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INTRODUCTION 11

SECTION |

INTRODUCTION

This manual covers the Dolphin propulsion system (Figure 1-1) which consists of a powes control unit
(PCU) ( Figure 1-2) and an ac induction traction motor ( Figure 1-3 ). The Dolphin system possesses
important features such as performance, efficiency, safety, low maintenance and ease of conversion, in
addition to the environmental considerations of zero emission transportation. The electronic matching of the
PCU and motor as well as the off—throttle regeneration and regenerative braking all contribute to the high
cfficiency of the Dolphin propulsion system. The Dolphin propulsion system includes safety features such as,
built-in interlocks as well as circuitry to monitor battery isolation for high voltage protection. The dolphin
propulsion system itself requires noregular maintenance. In addition, the Dolphin propulsion system reduces
brake wear (due t0 the off—throttle regeneration) and also extends the life of the accessory battery by keeping a
slow trickle charge on the battery. This propulsion system is adaptable to a variety of internal combustion
engine automobiles using the existing cooling and +12 Vdc electrical systems as well as the transmission. The
conversion would also require propulsion battery packs and a 110/220 Vac chassis assembly for charging.

A PHASE AC
CUTPUT CABLE
TO PROPULSION
TO DRIVER CONTROLS BATTERY/MAIN CONTACTS
POWER CONTROL UNIT
TO 12 VDC SYSTEM

INTEGRAL

CHARGER B

CABLE

2o
—
MOTOR MOTOR ENCODER CABLE
CCOOLANT TUBING

Figure 1-1. Deolphin Propulsion System and Interfaces
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1-2 INTRODUCTION
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Figure 1-2. Dolphin Power Control Unit {PCU)
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Figure 1-3. Dolphin AC Induction Traction Motor
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SECTION Il
OPERATION

NORMAL MOTORING OPERATION

Normal operating procedure is as follows:

1. Insert car key into start switch,

Turn key to on position.

Fault indicator appears for approximately 2 seconds and then turns off.
The ready indicator will then be lit,

“woa e

Car is now ready for normal operation.

NORMAL CHARGING OPERATION

Normal charging procedure 1s as follows:

1. Tum main battery switch on.

Ensure start switch is in off position.

Insert 11Q/220 V ac single-phase line into charger receptacle.
Charger indicator blinks during charge cycle.

When charging is complete, charge indicator is continuously lit.

A

Disconnect [10/220 V ac single-phase Jine from charger receptacle.

NORMAL OPERATING TEMPERATURE RANGES

Itis normal for the temperature gauge to fluctuate from minimum to maximum depending upon the load
and ambient temperalure conditions to which the Dolphin propulsion system is subjected. The Dolphin
propulsion system is designed to operate in an environment where coolant temperature is maintained between
-30 t0 +65°C. The power control unit (PCU) shuts down when the temperature of its coldplate is greater than
+65°C.
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SECTION Il
MAINTENANCE

SERVICE SAFETY

CAUTION: Before removing or
installing any electrical unit or when a
tool or equipment could easily come in
contact with “live” exposed electrical
terminals, disconnect the negative
auxiliary battery cable to help prevent
personal Injury and/or damage to the
vehicle or components. Unless
instructed otherwise, the key switch
and the main battery pack external
on/off switch shall be in the “off”
position.

HANDLING ELECTROSTATIC
DISCHARGE (ESD) SENSITIVE PARTS

Many solid state electrical components can be
damaged by electrostatic discharge (ESD). Some
will display a label as shown in figure 3-1, but many
will not.

NOTICE

A

Figure 3-1, Electrostatic Discharge
Sensitive Parts Label

NOTICE: Before any servicing is
performed on the Dolphin Propulsion
system, proper ESD precautions
should be taken. The following are

some of the precautions that should be
taken:

1. Use one hand to touch the chassis before
proceeding. This will discharge any build up
of stalic charge on your person.

2. Always wear an anti-static wrist strap that is
artached to a secure ground when haodling
any component of the Dolphin propulsion
system before they have been properly
installed.

3. Do Not use a static strap when voltage levels
higher than 50 volts are present.

4. Do not touch exposed clectrical terminals on
components or connectors with your finger or
any tools.

5. Never jumper, ground or use test equipment
probes on any components or connectors
unless specified in diagnostics.

6. Do not remove the solid state component from
its protective packaging until you are ready to
install the pari.

SCHEDULED MAINTENANCE
PHILOSOPHY

The Dolphin propulsion system requires no
scheduled maintenance, however, o maintain peak
operating efficiency the coolant and interface cables
should be checked regularly. These items interface
with the Dolphin propulsion system and can
dircctly degrade the system’s efficiency. It is
highly recommended that the scheduled
maintenance for these items be followed (table
3-1).
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3-2 MAINTENANCE

CORRECTIVE MAINTENANCE
PHILOSOPHY

The Dolphin propulsion system corrective
maintenance procedures c¢an be used (o
troubleshoot down to the field replaceable unit
(FRU). The FRUs are the power contro! unit
(PCU), traction control motor, motor encoder,
motor encoder cable or other system within the
vehicle (i.e. battery, cooling or +12 Vdc electrical
system etc.). All FRU failures should be removed
and replaced by a qualified technician, Fuses are
serviceable on-site and do not require the removal
of an FRU. The troubleshooting procedures are
wrnitten for manual or computer-assisted
troubleshooting, however it is strongly advised that
a diagnostic computer be used for troubleshooting
the Dolphin propulsion system. Figure 3-2 is the
system electrical interface diagram.

CORRECTIVE MAINTENANCE
GENERAL DESCRIPTION

POWER CONTROL UNIT

The PCU integrates a three-phase ac powcr
mverter, dc/dc converter and an integral charger
into one main assembly. The PCU power inverter
converts high voltage dc into three-phase ac power
for the motor. The dc/dc conventer provides a
trickle charge for the +12 Vdc auxiliary battery. The
integral charger is compatible with 110/220 Vac
single phase 15 amp service.

MOTOR

The Dolphin propulsion systcm uses an ac
induction traction motor with an environmentally
sealed housing. The traction motor can be coupled
to a standard ransmission that is fixed in first or
second gear. The traction motor 15 clectronically
matched (tuned) to the output of the power inverter
of the power control unit (PCU), increasing the
power transfer to the road.

MOTOR ENCODER

The motor encoder is located within the motor
housing where it monitors the rotation of the motor
spindle. The motor enceder translates the rotation
of the motor spindle into electrical impulses and is
relayed through the motor encoder cable to the
PCU. The PCU then calculates the speed of the car
from the electrical impulses.

MOTOR ENCODER CABLE

The motor encoder cable camies +5 volts,
motor encoder signals and temperature signals. The
+5 volt signal powers the motor encoder circuitry
housed within the motor housing. The motor
encoder signals relay motor speed information to
the PCU. The temperature signal is a voitage
between 0 and 5 volts that is analogous to the
temperature of the motor.

REQUIRED TOOLS AND TEST
EQUIPMENT

DIAGNOSTIC COMPUTER

The diagnostic computer is a 486
microprocessor-based PC computer (preferably a
laptop style) that is compatible with the Hughes
Power Systems diagnostic software. The
diagnostic computer must also have the capability
to communicate with the PCU via RS-232 or SAE
J1850 sernal interface.

DIAGNOSTIC SOFTWARE

The only software that shall be used to
troubleshoot the Dolphin propulsion system is the
diagnostic software written by Power Control
Systems.

COMPUTER CABLING
& 9-pin RS-232 cable

TEST EQUIPMENT

® Digital Multi-meter, Beckman 310 or equivalent
{Required)

® A B0486 class PC compatible computer loaded
with Hughes Power Control Systems diagnostic
software with a RS-232 cable. {Optional)

DE/PCS PROPRIETARY
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MAINTENANCE 3-3

Table 3-1. Scheduled Maintenance

ITEM SERVICE INTERVAL RECOMMENDED ACTION
Coolant
® Check Coolant Level Every 2 Weeks Top off with 50/50 ethylene glycol or wa-

ter with a corroston inhibitor

® Repiace Coolant Every 12 Months Replace with 50/50 ethylene glycol or wa-
ter with a corrosion inhibitor

Cables
® Check Cable Connectors  Every Week Visual inspection of cable connectors

® Check for Cable Chaffing  Every 2 Months Visual inspection of cables
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MAINTENANCE

h_l::'___—_—_—"-

MOTIVE BATTERY
CONTAINMENT
STRUCTURE

INSTARUMENT

CLUSTER

KEY
SWITCH

PRNDL
SWITCH

WATER

PUMP

FAN

ACCELERATOR

MODULE

REGEN

MOOCULE

e

2]

- ]

INTERFACE

JUNCTION

BOX

wnx<<% ik

>

AUXIUARY BATTERY __L

T

Figure 3-2.

DE/PCS PROPRIETARY

T

Dolphin Propulsion System Block Diagram (Sheet 1 of 2)
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MAINTENANCE 3-56
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Figure 3-2. Dolphin Propulsion System Block Diagram (Sheet 2 of 2)
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36 MAINTENANCE

DOLPHIN DIAGNOSTICS

Table 3-2. Diagnosis of Dolphin Propulsion System

PROBLEM

POSSIBLE CAUSE

CORRECTION

Start-up Fault -

No Indicator Lights
{Reterence no indicator
lights diagnostic proce-
dure (part 1 of 2)
Figure 3-10)

1. Cabiles to PCU are loose or
disconnected.

2. US Electricar auxiliary power

system fauit.

3. 12 Vde line fuse blown.
4. PCU fault.

5. Indicator lights may be burned

out.

1. Disconnect and reconnect all

cables to PCU.

. Refer to US Electricar auxiliary

power system diagnostic
procedure.

. Replace blown fuse.
4. Refer to computer diagnostic

program. Replace PCU if
necessary.

. Refer to US Electricar indicator

diagnostics procedure.

Start-up Fauit —

Fault Indicator Remains
On

{Reference fault indicator
remains on diagnostic pro-
cedure (part 1 of 2)

Figure 3-14)

1. Cables to PCU are loose or
discannected.

2. Main battery pack external

on/off swiich is off.

3. Accelerator pedal not in fully

off position.

4. Pre-charge fuse blown.

5. Low auxiliary battery.

6. Fuse inside PCU integral

charger is blown.

7. US Electricar auxiliary power

system fault.

8. PCU fautt.

. Disconnect and reconnect all

cables to PCU.

. Tumn switch to on position.

. Reposition accelerator pedal to off

position.

. Refer to US Electricar auxiliary

power system diagnostic
procedure.

. Check auxiliary battery voitage

with volt meter or diagnostic
computer; charge battery if
necessary. ‘

. Check fuse, replace if necessary.

. Refer to US Electricar auxiliary

power system diagnoslic
procedure.

. Refer to diagnostic computer.

Replace PCU if necessary.

Start-up Fault —

No Ready Indicator
{Reference no ready indi-
cator diagnostic procedure
Figure 3-16)

1. Cables to PCU are loose or

disconnected.

2. US Electricar auxiliary power

system faull.

3. Accelerator is not fully off.

4. Main power relay may not be

engaging.

5. PCU fauit.

. Disconnect and reconnect all

cables to PCU.

. Reter to US Eleclricar auxiliary

power system diagnostic
procedure.

. Reposition accelerator to off

position.

. Refer 1o US Electricar main power

diagnostic procedure.

. Refer to computer diagnostic

program. Reptace PCU it
necessary.
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MAINTENANCE 3-7

Table 3-2. Diagnosis of Dolphin Propulsion System (CONT.)

PROBLEM POSSIBLE CAUSE CORRECTION
Moloring Fault ~ . Cables to PCU are loose or . Disconnect and reconnect aft
Car Will Not Move disconnected. cables to PCU.
. Main power relay may not be . Refer to US Electricar main power
engaging. diagnostic procedure.
. Motor interlock is open of . Refer to the motor diagnostic
maotor fault. procedure Figure 3-19.
. PCU faull. . Refer to computer diagnastic

. Transmission fault.

program. Refer 1o PCU remove
and replacement procedure if
PCU replacement is necessary.

. Refer 1o US Electncar

transmission diagnostic
procedure.

Motoring Fault -
Miles Per Charge Has De-
graded

. Low air pressure in tires.

. Main batteries pack not fully

charged.

. State of charge meter faull.
. High impedance in the power

circuit causing voltage drop.

. Integral charger within PCU is

not fullty charging the
batteries.

. Main batteries fault.

. Motor fault.

. Inflate tires to proper pressure

level.

. Charge main battery pack.

. Refer to US Electricar indicator

diagnostic procedure.

. Refer to US Electricar main power

diagnostic procedure.

. Refer to integral charger

diagnostic procedure Figure 3-17.

. Refer to US Eleclricar main power

diagnostic procedure.

. Refer to motor diagnostics

procedure Figure 3-19.

Motoring Fault —
Vehicle Slips Into Charge
Mode While Motoring

. PCU fauh.

. Replace PCU. Refer to PCU

removal and replacement
procedure.

Moloring Fault —

Vehicle Indicators Wiil Not
Tum Of When Key Is In
Off Position

To shut-off the vehicle
in this condition you
must:

1. Tum-off main battery
switch or,

2. Open one of the PCU
interlocks.

. Fused main power retay.

. Bad ignition.switch.

. PCU faunt

. Refer to US Electricar main power

diagnostic procedure.

. Refer to US Electricar auxiliary

power system diagnostics
procedure.

. Replace PCU. Refer to PCU

removal and replacement
procedure.
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Table 3-2. Diagnosis of Dolphin Propulsion System (CONT.)

PROBLEM

POSSIBLE CAUSE

CORRECTION

Motoring Fauft -
Vehicle Powers Down Un-

expectedly

1. Loose connector.

2. Thermal shutdown.

3. Low auxiliary battery.

4. Motor fault.

5. PCU fault.

1. Disconnect and reconnect all PCU
cables.

2. Reter to the temperature problems
diagnostic procedure (part 1 0f 2)
Figure 3-5.

3. Check auxiliary battery voltage
with volt meter or diagnostic
computer; charge battery if
Necessary.

4. Refer to the motor diagnostic
procedure Figure 3-19.

5. Refer to the computer diagnostic

procedure. Replace PCU if
necessary.

Motoring Fault — 1. Low coolant. 1. Refill coolant reservoir with proper
Temperature Problems coolant mixture.
2. Water pump fauft. 2. Refer to US Electricar water pump
diagnastic procedure.
3. Fan fautt. 3. Referto US Electricar fan
diagnostic procedure.
4. PCU faull. 4. Refer to the temperature problems
diagnostic procedure (part 1 of 2)
Figure 3-5. Replace PCU i
necessary.
Motoring Fault — 1. Motor noise -

Unusual Noise Dunng Mo-
toring

a. Loose motor mounting
bolts.

1. Repair as necessary.

a. Tighten motor mounting bolts.
See motor replacement

procedure for spedilics.

b. Motor fault. b. Refer 1o motor removal and

replacement procedure.
2. PCU noise - 2. Repair as necessary.

a. Loose PCU mounting bolts. a. Tighten PCU mounting bolts,
See PCU replacement
procedure for specifics.

b. PCU fauit. b. Refer to PCU removal and
replacement procedure,

3. Other car noise 3. Refer to US Electricar noise
diagnoslic procedure.
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Table 3-2. Dilagnosis of Dolphin Propulsion System (CONT.)

PROBLEM POSSIBLE CAUSE CORRECTION
Motoring Fault — 1. Cables to PCU are loose or 1. Disconnect and reconnect all
Vehicle movements Are disconnected. cables to PCU.

Not Normal . .

2. Main battery pack not fulty 2. Charge main battery pack.

charged.

3. Main battery pack fault. 3. Refer to US Electricar main power
diagnoslic procedure.

4. Integrai charger is not fully 4. Refer o integral charger

charging main battery pack. diagnostic procedure Figure 3-17.

5. High impedance inthe power | 5. Refer to US Eleciricar main power

circuit causing vollage drop. diagnostic procedure,

6. Motor encoder faull. 6. Refer to motor encoder diagnostic
procedure Figure 3-7.

7. Motor fauit. 7. Refer to maotor diagnostic
procedure Figure 3-185.

8. PCU fault 8. Refer to computer diagnostic
procedure. Replace PCU if
necessary.

Charging Faull - 1. Cables to PCU are kgose or 1. Disconnect and reconnect all

Charge Indicator Never disconnected. cables 1o PCU.

Lights 2. Indicator s bumed out, 2. Refer to US Electricar indicator
diagnostic procedure.

3. Fuse within integral chargeris | 3. Replace fuse.

blown.

4. GFl switch has been tripped. 4. Reset GFl switch.

5. PCU fault. 5. Replace PCU.

Charging Fault — 1. Cables to PCU are loose or 1. Disconnect and reconnect all
Chargg Indicator Does disconnected. cables to PCU.

Not Blink Dunng Charge 2. Indicator is bumed out. 2. Refer 10 US Electricar indicator
Mode or Fautit Light On di .

and Charge Light Blinks iagnostic procedure.

3. Start key is in ON position. 3. Turn start key to OFF position.

4. Pre-charge fuse blown. 4. Refer to US Electnicar auxiliary
power system diagnostic
procedure.

&. GFI switch has been tripped. 5. Resel GFI switch.

6. PCU faull. 6. Replace PCU.

DE/PCS PROPRIETARY
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Table 3-2. Diagnosis of Dolphin Propulsion System (CONT.)

PROBLEM

POSSIBLE CAUSE

CORRECTION

Charging Fault -

Main Battery Pack Not
Fully Charging
{Reference integral char-
ger diagnostic procedure
Figure 3-17)

1. Charge cable from power
source is not fully connected.

2. Loose connectors to PCU.

3. High impedant:é in the power
circuit causing voltage drop.

4. Integral charger is not
producing enough cument.

5. Main battery pack fault.

. Disconnect and reconnect charge

cable plug.

. Disconnect and reconnect all

connectors to PCU.

. Refer to US Electricar main power

diagnoslic procedure.

. Use diagnostic computer or

cumrent probe to measure output
current of the integral charger.
Replace PCU if necessary. Refer
to PCU removal and replacement
procedure,

. Refer to US Electricar main power

diagnostic procedure.

Charging Fault —

12 Volt Auxiliary Batlery
Loses its Charge
{Reference PCU 12 vdc
auxiliary charger diagnos-
tic procedure Figure 3-18)

1. Cable connection between
auxiliary battery and PCU is
foose.

2. Bad power cable between
PCU and auxiliary battery.

3. 12 volt auxiliary battery fault.

4. DC/OC converler is faulty.

. Tighten conneclions at PCU and

auxiliary batiery.

- Refer to US Electricar auxiliary

power system diagnostic
procedure. Replace cable if
necessary.

. Refer 10 US Electricar auxitiary

power system diagnostic
procedure. Replace battery if
necessary.

. Refer to PCU 12 vdc auxiliary

charger diagnostics procedure
Figure 3-18. Replace PCU if
necessary.
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DOLPHIN PROPULSION SYSTEM DIAGNOSTICS

e REFERTOUS ELECTRICAR
PERFOAMANCE DEGRADATION
DIAGNOSTIC PROCEDURE

= |F REFERRED BACK, CONTINUE

e REFER TO CHARGING FAULT DIAGRAM
e |S THE CHARGING SYSTEM OK

YES NO

® HREFER TO MOTOR ® AEFER TO PCU REMOVAL AND
DIAGNOSTIC PROCEDURE REPLACEMENT PROCEDURE
® IS MOTOR OK

YES NO
e REFER TO PCU REMOVAL AND * EEEEF?EE?A%%L%%REMOVAL
AEPLACEMENT PROCEDURE PROCEDURE

Figure 3-3. Miles Per Charge Has Degraded Diagnostic Procedure
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SEATING

SEATED

e CHECK ALL CABLES CONNECTED TO
PCU AND MOTOR FOR PROFPER

e ARE ALl CONNECTORS PROPERLY

YES

|

REFER TO US ELECTRICAR POWER TRAIN
DIAGNOSTIC PROCEDURE

{F REFERRED BACK, CONTINUE

CONNECT CABLE

PERFORM STARTUP
PROCEDURE

e REFER TO MOTOR
DIAGNOSTIC PROCEDURE

s IS THE MOTOR C¥

YES

* REFER TO PCU REMOVAL
AND REPLACEMENT
PROCEDURE

NO

REFER TO MOTOR REMOVAL
AND REPLACEMENT
PROCEDURE

Figure 3-4. Vehicle Powers Down Unexpectedly Diagnostic Procedure
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@ HAS THE VEHICLE STOPPED FUNCTIONING WHILE THE
TEMPERATURE GAUGE WAS AT MAXIMUM TEMPERATURE

H

|

NO

e REFER TO US ELECTRICAR
INCICATOR DIAGNOSTIC
PROCEDURES. REMOVE AND
REPLACE TEMPERATURE
GAUGE IF NECESSARY

® HAS THE VEHICLE EXHIBITED
TEMPERATURE PROBLEMS

[

YES NO
] 1 _
= PCUHAS AEACHED ITS THEAMAL SHUTDOWN LIMIT e REFER TO VEHICLE POWERS
DOWN UNEXPECTEDLY
OR PCU HAS REACHED A VERY HIGH TEMPERATURE Elé GQ‘QST' A LY e
IGURE 3-4

CAUTION: The PCU in this state is very hot
(> 70°C) Allow the unit sufficient time to

cool (approximately one hour) before
touching the PCU

® IS THERE SUFFICIENT COOLANT IN THE RESERVCIR

-

YES NO
¢ HREFERTO US ELECTRICAR WATER PUMP ¢ FiLL THE RESERVOIA TO THE
DIAGNOSTIC PROCEDURE PROPER LEVEL WITH THE
RECOMMENDED COOLANT

e 1S THE WATER PUMP OK

|

YES NO

1 1

REFER TO TEMPERATURE
PROBLEMS DIAGNOSTIC
PROCEDURE (PART 20F 2)
FIGURE 3-6

REFER TO US ELECTRICAR
WATER PUMP REMOVAL AND
REPLACEMENT PROCEDURE

Figure 3-5. Temperature Problems Diagnostic Procedure (Part 1 of 2)
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e TURNKEY TO THE ON POSITION

e PUT TRANSMISSION INTO ORIVE MODE
& PRESS THE ACCELERATOR SLIGHTLY
e PUT TRANSMISSION INTO NEUTRAL

e CHECK THE VOLTAGE ACROSS THE
CONTROL COIL OF THE WATER PUMP

& |5 THE VOLTAGE GREATER THAN 11 VDG

YES

2

NO

a HEAT COOLANT TO 45°C
e CHECK THE VOLTAGE ACRQSS THE

e |5 THE VOLTAGE GREATER THAN 11 VDC

e NOTE: FAN TURNS ON WHEN COOLANT .

TEMPERATURE REACHES 45°C

REFER TO PCU HEMOVAL
AND REPLACEMENT
PROCEDURE

CONTROL COIL OF THE FAN

e REFER TO US ELECTRICAR -
TEMPERATURE DIAGNQOSTIC
PRCCEDURE

REFER TO PCU REMOVAL
AND REPLACEMENT
PROCEDURE

Figure 3-6. Temperature Problems Diagnostic Procedure (Part 2 of 2)
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e DISCONNECT THE MOTOR ENCODER CABLE FROM THE J5 CONNECTOR

s  MEASURE AT ROOM TEMPERATURE THE RESISTANCE BETWEEN PINS D
AND E OF THE MOTCR ENCODER CABLE. SEE FIGURE 3-8 FOR PIN-OUTS.

® |SMEASUREMENT GREATER THAN 9.8K OHMS AND LESS THAN 10.2K OHMS

1

L_ 1
YES NO
I 1

MEASURE RESISTANCE BETWEEN PINS A AND B
OF THE MOTOR ENCODER CABLE

1S MEASUREMENT GREATER THAN 20M OHM

REFER TO THE MOTOR ENCODER
CABLE DIAGNOSTIC PROCEOURE
FIGURE 3-¢

1
YES NO
1 1

MEASURE RESISTANCE BETWEEN PINS A AND C
OF THE MOTOR ENCODER CABLE

IS MEASUREMENT GREATER THAN 20M OHM

REFER TO THE MOTOR ENCODER
CABLE DIAGNOSTIC PROCEDURE
FIGURE 3-9

|
I 1
YES NC
L B

MEASURE RESISTANCE BETWEEN PINS A AND D
OF THE MOTOR ENCODER CABLE

IS MEASUREMENT GREATER THAN 7M OHM

REFER TO THE MOTOR ENCODER
CABLE DIAGNQSTIC PROCEDURE
FIGURE 3-9

-
i u
YES NO
| 1

MEASURE RESISTANCE BETWEEN PINS A AND D
OF THE MOTOR ENCODER CABLE

IS MEASUREMENT GREATER THAN 7M OHM

REFER TO THE MOTOR ENCODER
CABLE DIAGNOSTIC PROCEDURE
FIGURE 39

|
I ]
YES NO
| | .

REFER TO THE MOTOR ENCODER CABLE
DIAGNOSTIC PROCEDURE FIGURE 3-9

IF REFERRED BACK FROM FIGUHE 3-9,
VISUALLY INSPECT THE MOTOR ENCODER

DOES THE MOTOR ENCODER APPEAR OK

REFER TO THE MOTOR ENCOCER
CABLE DIAGNOSTIC PROCEDURE
FIGURE 3-9

—

I 1
YES NO

1 J

REPLACE PCU. REFER TO THE PCU
REMOVAL AND REPLACEMENT PROCEDURE

REPLACE MOTOR ENCODER. REFER
TO THE MOTOR ENCODER REMOVAL
AND REPLACEMENT PROCEDURE

Figure 3-7. Motor Encoder Diagnostic Procedure
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T S

Figure 3-8. Motor Encoder Cable Pin-Out

® DISCONNECT THE MOTOR ENCCDER CABLE FROM THE J5 CONNECTOR

o DISCONNECT THE MOTOR ENCODER CABLE FROM THE ENCODER (SEE
MOTOR ENCODER CABLE REMOVAL AND REPLACEMENT PROCEDURE)

e MEASURE CONTINUITY OF EACH WIRE
®  ARE WIRES OK

[ |

YES NO
| |
* MOTOR ENCODER CABLE IS OK e REPLACE MOTOR ENCODER CABLE
e REFER BACK TO PROCEDURE THAT R e IO O MOTOR ENCODER
REFERENCED THS PROCEDURE B EPLACEMENT PROCEDURE)

Figure 3-9. Motor Encoder Cable Diagnostic Procedure
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® ARE INDICATORS CK

¢ REFER TO US ELECTRICAR INDICATOR DIAGNOSTIC PROCEDURE

YES NO
- i 1
DI cT LE
© DISCONNECT AND RECONNECT ALL CABLES e RAEFER TO THE US ELECTRICAR
INDICATOR REMOVAL AND
o PERFORM STARTUP PROCEDURE AEPLACEMENT PROGEDURE
e iF THE INDICATORS ARE STILL NOT LT, TURN
KEY TO OFF
e AEMOVE THE SIGNAL CABLE CONNECTED
TO CONNEGTOR 2
e CONNECT VOLTMETER BETWEEN PIN A AND
K OF CONNECTOR J4, SEE FIGURE 3-12 FOR
PIN-OUT.
» IS VOLTAGE GREATER THAN 11 VDC
1
YES NO
L 1

TURN KEY TQ OFF

REMOVE THE THREE PHASE OUTPUT
CABLE FROM THE J1 CONNECTOR

MEASURE RESISTANCE BETWEEN PINS D
AND J ON THE CABLE. SEE FiGURE 3-20
FOR PIN-QUTS.

IS MEASUREMENT LESS THAN 1 OHM

HEFER TO NO INDICATOR LIGHT
DIAGNOSTIC PROCEDURE (PART 2
OF 2} FIGURE 3-11

REFER TO PCU REMQVAL AND
REPLACEMENT PROCEDURE

1
NO

REFER TO MOTOR REMOVAL AND
REPLACEMENT PROCEDURE

Figure 3-10. No Indicator Lighis Diagnostic Procedure (Part 1 of 2)
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MEASURE VOLTAGE AT THE 12 V AUXILIARY
BATTERY TERMINALS

IS THE VOLTAGE GREATER THAN 11 VOLTS

.
YES

—

e CHECK FUSE FOR 1ZVDC LINE

1

NO

|

IS FUSE BLOWN

AEMOVE NEGATIVE 12V CABLE FROM
AUXILIARY BATTERY

REMOVE POSITIVE 12V CABLE FROM
AUXILIARY BATTERY

MEASURE VOLTAGE ACROSS THE 12V
AUXILIARY BATTERY

IS THE VOLTAGE GREATER THAN 1%
VOLTS

e REPLACE BLOWN FUSE

* RE-ATTEMPT NORMAL
OPERATING PRGCELURE

® REFER TOUS
ELECTRICAR 12 VOLT
AUXILIARY DIAGNOSTIC
PROCEDURE

IF FUSES CONTINUE TO

BL.OW REFER TO US
ELECTRICAR 12 VOLT
AUXILIARY DIAGNOSTIC
PROCEDURE

L
YES

I

s REMOVE 12V GROUND CABLE FROM PCU
REMOVE 12V CABLE FROM PCU

MEASURE RESISTANGE BETWEEN 12V
AND GROUND STUDS ON THE PCU. SEE
FIGURE 3-13 FOR LOCATION OF STUDS.

® |SMEASUREMENT GREATER THAN 100K
OHMS

NO

I

e REFER TO US ELECTRICAR
12V AUXILIARY BATTERY
DIAGNOSTIC PROCEDURE

YES

|

® REFER TOUS ELECTRICAR
12V AUXILIARY DIAGNOSTIC
PROCEDURE

1

NO

{

e HREFER TO PCU REMOVAL
AND REPLACEMENT
PROCEDURE

Figure 3-11. No Indicator Lights Diagnostic Procedure (Part 2 of 2)

DE/PCS PROPRIETARY




MAINTENANCE 3-19

1

Figure 3-12. . Signal Connector 44 Pin-Out
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SN,

Figure 3-13. 12 VDC Power Location
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CHECK ALL ELECTRICAL CONNECTIONS TO
THE DOLPHIN PROPULSION SYSTEM ARE
SEATED

MAKE SURE ACCELERATOR IS FULLY OFF
IS ACCELERATOR OFF

F 1
i YES NO
[ T

CHECK MAIN BATTERY PACK EXTERNAL
ON/OFF SWITCH, SWITCH SHOULD BE ON

IS SWITCH ON

MOVE ACCELERATOR INTO A FULLY OFF
POSITION

REATTEMPT STARTUP PROCEDURE

1
YES NO
| 1
CL.-"IEI(':K gOl%F?GE OFxTHESan AUXILIARY TURN SWITCH TO ON POSITION
1
TBERMEISALAS HE AUXILIARY BATTERY RE-ATTEMPT NORMAL OPERATING
PROCEDURE
1S THE VOLTAGE GREATER THAN 11 VOLTS
1
YES NO
1 1

REFER TO FAULT INDICATOR REMAINS ON
DIAGNOSTIC PROCEDURE (PART 2 OF 2)
FIGURE 3-15

CHARGE AUXILIARY BATTERY WITH AN
EXTERNAL BATTERY CHARGER

RECHECK VOLTAGE AT AUXILIARY BATTERY
1S THE VOLTAGE GREATER THAN 11 VDOC

—
YES

r

NO
1

RE-ATTEMPT NORAMAL CPERATING
PRCCEDURE

REFER TO US ELECTRICAR 12V AUXILIARY
BATTERY DIAGNOSTIC PROCEDURE

Figure 3-14. Fault Indicator Remains On Diagnostic Procedure (Part 1 0of 2)
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e [SFAULT INDICATOR ON

® APPLY POWER TO THE INTEGRAL CHARGER; THE
CHARGER INDICATOR SHOULD BE BLINKING

[ |
YES NO
1 - |
e REFER TO PCU REMOVAL AND e DISCONNECT POWER FROM THE INTEGRAL
REPLACEMENT PRCCEDURE CHARGER
e REMOVE COVER FROM OF INTEGRAL
CHARGE UNIT
e CHECK FUSE INSIDE INTEGRAL CHARGER
e IS FUSE BLOWN
YES NO
1 |
e REPLACE 8LOWN FUSE e PRESS GROUND FAULT RESET BUTTCN

RE-ATTEMPT STARTUf PROCEDURE

e REPLACE COVER

e REAPPLY POWER TO THE INTEGRAL
CHARGER

® |S THE FAULT INDICATOR ON

YES

REFER TO PCU HEMOVAL AND
REPLACEMENT PROCEDURE

e REATTEMPT STARTUP PROCEDURE

Figure 3-15. Fault indicator Remains On Diagnostic Procedure (Part 2 of 2)
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e REFER TQ US ELECTRICAR INDICATOR
DIAGNQSTIC PROCEDURE

¢ ARE READY, AND FAULT INDICATORS OK

L

I |
YES NO
1 |
® CHECK THAT ACCELERATOR IS IN THE FULL e REFER TO US ELECTRICAR INDICATOR

OFF POSITION
e [5 THE ACCELERATOR OFF

REMOVAL AND REPLACEMENT PROCEDURE

YES

1

e TURNKEY TO ON POSITION

WARNING: HIGH VOLTAGE MAY
BE PRESENT.

¢ MEASURE THE VOLTAGE (12 VDC) ACRCSS
THE CONTROL COIL OF THE MAIN RELAY

e DOESIT MEASURE GREATER THAN 11 VDC

1
NO

[

e POSITION ACCELERATCOR TO OFF
® REATTEMFT STARTUP PROCEDURE

YES

1

e . REFER TO US ELECTRICAR MAIN POWER
;. DIAGNOSTIC PROCEDURE

1
NO

1

e REFER TO FCU REMOVAL AND REPLACEMENT
FROCEDURE

Figure 3-16. No Ready Indicator Diagnostic Procedure
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APPLY POWER TQO THE INTEGRAL CHARGER
DOES THE CHARGE INDICATOR BLINKAIGHT DURING CHARGING

—

YES

|

FLOW

CHARGER CORRECT

e IS OQUTPUT CURRENT OF INYTEGRAL

1
NC

1

® USE DIAGNOSTIC COMPUTER OF CURRENT °
PROBE TO MEASURE QUTPUT CURRENT

DISCONNECT POWER FROM THE INTEGRAL
CHARGER

REMOVE COVER FROM OF INTEGRAL
CHARGE UNIT

CHECK FUSE INSIDE INTEGRAL CHARGER®
1S FUSE BLOWN

YES

|

1

NO

I

PRESS GROUND FAULT RESET BUTTON

REAPPLY POWER TO THE INTEGRAL

o REFERTQUS ® REFER TO PCU REMOVAL AND
ELECTRICAR MAIN REPLACEMENT PROCEDURE
POWER DIAGNGOSTIC
PROCEDURE
YES NO
1 |
e REPLACE BLOWN FUSE L]
e RE-ATTEMPT STARTUP PROCEDURE ® HEPLACE COVER
L ]
CHARGER
e IS THE CHARGE WDICATOR ON
YES

PROCEDURE

e  REATTEMPT NORMAL CHARGING

REFER TO PCU REMOVAL AND
REPLACEMENT PROCEDURE

Figure 3-17.

Integral Charger Diagnostic Procedure
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Figure 3-20. Three Phase AC Output Cable Pin-Out -

DE/PCS PROPRIETARY




3-28 MAINTENANCE

TROUBLESHOOTING WITH a. Put the Dolphin test software disk into the
DIAGNOSTIC COMPUTER A drive of the laptap.

PROCEDURE b. Log-ontodrive A. The screen should look

similar o Figure 3-21.
o Nole that the lerm drive A is only a

reference. Depending on the set—up of the c. Initiate the diagnostic program by typing

computer used subslitute the drive and
directory (if applicable) of the location where
the Dolphin diagnostic program is located.
Furthermore, the procedure will assume that
there is a pointing device such as a mouse
or trackball, keyboard equivalents will be
given in parenthesis. To select an item the
painting device must be clicked once. The
keyboard equivalents are usually two key
combination that are selected simultaneously
ie. Alt-D requires the user to press the
ALTERNATE key and the D key
simuitaneously. Full explanation of each
field in the motoring or charging display
begins on page .

The diagnostic procedure is as follows:

Plug—in the RS§-232 cablc into the R§-232
port of the Dolphin PCU and computer.

2. Initiate and run the diagnostic program on the
computer.

DOLCOM. The sereen should look
similar to Figure 3-22.

d. The initial diagnostic screen will look

similar to Figure 3-23,

¢. Move the pointing device to the DATA

menu and selected it (Alt-D). The screen
should look similar to Figure 3-25.

f. Select DISPLAY (D) and the screen

should look similar to  Figure 3-20
{motoring mode) or Figure 3-27 (charge
mode). This is the diagnostics display.

Read the fault description and DSP status
words and match the bits to the bits listed in
table 3-3 or refer to the specific
troubleshooting diagram for use with the
laptop.

To exit the diagnostics program press 0 o
return to the initial screen. Sec Figure 3-28.

To exit the program entircly, move Lhe
pointing device to the FILE menu and select it
(ALT-F). The select EXIT (X). Sce Figure
3-29.

Figure 3-21.

DOS Prompt

A :5>DOLCOM

Figure 3-22. Computer Diagnostics Executable Program
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| ol LI [t | dh

F3 Open F4 Alt+F3 Close

Figure 3-23. Computer Diagnostic Program Opening Screen

File JEENEENR Optlons Data MWindow Help

Cott Port 2

Baud Rate 24GO
Bfud Rate 4800
Balld Rate 9660

Parity 0DD
PaRity EVEN
ParIty NOME

Data Bits 9
Data Bits 8
DaTa Bits ?

Stop Bits 1
Stop Bits 2

1,96€0,8,8,1

Figure 3-24. Serial Communication Set-up Screen
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Figure 3-25. Diagnostic Display Initiate

w3 DATA RAM EDIT SCREEN  MOTORING MODE %+
STATUS > 0 = Fault 31 = Accell
[Fault - 1 = Stalus 32 = Aceelll
\ch Inf 2 = anl (VBaur) 33 = Vregen
Velocity (RPM) 3 =an! (IBaty) 34 =id
Velocity (MPH) 4 = an2 (Acc 0) 35=iq
Battery ¥ 5 = and (Acc 1) 43 = batl
Commaund Direction —> 6 = and (Acc 2}
MOTOR Dircction 7 = an§ {Brake) 64 = Vel Cmid
12V Biax & = uanG (Regen) 132 = AnmintTt
User Defined 9 = an7 (Isolation) 133 = Anmandlt
Battery Current [0 = an¥ (P12V) 134 = Anmin Oftset
PownerIn Il =an9 (Linc Vac) 133 = isov
Current Commund ¢ 12=anA (Linelac) 137 = Vmin
Address User 4 = i0p 1435 = fwdlim
15 = Regen Gain 147 = batonmin
19 = position 151 = Slip < Buse
Culd Plate Temp 22 = Fault Delay 182 = Regen Drive
24 = vell J83 = Regen Law
Time Sceonds 28 = Butl Otfxet 184 = Regen Two
0; Exiy 29 = ymul 206 = Slip
1: Dolphin Unit Memory Read 30 = Brake 224 =80C Out
2: Vehicle Interfuce Memory Read  Enter Choice >

Figure 3-26. Motoring Mode Diagnostics Display
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EXPLANATION OF MOTORING MODE DISPLAY FIELDS

Tum Key to ON position, the “DATA RAM EDIT SCREEN MOTORING MODE" screen will show up

with data filled in as follow;

% DATA RAM EDIT SCREEN  MOTORING MODE =+#

0000 1000 1011 0110 0 = Fault

0000 0000 00000101 1 = Status

100 0000 0000 1011 2 = an (VBatt)

STATUS

Fault

Veh Inf

Velocity (RPM)
Vefacity (MPH)
Buttery V
Command Direction
MOTOR Direction
[2\ Bias

User Detined
Battery Current
Pawer In

Current Command =
Address User

Dolphin Unit Temp

Time Seconds

0: Ealt

I Dalphin Unit Memory Read

2 \ehicle Interface Memon Read
Aceel Correl

Q.00

(.00

33540
DRIVE
FORWARD
11.32

0.00
0.00

15 = Regen Gain
19 = position

35

24 = vell

1.5
29 = vmul

30 = Bruke
Enter Choice —>

3 =anl (IBatt)

4 =an2 (Acc )
S=uand {Acc ])

6 =and (Acc 2)

7 = an3 {Brake)

# = anb6 (Regen)

9 = an? (Isolation)
10 =an8 (P12V)

il =an9 (Line Vac)
12 = anA (Line Tac)
4= jop 145 = fwdlim
147 = batonmin

151 = Slip < Basc
22 = Fault Delay
183 = Regen Low
28 = Batl Offset
206 = Slip

224 =S0C Out

DE/PCS PROPRIETARY

31 = Accell

32 = Accelll

33 = Vregen
34=id

35 =ig

48 = batl

52 = Power

64 = Vel Cmd
132 = Anminflt
133 = Anmantit
134 = Anmin Ofisct
133 = isov

137 = Vmin

182 = Regen Drive

184 = Regen Two
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VEH INF FIELD

The Veh Inf field consists of 16 bits in combination of Os or 1s. Each O or 1 represents different vehicle
interface status. The left most bit represents the most significant bit (MSB); the right most bit represents
the least significant bit (LSB). The following table explains each status bil

BitF (bit 15) - Dolphin Unit fault status

| Dolphin unit has fault

0 Dolphin unit is fine

Bit E (bit i4) - Overheat status

1 Dolphin unit or/fand motor is overheated

) 0 Deolphin unit or/and motor is not overheated
Bit D (bit 13) - Not implemented yet

Bit C (bit 12) - Not implemented yet

Bit B (bit 11) - Not implemented yet

Bit A (bit 10) - Not implemented yet

Bit9 - Charge port status

1 Charge port is being used

0 Charge port is not being used

Bit 8 - Not implemented yet

Bit 7 - Park Brake Status

1 Parking brake is on

0 Parking brake is off

Bit 6 - Brake High Switch Status (If mnstalled)

1 High limit brake switch on by pressing on the brake
0 No high limit brake switch on

Bit s - Brake Low Switch Status (If installed)

1 Low limit brake switch on by pressing on the brake
0 No low limit brake switch on

Bit 4 - *PRNDLP Switch Status

l PRNDLP switch on

0 PRNDLP switch off

Bit3 - 'PRNDLC Switch Status

1 PRNDLC switch on

0 PRNDLC switch off -
Bit 2 - *PRNDLB Switch Status

| PRNDLB switch on

0 PRNDLB [ switch off

Bit | - *PRNDLA Switch Status

1 PRNDLA switch on

0 PRNDLA switch off

B0 - Key on Status

| Key is ON position

0 Key is OFF

*

Combination of PRNDLP, PRNDLC, PRNDLB, and PRNDLA switches determines the iransmis-
ston selection

el NMDANDIETADV
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VELOCITY (RPM) FIELD

The Velacity (RPM) field represents the motor speed in revolutions per minutes while the vehicle is in
maotion.

VELOCITY (MPH) FIELD

The Velocity (MPH) field represents the vehicle speed in miles per hour while the vehicle is in motion.
BATTERY V FIELD

The Battery V field represents the battery voltage in Volts.
COMMAND DIRECTION FIELD

The Command Dire-crian field represents the transmission selection.,
MOTOR DIRECTION FIELD

The MOTOR Direction field represents the state of the motor direction.
12V BIAS FIELD

The J2V Bias field represents the 12V bias supply voltage in Volts.
USER DEFINED FIELD

The User Defined field prints out the value of the Dolphin Unit processor memory location that user
specified. Following is how to read the memory location;

1. Typelor2 (DO NOTHIT RETURN)

1 —To read the Dolphin Unit controller memory location (Memory location and its usage is
already on the screen, also refer to RAM description table)

2 - To read the vehicle interface controller memory location (None on screen, refer to RAM
description table) '

2. Type fngmory location address and return field
3. The value will show up in the User Defined

BATTERY CURRENT FIELD

The Battery Current field reﬁrescnts the battery current in Ampere.

POWER IN FIELD

The Power In fieldrepresents the power going into the motor while the accelerator pedal 1s depressed and
the vehicle is moving.

CURRENT COMMAND % FIELD
The Current Command % field represents current command in use.
ADDRESS USER <UNIT|VEH> FIELD

The Address User <UNITIVEH> field prints out the memory address that the user specified. Either
UNIT or VEH prints out depends on the user selection.

DOLPHIN UNIT TEMP FIELD

The Dolphin Unit Temp field represents the temperature of the Dolphin Unit in Celsius.
TIME SECONDS FIELD

The Time Seconds field represents how long the communication between the PC and the Dolphin Unut
been up. This field does not updates unless communication link 1s connected, therefore, if this field is

not updating, then the QAMAMACAHQ NI RIS~ A PV
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MOTOR TEMP FIELD
The Motor Temp tield is a hidden field. To read the motor temperature:
[. Type 1(DONOT HIT RETURN)
2. Type 238 and RETURN

3. The Motor Temp field shows up with the motor
temperaturce in Celsius line after the Dolphin
Unit Temp

To hide the Motor Temp field.
1. "Type 1 {DO NOT HIT RETURN)

2. Type any memory address and RETURN
3. The Motor Temp ficld will hide

FAULT DESCRIPTION FIELD

In the very last line, all the fault description prints out, if any fault occurs. In the example screen above,
the Accel and Correl faults shows.

EXPLANATION OF EACH FIELD ON SCREEN IN CHARGING MODE

Plug in the INDUCTIVE CHARGE Paddle o the charge port, or connect the AC plug 10 the powcr
outlet, the following screen will show up:

o= DATA RAM EDIT SCREEN CHARGE MODE =
STATUS — 001 1100 1001 0G10
FAULT -> 0000 0000 0000 G000
VehInf - 0G0 0600 0000 00O

0 = Fauht
| = Staius

147 = Bat On Min
160 = Vchraslope

Vuc Peak ->
Tac Peak ->
ViBal .=
IBut ->
Vae * luc —
User Defined -3
P2V ->
Dolphin Unit Temp =

Address User >

Charge Mode

AC Relay

Time Seconds

0: Exit

i: Dolphin Unit Memory Read
Vehicle Intarface Read

155.56
3.02
329.24
-1.05
234,90

11.45
38

NORMAL
CLOSED

32

138 = Bat Off Min

Enter Choice —>

2 = Batiery V
3 = Battery |
9 = Isolanon
11 =Line Vae
12 =Line Tac

= 10OP(dsp in)
13 =Regen Gain
22 = Delay
28 = Batl oftset
29 = vmul
48 = Batl
32 = Power

= Clirg Scale
53 = \vavman

56 =iret 170 = chrselmx

58 = facman
133 = [sov

nE/DAC DDNADDIETADYV

161 = Vehrooft
162 = Vchrgstart
163 = Vmulmas
164 = Vchrgma
165 = IREF Offsct
166 = VAC min off
167 = Bat min On
168 = Mux Current
169 = VAC Min

170 = VBATMx LichOff
171 = TAC Min LtchOFF

173 = Trickle Ref
174 = 120VAC Ref
175 = 220VAC Ref

177 = Vmode Delay
175 = Imode Dolay
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STATUS FIELD

The STATUS field consists of 16 bits in combination of Os or Is. EachO or | represents different status of
vehicle. The left most bit represents the most significant bit (MSB); the right most bit represents the least
significant bit (LSB). The following table explains each status bit:

Bit F (bit 15) - Not implemented yet
Bit E (bit 14) - Test (Used in testing Dolphin Unit)
1 Test mode

0 Regular motonng mode
Bit D (bit 13) - Charge Complete Status

1 Charge complete

0 Charge in process
Bit C (bit 12) - Charge Mode
I Charge mode

0 Motoring mode

Bit B (bit 11) - Main Relay Staws

| Main Relay Closed

] Main Relay Opened

Bit A (bit 10) - AC Relay Status

I AC Relay Closed

0 AC Relay Opened

Bit9 - Not implemented yet
Bit8 - Not implemented

Bit7 - PreCharge Relay Status
i PreCharge Relay Closed
0 PreCharge Relay Opened
Bit6 - Not implemented yet

Bit 5 - Not implemented yet
Bit 4 - NORMAL Charge Mode Status i
1 Norrnal charge mode

0 Trickle charge mode

Bit 3 - 220/110 VAC Selection Status
1 1220 Selected

0 110 Sclected

Bit 2 - Not implemented yet

Bit | - Dotphin system status
! Stable

0 Not stable (Vehicle will not move)

Bu o - Charge Port Selection Status

1 Charge port 1s being used

[v.—
Fo

Charge port is not being used

neEmnmcc DDNDDICETADV

VRIS

i

!‘\".'. )
b b
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FAULT FIELD

The Fault field consists of 16 bits in combination of Os or 1s. Each 0 or | represents difterent fault status
of vehicle. The left most bit represents the most significant bit (MSB); the nght most bit represents the
least significant bit (LSB). The following table explains each status bit:

Bit F (bit 15) - Not implemented yet ]
B E (bit 14) - Isolation fault starus
1 Isolation fault exist
0 No isolation fault
Bit D (bit 13) ~ Battery High fault status
) I Battery voitage is oo high (higher than 370 Volts)
0 No battery high fault
Bit C (bit 12) - Battery Low fault status
1 Baltery voltage is too low (lower than 270 Volis)
0 No battery low fault
Bit B (bit 11} - 1GBT faull status
1 1GBT faull exist
0 No IGBT fault
Bit A (bit 10) - P2V fault
1 12 volts bias supply is too low (lower than 10 Voits)
] 12 volts bias supply is finc
Bit9 - Power Down Status bit
] Power down sequence has been activated in the Dolphin Unit
0 No power down sequence activated
Bit 8 - Not implemented yet
Bt 7 - AC Voltage Low Status
1 AC in voliage is low
0 AC m voltage is O.K.
Bito - Overheat
| Dolphin Unit or/fand Motor is overheated
0 No overheat condition
Bit 5 - Interlock fault status
| Intedock fault exist (interlock is opened)
0 No interlock fault (interlock 1s closed)
Bit 4 - Charge Port status
! Charge port is bemng utilized
0 Charge port is not being used
Bit3 - Key ON status
l Key is ON position
0 Key is OFF
Bit 2 - Not implemented yet
Bit 1 - Not implemented yet
Bit0 - Not implemented yet

DE/PCS PROPRIETARY
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VEH INF FIELD

The Veh Inf field consists of 16 bits in combination of 0s or 1s. Each O or | represents different vehicle
interface status, The left most bit represents the most significant bit (MSB); the nght most bit represents

the least significant bit (LSB). The following table explains each status bit:

Bit F (bit 15)

Dolphin Unit fautt status

|

Dolphin unit has fault

Dolphin unit is fine

Bit E (bit 14)

Overheat status

Dolphin unit orfand motor is overheated

Doiphin unit orfand motor is not overheated

Bit D (bit 13)

Not implemented yet

Bit C (bit 12)

Not implemented yet

Bit B (bit 1)

Not implemented yet

Bit A (bit 10)

Not implemented yet

Bit 9

Charge port status

Charge port is being used

Charge port is not being used

Bit 8

Not implemented yet

Bu7

Park Brake Status

Parking brake is on

Parking brake is off

Bit 6

Brake High Switch Status (If instailed)

High limit brake switch on by pressing on the brake

No high Iimit brake switch on

Bit 5

Brake Low Swich Status (If installed)

Low limit brake switch on by pressing on the brake

No low limit brake switch on

Bi 4

‘PRNDLP Switch Status

PRNDLP switch on

PRNDLP switch off

Bit 3

*PRNDLC Switch Status

PRNDLC switch on

PRNDLC switch off

Bit 2

*PRNDLB Switch Status

PRNDLB switch on

PRNDLB switch off

Bit 1

*PRNDLA Switch Status

PRNDLA switch on

PRNDLA switch off

But ¢

Key on Status

Key is ON position

Key is OFF

* Combinaiion of PRNDLP, PRNDLC, PRNDLB, and PRNDIA switches determines the transmis-

sion sclection

DE/PCS PROPRIETARY
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VAC PEAK FIELD

The Vac Peak field represents the peak voltage of the AC line in.
IAC PEAK FIELD

The Jac Peak field represents the peak current of the AC line in.
VBAT FIELD

The VBar field represents the battery voltage in Volts.
IBAT FIELD

The IBar field represents the battery current in Ampere.
VAC *1AC FIELD

The Vac * lac field represents the calculated charging power.
USER DEFINED FIELD

The User Defined field prints out the value of the Dolphin Unit processor memory location that user
specified. Following is how 1o read the memory location:

1. Type 1 or2(DO NOT HIT RETURN)

1 -To read the Dolphin Unit controller memory location (Memory location and its usage is
alrecady on the screen, also refer to RAM description table)

2—To read the vehicle interface controller memory location (None on screen, refer o RAM

description table)

2. Type memory location address and return

3.  The value will show up in the User Defined
field

12V BIAS FIELD

The I2V Bias field represents the 12V bias supply voltage in Volts.
DOLPHIN UNIT TEMP FIELD

The Dolphin Unir Temp field represents the temperature of the Dolphin Unit in Celstus.
ADDRESS USER <UNIT|VEH> FIELD

The Address User <UNITIVFE{T> field prnts out the memory address that the user specified. Either
UNIT or VEH prints out depends on the user setection.

CHARGE MODE rIELD

The Charge Mode ficld represents the charge mode, either NORMAL mode or TRICKLE mode.
AC RELAY FIELD

The AC Relay ficld represents the status of the AC Relay, either CLOSED or OPEN.
TIME SECONDS FIELD

The Time Seconds ficld represemts how long the communication between the PC and the Dolphin Unit
been up. This ficld does not updates unless communication link is connected, therefore, if this freld 1s
not updating, then the communication link is not connected.

DE/PCS PROPRIETARY
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MOTOR TEMP FIELD

The Motor Temp field is a lndden field. To read the motor temperature
I. Type 1 (DO NOT HIT RETURN)
2. Type 238 and RETURN

3. The Motor Temp field shows up with the motor

temperature in Celsius line afier the Dolphin
Unit Temp

To hide the Motor Temp field,

1. Type 1 (DO NOT HIT RETURN)
2. Type any memory address and RETURN
3. The Moior Temp field will hide

FAULT DESCRIPTION FIELD

In the very last line, all the fault description prints out, if any fault occurs,

DE/PCS PROPRIETARY
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DRIVER CONTROLS
DRIVER CONTROLS DIAGNOSTICS

See drive controls section of the US Electricar
manual.

PCU REMOVAL AND
REPLACEMENT

PCU REMOVAL PROCEDURE
Figures 3-30, 3-31 ,and 3-32

Important

®  Tum the main battery switch to the off
position

B Remove or Disconnect

1. 12 volt positive auxiliary cable from auxiliary
battery.

2. 12 volt auxiliary ground cable (1).
E3 Remove or Disconnect

3. 12 volt auxiliary battery cable (3).

COOLING SYSTEM
COOLING SYSTEM DIAGNOSTICS

See cooling system section of the US
Electricar manual.

4. J6(2).

5. (M.

6. J1(9).

7. J5(5).

8. J4(8).

9. Coolant hoses (4,6).

10. Six nuis or bolts ( depending upon the

configuration of the mounting bracket).

s a Install or Connect

11. Coolant caps to hoses.

12. Coolant caps o inlet/outlet
B Remove or Disconnect

13. PCU.

112 AUXILIARY GROUND CABLE

2 J6INTEGRAL CHARGER INPUT
CONNECTOR

3 12 VOLT AUXILIARY POSITIVE CABLE

4 COOLANT HOSE

Figure 3-30. PCU Connections

DE/PCS PROPRIETARY
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5 J5 MOTOR ENCODER
INPUT CONNECTOR

6 COOLANT HOSE
7 J2 HIGH VOLTAGE
DG INPUT CONNECTOR

8 J4 SIGNAL
CONNECTOR

9 J1 3 PHASE AC
OUTPUT CONNECTOR

Figure 3-31, PCU Connections

10 NUTS OR BOLTS {5)

Figure 3-32. PCU Mounting

DE/PCS PROPRIETARY
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COOLANT REMOVAL PROCEDURE

1. Move PCU 1o an appropriatc location for
coolant disposal.

o Remove or Disconnect

2. Coolant caps.

3. Coolant.
PCU REPLACEMENT PROCEDURE
Figures 3-30, 3-31, and 3-32
0 Important

®  Turn the main battery switch to the off
position

Remove or Disconnect

I. 12 volt positive auxiliary cable from auxiliary
battery.

3 H Install or Connect

2. Invertcr on the bracket.

Tighten

e  Six mounting nuts/bolts to 32 Nm (24
ib—ft.).

Mounting nuts or bolts (10).

3,

E o Remove or Disconnect
4. Coolant caps from PCU.
5.

Coolant ¢aps from coolant hose (f

applicable).
EE Install or Connect

6. Coolant hoses (4, 6).
7. High voltage cable to J2 (7).

8.  Signal cable to J4 (8).

9. 3 phase output cablc to J1 (9).

10, Motor encoder cable to J5 (5).

1. Integral charge input cable 10 J6 (2).

12. 12 volt auxiliary battery posilive cable (3).

13. 12 volt auxiliary battery ground cable (1).

14. 12 volt positive auxiliary cable to auxiliary
baitery.

MOTOR REMOVAL AND
REPLACEMENT

MOTOR REMOVAL PROCEDURE

B Remove or Disconnect

Refer o US Electuicar motor removal
procedure.

MOTOR REPLACEMENT PROCEDURE
E Install or Connect

Refer to US Electricar motor replacement
procedure.

MOTOR ENCODER CABLE
REMOVAL AND REPLACEMENT

MOTOR ENCODER CABLE REMOVAL
PROCEDURE
Figure 3-33

0 | important

—

] CARE SHOULD BE TAKEN TO
NOT DAMAGE THE GASKET
BETWEEN THE motor ENCODER
LID AND MOTOR.

E:H Disassemble

i. Motorencoder lid (6) from motor (1).

a. Eight mounting bolts (10).
/® Inspect

2. Gasket, replace if required.
B Remove or Disconnect

3, Motor encoder connector (5) from motor
encoder (3).

4. Thermistor (4).
S, Grommet (7} from encoder lid cutout.

6. Motor encoder cable (9) and conneclor (5)
through cutout of motor encoder lid (6).

DE/PCS PROPRIETARY
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MOTOR

1

2 MOTOR ENCODER HOUSING
D0 e 3 MOTOR ENCODER

4 THERMISTOR

5

MOTOR ENCODER
CONNECTOR

6 MOTOR ENCODER LID

7 GROMMET

8 STRAIN RELIEF

9 MOTOR ENCODER CABLE
10 BOLTS (8)

Figure 3-33. Motor Encoder and Cable Assembly
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MOTOR ENCODER CABLE
REPLACEMENT PROCEDURE

E:E Assemble

t.  Motor encoder cable (9) and connector
through grommet (7).

2. Motor enceder cabte (9) and connector
“through cutout of encoder lid.

B Instalt or Connect

3. Grommet (7) in encoder lid cutout.
4. Motor encoder cable (9) to motor encoder (3).

5. RTV (Ultra Black 598 RTV silicone or
equivalent) into area between grommet (7)
and maolor encoder cable (9).

0 Important

L Be sure to use enough RTV to seal the
gap between the grommet and motor
encoder cable.

® Allow Sufficient time for RTV 1o cure.

EE Assemble

6.  Motor encoder lid (6) to motor (I).

7. Suam relief onto mounting bolt (10).

Tighten

8. Eight mounting bolts (10) in a star pattern.

MOTOR ENCODER REMOVAL
AND REPLACEMENT

MOTOR ENCODER REMOVAL
PROCEDURE

Figure 3-33 and 3-34

Important

e CARESHOULD BE TAKEN TO
NOT DAMAGE THE GASKET
BETWEEN THE MOTOR
ENCODER LID AND MOTOR.

ES Disassemble
I.

Motor encoder lid (6) from motor ().
a. Eight mounting bolis (10).

/®| Inspect
2. Gasket, replace if required,
B Remove or Disconnect

3. Motor encoder connector (5) from maotor
encoder (3).

E:E Disassemble

4.  Motor encoder mounting bolts (11).
E Remove or Disconnect

5.  Molor encoder (3).

MOTOR ENCODER REPLACEMENT
PROCEDURE

@ Clean

®  Inside of motor encoder housing (2).

B Remove or Disconnect

1. Cardboard protector from new motor encoder.

EE Assemble

2. Motor encoder (3) onto shafi.

0 important

L] Be sure o add Loctite 1o molor
encoder mounting bolts (11).

e  Patially tighten encoder

mountng bolts (11).

molor
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3. Molor. encoder (3) with motor encoder I:Q:I important
mounting boits (11).
] Push alignment notch (15) in a
4. Center motor encoder (3) around shaft clockwisce direction with tweezers
until bottom alignment dot (14) aligns
Tighten with top alignment dots (13).
L Spin motor shaft 1o epsure that motor
® Mator encoder mounting bolts (11) encoder wheel does not rub against
down. Motar encoder housing,
E:a Assemble
®  Adjustment screw with motor
encoder wheel adjustment tool (12) .
in a clockwisc direction finger tight. 6. Motor encoder lid (6) 1o motor (}).

7. Strain relief (8) onto mounting bolt (10),

E Remove or Disconnect

Tighten

5. Remove motor encoder adjustment ool (12). 8. Eight mounting bolis (10) in a star pattern.

Table 3-4. Part ldentification and Information

NAME MANUFACTURE’S PART NUMBER
PCU A04601AA0
Motor Assembly AQ4731AAD
Motor Encoder Cable (W14). = _ A4706AA0
Optical Encoder Module (basic motor only) HEDT-9100 F0O
11.0MM Opt Rad Code Wheel (basic motor only) HEDS-5120Fi3
Grommet MS35489-8
Motor Encoder Lid Gasket A04705FX0
Motor Assembly AO04731AA0-1}
Motor Encoder Cable (W14) A4TO6AAN-]
Optical Encoder Module ( —1 motor only) QEDS-5922
Grommet MS35489-8
Motor Encoder Lid Gasket A04705FX0

RE-SHIPPING FAILED MODULES
FOR REPAIR

See wamanty information and shipping
instructions in section IV,
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e
.l
(8- -0 o
- [ B N W
& N
' o
. -

11 MOTOR ENCODER MOUNTING BOLTS (2) —~
12 MOTOR ENCODER ALIGNMENT TOOL T
13 TOP ALIGNMENT DOTS
14 BOTTOM ALIGNMENT DOT
15 ALIGNMENT NOTCH

Figure 3-34. Motor Encoder Assembly
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4-2 WARRBANTY INFORMATION

Dolphin-

i

. am . POWER
Field Event Report (FER) |juss CONTW‘E |

SYSTEMS

Note: A completed FER form, with a valid Retum Authorization

MUST accompany any item sent back to PCS for repair,
replacement, credit, or other service.

Call 1(800) 4826644 for Telephone Service Assistance and
Return Authorization.

Return Initiator

Authorization: Name: Phone:
Driver/Owner Contact: Phone:

Vehicle Description: Identification #:
Odometer Mileage: Location:

Part Name: Part #: Serial #:

Briefly describe The event /incident / problem. (what happened or didn't happen?)

What was happening just before the event occurred? {For example, dnving up hill at 35 mph, or vehicle at bat-
tery charger overnight)

Any other comments?

FER Form/ LD 27 Jan 94
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SECTION IV

WARRANTY INFORMATION

FER Form Instructions

Please follow these instructions completely to speed service {

Return Authorization:

Initiator:

Driver / Owner Contact:

Vehicle Description:
Identification #:

Odometer Mileage:

Location;
Part Name:

Part #:

Serial #:

“Briefly describe the
event.. .”

“What was happening
just before the event oc-
curred?”

“Any other comments?”

Call the PCS service number (800) 4826644 for telephone assis-
tance before filling out the form. We may be able 10 solve your
preblem over the phone. If we are not able to solve your prob-
lem, you will need to have a valid Return Authonization to re-
ceive prompt service.

Please enter your name and a phone number where you can be
reached during normal business hours.

Please enter the name of the driver or owner contact who may be
able to provide additional detail about the event in case we need
that information.

Please enter the make and model of the vehicle, e.g., Geo Prizm.

Please enter the Vehicle Identification number -- found under the
windshield on the driver’s side.

Pleasc enter the mileage from the vehicle's odometer at the time
of the event.

Where did the event occur? City and state.

What's the name of the suspected pant? (e.g., Power Control
Unit)

Please enter the part number of the suspect unit from the name-
plate.

Enter the scrial number from the nameplate.

What happened or didn’t happen that caused you or the dnver to
think there was a problem? Please include as much detail as pos-
sible.

Please describe the situation that fed up to the event. What was
the vehicle doing? Provide as much detail as possible,

This is your opportunity to provide us with any other comments
you would like to offer about the event, the Dolphin system, our
service or anything you would like to say to PCS.
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