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 The CBAM provides critical information on engine timing through its graphical user interface. CBAM displays the current
values of timing variables [@cbam_homepage]. It can show graphs and charts and estimate time-periods of several transition

events in engine cycle [@cbam_homepage]. CBAM also includes scripts for the analysis of cylinder deactivation and fuel
injector behavior. Figure \[fig:BAM2\] presents CBAM for TDI engines. The name of TDI engine indicates the ID of a TDI

engine in the simulation code (TA03\_\*\_D). In this figure, two engines (e00 and e00b) are connected to a CVL, and the fourth
engine (e02) is connected to a local CVL. The measurement point identifier in the middle of the figure represents the CVL ID.
The engine injector is connected to the CVL, and the CVL is connected to the injector. The waveform identifier represents the
operation period of the engine (cycle). The waveform is the process of the diesel engine. The line with an arrow head indicates

the fuel injection event, and the line without an arrow head represents the ignition event. The hatched circle represents the
exhaust event. The measurement event identifier (identifier for the measurement point) is indicated with the same color as the

engine. In this figure, the duration of each cycle is displayed for both the CVL (blue) and the injector (yellow). The
measurement point ID is also displayed. In this figure, the number of units (counters) for each measurement is displayed. In this
case, the total number of units is 144. Figures \[fig:BAM3\] and \[fig:BAM4\] show the history of each event for the first two

cycles for e00 and e00b engines, respectively. When the engine changes state (from OFF to ON, or ON to OFF), it switches the
cylinder between the first and the second engine and the CVL. When the engine changes state from OFF to ON, the fuel

injection event starts after a delay. After the fuel injection event, the combustion event for the cylinder starts, and it starts its
second engine state with the cylinder position offset. Similarly, when the engine changes from ON to OFF, the combustion

event starts after a delay and the exhaust event starts, but the engine state does not change. ![image](fig 520fdb1ae7
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