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ENGINE POSITION SENSORS 

Position Sensor Relationships 

Sensor Relationships – Some 2.4L & 3.5L (With Hall CKP) 

 

Note: There’s some inconsistency among the 3.5L engines. The bullet lists on this 
page shows the most agreed-upon applications for the waveforms, but 
between the waveform examples in this manual you’ll find the one you’re 
working on.  

 

The example below shows the CKP (top) and CMP (bottom) sensor signals at idle on a 
2.4L VIN S engine. The CKP and CMP triggers on this engine only have 2 teeth, so the 
CMP signal cycles 1 time for every 2 CKP cycles. This signal relationship applies to the 
following engines: 

 2.4L VIN H 

 2.4L VIN S 

 3.5L VIN 3  
 

These engines are known for timing belt failures and incorrect installation, so this is a 
great reference waveform. In fact, the Volumetric Efficiency Case Study in Section 4 of 
this manual shows this same engine with the timing off 2 teeth, along with the resulting 
drop in engine breathing.  

The vertical lines drawn into the example show how the CKP high cycle should be 
centered in the middle of the ‘fat’ part of the CMP sensor waveform. When timing jumps 
(or installation errors occur) on these engines, the CKP signal shifts to the left. 

CMP/CKP Relationship – 2.4L VIN S Example 
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INTAKE AIR MEASUREMENT 

Hot Wire Mass Airflow Sensor 

Volumetric Efficiency Fault Example 

A 2004 Sonata 2.4L VIN S came in with a low-power complaint. The PCM had no stored 
codes, and besides a slightly rough idle, the engine ran smoothly. Upon questioning the 
customer, it was discovered that the timing belt had been replaced in the last year, and 
that the low power may have started at about the same time. 

The best first test in a case like this is always a Volumetric Efficiency test. This engine 
uses a MAF sensor, but many Hyundai & Kia applications don’t, so the Calculated Load 
PID (useful for MAP applications) was also included. 

The example below shows the Engine Speed, IAT °F, Airflow (g/s), and Calculated Load. 
The vehicle was driven at Wide Open Throttle (WOT) to near redline, and the results were 
entered into an online VE calculator. The VE was 79.1%, which clearly shows that the 
engine has a breathing problem. Fuel Trims were normal, so this was definitely a real 
breathing fault (a MAF Fault incorrectly reporting low breathing will result in high Fuel 
Trim). The Calculated Load peaked at 87.1%, which is very low for Hyundai & Kia 
engines.  

The number of faults that can cause low VE is enormous, but since the timing belt was 
replaced at the time that the fault may have started, the next test was a CMP/CKP 
relationship test, which is shown on the following page. 

Low VE Test Example 
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INTAKE AIR MEASUREMENT 

Hot Wire Mass Airflow Sensor 

Volumetric Efficiency Fault Example – Continued  

The example below shows the CMP/CKP relationship at idle. Compare this test to the 
sensor relationship waveforms on page 2-36 in this manual. The CKP high signal (top) 
should be centered on the ‘fat’ part of the CMP signal. You can see that the CKP is shifted 
to the left in this example.  

A grid was placed over these waveforms (not shown), which proved that the CKP signal 
was shifted 1/28th of the full CMP signal, which is 2 teeth (56 tooth CMP gear).  The VE 
rose to 94% after the timing belt was removed and properly timed. 

The point of this example was that the MAF signal was too low, but that it wasn’t a MAF 
sensor fault. For any inappropriate sensor signal, you have to figure out if the sensor has 
failed, or if it’s just reporting a fault condition. In this case, the low MAF signal revealed 
that the engine wasn’t breathing well, which resulted in an accurate diagnosis. 
 

Shifted CMP/CKP Relationship Example 
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