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DISCLAIMER: the material in this writeup is provided for educational and analysis

purposes only, rather than to make any guarantees about the tow vehicles’ and

trailers’ behavior while in use. No guarantees of any kind about the particular

hitch’s operation are given. Use this material at your own discretion and risk, and

follow all equipment manufacturers’ instructions while towing trailers.

Having said that, in principle the weight-distributing hitch (WDH) has advantages in

certain circumstances over the weight-carrying hitch (WCH). However, in practice it also

has certain disadvantages which ought to be considered by anyone towing “bumper-pull”

trailers (utility, travel, boat, etc)
1
. There is also some uncertainty among the trailering

public about the operation of the WDH, and how to optimally select a WDH for one’s

application based on its operating principles. By my observations, these issues are not

fully discussed in the marketing literature from trailer equipment vendors.

I. Some observations about how the WDH works

As is well known, the main problem the WDH solves is the “diving” toward the ground

of the tow vehicle’s hitch and the trailer’s tongue, once the trailer places its tongue

weight on the tow vehicle’s hitch. This diving is additionally caused by the load placed

on the tow vehicle behind its rear axle (for this analysis, I include this load in the trailer’s

tongue weight).

The WDH solves this problem by lifting, locking, and leveling the frames of the tow

vehicle (e.g. a pickup truck) and the trailer (e.g. a utility/travel/boat bumper-pull trailer).

Note that this locking is done in the vertical plane only, as the horizontal plain motion

must remain unlocked to allow for articulation in making turns
2
.

This locking is typically possible by the use of steel spring bars connected to both the tow

vehicle and the trailer. Their connections to the tow vehicle and the trailer are (almost)

rigid, and they apply turning moments of force (torques) to both tow vehicle and trailer

frames.

Looking at this another way, as far as the vertical motion is concerned, the spring bars

may be viewed as rigidly-mounted (at their front) extensions of the tow vehicle’s frame.

They reach under the trailer’s tongue, and their rear tips are then pulled up with chains

toward the tongue and locked at tension.

                                                          
1
 Here, “bumper-pull” hitches means ball hitches that operate out of the frame-mounted square-

tube receiver at the rear end of the tow vehicle (usually under the rear bumper). This writeup is

not meant for the fifth-wheel or gooseneck trailer hitches.
2
 In reality, the motion in the vertical plane is not fully locked either, and allows some up/down

motion through hitch ball articulation, but we can neglect this for now.
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This setup generates two torques acting on the tow vehicle’s and the trailer’s frames, that

lift and return the tow vehicle and the trailer to horizontal from their dived positions
3
.

These torques act about horizontal axes perpendicular to both vehicles’ center-lines.

The torque applied to the tow vehicle’s frame turns the frame such that it’s lifted at the

back and pushed down at the front. This torque vector acts through the point where the

spring bars attach to the tow vehicle’s hitch
4
, it is horizontal and points to the left, and it

is generated by the upward force acting on the spring bar tips
5
. The magnitude of this

torque is the product of the bar length and the force acting on its tip
6
, and it transfers

directly via a 90 deg angle to the tow vehicle’s hitch to rotate the tow vehicle’s frame
7
.

The torque applied to the trailer’s frame is equal but opposite in direction (the torque

vector points to the right), and it turns the trailer’s frame about its front axle such that it’s

lifted at the front and pushed down at the back. This front-lifting torque is accomplished

by an upward force acting through the hitch ball onto the trailer’s coupler. Or, in simple

terms, once the bars are connected and under tension, the trailer leans on the tow vehicle,

and the tow vehicle leans on the trailer. The spring bars’ stiffness and tension enable this

situation.

At this point one can ask a question: What weight exactly does the WDH distribute?

Or another way: Is the WDH distributing the total trailer weight, or just the tongue

weight? Note that the total trailer weight is the sum of the trailer axle(s)/wheels weight

plus the trailer tongue weight.

And the answer is: The WDH distributes the trailer’s tongue weight only. This can be

explained by looking at a trailer with large total weight but loaded in such way that all

it’s weight is supported by its axle(s), and its tongue weight is zero (it neither depresses

nor lifts the tow vehicle’s hitch). In this case neither the tow vehicle nor the trailer dive

under this load, there is no diving problem (at least statically), there is no weight to

distribute as all of it already sits over the trailer axle(s), and in principle there is no need

for a WDH (but see later for dynamic operation). Also note that if the trailer is so loaded

that its tongue weight is negative (it applies a lifting force to the tow vehicle’s hitch),

                                                          
3
 Note that this setup should not result in returning the tow vehicle’s or trailer frames to a “raised”

or “bowed” position above the horizontal. In principle, the horizontal is the best this setup can do

because the bars are assumed to “extend” horizontally the tow vehicle’s frame. However, because

of the bowed shape of the bars, the frames may end up being locked in a slightly bowed-up

position, depending on the truck and trailer weights, and how the bars are angled and connected.
4
 There is a small lever arm there (a few inches long), that enables this torque.

5
 Via the chains and lift brackets mounted onto the trailer’s tongue. The more you pull up these

tips, the greater the upward force, and the greater this torque.
6
 Multiplied by two, to account for the two spring bars.

7
 Since the lever arm in the hitch is much smaller than the bar’s length, the rotating force on the

hitch (and the tow vehicle’s frame) must be much greater than the force acting on the spring bar’s

tip (these two torques are the same).
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then the torque applied to the tow vehicle frame is due to this lifting force, and other

problems like excessive trailer sway and loss of stability for the whole rig may develop
8
.

Some other observations about the WDH:

The WDH not only distributes the trailer’s tongue weight onto all of the tow vehicle’s

axles/wheels, but it also has the potential for distributing the trailer’s total weight onto all

the trailer’s axles/wheels for trailers with more than one axle. This is the result of leveling

the trailer’s frame, which in turn relieves tension on the trailer’s front axle springs, and

puts more tension on its rear axle springs
9
. This can be explained by considering an

extreme case whereby under extreme diving the trailer’s rear axle/wheels would be lifted

off the ground entirely, and the trailer’s total weight (not just the tongue weight) would

be transferred to its front axle.

If one has a choice about the way the trailer is loaded (e.g. a utility trailer), then one can

minimize the need for a WDH, and one may be able to safely use a WCH instead. This is

done by placing the load on the trailer
10

 in such way that the tongue weight is reasonable

for a given tow vehicle
11

, and no excessive diving occurs. In principle, this can be done

for even fairly large loads (but see below for practical considerations during hard braking

of this rig).

One interesting variant of the WDH that avoids some of the WDH’s disadvantages (see

below) is a bar-less hitch setup, where chains or steel cables take the place of the spring

bars. The chains are installed on lever arms in approximately the same positions as the

bars (under the trailer’s tongue), and are under tension during this WDH’s normal

operation. Because the chains do not act as rigid extensions of the tow vehicle’s frame,

this hitch does not lock the tow vehicle’s and trailer’s frames the way the bar-based

WDH does. It prevents the “diving” condition only
12

 by the forces and torques (via the

lever arms) that counteract the tension in the chains. Note that this setup does not protect

against the rising condition (bouncing up of the frames, or lifting the tow vehicle’s hitch

by improperly positioning the trailer’s load). This setup is simple and light-weight, and it

does not impede the planned turns in the way the bar-based WDH does (see below).

II. Some advantages of the WDHs

These advantages are in addition to the weight-distributing properties described above.

• One may be tempted to forgo the use of the WDH by claiming that a tow vehicle-

trailer rig is sitting approximately horizontal on flat ground when a WCH is used (no

visible diving is present). However, even though this rig distributes the weight ok

                                                          
8
 A rigid bar-based WDH fixes this condition by preventing frame rising in addition to preventing

frame diving.
9
 This is true in general, however it depends on the operation of the trailer axles’ equalizer,

trailer’s tire sizes, etc.
10
 For example, parking a car or a tractor on the trailer in the appropriate spot.

11
 For example, within about 500 lb for a pickup truck.

12
 And thus distributes the weight by leveling the frames.



4

under static conditions, under dynamic conditions of hard braking this rig may suffer

from substantial diving. This is because of the turning moment acting on the trailer’s

frame due to the inertial forces present during the trailer’s sudden deceleration
13

. The

magnitude of this moment depends on the rig’s speed, trailer weight, load position,

initial trailer frame position, etc. The WDH prevents this dynamic diving, just as it

prevents the static diving.

• Depending on its design, the WDH may offer inherent trailer horizontal/lateral

motion (undesirable sway) control. This is accomplished via two separate effects: (1)

the spring bars storing and releasing the energy appropriately, and (2) friction

between the hitch’s components.

Regarding (1), if the WDH is properly designed
14

, then any deviation from straight-

line tracking (e.g. due to side gusts of wind) will be self-corrected as follows. The

side gust of wind energy moves the trailer sideways, and it stores additional
15

 elastic

strain energy in the outside bar
16

. The inside bar is not affected much, due to the

WDH’s geometry on turns.

When this wind gust energy disappears, then the WDH system returns to straight-line

tracking by releasing the excess energy from the outside bar
17

, by generating a

vertical torque vector to align the centerlines of the tow vehicle and the trailer. This

self-aligning mechanism works regardless of the direction of the lateral wind gust

disturbance (or any other lateral disturbing force).

Regarding (2), the friction between the spring bars and their mounts prevents the

deviations from straight line in the first place via damping, also regardless of the

direction of the disturbing forces. However, this friction does not have the self-

aligning properties as the energy store-release mechanism above, once the deviation

has already occurred.

III. Some disadvantages of the WDHs

Some of the WDH’s disadvantages are:

• Substantial weight of the WDH’s equipment (ball coupler is a big chunk of steel, steel

spring bars, hookup chains, mounting hardware), may be close to 100 lb in addition to

the WCH’s weight. This added weight decreases gas mileage, decreases amount of

allowable carrying capacity, requires more braking power, etc.

• Deliberate and planned turns are typically harder to make with the WDH than with

the WCH, because of the additional component friction and the inherent operation of

the WDH (work needed to store energy in the outside bar). Note that the “bad”

                                                          
13
 Essentially, during braking events the trailer’s tongue weight is momentarily increased by the

forces due to the trailer load’s inertia.
14
 Such that the front of the spring bars are mounted on small lever arms with respect to the

horizontal pivot point (the hitch ball). There may also be other geometric design considerations.
15
 In addition to the energy already stored in the bar due to the WDH’s normal leveling operation.

16
 The bar on the upwind side.

17
 The result of the Minimum Potential Energy Principle.
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friction that impedes the planned turns and causes unneeded grinding of components

is the same as the “good” friction that that provides some of the inherent sway control

once the rig is under way. And the same bad-good effect exists with respect to the

inherent self-aligning WDH’s property.

TO BE CONTINUED …
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