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the force applied to a tire exceeds the traction available to that tire. Four-wheel drive minimizes
wheel slip because it increases the amount of longitudinal force the tires apply to the ground.
Longitudinal force propels a vehicle forward during acceleration and slows it down during
braking. The more longitudinal force applied to the ground, the less wheel slip. In the good old
days, the mechanisms that engaged the transfer case and wheel hubs on 4WD trucks were
simple. Pulling on a lever when stopped would engage the transfer case, and a half-turn at each
front wheel would lock the hubs. Half the fun is trying to get through the puddle in 2WD. They
hardly ever cause a problem and when they're locked, they stay locked. Automatic locking hubs
and shift-on-the-fly make engaging 4WD as easy as turning on the radio. But you know how it
is: More technology often equals more problems. It consists of an electric stepper motor
mounted on the rear of the transfer case that drives a cam, which moves the shift forks to the
selected position. This allows the vehicle to be shifted while moving. The recommended top
speed to switch between 2WD and 4WD high depends on the model year, and usually comes in
around 50 to 55 mph. Then the clutch coil is deenergized and the transfer case shift motor
engages, moving the shift forks to the desired position. This is done to accelerate the front
halfshafts to equal the speed of the wheels and to initiate locking of the front hubs. The
indicator lamp is activated by feedback from the shift motor, which contains four contact plate
position sensors that report motor position back to the electronic shift control module ESCM in
and earlier models, and to the generic electronic module GEM or the powertrain control module
PCM in later models. For older models, we must use an ohmmeter to check the contact plate
circuit status open or closed at the ESCM eight-pin connector. The chart at left shows the
proper contact plate status for each shift motor position. If the motor is reporting the wrong
position, the transfer case will not shift to the selected mode. These motors do malfunction on
occasion and are the most common cause of the transfer case not shifting. The relay modules
behind the dash also malfunction and will sometimes melt the harness connector at the yellow
and orange wires that feed the shift motor. Advise your customers to periodically switch to 4WD
for a few seconds just to get the shift motor moving. When it comes to automatic locking front
hubs, Ford seems to keep going back to the drawing board. The early-style mechanical
automatic locking hubs are an uncomplicated design that uses the rotation of the front axles to
move a coupling that locks the wheel to the axle. When the speed of the front axles equals that
of the wheels, they lock, and remain locked until the transfer case is disengaged and the vehicle
is backed up for at least 10 feet. They tend to come apart if enlisted to participate in some real
driveline-twisting 4WD activity, which is why a lot of hardcore guys swap them out for manual
hubs. They usually make a high-pitched chatter sound in 2WD that changes when switching to
4WD. The model year introduced the locking front differential. Rather than locking the halfshafts
to the wheels, Ford uses a vacuum motor to lock the shafts to the front differential. The vacuum
motor, which is mounted on the right side of the differential, moves an axle clutch gear that
engages the right-side axle to the differential. This is a good system with very few issues. When
diagnosing a front differential engagement problem, manually check the vacuum motor first.
Inspect it for damage, as most vacuum motor failures are due to road hazards. Ford trucks
come from the factory with a stone shield that protects the motor, but they occasionally get left

behind on workbenches. PVHs and CVHs have one vacuum port that pokes out at the top of the
steering knuckle, while IWEs have two ports located in the knuckle right above the halfshaft.
This engages the hubs, which remain engaged after the vacuum source is interrupted. When the
module verifies a shift to 2WD, it activates the low-vacuum solenoid, which supplies 6 to 7 in.
Despite its eccentric ways, the PVH system works fine. Most problems are caused by the
hublocks themselves. The PVH hub uses a plastic retainer ring with a steel circlip that secures
the axle in place in relation to the hub seal. When this ring breaks, and they do, the axle will
move toward the front differential, and the sealing surface on the axle will lose contact with the
main vacuum seal. This is the beginning of the end. Besides intermittently losing 4WD, the lack
of sealing allows road debris and water to enter the hub. Check for excessive end play in the
axle. When replacing the retainer ring, be sure it snaps into the axle groove with an audible
click. So if you lose vacuum supply to the solenoids and the HVAC works, the reservoir is fine.
Both the low-vacuum and high-vacuum solenoids are installed together in a pack and have been
known to leak vacuum. CVH is used on the newer model heavy trucksâ€”F and up. They lock in
4WD when vacuum is applied and unlock when vacuum is withheld. Besides an occasional bad
vacuum solenoid, there are not really many issues with this system. The main vacuum seal is
located on the halfshaft behind the hub bearing, and it can be problematic during assembly. The
seal consists of a center section that spins with the shaft and an outer section that remains
stationary on the steering knuckle. The seal is tricky to install because it fits very tightly into the
steering knuckle and is easily damaged. PVH and CVH hubs look the same and can be identified
by either counting vacuum solenoids or checking the painted dot located on the hub. The flange
also has a FREE position, which prevents the hubs from locking. The vacuum locks work with
the flange in the AUTO position. Vacuum pulls the hub to 2WD, and the absence of vacuum
defaults it to 4WD. The single-control solenoid, which is located on the firewall or on the
radiator support, is prone to water intrusion, which is a common issue with the IWE system.
Water entering the solenoid renders it useless, leaving the hubs locked. This will always
damage the teeth on the IWEs, leading to replacement. Use a hand vacuum pump to check the
integrity of the check valve when diagnosing a concern of low vacuum to the hubs. When
vacuum-testing an IWE with a hand pump, use the large port; the small port is a vent-only.
When assembling the front hub and steering knuckle on an IWE truck, be careful not to tighten
the shaft nut until the teeth on the IWE are properly meshed with the teeth on the shaft. This is a
common error that destroys the IWE. There are a few more things to know about diagnosing
Ford truck 4WD control issues. It should be between 2 and 5 ohms. Usually, a bad coil will show
either an open circuit or no resistance at all. Driveline windup is a real thing and could keep the
transfer case from shifting out of 4WD. To determine if windup is causing a delay or a failure
while shifting to 2WD, lift all four wheels off the ground and see if it shifts normally. Windup can
be caused by incorrect tire sizes, mismatched differential ratios or driving on a dry surface in
4WD. Even extremely cold temperatures can contribute to driveline windup. Sometimes just
driving the truck in a straight line, then backing up about 10 feet will free it up. The viscous
coupling is a completely sealed torque distribution device located inside the transfer case and
is connected to the front and rear output shafts. The fluid is dilatant, which means it quickly
changes viscosity due to changes in temperature or stress. When the plates start rotating at
different speeds due to wheel slippage, the fluid heats up and becomes nearly solid, locking the
plates, equally transferring torque to all four wheels. There are no external controls and
therefore nothing for the driver to command. The viscous coupling went the way of the rotary
telephone in , and although the coupling is not serviceable, it can be replaced the part is still
available in the aftermarket. The killer of the viscous coupling is mismatched tire
circumferences. If you drain the fluid from an AWD transfer case with a viscous coupling and
the fluid comes out like yogurt, the coupling has sprung a leak and needs to be replaced.
Correct tire circumference is not only critical to the viscous coupling, but to all 4WD systems,
those both with and without viscous couplings. A difference in tire sizes wreaks havoc with
transfer cases and differentials. Keep in mind that same-size tires could have different
circumferences due to tread wear or varying pressures. Good times. December Issue. Back to
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