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(54) METAL SPOOL

(57) The invention relates to a metal spool (100) for
use in the tire industry as carrier for steel tire cord. More
in particular the spool (100) is suited for use on a tire cord
creel provided with magnetic spool holders. The spool
(100) is designed to carry steel monofilaments that are
currently being pursued for reinforcement of the belt layer
of a tire. The spool (100) comprises a larger than standard
core (104) to which two flanges (102, 102’) are welded.
At least the flanges (102, 102’) are made of ferromagnetic

metal sheet that is thicker than the metal sheet used in
prior art spools and this for reasons of strength. The flang-
es (102, 102’) The flanges have an annular attraction
zone (110) for contacting the magnet spool holder. The
flanges (102, 102’) are provided with a magnetic reduc-
tion means to reduce magnetic attraction by the magnet
spool holder. The magnetic attraction reduction means
can be implemented in different ways as exemplified in
the different embodiments of the invention.
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Description

Technical Field

[0001] The invention relates to a metal spool for use
with a magnetic spool holder as present on creels for
unwinding arrays of spools. Such creels are particularly
used in rubber sheathing installations for making tires.
The metal spool is suitable for winding steel wire, in par-
ticular steel cord or even more preferred steel monofila-
ment.

Background Art

[0002] When making tires the soft rubber material must
be reinforced with strong and flexible tire cords. Tire cords
are either made of organic fibres or from steel, the latter
being generally referred to as steel cords. For the pur-
pose of this application a steel cord consists of one single
filament called monofilament or from an assembly of dif-
ferent filaments called multi-filament steel cords.
[0003] These steel cords are encased in parallel be-
tween rubber sheets by unwinding them from a multitude
of spools mounted on a pay-off creel. Between 150 and
1500 spools are unwound in one single operation from
a creel. The spools are mounted and demounted from
the creel in an automatic, semi-automatic or manual op-
eration possibly supported by lifting equipment to reduce
human effort. The industry standard spool within the tire
industry is called BS40 and BS60 (for net weights up to
40 pounds) or BS80 (for weights up to 80 pounds). ’An
example is shown in USD504806S. Literally millions of
BS spools are circulating between tire factories and steel
cord plants.
[0004] Recently there is renewed interest to replace
the traditionally used multi-filament steel cord with one
single steel monofilament for use in the reinforcement of
the belt of the tire. The use of monofilaments offers cer-
tain advantages to the tire in that a single filament offers
the highest breaking load over cross sectional area. Also
the bending stiffness is the highest possible within the
same cross sectional area. In general a monofilament of
between 0.30 to 0.40 mm in combination with an in-
creased tensile strength of ’super tensile’ level (’ST’ a
tensile strength larger than 3400 MPa on a 0.35 mm fil-
ament) or ’ultra tensile’ level (’UT’ a tensile strength larger
than 3700 MPa on a 0.35 mm filament) is capable of
replacing currently popular multi-filament steel cords
such as 2x0.25, 230.30, 2+230.22, 330.25 or similar
constructions. For the tire the use of a monofilament
brings advantages in terms of reduced rolling resistance
and reduced tire weight.
[0005] However, the use of monofilaments also brings
particular processing problems with it at the steel cord
producer as well as at the tire maker’s end. The winding
of the thick, stiff and less extensible monofilaments com-
pared to traditional multi-filament cords on the regular
BS40, BS60 and BS80 spools results in increased wind-

ing pressure on the core as well as an increased opening
force on the flanges of the spool. This to the extent that
the lifetime of the spools greatly reduces as the welds
between core and flange crack, the flanges deform un-
acceptably after limited use and even cores may collapse
under the increased pressure. Also the presence of the
ribs in the flanges of the known BS40 and BS80 results
in the filament getting caught between windings and
flanges resulting in tension spikes and bent wires during
unwinding of the monofilament.
[0006] Although the skilled person may quickly think
of thicker metal sheet, for both flanges and core for over-
coming these strength problems this results in another
problem in that - due to the increased plate thickness of
the flanges - the magnetic attraction between the spool
flange and the magnet of the pay-off spindle of the creel
increases too much such that empty spools are difficult
to remove from the creel. Indeed every spindle of a creel
is provided with an annular permanent magnet at the foot
of the spindle that keeps the spool on the spindle without
the need of securing the spindle at the cantilever end by
means of a pin or lock. An early example of magnetic
holding is disclosed in US 3396919
[0007] The inventors thus looked for solutions as de-
scribed hereinafter.

Disclosure of Invention

[0008] It is an object of the invention to offer a spool
that is particularly suitable for delivering steel monofila-
ment to a tire producer. The spool offers an increased
strength while remaining acceptable in weight. The spool
is - in empty state - easy to remove from the magnetic
holder on a creel. Furthermore it offers an increased life
cycle, an improved unwinding capability and a better
straightness upon unreeling.
[0009] According a first aspect of the invention a spool
as per the features of claim 1 is described. The spool is
intended for use with a magnetic spool holder. The spool
comprises a core of cylindrical shape and two flanges
that are welded to the ends of the core. At least the flang-
es are made of ferromagnetic metal sheet. The flanges
are provided with a bore hole for insertion of the spindle
of the creel. Usually, a tube coaxial to the core connects
the bore holes of both flanges to ease mounting of the
spool on the spindle but this is not essential to the inven-
tion. Around the bore there is an annular attraction zone
centred at the bore hole. This attraction zone will be at-
tracted by the magnet of the magnetic spool holder when
the spool is mounted on the magnet spindle.
[0010] The magnet of the spindles itself is provided in
a circular housing. The magnet is mounted flush with or
preferably slightly below the rim of the housing. When
the magnet is situated slightly below the rim of the hous-
ing a gap forms between the magnet and the spool flange,
while the spool flange rests on the rim of the housing.
This to prevent damage to the magnet and/or to reduce
the magnetic attraction of the magnet holder. This gap
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is fixed and cannot easily be adjusted. The current creels
provided with magnet holders are therefore specifically
adapted to the current standardised BS40, BS60 and
BS80 spools.
[0011] Magnet spindles of creel installations are thus
standardised parts of which the outer diameter of the
magnet housing have an outer diameter of 75 to 110 mm,
for example 100 mm. The spindle itself has a diameter
of between 30 to 35 mm for example 32.5 mm or of be-
tween 15 to 19 mm for example 17 mm. Hence the at-
traction zone extends from the outer edge of the bore
hole to just a few millimetre outside where the rim of the
magnet housing touches the flange. The attraction zone
thus extends to a circle with radius of between 35 and
60 mm, for example 55 mm co-centred to the bore hole.
[0012] As the steel cord on the spool must be unwound
from the creel with a constant pay-off tension, the spool
must not rotate freely on the spindle. The magnetic spool
holder is braked in a controlled way to adjust the tension
of unwinding of the steel cord. The magnetic attraction
should therefore generate enough friction that the spool
does not rotate freely on the spindle.
[0013] Not all steel cord creels use magnetic spool
holders. For those installations that do not have magnetic
spool holders one or more drive holes need to be provid-
ed in the spool flange zone for engagement of a drive pin
present on the spool holder. The presence of the drive
holes is optional as installations with magnetic spool
holders work without drive pins.
[0014] With ’ferromagnetic metal sheet’ is meant any
metal sheet that can be attracted by a magnet. Most pre-
ferred are steel sheets that contain sufficient iron in order
to be attracted. Typical steel sheets are according EN
10149-2 ’Hot rolled steels for cold forming’. The thickness
and the yield strength of the ferromagnetic metal sheet
is important because it determines the strength of the
spool. As such the thickness of the steel sheet of prior
art spool flanges is 1.2 mm with a yield strength of less
than 280 MPa. This is one of the reasons why the prior
art spools are not sufficiently strong to hold monofilament
steel cord.
[0015] The ferromagnetic metal sheet of the flanges of
the metal spool according the invention must therefore
have a thickness of above 1.2 mm and below 3.0 mm,
more preferably between 1.5 mm and 2.0 mm or best
between 1.5 mm and 1.8 mm and/or in combination with
a yield strength that is larger than 280 MPa, more pref-
erably larger than 300 MPa, e.g. larger than 320 MPa.
Yield strength is measured according ISO 6892-1(2019).
[0016] On the other hand the thickness of the metal
sheet influences the magnetic attraction force: using
thicker ferromagnetic metal sheet results in a higher at-
traction force making it difficult to pull the spool from the
spindle which is a problem for the creel operator. The
force needed to pull an empty spool from the magnetic
spool holder should remain between 150 and 200 new-
ton. Higher forces are too demanding to the operator,
lower forces may lead to slippage of the spool.

[0017] Another method by which the strength of the
flanges can be improved is by providing them with mul-
tiple debossed areas of plastically compressed metal
sheet. The debossed areas extend radially outward of
the core at the outer side of the flanges. Care should be
taken that the material is compressed - and not deformed
- as this would lead to a deformed inner side of the flange
that on its turn could lead to winding problems. This is a
fifth preferred embodiment.
[0018] What is now particular about the spool is that a
magnetic reduction means is provided in the attraction
zone. The purpose of this magnetic reduction means is
to reduce the magnetic attraction of the magnetic spool
holder. The magnetic reduction means reduces the force
that is needed to pull the spool - be it empty or full - from
the spindle. The presence of a magnetic reduction means
on the spool eliminates the need to adjust the magnetic
attraction force on the magnetic spool holder. Prior art
spools as well as the inventive spools can thus be used
interchangeably on the same creel.
[0019] According a first preferred embodiment the
magnetic reduction means can be a non-magnetic layer
that is present in at least part of the attraction zone. More
preferred the non-magnetic layer is present in an annular
zone that contacts the rim of the housing of the magnet
of the magnet holder.
[0020] The non-magnetic layer can be provided in the
form of a - possibly self-adhesive - polymer disk with a
copy of the bore hole and optional drive holes’ position.
In practice the inventors find that at least a distance be-
tween the magnet and the flange of between 1.0 and 2.0
mm is necessary in order to abate the magnetic attraction
of the spools sufficiently on currently used creels. There-
fore more preferred is if the thickness of the polymer disk
is between 0.1 and 0.5 mm, for example 0.3 mm.
[0021] An alternative way to implement a non-magnet-
ic layer in at least the attraction zone is to provide the
polymer layer as a non-magnetic paint. This is the easiest
to implement as it can be applied during the production
of the spool and does not need additional production and
mounting of a polymer disc. Preferably the thickness of
the layer is at least 0.1 mm and at most 0.5 mm, or even
more preferred between 0.1 and 0.4 mm, or even be-
tween 0.2 and 0.3 mm. These paint thicknesses are much
higher than the normally applied electrostatically applied
paints on prior art spools.
[0022] If the thickness of the non-magnetic layer is too
thin, the magnetic attraction will remain too high. If the
magnetic layer is too thick, the magnetic attraction will
be too low that may lead to slip of the spool on the magnet
holder.
[0023] In a second preferred embodiment, the mag-
netic reduction means takes the form of one, two or more
depressions in the attraction zone. With ’depressions’ is
meant an indentation of the metal sheet within the attrac-
tion zone that is lower than the edge, the outer border of
the attraction zone. The axial height of the outer edge or
border of the attraction zone is the level of the attraction
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zone. The depressions must be at least 0.5 mm below
the level of the attraction zone. Then the surface area of
the one, two or more depressions is at least 30% to 100%
of the total area of the attraction zone. If the depressions
are 1.0 mm below the level of the attraction zone, the
surface of the one, two or more depressions can be small-
er, for example between 20 to 80% of the total area of
the attraction zone.
[0024] If the total surface of the depressions is too small
the magnetic reduction will not be sufficient. If the total
surface is too high, the metal spool will release too easily
and - even worse - may start to slip on the magnetic
holder.
[0025] In the case of only one area - the depression
can be a single closed area centred around the bore hole.
In any case the radially outer limit of the depression must
still be within the attraction zone. In a single closed area
around the bore hole the metal sheet is sunken compared
to the level of the attraction zone. For ease of implemen-
tation the one closed area can be an annular area centred
around the bore hole.
[0026] According a third preferred embodiment the
magnetic reduction means is in the form of two, three or
more protrusions, bumps, ridges in the attraction zone.
The protrusions are preferable deformed in the metal
sheet of the flange. The protrusions contact the magnet
and ensure a sufficient distance between the magnet and
the attraction zone. The height of the three or more pro-
trusions relative to the level of the attraction zone is be-
tween 1.1 mm and 2.0 mm, or even between 1.1 and 1.5
mm. The axial height of the outer border of the attraction
zone is the level of the attraction zone. The area of the
protrusions should be sufficiently small for instance
smaller than the area of the optional drive hole in order
not to have increased attraction to the magnet by the
contacting protrusions. The protrusion can for example
be a round raising, a height in the metal sheet with a
diameter of 10 mm or less. This embodiment has the
advantage that it is independent of the magnet to rim
distance.
[0027] Alternatively the protrusions can be two, three,
four, five up to twenty four, elongated, radially elongated
ridges extending just over the attraction zone. The ridges
contact the rim of the metal housing of the magnetic spin-
dle and thereby ensure sufficient distance between mag-
net and spool flange. In this embodiment, the ridges
should extend between 0.1 and 1.0 mm, or even between
0.2 and 0.5 mm or even more preferred between 0.2 and
0.4 mm above the level of the surrounding attraction
zone.
[0028] According a fourth preferred embodiment the
magnetic reduction means takes the form of additional
holes or openings that are made in the attraction zone.
Indeed, by removing magnetic material in the attraction
zone, the magnetic attraction is diminished. Advanta-
geously the attraction diminishes linear with the amount
of material removed. In order to have sufficient effect at
least 10% to 40% of the total area of the attraction zone

must be removed. In the amount of area removed, the
surface area of the optional one or more drive holes are
included. Care should be taken that the additional open-
ings do not interfere with the drive holes i.e. could be
mistaken for drive holes. Also there is a limit to the amount
of material that can be removed as this also jeopardizes
the strength of the spool. The inventors estimate that at
least 50% of the material must remain.
[0029] According a fifth preferred embodiment, the
metal core of the spool has an outer core diameter ’Do’
and the flanges have a flange diameter ’Df’. The differ-
ence (Df-Do) must be less than half of the flange diam-
eter, even more preferred is if it is less than one third of
the flange diameter. Phrased differently: the ratio (Df-
Do)/Df is less than 50% or less than 40%, or even less
than 35%. This reduces the volume on the spool that can
be used for winding wire relative to the total volume of
the spool to less than 75% or less than 64% or even less
than 55%. Hence, the useful volume is reduced in the
inventive spool compared to conventional spools that
have a volume usage of more than 75%, even more than
88%.
[0030] Monofilaments have a diameter that is larger
than the filament diameters in conventional multi-filament
steel cords. As a consequence the monofilaments - when
wound on a conventional spool that typically has a core
diameter of 117 mm - tend to adapt to the smaller core
diameter of the conventional spool. The longer the mono-
filament remains on the spool (weeks, months), the more
outspoken this ’relaxation’ phenomenon comes. When
the monofilament is then unwound from the conventional
spool the monofilament has an arced aspect with a too
small radius of curvature. The problem aggravates when
the monofilament nears the core of the spool i.e. near
the end of the spool. As a consequence the monofilament
is difficult to arrange in parallel into a rubber ply as the
wire tends to tip over and torque. The inventors therefore
traded in useful volume for winding wire for a larger core
diameter to abate the relaxation phenomenon while re-
maining within the limitations of existing creel installa-
tions.
[0031] The flange size Df is typically set to between
300 mm to 250 mm, or between 280 and 250 mm, 255
mm being the standard.
[0032] According a sixth preferred embodiment the
core of the spool is provided with a steel wire retention
hole for holding the end of the steel wire at the start of
the winding. Conventional steel wire retention holes are
circular. By using a retention hole in the shape of a lens
curve or the shape of a teardrop curve or any curve having
one or two V-shaped ends that are oriented circumfer-
entially to the core, the steel wire is held better at the
start of the winding. Conversely when the wire is un-
wound, the end is slightly held before it drops out of the
retention hole.
[0033] According a second aspect of the invention a
metal spool whereon steel monofilament is wound is pre-
sented. The monofilament has a diameter ’d’ that is typ-
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ically between 0.25 and 0.50 mm, for example between
0.299 and 0.351 mm. The metal spool is the metal spool
as presented before in according any one of the different
embodiments on its own or taken in combination. The
ratio of the outer core diameter Do and monofilament
diameter Do/d is larger than 400, or even larger than 430.

Brief Description of Figures in the Drawings

[0034]

Figure 1 is a drawing of the generic form of the in-
ventive spool.
Figure 2a and 2b is a drawing of a first embodiment
of the invention, Figure 2a being the section along
line AA’ of Figure 2b;
Figure 3a and 3b is a drawing of a second embodi-
ment of the invention, Figure 3a being the section
along line BB’ of Figure 3b;
Figure 4a and 4b is a drawing of a third embodiment
of the invention, Figure 4a being the section along
line CC’ of Figure 4b;
Figure 5a and 5b is a drawing of a fourth embodiment
of the invention, Figure 5a being the section along
line DD’ of Figure 5b.

[0035] In the figures the tens and unit digits of the ref-
erence numbers refer to identical items - if present -
across drawings. The hundred digit refers to the drawing
number.

Mode(s) for Carrying Out the Invention

[0036] Figure 1 shows the inventive spool 100 in its
most generic form. The spool consists of a core 104 and
two flanges 102, 102’ welded to the core. The spool has
a central bore hole of 33 mm, suitable for use on a steel
cord creel.
[0037] The outer flange diameter Df is 255 mm and the
core outer core diameter Do is 173 mm. Hence (Df -
Do)/Df is 32% or the core diameter is about two thirds of
the flange diameter: see Figure 2a. So only 54% of the
volume internal to the cylinder capped by the spool flang-
es can be filled with wire. In prior art spools the core
diameter is smaller than half of the flange diameter (117
mm vs 255 mm) and useable volume of the spool is 79
% of the volume internal to the spool flanges.
[0038] The advantages of such design are that:

- When the spool is completely filled with monofila-
ment the flanges are less stressed than in the prior
art spools;

- The relaxation phenomenon is less in that the mono-
filament wire will take an arc shape when unwound
from the spool with a much larger radius than when
wound on prior art spools.

[0039] The flanges 102, 102’ are made of a ferromag-

netic material notably S355MC according EN10149-2
with a yield strength of about 355 MPa. The flanges have
a thickness of 1.7 mm which is much thicker than the
current art spools having a thickness of 1.2 mm. As a
result the flanges resist better the bending under the pres-
sure of the monofilament compared to the prior art spools.
However, due to the increased presence of magnetic
mass - the sheet metal - the pull-off force needed to pull
an empty spool from the magnetic spindle reaches 250
N, exceeding the 200 N which is the currently acceptable
maximum force.
[0040] The spool flange is attracted by the magnetic
spindle in the annular attraction zone indicated by 110.
In order to overcome the excessive magnetic attraction
a magnetic reduction means is provided in the attraction
zone 110 to reduce the attraction by the magnet. Al-
though the magnetic spool holder may comprise the pos-
sibility to reduce attraction (for example by mounting the
magnet deeper into its housing), it is far more easier for
the user to mount spools adapted to be used on the cur-
rent creel setting than to have to adjust the hundreds of
magnetic spool holders on the creel.
[0041] The spool is also provided with four drive holes
106 to enable the spools also to be used on a steel cord
creel using non-magnetic spool holders that use a drive
pin to immobilise the spool relative to the spool holder.
Rectangular embossings 103 further increase the bend-
ing resistance of the flanges. At those embossings the
metal sheet is locally compressed. Care needs to be tak-
en that the embossing does not reach through the flange:
the inside of the flange must remain flat and smooth at
all times. Retention holes for the monofilament that end
in a V-shape such as a ’lens shape’ 114 or even a ’tear-
drop shape’ 112 are provided in a the core of the spool.
The ending in a ’V’-shape helps to retain the smooth and
slippery monofilament.
[0042] A first way to provide a magnetic attraction re-
duction means is to provide a non-magnetic layer 220 in
at least part of the attraction zone 210 (see Figure 2).
The non-magnetic layer is present as an annular painted
layer at the border of the attraction zone. The non-mag-
netic layer must position between the rim of the housing
of the magnet of the magnetic spool holder and the spool
flange. By various tests the inventors found that a layer
thickness of 150 mm gave sufficient reduction in magnetic
attraction.
[0043] Figures 4a and 4b show a second way to pro-
vide a magnetic attraction reduction means in the form
of four elongated protrusions or ridges 440, 440’, 440",
440’" that are radially oriented and extend axially out-
wardly from the attraction zone as shown in section CC’
of Figure 4a. In this embodiment the ridges provide a gap
between the flange and the rim of the housing of the
magnet of the magnetic spool holder and thereby reduce
the magnet attraction to the bulk of the flange. The ridges
440, 440’, 440", 440’" only extend 200 mm above the
level of the attraction zone that is the axial position of the
border of the attraction zone excluding the ridges. The
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surface of the ridges is kept minimal for example 4 mm
wide and 20 mm long.
[0044] An alternative - depicted in Figures 3a, 3b - and
opposite way to the previous embodiment of providing a
magnetic attraction reduction means is to increase the
distance between the bulk of the attraction zone and the
magnet by retracting the flange body relative to the level
at the border of the attraction zone. In the embodiment
of Figure 3 this has been realised by providing depres-
sions 330, 330’, 330", 330’" in the attraction zone. These
depressions cover an area of 25 % of the total attraction
zone and reach 750 mm below the level of the outer bor-
der of the attraction zone as shown in section BB’ of Fig-
ure 3a.
[0045] By taking the embodiment of Figures 3a, 3b to
the extreme, one arrives at the example of Figure 5.
There parts 550, 550’, 550", 550’" of the flange material
in the attraction zone have been removed and this in
addition to the drive holes 506 already present. In total -
i.e. including the cut out area of the drive holes - a surface
of 25 % out of the attraction zone 510 has been removed.

Claims

1. A metal spool for use with a magnetic spool holder,
said metal spool comprising a core and two flanges
welded at either end of said core, at least said flanges
being made of a ferromagnetic metal sheet, said
flanges have a bore hole for receiving a spindle and
an annular attraction zone centred at the bore hole
for contacting said magnetic spool holder, said at-
traction zone optionally being provided with one or
more drive holes,
characterised in that
a magnetic attraction reduction means is provided
in said attraction zone to reduce the magnetic attrac-
tion of the magnetic spool holder.

2. The metal spool according to claim 1 wherein said
magnetic attraction reduction means is a non-mag-
netic layer in at least a part of said attraction zone.

3. The metal spool according to claim 2 wherein said
non-magnetic layer is a polymer layer with a thick-
ness of at least 0.1 mm and at most 0.5 mm.

4. The metal spool according to claim 1 wherein said
magnetic attraction reduction means is two, three or
more protrusions extending axially outwardly from
said attraction zone.

5. The metal spool according to claim 4 wherein said
two, three or more protrusions extend between 1.1
mm and 2.0 mm axially above the outer border of
said attraction zone.

6. The metal spool according to claim 4 wherein said

two, three or more protrusions are radially elongated
ridges extending over the border of the attraction
zone, said elongated ridges rising 0.1 mm to 1.0 mm
above the level of the attraction zone.

7. The metal spool according to claim 1 wherein said
magnetic attraction reduction means is one, two or
more depressions in said attraction zone.

8. The metal spool according to claim 7 wherein said
one, two or more depressions reach at least 0.5 mm
axially below the outer border of said attraction zone
and wherein the surface area of said one, two or
more depressions is at least 20% of the total area of
said attraction zone.

9. The metal spool according to claim 7 or 8 wherein
one depression is present in a closed area centred
around said bore hole with rim of the depression be-
ing still within the attraction zone.

10. The metal spool according to claim 1 wherein said
magnetic attraction reduction means are openings
in said attraction zone, wherein the total area of said
openings together with the openings of said optional
one or more drive holes is at least 10% of the total
area of said attraction zone.

11. The metal spool according to any one of the preced-
ing claims wherein the thickness of said ferromag-
netic metal sheet of said flanges is at least 1.2 mm
and not more than 3.0 mm.

12. The metal spool according to claim 11 wherein the
yield strength of said ferromagnetic metal sheet of
said flanges is at least 280 MPa.

13. The metal spool according to any one of the preced-
ing claims wherein said core has an outer core di-
ameter ’Do’ and said flanges have a flange diameter
’Df’ wherein the ratio (Df-Do)/Df is less than 50 per-
cent.

14. The metal spool according to any one the preceding
claims wherein said core is provided with a steel wire
retention hole, said steel wire retention hole having
the shape of a lens curve or the shape of a teardrop
curve or any curve having one or two V-shaped ends
that is oriented circumferentially to the core.

15. A metal spool containing steel monofilament, said
monofilament having a diameter ’d’, said metal spool
being according any one of claims 1 to 14 wherein
the core of said metal spool has an outer core diam-
eter ’Do’ characterised in that the ratio ’Do/d’ is
larger than 400.
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