 
onne
t the external power supplies to the Mainboard. There are also 
onne
tions to the 
ase mounted LEDs that show that the power rails areworking. There are also LEDs �tted to the Main board that show the power rails are working.The +5V and +12V LEDs that are �tted to the Main board have the resistor �tted within theLED and hen
e do not need a resistor. This is why 0-
 links are �tted to the board. If the LEDfails then by 
hanging the link a standard LED 
an be used.The s
hemati
 also 
ontains various test points on the power rails and also shows how all thedi�erent grounds are tied together.6.2.3 Power Supply De
ouplingThe Mount Controller 
ontains a mixture of analog and digital 
omponents, and all these 
om-ponents need de
oupling 
apa
itors on the power supply pins. Figure 25 on Page 30 shows thede
oupling arrangement for the analog devi
es. Figure 26 on Page 31 shows the de
oupling forthe digital 
omponents. The 
ir
uits for the PICs MCLR and 
lo
k pins is also shown.6.2.4 Programmable Peripheral Interfa
eThe Mount Controller is a highly 
omplex system and as a result it requires a lot of I/O lines tobe 
onne
ted to the PIC mi
ro
ontroller. The PIC that is used on the Mount Controller doesn'thave enough I/O lines itself. To provide additional lines of I/O, a programmable peripheralinterfa
e (PPI) is used. The PPI has an 8-bit data bus and requires 4 bits for 
ontrol purposes.The PPI 
an provide a total of 24 lines of I/O. The 8255 PPI IC is the devi
e that is used to dothe I/O expansion on the Mount Controller.On the Mount Controller there are two 8255s; they share the data lines of the PPI. To ensurethat the data goes to the 
orre
t devi
e, the 
hip sele
t lines have to be used.Figure 27 on Page 32 shows how the data bus is 
onne
ted to the two 8255s.6.2.5 Mount En
odersThere are two en
oders �tted to the mount that the Mount Controller reads, one for de
lination(DEC) and one for right-as
ension (RA). Both the RA and DEC en
oders are the same 10-bitunit.Figure 12 on Page 14 shows the en
oder 
ir
uit The PIC reads the DEC and RA throughU2. 42



6.2.6 Stepper Motor Power and Control Cir
uitsThe stepper motor power and 
ontrol 
ir
uits are given in Figure 31 on Page 36.The stepper motors on the mount are driven in two modes|guiding and slewing. In guidingmode, the motors are moved a step at a time in order to ra
k the sun. To do this the motorsare powered from a +5-V supply. Slewing is used when the mount has to be moved qui
kly to aposition; for example, to return to the sunrise position after sunset. To do this, the motors arerun very qui
kly and with a mu
h higher voltage| in this 
ase +24V. To swit
h between the+5-V and +24-V supplies, two photomos relays are used.The STEP and DIR signals have to 
hange very qui
kly and so they are 
onne
ted dire
tlyto the PIC. The ENABLE, GUIDE, and SLEW signals generally 
hange far less frequently andso they are 
onne
ted to an 8255 whi
h is slower in swit
hing as the devi
e has to be set up bythe PIC.All of the stepper motor signals are displayed on the front panel of the 
ase via a LED board.The LEDs on this board are all +5V variants and hen
e no resistor is needed. A standard LED
an be used as there are 0-
 links on the board that 
an be 
hanged for a resistor if needed.There are separate display boards for the RA and DEC stepper motors.6.2.7 Stepper Motor Driver Cir
uitsThe Mount Controller uses the same 
ir
uit for the RA and DEC stepper motor drivers. Figure 33on Page 38 for the RA stepper driver and Figure 34 on Page 39 for the DEC stepper 
ir
uit.6.3 PCB LayoutThe Mount Controller Main board is a four layer PCB and as a result the manufa
ture of thisPCB is sub
ontra
ted out to a professional manufa
turer. Be
ause the PCB is being madeexternally it will have a proper silks
reen on the board whi
h will make the population of theboard and fault �nding easier.Table 13 summarizes the various layers that make up the Mount Controller Main board.Table 13: Mount Controller PCB LayersDrawing Figure PageComponent Side Tra
ks (Layer 1) 37 44Internal Layer Tra
ks (Layer 3) 38 45Internal Layer Tra
ks (Layer 4) 39 46Component Side Tra
ks (Layer 2) 40 4743



Figure 37: Silks
reen and 
omponent-side tra
ks (Layer 1) of the Main PCB.
44



Figure 38: Silks
reen and internal tra
ks (Layer 3) of the Main PCB.
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Figure 39: Silks
reen and internal tra
ks (Layer 4) of the Main PCB.
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Figure 40: Silks
reen and solder-side tra
ks (Layer 2) of the Main PCB.
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6.4 PCB Assembly NotesThe following points need to be noted when assembling the Mount Controller Main board.� All LEDs are mounted on 3-mm LED spa
ers.� The short leg of the LEDs is the 
athode.� The main board 
an be 
on�gured to ensure that the stepper motors have either seriesor parallel 
onne
tion of the motor 
oils. The various 
on�gurations are summarized inTable 14.� U1 is mounted in a ZIF so
ket.� U6 and U7 are mounted on a substantial heatsink. The heatsink assembly is shown inFigure 41.Table 14: Mount Controller Stepper Motor Coil Con�gurationsMotor Coil Made OpenCon�guration Links LinksRA Series 25{26 29-32RA Parallel 29{32 25-26DEC Series 27{28 33-36DEC Parallel 33{36 27-28

Figure 41: Assembly drawing of the heatsink onto whi
h the stepper motor driver ICs are mounted.6.5 PCB Blunders & Enhan
ementsThe following list details all of the blunders and enhan
ements that were found with theMC-MAIN-2 PCB during testing.� C51 PCB ident needs rotating. 48



� Instead of having two GEN-LED boards the autoguider dire
tions should be shown on a
ross arrangement of LEDs.� Design a new front panel board that 
an allows the 
ross 
on�guration of guider signals orsix dis
rete LEDs.� Change the layout of the front panel LED board 
onne
tors so that a 
ross LED board
an be used.6.6 Parts ListThe parts list for the Mount Controller is too large to �t in a single table, and so it has beensplit up into smaller tables a

ording to 
omponent type. The parts list tables are summarizedin Table 15. Table 15: Mount Controller Main Board | Parts ListsDrawing Figure PageResistors 16 50Capa
itors 17 50Con�guration Parts 18 51Semi
ondu
tors 19 51Conne
tors and Testpoints 20 52Mis
ellaneous 21 53
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Table 16: Main PCB Parts List | ResistorsName PartNumber Des
ription (SSM)R1{R4 Rapid 62-6700 1-
 2-W Power Resistor PR02 Series pk10R5{R12 Rapid� 00-0000 10-
 0.25-W 1% MR25 Resistor pk100R13{R16 Rapid 62-7446 100-
 0.6W MRS25 Resistor pk100R17{R18 Rapid� 62-0784 270-
 0.25-W 1% MR25 Resistor pk100R19 Rapid� 62-0802 510-
 0.25-W 1% MR25 Resistor pk100R20{R23 Rapid� 62-0817 820-
 0.25-W 1% MR25 Resistor pk100R24{R32 Rapid� 62-0824 1-k
 0.25-W 1% MR25 Resistor pk100R33{R64 Rapid 63-1236 1-k
 0.4-W 0.1% Pre
ision ResistorR65{R67 Rapid� 62-0827 1.2-k
 0.25-W 1% MR25 Resistor pk100R68{R69 Rapid� 62-0849 2.4-k
 0.25-W 1% MR25 Resistor pk100R70{R75 Rapid� 62-0897 10-k
 0.25-W 1% MR25 Resistor pk100R76{R77 Rapid� 62-0917 20-k
 0.25-W 1% MR25 Resistor pk100R78{R86 Rapid� 62-0964 100-k
 0.25-W 1% MR25 Resistor pk100RN1{RN5 Rapid 63-0265 10-k
 4-Commoned SIL Resistor NetworkRN6 Rapid 63-0300 10-k
 5-Commoned SIL Resistor NetworkRN7 Rapid 63-0125 10-k
 7-Commoned SIL Resistor NetworkVR1{VR2 Rapid 68-1112 10-k
 Multiturn Potentiometer PV37WSeriesLK1{LK32 FEC 933-9027 0-
 Link MCF Series (50)LK33{LK42 | Depopulated SOT Link�These items are available from Physi
s Stores.Table 17: Main PCB Parts List | Capa
itorsName PartNumber Des
ription (SSM)C1{C2 Rapid 08-0895 15-pF Cerami
 Capa
itor 2.5-mmC3{C4 Rapid 08-0913 3.3-nF Cerami
 Capa
itor 2.5-mmC5{C8 Rapid 08-1030 47-nF Cerami
 Capa
itor 2.5-mmC9{C39 Rapid 08-1015 100-nF Cerami
 Capa
itor 2.5-mmC40{C47 Rapid� 11-0688 1-�F Tantalum Capa
itor 5-mm 35-VC48{C65 Rapid� 11-0698 10-�F 35V Tantalum Capa
itor 5-mm 35-VC66{C67 Rapid 11-0360 470-�F 85ÆC Ele
trolyti
 Capa
itor 35-V�These items are available from Physi
s Stores.50



Table 18: Main PCB Parts List | Con�guration PartsName PartNumber Des
ription (SSM)R91{R94 Rapid� 62-0942 47-k
 0.25-W 1% MR25 ResistorR95{R98 Rapid� 62-0795 430-
 0.25-W 1% MR25 ResistorC69{C76 Rapid 08-1200 1.8-pF Cerami
 Capa
itor 2.5-mm�These items are available from Physi
s Stores.
Table 19: Main PCB Parts List | Semi
ondu
torsName PartNumber Des
ription (SSM)U1 Rapid 73-3206 PIC16F877-20P Mi
ro
ontrollerU2{U3 RS 426-991 CP82C55A parallel I/O ICU4{U5 Rapid 82-0198 L297 Stepper Motor Driver ICU6{U7 Rapid 82-0202 L298N Dual Full-bridge Driver ICU8 Rapid 82-0148 MAX232CPE RS-232 Line Driver ICU9{U14 Rapid� 82-0054 TL074 Quad Op-amp ICU15 Rapid� 83-0380 4049 Hex Inverter ICU16 Rapid� 83-0382 4050 Hex Bu�er ICU17 Rapid� 83-0414 4081B Quad 2-Input AND ICU19{U20 FEC 117-5735 AQZ202 PhotoMOS Relay 60-Vd
 3-AQ1{Q4 Rapid 47-0156 ZVN2106A n-
hannel MOSFETQ5{Q6 Rapid 47-0174 ZVP2106A p-
hannel MOSFETD1 Rapid 56-0410 Yellow 3-mm Low-
urrent LEDD2 Rapid 55-1465 Blue 3-mm Low-
urrent LEDD3{D4 Rapid 56-1400 Red 5-V 3-mm LEDD5 Rapid 56-1460 Yellow 12-V 3-mm LEDD6{D7 Rapid 56-1405 Green 5-V 3-mm LEDD8{D9 FEC 988-4963 30-V Transient Suppressor DiodeD10{D25 FEC 146-9372 BYV27 Ultrafast Re
overy DiodeD26-D42 Rapid 47-2564 1N5817 1-A 20-V S
hottky Power Diode�These items are available from Physi
s Stores.
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Table 20: Main PCB Parts List | Conne
torsName PartNumber Des
ription (SSM)J1{J2 Rapid 22-2610 6-Way 0.156" Verti
al Pin HeaderJ3{J4 Rapid 22-0950 2-pin Molex KK Verti
al Pin HeaderJ5 Rapid 22-0955 3-pin Molex KK Verti
al Pin HeaderJ6 Rapid 22-0960 4-pin Molex KK Verti
al Pin HeaderJ7 Rapid 22-0965 5-pin Molex KK Verti
al Pin HeaderJ8 Rapid 22-0970 6-pin Molex KK Verti
al Pin HeaderJ9{J10 Rapid 22-0975 8-pin Molex KK Verti
al Pin HeaderJ11{J12 Rapid 22-2395 9-pin Molex KK Verti
al Pin HeaderJ13{J16 Rapid� 19-0250 10-Way IDC Verti
al HeaderJ17{J18 Rapid� 19-0255 16-Way IDC Verti
al HeaderTP1{TP19 Rapid 17-1810 Bla
k Testpoint pk100TP20 Rapid 17-1817 Blue Testpoint pk100TP21{TP54 Rapid 17-1820 Green Testpoint pk100TP55{TP56 Rapid 17-1815 Red Testpoint pk100TP57{TP60 Rapid 17-1819 Yellow Testpoint pk100�These items are available from Physi
s Stores.
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Table 21: Main PCB Parts List | Mis
ellaneousName PartNumber Des
ription (SSM)XT1 Rapid 90-3259 20-MHz Crystal| Rapid 38-0610 HC-49 Crystal Mouning Pad| Rapid 38-0750 3mm � 3mm LED Spa
er pk25| Rapid� 22-1720 8-pin Turned Pin DIL IC So
ket| Rapid� 22-1721 14-pin Turned Pin DIL IC So
ket| Rapid� 22-1722 16-pin Turned Pin DIL IC So
ket| Rapid� 22-1724 20-pin Turned Pin DIL IC So
ket| Rapid� 22-1730 40-pin Turned Pin DIL IC So
ket| Rapid 22-1580 40-pin ZIF IC So
ketU21{U28 Rapid 22-1707 8-pin DIL Component Header 0.3"| FEC 177-011 46� 50� 33|4.9ÆK/W Heatsink| Rapid 33-3150 NÆ4� 6:5 Self-tapping S
rew pk100| Rapid 33-3155 NÆ4� 9:5 Self-tapping S
rew pk100| Rapid 33-5064 M3 Nylon Washer pk100| Rapid 38-3034 T-Pad 1500 Thermal Pad 100� 100| BetayMC-MAIN-2 Mount Controller Main PCB�These items are available from Physi
s Stores.yPri
e quoted does not in
lude shipping.
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7 Power LED BoardThe Power LED Board is a generi
 board that is used on virtually every unit that is designedand built by HiROS. The Power LED Board 
ontains up to three LEDs that are illuminatedwhen the power supply levels are present. The PCB is �tted to the front panel of the unit usinga self-adhesive PCB pillar.On the Mount Controller unit all three LEDs are present and these indi
ate that the +12V,+5V and �12V power rails are present.7.1 S
hemati
 DiagramThe s
hemati
 diagram for the Power LED board is shown in Figure 42.
D3

+5V LEDV+ LED

V- LED

Green Green

Green

1 2 3 4 5J1

D1 D2

AGND DGNDFigure 42: S
hemati
 diagram of the Power LED Board. All of the LEDs are mounted on 7.6-mmLED spa
ers.7.2 PCB LayoutThe 
omponent layout and solder-side tra
ks are shown in Figure 43. The board is single sidedand is made by an outside 
ontra
tor.
Figure 43: Power LED Board 
omponent layout and solder-side tra
ks.54



7.3 PCB Assembly NotesThe following points need to be noted when assembling the Power LED board.� D1 {D3 are mounted on 7.6-mm LED spa
ers.� The short leg on the LED is the 
athode.� PCB is se
ured to the front panel of the unit by a self-adhesive PCB pillar.� PCB should be 
leaned with Ambersil PCB 
leaner (RS 558-041) after soldering to removelight 
ux residue and general grime. For more stubborn 
ux 
ontamination use Ambersil
ux remover (RS 558-007).� PCB should be 
oated with three 
oats of PCB la
quer (Rapid 87-0670) to ele
tri
allyinsulate the tra
ks.7.4 Parts ListTable 22 shows all of the parts that are required to build the Power LED board.Table 22: Power LED Board | Parts ListName PartNumber Des
ription (SSM)J1 Rapid 22-1020 5-pin Molex KK Right-angled Pin HeaderD1{D3 Rapid 56-0435 Green Low Current 5-mm LED| Rapid 38-0770 5mm � 7:6mm LED Spa
er pk25| Rapid 33-2135 Self-Adhesive PCB Pillar 9.5-mm pk25| BetayPWR-LED-4 Power LED PCB (7)yPCB is below minimum order area and therefore multiple PCBs must be ordered.
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8 Generi
 LED BoardThe generi
 LED board was designed as a general purpose board that 
an be �tted to the frontpanel of units that are designed and built by HiROS. The generi
 LED board 
an 
ontain up tosix LEDs.The Mount Controller uses two of these PCBs to show the status of the DEC and RA steppermotor 
ontrol signals.8.1 S
hemati
 DiagramThe s
hemati
 diagram for the Generi
 LED boards as used on the Mount Controller is shownin Figure 44.
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Figure 44: S
hemati
 diagram of the Generi
 LED Board.8.2 PCB LayoutThe 
omponent layout and solder-side tra
ks are shown in Figure 43. The board is single sidedand is made by an outside 
ontra
tor.

Figure 45: Generi
 LED Board 
omponent layout and solder-side tra
ks.56



8.3 PCB Assembly NotesThe following points need to be noted when assembling the Generi
 LED board.� D1 {D5 are mounted on 7.6-mm LED spa
ers.� D6 is depopulated.� The short leg on the LED is the 
athode.� PCB is se
ured to the front panel of the unit by self-adhesive PCB pillars.� PCB should be 
leaned with Ambersil PCB 
leaner (RS 558-041) after soldering to removelight 
ux residue and general grime. For more stubborn 
ux 
ontamination use Ambersil
ux remover (RS 558-007).� PCB should be 
oated with three 
oats of PCB la
quer (Rapid 87-0670) to ele
tri
allyinsulate the tra
ks.8.4 Parts ListTable 23 shows the parts required to build one of the Generi
 LED boards.Table 23: Generi
 LED Board | Parts ListName PartNumber Des
ription (SSM)J1 Rapid 22-2425 9-pin Molex KK Right-angled Pin HeaderD1, D3,D4 Rapid 56-1505 Green 5-V 5-mm LEDD2, D5 Rapid 56-1500 Red HE 5-V 5-mm LEDD6 | Depopulated 5-mm LED| Rapid 38-0770 5mm � 7:6mm LED Spa
er pk25| Rapid 33-2135 Self-Adhesive PCB Pillar 9.5-mm pk25| BetayGEN-LED-1 Generi
 LED PCB (2)yPCB is below minimum order area and therefore multiple PCBs must be ordered.
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9 The RS-232 LED BoardThe RS-232 LED Board is a generi
 board that is used on every unit that uses an RS-232 serialinterfa
e.The RS-232 LED board sits behind the front panel and holds four LEDs. These LEDsshow the state of the RS-232 lines. The left 
olumn is for the TxD line and the right 
olumn isfor the RxD line. The red LEDs on the bottom are illuminated when the 
orresponding line islow. The green LEDs on the top are illuminated when the line is high.9.1 S
hemati
 DiagramThe s
hemati
 diagram for the RS-232 LED board is given in Figure 46
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Figure 46: Cir
uit drawing of the RS-232 LED Board. All of the LEDs are mounted on 7.6-mm LEDspa
ers.9.2 PCB LayoutThe RS-232 LED board is a single-sided board and the 
omponent silks
reen and solder-sidetra
ks are given in Figure 47.
Figure 47: LED Board 
omponent layout and bottom-side tra
ks.9.3 PCB Assembly NotesThe following points need to be noted when assembling the RS-232 LED board.58



� D1 {D3 are mounted on 7.6-mm LED spa
ers.� The short leg on the LED is the 
athode.� PCB is se
ured to the front panel of the unit by using a self-adhesive PCB pillar.� PCB should be 
leaned with Ambersil PCB 
leaner (RS 558-041) after soldering to removelight 
ux residue and general grime. For more stubborn 
ux 
ontamination use Ambersil
ux remover (RS 558-007).� PCB should be 
oated with three 
oats of PCB la
quer (Rapid 87-0670) to ele
tri
allyinsulate the tra
ks.9.4 Parts ListThe parts list for the RS-232 LED PCB is given in Table 24.Table 24: RS-232 LED Board | Parts ListName PartNumber Des
ription (SSM)D1, D3 Rapid 56-0435 Green Low-
urrent 5-mm LEDD2, D4 Rapid 56-0430 Red Low-Current 5-mm LEDJ1 Rapid 22-1025 6-Way Right-angled Molex KK Pin Header| Rapid 38-0770 5mm � 7:6mm LED Spa
er pk25| Rapid 33-2135 Self-Adhesive PCB Pillar 9.5-mm pk25| Betay RS-232-3 RS-232 LED Board PCB (3)yPCB is below minimum order area and therefore multiple PCBs must be ordered.
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10 Component Pin-outsThe 
omponent pin-out �gures have been grouped together in several �gures and these aresummarized in Table 25. Table 25: Component Pin-Out DiagramsDrawing Figure PageTO-92 Devi
es 48 60E-line Devi
es 49 608-pin DIL Devi
es 50 6114-pin DIL Devi
es 51 6116-pin DIL Devi
es 52 6120-pin DIL Devi
es 53 61Stepper Motor Driver IC | L298 54 6240-pin DIL Devi
es 55 62.............................................................................................................................................................................................. PowerSignalGNDPIN VIEWTO-92
(a) LM35Figure 48: Pin-out diagrams of devi
es using the TO-92 pa
kage..................................... DRAINGATESOURCEPIN VIEWE-LINE

(a) ZVN2106 .................................... DRAINGATESOURCEPIN VIEWE-LINE
(b) ZVP2106Figure 49: Pin-out diagrams of devi
es using the E-line pa
kage.11 Me
hani
al DrawingsThere are several me
hani
al drawings that are asso
iated with the Mount Controller and theseare summarized in Table 26.
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�1234 5678Out AIn- AIn+ A-V

 In+ BIn- BOut B+V

TOP VIEW(a) TL082Figure 50: Pin-out diagrams of devi
es that use the 8-pin DIL pa
kage.�1234567 8910111213
14Out AIN A�IN A+V+IN B+IN B�Out B Out CIN C�IN C+V�IN D+IN D�Out D

TOP VIEW(a) TL084
�1234567 8910111213

14A1B1OUT 1OUT 2A2B2VDD A3B3OUT 3OUT 4B3A3VSS
TOP VIEW(b) 4011BFigure 51: Pin-out diagrams of devi
es that use the 14-pin DIL pa
kage.�12345678 91011121314

1516C1+V+C1�C2+C2�V�T2outR2in R2outT2inT1inR1outR1inT1outGNDV


TOP VIEW(a) MAX232

�12345678 91011121314
1516VDDOUT1IN1OUT2IN2OUT3IN3VSS IN4OUT4IN5OUT5n/
IN6OUT6n/


TOP VIEW(b) 4050
�12345678 91011121314

1516VDDO1I1O2I2O3I3VSS I4O4I5O5NCI6O6NC
TOP VIEW(
) 4049Figure 52: Pin-out diagrams of devi
es that use the 16-pin DIL pa
kage.�12345678910 111213141516

17181920Syn
GNDHomeAINH1BCINH2DEnable ControlVSSens2Sens1VrefOs
CW/CCWCLKHalf/FullReset
TOP VIEW(a) L297Figure 53: Pin-out diagrams of devi
es that use the 20-pin DIL pa
kage.Table 26: Me
hani
al DrawingsDrawing Figure PageModi�ed Heatsink 56 62Mount Controller Front Panel 57 63Mount Controller Rear Panel 58 6461
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(a) L298Figure 54: Pin-out diagrams of the stepper motor driver IC.
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TOP VIEW(a) PIC18F877
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TOP VIEW(b) 82C55Figure 55: Pin-out diagrams of devi
es that use the 40-pin DIL pa
kage.

Figure 56: Me
hani
al drawing of the modi�ed heatsink.62



Figure 57: Me
hani
al drawing of the front panel of the Mount Controller.
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Figure 58: Me
hani
al drawing of the rear panel of the Mount Controller.
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