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The introduction of the 5.0L Coyote V8 engine in 2011 marked a significant paradigm shift for Ford Motor
Company’s modular engine family. Transitioning from the previous 4.6L and 5.4L architectures, the Coyote engine
introduced a sophisticated Twin Independent Variable Camshaft Timing (Ti-VCT) system. This system allows for
the intake and exhaust camshafts to be advanced or retarded independently of one another, optimizing volumetric
efficiency across the entire RPM range. However, the precision of this system is entirely dependent on the integrity
of its sensor network, specifically the Camshaft Position (CMP) sensors and the Crankshaft Position (CKP)
sensor. For technicians and performance enthusiasts, understanding the interplay between these sensors is critical
for maintaining engine health and achieving performance targets such as the 450whp threshold mentioned in high-
performance Coyote builds.

The Theoretical Framework of Ti-VCT and Sensor Integration

To understand why camshaft and crankshaft sensors are prone to causing diagnostic headaches in the 2011-2017
F-150 and Mustang models, one must first understand the Twin Independent Variable Camshaft Timing logic.
Unlike traditional overhead cam engines where timing is fixed or linked, the Coyote engine utilizes hydraulic
actuators (phasers) controlled by Variable Cam Timing (VCT) solenoids. The Powertrain Control Module (PCM)
calculates the desired cam angle based on load, throttle position, and engine speed.

The feedback loop for this calculation is provided by four Camshaft Position sensors. These sensors utilize the Hall
Effect principle. A Hall Effect sensor is a transducer that varies its output voltage in response to a magnetic field.
In the Coyote engine, as the camshaft rotates, a reluctor wheel (or tone ring) with specific teeth passes the sensor.
This interrupts the magnetic field, creating a digital square wave signal that the PCM interprets as position and
speed data. If the PCM detects a deviation between the commanded VCT angle and the actual signal provided by
the CMP sensors, or if the signal is intermittent, it triggers Diagnostic Trouble Codes (DTCs) such as P0340,
P0344, P0345, or P0349.

The Role of the Crankshaft Position (CKP) Sensor

While the CMP sensors track the top end of the engine, the Crankshaft Position (CKP) sensoris  the  primary
reference for engine timing. It monitors the rotational speed and position of the crankshaft. The PCM uses this data
to synchronize fuel injection and spark timing. In the 2011+ Coyote 5.0L, the CKP is located at the rear of the
engine block, often obscured by the starter or A/IC compressor components. A failure in the CKP signal is
catastrophic for engine operation, usually resulting in a "no-start" condition or immediate stalling, as the PCM
cannot determine when to fire the ignition coils without a primary crank reference.

Technical Analysis: Sensor Specifications and Locations

One of the most common challenges for 2011 F-150 5.0L owners is the physical location of these components.
Because the Coyote is a Dual Overhead Cam (DOHC)V8, it features two cylinder heads, each containing two



camshafts (one intake, one exhaust). This results in a total of four camshaft position sensors.

Component Mapping and Identification

¢ Bank 1 (Passenger Side): Contains two sensors located at the rear of the cylinder head, near the firewall. One
monitors the intake cam, the other the exhaust cam.

e Bank 2 (Driver Side): Contains two sensors also located at the rear of the cylinder head. These are frequently
the source of the P0349 code, which specifically identifies an intermittent circuit malfunction in Bank 2.

¢ CKP Sensor Location: Situated on the passenger side rear of the block, tucked behind the starter motor. On
2011-2014 models, access often requires the removal of the starter or the loosening of A/C lines, leading to
significant labor time in a professional workshop setting.



Sensor Type Quantity Location Primary Function Signal Type

Camshaft Position 4 Rear of Cylinder Monitor VCT Digital Square Wave
(CMP) Heads Phasing / Cylinder 1 (Hall Effect)
Identification

Deep Dive into Diagnostic Trouble Code: P0349

The P0349 DTCis defined as "Camshaft Position Sensor ‘A" Circuit Intermittent (Bank 2)." In the context of the
2011 F-150 5.0L, this code is particularly notorious. Unlike a permanent circuit failure, an intermittent code
suggests that the PCM is receiving a signal, but that signal is being lost or corrupted periodically. Technical analysis
of this failure mode usually points to three distinct root causes:

1. Electrical Interference (EMI): The CMP sensor wires are unshielded in some early harness iterations. High-
voltage interference from neighboring ignition coil wires or the alternator can induce "noise" into the signal line,
causing the PCM to lose track of the cam position for a fraction of a second.

2. Phaser Mechanical Failure: While P0349 is an electrical code, mechanical wear in the VCT phaser can
cause the camshaft to "shudder." This physical oscillation can cause the tone ring to move irregularly past the
sensor, which the PCM interprets as an intermittent signal.

3. QOil Viscosity and Pressure: The Ti-VCT system is hydraulically operated. If the engine is running 5W-20 oil
that has sheared down or is contaminated, the phaser may not lock into position correctly at idle, leading to cam
timing fluctuations that trigger the CMP sensor codes.

Diagnostic Workflow for CMP Sensor Issues

To accurately diagnose a CMP issue without "parts cannon" replacement, technicians should follow a structured
oscilloscope-based approach:

e Step 1: Visual Inspection. Check the connector at the rear of the driver's side head (Bank 2). Look for oil
intrusion, as leaking valve cover gaskets can foul the connector pins.

e Step 2: Voltage Drop Testing. Measure the 5V or 12V reference (depending on the specific PCM strategy) and
the ground at the sensor plug. A high-resistance ground is a common culprit in 2011-2012 F-150 models.

e Step 3: Signal Waveform Analysis. Using a lab scope, back-probe the signal wire. A healthy Coyote CMP
sensor should produce a clean, sharp square wave. If the tops of the square waves are rounded or if there are
erratic drops to 0V, the sensor or the wiring harness is defective.

Performance Implications: Camshaft Upgrades and 450whp Targets

The JSON data mentions the LM-C11-IOPE Coyote 5.0L Camshaft set. These are "Intake Only" cams designed
for the 2011-2014 Gen 1 Coyote. The engineering philosophy behind these cams is to maximize the factory Ti-VCT
capabilities. By increasing the lift and duration of the intake cam while retaining a "paired" exhaust profile, tuners
can achieve substantial power gains—up to 50+ horsepower in naturally aspirated (NA) configurations.

The Engineering of the "Intake Only" Cam Set

In a DOHC engine, the relationship between the intake and exhaust lobes determines overlap. Overlap is the
period during which both valves are open simultaneously. By upgrading the intake cams and utilizing the PCM to
advance them during high-load scenarios, the engine can achieve 450whp (wheel horsepower) when combined
with long-tube headers and a high-flow intake manifold (such as the Boss 302 or Gen 3 Coyote manifold). However,
high-lift cams put additional stress on the VCT system. This makes the accuracy of the CMP sensors even more



vital, as the tuning software must precisely manage the increased valve overlap to prevent piston-to-valve contact.

Step-by-Step Guide: Replacing the Crankshaft Position Sensor (CKP)

Replacing the CKP sensor on a 2011 F-150 5.0L is a labor-intensive task compared to the CMP sensors. Below is
the technical procedure derived from field service manuals.

Tools Required

e 10mm and 13mm deep sockets

e Socket extensions (various lengths)

e Torque wrench (inch-pounds)

¢ Replacement CKP sensor (OEM Ford/Motorcraft highly recommended)

The Procedure

1. Disconnect the Battery: Always disconnect the negative terminal, as you will be working near the starter
motor's main power lead.

2. Raise the Vehicle: Secure the truck on jack stands. The CKP sensor is only accessible from underneath.

3. Remove the Starter: Remove the two or three bolts securing the starter to the bellhousing. You do not
necessarily need to disconnect the starter wiring if you can safely secure the starter out of the way using a bungee
cord, but disconnecting it provides more room.

4. Locate the Sensor: The sensor is located just above the starter mounting area on the engine block. It is held
in by a single 10mm bolt.

5. Remove and Inspect: Remove the bolt and pull the sensor straight out. Inspect the O-ring. If the O-ring is
missing, it may be stuck in the engine block; it must be removed before the new sensor is installed.

6. Installation: Lubricate the new O-ring with clean engine oil. Insert the sensor and torque the bolt to 89 Ib-in
(10 Nm).

7. Crankshaft Position Relearn: After replacement, many Ford PCM strategies require a "Misfire Monitor
Neutral Profile Correction.” This is performed using a scan tool (like FORScan or IDS). Without this relearn, the
engine may suffer from phantom misfire codes.

Comparative Analysis of Engine Sensor Failure Modes

Different sensors within the Coyote's 5.0L architecture exhibit different symptoms when they fail. The following table
assists in differentiating between a camshaft sensor issue and a crankshaft sensor issue.



Symptom Likely Culprit (CMP) Likely Culprit (CKP) Notes

Hard Start / Long Crank Possible Highly Likely CKP failure prevents
immediate sync.

Addressing the "Whole Bunch of Codes" Scenario

The JSON data highlights a case where a 2011 F-150 owner found "a whole bunch of codes," including CMP
sensors, O2 sensors, and EVAP sensors. From a technical diagnostic standpoint, it is highly improbable for four or
five unrelated sensors to fail simultaneously. In the Ford 5.0L architecture, this almost always indicates a Shared
Reference Voltage or Grounding issue.

The Common Circuit Logic

Many sensors on the 5.0L Coyote share a 5V Reference (VREF) circuit originating from the PCM. If a single sensor
—for instance, an O2 sensor wiring harness—rubs against the exhaust manifold and shorts to ground, it can pull
the entire 5V VREF circuit down to OV. This causes every sensor on that circuit to report a "Circuit Low" or "No
Signal" code. When faced with multiple codes for camshaft sensors, EVAP sensors, and O2 sensors, the technician
should consult the wiring diagram for Splice S123or similar junctions to find the common point of failure, rather
than replacing individual sensors.

Practical Field Solutions for the P0O349 code

For those struggling with the persistent P0349 code on a 2011-2014 F-150, technical service bulletins (TSBs) and
community experience suggest a specific sequence of repairs:

¢ Check the Alternator: A failing alternator diode can leak AC Ripple into the DC electrical system. This AC
noise is a known killer of the delicate Hall Effect signal from the cam sensors. Testing for AC ripple (should be less
than 0.5V AC) is a mandatory step.

¢ Inspect the VCT Solenoid Screens: Small bits of debris can clog the fine mesh screens of the VCT solenoids.
This prevents smooth oil flow to the phasers, causing the intermittent timing deviations that trigger P0349.

 Dielectric Grease: Applying a small amount of dielectric grease to the CMP sensor connector seals out
moisture and prevents the micro-corrosion that leads to intermittent signal loss.

Summary and Broader Engineering Implications

The 5.0L Coyote engine remains one of the most versatile and robust V8 engines in modern automotive history. Its
ability to produce high power while maintaining fuel efficiency is a testament to the sophistication of its Ti-VCT
system. However, this technical complexity necessitates a high level of diagnostic precision. The camshaft and
crankshaft sensors are the eyes and ears of the PCM; without their input, the engine’s advanced timing features
become liabilities.

As these vehicles age, the issues described—ranging from P0349 intermittent signals to the physical difficulty of
reaching the CKP sensor behind the A/C compressor—will become more frequent. For the performance enthusiast
aiming for that 450whp mark with upgraded cams like the LM-C11-IOPE, the health of the sensor network is not
just about avoiding a check engine light; it is about ensuring the engine survives the high-stress environment of
high-RPM operation. Rigorous maintenance, use of high-quality synthetic oils, and a proactive approach to
electrical health (specifically ground points and alternator condition) are the keys to mastering the 5.0L Coyote



platform.
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