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1 OVERVIEW [

@ Poseidon Systems’ Trident DM Metallic Wear Debris Monitor is a real-time, in-line fluid sensing technology for
the detection of metallic particles in oil. By tracking metallic wear over time, users can identify component
faults in their ealiest stages, enabling reduced repair costs, reduced downtime, and increased safety of
operation. This technology has been applied across a number of machinery platforms including marine
systems, wind power generation, hydraulics, transmissions and gearboxes. While primarily designed for use in
oils, it can be used in any nonconductive media to detect the presence of metallic particles.

The Trident DM will detect, categorize (ferrous vs. nonferrous), and size metals within a machinery lubrication
system. The compact, robust device can be mounted within just about any lubrication system on any machine.
The monitor will detect and measure particles with an estimated spherical diameter of 50 micron ferrous and
150 micron nonferrous and larger. Several outputs formats are available including particle type/size,
approximate mass, and particle counts in user configurable bins.

When connected to a host system the device will give indication of the machinery condition relative to wear
metals generated. This gives you the control to improve your asset health management by being able to make
informed maintenance decisions based on real-time data. The monitor communicates in real-time using the
MODBUS® serial digital communication standard over RS485 or RS$232. This industry standard allows for easy
integration into your current systems.

Two models of the Trident DM have been designed to help minimize costs associated with mechanical
integration. The DM4500 model features female %" o-ring boss ports (per SAE 11926/1) that can accept a
variety of fitting adapters. The DM4600 model is designed to directly integrate with CJC™ Fine Filters (HDU
15/- and 27/-).

2 SCOPE 2

@ This product user’s manual is written specifically for the Trident DM4500 and DM4600 Wear Debris Monitors,
model numbers PS-0106-0300-A and PS-0106-0300-C. Verify the model number on the device label before
using information in this manual. An image of the PS-0106-0300-A device is shown in Figure 1 for reference.

|5 Figure 1: Trident DM4500 — Model PS-0106-0300-A
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Poseidon Systems 的 Trident DM 金属磨损碎片监测器是一种实时在线流体传感技术，用于

检测油中的金属颗粒。通过跟踪金属磨损随着时间的推移，用户可以识别组件

最早期阶段的故障，从而降低维修成本、减少停机时间并提高安全性

手术。这项技术已应用于许多机械平台，包括海洋

系统、风力发电、液压、变速器和齿轮箱。虽然主要设计用于

油，它可用于任何非导电介质以检测金属颗粒的存在。

Trident DM 将检测、分类（黑色金属与有色金属）和机械润滑中的金属尺寸

系统。紧凑、坚固的设备可以安装在任何机器上的几乎任何润滑系统中。

监视器将检测和测量估计球直径为 50 微米的含铁粒子和

150 微米有色金属和更大。多种输出格式可用，包括粒子类型/大小、

用户可配置箱中的近似质量和粒子计数。

当连接到主​​机系统时，设备将指示与磨损相关的机器状况

产生的金属。这使您能够控制以改善您的资产健康管理

基于实时数据的明智维护决策。监视器使用实时通信

RS485 或 RS232 上的 MODBUS® 串行数字通信标准。该行业标准允许轻松

集成到您当前的系统中。

三叉戟 DM 的两种型号旨在帮助最大限度地减少与机械相关的成本

一体化。 DM4500 型号具有母 ½ 英寸 O 型圈凸台端口（根据 SAE J1926/1），可以接受

各种适配接头。 DM4600 型号旨在直接与 CJCTM 精细过滤器 (HDU

15/- 和 27/-)。
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范围
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本产品用户手册专为 Trident DM4500 和 DM4600 磨损碎片监测器编写，

型号 PS-0106-0300-A 和 PS-0106-0300-C。 之前验证设备标签上的型号

使用本手册中的信息。 PS-0106-0300-A 设备的图像如图 1 所示以供参考。
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图 1：Trident DM4500 – 型号 PS-0106-0300-A
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Figure 2 shows the PS-0106-0300-C device designed to integrate directly with CJC™ Fine Filters. This variant
integrates between the pump and filter assembly of HDU 15/- and HDU 27/- systems. Please refer to
installation manuals for the DM4600 for more information.

2 Figure 2: DM4600 Wear Debris Monitor — Model PS-0106-0300-C

3 SPECIFICATIONS |5

Table 1: Specifications @

@ Characteristic Specification

Flow Rate 0.25 to 10 GPM (0.95 — 38 LPM)
Working Pressure 150 psi (10.3 bar) max
Fluid Temperature -40 to 185°F (-40 to 85°C)

Ambient Temperature -40 to 185°F (-40 to 85°C)

Viscosity Viscosity independent

Sensor Bore Diameter 0.472 in (12mm)

DMA4500: %" ORB (per SAE J1926/1)

Oil Connection DM4600: Direct integration with CJC™ Fine Filters (HDU 15/- and 27/-)
Ingress Protection IP65

Power Supply 10-30 Vdc, 300mA

Communications RS-485 Modbus RTU, RS-232 Modbus RTU, Pulse Ouput

Default 115200 baud, 8-bit, 1 stop, no parity

Communications

Settings

Weight 1.5 lbs (0.68 kg)
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图 2 显示了设计为直接与 CJC™ 精细过滤器集成的 PS-0106-0300-C 设备。 此变体

集成在 HDU 15/- 和 HDU 27/- 系统的泵和过滤器组件之间。 请参阅

DM4600 的安装手册了解更多信息。
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图 2：DM4600 磨损碎片监测器 - 型号 PS-0106-0300-C
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规格

Administrator
笔记
表 1：规格
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特性 规格

流速 0.25 至 10 GPM (0.95 – 38 LPM)

工作压力最大 150 psi (10.3 bar)

流体温度 ‐40 至 185°F（‐40 至 85°C）

环境温度 -40 至 185°F（-40 至 85°C）

粘度 与粘度无关

传感器孔径 0.472 英寸（12 毫米）

油连接

DM4500：½” ORB（根据 SAE J1926/1）

DM4600：与 CJCTM 精细过滤器（HDU 15/- 和 27/-）直接集成

入口保护 IP65

电源 10-30 伏直流，300 毫安

通信 RS-485 Modbus RTU、RS-232 Modbus RTU、脉冲输出

默认

通讯

设置

115200 波特，8 位，1 停止，无奇偶校验

重量 1.5 磅（0.68 公斤）
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24 INSTALLATION

Proper installation of the Trident DM sensor is critical to insuring reliable operation. The following sections
detail the considerations required when selecting an installation location and plumbing the unit into the
system.

4.1 LOCATION SELECTION
The following considerations should be used to determine the optimal location for the Trident DM debris
monitor:

1.) The sensor must be installed in a line with flow rates between 0.25 and 10 gallons per minute.

2.) The sensor must be mounted downstream of the gearbox/component to be monitored and prior to
any filters or screens.

3.) Minimize the number of sharp bends between the component of interest and the debris monitor.

4.) Avoid sharp bends immediately after the debris monitor to avoid buildup of particles at the sensor
exit.

5.) Avoid mounting the device to hot surfaces.

) The sensor is insensitive to flow direction, but should be oriented such that the I/0 cable will not

interfere with nearby equipment.

4.2 MOUNTING

The DM4500 sensor should be securely mounted to a rigid structure using either #8 or M8 clearance holes
located at the sensor’s corners as shown in Figure 3. Screws/bolts should be placed in four mounting locations.
Alternatively, magnetic mounting kits are available for low vibration environments.

- [6.03] _ =
153.20
[5.58]
141.70
133.20
- ) AN
I \"}| | \-_hl\
= —_ 4X Clearance Slot (#8)
—t _;/_|_\,_ N——— / ()= [ 4.50[0.18] x 5.80[0.23]
Nt P \ NN
I
— kL 14 N — SN—ax 5[0.35]
[3.00] [2.60] [1.82]  —
7620 66 4620
'I‘—-\ | 5 ™ T | [] 510“]
1| _< )._ D g = —}->- :
' /+\ ! l /+\
. o
\1 v/ 1

@ Figure 3: DM4500 Mounting Pattern

@ Note: To avoid false positive or reduced sensitivity to small particles, mount the sensor in a location that
minimizes exposure to vibration.
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安装

正确安装 Trident DM 传感器对于确保可靠运行至关重要。以下部分

详细说明选择安装位置和将设备连接到管道中时所需的考虑因素

系统。

4.1 地点选择

应使用以下考虑来确定三叉戟 DM 碎片的最佳位置

监视器：

1.) 传感器必须安装在流速在每分钟 0.25 到 10 加仑之间的管线中。

2.) 传感器必须安装在变速箱/组件的下游以进行监控和之前

任何过滤器或屏幕。

3.) 尽量减少感兴趣的组件和碎片监视器之间的急弯次数。

4.) 避免在碎屑监测器后立即急剧弯曲，以避免颗粒在传感器处积聚

出口。

5.) 避免将设备安装到热表面。

6.) 传感器对流动方向不敏感，但应定向成使 I/O 电缆不会

干扰附近的设备。

4.2 安装

DM4500 传感器应使用 #8 或 M8 间隙孔牢固地安装到刚性结构上

位于传感器的角落，如图 3 所示。螺钉/螺栓应放置在四个安装位置。

或者，磁性安装套件可用于低振动环境。

Administrator
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图 3：DM4500 安装模式
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注意：为避免误报或降低对小颗粒的敏感性，请将传感器安装在

尽量减少接触振动。 Trident DM 用户手册修订版 B 2017 年 5 月 25 日

www.poseidonsys.com 4

DM4600 设计为安装在 CJCTM 精细过滤器的泵和过滤器组件之间。 扩展

替换安装螺栓和替换 O 形圈为目标系统发货。
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The DM4600 is desighed to mount between the CJC™ Fine Filter’s pump and filter assembly. Extended
replacement mounting bolts and replacement o-rings are shipped for the target system.

@ 4.3 PLUMBING

Before plumbing the DM4500 sensor into the flow, be sure to follow the guidelines set forth in 4.1 regarding

location selection.

The DMA4500 device uses %" ORB (per SAE 11926/1) fluid ports to allow for compatibility with a wide variety of
fluid systems. Use Swagelok fittings to adapt the DM4500 sensor to the available port or tubing type. To
directly adapt the sensor to tubing, the following fittings are available:

Table 2: Tube Adapters

Tube OD Manufacturer Part Number
1/4" Swagelok SS-400-1-8ST
3/8” Swagelok SS-600-1-8ST
1/2" Swagelok SS-810-1-8ST
5/8” Swagelok SS-1010-1-8ST
3/4" Swagelok SS-1210-1-8ST
10mm Swagelok SS-10M0-1-8ST
12mm Swagelok SS-12M0-1-8ST

@ Similar fittings may be used to adapt other line sizes or fittings to a compatible interface.

When plumbing the DM4500 into a system take note of the following:

1. Carry out all pipe bending or hose routing and perform an alignment check prior to making any
connections. If using tubing, ensure the mating tube is cut square and free of burrs. If using hoses,
verify that the maximum bend radius will not be exceeded.

2. Lubricate tube/fitting adapter threads and o-ring before assembling. Do not apply sealing tape or

compounds to this interface.

3. Hand tighten the tube/fitting adapter onto the DM4500 unit and verify the adapter’s o-ring contacts

the port face.

4. Tighten the tube/fitting adapter onto the DM4500 using the recommended 39-43 ft-lbs torque per SAE
J1926-3 to ensure o-ring compression.

|5 44 CABLING

4.4.1 Connector Pinout

All electrical connections to the Trident DM wear debris sensor are made through the single female I/O
connector (Binder 09 0132 00 12). This connector is shown in Figure 4; the pinout and descriptions are shown
in Table 3. Interface cables should be constructed using one of the mating connectors defined in Table 4.

www.poseidonsys.com
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4.3 管道

在将 DM4500 传感器连接到水流中之前，请务必遵循 4.1 中关于

位置选择。

DM4500 设备使用 ½ 英寸 ORB（根据 SAE J1926/1）流体端口以允许与各种

流体系统。 使用 Swagelok 接头使 DM4500 传感器适应可用的端口或管道类型。 至

直接将传感器适配到管道上，可以使用以下配件：
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类似的配件可用于使其他线路尺寸或配件适应兼容的接口。

将 DM4500 连接到系统中时，请注意以下事项：

1. 进行所有管道弯曲或软管布线，并在进行任何调整之前进行对齐检查

连接。 如果使用管子，请确保匹配管子被切割成方形且没有毛刺。 如果使用软管，

确认不会超过最大弯曲半径。

2. 组装前润滑管/接头适配器螺纹和 O 形圈。 请勿使用密封胶带或

复合到这个界面。

3. 用手将管子/接头适配器拧紧到 DM4500 装置上并验证适配器的 O 形圈接触

左舷表面。

4. 使用 SAE 推荐的 39-43 ft-lbs 扭矩将管子/接头适配器拧紧到 DM4500

J1926-3 以确保 O 形圈压缩。
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4.4 布线

4.4.1 连接器引脚排列

与 Trident DM 磨损碎片传感器的所有电气连接均通过单个母 I/O 进行

连接器（粘合剂 09 0132 00 12）。 该连接器如图 4 所示； 显示了引脚排列和说明

在表 3 中。应使用表 4 中定义的匹配连接器之一构建接口电缆。
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Figure 4: 1/0 Connector Pinout

Table 3: Trident DM 1/0 Connector Pinout

@ Pin Name Description
B V+ Power input
A GND Power return
K RS 485 Al? RS 485 non-inverting pin
J RS 485 B2 RS 485 inverting pin
H COM GND** Communications ground
G COM GND** Communications ground
F RS 232 TX! RS 232 Transmit
E RS 232 RX? RS 232 Receive
D Relay+ Positive relay connection
C Relay- Negative relay connection
L N/C No connect
M N/C No connect

Note 1: Sensor communications are supported using the MODBUS standard over a 2-wire (3 including the
ground line) half duplex RS-485 implementation or a standard RS-232 implementation.

Note 2: It is recommended to use shielded twisted pair cables for RS-485 data lines. Termination resistors
matching the characteristic impedance of the cable (120 Ohms recommended) should be used at both ends of
the data cable to improve bus performance.

Note 3: It is recommended that an isolated RS-485 adapter is used to connect the sensor to the host system.
Note 4: COM GND should not be connected via a shield or drain wire unless an isolated RS-485 adapter is used.

www.poseidonsys.com 5
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Pin 名称 描述

B V+ 电源输入

A GND 电源返回

K RS 485 A1,2 RS 485 同相引脚

J RS 485 B1,2 RS 485 反相引脚

H COM GND3,4 通信地

G COM GND3,4 通信地

F RS 232 TX1 RS 232 传输

E RS 232 RX1

RS 232 接收

D Relay+ 正继电器连接

C 继电器- 负继电器连接

L N/C 无连接

M N/C 无连接
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注 1：支持使用 MODBUS 标准通过 2 线（3 包括

地线）半双工 RS-485 实施或标准 RS-232 实施。

注 2：建议对 RS-485 数据线使用屏蔽双绞线。 终端电阻

匹配电缆的特性阻抗（推荐 120 欧姆）应在两端使用

提高总线性能的数据线。

注 3：建议使用隔离的 RS-485 适配器将传感器连接到主机系统。

注意 4：除非使用隔离的 RS-485 适配器，否则不应通过屏蔽或排流线连接 COM GND。
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@ Table 4: Mating Connector Options

@ Manufacturer Part Number Description

Binder 99 5629 15 12 Male plug, straight, shielded

Binder 99 5629 75 12 Male plug, right angle, shielded

@ 4.4.2 Trident DM Interface Cables
Poseidon offers a wide variety of interface cables in varying lengths and terminations. Contact Poseidon to
discuss cabling needs.

4.4.3 Communications Adapters

While any RS485 or RS232 adapter which conforms with the associated standard should be compatible with
the Trident DM sensor, the following communications adapters have been tested and confirmed to be
compatible.

The SerialGear USB COMi-SI RS485 to USB adapter has been tested and confirmed to be working with the
TA100 RS485 interface. The adapter ships in 4-wire RS485 mode from the manufacturer. The adapter will
have to be configured for 2-wire RS485 mode via its configurable jumpers.

B Figure 5: USB COMi-SI RS485 to USB adapter

The FTDI US232R series USB to DB9 Serial Adapter Cables have been tested and confirmed to be working with
the Trident DM RS232 interface.

B Figure 6: FTDI RS232 to USB adapter

@Note: Some devices are manufactured with local echo enabled by default, meaning transmitted data is echoed
back to the receiver. This may be problematic for host applications that are not designed to ignore echoed
characters. Check your device and host application settings if you experience problems with a new adapter.

www.poseidonsys.com 6
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4.4.2 Trident DM 接口电缆

波塞冬提供各种不同长度和端接的接口电缆。 联系波塞冬

讨论布线需求。

4.4.3 通信适配器

虽然任何符合相关标准的 RS485 或 RS232 适配器都应该与

Trident DM 传感器，以下通信适配器已经过测试并确认为

兼容的。

SerialGear USB COMi-SI RS485 转 USB 适配器已经过测试并确认可以与

TA100 RS485 接口。 适配器以 4 线 RS485 模式从制造商处发货。 适配器将

必须通过其可配置的跳线配置为 2 线 RS485 模式。
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制造商部件号描述

粘合剂 99 5629 15 12 公插头，直型，屏蔽

粘合剂 99 5629 75 12 公插头，直角，屏蔽
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表 4：匹配连接器选项
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图 5：USB COMi-SI RS485 转 USB 适配器
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FTDI US232R 系列 USB 转 DB9 串行适配器电缆已经过测试并确认可与

三叉戟 DM RS232 接口。
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图 6：FTDI RS232 转 USB 适配器
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注意：有些设备在制造时默认启用本地回声，这意味着传输的数据被回声

返回给接收者。 对于并非旨在忽略回声的主机应用程序，这可能有问题

人物。 如果您在使用新适配器时遇到问题，请检查您的设备和主机应用程序设置。


Trident DM User’s Manual

B 5 MODBUS INTERFACE DESCRIPTION

Rev B

May 25

The specifications for the Modbus interface in this section apply to the RS-485 and RS-232 connections.

5.1 MODBUS COM SETTINGS

The default settings of the serial communications on the Trident DM are as follows:

@ Setting Value

Baud rate 115,200 baud
Data bits 8

Parity None

Stop bits 1

Mobus slave address 1

@ 5.2 MODBUS HOLDING REGISTERS
The Trident DM exposes the following Modbus holding registers:

Register

Description

Writeable?

Length in
16-bit
words

, 2017

21

Device’s Modbus address

Yes, update
takes effect
after next

device reset

1| N/a

22 | Baud rate Yes, update 1| 0=9600 baud
takes effect 1=19200 baud
after next 2= 38400 baud
device reset 3 =57600 baud

4 =115200 baud

23 | Vendor ID 1 | 2 = Poseidon Systems

24 | Product ID 1| 11 = DM4500/4600

25 | Serial number 2 | N/A

27 | Firmware version 2 | N/A

29 | Hardware revision 1| N/A

32 | Electronics board temperature 1 | Degrees Celsius

43 | Flow rate estimate 1| Lpm*128

44 | Ferrous concentration estimate 1| mg/L*128

45 | Nonferrous concentration estimate 1| mg/L*128

46 | Number of ferrous particle bins Yes—must 1 | Number of bins
accompany
the ferrous
particle bin
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5 MODBUS 接口说明

本部分中 Modbus 接口的规范适用于 RS-485 和 RS-232 连接。
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5.1 MODBUS COM 设置

Trident DM 上串行通信的默认设置如下：

Administrator
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设置值

波特率 115,200 波特

数据位 8

奇偶校验无

停止位 1

Modbus 从站地址 1
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5.2 MODBUS 保持寄存器

三叉戟 DM 公开了以下 Modbus 保持寄存器：

Administrator
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注册 描述 可写？ 长度

16 位

字

单位

21 设备的 Modbus 地址 是的，更新

生效

下一个之后

设备重置

1 不适用

22 波特率 是的，更新

生效

下一个之后

设备重置

1 0 = 9600 波特

1 = 19200 波特

2 = 38400 波特

3 = 57600 波特

4 = 115200 波特

23 供应商 ID 1 2 = 波塞冬系统

24 产品 ID 1 11 = DM4500/4600

25 序列号 2 不适用

27 固件版本 2 不适用

29 硬件修订 1 不适用

32 电子板温度 1 摄氏度

43 流量估计 1 Lpm * 128

44 亚铁浓度估计值 1 毫克/升 * 128

45 有色金属浓度估计值 1 毫克/升 * 128

46 亚铁粒子箱的数量是——必须

陪伴

黑色金属

粒子箱

1 个垃圾箱数量
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Register Description Writeable? Lengthin
16-bit
words
upper
endpoints
47 | Ferrous particle bin upper endpoints | Yes—must 19 | Microns
accompany
the number
of ferrous
particle bins
66 | Ferrous particle counts 20 | Number of particles
86 | Number of nonferrous particle bins Yes—must 1 | Number of bins
accompany
the
nonferrous
particle bin
upper
endpoints
87 | Nonferrous particle bin upper Yes—must 19 | Microns
endpoints accompany
the number
of
nonferrous
particle bins
106 | Nonferrous particle counts 20 | Number of Particles
126 | Total ferrous mass 2 | Total ferrous mass since
last read
128 | Total nonferrous mass 2 | Total nonferrous mass
since last read
275 | Clear bins Yes 1 | Write “1” to clear
binned count values
276 | Cumulative count write interval Yes 1 | 0 = cumulative count off
600 to 65535 = write
time interval in seconds,
cumulative count on
277 | Termination resistance (RS485) Yes 1| 1=1200hm,0=none
278 | Pulse output enable Yes, update 1 | 1 =-enable pulse output
takes effect 0 = disable pulse output
after next
device reset
279 | Micrograms per pulse Yes, update 1 | Number of micrograms
takes effect each pulse represents
after next
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注册 描述 可写？长度

16 位

字

单位

上

端点

47 亚铁粒子箱上端点 是——必须

陪伴

数字

黑色的

粒子箱

19 微米

66 个亚铁粒子计数 20 个粒子数

86 有色金属颗粒箱的数量 是——必须

陪伴

这

有色金属

粒子箱

上

端点

1 个垃圾箱数量

87 有色金属颗粒仓上部

端点

是——必须

陪伴

数字

的

有色金属

粒子箱

19 微米

106 个有色金属粒子数 20 个粒子数

126 亚铁总质量 2 亚铁总质量

上次阅读

128 有色金属总质量 2 有色金属总质量

自上次阅读以来

275 清除垃圾箱 是 1 写“1”以清除

分箱计数值

276 累积计数写入间隔是 1 0 = 累积计数关闭

600 到 65535 = 写入

以秒为单位的时间间隔，

累积计数

277 终端电阻 (RS485) 是 1 1 = 120 欧姆，0 = 无

278 脉冲输出启用是，更新

生效

下一个之后

设备重置

1 1 = 启用脉冲输出

0 = 禁用脉冲输出

每脉冲 279 微克 是的，更新

生效

下一个之后

1 微克数

每个脉冲代表
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device reset
280 | Pulse on time (pulse high time) Yes, update 1 | 5ms multiplier
takes effect Range =1 to 200
after next
device reset
281 | Pulse off time (time between pulses Yes, update 1 | 5ms multiplier
when multiple pulses are output at takes effect Range =1 to 200
once) after next
device reset
1238 | Reset/Reboot sensor Yes, reboots 1 | Write “10” to reboot the
immediately sensor

B 5.3 FUNCTION CODES

Function codes are the encoding of the type of Modbus command. The Trident DM Wear Debris Monitor

supports the following function codes:

@ Function code Description

03 0x03 | Read holding registers
04 0x04 | Read input registers
06 0x06 | Write single holding register
16 0x10 | Write multiple holding registers
43 0x2B | Read device identification
109 0x6D | Trident DM-specific sub-function
CODE+128 CODE+0x80 | Modbus exception

@ Trident DM-specific sub-functions are:

Function code Description

64 0x40 | Get particle bins
65 0x41 | Set particle bins
66 0x42 | Get particle counts
67 0x43 | Get particle history

www.poseidonsys.com
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注册 描述 可写？ 长度

16 位

字

单位

设备重置

280 脉冲开启时间（脉冲高电平时间）是的，更新

生效

下一个之后

设备重置

1 5ms 乘法器

范围 = 1 到 200

281 脉冲关闭时间（脉冲之间的时间

当输出多个脉冲时

一次）

是的，更新

生效

下一个之后

设备重置

1 5ms 乘法器

范围 = 1 到 200

1238 重置/重启传感器是的，重启

立即地

1 写“10”重新启动

传感器
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5.3 功能代码

功能代码是 Modbus 命令类型的编码。 三叉戟 DM 磨损碎片监测器

支持以下功能代码：
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功能代码 说明

03 0x03 读取保持寄存器

04 0x04 读取输入寄存器

06 0x06 写入单个保持寄存器

16 0x10 写入多个保持寄存器

43 0x2B 读取设备标识

109 0x6D 三叉戟 DM 特定的子功能

CODE+128 CODE+0x80 Modbus 异常
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Trident DM 特定的子功能是：

功能代码 说明

64 0x40 获取粒子箱

65 0x41 设置粒子箱

66 0x42 获取粒子计数

67 0x43 获取粒子历史


@ 531

E
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Trident DM supports the following codes, though not all are used:

@ Exception code Description

1 0x01 Illegal function

2 0x02 Illegal data address

3 0x03 Illegal data value

4 0x04 Illegal slave device failure
5 0x05 Exception acknowledge

6 0x06 Slave device busy

8 0x08 Memory parity error

10 0x0A Gateway path unavailable
11 0x0B Gateway target failed

5.4 MESSAGE FORMATS
Multi-byte integer values (viz., 16-bit and 32-bit integers, signed or unsigned) are always transmitted big

endian (most significant byte first) as required by the “MODBUS Application Protocol Specification” §4.2. The
one exception to this is the Modbus 16-bit CRC which is always transmitted little endian (least significant byte

first).

May 25, 2017

Particles (or particle bin endpoints) are encoded in 16 bits where the low order 15 bits specify the particle size
in microns and the high order bit indicates the particle type (0 = nonferrous, 1 = ferrous). For example,

0x8123 is a 291-micron ferrous particle and 0x0321 is an 801-micron nonferrous particle.

www.poseidonsys.com
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5.3.1 Modbus 异常代码

Trident DM 支持以下代码，但并非全部使用：
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异常代码描述

1 0x01 窃函数

2 0x02 窃取数据地址

3 0x03 窃取数据值

4 0x04 窃取从设备故障

5 0x05 异常确认

6 0x06 从设备忙

8 0x08 内存奇偶校验错误

10 0x0A 网关路径不可用

11 0x0B 网关目标失败
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5.4 消息格式

多字节整数值（即 16 位和 32 位整数，有符号或无符号）总是大传输

“MODBUS 应用协议规范”§4.2 所要求的字节序（最重要的字节在前）。 这

一个例外是 Modbus 16 位 CRC，它总是以小端（最低有效字节）传输

第一的）。

粒子（或粒子箱端点）以 16 位编码，其中低位 15 位指定粒子大小

以微米为单位，高位表示粒子类型（0 = 有色金属，1 = 黑色金属）。 例如，

0x8123 是 291 微米的铁粒子，0x0321 是 801 微米的有色金属粒子。
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5.5 READ HOLDING REGISTERS

Trident DM implements the “read holding registers” command as specified in §6.3 of the “MODBUS
Application Protocol Specification”, version 1.1b. Trident DM supports only the holding registers set forth in
the table in the section “MODBUS Holding Registers” above.

Request:
Destination | Function Start Start Register Register Modbus Modbus
address code = register register count count (LSB) | CRC (LSB) CRC (MSB)

0x03 number number (MSB)

(MSB) (LSB)
Response:
Destination Function code | Byte count First register
address = 0x03 value (MSB)
First register Second Second
value (LSB) register value | register value see
(MSB) (LSB)

Last register Last register Modbus CRC Modbus CRC
value (MSB) value (LSB) (LSB) (MSB)

Example:

To read the bank of 11 holding registers starting at holding register 21:

Client transmits 01030015000B15C9

Client receives 0103 16
000100040001 000400740068 00060006000100000000
01 A4

www.poseidonsys.com 11
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5.5 读取保持寄存器

Trident DM 实现了“读取保持寄存器”命令，如“MODBUS”的 §6.3 中指定的

应用协议规范”，版本 1.1b。 Trident DM 仅支持在

上面“MODBUS 持有寄存器”部分中的表格。
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要求：

目的地

地址

功能

代码 =

0x03

开始

登记

数字

(MSB)

开始

登记

数字

(最低标准)

登记

数数

(MSB)

登记

计数（LSB）

Modbus

CRC (LSB)

Modbus

CRC (MSB)

Administrator
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回复：

目的地

地址

功能代码

= 0x03

字节数第一个寄存器

值（MSB）

第一次注册

值（LSB）

第二

寄存器值

(MSB)

第二

寄存器值

(最低标准)

…

…

最后注册

值（MSB）

最后注册

值（LSB）

Modbus CRC

(最低标准)

Modbus CRC

(MSB)
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例子：

Administrator
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从持有人登记簿 21 开始读取 11 名持有人登记簿的银行：

客户端传输 01 03 00 15 00 0B 15 C9

客户收到 01 03 16

00 01 00 04 00 01 00 04 00 74 00 68 00 06 00 06 00 01 00 00 00 00

01 A4
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@ 5.6 WRITE SINGLE HOLDING REGISTER
Trident DM implements the “write single register” command as specified in §6.6 of the “MODBUS Application
Protocol Specification”, version 1.1b. Only certain holding registers support writes as specified in the table in
the section “MODBUS Holding Registers” above.

@ Request:
Destination | Function Register Register Value Value (LSB) | Modbus Modbus
address code = number number (MSB) CRC (LSB) CRC (MSB)
0x06 (MSB) (LSB)
Response:
Destination | Function Register Register Value Value (LSB) | Modbus Modbus
address code = number number (MSB) CRC (LSB) CRC (MSB)
0x06 (MSB) (LSB)
@ Example:
To set the serial line baud rate (holding register 22) to 19200 baud (encoded as 0x01):
Client transmits 01 06 00 16 00 01 A9 CE
Client receives 01 06 00 16 00 01 A9 CE

www.poseidonsys.com 12
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5.6 写单一保持寄存器

Trident DM 实现了“写入单个寄存器”命令，如“MODBUS 应用程序”的 §6.6 中指定的

协议规范”，版本 1.1b。 只有某些持有寄存器支持写入表中指定的

上面的“MODBUS 持有寄存器”部分。
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要求：

目的地

地址

功能

代码 =

0x06

登记

数字

(MSB)

登记

数字

(最低标准)

价值

(MSB)

值 (LSB) Modbus

CRC (LSB)

Modbus

CRC (MSB)
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例子：

要将串行线路波特率（保持寄存器 22）设置为 19200 波特（编码为 0x01）：

客户端传输 01 06 00 16 00 01 A9 CE

客户收到 01 06 00 16 00 01 A9 CE
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5.7 WRITE MULTIPLE HOLDING REGISTERS

Trident DM implements the “write multiple registers” command as specified in §6.12 of the “MODBUS

May 25, 2017

Application Protocol Specification”, version 1.1b. Only certain holding registers support writes as specified in
the table in the section “MODBUS Holding Registers” above.

Request:
Destination Function code | Start register Start register
address =0x10 number (MSB) | number (LSB)
Register count | Register count | Byte count First register
(MSB) (LSB) value (MSB)
First register Second Second
value (LSB) register value register value oo
(MSB) (LSB)

Last register Last register Modbus CRC Modbus CRC
value (MSB) value (LSB) (LSB) (MSB)
Response:
Destination | Function Start Start Register Register Modbus Modbus
address code = register register count count (LSB) | CRC (LSB) CRC (MSB)

0x10 number number (MSB)

(MSB) (LSB)

Example:

If the desired ferrous particle bins (holding registers 46 through 65) for the Trident DM device (Modbus

address 1) are:

B reroustin

0-135

136 -270

271-405

406 - 540

541 -675

> 675 (implied)

Client transmits

0110

CA 87

00 2E 00 05 OA
008701 0E0195021C02A3

Client receives

011000 2E 00 05 60 03

www.poseidonsys.com
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5.7 写入多个保持寄存器

Trident DM 实现了“写入多个寄存器”命令，如“MODBUS”第 6.12 节所述

应用协议规范”，版本 1.1b。 仅某些持有寄存器支持写入

上面“MODBUS 持有寄存器”部分中的表格。
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要求：

目的地

地址

功能代码

= 0x10

开始注册

数字（MSB）

开始注册

号码 (LSB)

注册数

(MSB)

注册数

(最低标准)

字节数第一个寄存器

值（MSB）

第一次注册

值（LSB）

第二

寄存器值

(MSB)

第二

寄存器值

(最低标准)

…

…

最后注册

值（MSB）

最后注册

值（LSB）

Modbus CRC

(最低标准)

Modbus CRC

(MSB)
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回复：

目的地

地址

功能

代码 =

0x10

开始

登记

数字

(MSB)

开始

登记

数字

(最低标准)

登记

数数

(MSB)

登记

计数（LSB）

Modbus

CRC (LSB)

Modbus

CRC (MSB)

Administrator
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例子：

如果 Trident DM 设备（Modbus

地址 1) 是：
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亚铁箱
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5.8 READ DEVICE IDENTIFICATION

The Trident DM device implements the “read device identification” function code as specified in §6.21 of the
“MODBUS Application Protocol Specification”, version 1.1b. Trident DM supports basic, regular, and specific
object identification. There are no extended category objects. Trident DM returns values for seven distinct
objects: vendor name, product code, version, vendor URL, product name, model name, and user application
name.

Request:
Destination Function Modbus Read device | Objectid Modbus CRC | Modbus CRC
address code =0x2B | encapsulated | id (see (see “object | (LSB) (MSB)

interface “device id” id” table,
type = OxOE table, below) | below)

Device id Description Object id

0x01 Basic device identification Ignored—all objects
in the “basic”
category are
returned

0x02 Regular device identification | Ignored—all objects
in the “regular”
category are

returned
0x04 Specific object identification | See “object id” table,
below
Object id Description Category
0x00 Vendor name
0x01 Product code Basic
0x02 Version
0x03 Vendor URL
0x04 Product name
Regular
0x05 Model name
0x06 User application name

www.poseidonsys.com 14
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Response:
Destination Function code | Modbus Read device id
address = 0x2B encapsulated (see “device
interface type | id” table,
= Ox0E above)
Conformity More follows = | Next objectid | Number of
level = 0x82 0x00 (false) = 0x00 objects
(regular

identification
(stream access
and individual
access))

First object id

First object
length (in
octets)

First object
first octet

First object
second octet

Second object

Second object

Second object

Second object

id length (in first octet second octet
octets)

Last object id Last object Last object Last object
length (in first octet second octet
octets)

Modbus CRC Modbus CRC

(LSB) (MSB)

Example:

Retrieving the basic object set:

Client transmits

012BOEO01007077

Client receives

03

32343
10 44

01 2B OE 01 82 00 00

A 3435

00 OA 46 6C 6F 77 74 6F 6E 69 63 73
010E536D6172744D 6F 6E 446562726973
02 1A 36 2E 36 2E 36 20 4E 6F 76 20 20 35 20 32 30 31 30 20 31 35 3A

Retrieving the regular object set:

Client transmits

01 2B OE 02 00 70 87

www.poseidonsys.com
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5.9 GET PARTICLE BINS

This command retrieves the upper endpoints for the particle bins as configured on the Trident DM device.
The bin lower endpoints are inferred from the upper endpoint of the next smaller bin and there are no gaps.
The bin for the smallest size particles always has a lower endpoint of zero. The endpoints for the ferrous
particle bins are given before those for the nonferrous particles and bins are always ordered from smallest
endpoint to largest. There is also an implied bin for all particles larger than the largest stated upper endpoint.

Particle bin endpoints are encoded in 16 bits where the low order 15 bits specify the particle size in microns
and the high order bit indicates the particle type (0 = nonferrous, 1 = ferrous).

Request:
Destination Function code | Sub-function Modbus CRC Modbus CRC
address = 0x6D code = 0x40 (LSB) (MSB)
Response:
Destination Function code | First ferrous First ferrous
address = 0x6D bin upper bin upper
endpoint in endpoint in
microns (MSB) | microns (LSB)
Second Second
ferrous bin ferrous bin oo
upper upper
endpoint in endpoint in

microns (MSB)

microns (LSB)

Last ferrous Last ferrous First First

bin upper bin upper nonferrous bin | nonferrous bin

endpointin endpoint in upper upper

microns (MSB) | microns (LSB) endpoint in endpoint in
microns (MSB) | microns (LSB)

Second Second

nonferrous bin | nonferrous bin

upper upper
endpoint in endpoint in

microns (MSB)

microns (LSB)

Last Last Modbus CRC Modbus CRC
nonferrous bin | nonferrous bin | (LSB) (MSB)

upper upper

endpoint in endpoint in

microns (MSB) | microns (LSB)

www.poseidonsys.com
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Example:

If the bins configured for the Trident DM device (Modbus address 1) were:

Ferrous bin Nonferrous bin

0-200 0-333
201 -400 334 - 666
401 - 600 667 —999
601 - 800 >999 (implied)

801 -1000

> 1000 (implied)

Client transmits 016D 400D 60

Client receives 016D
80C881908258832083E8
014D 029A 03 E7
A7 C4

www.poseidonsys.com
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5.10 SET PARTICLE BINS

This command configures particle bins on the Trident DM device with the specified upper endpoints. The bin
lower endpoints are inferred from the upper endpoint of the next smaller bin and there are no gaps. The bin
for the smallest size particles is always interpreted as having a lower endpoint of zero. The endpoints for the
ferrous particle bins must be given before those for the nonferrous particles and bins must be ordered from
smallest endpoint to largest. The Trident DM device also infers a bin for all particles larger than the largest
stated upper endpoint, so clients must specify no more than 19 endpoints.

Particle bin endpoints are encoded in 16 bits where the low order 15 bits specify the particle size in microns
and the high order bit indicates the particle type (0 = nonferrous, 1 = ferrous).

Request:

Destination Function code | Sub-function First ferrous

address = 0x6D code = 0x41 bin upper
endpoint in
microns (MSB)

First ferrous Second Second

bin upper ferrous bin ferrous bin

endpoint in upper upper e

microns (LSB) endpoint in endpoint in

microns (MSB) | microns (LSB)

Last ferrous Last ferrous First First

bin upper bin upper nonferrous bin | nonferrous bin

endpoint in endpoint in upper upper

microns (MSB) | microns (LSB) endpoint in endpoint in
microns (MSB) | microns (LSB)

Second Second

nonferrous bin | nonferrous bin

upper upper
endpoint in endpoint in

microns (MSB)

microns (LSB)

Last Last Modbus CRC Modbus CRC
nonferrous bin | nonferrous bin | (LSB) (MSB)

upper upper

endpoint in endpoint in

microns (MSB) | microns (LSB)

Response:

Destination Function code | Modbus CRC Modbus CRC
address = 0x6D (LSB) (MSB)
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: Trident DM returns an illegal data value exception for the following conditions:

The frame is too short (less than five octets)
The frame is of even length

The frame is too long (greater than 81 octets)

Rev B
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More than 19 bins are specified for either ferrous or nonferrous particles (the 20th bin is implied—its

upper endpoint is the size of the largest particle detectable by Trident DM )

At least one bin endpoint is specified in non-increasing order within the ferrous or nonferrous bin

specifier

Any ferrous bin is specified after any nonferrous bin
The sum of the number of encoded ferrous bin endpoints and the number of encoded nonferrous bin
endpoints does not match the size of the payload

Example:

If the desired bins for the Trident DM device (Modbus address 1) are:

Ferrous bin Nonferrous bin

0-200 0-333
201 - 400 334 - 666
401 - 600 667 — 999
601 — 800 > 999 (implied)
801 - 1000
> 1000 (implied)

Client transmits 016D 41

80C881908258832083E8
014D 029A 03 E7
CE7C

Client receives 016D C1CD
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5.11 GET PARTICLE COUNTS
This command retrieves the binned particle counts for all configured bins on the Trident DM device. As a side
effect, the Trident DM device clears the counts upon retrieval.

Note that a particle count for the implied bin (for all particles larger than the largest stated bin upper

endpoint) is returned

Request:

Destination Function code | Sub-function Modbus CRC Modbus CRC
address = 0x6D code = 0x42 (LSB) (MSB)
Response:

Destination Function code | First encoded First encoded

address = 0x6D particle (MSB) | particle (LSB)

Second Second

encoded encoded

particle (MSB)

particle (LSB)

Last encoded
particle (MSB)

Last encoded Modbus CRC Modbus CRC

particle (LSB) (LSB) (MSB)

Example:

If the particle counts on the Trident DM device (Modbus address 1) were:

Ferrous bin Count Nonferrous bin

0-200 0-333

201 -400 334 -666

401 - 600 667 —999

601 - 800 >999

oO|lOoO|w]|O

801 -1000

O | o~ |kFL |~ |O

> 1000

Client transmits 016D 42 8CA1

Client receives

016D

8000 8001 8001 80 04 80 00 8000
00 00 00 03 00 00 00 00

3728
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5.12 GET PARTICLE HISTORY

Request:

Destination Function code | Sub-function Modbus CRC Modbus CRC
address = 0x6D code = 0x43 (LSB) (MSB)
Response:

Destination Function code | First encoded First encoded

address = 0x6D particle (MSB) | particle (LSB)

Second Second

encoded encoded

particle (MSB)

particle (LSB)

Last encoded
particle (MSB)

Last encoded
particle (LSB)

Modbus CRC
(LSB)

Modbus CRC
(MSB)

Example:

If the particle queue on the Trident DM device (Modbus address 1) contains:

May 25, 2017

e Fe 257 microns, Fe 514 microns, Fe 771 microns, Fe 1028 microns, NFe 773 microns, Fe 518 microns,

Fe 263 microns

Client transmits

016D434D61

Client receives

016D

81018202 83038404030582068107

2B DO
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5.13 CYCLIC REDUNANCY CHECK (CRC)

Cyclic Redundancy Check (or CRC) is used to prevent the processing of corrupted messages by Trident DM . It is
designed to detect accidental changes to messages on the Modbus network.

The Trident DM device uses the CRC algorithm set forth in Appendix B of the “MODBUS over Serial Line
Specification and Implementation Guide”, version 1.02. Trident DM’s implementation is given below. Note
that CRCs are computed across both the message header and payload.

/* Table of CRC values for high-order octet */

static const uint8_t s_crcHi[] =

{
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40,
0x01, 0xCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, Ox41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41, 0x00, 0xC1, 0x81, 0x40,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, Ox41, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40, 0x01, 0xCO, 0x80, Ox41, 0x01, OxCO, 0x80, 0x41,
0x00, 0xC1, 0x81, 0x40

/* Table of CRC values for low-order octet */

static const uint8_t s_crclLol[] =

{
0x00, 0xCO0, 0xC1, 0x01, 0xC3, 0x03, 0x02, 0xC2, 0xC6, 0x06, 0x07, OxC7,
0x05, 0xC5, 0xC4, 0x04, 0xCC, 0x0C, 0x0D, OxCD, 0xOF, OxCF, OxCE, OxOE,
0x0A, OxCA, 0xCB, 0x0B, 0xC9, 0x09, 0x08, 0xC8, 0xD8, 0x18, 0x19, 0xD9,
0x1B, 0xDB, OxDA, 0x1A, Ox1E, OxDE, OxDF, Ox1F, 0xDD, 0x1D, 0x1C, O0xDC,
0x14, 0xD4, 0xD5, 0x15, 0xD7, 0x17, 0x16, OxD6, OxD2, 0x12, 0x13, OxD3,
0x11, 0xD1, 0xDO, 0x10, 0xFO, 0x30, 0x31, OxF1, Ox33, OxF3, OxF2, 0x32,
0x36, 0xF6, 0xF7, 0x37, OxF5, 0x35, 0x34, 0xF4, 0x3C, OxFC, OxFD, 0x3D,
OxFF, Ox3F, Ox3E, OXFE, OxFA, Ox3A, 0x3B, OxFB, 0x39, 0xF9, OxF8, 0x38,
0x28, OxE8, OxE9, 0x29, OxEB, 0x2B, 0x2A, OxEA, OxEE, Ox2E, Ox2F, OxEF,
0x2D, OXED, OxEC, 0x2C, OxE4, 0x24, 0x25, OxE5, 0x27, OxE7, OxE6, 0x26,
0x22, OxE2, OxE3, 0x23, OxE1, Ox21, 0x20, OxEOQ, 0xAO, 0x60, 0x61, OxA1l,
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0x63, 0xA3, 0xA2, 0x62, 0x66, 0xA6, OxA7, 0x67, OxA5, 0x65, 0x64, 0xA4,
0x6C, OxAC, OxAD, 0x6D, OxAF, Ox6F, Ox6E, OXAE, OxAA, Ox6A, 0x6B, OxAB,
0x69, 0xA9, 0xA8, 0x68, 0x78, 0xB8, 0xB9, 0x79, OxBB, 0x7B, 0x7A, OxBA,
OxBE, Ox7E, Ox7F, OxBF, Ox7D, OxBD, OxBC, 0x7C, 0xB4, 0x74, 0x75, OxB5,
0x77, 0xB7, 0xB6, 0x76, 0x72, 0xB2, OxB3, 0x73, 0xB1, 0x71, 0x70, OxBO,
0x50, 0x90, 0x91, 0x51, 0x93, 0x53, 0x52, 0x92, 0x96, 0x56, 0x57, 0x97,
0x55, 0x95, 0x94, 0x54, 0x9C, 0x5C, 0x5D, 0x9D, Ox5F, Ox9F, Ox9E, Ox5E,
Ox5A, 0x9A, 0x9B, 0x5B, 0x99, 0x59, 0x58, 0x98, 0x88, 0x48, 0x49, 0x89,
0x4B, 0x8B, 0x8A, 0x4A, 0x4E, Ox8E, 0x8F, 0x4F, 0x8D, 0x4D, 0x4C, 0x8C,
0x44, 0x84, 0x85, 0x45, 0x87, 0x47, 0x46, 0x86, 0x82, 0x42, 0x43, 0x83,
0x41, 0x81, 0x80, 0x40

EXPORT uint16_t cModbus_computeCrc(const uint8_t *src, size_t srcLen)

{

uint8_t index;

uint8_t crcHi = Oxff;

uint8_t crcLo = Oxff;

clog_assert(src);

/* this implementation is taken from the Modbus over
serial line spec. */

while(srcLen--)

{
index = crcLo M *src++;
crcLo = crcHi A s_crcHi[index];
crcHi = s_crcLo[index];

}

/* Modbus CRCs are transmitted little-endian */
return ((crcLo << 8) | crcHi);
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6 RELAY INTERFACE

The Trident DM has a relay output that can be wired to generate pulses correlating to the detected particle
masses. The threshold of mass accumulated before outputting a pulse is user defined. Pulse on time duration
as well as pulse off time duration (in the case of multiple pulses needed to be output) is also user definable.
Table 5 shows the relevant registers for defining the relay interface behavior. A sensor reset is required for
any new settings in these control registers to take effect.

Table 5: Relay interface control registers

Register Description Value
278 | Pulse output enable 0 = Disable, 1 = Enable
279 | Micrograms per pulse Micrograms represented by each pulse
280 | Pulse on time Pulse time high 5ms multiplier
281 | Pulse off time Pulse time low 5ms multiplier

Table 6 lists the absolute maximum ratings for the relay interface. The relay pins can be accessed through the
communications connector as described in Table 3.

Table 6: Relay interface absolute maximum ratings

Parameter Maximum rating Unit
Load current (continuous) 300 MApc
Load voltage 100 \Y

On resistance 4 Ohms

Figure 7 shows an example circuit to use with the relay interface. This circuit will provide a voltage pulse
between the supply voltage input and ground. Note that the relay used between pins C and D has an on state
resistance of 4 Ohms and should be limited to a maximum current of 300 mA and maximum voltage of 30 Vdc.

Pulse Output

Ipp

Figure 7: Example relay interface circuit

Figure 8 shows example output waveforms for the example circuit in Figure 7. Masses are calculated for each
detected particle and a running total mass is kept. Once the total mass exceeds the value specified in register
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279, pulses will be output. The total summed mass is divided by the value in register 279 to determine the
number of pulses to output. The remainder is kept as the new total summed mass.

Figure 8: Example pulse output waveforms

The characteristics of the pulses are:

L4 Vpulse = Vsupply
e Pulse time high = (Register 280) * 5ms
e Pulse time low = (Register 281) * 5ms
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