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TO PAGE 3
TO PAGE 3
TO PAGE 5
TO PAGE 8

TO PAGE 7
TO PAGE 7

TO PAGE 7

ALL KEYS ON PAGE 3

FLASH VOLTAGE

ANALOG POWER

7.372MHZ

TO PAGE 4

TO PAGE 8

OSC

D/A

RS232

HEARTBEAT  LED
component side 
PLACE D4  as shown OUTPUTS ARE SHORT CIRCUIT PROTECT

EACH OUTPUT LIMITED TO APROX.  45mA

DISPLAY

LEDS
RTC

CHIP SELECT DECODER

ESQUARED

SERIAL I/O

TO PAGE 6

TO PAGE 5

BAT BACKUP

FRAM

MC33298

DSP

RTC

SERIAL STUFF

FLASH MEMORY 

DISPLAY

LEVEL TRANSLATION

RS232

DECOUPLING, +3.3V

DECOUPLING, +5V

73728MHZ

D/A

SERIAL MUX

NOT POPULATED

PLL FILTER

NEW FOOTPRINT

TO PAGE 6
TO PAGE 6

N
ET

 (N
18

64
63

74
)

Q15015-004

C15 REMOVED

RS232

RS232

UNUSED

Combine J8 and J16 ?

Place J1 & R29
as close as
possible to U7 pin 1

"T5" Machine places a potentiometer of 5K ohms
across outputs;  Analog Out 1 and  Analog Out 2.
Potentiometer varies from 5K to 0 ohms.

PLACE C28 NEAR U7

TO SHEET 5

TO SHEET 4
J6-31

TO SHEET 4
 J6-32

TO SHEET 7
TO SHEET 7

TO SHEET 7

TO SHEET 8

TO SHEET 4

TO SHEET 3

RDY

WRITE PROTECT

MISO3.3

CS1

XINT1

/RESET

T1_OUT

T2_OUT
R1_IN

R2_IN

XINT2

RESET_3.3

CLOCK_7MHZ

3.3V

3.3V

VCC_+5v

3.3V

3.3V

3.3V

VCC_+9V

3.3V

3.3V
VCC_+5V

VCC_+5V

3.3V

3.3V
VCC_+5v

VCC_+5V

3.3V3.3V

VCC_+5v

VCC_+5v

3.3V

2.7VUNSW

3.3V

3.3V

3.3V

VCC_+5v

3.3V

VCC_+5V

3.3V

VCC_+5V

VCC_+5v

VCC_+5v

3.3V

3.3V
3.3V

3.3V

3.3V

3.3V

BATTERY VOLTAGE SENSE

CS5

SPICLK5

MOSI5

CS6

VACFAN PWMFB

SPICLK3.3

C

A
B

D

PROPELPWMFB

CS1

BAT BACKUP

MISO3.3

KEY1

PWM1

KEY2
KEY3
KEY4

PWM2

POWER GOOD

ODOMPLS_CPU

C
D

B

THROTLE VOLTAGE

A

ACTUATOR CRNT FBKD

BRUSH CRNT FDBK2
BRUSH CRNT FDBK1

SPICLK3.3

MOSI3.3

MISO3.3 ANALOG OUT 1

ANALOG OUT 2

PROPDIR

PROPELPWM

PROPEL CRNT REF

BRUSH CRNT REF1

BRUSHPWM1

BRUSHPWM2

BRUSH CRNT REF2

ACTUATOR CRNT REF

MOSI3.3

BRUSHPWMFB2
BRUSHPWMFB1

SPICLK3.3
CS9

FAULT1

ACTUATORPWM

ACTUATORPWMFB

KEY6
KEY7

KEY5

BRAKE VOLTAGE

CI

BAT BACKUP

VBAT

MOSI3.3

MISO5

17
18

ACTUATORDIR

/RESET

PROPEL CRNT FBKD

VACFAN CRNT FDBK

MOSI5

VACFAN CRNT REF

SPICLK5

CS0
CS1
CS2
CS3

CS5
CS4

CS6

CS9

CS7

VACFAN PWM

XTRA_1CPU

RTS_SG

CS4

CTS_SG

WRITE PROTECT

CTS_SG

RTS_SG

XINT1

XINT2

XTRA_2CPU
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SPECS FOR F1 

TO PAGE 2

TO PAGE 2

9V /1.5A SWITCHING SUPPLY

POWER SUPPLY +9V

Holding Amps
0.35 @ 20C
0.27 @ 50C
0.25 @ 60C
0.20 @ 70C

Trip Time @ 20c
1 Amp @ 2sec.
3 Amp @ 0.03sec.

Resistance
Min = 0.3 Ohms
Max = 1.3 Ohms

* 9-24-03

TO PAGE 4

TO PAGE 2

TO PAGE 2

TO DSP, SHEET 2

LED DRIVERS

FROM DSP, SHEET2

TO PAGE 6

5V / 1A SWITCHING SUPPLY

POWER SUPPLY +3.3V
3.3V LOW DROPOUT LINEAR REGULATOR
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TO PAGE 4 
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A A

LOW SIDE OUTPUT PWM1
LOW SIDE OUTPUT PWM2

LOW SIDE OUTPUT

LOW SIDE OUTPUT

LOW SIDE OUTPUT
LOW SIDE OUTPUT

LOW ACTIVE INPUT
LOW ACTIVE INPUT

LOW ACTIVE INPUT

LOW ACTIVE INPUT
LOW ACTIVE INPUT

LOW ACTIVE INPUT

TO PAGES 3

TRACES FROM FETs Q1 - 12 DRAIN TO
J6 MUST HAVE 10  AMP CAPACITY.

CONNECT  TO POWER GROUND PLANE
MOSFET's SOURCE 
PIN 15 OF U34 & 35
C85, C88, R91, R100

 VCOMP = 0.31V 
RANGE (0.25 - 3.0  VOLTS)
MUST BE RELATIVE
TO SINGLE POINT GND.

TO PAGES 3
TO PAGES 3

TO PAGE 2

ALL TO PAGE 2

TO PAGES 5

TO PAGES 5

TO PAGES 5

TO PAGES 2
TO PAGES 2

FROM PAGE 6

TO PAGES 4
TO PAGES 4
TO PAGES 4

TO PAGE 5

not populated

TRANSPORT SWITCH

HORN SWITCH
READY SWITCH

REVERSE  SWITCH

FLYBACK PATH

BURNISHER MOTOR SHUNT IN

MAIN CONTACTOR
BURNISHER MOTOR CONTACTOR

SEAT SWITCH
UNUSED OUTPUT 5 AMP

PAD CHANGE INTERLOCK

UNUSED

HOUR METER

UNUSED OUTPUT 1 AMP
E-STOP INPUT

UNUSED OUTPUT 1 AMP

HORN / BEEPER

1AMP LOWF

SENSOR RETURN

TO J6 -13 ON  PAGE 4

TO PAGE 2

FROM PAGE 2

CHARGER INTERLOCK

TO PAGES 5

HEAD ACTUATOR B

HEAD ACTUATOR A

SQUEEGEE ACTUATOR B

SQUEEGEE ACTUATOR A

TO PAGE 5

HOUR METER

HORN / BEEPER

UNUSED

E-STOP INPUT

UNUSED

ORIGINAL Grounding path for "SIGNAL GROUND PLAIN".

Grounding path for "SENSOR GROUND RETURN".
J6-35 through ferrite to power ground, instead of directly
to SIGNAL GROUND.

TRANSPORT SWITCH
HORN SWITCH

READY SWITCH
REVERSE  SWITCH

PAD CHANGE INTERLOCK
(LOW = RUN)

SEAT SWITCH
(LOW = RUN)

ELECT BRAKE

MAIN CONTACTOR
BMOT_CONTACTOR

UNUSED OUTPUT 5 AMP

UNUSED
TO PAGES 6 DIGTAL INPUT \ ODOMETER PULSE
TO PAGES 6 EXTRA DIGTAL INPUT 

TO PAGES 6

TO PAGE 4 / J6-28

FUSED 5voltsTO PAGES 3

If output is used for Main Contactor, D16 must be used.

*Use D16 for flyback, when high side of load is connected to "1AMP LOWD"
*Use D21 for flyback, when high side of load is connected to "FLYBACK / FUSED POWER" 

D
21

 - 
N

O
T 

PO
PU

LA
TE

D

TO PAGES 6

Locate C166 next to Q1, Q2, Q3.
Locate C167 next to  Q4, Q5, Q6.

Located on pin 35 side of J6 Located on pin 1 side of J6

TO PAGE4 
J6-13

FROM PAGE2

FROM PAGE2

FROM PAGE2

FROM PAGE2

FROM PAGE5

UNUSED

ELECT BRAKE

FROM PAGE 2

NOT POPULATED

NOT POPULATED

FROM PAGE 7

FROM PAGE 7 BURNISHER MOTOR SHUNT IN

 VCOMP = 0.31V 
RANGE (0.25 - 3.0  VOLTS)
MUST BE RELATIVE
TO SINGLE POINT GND.

POSSIBLE ALTERNATE 
SPD30N06S2-15

3.3V

VCC_+5V

VCC_+5V

GND_SIGNAL GND_POWER

GND_POWER

VCC_+9V

GND_POWER GND_POWER

GND_POWER

GND_POWER

GND_SIGNAL

VCC_+5V

MOSI5

HEAD_ACTUATOR_B

SQUEEGEE_ACTUATOR_B

SPICLK5

CS2

FAULT1

HEAD_ACTUATOR_A
KEY INPUT

PROPEL INPUT VOLTAGE

ANALOG OUT 1
ANALOG OUT 2

PWM1
PWM2

1AMP LOWB
1AMP LOWC
1AMP LOWD

MISO5

/RESET5V

SPICLK5

MOSI5

1AMP LOWB

1AMP LOWC

CS7

SQEE/HEAD LIFT

BRAKE INPUT VOLTAGE

FLYBACK / FUSED POWER

BATTERY POSITIVE  INPUT

FLYBACK / FUSED POWER

MISO5

VBAT

VBAT

SQUEEGEE_ACTUATOR_A

HBFUSE

1AMP LOWE

1AMP LOWA

1AMP LOWA

1AMP LOWE

CHARGER INTERLOCK

1AMP LOWF

1AMP LOWF

odompls
xtra_1in

FUSED 5volts

1AMP LOWD

1A
M

P 
LO

W
D

xtra_2in

FLYBACK / FUSED POWER

BMOT_SHUNT_HI

BMOT_SHUNT_LO
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ACTUATOR LIFT 

LIMITS REF.
TO 3.1 VOLTS

TO PAGE 3

TO PAGE 3

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGES 4
TO PAGES 4

TO PAGES 4
TO PAGES 4

TO PAGE 5

LOCATE C96 &C97 CLOSE
TO PINS 6 & 12.
ALSO  CONNECT DIRECTLY
TO PINS 6 & 12.

TO PAGE4
TO PAGE 4

ATTNENTION
C109 and C110
Locate directly to Drain & Source of
Q15 & Q16. 

LOW = ENABLED

TO PAGE 5, 7 & 8

5V RESET & H-BRIGE DISABLE

HIP4O82
Low Level Input threshold is 0.8 v 
High Level Input threshold is  2.7 v

      DSP Outputs
Output Low Max 0.4  v 
Output High Min 2.4 v 

NOT POPULATED

NOT POPULATED

VCC_+5V
VCC_+5V

3.3V

VCC_+5V
VCC_+5V

VCC_+5V

3.3V

3.3V

VCC_+9V

VCC_+5V

3.3V

VCC_+5V

VCC_+5V

VCC_+5V

VCC_+5V

ACTUATORDIR

ACTUATORPWM

SQEE/HEAD LIFT

ACTUATORPWMFB

ACTUATOR CRNT FBKD

ACTUATOR CRNT REF

SQUEEGEE_ACTUATOR_B
SQUEEGEE_ACTUATOR_A

HEAD_ACTUATOR_A
HEAD_ACTUATOR_B

HBFUSE BATTERY POSITIVE  INPUT

ZENER 12 VOLTS

HBRG DISABLE

HBRG DISABLE

/RESET5V

/RESET
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4
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7

AHO
10
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11

Vdd
12
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13

BLO
14

BHS
15

BHO
16

AHB
9

DIS
8

C98
0.1UF

D40 ES1D

C112 10pf 50v

FH1A1
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R105 45.3 ohms

R235
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K1
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4
2

1
3
5

R108 45.3 ohms

R78 1M

F2
FUSE 15A 32V

Littlefuse 313015

U55D
74HCT08

12

13
11

14
7

C116
0.1UF

Q14
IRF3205
1

2
3

R114
10K

U38A

74HCT132/SO

1

2
3

14
7

U47A
74HCT08

12
3

147

FH1B1
FUSEHOLDER

D9

B560C-13-F

D42

ES1D

U38D

74HCT132/SO

12

13
11

14
7

C106
0.1UF 100V

D41

1A 400V

R113 12.1K

C80
0.1UF

R141 332

R112
14.0K

U39A
74HCT423

A
1

B
2

CLR
3

+5
V

O
LT

S
16

G
N

D
_S

IG
N

A
L

8

Q
13

Q
4

C
14

R/C
15

R122
.003 ohms (SHUNT)

Q13
IRF3205

1

2
3

D46

TVS 51V 600W

A
C

R109
40.2K

R79 681

R121 4.75K

R106 45.3 ohms

R103 45.3 ohms

C99

.22MF 100V

-

+

U41B

OPA2340

4

7
5

6

8

R119
1M

C109 0.033UF

D3 SD103CW

U37A

74HC08

1

2
3

14
7

C110 0.033UF

-

+

U64A

OPA4340/SOIC

11

1
3

2

4

R117 3.92K

Q15
IRF3205

1

2
3

D43

ES1D

Q16
IRF3205
1

2
3

U38B

74HCT132/SO

4

5
6

14
7

C100
0.1UF

C96
10UF/10V

C108
0.1UF

-

+U41A

OPA2340

4

1
3

2

8

D51SD103CW

C83
0.1UF

R123 332K R124 3.92K

R104 3.912

D47

TVS 51V 600W

A
C

C79
0.1UF

C97
0.1UF

C107
0.1UF 100V

R120 1k

R146 1M

R111
1k

C95 .22MF 100V

U48A

74HCT08

1

2
3

14
7

C111
100pf 50v

U38C

74HCT132/SO

9

10
8

14
7

D39 ES1D



10

10

9

9

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

H H

G G

F F

E E

D D

C C

B B

A A

TO PAGE  4,  5 & 7 

TO PAGE 3

TO PAGE 2

BATTERY VOLTAGE SENSE = .065 OF BATTERY VOLTAGE
BATTERY VOLTAGE SENSE = 1.57V @ 24 BATTERY VOLTS
BATTERY VOLTAGE SENSE = 2.35V @ 36 BATTERY VOLTS
BATTERY VOLTAGE SENSE = 3.14V @ 48 BATTERY VOLTS

TO PAGE 5

TO PAGE4 / J6-18

TO PAGE 2

CI = 2.16V  =  B+ 20V, CHARGER INTERLOCK SWITCH WAS OPENED AND SCR IS NOT CONDUCTING.
CI = 2.80V  =  B+ 26V, CHARGER INTERLOCK SWITCH WAS OPENED AND SCR IS NOT CONDUCTING.
CI = 0 V = CHARGER INTERLOCK SWITCH IS OPEN DISCONNECTED FROM B+
.5 < CI < 1.6V =  SCR IS CONDUCTING AND CHARGER INTERLOCK IS CONNECTED TO B+
INTERLOCK SWITCH IS OPEN WHEN CHARGER IS CONNECTED.

TO PAGE 2

6.5mm HOLE DIA.

6.5mm HOLE DIA.

                   SCR Q52
VTM = ON STATE VOLTAGE
VTM =  0.60 VOLTS  @ APPROX. 13.5MA

TO PAGE 4 / J6-1
When "ODOMPLS_CPU" = 20V Then  odompls3.3 = 2.16V 
When "ODOMPLS_CPU" = 26V Then  odompls3.3 = 2.80VTO PAGE 2

TO PAGE 4 / J6-2TO PAGE 2

TO PAGE 4 / J6-30

TO PAGE 2

NOT POPULATED

SCR FUNCTION:
-IF THE SCR IS ON WHEN POWERING UP, IT MEANS THE CHARGER WAS NEVER CONNECTED.
-IF THE CHARGER WAS CONNECTED WHEN POWER WAS OFF, IT LETS THE MACHINE KNOW IT SHOULD UPDATE THE BATTERY GAUGE WHEN POWERING UP.

GND_POWER

3.3V

3.3V

3.3V

3.3V

3.3V

ZENER 12 VOLTS

POLARITY PROTECTED KEY INPUT

BATTERY POSITIVE  INPUT

BATTERY VOLTAGE SENSE

VBAT

CHARGER INTERLOCK
CI

odompls
ODOMPLS_CPU

xtra_1in
XTRA_1CPU

XTRA_2CPU

xtra_2in

KEY INPUT
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D80
ES1D

A
C

R6 5.11k 1/2 W

C120
1000uf 50v

R297 402

C94
1000uf 50v

R242 14.7K

C104

1.0UF

R281
5.11K OHMS

R282 332

C172
1000uf 50v

R280
5.11K OHMS

R245 249K

D8

DIODE AXIAL ZENER 12V 5W

R244 1M

J11

M6-THREAD_25MM_LONG
1

C93
1000uf 50v

R127
332

R283 1M

Q52
SCR

R233
510 5% 1W

R206
510 5% 1W

-

+

U66D
OPA4340/SOIC
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4

R116 332 R128 4.75K

R248 10K

C92
1000uf 50v

J7

M6-THREAD_25MM_LONG

1

C170
0.1UF 100V

R279
402

R102
510 5% 1W

R263
402

R278 1K

R83332

F3 POLYSWITCH

SWITCH, POLY 500mA, 60V, 0.7 OHMS

R142 1M

R262 2.0K

R4 5.11k 1/2 W

-
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U64C
OPA4340/SOIC
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8
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9
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R260 5.11k 1/2 W
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-

+

U64D
OPA4340/SOIC

11

14
12

13

4

-

+U78B

OPA2340

4

7
5

6

8

-

+U78A

OPA2340

4

1
3

2

8

C30
0.033UF

C171
1000uf 50v

C118
0.033UF



10

10

9

9

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

H H

G G

F F

E E

D D

C C

B B

A A

LIMITS REF.
TO 3.1 VOLTS

LIMITS REF.
TO 3.1 VOLTS

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 5

LIMITS REF.
TO3.1 VOLTS

TO PAGE 2

TO PAGE 2

TO PAGE 2

TO PAGE 2

         "LOCATION SENSITIVE"

COMPONENTS; C156, D77, D11, R246, C195
ARE PLACED WITHIN HALF INCH OF
MOSFETS;  Q29, Q49, Q30, Q32.

  "LOCATION SENSITIVE TRACE"
SINGLE AND DIRECT TRACE.
R159 MUST CONNECT  TO THE PAD
WHICH THE SOURCES OF Q34,Q35
ARE SOLDERD TO.  PAD MUST HAVE
15 VIAS TO GND PLANE.

"LOCATION SENSITIVE TRACE"
Connect R157, C193 & Q51 together.
Then with one trace connect to U45 pin 4
before connecting to Signal Gnd Plain.

"LOCATION SENSITIVE TRACE"
SINGLE AND DIRECT TRACE.
 TRACE CONNECTING R284
 TO  THE DRAINS OF Q34, Q35

NEW COMPONANTS IN BOX

CHANGE R197,  C200 & Q53
CONNECT TO U51 PIN4
NOT GROUND PLANE

CHANGE
R157,  C193 & Q51
CONNECT TO
U51 PIN4
NOT GROUND PLAIN

C154, C155, C117, R290, R291
GROUP COMPONENTS
    NEXT TO U49.

U49 PIN 20

ROUTE THIS TRACE
DIRECT TO U49 PIN 6

ROUTE THIS TRACE
DIRECT TO U49 PIN 20

U49 PIN 6

When gate is 6.84 volts
Neg Input is 2.31 volts

2.31 volts

         "LOCATION SENSITIVE"

COMPONENTS; C165, D90, D12, C194, R225.
ARE PLACED WITHIN HALF INCH OF
MOSFETS;  Q33, Q50, Q34, Q35.

TO PAGE6

TO PAGE6

VACUUM FAN
  MOTOR(S)

this point is
6 out of 1023
1023 = 3.3 volts

Q15025-001

Maxim
Q19045-004
IC SMD MAX944 COMP QUAD SO14
MAX944CSD
SO14

MISSING PULSE DETECTOR
Changing C125 to 1.0uf allows,
Vac Fan motor to reach 100% duty cycle.

(t = 1.75ms) with R145 = 14k & C125 = .1uf
(t = 10.75ms) with R145 = 14k & C125 = 1.0uf

If GATOR
C125 = 
Value, 1.0uf
QPL, Q11003-004

NOT POPULATED

AMPLIFIER GAIN= 85
--0.00025 OHM SHUNT PRODUCES
3.3V AT OUTPUT WITH 155A MOTOR CURRENT.
--0.0002 OHM SHUNT PRODUCES
3.3V AT OUTPUT WITH 194A MOTOR CURRENT

NOT POPULATED NOT POPULATED

NOT POPULATED

3.3V

3.3V

VCC_+5V

VCC_+5V

VCC_+5V

VCC_+5V

3.3V

VCC_+5V

VCC_+5V

VCC_+9V

VCC_+9V

3.3V

3.3V

3.3V

3.3V

3.3V

3.3V

3.3V

3.3V

VCC_+5V

VCC_+5V

VCC_+5V

VCC_+5V

VCC_+5V

3.3V

3.3V

3.3V

3.3V

VCC_+9V

3.3V

3.3V

3.3V

BRUSHPWMFB2

BRUSHPWMFB1

BRUSH CRNT REF2

BRUSH CRNT FDBK2

BRUSH CRNT REF1

BRUSH CRNT FDBK1

CLO

CHS

CHO

CLO

CHS

CHO

BRUSHPWM2

BRUSHPWM1

VACFAN PWM

VACFAN CRNT REF

VACFAN CRNT FDBK

VACFAN PWMFB

BATTERY POSITIVE  INPUT

BATTERY POSITIVE  INPUT

PWMB

PWMA

PWMC

PWMC

VREF 

VREF 

VREF 

VREF 

HBRG DISABLE

BMOT_SHUNT_HI

BMOT_SHUNT_LO
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