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Abstract

This document describes the development of a concept wheel force transducer that can measure the
forces and moments between a tire and a road on a HMMWYV driven under off-road conditions. This
concept development is the first part of a project that endeavors to develop, validate and calibrate cost
effective field test equipment for measuring tire characteristics on vehicles whilst driving off-road. The
proposed wheel force transducer is an important step in a renewed research effort that aims to correct the
gap in current tire testing and modeling knowledge to ensure that future off-road vehicle models and
simulation efforts are conducted with confidence.

The report briefly describes the design requirements, space envelope of the HMMWYV rim and proposed
transducer layout.

1. Problem statement

Obtaining tire characteristics on off-road terrain for use in tire models, as well as suitable tire models
represent a significant research challenge. A first, but extremely important step in this research is to
develop suitable tire test equipment. Due to the difficulty of simulating off-road terrain under laboratory
conditions, field test equipment, that can determine tire characteristics on vehicles whilst driving over
these terrains, is required.

2. Objectives

In order to obtain tire characteristics over off-road terrain, cost-effective field test equipment is required.
The proposal therefore has four main objectives '
a) Develop a prototype 6-component wheel force transducer to measure tire forces and
moments on a vehicle whilst driving
b) Develop mathematical models of the wheel force transducer
c) Validate and calibrate the wheel force transducer
d) Manufacture a set of four wheel load cells for fitment to a vehicle.

This report describes the initial concept design stage of the wheel force transducer required under point
a) above. The detail design required under point a) will be covered in the next interim report.

3. Client requirements

The client requires that the forces and moments between the tire and the road must be measured on a
HMMWYV vehicle. There are many derivatives of the HMMWYV with large differences in mass. As
reference, the M1165A1 w/B3 version is used . The gross weight of this vehicle is 5488 kg (12100 Ibs)
with 2404 kg on the front axle and 3175 kg on the rear axle. The static vertical load on a rear wheel is
therefore taken as 1600 kg and the wheel load cell is designed for a maximum vertical load of 3 times the
static load or 4800 kg. The main design requirements for the wheel force transducer are summarized in
Table 1.

Table 1: Design requirements

Iltem Parameter Value
1 Static vertical wheel load 1600 kg (rear wheels)
2 Maximum vertical wheel load 4800 kg
3 Rim size 16.5” diameter
8.25” wide
4 Flange dimensions 8 studs on 6.5” PCD
5 Unsprung mass Not specified, but needs to be kept as low as possible

4. Concept design

The first important step in the concept design is to determine the space envelope and therefore basic
dimensions available to fit the transducer. Figure 1 indicates the basic dimensions of the standard military
HMMWYV split rim. Due to the suspension components on the inside of the wheel, the transducer must be
mounted to the outside of the standard rim.
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Figure 1 — Standard HMMWYV rim dimensions

The wheel force transducer must replace part of the rim so that the rim is connected to the hub via the
force transducer. To achieve this, the standard rim must be modified. Figure 2 indicates the standard rim
on the left and the modified rim on the right. Modification is simple and involved cutting out the center
portion of the outer part of the original rim to the same diameter as the unmodified inner rim.

The force transducer concept is indicated in Figure 3. The load cell inner ring is mounted to the modified
rim using 12 bolts. On the unmodified rim, these 12 bolts were responsible for holding together the two
parts of the split rim. These bolts were part of the inner rim. In this application the bolts are replaced and
screwed in from the inside of the rim into the load cell inner ring. The nuts on the outside are not used any
more as the load cell inner ring now serves this purpose.

The load cell outer ring is mounted to the hub using the hub mounting adapter. The hub mounting adapter
connects the load cell outer ring to the vehicles hub with the existing 8 hub bolts and nuts. The hub
mounting adapter is also bolted the load cell outer ring.

The load cell inner ring and outer ring are connected to each other via 6 individual tension-compression
load cells. The design of these individual load cells are indicated in Figure 4. The exact mounting
configuration needs to be finalized, but the load cells are mounted such that the 3 tire forces and 3 tire
moments can be calculated from the 6 tension-compression forces measured with the individual load
cells and the geometry. The mathematics behind this will be dealt with later in the project.




Approved for public release; distribution is unlimited.

Figure 2 — Standard and modified rim
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Figure 3 — Force transducer mounted to modified rim

The possibility exists to mount the wheel force transducer to other rim sizes and designs. The exact
possibilities depend on the geometry of the different rims but basically entail designing and manufacturing
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adapters to connect the load cell inner ring to the rim and the load cell outer ring to the hub. This can also
be turned around so that the load cell inner ring is mounted to the hub and the load cell outer ring is
mounted to the rim.

The force transducer is however currently designed for a static load of 1600 kg (maximum load of 4800
kg). This has 2 implications when using this transducer in different applications namely:
a) If the static and dynamic loads are significantly lower, then the load cell sensitivity will be reduced
b) The strength required from the load cell influences the mass. If the load cell is used on a smaller
vehicle, the increase in unsprung mass might become a problem.

Better sensitivity can be achieved fairly easily and cost-effectively by replacing the 6 load cells per rim
with suitably scaled versions, but the unsprung mass increase may still be a problem.

Figure 4 — Individual tension-compression load cells

5. Research plans for remainder of the contract period.
5.1. Develop wheel force transducer

The detail design will now be completed. Critical parts will be analyzed with finite element analysis to
make sure that they are strong enough. During the detail design phase, special attention will be given to
sealing against moisture and debris, as well as balancing. The telemetry is not included in this study and
has to be procured separately. Recommendations in this regards will be made.
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5.2. Develop mathematical models of the wheel force transducer

Mathematical modeling will be performed to calculate the three forces and three moments on the tire from
the load cell measurements. This model will be verified using dynamic analysis as necessary.

5.3. Validate and calibrate the wheel force transducer

A prototype wheel force transducer will be manufactured. Individual load cells in the assembly will be
calibrated using Schenck Hydropuls test equipment. The wheel rotational angle measurement system will
also be calibrated separately. After assembly, the complete wheel force transducer measuring chain will
be calibrated against known externally applied loads for all three forces as well as all three moments. The
measurements will also be used to validate the mathematical models developed previously. The
telemetry is not included in this study and has to be procured separately.

5.4. Manufacture a set of four wheel force transducers for fitment to a vehicle.

A set of four wheel force transducers will be manufactured, assembled, calibrated and shipped. The
telemetry is not included in this study and has to be procured separately.

A visit to CRELL is planned for 2011 to give feedback on the project progress and to discuss practical
details of the project.
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