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ABSTRACT

Two different studies have been carried out to reduce the copper content (derived from
electric motors) in steels obtained  from the crushing of vehicle:; that have reached their
life’s end.

} ~ One is aimed at replacing the comer windings by alumini’lm  wire.. . . --,., . .~

The other one is. aimed at replacing the steel metal magne~ic circuit by a soft friable
magnetic circuit in order to ensure systematically the separation of steel and
windings.

Two major difficulties have been overcome :

The quality and reliability of the aluminiurn  wire and Copper commutator bond;

The mastery of the magnetic and mechanical characteristics of the soft friable
material..

At the same time, a modelling tool coupling up the the]mal and electromagnetic
aspects has been developed and validated on Ihe products of the st~ldy.
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1. INTRODUCTION

In automobile construction, ‘the purpose of recycling steels obt:ined  from vehicles that .
have reached their life’s end comes up against the problem of the insufficient quality of the
products obtained. The objective is to reach a copper rate below on{: per thousand in mass,
limit beyond which steels are unsuitable for stamping.

The excessive copper content, essential] y derived from the wildings of the numerous
electrical slaving motors fitted to the vehicles, means that they are I nsuitable for use in flat
products (sheet metal for stamping). r

Because of the increasing number of cars to be recycled and tl]e considerable increase
of the equipment factor, and therefore the number of electric slavi lg motors, in particular
on top-line models, the future situation is worrying since the weigl t of copper’ could triple
in recycled steels, compared to the current situation, which is already 3 to 4 times above the
maximal tolerance.

Without any reconsideration of the vehicle crushing installations, the main purpose of
the research project was to design, for application to automobile, electric motors whose
armatures (supporting the windings) will not pollute the recycled steels. Furthermore, it is
obvious that these ‘ ‘new” motors will have to fit the current requ .rements,  including with
regard to their weight, cost, performances and adaptation to the ma:;s  production . . . .

These new motors have been classified in two different categories :

type

“)

2 .

Long or permanent operating motors (cooling, heating, wi]~rs,  ABS, etc... ).

Intermittent oWrating actuator motors (power ‘windows, seats, centralized lobks,
washer pumps, etc... ).

Whatever the category, motors are of the “continuous low vo~tage  permanent magnet”
with commutation either classical (brush/commutator system) or electronic (brushless).

LONG OPERATING MOTOR

Because of their use, these motors need high efficiency, C1OS(:  to 70%. h general, the
power is high and falls between 250 and 600 W. The solution use{l for this type of motor is
that of developing for the armature a soft ferrite material and its implementation technology
with magnetic characteristics (permeability, saturation induction) t:lose to those of cut sheet
mild steel used today, whose fragility and impulse breakage mode are controlled.

The motor made up in this way is tough enough to meet basic utilisation conditions
and fragile enough to break under the effect of the violent impact of the crusher, making it
easy to separate copper from iron.
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2.1 FRIABLE SO~ MAGNETIC MATERIAL

Several” approaches have been contemplated. Yet, the basic points of the works have
been focused on the elaboration of a compressed powder and binder-based material.

Because of the research delays, the idea of developing a spec:  fic basic material of the
ferrite or ceramic type has been swiftly given up for the benefit of the pulverulent products
from the stores of which an non-exhaustive list is given below-

PROPERTIES TABLE OF THE USABLE MATERIALS FAMILIES-

0 s I P’
(T)

Hc

(Am-l) -1Losses f

(W.kg -1) use (Hz)

Mechanical

properties

Reference 2
I

3940 fr IHz 315frl Hz”

1000 fr100Hz

<=50to  !.o to loo
1.5T. ‘

Bound during

implementationIOOHZI 1000 fr 100Hz

1.6 to 2.5
I

pmax 6 to 50 BFIron and little

8000
I

alloyed iron

Silicon iron
oriented or no I2102.15 ‘ eq. Fe 6 to 10 fr orient.

20 to 100

,,

3.1 to6 BF
:0 1.5T, 50

f> 4.5% weaken

Hz

,, BF

drop ageingI +T-1

Af 16% maxi

0.8 to 1.6
I

2000 to Rm 700 to 2000

Mr)a

Nickel-iron 1 to 55 ,,

I

=-t==

Ni36 or Ni50

35 to 150 3 to 9.5

fr 50 Hz

BFIron-cobalt

I 12000

Magnetic =d-=- 80

stainless steels

Powder High

+

;.56 1200

carbonyle  iron

1

0.2

2t02.15Microcristallins 20 to 100

Fe-Si  3’%0 ‘

0.8 to 1.6 I > 1000 Quench givesAmorphous MT- 1 to14

+

fragile bandsFe 8 l-Co/Ni

6to16 Quench givesAmorphous FeSi

fragile bands I
,,

3.5 to 13)
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Three technologies of implementation have been tested :

I

I

I

I

I

I

I

-  C o m p r e s s i o n  m o l d i n g
- Traditional sintering
- Metal injection molding (MIM)

according to the following combinations :

I MATERIALS
I I

M.O PROCESS CHARGES BINDERS / INSULATORS

‘metallic ceramic. without superficial organies minerals

oxidation

Compression x x X x x

Sintering x x x x

!vIIM x x I x x

Composite materials gave the best results because sintering  does not allow a sufficient
) mastery of electromagnetic parameters and Injection Molding of r~etallic  powder is so far

o n l y  a d a p t e d  t o  small parts (a few cm3).

& far as magnetic field is concerned, the highest-performance: composites are made of
a mixture of iron pow’der  which granulometry  is below  500 micj ons and polymeric resin
which rate does not exceed 390.

On the other hand, it has been more difficult to adjust the r~echanicaI  characteristics
without altering the composite electromagnetic properties. Optimum has been reached on] y
after implementing a large experiment plan t&ing  more particuk rly into account the size
and geometry of powder grains, resin types’ and rates, compaction pressures, as well as
cooking time and temperatures. The best products we currently have at our disposal is
characterized by the ctirve below  &id perfectly suits the aimed app! ications-

ff41 2

1

3

-iso -100 - 5 0

1

- 2

T z

.-

<.”100 Ah-1

50 1 0 0  150
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2.2 RESULTS

I

Every  prototype mid~  with the d imens ions
successfully I-xxn subjcd to thti  different  tests of the

)

‘, ‘)
..J

Oi t}w currcr  II
rcquiremcnls  :

slandarcl product  hiis

-  Elcctromechanica]  tests (see CUrvcs  MOW)

., ..-

lEtiSI(lti L2.5 U GMU X l  250LI s e r i e  -  brite DRTE t
.95

. .

I
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2.3 CONCLUS1ON

I

I

The friability 0[ pt)wcrtul  electric  permancn{  (Jpcraiing  m~)t!)rs  wiIh h igh  e f f i c i ency
(I(}r Ibis type t~l m~~tc~r) has been proved. Ncvcrthclcss. it wtwld  ‘w regrettable tO wnfinc
(Jursulvcs, like lhc s t u d y  dots, to pu re ly  and s imply  substi[utini,  the arrnaturc  m~~gnctic
circuit. T h i s  molding  {)lfcrs  p[~ssibili[ics  [hat ividcn thr  licld [)F imprl~vemcnts  as the
sct)opcd  out a r m a t u r e  kxlil”ies  (bchnv  p ic tu re ) ; It is not an mwrstatetncnt  k> say t h a t  t h i s

.

L

3. INTERM177’ENT  OPERATING MOTORS

T h i s  type LJI’ mt~t[~r  is satislicd  with n I{}wcr ~[ficicncy  whicl-  is ab{>ut 5(1%. 13txausc it
gcncral]y  turns quicker thiin  the M 1 m{lt{)r. it is very (}t”tdn combind  wilh  ;) speed rduccr.

the
its

the



3 . 1  Aluminium  wire / COPP er commutator solderin~  technologi~

It was the major problem to resolve in this research’ program, less because of the
soldering technique than more specifically because of the quali :y and durability of the
winding / commutator wire bond-

Three different technologies have been examined

Traditional electric soldering with resistance

- Soldering with laser beam

Soldering with ultrasonic sounds

As for soldering with laser beam, the research did not go further than the feasibility.
The very big difficulties inherent to the coefficient of reflection fo-r materials to be soldered
involve the implementation of means totally out of proportion with regard to stakes.

.) Moreover, the fusion temperatures differential between wire and commutator leads to a near
impossibility with the technique currently known (see the BRIT E Program, JOCAL N 0

0164 on this matter). ,,

Soldering with ultrasonic sounds presents many potentialities, but after several months
of works, this track could’ not be brought to completion.

Nevertheless, the results that have been achieved are interesti]lg.

With a @ 0.6 mm 180”C isolation class wire soldered on i copper plaque with the
same characteristics as” the commutator, soldering supported a tr: lction superior to 25N...
and the resistance of contact was excellent.

3.2 Conventional electric solderirw  bond

)’ The study has been carried out through an experiment plan ~ocu~d on more than 10 ‘-

parameters. It swiftly turned out essential to perfectly master the soldering energies which
are the major entry parameters (see below graph).

T1 = Duration of the 1st soldering

P1 = Power of the 1st soldering

T2 = Duration of the 2nd soldering

P2 = Power of the 2nd soldering \

P
A

P2

PI

------,  ---r——
I

T1 T2 t
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Thcrc({~rc, Ihc implcmcnti~tion  t~f t h e  si~lclcring has  hccn c;]rried out by means  L~I a

s p e c i a l  mwhinc with  rcctifid  currcnl  and p i l o t e d  i n  cl{wd loop. These soldering  spcci(ic

w(>rks have hccn  completed sys~cmaticnlly  by a search !or suiting [hc aluminium  wire, (or
mcchanicnl,  dielectric as well as thermic  characteristics. It was ni~t possible  10 m a i n t a i n

the snmc bcrding  coellicicrtt  ot wires  ur-dcr Ihc hooks as [or coppe . Yet,  a$below  piclurcs
sh(nv it, the results are sntisl-yinc.

hb

.
!“’ . .

, 2..,  \ -.=? . .. . -’

=.,

. -.

. ..+?
..- ,,,.

,.. , >, . : . . .’
,,. m ’ .

.-: ,
h

‘, .,: ,..

Photo  7
Copper w i r e

Photo 8,
.jluminium  wire

.%vc the aluminium  frtltility, the suldcring  pcrpc[uity  quality is jc(qmrdizgcl  by two-.
phcn{)muni~  WCI1 km~wn at the chemical (battery cl(cct) as well ,1s at the mc~h;micill Icvcl

.



3.3 Dimensionalitv  and tests

Considering the aluminium  inferior properties compared with copper, prototypes
motors had to be extended to provide the same exit characteristics.

Several dozens of prototypes have been achieved with slanda  rd means and subject to
the usual Iesls qf the automobile requirements. The rate of success if; more than decknt  since
85% of the products are successfully subject to endurance tf:sts  of the automobile
requirements.

All the other tests, electromechanical characterization, starting, vibration, corrosion...,
have been Achieved successfully by every motors.

3.4 Conclusion

We could be disappointed to see that only 85% of the prot(}types  have successfully
achieved endurance tests. It is yet outstanding to notice that 9776 of them are quite close to
the purpose. Furthermore, no deterioration has been noticed ‘ ‘um;er. the hooks”, contacts .
have kept their original quality.

4 ELECTROMAGNETO-THERMIC  MODELLING

Simultaneously and complementarily to works on Ml and M2, a calculation model has
been deveIoped  so that eIectric motor makers have at their dispos: d a new conception too]
that would take into account new materials used and coupling u]} both e~ectromechanical
and therrnic  aspects. This developed tool is an innovation in this br; inch of activity.

Every definition electromagnetic and mechanical calculatio!ls  of the program have
been achieved with the developed model. The results enabled t} e validation of the tool
which is currently operational. In relation to other existing models on the market it has the
advantage of being particularly easy to use and suited to the rese: .rch department needs of
which it uses the usual approach language. The thermic model  has lot been totally vaIidated
during the study-period. Yet its implementation is carried on until complete  satisfaction.

5. GENERAL APPRECIATION

The two examined approaches for electric motor recyclability enable to have solutions
that can be applied in the industrial field at a rather short term. Although the friable
armature motor is developed within the automobile sphere of apIJication,  it can represent
interesting appropriateness in other spheres of activity, like, domestic appliances. It can also,
thanks to the flexibility ,of the material implementation, open the way to new concepts of
motors.

At last, the’ calculation model gathering both electromecharlical  and thermic aspects
will be, after it is validated, a strategic tool allowing cost and de]: y decreases in relation to
traditional solutions, while  improving the quality of the definition of new products. /
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