
 

ISSUE: 

Ford 4-wheel drive vehicles were discussed at length in the 1991 April, May and June issues of Shop Tips. Topics included locking hubs, transfer cases, vehicle operating 
characteristics, driveline windup and service tips. This information is being reprinted here to better assist the technician with questions concerning 4WD operation and 
service. 

ACTION: 

Refer to the following pages for Ford 4WD information. 

CHAIN DRIVEN TRANSFER CASE 

In the 1980 model year, Ford introduced chain type transfer cases. Chain drives provide significant advantages (Figure 1). Most noticeable of all, the transfer case is 
easier to shift.  
 

 
Figure 1 - Article 92-1-8 
 

Equally important, in 2-wheel drive, all the 4-wheel drive components are disengaged, reducing noise and component wear and maintaining fuel economy. This is 
accomplished by placing the high and low range planetary gears ahead of, and separate from, the drive shifting mechanisms. When the 4-wheel drive locking collar and the 
front locking hubs are disengaged, the whole front-wheel drive system is isolated and does not affect 2-wheel drive operation.  

Incorporated in chain-driven transfer cases is a positive pressure oil pump driven by the output shaft to the rear wheels. This provides lubrication to the transfer case 
whenever the rear drive shaft is turning - either during vehicle operation or when the vehicle is towed.  

Chain drive transfer cases may be manually or electrically shifted. Let's look at a widely used example of a manually operated transfer case, the New Process Model 208. 
Although not currently used in production, the operating principles are the same as Warner 1354 and 1356 models. This lightweight, chain-driven transfer case was 
introduced in 1980 for use in Bronco, F-150, F-250 and F-350 4 x 4's. It was in continuous use until the 1987 model year and is a typical example of how chain drive works. 
Speed selection is controlled by a single lever shift mechanism that provides a choice of Neutral, 2-High, 4-High and 4-Low.  

Neutral 

Figure 2 shows the power flow condition with the shift selector in neutral. No power is transmitted to either front or rear in this position. All the planetary gears turn freely with 
the input shaft, and the chain sprocket floats freely on highly efficient needle bearings.  
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Figure 2 - Article 92-1-8 
 

Figure 3 shows the planetary gear set in cross section. At the center, attached to the input shaft, is the sun gear. This gear meshes with four gears that surround it like 
planets (which is why this component is called a planetary gear). In turn, the four gears mesh with an outer gear called the annulus. Annulus is another word for ring.  
 

 
Figure 3 - Article 92-1-8 
 

As the sun gear turns, the four planetary gears attempt to rotate. If the annulus ring gear is locked (as it is in low gear), the planetary gears "walk" around the inside of the 
annulus. If the planetary gears are locked to their gear cage (as in high gear), the whole planetary assembly (planetary gears, planetary cage and annulus) rotate as a single 
unit.  

2-Wheel Drive - High Range 

When the driver selects 2H, the hub of the planetary gear assembly slides rearward, putting the transfer case into the high speed range (direct drive). The input shaft and 
the rear output shaft are locked together (Location #1, Figure 4). This results in direct drive, straight through to the rear drive shaft. The whole planetary gear set rotates, 
forcing the output shaft to turn at the same speed as the input shaft. In addition, the 4-wheel drive locking collar is disengaged so none of the 4WD components turn.  
 

 
Figure 4 - Article 92-1-8 
 

4-Wheel Drive - High Range 

In 4-wheel drive - high range (4H), the planetary gear set stays where it was in Figure 4. The action of the shift lever causes the 4-wheel drive clutch to move forward, 
locking the chain sprocket to the rear output shaft (Location #2, Figure 5). Now, both the rear and the front wheels are being driven in the high range.  
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Figure 5 - Article 92-1-8 
 

4-Wheel Drive - Low Range 

To get maximum pulling power, the driver selects 4L. When this happens, the planetary gear set moves forward, and the annulus gear engages a locking plate (Location #3, 
Figure 6). With the annulus unable to turn, the planetary gears "walk" around the inside. The result is that the planetary gear cage now turns more slowly than the input 
shaft. Because the planetary cage is attached directly to the output shaft, the output shaft now rotates at a slower speed than the input shaft. This action increases the 
pulling power available to the wheels. It's like having an additional set of lower gears for extra power.  
 

 
Figure 6 - Article 92-1-8 
 

RECENT TRANSFER CASE DEVELOPMENTS 

During the 1980's, Ford introduced other transfer cases that eventually replaced the New Process 208 we have already described. Let's look at one of these, the Warner 13-
56, and then compare it to the Aerostar electronic 4-wheel drive system. The Warner 13-56 is used on Bronco and F-Series and comes in two versions: Mechanical shift and 
the electrically controlled "Touch Drive." Let's look at the "Touch Drive" version.  

The Warner 13-56 with "Touch Drive" is a chain-driven transfer case in which the shifts are activated electrically (not mechanically). The basic functions of this system are 
much the same as any other 4 x 4 transfer case. By touching the control switch on the instrument panel, the driver can select either 2- or 4-wheel high plus 4-wheel low 
range, if conditions require. In Figure 7, you can see the planetary gears and the chain. Attached to the housing in the lower right, you can also see the electric motor that 
actuates the shift mechanisms.  
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Figure 7 - Article 92-1-8 
 

AEROSTAR ELECTRONIC 4-WHEEL DRIVE (E-4WD) 

The Dana Model TC-28 transfer case (Figure 8) used in the Aerostar E-4WD is a full-time, chain-driven unit. Full-time means that the system is always in 4-wheel drive. 
Under normal driving conditions, when traction is good, 2/3 of the torque entering the transfer case is directed to the rear wheels, 1/3 to the front wheels. This split in the 
torque ratio is accomplished by a planetary gear set that functions a little differently than the planetary gears in the 4 x 4 transfer cases. In the unlocked mode, the planetary 
gears act as a differential producing the 2/3 - 1/3 torque split and preventing driveline windup.  
 

 
Figure 8 - Article 92-1-8 
 

When road conditions become slippery or otherwise result in loss of traction, this results in a variation in the front and rear output shaft speeds. At this point, the 
microprocessor reacts to this difference in speed by activating the electromagnetic clutch and locking up the differential action of the planetary gear set. In this drive mode, 

NOTE: IT IS IMPORTANT TO REMEMBER THAT ELECTRICALLY SHIFTING TRANSFER CASES DO NOT HAVE A SELECTABLE NEUTRAL POSITION. 
BECAUSE OF THIS, IF VEHICLES EQUIPPED WITH ELECTRIC SHIFT ARE TO BE TOWED FOR LONG DISTANCES, THE REAR DRIVE SHAFT 
SHOULD BE DISCONNECTED. IF THIS IS NOT DONE, THE TRANSFER CASE (WHICH IS PROTECTED BY POSITIVE LUBRICATION) WILL DRIVE 
THE TRANSMISSION (WHICH IS NOT WELL LUBRICATED UNDER THESE CONDITIONS), AND THE TRANSMISSION MAY "BURN UP."
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the front and rear drive shafts are locked up and turn at the same speed.  

Lockup is provided for 3-3/10 of a second. Then the microprocessor unlocks the clutch. If there is no loss of traction indicated, the torque split returns to 2/3 to the rear and 
1/3 to the front. If the data from the sensors continues to indicate loss of traction, after four tenths of a second, the microprocessor will signal lockup again.  

Aerostar 4-wheel drive is not designed for off-the-road service. However, it has some important advantages for on-the-road conditions. It allows the Aerostar to handle 
like a rear-wheel drive vehicle on dry pavement, while offering the control and responsiveness of a 4-wheel drive vehicle when traction is poor. In addition, it also allows the 
front and rear axlex to rotate at rotate at different speeds, preventing driveline windup during normal operation.  

4 x 4 x FORD - LOCKING HUBS 

Today's free-running hubs are very simple to operate and feature seals that prevent the entry of dirt and moisture. Automatic locking hubs are used in many applications. 
They use the front axle shaft rotation to actuate a cam that locks and unlocks the hub.  

There are two types of front hubs currently in use on Ford Trucks:  

� Manual (or free-running) that require the driver to get out of the cab to either lock or unlock them.  
� Automatic locking (they lock automatically when the axle shaft begins to turn).  

Before we see how they operate, let's correct some common misunderstanding about locking hubs. First of all, the vehicle operator doesn't have to wait until the last minute 
(or when stuck) to lock the hubs. It makes sense to plan ahead and lock them at a convenient time.  

Secondly, hubs can be left in the locked position all the time if desired. For example, if the vehicle is constantly going from the highway to off the road conditions and back, 
it's not necessary to lock or unlock every time.  

Finally, if the vehicle is equipped with a manual shift transfer case and manual locking hubs, low range can be selected when the vehicle's front hubs are unlocked. This is 
useful for short distances if very low, creeper gearing (but not 4WD) is needed. For example, backing an empty boat trailer down a launching ramp is best accomplished in 
2WD. Once the boat is loaded, 4L (low) can be selected to help pull the boat up the ramp. The hubs don't have to be locked for this purpose, and being in 2WD will prevent 
driveline windup while maneuvering in the boat ramp parking lot.  

MANUAL (FREE-RUNNING) HUBS 

The free-running hub shown in Figure 9 is a recent manual design used on Ranger, Bronco II, and Explorer. A detail of the locking mechanism is shown in Figure 10.  
 

 
Figure 9 - Article 92-1-8 
 
 
 

 
Figure 10 - Article 92-1-8 
 

Lock Position 

When the driver decides that 4WD may be needed, the driver (or a passenger) must get out and turn the locking knob on each front hub so that the pointer following the 
word "Ford" on the center bar points to the word LOCK (Figure 10).  

Turning the knob activates a cam that compresses pressure spring #1 (Figure 9). This spring pressure forces the inner clutch ring, which is attached (splined) to the wheel, 

NOTE: WHEN A LOSS OF TRACTION OCCURS, THE CYCLING CLUTCH MAY PRODUCE A SLIGHT BUMPING OR PUSHING SENSATION. THIS CONDITION 
IS NORMAL AND WILL CONTINUE UNTIL VEHICLE TRACTION INCREASES.
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over the axle shaft sleeve and ring on the axle. At the same time, spring #2 is compressed and remains that way as long as the hub is locked.  

Figure 10 shows the actual change in the position of the components from free to locked. If the gear teeth are not quite lined up (butted), the inner clutch ring teeth may not 
always engage at first when the knob is turned to lock. However, a slight rotation of the wheel, either forward or rearward, will allow the inner clutch ring and the axle shaft 
sleeve ring to mate once they are properly aligned. This locking movement occurs because pressure spring #1 is under compression and is exerting force against the inner 
clutch ring.  

Free-Running Position 

When 4WD will not be needed again, the driver (or a passenger) gets out and disengages the front hubs by turning the knob on each one until the pointer points to the word 
"Free" (Figure 10).  

Shifting the transfer case out of 4WD takes pressure off the front hubs and makes the locking knob easier to turn. When the knob has been turned to the free position, the 
pressure on spring #1 is released. However, spring #2 is still under pressure and this pressure moves the inner clutch ring so that it disengages from the axle sleeve ring. If 
disengagement doesn't immediately occur, a slight movement of the vehicle forward or rearward will usually cause it to disengage.  

AUTOMATIC LOCKING HUBS 

In the manual hub, locking occurred when the locking knob was turned by hand. In the automatic hub, it is front axle shaft rotation that locks the hub. As long as the vehicle 
is in 2WD, the front wheels turn freely on the front axle. However, when the vehicle is shifted into 4WD, the front axle shafts begin to rotate. This rotation actuates a cam that 
moves the locking gear into locked position (Figure 11).  
 

 
Figure 11 - Article 92-1-8 
 

Automatic Locking - Manual Shift Transfer Case 

In order to initially activate automatic locking hubs in a vehicle with a manual shift transfer case, the vehicle is stopped, the transfer case lever is moved to 4H and the 
vehicle is ready to drive. In order to select 4L, if the vehicle has an automatic transmission, the transmission must be in NEUTRAL, not PARK, before making the shift.  

The hubs will automatically lock when the vehicle begins moving again. After this initial shift with the vehicle stationary, the transfer case may be shifted back and forth 
between 2H and 4H while the vehicle is moving, as long as the hubs remain locked. To shift in and out of 4L, the vehicle must always be stopped.  

Unlocking Automatic Hubs - Manual Shift Transfer Case 

NOTE: (IMPORTANT) THE TRANSFER CASE MUST BE SHIFTED INTO 2WD POSITION BEFORE UNLOCKING THE FRONT HUBS! THIS ACTION REDUCES 
DRIVELINE WINDUP, A SUBJECT WE WILL DISCUSS IN DETAIL FURTHER ON.

NOTE: THE INTRODUCTION OF CHAIN DRIVE MADE IT POSSIBLE TO INSTALL AN ELECTRIC MAGNET CLUTCH TO SPIN UP THE FRONT END 
COMPONENTS AND AUTOMATICALLY ACTIVATE THE LOCKING HUBS. THIS, IN TURN, MADE FORD "TOUCH DRIVE" (ELECTRICALLY 
CONTROLLED SHIFT-ON-THE-FLY) POSSIBLE.
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To unlock automatic hubs with a manual shift transfer case, the operator shifts to 2H, stops the vehicle and reverses direction for a minimum of 10 feet in a straight line. If 
the vehicle was going forward, driving in reverse will unlock the hubs. If the vehicle was driving in reverse already, driving forward will unlock the hubs.  

What actually unlocks the hub from the axle is the release of the cam (see Figure 11). This occurs because the axle shaft is no longer driven by the transfer case and when 
the hub cam rotates back to the disengaged position, the shaft is disengaged from the wheel and no longer rotates.  

However, this all assumes that the transfer case has actually shifted. What if, for some reason, such as driveline windup, it hasn't? In that case, as soon as the vehicle 
moves forward (or backward) again, the front axle rotation will continue, the cam will ramp up again and the hubs will remain locked. 4WD owners may complain about this 
happening. If they do, it may simply be that they didn't get the torsional windup out of the system before shifting, or it may be an indication of the failure of a component in 
the transfer case or the hubs themselves.  

4 x 4 x FORD - SPECIAL OPERATING CHARACTERISTICS 

In order to understand customer complaints and properly service the 4 x 4 system on Ford 4WD trucks, you must be familiar with the special operating characteristics of 
these systems. If you are not, you may find yourself trying to fix something when it's actually working properly.  

What do we mean by "special operating characteristics?" To begin with, let's take a look at the basic functioning of wheels and axles. Figure 12 is a typical 2WD truck 
tracking straight down the road. The power is delivered to the rear wheels, and the front wheels are turning freely.  
 

 
Figure 12 - Article 92-1-8 
 

For reasons that we will explain later, we have checked carefully to make sure that all four tires are the same size, brand and tread design, are worn the same amount and 
are inflated to the specified pressure. In addition, the vehicle is not overloaded. As long as this vehicle continues in a straight line and the driver doesn't "burn rubber," then 
all four wheels will turn at the same rate and travel the same distance.  

To illustrate this better, let's stop the truck and paint a mark at the same place on each tire (Figure 13). Now let's drive straight forward some distance and stop again. Under 
our conditions of equal tire size, proper inflation and no overloading, all four marks should be nearly, if not exactly, in the same position on all four tires (Figure 14).  
 

 
Figure 13 - Article 92-1-8 
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Figure 14 - Article 92-1-8 
 

Now let's go into a turn and see how the situation changes. Figure 15 shows that each wheel travels in a different arc. The outside front wheel travels the greatest distance, 
and the inside rear wheel travels the shortest. Each front wheel travels further (along a larger arc) than the rear wheel on the same side.  
 

 
Figure 15 - Article 92-1-8 
 

If we started with the marks on the tires at the same place (as in Figure 13), they might look like this after a turn (Figure 16). Because the front wheels travel along a greater 
arc, they travel further. Because they travel further, they have rotated more. Therefore, their marks would be ahead of the marks on the rear wheels.  
 

 
Figure 16 - Article 92-1-8 
 

Is it a problem that the front tires travel further than the rear ones? No, because the front wheels in this 2WD example are free to turn independently of the rear wheels. Also, 
the different distances traveled by each of the rear wheels is compensated for by the rear differential. But, what happens if the front wheels are linked to the rear wheels and 
can't turn freely as is the case in 4WD in a 4 x 4?  

Operating in 4WD 

In 4WD, the front hubs are locked (either automatically or manually). As a result, the front wheels are no longer free to turn independently. The front and rear driveshafts 
are also now locked together and must turn as one. What's going to happen when the vehicle turns? That's a very important question.  

In 4WD, just as in 2WD, each front wheel travels further than the rear wheel on its side. But this time, the front wheels aren't free to turn independently of the rear wheels. 
They are linked to the drivetrain by the transfer case and front drive shaft (Figure 17).  
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Figure 17 - Article 92-1-8 
 

Even though differences between the inner and outer front wheels are compensated for by a front differential, torsional windup is still going to occur. Anytime one driveline 
component travels further than another, there will be torsional windup that must be released. Before we explain how this happens, we need to point out some very important 
facts about 4WD in a 4 x 4.  

4WD in a 4 x 4 provides increased drive traction and performance in off-road situations and when driving on snow or ice. It is not designed for operation on dry surfaces 
and when traction is good. It is not suitable on paved roads and in shopping mall parking lots. It is this difference between where 4WD should and shouldn't be used that 
gives us the answer to what releases the torsional windup.  

When a 4 x 4 is driven off-road in 4WD, the wheels are in contact with dirt, sand and sometimes mud. The vehicle is also likely to bounce over bumps and ruts. In turns 
under these conditions, torsional windup will occur. If it does, the loose dirt or sand or the slippery mud will allow wheels to slip a little, limiting the windup. Tension is also 
relieved when the wheel bounces in the air going over a bump. Snow and ice will also allow the wheels to slip and limit the windup.  

When operating in 4WD on hard pavement, even more torsional windup occurs, and it isn't easily released. When the windup becomes great enough, the driver will feel the 
vehicle hop, skip or bounce. This is caused by the front or rear wheels slipping as the windup is released. Whichever wheels have the least traction are the ones that will 
slip. The tighter the turn, or the greater the traction, the greater the hop, skip or bounce. It is this torsional driveline windup that is the cause of many owner complaints 
concerning the performance of their 4 x 4.  

One final point. You will recall that at the beginning of this section, we mentioned that we had made sure that all four tires on our truck were the same size. We also 
specified that the tires were truly the same size, were worn the same amount, were inflated to the specified pressure and were subjected to reasonable loading. Avoiding 
driveline windup was the reason for this.  

Figure 18A shows that tires of even slightly different size roll different distances every revolution. Figure 18B shows that the same effect is true for tires that are the same 
size but inflated or loaded differently. Operating a 4 x 4 in 4WD with tires of different size or inflation will produce driveline windup, even when driving straight ahead! If the 
vehicle is being driven in 4WD on dry, hard pavement, the driver will notice drag and may experience the hop, skip, bounce effect as the front or rear wheels release the 
windup.  
 

 
Figure 18 - Article 92-1-8 
 

Aerostar All-Wheel Drive 

The problem of driveline windup does not apply to the Aerostar All-Wheel Drive. Using a differential built into the transfer case, the all-wheel drive system distributes more 
torque to the rear wheels than to the front under normal conditions. This differential action offsets any windup. It is only when traction is poor, such as on snow or ice, that 
the Aerostar system locks up and equal rotation is directed front and back. In slippery conditions, windup is released, just as it is in a 4 x 4. The Aerostar system continually 
senses road conditions and switches out of lockup as soon as there is sufficient traction.  

4 x 4 x FORD - DRIVELINE WINDUP 

Driveline windup does more than just produce hop, skip and bounce. It can also cause delays in shifting out of 4WD. Let's take a closer look at the popular Ford "Touch 
Drive" electric shift with automatic locking hubs. The "Touch Drive" system is standard on Ranger and Explorer and optional on F-Series and Bronco. The automatic locking 
hubs are standard on F-Series and Bronco only. "Touch Drive" allows shift-on-the-fly into 4WD, even if the auto hubs are initially unlocked. With auto hubs, nobody has to 
get out of the vehicle and manually lock or unlock the hubs.  

Although "Touch Drive" permits shifting from 2WD to 4WD and back on the fly, the vehicle must be STOPPED and the automatic transmission put in NEUTRAL (not PARK) 
or the manual transmission clutch depressed in order to shift from 4H to 4L or back. To insure this, the computer that controls the transfer case is programmed to shift only 
when these conditions are met. One reason for this is that in order to complete the shift, the system sometimes needs a little freedom to rotate, especially if the planetary 
gears are not exactly lined up. With the transmission in gear or in PARK, the components don't have this freedom to rotate.  
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"Touch Drive" 

Figure 19 shows some of the components of this system. A significant feature is the electric magnetic clutch combined with the auto hubs. One advantage of a chain drive 
transfer case is that the front drive components aren't moving when the vehicle is operated in 2WD. However, in order to be able to shift from 2WD to 4WD while the vehicle 
is in motion (shift-on-the-fly), there has to be some way to bring the 4WD components up to the same speed as the rear output shaft. If this isn't accomplished, the 4WD 
lockup collar doesn't engage cleanly and may grind, just like an improperly shifted manual transmission gear.  
 

 
Figure 19 - Article 92-1-8 
 

When the driver pushes the 4 x 4 button, the electric magnetic clutch is activated. It is spinning at the same speed as the rear output shaft. So when it engages the 4WD 
drive sprocket, it spins the 4WD components up to speed. When all components are at the same speed (synchronized), the 4WD lockup collar engages the 4WD drive 
sprocket to the rear output shaft without grinding the gears. At the same time, as the electric magnetic clutch spins the 4WD components (including the front axle), the front 
hubs automatically lock.  

Built-In Delay 

As you can see from Figure 19, this system has activating springs in many locations. The purpose of these springs is to provide the force to move various locking 
devices...when the time is right!  

A good example is the spring on the shift control motor cam shaft (the range shift spring in Figure 19). When the vehicle has been in high and the driver selects 4L, the shift 
control motor turns the cam shaft. This rotation happens immediately. However, the range shift fork may not actuate immediately if the teeth on the planetary gears are not 
lined up.  

During this delay, the spring winds up and stores energy. When the planetary teeth rotate slightly to allow engagement, this energy is released and the spring moves the 
fork that moves the range lockup collar into the engaged position.  

Other springs allow for delayed activation of the 4WD lockup collar and the locking and unlocking of the automatic hubs (see Figure 19).  

Windup and Delay - Shifting Out of 4WD 

In the preceding example, the delay was not due to driveline windup in the system. However, many times a delay or a failure to shift out of 4WD is the result of driveline 
windup. As we explained before, in 4WD, windup can develop, especially if the vehicle is operated on hard, dry surfaces or in tight turns. The driver can select 2WD, but the 
shift doesn't take place even though the 4WD light goes out. Also, as long as the transfer case doesn't shift, the hubs remain locked and the vehicle remains in 4WD. If 
windup in the transfer case is severe, even backing up may not release it.  

In order to return to 2WD under these conditions, two things must happen. First, if the transfer case doesn't shift right away, the vehicle will have to be driven in 4WD until 
the windup is relieved. Second, when it does make the shift, the driver will have to stop the vehicle and go straight in the reverse direction for at least 10 feet to unlock the 

NOTE: WHEN THE DRIVER PUSHES THE 4 x 4 BUTTON TO SHIFT FROM 2WD TO 4WD, THE 4WD LIGHT ON THE CONTROL PANEL LIGHTS. BECAUSE 
OF THIS, THE DRIVER MAY THINK THAT THE VEHICLE IS IN 4WD, BUT THIS WILL NOT BE THE CASE UNTIL THE COMPONENTS ARE 
SYNCHRONIZED AND THE LOCKING COLLAR HAS ENGAGED. THIS DELAY OF A FEW SECONDS IS NORMAL, BUT CUSTOMERS MAY COMPLAIN 
ABOUT IT.
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hubs.  

Service Tips 

1. Hop, skip or bounce can be normal, especially if the vehicle has been operated in turns on hard, dry pavement. However, you should explain to the owner/operator 
that 2WD should be used, except when off road or on snow or ice.  

2. To determine if driveline windup is causing delayed shifts to 2WD, jack the vehicle or lift it on a hoist with the wheels free to rotate. This should release the driveline 
windup, if it is present, and the transfer case will complete its shift, if windup is the problem. 

3. If the system slips under load, find what has broken or is slipping. To locate where slip is taking place, put marks at various possible slip points (see Figure 17). Test 
drive the vehicle, then check to see if marks at different points are still in the same relationship to each other. This will help you determine where the slippage is taking 
place or where to look for broken parts, if any. 

a. On vehicles with auto hubs, find a place where you can do your test, mark the components, then drive without backing up. Stop and check the marks to see if 
they are in the same relationship to each other. If you back up before checking your marks, the hubs may reindex and not reveal the problem.  

4. If the problem is clearly driveline windup and not broken parts, check tires and vehicle loading.  
5. If the transfer case shift control motor operates properly and nothing happens, you will have to service the transfer case. If a manual shift lever fails to shift the 

transfer case, you will also have to look inside. Be sure you have eliminated driveline windup as a cause.  
6. If a vehicle is operated in 2WD with the hubs locked, the driver may report driveline noise. This occurs because the 4WD components are in motion instead of at rest 

(the normal condition in 2WD with the hubs unlocked). However, it is important to remember that excessive noise may be a sign of a serious problem.  
7. A problem can arise if the vehicle is equipped with a limited slip front axle and the front tires are worn differently or are slightly different sizes. In this case, operating in 

2WD with hubs locked can result in steering pull like a limited slip rear axle. This will disappear when the hubs are unlocked.  
8. Maintenance of the hubs is important. Easy shifting from one operating position to the other requires smooth movement of the inner clutch ring. This ring slides on 

splines which must be clean and well lubricated. To prevent dirt and water from entering the hub unit, the oil seals must be very carefully installed. If the vehicle is 
operated where the hub is constantly submerged in water or mud, the hubs should be serviced more frequently. The important thing is not to run for long periods with 
dirt and water in the hubs. Start with a short service interval and check for water and dirt. Stretch out the interval as experience shows how dirty they are actually 
getting.  

"TOUCH DRIVE" - NEW ELECTRONIC CONTROL MODULE FOR 1991 

A new electronic control module has been installed on the 1991 model Ford trucks with "Touch Drive," built after 8/6/90. The new module features a different computer logic 
to control shifting.  

With the previous module, it was possible for the driver to select 4L directly from 2WD. However, the control module actually shifted the vehicle into 4H first, then checked to 
see if the vehicle was stopped and that the automatic transmission was in neutral (or the manual transmission clutch was disengaged). If these conditions were not met, the 
actual shift wouldn't take place. Instead, everything would be make ready for the moment when the shift could be completed. This was called pre-staging.  

During pre-staging, the Low Range light flashed. This confused some customers. In addition, pre-staging and the flashing light sent confusing signals to the new E4OD 
transmission's electronic controller.  

The new module solves both these problems. With the new logic, if the driver selects 4L when in 2WD, nothing will happen, because the transfer case controller ignores the 
4L signal. The driver must make the shift to 4H first, then, while stopped, shift to 4L.  

DIAGNOSIS OF THE ELECTRIC SHIFT 4 x 4 TRANSFER CASE 

The Ford "Touch Drive" shift-on-the-fly system is currently available on Ranger, Bronco, F-Series and Explorer. Following are the six common concerns most often 
expressed by customers:  

1. Nothing happens (dead system).  
2. No range shift.  
3. Attempt to shift into 4H from 2H or 4L results in the module clicking and chattering and the system stops in 2H.  
4. At start up, the vehicle shifts on its own.  
5. Indicator lights don't register the correct information.  
6. Shifting on the fly isn't smooth and may require stopping in order to complete the shift. 

All these conditions can be best understood by taking a close look at a schematic of the electrical system (Figure 21). We will be referring to this schematic 
throughout this article.  
 

NOTE: VEHICLES VARY IN TERMS OF HOW "TIGHT" THEY ARE. SOME VEHICLES HAVE A LOT OF "GIVE" IN THE SYSTEM. SOFTNESS IN 
SUSPENSION AND MOUNTS WILL ALLOW THE DRIVELINE TO ABSORB MORE WINDUP BEFORE IT AFFECTS PERFORMANCE. IF 
DRIVELINE WINDUP OCCURS, THE SYSTEM WILL TIGHTEN LIKE A GIANT RUBBER BAND UNTIL THE TIRES START SLIPPING. A "TIGHT" 
VEHICLE WILL SIGNAL THE WINDUP SOONER, USUALLY BY A LOT OF CHATTERING NOISES.
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Figure 21 - Article 92-1-8 
 

Power In 

Power is supplied to the system at 3 points (P1, P2 and P3 in schematic):  

P1. This is a direct connection to the battery. This power drives the electric shift control motor and provides current to the instrument cluster lamps. This circuit goes to 
ground G1.  

P2. The electronic shift control module is tied into the ignition circuit. This circuit provides power to the computer and goes to ground G2.  

P3. Nighttime illumination is provided by a connection to the vehicle's nighttime illumination circuit, which goes to ground G3.  

The electronic shift control module directs power depending on the position of the control switches. In Figure 21, you will notice that inputs and outputs to and from the shift 
module are labeled "A", "B" or "C." "A" circuits are power circuits, "B" circuits are data circuits from sensors and "C" circuits are activating switch and related lamp circuits.  

We have already explained the power in circuits "A." The "B" circuits supply data from three sources: The speed sensor, the motor position sensor and either a neutral 
switch (for automatic transmissions) or a clutch switch (for manual transmissions).  

The speed sensor is important because the vehicle must be stopped for a shift into or out of 4L. The shift module won't make the shift if the vehicle is moving. The shift 
module also won't make a shift to 4L or back unless an automatic transmission is in neutral or the clutch is depressed on a manual transmission.  

The motor position sensor indicates the position of the shift motor shaft. This shaft turns through approximately 270° and should stop at three indexed points, 2H, 4H and 4L 
(Figure 20). The shift control module needs to know where the shaft is before making a new shift. When this sensor isn't functioning properly or the motor stops slightly off 
location, the shift control module may become "confused."  
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Figure 20 - Article 92-1-8 
 

The "C" circuits involve the switches on the vehicle's control panel. When everything is working properly, activating a switch will result in either a from 2H to 4H or back, or a 
shift from 4H to 4L or back. The default operating mode is 2H. This means that in the absence of other instructions, the control module will assume that the vehicle should 
be in 2H. If there is a failure in the system during shifts or engine start up, it will default the vehicle to 2H and permit continued operation.  

DIAGNOSIS 

With this background, let's diagnose our six problem areas.  

Nothing Happens (Dead System) 

The obvious first step in diagnosing a dead system is to check the power sources, fuses and grounds. If these check out, you should run the shift control module self-test. 
Figure 22 shows the module with pigtail "A," "B" and "C" attachments. The self-test button and self-test LED are located on the side of the shift control module.  
 

 
Figure 22 - Article 92-1-8 
 

Disconnect the "B" and "C" connectors, turn on the ignition and allow 4 seconds for the module to power up. Then push the self-test button. If the LED doesn't illuminate, the 
module is dead and must be replaced. If the LED comes on and stays on for 30 seconds, there is an error condition and the module will have to be replaced. If the module is 
OK the LED will flash 4 times.  

This test, however, is not 100 percent accurate. During the test, the vehicle isn't operating, so the shift control module isn't receiving data and initiating shifts. If the unit 
passes the self-test, it's probably a good module. Go on to check for other probable causes, but don't rule out the module entirely. If your search doesn't turn up any other 
cause, it may be the module after all. You may have to try replacing the module even though it passed the self-test.  

Check Sensors  

A logical next step is to check the three sensors with the ignition on. The transmission sensors (manual or automatic) should be closed with the clutch in, or the automatic 
shift in neutral. The speed sensor should show 225-275 ohms with the vehicle stopped. Check at the module connection.  

Check both the motor position sensors and the wiring harness at B4, B5, B6 and B7 and the input from B8 (see Figure 21). Make sure the harness is OK first, then check 
the contacts against the chart in Figure 23. Each valid combination of open and closed switches indicates a different position of the motor. For example, at the 4H position, 
B7 is closed, B6 is closed, B5 is open and B4 is open. Besides the three main positions (2H, 4H and 4L), intermediate positions are also shown - three between 2H and 4H 
and three bewteen 4H and 4L (see Figure 20 and the chart in Figure 23). Combinations other than those shown in Figure 23 indicate a defective motor sensor assembly.  
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Figure 23 - Article 92-1-8 
 

Check Transfer Case Motor  

To check if the transfer case motor is actually functioning (because it may be hard to hear it in a noisy shop) attach a voltmeter to A4 and A5. Have someone activate a shift 
and look for a brief (one second) increase in voltage and listen for the relay to click on, then off.  

If there is power present, then the control module is trying to run the motor. At this point, unbolt the motor and have someone activate a shift again. If the motor doesn't 
actually turn, it is malfunctioning and must be replaced.  

If there is no power to the motor, check both the power circuits again and the sensors. If there is incorrect sensor data, the module won't power the motor.  

Check Shift Switches  

If the problem isn't in the sensors or the motor, you should next check the control panel switches. Make this check with the ignition on. Disconnect the "B" and "C" 
connections to the sensors, so that their data won't confuse the diagnosis. Now check power at the C1 connection at the module. There should be 5 volts coming from the 
shift control module to the 4H and 4L switches. Check C1, C2, and C3 for short to ground.  

You can check the switches themselves by disconnecting C1 and checking continuity across C1 to C2 and C1 to C3. If current passes when the switch buttons are pushed, 
the switches are OK.  

Finally, check for a short between C2 and C3 by bridging between them and activating the 4H and 4L buttons. There are situations where wiring harnesses get crushed in 
such a way that two wires are crushed together and short, even though there is no short to ground.  

Check Lamps  

To check the lamps, turn the ignition on and ground C4 and C5. The lamps should light.  

No Range Shift 

If the vehicle won't shift into 4L, check the speed sensor and the transmission interlocks (neutral or clutch in). Also check the 4L switch (C3) to see if the module is getting a 
signal. Be sure to check for corroded connections.  

It may seem strange to say this, but you should ask the owner/operator if this was the first time the vehicle was ever shifted into 4L. Many vehicles are purchased and 
operated for considerable periods of time before a shift to 4L is made. The problem may be a defective part that was there from the beginning.  

If the vehicle is brought to the shop in 4L with the report that it won't shift back to 4H, your first check is to follow the proper sequence of being stopped and having the 
vehicle in neutral (or clutch in) when pushing the switch. If this doesn't do the trick, check the 4L switch and the motor position sensor.  

Shift From 2H to 4H Results in Chatter and Clicking Noises From The Module, But No Shift 
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Typically, in this situation the motor hunts for 4H, but overshoots, then hunts back and overshoots the other way. After 7-10 seconds, with lots of clicks and chatter, the 
module gives up and returns to the default, which is 2H. This problem is normally not the sensor input. It is usually the result of the motor running too fast or braking too 
slowly to allow the module to position it accurately. The motor must be replaced.  

At Start Up, the Vehicle Shifts On Its Own 

This can occur when the motor position sensor indicates an intermediate position between 4H and 4L. If the vehicle is started in PARK instead of NEUTRAL, when the driver 
first moves the transmission shift lever to DRIVE, the transmission passes through NEUTRAL. As it passes through NEUTRAL, the shift module activates the shift called for 
by the misinformation from the motor position sensor. On manual transmissions or automatic transmissions started in NEUTRAL, the shift occurs immediately.  

This may be a one-time-only event. However, the motor position sensor should be checked if it happens frequently.  

There is another situation when owners may report a similar occurence. In Bronco II, Ranger and Explorer vehicles built before August, 1990, the shift control module is 
turned on whenever the ignition switch is placed in the accessory position, but the shift lights are not powered. For example, if someone has the radio on while they clean 
the interior of the cab, and they accidentally activate a shift button, there would be no indication of what had happened. If they then went to drive the vehicle, the shift that 
had been accidentally selected would be seen. In vehicles built after August, 1990, the module is only powered in the run and start position.  

Indicator Lights Don't Register the Correct Information 

Ranger, Bronco II and Explorer have indicator lights in two locations. There are lights on the dash and LED indicator lights in the switches. Other vehicles have only the 
dash lights. If the dash lights on any vehicle don't respond, look for no power or a burned out bulb.  

If the lights are on all the time, look for a short to ground. Also check to see if the shift control module is activating them all...this is a malfunction.  

If the LED lights, in the buttons, remain on all the time, first check to see if the dash lights are also on. If the dash lights are not on, this means that the dash lights have 
burned out. The LED lights are on because a low current is still passing across, enough to light the LED.  

If no lights illuminate as you go through the shifts and ground power and bulbs are good, then the module is at fault or the motor has stopped at an intermediate point.  

Shifting on the Fly Isn't Smooth and May Require Stopping in Order to Complete the Shift 

Look for problems with the electric magnetic clutch. If the racheting or grinding goes on for more than four seconds, there may be a problem with power to the clutch from 
the shift control module, the clutch ground or the clutch itself. Check the wiring harness as well.  
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