FREE-RETURN TLI TRAJECTORY
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Here is a picture about a free-return trajectory and offset vector. The Offset vector in a top of the picture is displacing the target point from the center of the moon. "Rad" item defined a length of this vector. "Lon" (Longitude) and "Lat" (Latitude) defines an orientation of this vector in a spherical coordinates. Lon=0, Lat=0 in a "Vel. Frame" of reference is directly in a front of the Moon.

Imagine from the picture if the offset vector would be shorter the lunar gravity would pull the vessel in a direct collision with the Moon. On the other hand if the vector would be longer the lunar gravity wouldn't be strong enough to pull the vessel in a proper earth return.

In the Earth-Moon system free-return trajectory requires a transfer time higher than 240k. (Typical = 250k-290k) Shorter transfer time would mean that the vessel will approach the moon with higher orbital velocity and in that case it must pass the lunar surface from closer distance in order to get into a proper earth return. 

If the transfer time is longer the vessel will have a lower orbital velocity and it must pass the lunar surface from greater distance.

The transfer time to target point in other words Time Of Flight (TOF) = TIn - TEj

Time To PeriCynthion (PC) is approximately the as time to target point "TIn". If the time to PC must be defined accurately like in Apollo missions Longitude "Lon" setting of the offset vector may need to be adjusted. Other possibility is to adjust "TIn" setting.

Predefined offsets for the Apollo missions can be found from IMFD manual. Those are approximations and may need some flight specific fine tuning.

