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Abstract

This document is a summary of the major components de-
veloped over six months for a lightweight electric car enti-
tled K1. Each major component was to be unique from the
axial gap direct drive motors, to the inboard braking sys-
tem and the “tub” based chassis. A target mass of 700kg
(including battery mass) would make K1 one of the lightest
electric supercars ever designed.

1. Introduction

1.1 Previous Work

The design of the car was inspired by several vehicles. A
short list of these include the Tesla Roadster, AC propulsio

T-Zero, Venturi Fetish, Lotus Elise, and Koenigsegg CC.
Most of these vehicles use a unique variant of “tub” style Figure 1: K1 nal render
chassis which has proven extremely strong. K1 would not

have an initial body design and the “tub” chassis allowed

for a “bolt-on” body approach.

1.2 Design goals

The rst speci cations for K1 were written down on March

28, 2007 and can be seen in table 1. Most of these speci-  SPECi cation Initial Final

cations are met within an acceptable factor with the largest ~ Wheelbase 2300mm 2400mm

deviation being that of the wheels and tires. Wheels had to ~ 17ack Width 1450mm 1470mm

be increased in size to accommodate the suspension. \'\//Iva'ssh ” 578259 Z&%gkg
K1 is designed to have independent direct drive motors Dig?ibttfti(r))n

" . T Chassis Rigidity 10000Wi/deg 15268NM/deg
mance traction control. Direct drive inboard motors were
designed to reduce unsprung weight and to reduce trans- Table 1: K1 speci cations
mission losses. Batteries are located as close to the instan
taneous turning center as possible while maintaining close
to a 50/50 weight distribution.

The nal rendered design can be seen in gure 1.



Figure 2: K1 axial gap motor

Figure 3: Motor forces on rotor about X-axis

Figure 5: MKXI chassis

2 K1 Axial Gap Motor

After extensive research an axial gap style motor was cho-3 K1 Mark Eleven (MKXI) Chassis

sen. The nal design can be seen in gure 2. Outside di-

mensions were to be 400mm diameter by 150mm (not in-

cluding electrical housing). Most of the motor was designed 3-1 ~ Development

from aluminum in order to reduce weight. Steel lamina-

tions would either slot in or connecte via hex bolts. The The Chassis underwent eleven major revisions starting with

rotor coils are designed to be operated with constant curren g sheet metal based “tub” that had obvious buckling and

through slip rings while the stator coils are to use 3 phasemanufacturing issues. The next revisions utilize a steel

power. space frame like the one in gure 4 for a skined aluminum
The axial gap design is normally very cost prohibitive chassis. Wall buckling again presented issue starting with

[1] due to the complexity in making spiral laminations. The the MKIV when the spaceframe was removed. The next

motors for the K1 are intended to be made from stacked at Several designs incorporated roll over protection into the

laminations that are cemented together. The slot and boltchassis where the additional at walls presented even more

method used in the K1 axial gap motors is intended to re- buckling dif culties.

duce costs signi cantly over normal axial gap construction

Aluminum roll bars in the nal design reduced overall
methods.

chassis height to 300mm. The walls use a sandwich struc-
The motor design was subjected to multiple iterations of ture of ve 1.65mm aluminum sheets and 4 lays of alu-

electromagnetic simulation in Ansys Workbench as seen inminum honeycomb. This method was derived from mod-

gure 3 for design re nements and to provide an indication i cations to the basic layer aluminum principles [2]. Ex-

of torque curve. The nal motor design weighs 40.6 kg tensions to the side walls created an area for suspension to

without coolant or coils. Copper coils add approximately be mounted which improved transmission of torsional load-

10kg to each motor. ings. The nal design is shown in gure 5.



Figure 6: De ection in Y direction

3.2 MKXI Chassis Testing
3.2.1 Background

Most of the chassis's designed for the K1 have gone through
an iterative process of design, simulation, then redesign.
This lead to the development of the MKXI (Mark 11) chas-
sis which was then subjected to a nal battery of tests.

3.2.2 Test overviews

The primary tests looked to meet speci c criteria while the
secondary tests were to give a better understanding of the _ _ _ _
short comings of the chassis in general. Figure 8: Primary squeeze de ection Z-axis

3.3 Primary Tests improved by adding a structure above the oor such such as

a tubular member.
3.3.1 Torsional Rigidity

10000 Nm of torque was applied to the chassis to the 3.3.3 Frontal Squeeze

frontal suspension points while the rear points were held ¢ frontal squeeze test is only to serve as an indicator of
>§ed._ Base_d on the de e.ctlons.s_e(?n in gure 6 and chas_— the chassis deformation. A 50kN force is applied to the
sis dimensions, the torsional rigidity of the K1 chassis is f,nta| area of the chassis while it s rigidly xed at the rea
calculated at 15268 W per degree. opposite face. A noticeable deformation in the rear occurs
and can be seen in gure 9. During a frontal loading the
3.3.2 Primary Squeeze forces cause a strong bending moment about the oor. Their
is no upper structure to offset this bending moment and the
The primary squeeze is based on the F1 standard [3] of apthassis therefore bends about the rear. The frontal roll bar
plying a load to a 10cm x 30cm area to speci ¢ points at mounts are fore and aft of the bulkhead and transmits these
different forces ranging from 20 - 40 kN. The test was mod- forces about the weaker angled walls. This clearly indate
ied to 30kN over the entire side area shown in gure 7 that placing the rear mounts fore and aft of the rear bulkhead

to see the method of de ection. These tests involved two would signi cantly decrease undesirable bending deforma-
simulation materials, aluminum sheet metal and aluminum jgn.

honey comb material, bonded together. The honey comb
material was simulated as a solid material based on Hexce% 3.4 Main Roll Bar Crush
speci cations for 3/85056.001 aluminum honey comb. e
Figure 8 shows how the entire chassis to bends about theThe forces applied to the roll bar are directly from F1 [3]
oor. This illustrates a major shortcoming and should be for lateral (11.48kN), longitudinal (42.08kN), and vestic



Figure 9: Total de ection side view

Figure 11: Roll bar total de ection

Figure 10: Main roll bar forces

(57.39kN) forces. Failure is de ned by any de ection more

than 50mm. The resolved force can be seen in gure 10 Figure 12: Motor area de ection
while the maximum de ection occurs on the roll bar but is

less than 42mm as shown in gure 11 concluding a success-

ful test.

3.4 Secondary Tests
3.4.1 Motor Area Squeeze

Based on a modi ed F1 Squeeze test to see overall de ec-
tions of the motor chamber as shown in gure 12.

3.4.2 Front Roll Bar Crush

Based on the main roll structure loadings but applied in the Figure 13: Front roll bar crush
most detrimental way to the frontal roll bar. A maximum
de ection of 20mm is shown in gure 13.



6 K1 Energy Storage

240 Salf VLP-20 cells are arranged in a two layer hexagonal
close pack in the rear of the occupant compartment classify-
ing the K1 as a “midengine”. These cells are capable of 500
amp pulse current for 10 seconds with nominal voltage of
3.6v and a max current voltage of 3.0 when fully charged.
This allows for the motors to produce a ideal maximum out-
put of 360KW or 482hp giving the K1 0.51kW/kg Each

cell is 0.8kg making up 192kg of mass for the vehicle in
cells alone, slighly less than all four motors combined.

7. Summary and Conclusions

The K1 axial gap motors have a very negative impact on the
overall chassis, braking, and suspension design in order to
meet speci ¢ criteria. Further work would likely encompass

a front and a rear motor using a single speed gear set.

The MKXI chassis designed for the K1 performed as ex-
pected throughout the simulations. It is accepted thatlit wi
likely have slightly reduced characteristics due to maoufa
ture variability and welding stresses. Overall the toralon
rigidity of 15268Nm/deg is suf ciently above the original
target of L0000Nm. Improvements for frontal forces can be
accomplished by modifying the mount location for the rear
roll bar. A partition of some kind should be added between
the rear battery area and the cockpit area to reduce bending
moments on the oor.

Figure 15: Brake detail Overall the K1 project successfully solved several engi-
neering design issues in attempting to reduce the weight of
a unique performance electric cars.

Figure 14: Suspension detalil

4 K1 Independant Suspension

The suspension is a standard double wishbone suspensioReferenceS

with zero scrub radius, zero kingpin, and zero castor. It

uses a tubular upper member which transfer loads directly [1] Hanselman, Duane G3rushless permanent-magnet motor
into the coilover shock absorber. Zero scrub radius meant ~ designMcgraw-hill , 1994.

that on uneven surfaces no steering input would be required;2) staniforth, Allan,Race and Rally Car Source Book: 4th edi-
to keep the vehicle going in the desired path [2]. Designing tion, Haynes Publishing, 2001

the steering control points directly inline with the moungfi

points for the upright and chassis eliminates bump steer [2] [3] Tremayne, DavidThe Science Of Formula 1 Desigriaynes
The A-arms mounts to the chassis using 3mm box tube that ~ Publishing , 2004.

is welded to the sandwich walls as seen in gure 14.

5 K1 Inboard Braking

The brakes are located inboard in the motor area seenin g-
ure 15. They are positioned with the open side of the rotor
toward the motor so that a duct can bring air into the brake
rotor. Initial expectations were that the brakes be located
outside the chassis, but suspension mounting points would
not allow this without increasing wheel size to an unreiglist
level. 1the Bugatti Veyron is calculated at 0.395 kW/kg




