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DEFINITION

The CAN Network Ground Topology Decision Tree is a systematic, flow-based methodology

used to select the optimal physical grounding configurationStar, Daisy Chain, or

Multi-Pointfor Controller Area Network (CAN) buses in electrically noisy, mobile

off-road environments such as agricultural machinery. It evaluates design constraints

including EMI susceptibility, chassis complexity, wiring harness modularity, fault

tolerance, and ISO 11898-2/3 compliance. The decision tree prioritizes signal

integrity, common-mode noise rejection, and ground loop minimization while balancing

cost, serviceability, and regulatory requirements.

OVERVIEW

In agricultural machinery, CAN networks interconnect ECUs for engine control,

hydraulics, GPS guidance, and telematics across large, segmented metal structures

(e.g., tractor frames, implements, cab modules). Unlike automotive OEMs with unified

ground planes, agricultural systems often feature isolated sub-assemblies (e.g.,

towed sprayers, harvesters with articulating sections), making ground topology

critically impact electromagnetic compatibility (EMC). A Star ground topology

connects all CAN node grounds to a single, low-impedance reference pointtypically

the battery negative or main chassis ground busminimizing ground potential

differences and common-mode noise; however, it increases wiring complexity and

harness weight. The Daisy Chain topology daisy-chains ground returns between nodes,

reducing wire count but risking cumulative ground voltage drop and resonant ground

loops at high frequencies (>1 MHz), especially under varying load currents from

high-power actuators. Multi-Point groundingstrategically bonding multiple nodes to

local chassis pointsoffers a hybrid approach: it controls ground impedance at key

locations (e.g., near CAN transceivers) while avoiding full meshing that exacerbates

high-frequency circulating currents. Selection criteria include node spacing (>2 m

favors Star), presence of galvanic isolation (e.g., opto-coupled gateways), CAN bit

rate (500 kbps+ demands tighter ground control), and environmental factors like

mud/water ingress affecting ground continuity.

KEY COMPONENTS

1. CAN Transceiver Ground Pin (GND_TxRx)

2. Chassis Ground Reference Point (CGRP)

3. Ground Bonding Jumpers / Ground Straps

APPLICATIONS

  - TractorImplement ISOBUS (ISO 11783) network integration

  - Autonomous guidance system ECU synchronization

  - Multi-vendor hydraulic control module interoperability

KEY FORMULAS

Maximum Allowable Ground Voltage Difference: V_gnd  0.2  V_CC

  -> Maximum permissible DC ground potential difference between any two CAN nodes to

ensure transceiver common-mode range compliance (per ISO 11898-2); V_CC is transceiver

supply voltage

Ground Impedance Budget: Z_gnd  (0.5  dV/dt) / I_noise

  -> Maximum allowable ground path impedance to limit ground bounce-induced common-mode

noise; dV/dt is edge rate of dominant noise source (e.g., PWM motor driver), I_noise is

peak transient current

RELATED CONCEPTS

  - Common-Mode Rejection Ratio (CMRR)

  - Galvanic Isolation in CAN Gateways

  - ISO 11898-2 Physical Layer Compliance
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