
Technical Design Specification for a 
Tri-Modular Cab-Over Tactical Platform: 
Integrating G-Wagen Portal Axles and 
Toyota Mechanical Diesel Architecture 
The requirement for extreme off-road mobility in tactical and humanitarian logistics has 
necessitated a departure from conventional vehicle architectures. In environments where 
infrastructure is non-existent and maintenance must be performed in austere workshops, the 
design of a vehicle must prioritize mechanical resilience, high ground clearance, and structural 
modularity. This report details the engineering specification for a cab-over tactical platform that 
integrates Mercedes-Benz G-Wagen style portal axles with Toyota 1H-series mechanical diesel 
powerplants, organized around a tri-modular chassis philosophy. 
The shift from a standard ladder-frame wagon to a tri-modular configuration—comprising a front 
impact cradle, a torsionally controlled center spine, and a rear load module—is driven by the 
unique packaging constraints of a cab-over layout. In a conventional front-engine truck, the 
engine occupies a significant forward volume, acting as a buffer that distributes front-axle 
impacts through a long lever arm. In a cab-over design, the driver, steering assembly, pedals, 
and front suspension loads are concentrated in a much shorter nose, placing the occupants 
directly above the primary impact zones. The introduction of portal axles compounds this 
complexity by raising the axle center relative to the wheel hub, thereby increasing the leverage 
exerted on the suspension pickup points and the chassis during high-traction maneuvers or 
obstacle strikes. 

The Tri-Modular Chassis Philosophy: Structural Zones 
and Transitions 
The transition to a tri-modular design represents a fundamental change in how the vehicle 
manages torsional stress and vertical bending. A standard ladder frame, while easy to 
manufacture, often suffers from excessive flex when subjected to the high leverage of portal 
axles and large tires. The tri-modular approach addresses this by optimizing each segment of 
the frame for its specific functional requirements. 

The Front Impact and Suspension Cradle 

The front 1.2 to 1.5 meters of the frame constitute the most critical structural zone. This module 
must support the cab mounts, the engine cradle, the steering gear, and the high-stress front 
suspension pickups. Because a cab-over layout moves the front axle closer to the occupants, 
any frame flex or mount compliance is immediately translated into steering vagueness and 
cabin vibration. 
The front rails are designed with a specific kick-up to provide the necessary vertical clearance 
for the portal axle's upward travel (jounce) while maintaining a low center of gravity for the 



cabin. This section is fabricated as a rigid boxed cradle using Q355B high-strength steel plates. 
Unlike the center section, the front module often requires a flared or locally necked-in spacing to 
accommodate the steering box and cooling package. 
### The Torsion-Resistant Center Spine 
The center section of the chassis serves as the torsion-resistant spine. This zone manages the 
diagonal twisting forces that occur when the vehicle navigates uneven terrain. While the front 
and rear modules are optimized for point loads, the center spine is engineered for global rigidity. 
In the ER-TRACKER M tactical variant, this is achieved through the use of heavy-duty boxed 
rails and reinforced crossmembers. 
A key engineering decision in this section is the rail spacing, which is standardized at 
approximately 800 to 860 mm. This width provides a stable base for the drivetrain components, 
including the transfer case and primary driveshafts, while allowing enough room for the exhaust 
system and air intake ducting. The use of boxed rectangular rails (200 x 75 x 5 mm) provides a 
superior balance of vertical bending stiffness and weldability compared to traditional C-channel 
frames. 

The Rear Mission and Load Module 

The rear module is designed for maximum mission flexibility. By separating the load area from 
the primary chassis spine, the vehicle can accommodate various bodies—from simple flatbeds 
to enclosed command shelters or medical support boxes—without affecting the core vehicle 
dynamics. For expedition and utility work, the rear module often utilizes a separate 
torsion-isolated subframe. This prevents the frame flex induced by the high-articulation portal 
axles from fatiguing the habitation box or cargo body. 

Dimensioned Concept Layout and Station Coordinates 
The following layout defines the primary geometric relationships for a medium-duty tactical 
cab-over platform. These coordinates are referenced from a "Station 0" datum point located at 
the forward-most edge of the front bumper horns. 
Station Component / Layout 

Point 
Dimension (mm) Engineering Rationale 

ST 0 Front Bumper Plane 0 Baseline for all 
longitudinal 
measurements. 

ST 450 Front Impact 
Crossmember 

450 Supports winch cradle, 
tow points, and front 
recovery loads. 

ST 1100 Front Axle Centerline 1100 Positioned slightly 
ahead of cab leading 
edge for steering 
clearance. 

ST 1350 Front Suspension 
Reaction Member 

1350 Crucial high-stress 
member for radius-arm 
or link reactions. 

ST 1800 Engine Cradle 
Crossmember 

1800 Mid-mounted engine 
placement for 



Station Component / Layout 
Point 

Dimension (mm) Engineering Rationale 

optimized front/rear 
weight balance. 

ST 2400 Gearbox / Transfer 
Case Pivot 

2400 Center torsion member; 
the structural heart of 
the spine. 

ST 4500 Rear Axle Centerline 4500 Resultant 3400 mm 
wheelbase (4500 - 
1100). 

ST 5200 Rear Load Module 
Interface 

5200 Primary hardpoint for 
modular mission kits. 

ST 5800 Departure 
Crossmember 

5800 Rearmost structural tie; 
supports towing and 
recovery. 

The target wheelbase of 3400 mm is identified as the optimal compromise between breakover 
angle and pitch stability. A shorter wheelbase combined with a tall cab and high-clearance portal 
axles creates a vehicle that is "busy" in pitch, making it sensitive to bumps and difficult to control 
at speed. Conversely, a longer wheelbase degrades the vehicle's agility in tight village 
environments or wooded trails. 

Metallurgy and Material Selection: The Q355B 
Framework 
The structural integrity of the tactical variant is predicated on the use of Q355B low-alloy, 
high-strength structural steel. The selection of this material is a strategic decision tailored to the 
manufacturing capabilities of the Horn of Africa, where manual welding and local fabrication are 
primary assets. 

Chemical and Mechanical Properties 

The "Q" in Q355B signifies yield strength, while "355" indicates a minimum yield strength of 355 
MPa. The "B" designation ensures the steel is tested for impact toughness at 20°C, which is 
essential for structural components subjected to the high-vibration and high-stress cycles of 
off-road military service. 
Property Value Tactical Relevance 
Yield Strength \geq 355 MPa Prevents permanent frame 

deformation under extreme 
point loads. 

Tensile Strength 470–630 MPa Margin for towing, recovery, 
and high-traction maneuvers. 

Carbon Content \leq 0.20\% Ensures exceptional weldability 
in remote workshops. 

Manganese 1.00–1.60% Deoxidizes and strengthens the 
grain structure against fatigue. 

Impact Energy \geq 27 J Critical for integrity during 



Property Value Tactical Relevance 
high-speed off-road impacts. 

The use of boxed hand-welded frames rather than stamped commercial frames allows military 
engineers to add reinforcement plates locally. For instance, high-stress "doubler plates" are 
required at the suspension towers and steering mounts to prevent the rail walls from distorting 
under the concentrated loads of the portal axle linkages. 

Portal Axle Dynamics and the Hub Reduction Strategy 
The use of portal axles is the defining mobility feature of the platform. By utilizing a geared hub 
reduction gearbox at each wheel end, the axle tube is offset upward from the wheel center, 
providing a twofold mechanical advantage: ground clearance and torque multiplication. 

Physics of Torque and Clearance 

The portal hub provides a gear reduction, typically 1.25:1, which acts as a torque multiplier at 
the wheel. This allows the upstream components—including the differentials, driveshafts, and 
transfer case—to operate at higher angular velocities and lower torque for a given power output 
(P = T \times \omega). This reduction in upstream torque (approximately 20%) allows for the 
use of more compact differential housings that can be tucked higher into the chassis, further 
improving underbody clearance. 
The Mercedes-Benz G 550 4x4² provides a benchmark for this technology, achieving a ground 
clearance of 17.2 inches (437 mm). For the tactical variant, the track width must be increased by 
80 to 130 mm to offset the higher center of gravity provided by the portal lift, ensuring that the 
vehicle maintains stability on side slopes (the G 4x4² is limited to a 28.4° bank angle). 
Mobility Metric Target Specification Engineering Outcome 
Ground Clearance 300–400 mm Enables navigation of rubbled 

routes and deep washouts. 
Fording Depth 600–800 mm Resilience in seasonal flood 

zones with sealed axles. 
Approach Angle 50°+ Achieved through cab-over 

packaging and short 
overhangs. 

Track Width 1760–1780 mm Compensates for portal lift to 
preserve rollover resistance. 

Powertrain Integration: Toyota 1H-Series Mechanical 
Diesel 
The powertrain for the tactical variant is centered on the Toyota 1H-series inline-six diesel 
family, specifically the 1HZ and 1HD-T. These engines are selected for their "electronic 
minimalism"—a core doctrine of the ER-TRACKER program that rejects common-rail 
technology in favor of field-proven mechanical injection. 

The 1HZ and 1HD-T: Mechanical Reliability 

The 1HZ (4,164 cc) is a naturally aspirated, indirect injection (IDI) diesel known for its extreme 



tolerance for contaminated or low-grade fuel. It produces approximately 129 horsepower (96 
kW) and 285 Nm of torque. While these figures are modest by modern standards, the engine’s 
flat torque curve and 500,000 km service life make it ideal for the steady, dependable pulling 
power required in rugged environments. 
The 1HD-T variant adds turbocharging and direct injection, increasing output to approximately 
165 horsepower (123 kW) and 363 Nm of torque. For a heavy portal truck, the 1HD-T is the 
preferred choice for sustained high-load operations, such as armored transport or steep 
highland logistics. 
Engine Spec Toyota 1HZ (4.2L) Toyota 1HD-T (4.2L) 
Configuration Inline-6, SOHC, 12-valve Inline-6, SOHC, 12-valve 
Injection Mechanical Indirect (IDI) Mechanical Direct (DI) 
Induction Naturally Aspirated Turbocharged 
Compression 22.4:1 18.6:1 
Weight ~300 kg ~330 kg 
Packaging the "Spear": Inline-Six Cab-Over Constraints 

A major challenge in cab-over engineering is the length of the inline-six engine. At 
approximately 1.2 meters from the fan to the rear of the block, the engine functions like a 
structural "spear". In the proposed layout, the engine is positioned in a mid-front configuration, 
where the front half sits between the driver and passenger seats, and the rear half extends into 
a "doghouse" tunnel. 
This setback is essential for two reasons: 

1.​ Weight Distribution: Placing the heavy cast-iron engine behind the front axle centerline 
prevents the vehicle from being "nose-heavy," which would compromise the suspension's 
ability to handle high-speed impacts. 

2.​ Steering Clearance: Moving the engine rearward creates space for the steering column 
and drag-link assembly, which must navigate the wide stance and high clearance of the 
portal axle. 

Thermal Management and Airflow in a Cab-Over 
Environment 
Housing a large-displacement diesel engine under the cab seating area is thermodynamically 
challenging. The design succeeds or fails on its ability to reject heat in 
high-ambient-temperature regions like Gash-Barka, where temperatures exceed 45°C. 

Cooling Package Architecture 

The tactical variant mandates an over-specified cooling package. Because the cab blocks 
traditional ram-air paths, the front radiator pack must be positioned with dedicated ducting to 
ensure that air is forced through the core rather than around it. A heavy-duty mechanical fan is 
preferred over electric assistants to ensure consistent airflow regardless of electrical system 
state. 
The engine bay requires a high-volume extraction path. In a cab-over, the heat tends to soak 
into the floor and A-pillars, creating an inhospitable environment for the crew. The design utilizes 
thermal shielding on the doghouse and a dual-stage air filtration system with a cyclonic 



pre-cleaner to protect the intake from abrasive semi-desert dust. 

Suspension Kinematics: Managing Portal Leverage 
Because portal axles raise the center of the axle tube above the hub, they create a longer lever 
arm that tries to twist the axle housing during braking and acceleration. The chassis must react 
to these forces without catastrophic failure. 

Front Suspension: Radius Arms and Panhard Rods 

For a solid portal axle, the most sensible front suspension is a radius-arm and Panhard 
configuration. This system is simple, proven, and easier to package around the engine 
doghouse and steering column than a complex 4-link setup. 

●​ Caster Correction: In a lifted portal application, the radius arms must be corrected to 
maintain the factory caster angle (typically +3^{\circ}). Offset bushings (70–85 Shore A 
durometer) are used to return the axle's orientation to its optimal window, preventing the 
steering from feeling "vague" or "wandering" at speed. 

●​ Axle Relocation: The front axle is relocated approximately 25 mm forward of its 
theoretical center. This provides critical clearance for the 35-inch tires against the cab 
floor and steering gear at full compression and lock. 

●​ Link Mounts: To prevent frame fatigue, the link mount brackets are placed on doubler 
plates rather than being welded directly to the bare rail wall. Through-tubes or "crush 
tubes" are used for all major bolted joints to prevent the rail walls from collapsing under 
the torque of the mounting bolts. 

Rear Suspension: Trailing Arms and Links 

The rear suspension utilizes a linked system—either trailing arms or a 4-link with a Panhard 
rod—to accommodate the high articulation of the portal axles. For the ER-TRACKER A 
(Protected Mobility) variant, the rear springs must be of a higher rate to maintain the payload 
margin for armor and mission kits. The chassis rear features gusseted crossmembers 
specifically designed to carry the lateral loads of the Panhard rod, which are significantly higher 
on a portal truck with locked differentials. 

Steering Packaging in a Wide-Track Portal 
Environment 
Steering is the most complex packaging hurdle in a cab-over portal truck. The combination of a 
wide front track, large tires, and a low cab floor creates a very narrow envelope for the steering 
gear. 
The frame's left rail must be heavily reinforced to support a hydraulic-assist recirculating ball 
steering box. The drag-link angle must be carefully managed to minimize bump steer; as the 
suspension travels, the distance between the steering box and the axle-side steering arm 
changes. If the drag link is too steep, this change manifests as an uncommanded steering input 
(bump steer). 
In practice, the front of the frame requires a local "kick-up" or sculpted section to allow the drag 



link to move through its full range without striking the rail. This is why a simple flat ladder frame 
is insufficient; the front third of the frame must be a fabricated module that accepts these 
three-dimensional clearance requirements. 

Electrical Architecture: 24V Tactical Backbone 
The ER-TRACKER M utilizes a 24V tactical electrical architecture, which is the global standard 
for military support vehicles. This system provides significant advantages for tactical operations: 

1.​ Cranking Power: The 24V system provides the high torque necessary for cold-starting 
the 4.2L 1HZ diesel in the Eritrean central highlands. 

2.​ Mission Reserve: The Plus Mission Carrier requires significant electrical reserve for 
communication racks, medical equipment, and auxiliary lighting. A 24V system halves the 
voltage drop over the length of the vehicle, ensuring that rear-mounted modules receive 
consistent power. 

3.​ Blackout Compliance: The system is governed by simple relay-and-fuse logic, explicitly 
rejecting CAN-bus dependencies. This allows for the integration of blackout lighting 
modes compliant with NATO STANAG 4381/3224 without the risk of software failure in 
high-heat zones. 

Survivability Engineering: The ER-TRACKER A Variant 
For roles requiring protected mobility, the ER-TRACKER A variant incorporates a modular armor 
strategy into the tri-modular chassis. This platform is not merely a truck with armor added 
afterward; it treats survivability as an integrated layer of the engineering stack. 

Blast Mitigation and the Crew Capsule 

The crew cell is a protected steel capsule mounted to the chassis via isolation mounts. This 
separates the occupants from the high-vibration off-road environment and, crucially, from the 
energy of underbody explosions. 

●​ Floating Floor: The A-variant uses a "floating floor" strategy to mitigate blast effects. By 
mounting the floor to the vehicle side walls rather than the chassis, a gap is created that 
allows the belly armor to buckle or deform upward without impacting the occupants' feet. 

●​ Blast Seats: Energy-absorbing seats are mounted to the roof or side walls, physically 
isolating the crew from the initial shockwave of a mine strike. These seats utilize a 5-point 
harness to prevent secondary injuries during the vehicle's rapid upward acceleration 
during a blast event. 

Feature Standard Seat Blast-Attenuating Seat 
Philosophy Structural integrity Kinetic energy regulation. 
Mechanism Rigid anchor points SPIRAL energy-absorption / 

crush links. 
Dynamic Stroke Minimal displacement Controlled downward travel to 

slow acceleration. 
Crew Impact High risk of fracture Reduces G-force to survivable 

thresholds. 

Manufacturing and Localization: The "Localize First" 



Strategy 
The ER-TRACKER program is designed to foster a sustainable industrial base. The 
manufacturing strategy prioritizes components that can be fabricated locally using the historical 
proficiency of regional mechanics. 

Phased Localization Tiers 

The vehicle is divided into three tiers based on local industrial capacity: 
1.​ Tier 1 (Localize First): Fabrication-intensive components like the boxed frame rails, 

crossmembers, armored crew cells, and cargo beds. These items are produced using the 
"mechanical genius" of local shops where technicians can rebuild and modify machinery 
by hand. 

2.​ Tier 2 (Hybrid Integration): Interior trim, glass retention, wiring final assembly, and 
vehicle final assembly. 

3.​ Tier 3 (Strategic Imports): High-precision components such as the engine core, gearbox 
assemblies, portal-hub gearsets, and high-quality seals and bearings. These remain 
imported until local quality systems can guarantee the necessary tolerances. 

Conclusion: Synthesis of the Tri-Modular Platform 
The ER-TRACKER M tactical platform represents a sophisticated engineering response to the 
challenges of austere theater logistics. By pivoting from a conventional ladder frame to a 
tri-modular, torsion-resistant spine, the platform successfully integrates the high-clearance 
mobility of portal axles with the indestructible mechanical reliability of Toyota diesel architecture. 
The 3400 mm wheelbase and 200 x 75 x 5 mm boxed rails provide the structural baseline for a 
vehicle that can survive the brutal leverage of portal axles while accommodating a diverse range 
of modular mission kits. The strategic alignment with local fabrication capabilities and a 
"no-computer" mechanical philosophy ensures that this vehicle will remain operational in 
environments that would sideline modern electronic platforms. This synthesis of advanced 
mobility and ruthless simplicity creates a tactical asset that is both technically appropriate and 
economically sustainable for regional security and logistics. 
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