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The history of Nissan’s light truck and pickup engine development represents a pivotal era in automotive
engineering, bridging the gap between rugged, carbureted workhorses and the high-efficiency, multi-valve fuel-
injected systems of the modern era. Specifically, the evolution from the Nissan Z-series to the KA-series,
alongside the inclusion of the VG-series V6, defines the legendary reliability of the D21 “Hardbody” and early
Pathfinder platforms. For engineers, restorers, and technicians, understanding the mechanical nuances of these
powerplants is essential for maintenance, performance tuning, and engine restoration.

The NAPS-Z Architecture: Engineering the Z24 and Z24i

The Nissan Z-series engine, manufactured by Nissan Machinery, was a cornerstone of the 1980s pickup lineup.
The most prominent iteration found in the 1985-1989 Nissan D21 and 720 pickups was the Z24 and its fuel-injected
successor, the Z24i. This 2.4-liter inline-four engine was designed under the NAPS-Z (Nissan Anti-Pollution
System) philosophy, which prioritized emission reduction without the initial use of complex catalytic converters.

The Twin-Plug Ignition System

One of the most distinctive technical features of the Z24 engine is its dual-spark plug per cylinderdesign. The 8-
plug cylinder head was engineered to facilitate a more complete burn of the air-fuel mixture, particularly under lean
conditions. By initiating the flame front from two opposing sides of the combustion chamber, Nissan engineers
achieved a faster burn rate, which reduced the window for NOx (Nitrogen Oxide) formation and improved thermal
efficiency.

e Combustion Chamber Design: The Z24 utilized a hemispherical-style chamber, though flattened to
accommodate the overhead valve (OHV) or single overhead cam (SOHC) configuration depending on the specific
block iteration.

« |gnition Timing: The dual-plug system required a specialized distributor capable of firing eight leads.
Technicians must note that the intake and exhaust side plugs often have slightly staggered timing to optimize the
pressure wave within the cylinder.

Z24 vs. Z24i: Induction Mechanics

The transition from the Z24 (carbureted) to the Z24i (Throttle Body Injection) marked a significant shift in the
1987-1989 model years. The Z24i utilized a single-point injection system where fuel was atomized at the throttle
body rather than at the individual intake ports. While less efficient than later multi-port systems, it offered vastly
improved cold-start reliability and altitude compensation compared to the preceding carburetors.

Technical Specifications: Z24 and Z24i Comparison

The following table outlines the fundamental engineering metrics for the Z24 series engines utilized in the Nissan
Hardbody D21 (1986.5-1989).



Metric Z24 (Carbureted) Z24i (TBI)

Displacement 2,389 cc 2,389 cc

Bore x Stroke 89.0 mm x 96.0 mm 89.0 mm x 96.0 mm
Compression Ratio 8.3:1 8.3:11

Horsepower 103 hp @ 4,800 RPM 106 hp @ 4,800 RPM
Torque 134 Ib-ft @ 2,800 RPM 137 Ib-ft @ 2,400 RPM
Valvetrain SOHC, 8-Valve SOHC, 8-Valve

Ignition 8-Plug, Twin-Coil 8-Plug, ECU Controlled

The Shift to the KA24E: 12-Valve Sophistication

As the 1990s approached, the limitations of the Z24's 2-valve-per-cylinder head and undersquare design became
apparent in the face of rising consumer demand for highway performance. Nissan introduced the KA24E in
mid-1989 for the 1990 model year Nissan Pickup and 240SX. The "E" designation stands for Electronic Fuel
Injection, specifically a Multi-Port Fuel Injection (MPFI) system.

Cylinder Head and Valvetrain Engineering

The KA24E was a radical departure from the Z-series. It featured a SOHC design with three valves per cylinder
(two intake, one exhaust). This configuration allowed for significantly higher volumetric efficiency. The dual intake
valves provided a larger total curtain area for air entry, allowing the engine to breathe better at higher RPMs, while
the single large exhaust valve ensured rapid evacuation of spent gases.

« Head Casting #40F: Most truck-spec KA24E engines utilize the 40F casting. It is important to differentiate
these from the 240SX castings, as the intake manifold mounting and internal cooling passages may vary.

e Timing Chain System: Unlike many competitors using timing belts, the KA24E used a heavy-duty timing chain.
However, this became a known maintenance point, as the plastic guides were prone to wearing down, leading to
the infamous "death rattle."

Lubrication and Cooling Requirements

Precision lubrication is critical for the KA24E, especially given the high-friction environment of the 12-valve rocker
assembly. Technical data from AMSOILand other lubricant specialists suggest a high-zinc or specialized synthetic
5W-30 or 10W-30 oil to protect the cam lobes. The oil dipstick on the KA24E is typically located by the #4 cylinder,
and the starter motor is mounted to the transmission, a distinct difference from earlier longitudinal Nissan layouts.

The VG30E: V6 Power in the D21 Platform

For users requiring higher towing capacities and torque, Nissan offered the VG30E3.0L V6. This was an
exceptionally robust engine, featuring a 60-degree V-angle and a SOHC 12-valve head. The VG30E is widely
regarded as one of the most durable engines of its era, often found in the Nissan Pathfinder and D21 Pickup
(1986-1995).

Mechanical Characteristics of the VG30E



1. Timing Belt vs. Chain: Unlike the 4-cylinder engines, the VG30E utilizes a timing belt. The service interval is
strictly 60,000 to 105,000 miles, depending on the model year. Failure to replace the belt can result in catastrophic
interference damage.

2. Exhaust Manifold Issues: A common failure mode for the VG30E is the snapping of exhaust manifold studs.
This is often caused by the thermal expansion of the heavy cast-iron manifolds against the aluminum cylinder
heads.

3. Torque Output: Producing approximately 153 hp and 180 Ib-ft of torque, the VG30E provided the necessary
grunt for 4WD applications and heavy-duty hauling.

Comparative Analysis: Engine Performance Matrices

When evaluating a potential engine swap or restoration project for a 1989-1994 Nissan Pickup, the following
technical matrix provides a side-by-side comparison of the three primary powerplants.



Feature

Induction System

Valves per Cyl

Block Material

Head Material

Cam Drive

Primary Strength

Common Weakness

Z24i (1989)

Throttle Body (TBI)

Cast Iron

Aluminum Alloy

Chain

Low-end Torque

Head Gasket (Cyl 4)

KA24E (1990-1997)

Multi-Port (MPFI)

Cast Iron

Aluminum Alloy

Chain

Mid-range Power

Timing Chain Guides

VG30E (1988-1995)

Multi-Port (MPFI)

Cast Iron

Aluminum Alloy

Belt

Overall Durability

Exhaust Studs

Engine Swapping and Compatibility: 1989-1994 Transitions

One of the most frequent technical inquiries involves swapping a Z24i for a KA24E or vice versa in the 1989 D21
chassis. While the frames are similar, the swap is not a direct “bolt-in” procedure due to several mechanical and
electrical discrepancies.

Transmission and Bellhousing Alignment

The transmission used with the Z24i (typically the FS5W71C) has a different bellhousing pattern than the versions
paired with the KA24E. If swapping from a Z-series to a KA-series, the technician must either swap the entire
transmission or source the specific KA-pattern front transmission case. Furthermore, the starter location on the
KA24E is positioned such that it may interfere with the Z24i's slave cylinder lines if not properly adapted.

Wiring Harness and ECU Integration

The Z24i uses a relatively primitive ECU that manages the TBI and 8-plug ignition. In contrast, the KA24E requires
a harness that supports four individual injectors and a standard 4-plug distributor. Integrating the KA24E into a
1989 chassis requires a complete dash-forward harness swap or a custom-pinned interface to the existing cabin
loom.

Mathematical Analysis of Gear Ratios

When swapping engines, technicians must consider the final drive ratio. The Z24i trucks often came with 4.11:1 or
4.375:1 differential gears to compensate for lower horsepower. Installing a KA24E (which prefers higher RPMs)
with these short gears results in excellent acceleration but significantly higher fuel consumption and engine wear at
highway speeds. A mathematical model for determining RPM at speed is: RPM = (MPH x Gear Ratio x 336) / Tire
Diameter.

Practical Maintenance Guide: Sustaining Longevity

To ensure these engines reach the 300,000-mile mark, technical adherence to fluid specifications and mechanical
intervals is mandatory. For the 1986-1989 Z24 and 1990-1994 KA24E, the following protocols are recommended:

* Head Bolt Retorque: For the Z24 engine, it is a known best practice to retorque the head bolts after the first
500 miles following a head gasket replacement. The aluminum head and iron block have different thermal



expansion rates, which can lead to gasket scrubbing.

e Cooling System Pressure Test: Both the Z and KA engines are sensitive to overheating. A pressure test at
13-15 psi should be performed annually to ensure the integrity of the bypass hoses, particularly the “hose from hell”
located under the intake manifold on the KA24E.

e Valve Lash Adjustment: The Z24 utilizes mechanical lifters that require periodic adjustment. The clearance
should be set to 0.012 inches (0.3mm) for both intake and exhaust while the engine is at operating temperature.
The KA24E, however, utilizes hydraulic lash adjusters (HLAS) in some regions, though most truck variants
remained mechanical/shim-based.

Troubleshooting Common Failure Modes

Even the most robust engines face operational challenges. Identifying these early can prevent total engine failure.

Issue: The "Death Rattle" in KA24E

Symptoms: A loud metallic clattering sound upon cold start, often disappearing after the engine warms up or oil
pressure builds.Technical Cause: The plastic timing chain guides break, allowing the chain to slap against the
aluminum timing cover. If left unaddressed, the chain can wear through the cover into the water jacket, mixing
coolant with oil.Solution: Installation of a high-quality timing chain kit with metal-backed guides.

Issue: Rough Idle/Hesitation in Z24i

Symptoms: Surging at idle or bogging under load.Technical Cause: Vacuum leaks are the primary culprit. The
Z24i has an extensive network of vacuum lines for the EGR and carbon canister. Additionally, the TBI injector seals
can harden and leak air.Solution: Smoke testing the intake system and replacing the TBI base gasket.

Summary of Engineering Legacy

The Nissan Z and KA engine series represent a transitional triumph in light truck engineering. The Z24, with its
unigue NAPS-Z twin-plug configuration, provided the torque-rich foundation that built Nissan's reputation for
indestructible pickups. The subsequent evolution to the KA24E brought about the multi-valve efficiency and high-
revving capability that defined the 1990s truck market. While each engine has its specific mechanical quirks—such
as the Z24's head gasket sensitivity or the KA24E's timing chain guides—their fundamental over-engineering
makes them some of the most enduring powerplants in automotive history. For the technical professional, these
engines offer a transparent and rewarding platform for both maintenance and high-performance modification,
provided the nuances of their specific series are respected and understood.
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