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Introduction

Introduction

The MillipaK PUMP (series motor) range of contradigorovides a new range of power frames for
24V-48V, 180A - 600A in one of two small, highlyfiefent packages. This is achieved using a
Sevcon patented power switching scheme and radéwalconstruction techniques, which enable
large powers to be incorporated into very smalkpges.

The MillipaK provides a completely sealed (IP66)twontaining both power and logic circuitry,
as well as all suppression components.

MillipaK supports Sevcon’s existing MOS90 calibrator adjustment of pump characteristics.

Controllers are FLASH microprocessor based enalbi@td re-programming for new features and
have numerous user set-up options. The Millipaks usgh frequency (silent) MOSFET power
switching technology, to control a Series powenmfgacomprising Armature circuit only.
Armature currents are monitored. Controllers haaenbdesigned to satisfy the requirements of
the relevant UL and EC standards.
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Safety

Safety

The MillipaK controller contains a triple fail-saggstem to give a high level of safety. If the
diagnostic LED is not illuminated or flashes, tlaesy circuit may have tripped and the truck
may not drive.

The MillipaK controller may be used with suitablebmard chargers, as supplied by Sevcon.
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Installation Mounting

Installation

The small footprint of the MillipaK controller giganaximum flexibility to the user for mounting
options. The following section gives details oftaer criteria that should be considered when
situating the controller on a vehicle.

Mounting

The MillipaK and MillipaK HP units provide 4 x M@e&arance holes for mounting. The
controllers should be mounted onto a metal bagde,@a large as possible to provide heat-
sinking. The surface finish should be flat, clead aurr free and thermal compound should be
applied to the controller base before fitting.

MillipaK HP Controller Dimensions
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Maximum terminal torque: M8 terminals — 10NM
M6 terminals — 7NM
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Installation Wiring/Power

MillipaK Pump Power Wiring

Light Wiring
fuse To kKey—switch

Ml Line Contoctor {optional)
Fn — Milllpak. Pump Controllar

1

Battery  +ve a g i 1
_LII ! =

Freewheel
Dioda

Capactar
Bank —

| Shunt

Battery —wa -4

NOTE: The Pump battery positive power terminal roaywired directly to the battery positive
(via a suitable fuse) or via a line contactor i&disn a Traction / Pump system.

It should be considered whether or not pump opmras required if a traction fault causes the
line contactor to drop out.
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Installation Wiring/Light

MillipaK Pump Light Wiring
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NOTES:
The line and auxiliary contactors coils are wiredt+, on the switched side of the key-switch.

The second analogue input on pin 11 is also aveifap use as a digital input. See system
configuration section for how to configure the set@analogue input as a digital switch input.

Pin 12 on the Core and Standard HP variants idadlaifor 100mA supply, typically used for
(but not limited to) accelerator modules.

Pins 13,14 & 15 are general-purpose suppressiomecbions and may be used to suppress spikes
generated by contactors opening / closing. Thenateonfiguration is shown below:

Pin 16 on the Core and Standard HP variants is tasselect FLASH memory program update
mode and should normally be left unconnected.
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Calibrator Calibrator/General

Calibrator

The Calibrator is a hand-held adjustment unit witiah be used to configure and test the system.
The MillipaK is designed to work with the Calibraturrently in use with SEVCON's MOS90
system. See diagram below. The menu structureowrsim the Calibrator Map located near the
end of this manual.

SELECT

CALIBRATOR
Sevcontrol
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Calibrator Calibrator/Security Levels

Calibrator Security Levels

Which personalities and status items which canié&ed on the Calibrator is restricted using
passwords. There are three levels of CalibratogssccThese are shown in the table below:

AccessLevel | Text | Password Description
Default. This level is selected when no passwordnor
Service Ser - invalid password is entered. Only items shown & th

Calibrator Map with a thick solid border are digd.

Only items shown in the Calibrator Map with a thark

Engineering Eng 1645 thin solid border are displayed.

- Contact . .
All Adjust All SEVCON All items are displayed.

Note, in Service or Engineering mode, only itemgrapriate to the current system configuration
are displayed. For example, if lift switch 5 is wonfigured, then the Speed personality will not
be displayed for that switch. In All Adjust modd,ieems are shown regardless of configuration.

The password can only be entered just after powavhen the Pump Hours Counter is displayed.
The '+ and '-' buttons are used to enter the paskswhe first digit is entered by pressing the '+'
button the appropriate number of times (i.e. owcenter 1). The second digit is entered by
pressing the - button the appropriate numbeinudd (i.e. 6 times to enter 6). The third digit is
entered using the '+' button again and the fingit &8 entered using the '-' button again. Noté tha
when the '+' or '-' buttons are pressed, the disgiid changes to show hours or 1000 x hours.

When the password has been completely entered githss the '+' button or the SELECT button
to initiate verification. If the password has begnered correctly, the text shown in the table
above appropriate to the required level will beldiged for 1s indicating the password was
accepted. If the password was incorrect or no pagsswas entered, the system always defaults to
Service mode.

After the Security Level has been displayed, tretesy enters the normal menu structure shown
in the Calibrator Map. To change the password |euml need to recycle the Keyswitch.
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Calibrator Calibrator/Navigation

Navigation
The Calibrator uses all three buttons for navigatimough the menu structure.

Use the SELECT button to move through the menwcstra. When the SELECT button is
pressed the next menu item is displayed. The ded@elktion is from left to right, top to bottom.

If the '+' and -' buttons are held down togettie, ID of the currently displayed menu item is
shown. For example, if the Current Limit persoryaias selected, then the ID would be 0.01
(menu 0O, item 1). This allows the operator to lecahere they are in the map.

If the '+' and ' buttons are held down togetlemfiore than 3 seconds, the direction through the
menu structure is reversed. Now when the SELECTbus pressed the direction is from right to
left, bottom to top. In this mode, the LED on thali@rator will flash. If the '+' and '-' buttonsear
held down together for more than 3 seconds adgaendirection reverts back to the first direction
and the Calibrator LED stops flashing.

The SELECT button is used to navigate through rabte menu structure, however, the Test
menu (menu 19) is slightly different. Pressing 8td ECT button will take you to the first item

in the Test menu, (item 19.01 - Accelerator Demaihd)navigate the Test menu, you need to use
the '+' and '-' buttons. The '+' button moves @pTtast menu and the '-' button moves back down.
Pressing the SELECT button at any time exits ths reenu and moves to the first item in the
menu structure (menu item 0.01 — Lift Speed 1).

The items which are displayed depends on the dusgetem configuration and the Security
Level.

MillipaK PUMP Controller Manual 04/03/10



Calibrator Calibrator/Adjustments

Adjustments

Menus 0 to 12 are primarily used for configuring gystem. All the personalities that the system
uses to configure each function are in one of tineseus. A brief description of the purpose of
each menu is listed below. For more complete detsons of each personality refer to the
appropriate section in this manual.

Menu Name Purpose

0 Speed 1 Used to set pump speed for lift acceletat

1 Speed 2 Used to set pump speed for lift acceleat

2 Speed 3 Used to set pump speed for switch input 3

3 Speed 4 Used to set pump speed for switch input 4

4 Speed 5 Used to set pump speed for switch input 5

5 Speed 6 Used to set pump speed for switch input 6

6 Speed 7 Used to set pump speed for switch input 7

7 Unused Unused.

8 Creep Speed Used to set creep speed.

9 Ramps Used to set lift and power steer ramp times

10 Power Steer Used to set-up power steer function

11 C - Used to set motor current limit, seat delay and Voltage start

urrent Limit
and cut levels.
Used to configure the system at a high level. Iteon=onfigure
the system 1/0O and performance are located in hieige.

12 System Set-up recommended that items in this menu are configfiretbefore
any of the other personalities. Unlike the persitiealin the
other menus, changes to items in this menu doaketaffect
until the Keyswitch is recycled.
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Calibrator Calibrator/Status and Test Information

Status and Test Information

Menus 13 to 19 are primarily used for providingommhation about the system. Every parameter
which the system measures in located in one otthemnus. A brief description of the purpose of
each menu is listed below.

Menu Name Purpose
If there is a fault active in the system, this menovides
13 System Status | information about what the fault is. Refer to thiadhostics
section for more information.
14 - Reserved for future use.

Used to display Battery and Capacitor Voltage mesasants.
The Battery Voltage measurement shows the voltaggsared

15 System Voltages| at the Keyswitch pin (pin 1 on connector B). The&ator
Voltage measurement shows the voltage measurée &t
terminal.

16 Motor Voltages | Used to show the voltage measatéde Point A terminal.

17 Motor Current Used to show the PUMP motor curieasurement.

. Used to access the Heatsink Temperature measurametiie
Heatsink . .
18 Maximum Heatsink Temperature log. Refer to the Terafure
Temperature

Monitoring section.

Used to access items which allow for testing oftedl Analogue
and Digital inputs available on connector B. Alsspthys unit
19 Test Menu information such as the Software Version, Contrdierial
Number and the Personality Checksum. Refer topeoariate
sections for more information on each of these stem
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Configuration System

Configuration

Configuration of the MillipaK controller is splibto two categories — system and performance,
which will be discussed in turn.

System Configuration

The MillipaK system configuration items relate tovhthe MillipaK will interface with connected
hardware such as the system battery, lift contritiches, accelerator and the pump motor.
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Configuration System/Voltage

System Voltage

The system voltage usually refers to the main systigpply battery voltage. The controller uses
this information to ensure low and high voltagdisgs are within an appropriate range.

System Voltage Power Up
Calibrator Menu Reference: 12.05

Minimum Maximum | Step Size Default
24v 48v 2V 24v
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Configuration System/IO Configuration

System 1/O Configuration

The digital inputs, analogue inputs and contactmedoutputs available on socket B can be
configured in a number of ways to suit various aggpions. The table below shows a range of
pre-determined settings which are available taugex and should cover the majority of
applications, see below:

Digital 1/0 Description
Value

1 Normal switch inputs are used for lift switchest Inhibit is available via the last
switch input on the MillipaK Core or via the secaathlogue input on the
MillipaK HP.

2 Normal switch inputs are used for lift switchBswer Steer Trigger is available
via the last switch input on the MillipaK Core dahe second analogue input g
the MillipaK HP.

=}

3 4 of the normal switch inputs are used for kifitshes. Power Steer Trigger is
available on a normal switch input. Lift Inhibitavailable via the last switch
input on the MillipaK Core or via the second analegnput on the MillipakK HP.
Lift Switch 5 is dropped to leave 2 switches withmpensation and 2 additive
switches.

4 4 of the normal switch inputs are used for kfitshes. Lift Inhibit is available on
a normal switch input. Power Steer Trigger is aldé via the last switch input o
the MillipaK Core or via the second analogue inpuithe MillipaK HP. Lift
Switch 5 is dropped to leave 2 switches with conspéion and 2 additive
switches.

-

5 3 of the normal switch inputs are used for lfitshes. Lift Inhibit and Power

Steer Trigger are available on normal switch inpLif$ Switch 4 is available via
the last switch input on the MillipaK Core or vigetsecond analogue input on the
MillipaK HP. Lift Switch 5 is dropped to leave 2 gehes with compensation and
2 additive switches.

6 2 of the normal switch inputs are used for lift ®lves. Lift Inhibit, Power Steer
Trigger and Seat Switch are available on normaictwinputs. Lift Switch 4 is
available via the last switch input on the Millip&ore or via the second analogjie
input on the MillipaK HP. Lift Switches 5 and 7 atmpped to leave 2 switches
with compensation and 1 additive switches. Themné&s contactor drive, the
Cooling Fan Drive.

If your application doesn't fit any of the abovéggse contact Sevcon with details of your
requirements.

Each of the above configurations allocates therotiat i/o as shown below:

Digital Value of Digital 1/0 Configuration Item

Function 1 2 3 4 5 6
Lift Switch 3 B2 B2 B2 B2 B2 B2
Lift Switch 4 B3 B3 B3 B3 B3 B3
Lift Switch 5 B4 B4
Lift Switch 6 B5 B5 B5 B5 B5 B5
Lift Switch 7 B6 B6 B6 B6 B6
Lift Inhibit B5 B5 B2 B2 B2
Power Steer Trigger B5 B2 B2 B3 B3
Seat Switch B4
Cooling Fan Drive B8
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Configuration System/IO Configuration

Notes:

1. Dx refers to Digital Switch input x.

2. Cxrefers to Contactor Drive output X.

3. If the Analogue Input 2 is set to Digital, switatput D6 is read from the Analogue input and
not the switch input.

Analogue Functions

Analogue Value of Analogue I nput Configuration Item
Function 1 2
Lift Accelerator 1 Ana.1 (B10) Ana.l (B10)
Lift Accelerator 2 Ana.2 (B11)
Digital Ana.2 (B11)
Digital Configuration Power Up
Calibrator Menu Reference: 12.02

Minimum Maximum | Step Size Default

Analogue Configuration Power Up

Calibrator Menu Reference: 12.03
Minimum Maximum | Step Size Default
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Configuration System/Motor Set-up

Current Limit

The current limit personality is provided to allolne user to limit the maximum current supplied
to the motor to a value lower than the peak rabiipe controller.

Current Limit Immediate
Calibrator Menu Reference: 0.01

Minimum Maximum | Step Size Typical Value
50A CBR 10A CBR

Where CBR is Controller Block Rating.
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Configuration

System/Accelerator

Accelerator Full /Zero Setting

The lift accelerator/analogue inputs are flexilleéhe range of signal sources they can
accommodate and can be adjusted to minimise deaikl@and mechanical tolerances. Each
analogue input has 2 adjustments associated withaitow the input voltage range to be

determined.

The 2 adjustments are called the “Accelerator Zeneel” and the “Accelerator Full Level”. If

these were set to 0.20V and 4.80V then 0% demamntbvabart at 0.20V at the input, increasing
to 100% demand at 4.80V. For accelerators withedesing voltage outputs, the Zero adjustment
might be set to 3.5V and the Full adjustment t&/0The Calibrator test menu shows the
instantaneous voltage reading, and the equivale€miuh” for each input.

Accelerator 1 Zero Volts
Calibrator Menu Reference:

Immediate

0.03

Minimum Maximum | Step Size Typical Value
0.00V 4.50V 0.02v 0.20V
Accelerator 1 Full Volts Immediate
Calibrator Menu Reference: 0.04

Minimum Maximum | Step Size Typical Value
0.00V 4.50V 0.02v 3.50V
Accelerator 2 Zero Volts Immediate
Calibrator Menu Reference: 1.03

Minimum Maximum | Step Size Typical Value
0.00V 4.50V 0.02v 0.20V
Accelerator 2Full Volts Immediate
Calibrator Menu Reference: 1.04

Minimum | Maximum

Step Size

Typical Value

0.00V 4.50V 0.02v 3.50V

The PWM demand will vary between the Creep level lsllaximum Speed for that lift accelerator
as the accelerator voltage varies between “AcdeleZero” and “Accelerator Full”.
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Configuration Performance/Ramp Up

Performance

Various parameters may be adjusted to tailor tinfopeance of the vehicle to customer
requirements.

Lift and Power Steer Ramps

Theses are adjustable delays to ramp up the pulsing0% on to 100% on, and can be used to
ensure smooth start / stop.

Lift Ramp Up Immediate
Calibrator Menu Reference: 9.01
Minimum Maximum | Step Size Typical Value
0.1S 5.0S 0.1S 1.5S

Power Steer Ramp Up Immediate
Calibrator Menu Reference: 9.02
Minimum Maximum | Step Size Typical Value
0.1S 5.0S 0.1S 1.5S

Ramp Down Immediate
Calibrator Menu Reference: 9.03

Minimum Maximum | Step Size Typical Value
0.1S 0.5S 0.1S 0.1S
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Configuration Performance/Creep Speed

Creep Speed

The Creep speed is adjustable and is used to sefetimum pulsing level as soon as any pump
function is requested, to minimise delays and desawis. The motor voltage is rapidly ramped to
the creep level (equivalent to a 100mS ramp time).

Creep Speed Immediate
Calibrator Menu Reference: 8.01

Minimum Maximum | Step Size Typical Value
0% 25% 1% 0%
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Configuration

Performance/Maximum Speed

Maximum Speed

Adjustment limits the maximum applied %on to thetonoThere are seven speed settings
available, one for each input (two analogue acatdes and 5 digital switches). These settings

can be used to set different pump motor speedfiéovarious vehicle functions.

Speed 1 Immediate
Calibrator Menu Reference: 0.01
Minimum Maximum | Step Size Typical Value
0% 100% 1% 100%

Speed 2 Immediate
Calibrator Menu Reference: 1.01
Minimum Maximum | Step Size Typical Value
0% 100% 1% 100%

Speed 3 Immediate
Calibrator Menu Reference: 2.01
Minimum Maximum | Step Size Typical Value
0% 100% 1% 100%

Speed 4 Immediate
Calibrator Menu Reference: 3.01
Minimum Maximum | Step Size Typical Value
0% 100% 1% 100%

Speed 5 Immediate
Calibrator Menu Reference: 4.01

Minimum Maximum | Step Size Typical Value
0% 100% 1% 100%

Speed 6 Immediate
Calibrator Menu Reference: 5.01

Minimum Maximum | Step Size Typical Value
0% 100% 1% 100%

Speed 7 Immediate
Calibrator Menu Reference: 6.01

Minimum Maximum | Step Size
0% 100% 1%

Typical Value
100%
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Features Features

Features

The MillipaK controller has several features deemjto offer the user maximum flexibility,
safety and performance whilst ensuring the corgradl protected against adverse or fault
conditions. These features can be split into tbegegories — standard controller features, safety
features and controller protection features.

Standard Controller Features

The following section details the standard featfioesd on a MillipaK controller.
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Features

Standard Features/Lift Switch Inputs - Priority

Lift Switch Inputs - Priority

The two lift accelerators are normally referrecdsoinputs 1 & 2 and the digital switch inputs as 3

to 7. The priority assigned to each input is shawthe table below:

Priority Input Additional Comments
1(highest) Lift Accelerator 1
2 Lift Accelerator 2
3 Lift Switch 3
4 Lift Switch 4
5 Lift Switch 5 Lift Switches 5, 6 and 7 are lower priority thase thither
. . Lift inputs only when they are configured as Ptigri
6 Lift Switch 6 Additive switches are handled separately. See next
7 Lift Switch 7 section.

Assuming all the inputs are configured as priotiiygn even if more than one switch input (or
accelerator) is active only one demand will be u3éds demand will be that of the highest
priority active input, even if this is the lowestrdand. For this reason care must be taken in
setting accelerator zero levels to ensure zero ddmdéen the accelerator is inactive.

Speed 5 Priority / Additive
Calibrator Menu Reference:

Power Up

4.02

Options Default
Priority Additive Priority
Speed 6 Priority / Additive Power Up
Calibrator Menu Reference: 5.02

Options Default
Priority Additive Priority
Speed 7 Priority / Additive Power Up
Calibrator Menu Reference: 6.02

Default

Options

Priority

Additive

Priority

For example, if switches 5 — 7 are set as priahign activating all switches will result in the
speed demand set for switch 5 being used.
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Features Standard Features/Lift Switch Inputs -ithadsl

Lift Switch Inputs - Additive

Lift input switches 5 to 7 may be configuredAsilitive. As the name implies if two or more
switches configured as additive are active togdtiem the speed demand set for each switch will
be added together and this will be the final spEdand.

Additive also applies if a priority and an additiswitch are active simultaneously.

For example if lift accelerator 1 input demandti2@2, switch 3 is active with its maximum
speed personality set to 20% and switch 5 is aeindeprogrammed as additive and with a speed
setting of 30 % then the final demand would be F0faccelerator 1 demand + switch 5
demand).

MillipaK PUMP Controller Manual 04/03/10



Features Standard Features/Compensation

Compensation

A compensation factor can be programmed for lifiederators 1 and 2, lift switches 3 and 4, and
the power steer input (if configured).

The compensation factor is designed to help kemmatant lift speed or power steer assist level
under varying load conditions.

The compensation feature works by calculating hawemextra motor voltage is needed to keep
the motor speed constant. The calculation usesitter current and the relevant personality to
determine the extra motor voltage required.

To set the compensation factors for the lift acedt@s or switches you should first set the desired
unloaded speed using the maximum speed persofalitiye lift input in question. The next step
should be to activate the lift under full load andrement the compensation personality until the
desired full load speed is achieved.

The following personalities may be programmed tvjate compensation for the relevant inputs:

Compensation 1 Immediate
Calibrator Menu Reference: 0.02
Minimum Maximum | Step Size Default
0% 200% 1% 0%
Compensation 2 Immediate
Calibrator Menu Reference: 1.02
Minimum Maximum | Step Size Default
0% 200% 1% 0%
Compensation 3 Immediate
Calibrator Menu Reference: 2.02
Minimum Maximum | Step Size

0% 200% 1% 0%
Compensation 4 Immediate
Calibrator Menu Reference: 3.02
Minimum Maximum | Step Size Default
0% 200% 1% 0%

Power Steer Compensation Immediate
Calibrator Menu Reference: 10.03

Minimum Maximum | Step Size Default
0% 200% 1% 0%
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Features Standard Features/Power Steer Input

Power Steer Input

Any one of the digital switch inputs may be configihas a Power Steer trigger. When configured
the power steer speed and delay may be programmed:

Power Steer Personalities:

Power Steer Speed Immediate
Calibrator Menu Reference: 10.01
Minimum Maximum | Step Size Default
0% 100% 1% 100%
Power Steer Delay Immediate
Calibrator Menu Reference: 10.02
Minimum  Maximum  Step Size Default

Os 60s 1s 2S

Power Steer Compensation Immediate
Calibrator Menu Reference: 10.03

Minimum  Maximum  Step Size Default
0% 200% 1% 0%

The power steer delay is the length of time the atehwill remain active after the trigger signal
is removed.
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Features Standard Features/Lift Inhibit Input

Lift Inhibit Input

One of the digital inputs may be configured as laftibit. When the inhibit input is active then
no lift functions are allowed to start. Any liftfations already active will not be affected.
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Features Standard Features/Cooling Fan

Cooling Fan

There is a facility provided on the standard MalioPump controller which allows a traction
motor cooling fan to be activated via a contactoredoutput. The output is activated when the
Seat Switch input is active. The seat switch input must befigomed using the digital i/o
configuration item. The cooling fan drive is deaated when the seat switch input is deactivated.
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Features Standard Features/Pump Hours Meter

Pump Hours Meter

The MillipaK maintains a log of the number of hodrging which the controller is providing
Pump functionality. The Pump Hours Meter runs wiven¢he pump motor speed is greater than
zero. The current number of logged Pump hours earndwed using the Calibrator. Refer to the
Calibrator section for more information.
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Features Standard Features/Personality Checksum

Personality Checksum

As you can see from this Manual and the Calibristap, the MillipaK employs quite a few
personalities to give the user as much flexib#isypossible in setting up their system. After the
personalities have been setup to give the desimectibnality and performance, most customers
will request the same setup for each subsequetrtotien they purchase.

If you wanted to check that a controller had theextt personalities, it is very tedious and time
consuming to check each individual personalityuimt To remove the need for this, the system
calculates a checksum value based on the valuacbf@ the personalities in its memory. The
checksum value is simply a number between 0 and\2&é&h is calculated by passing all the
personality values through an algorithm.

The Personality Checksum will be same on every(with the same number of personalities) for
the same set of personality values. This can be tesmstantly confirm that all the personalities
are correct. The Personality Checksum is locatedanTest menu.
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Safety Features Fail-safe

Safety Features

The features listed in this section are designeh thie safety of the operator in mind.

Fail-safe

The controller’s safety system includes a micropssor watchdog which can detect software
failure, and a hardware fail-safe system. Evertthe controller is powered-up, the software
checks that the fail-safe circuit is able to swibéhthe MOSFETSs and open the contactors.
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Controller Protection Controller Protection/Therr@altback

Controller Protection Features

There are several in built features which are desigo protect the MillipaK controller from
damage due to excessive load currents, voltagepratmhged periods of high demand.

Temperature Monitoring

If the temperature of the power frame exceed€74& maximum available current will be
reduced. Note, however, that if the set currenit isness than the maximum available current
limit actual cutback will occur at progressivelgher temperatures than°ta The thermal

cutback ensures that the maximum heatsink temperitlimited to 90C (See Graph). When
actual cutback occurs the diagnostic LED will flé&stimes.

Thermal Cutback Characteristic

Current Limit

100 7
90 1
80
70 T
60 1
50 1
40 1
30
20 T
10 A

Current Limit (%)

70 75 80 85 90 95
Temperature (DegC)

Current Limit ‘

Maximum Temperature Logging

The system maintains a log of the maximum heat&mperature measured by the controller. The
Maximum Temperature logged is displayed on thelCatior next to Heatsink Temperature
measurement.

To reset the log select the Maximum Temperatureriesgt item on the Calibrator. It will display
'Log'. Press the '+' button and the display wiwhClIr' for 2s before returning back to 'Log'. The
maximum temperature has now been reset to thentureatsink temperature.
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Controller Protection Controller Protection/TimedtBack

Timed Current Cutback

During periods of high current usage the power camepts of the controller produce
considerable heat. Under normal circumstancesahgaler will cutback the maximum current
supplied to the load when the heatsink temperaises above a safe level for the controller
components. However, when the current supplietbsedo the maximum rating of the controller
the temperature rise of the components leads thisink temperature by up to . If this
situation was allowed to arise damage may resuharcontroller. In order to prevent this
situation a timed current cutback feature is inoaaped in the MillipaK controller, which works
as described below:

The controller monitors the power through the atmatMOSFETSs during a 60 second period and
uses the average current seen over this time éordigte the new current limit. The new current
limit is then calculated as shown in the table faelo

Current Limit Now New Current Limit (% of ABR)
(% of ABR) Low Power Medium Power High Power
100% 100% 80% 60%
90% 100% 80% 60%
80% 90% 70% 60%
70% 80% 70% 60%
60% 70% 60% 60%

CBR - Is the Controller Block Rating.

The system will limit the current through the mototthe calculated limit during operation.
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Controller Protection Controller Protection/Safee@giing Area

Safe Operating Area (SOA)

The controller’s current may be limited at high &mdow duty cycles depending on its current
and voltage specification. This is to reduce ttegrttal stress on the power components in order to
increase long term reliability. See Graph 2.

The “Safe Operating Area” is a characteristic & MOSFETs and Freewheel Diodes which
make up the power-frame. The MOSFET SOA restrigtgenit at high duty cycles on all
configurations, and the Diode SOA tends to resthietcurrent at lower duty cycles on lower
voltage applications.

For most applications SOA will have little or ndesft on the operation of the controller. Its effect
is more significant in protecting the controllelaatst adverse loads such as damaged motors and
static test rigs.

24-48V Controllers

100

9 ——
80 -
70

60
50
40
30
20
10

% of Max. Current

0 20 40 60 80 100
% On

MillipaK PUMP Controller Manual 04/03/10



Controller Protection Controller Protection/Undeltage protection

Under-voltage protection

In order to prevent a sudden loss in power, thérober will begin to linearly ramp down the
current limit, once the average battery voltagks faélow a pre-set under-voltage start level. The
current will be ramped down to 0 and a 7 flashtfandicated if the averaged battery voltage falls
below the under-voltage cut-out level.

Nominal Battery Under-voltage Under-Voltage Start
Voltage Cutout (adjustable)
24V 14.5V Under Voltage Cut-
36V 14.5V out up to System V
48 V 14.5V

The following calibrator menu items are used totsese values.

Low Voltage Start Immediate
Calibrator Menu Reference: 11.03

Minimum Maximum | Step Size Typical Value
Low V System 0.5V 18.0V
Cutout Voltage

Low Voltage Cutout Immediate
Calibrator Menu Reference: 11.04

Minimum Maximum | Step Size Typical Value
14.5V Low V Start| 0.5V 16.0V
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6

: for Milli . )

Calibrator 1
Reference |
|

Description

2 3 4
| | |
| | |
| | | Service Level Access
| | |

Navigation

5
| |
| |
| |
| |
Lift | | The operator moves through the Calibrator Map bgssing the SELECT key. The solid line shows thehptite
0 Speed 1 Speed 1 l—| Comp 1 |—| Accel 1 Zero \,'—| Accel 1 Full \/|—| | | Engineering Level Access through the menu structure when the SELECT keyrissped.
| T T T | |
) ! ! ! : : ‘r B 7;)(; "1 All Adjust Level Access In Service Mode (no Password entered) only the &emown with a thick solid border are displayed. &ithe
1 Lift Speed 2 H Comp 2 |—|Acce\ 2 Zero H Accel 2 Full v ‘ ‘ Lo ! next item is hidden (Engineering or All adjust ass@nly), the calibrator moves on the next disptgatem.
Speed 2 Items which are not configured will also be hiddéathe bypass items will not be displayed if thephgs
! T T T | |
T T T T | | contactor is not configured.
i | | | |
2 Lift Speed 3 Comp 3 7 8 9 In Engineering Mode (Password entered) the itenmwhwith a solid border are displayed. When the thigam
eed 3 | | | | |
Sp " T | | | | | ! is hidden (All adjust access only), the calibrateoves on the next displayable item. Items which moe
| |
T T | | | | ! | | configured will also be hidden.
|
Lift | | | | | |
3 Speed 4 I_I Speed 4 H Comp 4 |—| | | | | : | | In All Adjust Mode (Password entered) all the itegsslid and dashed borders) are displayed.
y T | | | | |
I ! ; )
‘ ‘ | | | | | | ! Direction
4 Lift Speed 5 Add/Pri 5 | | | | | | ! By default, the Calibrator moves from left to rigttrough the menu structure. If the operator pressed holds
Speed 5 D I | ! ! the '+'and - keys for more than 3 seconds theigation direction changes and the Calibrator withve from
| | | | | Yy e g
; ; | ! right to left through the menu structure. The diiea can be restored by holding the '+' and -y&éor 3 seconds
| | | | |
Lift ’ L | | | | ! : | again.
5 ! Speed 6 |—| Add/Pri6 | [ [ [ ‘ ‘ |
Speed 6 | | | | ! The direction is indicated by the LED on the Bam@h. If the LED is lit steadily, the direction isofm left to
| |
L L | | | | ! | right, else if the LED is flashing the directionfiom right to left.
| |
. L | | | | |
Lift | ! -
6 speed 7 I—I Speed 7 H Add/Pri7 | | | | ‘ | I Information ltems
| | | | | | | | ! The Test menu only shows information items thatmanbe modified. The operator can move up
| | | | | | | | ! and down the menu using the '+ and ' keys. Alsite items with a dashed border are only displaipedll
7 U d | | | | | | | ! : Adjust Mode. If the Operator presses the SELECT kieg Calibrator moves to the next menu.
nuset |
| | | | | | ! |
| | | | | | ! : | Item Identification
| | | | | | ! | The operator can identify the current item by hotdidown the '+ and '-' keys. For example, holdiogn the
|
8 Creep ! ! ! ! ! : | | '+ and - keys on the High V Cutout personaliti display 11.09 (Menu 11 (I.MAX is menu 0), Ite®). The
Speed ! ! ! ! ! ‘ | | operator will use the User Manual to identify thergonality from the ID.
‘ l l : : : w ! ‘
|
9 Ramps Lift R UHPSR UH Ramp D ! ! ! | : !
P — il amp bown ! ! ! ! | | 10 1 12 13 14 15
| | T | | | | | | |
1 1 1 \ \ \ ! ‘ | [ | | \ \ \
Power \ [ | ! | | [ | | | | |
10 Steer PS Speed H PSDelay l—| PSComp |—| | | | : | | : : : : : :
: : : : : : | : : | | | | | |
. | | | | | | | | | |
11 Additional I—ICurrent L|m|tH Seat Delay H Low V Start |—| Low V Cutout | | | ! | | | | | |
Personalities ‘ ‘ ‘ | | ! | | | | | |
' T T |
I ! I I I I I I
r——l——— r——L——— r——l——— r——i——— r——L——— : I ! ! I I I I I I
12 System Chop Select —  Digital 10— Anal L Seat Cuts Lift tem Voltage [ ! ! | | | | | |
Setup op Select —  Digital 1 Analogueinputs; eat Cuts Lift — System Voltag | | | |
s e | ‘ | | | | | | |
‘ ‘ ‘ ‘ ‘ : w ‘ : : : : : :
| | | | | |
13 Fault Log | | | | | I : ‘ I | | | | |
| | | | | : | | | | | | | |
: : : : l ‘ w ‘ : : : : : :
|
14 Unused | | | | | : : | | | | | | |
: : : : l ‘ w ‘ : : : : : :
. L | | | | ! : : | | | | | |
System I | | | | | | | | | | | |
15 Voltages Battery Voltag Cap. Voltage ‘ ‘ ‘ ‘ | : | | | | | | |
‘ l : : : l | w ‘ : : : : : :
|
Motor | | | | | | ! | | | | | | |
16 Voltages \ \ \ \ | I | ‘ I | | \ \ |
: ‘ ‘ ‘ ‘ | ! ‘ : : : : : :
| | | | | |
|
Motor | | | | | ! | | | | | | |
1 Currents | | | | | ! : | | | | | | |
‘ ‘ ‘ ‘ ‘ : w ‘ : : : : : :
| | | | | |
|
| | | | | ! | | | | | |
18 " | | | | | ! ! | ‘ ‘ ‘ ‘ ‘ ‘
Temperature | | | | | | | | |
I | | | | | |
| | | | | | : | | | | | | |
19 Test Menu

Acc 1 Demand IAcc 1 vmtagel> lAcc 2 Deman+ ‘IAcc 2 vmtage} ~I Digital 1 Switch If { Digital 2 Switch I» { Digital 3 Switch I» { Digital 4 Switch I» { Digital 5 Switch If { Digital 6 Switch I» I S/W Version I» { SIW Sub-Revl* { Ser No. Da!el» { Ser No. ID1 I, { Ser No. ID2 I
" " " " "
| |

i | | | ! | |
TOP | | | | | | | | | | | |
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Commissioning Checklist

Commissioning Checklist

= Controller Mounted on suitable flat heatsink wifpeopriate heatsink compound ?
= Power wiring checked, shortest routes taken whessiple ?

= Light wiring checked, use calibrator to verify caniker correct switch operation.

= Accelerators set-up and checked 0 — 100% ?

=  Personalities all set, checked and record filled?ou
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Commissioning Personalities Record

Personality Record

Personality New Setting — Range - Resolution | Default
Minimum Maximum

0.01 Lift Speed 1 0% 100% 1% 100%
0.02 Lift Comp 1 0 200% 1% 0%
0.03 Accel 1 Zero V 0.00V 4.50V 0.02v 0.00VvV
0.04 Accel 1 Full vV 0.00V 4.50V 0.02Vv 4.50V
1.01 Lift Speed 2 0% 100% 1% 100%
1.02 Lift Comp 2 0 200% 1% 0%
1.03 Accel 2 Zero V 0.00V 4.50V 0.02Vv 0.00V
1.04 Accel 2 Full vV 0.00V 4.50V 0.02Vv 4.50V
2.01 Lift Speed 3 0% 100% 1% 100%
2.02 Lift Comp 3 0 200% 1% 0%
3.01 Lift Speed 4 0% 100% 1% 100%
3.02 Lift Comp 4 0 200% 1% 0%
4.01 Lift Speed 5 0% 100% 1% 100%
4.02 Speed 5 (P/A) Priority/Additive - Priority
5.01 Lift Speed 6 0% 100% 1% 100%
5.02 Speed 6 (P/A) Priority/Additive - Priority
6.01 Lift Speed 7 0% 100% 1% 100%
6.02 Speed 7 (P/A) Priority/Additive - Priority
7.01 Creep Speed 0% 25% 1% 0%
9.01 Lift Ramp Up Delay 0.1s 5.0s 0.1s 1.5s
9.02 P Steer Ramp Up 0.1s 5.0s 0.1s 1.5s

Delay
9.03 Ramp Down Delay 0.1s 0.5s 0.1s 0.1s
10.01 | P Steer Speed 0% 100% 1% 100%
10.02 | P Steer Delay 0s 60s 1s 2s
10.03 | P Steer Comp 0 200% 1% 0%
11.01 | Current Limit 50A CBR 10A CBR
11.02 | Seat Delay 0.0s 5.0s 0.1s 2.0s
11.03 | Low V Start Low V Cutout System 0.5V Low V

Voltage Cutout

11.04 | Low V Cutout 14.5V LowV Starf 0.5V 14.5V
12.01 | Chop Select Off/On/24V - Off
12.02 | Digital /0 1 2 1 1
12.03 | Analogue I/P 0 2 1 1
12.04 | System Voltage 24V 48V 2V 24V
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Fault Finding

Fault Finding

The MillipaK controller includes a number of featardesigned to help the user track down
operational faults, wiring faults or internal caniter faults.
The Diagnostic LED mounted next to the calibratamreectors on the front of the controller
serves as a simple diagnostic tool as explainemhbel

ON No fault, normal condition

OFF Internal controller fault

1 flash Personality out of range

2 flashes Not used

3 flashes MOSFET Short Circuit

4 flashes Not used

5 flashes Not used

6 flashes Not used

7 flashes Low battery voltage

8 flashes Over temperature or timed cutback

In addition to the LED indication a more detailegsdription of any faults detected may be found
by using the calibrator. Menu item number 13.0%gia code which corresponds to the following
detected faults:

ID Fault Description Flash Fault
0 System OK On
1 Thermal Cutback Maximum power available to theanbas | 8
been reduced due to excessive Heatsink
temperature.

2 Timed Current Limit Cutbackk Maximum power aval@ato the motor has| 8
been reduced by the Timed Current Limit
Cutback function.

3 Low Battery Fault Battery voltage is too low. 7

9 Seat Fault Seat Switch Fault has occurred 2

4 Configuration Range Fault A personality is outarige. 1

5 Configuration CRC Fault The personality CRC oimect 1

6 MOSFET On MOSFETSs pulsed during power on failsafed
checks (failsafe circuit disabled).

7 MOSFET Short Circuit Short circuit MOSFETSs degett 3

8 MOSFET Short Circuit during Short circuit MOSFETSs detected during | 3

Power Up power on failsafe checks.

9 Drive 1 Off Contactor 1 did not pulse during power on 0
failsafe checks (failsafe circuit enabled).

10 | Drive 1 On Contactor 1 pulsed during power on failsaj 0

checks (failsafe circuit disabled).

Fault Clearance

Any fault indication will be cleared by re-initiaty the start sequence after the cause of the fault
has been removed. Some faults may only be clearee-bycling the key-switch.
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Fault Finding

Using Status and Test Menus

The status and test menus which are availableenatlibrator interface can be used to help

pinpoint wiring faults or device failures.

System voltages and currents are available orolle@ving menu items:

Item Range Resolution Display

Minimum Maximum Format

15.01 | Battery Voltage 0.0V 63.9V 0.1V 000. 0
15.02 | Capacitor Voltage 0.0V 63.9V 0.1V 000. 0
16.01 | Motor Voltage 0.0V 63.9V 0.1V 000. 0
17.01 | Motor Current 0A 1000A 5A x000
18.01 | Temperature -30°C 225°C 1°C x000

Controller analogue and digital input status camdael from the following menu items:

Item Range Resolution Display

Minimum Maximum Format
19.01 | Accel 1 Demand 0% 100% 1% x000
19.02 | Accel 1 Voltage 0.00V 5.00V 0.02v 00. 00
19.03 | Accel 2 Demand 0% 100% 1% x000
19.04 | Accel 2 Voltage 0.00V 5.00V 0.02v 00. 00
19.05 | Digital 1 (Pin 2) Open x1l. OP
Closed x1.CL

19.06 | Digital 2 (Pin 3) Open x2. OP
Closed x2.CL

19.07 | Digital 3 (Pin 4) Open x3. OP
Closed x3. CL

19.08 | Digital 4 (Pin 5) Open x4. OP
Closed x4. CL

19.09 | Digital 5 (Pin 6) Open x5. OP
Closed x5. CL

19.10 | Digital 6 (Pin 7 (switch) Open x6. OP
or Pin11 (analogue))4 Closed x6. CL

19.11 | S/W Version 00.00 19.99 0.01 00. 00
19.12 | S/W Sub-Revision 00 99 1 xx00
19.13 | SN Date Code 0100 1299 1 0000
19.14 | SNID1 00 99 1 xx00
19.15 | SNID 2 00 99 1 xx00

Also available is information regarding the softevaevision and manufacturing date (serial
number) — items 19.11 — 19.15.
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Fault Finding Fault Reporting Form

Fault Reporting Form

Sevcon is committed to improving the quality ofitdlproducts. Please help us by using this form
to report faults to Sevcon. Please give as mudhildet possible. Use extra sheets if required. Fax
this form to +44 191 482 4223.

Your Name Telephone Number
Your Company email address
Vehicle Vehicle Type
Manufacturer

Controller Type Part number

Serial Number Software Version

Date / Time that fault
first occurred.

Exact Fault Message
(calibrator or display

When did the fault | during drive / when the vehicle stopped / in ndutedter a keyswitch off-on
message appear? | (delete as applicable)

How did the fault
occur?

Please describe:
The vehicle speed.
The approximate
gradient (up or down
hill)

Pedal and switch
changes by the drivg
What happened to
the vehicle when the
fault occurred

=

What is the status of
the vehicle now?

Is there a fault
message at key-
switch on?

Can it be driven?
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Fault Finding Fault Reporting Form

Software Version and Serial Number indication

For identification purposes and to assist in qeetiee Software version, and the controller serial
number are indicated in the calibrator Test Menu.

The Software version is shown across two itemiénTtest menu. The first item is the version
and the second is the sub-revision. Both thesesitegrd to be used to get the complete software
version number. The format is:

Test [tem: S/W Version S/W Sub-Rev

Version Number: MM.mm Ss

When giving the Software Version, the entire nundseuld be quoted (i.e. MM.mm.ss).

The Serial Number is shown across three itemsamgst menu. The first item is the date code
and the next two are the identifier. All these iseneed to be used to get the complete serial
number. The format is:

Test Item: Ser No. Date Ser No. ID1 Ser No. ID2

Serial Number: MMYY AA BB

MMYY gives the month and year when the controlleswnanufactured. (e.g. 0701 indicates
July, 2001). AABB are combined to give a 4 digemtifier which is simply a number from 0001
to 9999. When giving the Serial Number, the emtuenber should be quoted (i.e.
MMYYAABB).

The MillipaK range of controllers use the latest¥g9H technology to allow In System
Reprogramming. This is achieved without havingamove the controller from its installation —
all that is needed is connection to the 6-way caldr socket.
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Specifications

Specifications

The following specifications apply to all MillipaRump controllers.

Power Configurations

At present the MillipaK PUMP controller is availalah the following power configurations:

Housing Armature
(CORE) Small 180A
(CORE) Small 300A
(HP) Large 600A
(HP) Large 450A

All the MillipaK PUMP range of controllers operdtem 24-48v batteries.

EMC standards

All MillipaK variants are tested to and conformEN12895.

Socket B protection

All user connections on socket B are protectedregandefinite short circuit to battery minus and
battery positive.

Contactor drive ratings

All contactor drives are rated at 3A peak (10s) arkdh continuous. All the drives have reverse
battery connection protection, inbuilt freewheeld# and are internally protected against short
circuit.

Analogue Input Impedance

The two analogue inputs are internally pulled up1@v via a 12k resistor. This is primarily
designed for use with 5k potentiometers, but mag Ak used with suitable voltage sources.

Digital Input Impedance

The digital inputs are internally pulled up and acive LOW. They therefore must be connected
to battery minus to operate a function. Maximunistasice to battery minus to operate is
5000hms.
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EMC Guidelines

EMC Guidelines

The following guidelines are intended to help vé&himanufacturers to meet the requirements of
the EC directive 89/336/EEC for Electromagnetic @atibility.

Any high speed switch is capable of generating loaios at frequencies that are many multiples
of its basic operating frequency. It is the objeeidf a good installation to contain or absorb the
resultant emissions.

All wiring is capable of acting as a receiving @rtsmitting antenna. Wiring should be arranged
to take maximum advantage of the structural metakwnherent in most vehicles. Vehicle
metalwork should be electrically linked with contue braids.

Power Cables

All cables should be routed within the vehicle feamork and kept as low in the structure as is
practical - a cable run within a main chassis memntobetter screened from the environment than
one routed through or adjacent to an overhead guard

Power cables should be kept short to minimise emgitind receiving surfaces

Shielding by the structure may not always be sigffit- cables run through metal shrouds may be
required to contain emissions.

Parallel runs of cables in common circuits can s¢ovcancel emissions - the battery positive and
negative cables following similar paths is an exEmp

Tie all cables into a fixed layout and do not devilaom the approved layout in production
vehicles. A re-routed battery cable could negateagprovals obtained.

Signal Cables

All wiring harnesses should be kept short.

Wiring should be routed close to vehicle metalwork.

All signal wires should be kept clear of power esbbr made from screened cable

Control wiring should be kept clear of power cabdeen it carries analogue information - for
example, accelerator wiring.

Tie all wiring securely and ensure wiring alwaylddwas the same layout.

Controller

Thermal and EMC (emissive) requirements tend tmlogposition.

Additional insulation between the controller assgnamd the vehicle frame work reduce
capacitive coupling and hence emissions but temddoce thermal ratings. A working balance
needs to be established by experiment.

The complete installation should be documentedeiail, and faithfully reproduced on all
production vehicles. When making changes, consiagr effect on compliance ahead of any
consideration of cost reduction or other “improveitie
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Ordering Information Part Numbers

Ordering Information

The controllers and contactor panels are alloc@é83dnumbers as shown. The lettering section
gives the full listing of item types.

item description voltage current logic Customed€o
A= 2=24 1=100-199 1= SEM plug XX

B= 3=36 2=.200-299 2= SEM plug s/start

C= Controller only 4= 48 3=300-399 3= SEM regen

D= Traction panel 7=72 4=400-499 4= SEM regstas!

E= Traction + Pump Panel 8=80 5=500-599 5= Sétienp

F= Twin Traction Panel 9= 96 6=600-699 6=BPM

G= Twin Traction + Pump Panel 7=700-799 7= BPMasts

= 8=800-899 8=4QPM
= 9= 900 + 9= 4QPM s/start

T= HP Controller only

W= HP Traction panel

X= HP Traction + Pump Panel

Y= HP Twin Traction Panel

Z= HP Twin Traction + Pump Panel

HP = High Power

For panels then the voltage, current and logic rerbhould be used to describe the traction
controller.

Examples:
300A SEM plugging controller with soft start 633043
600A SEM plugging controller 633746101
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