Global Electronic Solutions

TECHNICAL DATASHEET #TDAX021900
8 Input, 5 Output Valve Controller

6 Universal Analog Inputs, 1 Digital Input
1 Magnetic Pickup Sensor Input

4 2.5A-Proportional or On/Off Outputs

1 2.5A-Digital Output

CAN (SAE J1939)

with Axiomatic Electronic Assistant

P/N: AX021900

Features:

Inputs:
o 6 universal analog signal inputs (current, voltage,
resistive, frequency, digital or PWM)

o 1 digital input for enable/disable functionality
o 1 magnetic pickup sensor input (RPM)
Outputs:
@)
@)
@)
@)

AXIOVRTIC

VALVE CONTROLLER
E P A CUTPUTS

4 proportional or on/off valve drivers up to 2.5 A
Open or closed loop (PID) drive is user configurable.
1 digital output up to 2.5A
Fully protected
1 CAN SAE J1939 port (CANopen® module available on
request)
PID control logic is user configurable
Time delays can be programmed using the Look Up
Tables.

o User programmable using the Axiomatic Electronic Assistant
e 12V or 24Vdc nominal

¢ Rugged IP67 protection for harsh environments

e Vibration compliance for mobile equipment

Applications:

Typical applications can include:

Industrial, off-highway and marine applications - control of hydraulic proportional poppet or
spool valves

Closed loop control of hydraulic valves

Interface with a diesel engine’s electronic control module PWM signal to drive accessories
Transmission controls

Fan drive controls (on request)

Vehicle traction control (on request)

Ordering Part Numbers:

8 Input, 5 Output Valve Controller, SAE J1939: AX021900

Accessories:
Mating Plug Kit: PL-DTM06-12SA-12SB
Axiomatic Electronic Assistant Configuration KIT: AX070502 or AX070506K

Axiomatic Technologies Oy Axiomatic Technologies Corporation
Héytambntie 6 1445 Courtneypark Dr. E.
33880 LEMPAALA, Finland Mississauga, ON Canada L5T 2E3
Tel. +358 103 375 750 Tel. 1905 602 9270
salesfinland@axiomatic.com sales@axiomatic.com

www.axiomatic.fi www.axiomatic.com




Description:

The 8 Input, 5 Output Valve Controller (8i50) is designed for versatile control of up to four proportional
outputs to directly drive coils or other loads. Its flexible circuit design gives the user a wide range of
configurable input or output types. The sophisticated control algorithms allow the user to program the
controller for a wide range of applications without the need for custom software.

The controller has six fully programmable universal inputs that can be setup to read: voltage; current;
resistive; frequency; or digital input signals. For added flexibility, it also has a magnetic sensor circuit that can
read AC signals and convert them into a frequency (RPM) pickup. Lastly, there is an eighth digital input that
can be used for global enable/disable or overrides of one or all of the outputs.

There are four universal outputs that can be setup to drive: proportional current (up to 2.5A each); hotshot
digital current; proportional voltage (up to supply); proportional PWM; or straight on/off digital loads. For
applications requiring a fifth digital output, there is also one high-side (sourcing) output for up to a 2.5A digital
load.

The 8i50 valve controller is highly programmable and allows the user to configure it for their application. Its
sophisticated control algorithms allow for open or closed loop drive of the proportional outputs. It can be
operated as either a self-contained control system, driving the outputs directly from the on-board inputs,
and/or it can be integrated into a CAN J1939 network of controllers. All I/O and logical function blocks on the
unit are inherently independent from one another but can be programmed to interact in many ways. Refer to
the block diagram, Figure 1A, for the hardware features. Figure 1B shows the logical function blocks
(software) available on the 8i50.

The 8i50 has a number of built-in protections features that can shut off the outputs in adverse conditions.
They include hardware shutoffs to protect the circuits from being damaged as well as software shutdown
features that can be enabled in safety critical systems.

The various function blocks supported by the 8i50 are outlined below. All setpoints are user configurable over
the CAN port using the Axiomatic Electronic Assistant and an Axiomatic USB-CAN converter.

SAE J1939 References:

J1939 Recommended Practice for a Serial Control and Communications Vehicle
Network, SAE, October 2007

J1939/21 Data Link Layer, SAE, December 2006

J1939/71 Vehicle Application Layer, SAE, January 2009
J1939/73 Application Layer-Diagnostics, SAE, September 2006
J1939/81 Network Management, SAE, May 2003
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Technical Specifications

Figure 1B —Logical Functional Block Diagram

Specifications are indicative and subject to change. Actual performance will vary depending on the application and
operating conditions. Users should satisfy themselves that the product is suitable for use in the intended application.
All our products carry a limited warranty against defects in material and workmanship. Please refer to our Warranty,
Application Approvals/Limitations and Return Materials Process as described on htips.//www.axiomatic.com/service/.

Inputs

Power Supply Input

12V or 24Vdc nominal (9 to 60 Vdc power supply range)

Protection

Reverse polarity protection is provided.

Surge protection up to 75VDC is provided.
Under-voltage shutdown protection of 7.5VDC is provided.
Over-voltage shutdown protection is provided.

TDAX021900
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Input Grounds 3 Ground connections are provided.

1 Magnetic Pickup Sensor Input
RPM Input Range: 0.5 Hz to 10 kHz
100mV to 100V RMS

1 digital input
User selectable as:
. Enable/Disable
. Active High/Active Low
Configurable 10kOhm pullup or pulldown resistor
Debouncing provided at 1 ms resolution

Digital Input

6 universal inputs are provided.

Refer to Table 1.0.

All input types are user selectable using the Axiomatic EA as:
e  Voltage

Current

Resistive

Frequency

RPM

PWM
e or Digital

Inputs are sampled every 1 ms.

Protected against shorts to Ground or +Vcc

Universal Signal Inputs

Table 1.0 — Universal Input — User Selectable Parameters

Analog Input Functions Voltage Input, Current Input or Resistive Input
12-bit Analog to Digital
Voltage Input 1 mV resolution, accuracy +/-1% error

0-1V (1 MQ impedance)
0-2.5V (1MQ impedance)
0-5V (150 kQ impedance)
0-10V (133 kQ impedance)

Current Input 1A resolution, accuracy +/-2% error
Current sense resistor 124 Q

0-20 mA

4-20 mA

Resistive Input 1 Q resolution, accuracy +/-1% error
Self-calibrating for a range of 30Q to 250 kQ

Digital Input Functions Discrete Input, PWM Input, Frequency Input
15-bit Timer

PWM Input 0.01% resolution, accuracy +/-1% error
1 MQ impedance

0to 100%

Low frequency <1KHz

High frequency >100 Hz

Frequency Input Accuracy +/-1% error

1 MQ impedance

0.5 Hz to 50 kHz range: 0.01 Hz resolution
10 Hz to 1kHz range: 0.1 Hz resolution
100 Hz to 10 kHz range: 1 Hz resolution

Digital Input 1 MQ impedance
Active High
Debouncing provided at 1 ms resolution
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Outputs

Universal Outputs

Four fully independent software controlled outputs selectable using the Axiomatic EA as:
e  Proportional Current

Hotshot Digital (See Figure 2.)

PWM Duty Cycle

Proportional Voltage

On/Off Digital

Half-bridge outputs, current sensing, grounded load.
High side sourcing up to 2.5A

Current Outputs: TmA resolution, accuracy +/- 2% error
Software controlled PID current, not accessible to user
Fully configurable dither from 50 to 400Hz.

High frequency drive at 25kHz

Voltage Outputs: 0.1V resolution, accuracy +/- 5% error
Average output based on unit power supply
High frequency drive at 25kHz

PWM Outputs: 0.1% resolution, accuracy +/- 0.1% error
Configurable frequency ONLY if no voltage or current output types are used.

Digital On/Off:
Load at supply voltage must not draw more than 2.5A.

Digital Output

High side sourcing up to 2.5A, grounded load
Can be used to drive a diagnostic lamp
Works with inductive or resistive loads

Output Ground

2 Ground connections are provided.

Protection

Fully protected against short circuit to ground and short circuit to power supply rail.
Unit will fail safe in the case of a short circuit condition, self-recovering when the short is
removed.

ON

INPUT

OFF

Hotshot
Current

OUTPUT
[mA]

Hold
Current

General Specifications

P TIME [ms]

< >
Hotshot Time

Figure 2 — Hotshot Digital Output (User selectable)

Microcontroller

DSP56F8366

Control Logic

User programmable functionality using the Axiomatic Electronic Assistant.
Default control logic is shown in Figure 3.
For PID control, refer to Figure 4.

Communications

1 CAN port (SAE J1939)
CANopen® is available on request.

RS-232

1 RS-232 port

The user can use the RS-232 port for diagnostics or testing. Changing setpoints is not
possible through RS-232. The CAN port and the Axiomatic Electronic Assistant must be
used to configure the motor controller. For further details refer to the User Manual.
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User Interface Axiomatic Electronic Assistant P/Ns: AX070502 or AX070506K

Each input and output channel can be configured to send diagnostic messages to the

Diagnostics CAN network if the I/O goes out of range. Diagnostic data is stored in a non-volatile log.

There are several types of faults that the controller will detect and provide a response: unit
Additional Fault Feedback | power supply under-voltage and over-voltage, and lost communication. They can be sent
to the CAN bus.

Operating Conditions -40 to 85 °C (-40 to 185 °F)
Weight 0.55 Ib. (0.25 kg)
MIL-STD-202G, Test 204D, 214A and 213B
Vibration and Shock 7.68 Grms (Random)
Compliance 10 g peak (Sine)
50 g (Shock)
Protection IP67 rating for the product assembly
Electrical Connections 24-pin receptacle (TE Deutsch P/N: DTM13-12PA-12PB-R008)

Mating plug — TE Deutsch P/Ns: DTM06-12SA and DTM06-12SB,
with 2 wedgelocks (WM12S) and 24 contacts (0462-201-20141).

20 AWG wire is recommended for use with contacts 0462-201-20141.

Refer to Table 2.0 for the pin out.

Key Arrangement B (black)

Key Arrangement A (grey)
FRONT VIEW 24 PIN RECEPTACLE

Packaging and High Temperature Nylon PCB Enclosure - (TE Deutsch P/N: EEC-325X4B)
Dimensions 462inx5.24inx1.43in (117.42 mm x 133.09 mm x 36.36 mm)
(W x L x H excluding ing plugs)

HOUSING DIMENSIONS

Housing Material: High Temperature Mylon {Black)

ADVIEW
Housing with 24 Pin Receptacle

——— 46/ 1188 ———

1| | | T | | ”| H—H—n—HfL FROCINT VIEW 24-PIN RECEFTACLE [NCFT TO SCALE)
Height 1.368 [34.75]
T WIlh 24 pin recephacle 3076 101001
153 Kay Arrangement B (black}
2800 T -,
—‘—— @ Mounting Holes: 1T - T [ -
80.29 [740] : [ liaghs :
237 13g.0m !
[1535.3|.13] @ g EEC325X4B | [P through 2 plior T L
# (.25 [5.04] fastener l N / )
Key Arangement A (orey)
PCB Enclosura fMounting flange:
Dewtsch [PD PN Yemm [63inl thick  Kaaring Flug Assemblies for 24-pin recepmcle:
Deutzch IPC /M CTMOG-1254 and DTAMS-125E
with weedgelocks W1 25 and contacts.
‘ A0 N {Cantact factery for contact specification.
[1m.60;
Dvistance between mounting hales Dimensions: inches [rmim]
BOTTOM YIEW excluding rating plugis)
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Table 2.0 — Pin out: AX021900

Grey Connector Black Connector
Pin # Function Pin # Function
1 CAN_H 1 Universal Input 1 (Uin1)
2 CAN_L 2 Universal Input 2 (Uin2)
3 CAN Shield 3 Universal Input 3 (Uin3)
4 PGND (Output Reference) 4 Universal Input 4 (Uin4)
5 PGND (Output Reference) 5 Universal Input 5 (Uin5)
6 Power — (PGND) 6 Universal Input 6 (Uin6)
7 Power + 7 Digital Input (Active High or Low)
8 Digital Output 8 Magnetic Pickup Input
9 Proportional Output 4 + (Pout4) 9 Magnetic Pickup Reference
10 Proportional Output 3 + (Pout4) 10 Analog GND A (Input Reference)
11 Proportional Output 2 + (Pout4) 11 Analog GND B (Input Reference)
12 Proportional Output 1 + (Pout4) 12 Analog GND C (Input Reference)

Control Logic

Below is shown a simplified block diagram illustrating the default control logic programmed into the 8i50
Valve Controller.
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Err Detect
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Table1 ) control ) Control and ity i
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Lookup e Output 2 Out2+
Table 2 —b( Control — Control and CFi,r?::titf VPITOIJZ
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igil - Dout
(oo conpana ) o Bt
'__(Reflect Err} / Drive ircuitry PGND Lamp
By default, Error Detection for Inputs, Qutputs and Power Supply is Enabled, unless shown otherwise
All other function blocks (PID, Extra Lookup Tables, Programmable Logic,
CAN Diagnostic Trouble Code React and CAN Transmit/Receive) are disabled by default

Figure 3 — Default Control Logic

By default, the controller is programmed to be fully self-contained, and does not require a connection to the
CAN network to function. All other software function blocks (PID, extra lookup table, programmable logic,
CAN diagnostic trouble code react and CAN transmit/receive) are disabled by default.
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Technically, there are three types of input function Input Type

blocks, one for a Universal Input, one for the —_—
Magnetic Pickup, and a third for the Digital inputs. In
reality, however, the Magnetic Pickup uses the exact
. . Pulse/Rev L
same function block as the Universal Input, except R
that the input type is fixed as a frequency/RPM input. L=
UNIVERSAL J SOFI:E_\F\IFEJ;RE |
(__Min Range » INPUT | Function Block |
( Max Range ) . - %
- Input'VaIue \
~—
MinEror  »/  DIAGNOSTICS |
) . Function “
. Max Error | g Block J

Figure 4 — Unﬂiu\_/ersal Input IEUnctionaI Block

In contrast to the analog input types, the digital Eulup/Down
input function is very simple, as shown.
Input Type |

¢ DIGITAL INPUT » Input State |
Debounce | e

Figure 5 — Digital Input Functional Block

There are three types of output function blocks, one " Error Flags
for proportional output drive, the next for proportional '
output control, and the last for digital output control. ( A
Control ) L
| Fault React | L
Enable 1 OUTPUT
!En1 Response » C?g‘gligL o jOutpu( Drive:"i
Enable 2 " (Proportional)
(En2 Response .
Override | »
Ovrd Response M
(" PID Target .
. = PID Function Block
| PID Feedback |

A
(PID Response’

Figure 6 — Output Functional Block

Unlike the proportional outputs, the digital 2.5A —\
output has only a Control and single Enable input.
Control | L
Ctrl Response »
DIGITAL
Enable 1 L OUTPUT p .
En1 Response. | CONTROL »_Output State |
LOGIC
" Blink Rates[] r
—
— L —
{  DIAGNOSTICS
Fault FB » Function
\ Block
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The PID Control function block is associated with
proportional output control blocks. When the control
logic for an output has been setup for closed-loop
control, the output of its PID control function block
effectively becomes the command input to the
respective output drive. There are several types of
closed loop control available including linear
relationship between the control input and target
settings or setpoint control. Alternatively, 2
proportional outputs can be combined for a push-pull
drive in a hydraulic valve control application.

Each system will have to be tuned for the optimum
fan response. Response times, overshoots and other
variables will have to be decided by the customer
using an appropriate PID tuning strategy.

Ta'llﬂet
~ Feedback |
)
Call Rate ”
Delta Tol. "
[ Gain(G) | »
" Int Time (Ti) | o PID
“Der Time (Td) CONTROL
 Int Coeff (Ki) | »
Der Coeff (Kd) L
" Setpoint ) H
-,
[ Response
Limits

Figufe 8 — PID Control Function Block

Lookup Tables are used to give an output response of up to 10 slopes per input. The array size of the

Response [ ], Point X [ ] and Point Y [ ] setpoints shown in the block diagram is therefore 11. Note: If more
than 10 slopes are required, a Programmable Logic Block can be used to combine up to three tables to get

4

30 slopes.
S
(_ Argument1 - CONDITION 1 (Table Number )
" Operator ) P z
4 o — Result
( Argument 2 ) 's - a5
= QR 4 3
Constant | " Result Determines if
True (1) or False (0) Table is Used
S
(" Argument1 } ] CONDITION 2
" Operator | o . Overiors: - . %—2&5&"; —
p wEEEAT L Result —P —  Selected
( Argument 2 ) . b SELECT :
5= % OR
Constant L i :
- True "Tif“F'LISE - Logical Operators
— Default (Automatically Used)
— C1=1And C2=1 And C3=1
¥ — C1=10r C2=10r C3=1
(_Argument1 j 4 CONDITION 3 9 et Lt )
Operator | o o R - T
b= 4 e — Result
[ Argument 2 " -
> OR p .
(_ Constant ) . [ — (Logic Operator
True (1) or False (0)
LOOKUP Enabled
TABLE 1 T
SELECT L 2
e 3
- > P
'
LOOKUP PROGRAMMABLE = o
TABLE 2 g LOGIC —>( Logic Output |
SELECT (up to 3 responses) T
~—
f h "] Output = Selected
Table Output y,
LOOKUP
TABLE 3
SELECT
—
Figure 9 — Programmable Logic Function Block
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This function block is obviously the most complicated of them all, but very powerful. The Programmable Logic
can be linked to up to three tables, any one of which would be selected only under given conditions. Any
three tables (of the available 16) can be associated with the logic, and which ones are used is fully
configurable. Refer to the User Manual for sample applications using these functional blocks.

There are several types of diagnostics supported by the 8i50 Valve Controller. Fault detection and reaction is

associated with all universal inputs and output drives. In addition to I/O faults, the 8i50 can also detect/react
to power supply or lost communication events.

(Input/FB Data ) 1

l/ Detect Faults —-
{ Err Clear Hys ) o ;
\; y H.\/ Error Flag )
(Generate DTCs|—»

(Clear by DM11)——»

\(hear by 7 DIAGNOSTICS - DM1 Message
( Lamp Type ) »
| Plag »Inc. OC in Log)

( DiagFMI )

(" Txd Delay ) »

/

‘ ) . J
@Iin Err. Thres;;\;T T

/

GRS [hres.

Figure 10 — Diagnostics Function Block

CANopen® is a registered community trademark of CAN in Automation e.V.

Form: TDAX021900-06/07/2024
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