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PHASING OF CHAINS, SPROCKETS, AND GEARS
TO PROVIDE ENHANCED NOISE VIBRATION
AND HARSHNESS REDUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/835,406, filed Aug. 3, 2006.

BACKGROUND OF THE INVENTION

[0002] Almost all vehicles utilize a transfer case, a trans-
mission, or both, in which gears, sprockets, and chains are
used along with various other components to transfer torque
in order to move the vehicle. For example, torque is applied
to a first gear from a motor or other driving device which is
operably connected to a second gear. As the torque is applied
to the first gear, the first gear rotates and moves the second
gear in order to transfer the torque. The same principle is
applied to sprockets, where a chain operably connects two
sprockets. Again, torque is transferred through the transfer
case or transmission in order to move the vehicle. Torque is
applied to a first sprocket, and the rotation of the first
sprocket moves a chain which causes a second sprocket to
rotate and transfer the torque.

[0003] However, undesirable noise, vibration, or harsh-
ness (NVH) can be produced by the components in the
transmission or transfer case. The NVH is produced because
of the constant contacting of the chain with the sprockets or
the contact between the gears. The NVH is undesirable
because it causes vibrations which reduce the efficiency and
durability of components on the vehicle, and it produces
noise and vibrations which are felt by the vehicle’s occu-
pants. The vibrations produced by the components can also
cause other components to come loose or reduce the dura-
bility of other components.

[0004] Therefore, it is desirable to develop a method for
reducing NVH caused by the components when in use. It is
desirable to develop a system that utilizes the same (or
similar to original) components so that the system does not
need to be reconfigured while maintaining the distribution of
forces applied to the components during the use of the
system.

SUMMARY OF THE INVENTION

[0005] The present invention relates to a method for
reducing NVH in a vehicle providing the steps of providing
at least one repeating event, replicating at least one compo-
nent that causes the repeating event to create at least one
equivalent part, and delaying at least one equivalent part
with respect to the original component. The at least one
repeating event is a complete cycle, such that the repeating
event ends when the cycle begins to repeat itself. The at least
one component is replicated at least one time so that at least
one equivalent part is formed. The at least one equivalent
part is delayed with respect to the component by a prede-
termined amount, such that at least one harmonic in a
NVH-spectra is reduced during the component’s repeating
event and the equivalent part’s repeating event.

[0006] NVH generated by any repeating event can be
described in terms of “harmonics”. In theory, there are
infinite harmonics starting from one. These harmonics occur
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at specific frequencies depending upon how fast the events
are repeating themselves. NVH at these harmonics (espe-
cially lower harmonics) is of very high concern. Exactly
which harmonics are most dominant can be experimentally
determined. This invention paves for a way to provide an
inventive method to minimize some or all of the problem
harmonics in a NVH spectra.

[0007] Let F(t) be a periodic event with a period of
repetition T, then:

F(£)=F(t+dT); where 8 is 1,2, 3
[0008] By Fourier theorem,

S
F=ay+ Z a,cos(wy,I) + b,sin(w,1);

n=1

where n is the harmonic, t is time,

[0009] T is the period of repetition, a_ b, , and a, are
Fourier coefficients, and

Wy = R—.

[0010] Thus, the above equation shows that any repeating
event F(t) can be described as a linear combination of
harmonics. The above equations are also valid for all of the
components that produce repeating events while in opera-
tion. Unless otherwise stated, the word “harmonic(s)” means
harmonic(s) of the repeating event.

[0011] In every component of interest, a certain event
would mark the start of a repeating event. Depending upon
the component geometry, the start of the event may or may
not be arbitrarily chosen. Similarly, there would an event
marking the end of the repeating event. The time it takes to
complete a repeating event will be represented by T.

[0012] In an arrangement comprising of a component and
m-1 equivalent parts making a total of m “like” or “geo-
metrically similar” entities and producing m repeating
events while in action, ideally the phasing would be done in
a way such that the starts of repeating events for two
consecutive entities are T/m apart and no two repeating
events start at the same time. Strictly speaking, the delaying
should be such that the starts of each of the m-1 events leads
the start of one and only one repeating event by T/m and no
two repeating events start at the same time. The instance
where two consecutive entities are T/m apart is a sub-case of
this general statement. In this arrangement, the harmonics
that are a multiple for m are unaffected while all the rest are
completely annulled. The number T/m has been derived
after solving mathematical equations for the system. In
general, the higher the m, the better (lower) the NVH
response would be. It should be noted that phasing of
component and equivalent parts means delaying of the start
of the repeating events of the component and equivalent
parts.

[0013] There might be a practical limitation on how large
m can be in a system of m like entities. In general, phasing
the two consecutive repeating events by T/m where no two



US 2008/0070728 Al

events start at the same time is the best arrangement. This
type of phasing would henceforth be called as “symmetrical
delaying”. Although symmetrical delaying is the best way to
obtain desirable NVH solution, in some cases it may require
too many replications to be made on the original component.
The exact number of replications required depends upon the
NVH problem being addressed. Hence, sometimes, it might
be beneficial (depending upon the problem at hand) to have
delay values other than as governed by the “symmetrical
delaying” rule and obtain some sort of a “compromise” or
“next to best” solution. This form of delaying that is not
governed by the rule of “symmetrical delaying” will be
referred to as “asymmetrical delaying”. Words phasing and
delaying are interchangeably used in this document.

[0014] Further areas of applicability of the present inven-
tion will become apparent from the detailed description
provided hereinafter. It should be understood that the
detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for
purposes of illustration only and are not intended to limit the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present invention will become more fully
understood from the detailed description and the accompa-
nying drawings, wherein:

[0016] FIG. 1 is a flow chart of a method for delaying an
equivalent part with respect to a component in accordance to
the present invention;

[0017] FIG. 2 is a side perspective view of a chain
assembly having an equivalent part delayed with respect to
a component in accordance with an embodiment of the
present invention;

[0018] FIG. 3 is a schematic plan view of a sprocket
assembly having an equivalent part delayed with respect to
a component in accordance with an embodiment of the
present invention;

[0019] FIG. 4 is a schematic plan view of a gear assembly
having an equivalent part delayed with respect to a compo-
nent in accordance with an embodiment of the present
invention;

[0020] FIG. 5 is a perspective view of a gear assembly
having an equivalent part delayed with respect to a compo-
nent;

[0021] FIG. 6 is a perspective view of a gear assembly
having a plurality of equivalent parts delayed with respect to
the component;

[0022] FIG. 7 is a chart of an envelope function for an
assembly of one component and one equivalent part where
the component is replicated once and the equivalent part is
symmetrically delayed in operation in accordance with the
present invention. An envelope function for an assembly of
a component and m-1 equivalent entities is such that when
it is multiplied by the NVH response of only one component,
it gives the response due to the m phased component and
equivalent entities put together. This envelope function is
plotted for the case of symmetrical delaying when m=2. It
can clearly be seen that at many locations on the graph (odd
harmonics), the response is annulled;
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[0023] FIG. 8 is a line graph for a percentage of response
of the original component at the first harmonic as a function
of phasing error (deviation from T/2 delay) when one
component and one phased equivalent part (m=2) are used.
On the x axis, & signifies

2xy . 360° y
Tradlans or ——

where y is the error in time delay from its ideal delay time;

[0024] FIG. 9 is a line graph depicting the effect of an
uneven load distribution on a component and at least one
delayed equivalent part (m=2) on the NVH when one
component and one ideally phased (i.e. with T/2 delay)
equivalent part are used. Here, A=0 corresponds to equal
distribution of loads on component and the equivalent part,
while A=x1 represents the case when either the original
component or the equivalent part takes all the load; and

[0025] FIG. 10 is a graph illustrating optimal delay angles
for a component and an equivalent part (m=2). The objective
for this exercise was to minimize the sum of first, second and
third harmonics such that the first and second harmonics are
a and  times more important than the third respectively
where a and [} are positive numbers.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0026] The following description of the preferred embodi-
ment(s) is merely exemplary in nature and is in no way
intended to limit the invention, its application, or uses.

[0027] Referring to FIG. 1, a method for reducing NVH on
a vehicle is generally shown at 10. First, a repeating or
periodic event is defined (identified) at decision box 12. The
repeating event is defined by a complete cycle, such that the
repeating event ends when the cycle begins to repeat itself.
Thus, the repeating event is defined by one completion of a
cycle that repeats itself. In a preferred embodiment, the
torsional force transfer components are operating under
steady state conditions. A component operates in a steady
state condition when the repeating event occurs at the same
rate as the immediately proceeding repeating event. How-
ever, it should be appreciated that the components can
operate in what appears to be non-steady state conditions,
since a non-steady state condition is eventually a steady state
condition over a sufficiently large finite period of time.

[0028] At decision box 16 the component is replicated a
predetermined number of times to form at least one equiva-
lent part. How many replications need to be performed
depends upon the NVH problem being addressed. The
equivalent part that is produced from the replication has
substantially the same design and functions as the original
component. One form of replication is to construct a com-
ponent and then construct an equivalent component. In some
cases, a form of replication is to construct the original
component and then splice the component to create an
equivalent component. However, when the component has
been spliced the component and resulting equivalent part(s)
are now a portion of the width of the component in its
original state. The component and the equivalent part(s) may
or may not be cast on the same block of material. For



US 2008/0070728 Al

example, in FIGS. 5-6, the component and the equivalent
part(s) are both on the same block of material. However, this
is not necessary and the component and equivalent part(s)
may exist independent of each other, at different locations.
The advantage of casting them on the same material piece is
that it occupies less space and hence is more packaging
friendly.

[0029] After the equivalent part has been produced, the
equivalent part is phased or delayed with respect to the
component at decision box 18. When the equivalent part is
delayed, the equivalent part is delayed a predetermined
amount with respect to the component. Therefore, the start
of equivalent part’s repeating event is moved or phased with
respect to the start of component’s repeating event by a
predetermined amount. The exact values of the phasing
angles depend upon the NVH problem being addressed.

[0030] At decision box 20, the delaying of the equivalent
part(s) with respect to the component eliminates or reduces
harmonic(s) of concern in NVH-spectra from the repeating
event of the component and equivalent part(s). Any repeat-
ing event manifests itself as a plurality of harmonics in NVH
spectra, where a harmonic is a sine wave with its frequency
as an integer multiple of the frequency of the repeating
event. Theoretically, the NVH produced by the repeating
events can be described as a predetermined linear combi-
nation of harmonics. The elimination or reduction of the
harmonic(s) eliminates or reduces the NVH produced by
component alone. Theoretically, the “symmetrical delay”
(using the T/m rule) of the equivalent part(s) with respect to
the component should completely eliminate the harmonics
that are a multiple of m, and thus completely eliminate the
NVH produced at those harmonics. However, due to toler-
ances of machined parts, the equivalent part(s) may not be
exactly symmetrically delayed, which results in the reduc-
tion rather than elimination of the aforesaid harmonics.

[0031] The harmonics that are eliminated or reduced from
the repeating event are based upon the phasing relationship
between the component and the equivalent part(s). Prefer-
ably, at decision box 22 an approximately equal load is
applied to both the component and the equivalent part(s). By
applying approximately an equal load to the component and
the equivalent part(s), the durability of the component and
the equivalent part(s) is increased with respect to a compo-
nent and delayed equivalent part(s) where the load is not
equally distributed, since an excessive amount of force is not
applied to either the component or the equivalent part(s).
Equal loading to the component and equivalent part(s)
creates the best reduction or elimination of NVH for specific
harmonics, as shown in FIG. 9.

[0032] Referring to an embodiment as shown in FIG. 2,
the component can be a chain assembly generally indicated
at 23 having an endless chain 24 fabricated by a combination
of links 25. For the purpose of NVH, chain 24 is typically
fabricated from at least two types of links 25 that slightly
differ in their geometry. The different links 25 are arranged
in a predetermined set pattern to complete a full length chain
24. The random combination of links 25 will be maintained
for any replacement chain. The random combination of links
25 is a development prior to the present invention. The chain
24 is endless because an arbitrary beginning at a link or blue
link 28 is connected to an end at an adjacent link 27. The
beginning and end of the chain are arbitrary because any
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point of the endless chain 24 is the beginning and end of the
repeating event as created by the rotation of the chain 24.
The repeating event completes when the component 24
pattern starts to repeat itself. This repeating event may be
equal to, or shorter than, a period of chain 24 rotation
depending upon the pattern of links 25. However, for the
reasons of simplicity and without the loss of generality, all
further discussions assume the repeating event to be the
same as the complete rotation of the chain 24. Thus, the
repeating event is defined by a complete rotation of the chain
24 where the blue link 28 completes a full cycle and returns
to its initial position. Typically, in application, with a chain
24 being used for example but not limited to, a transfer case,
the period of repetition and period of rotation coincide. As
mentioned previously, the links 25 which form the chain 24
are placed in a predetermined combination, such that the
links 25 can differ in shape, so long as every link 25 is
connected to an adjacent link 25 on both ends.

[0033] The second chain 30 is substantially the same as
the original chain 24 including the same combination of
links 25. The combined widths of chain 24 and chain 30
essentially equal the width of a chain (not shown) prior to
the present invention. Second chain 30 is then delayed with
respect to the chain 24 so that a secondary blue link 32 is
moved a predetermined amount from the blue link 28. For
example, when the prior chain is replicated once to create
two chains 24 and chain 30, the blue link of the second chain
30 is delayed by T/2 with respect to the blue link of the chain
24, where T is the period of rotation of the chain 24.
However, the prior chain can be replicated (divided) mul-
tiple times to create multiple second chains, and the delaying
of the multiple chains is dependent upon the number of times
the chain is replicated (divided). A preferred placement of
the multiple chains can be determined by the rules of
symmetrical delaying as explained in preceding portions of
this application. In other words, the chains can be phased
such that any of the two consecutive chains are delayed by
T/m and no two repeating events start at the same time.
Here, m is sum of equivalent parts (chains) and T is the time
period of rotation of any of the chains. Thus, the equivalent
blue links 32 are preferably proportionally or symmetrically
placed with respect to the blue link 28. Symmetrical delay-
ing is the most preferred way of phasing the various equiva-
lent parts however it may sometimes require too many
replications of the original component. For such cases, one
may determine an “optimal delay number” that might differ
from what’s required by symmetrical delaying.

[0034] In operation, the chain assembly 23 is operably
connected to a first sprocket 34 and a second sprocket 36.
Typically, the chains 24, 30 and sprockets 34, 36 can be used
in a transmission or transfer case on a motorized vehicle, but
it is within the scope of the present invention, that the
method be used where it is desirable to reduce NVH or the
like. The blue link 28 is defined by arbitrarily choosing a
beginning and end point of the chain 24 as described above.
Then the repeating event is defined by a single rotation of the
chain 24 so that the blue link 28 returns to its original
position. During the repeating event, undesirable NVH is
produced by the chain 24 when it contacts the first sprocket
34 and the second sprocket 36. Thus, the NVH is produced
at certain harmonics during the repeating event. The second
chain 30 is delayed so that the equivalent blue link 32 is
delayed by T/2 from the blue link 28 where T is the period
of rotation. Based upon the delaying relationship of the
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chain 24 and second chain 30, predetermined (all odd, as
m=2) harmonics are eliminated or reduced from the
response which eliminates or reduces the NVH produced by
the chain 24 and secondary chain 30 when contacting the
first sprocket 34 and second sprocket 36.

[0035] The number of harmonics reduced during the
repeating event is directly related to the number of chains
utilized, and how the secondary chains are subsequently
delayed with respect to the first chain of the assembly. If the
phasing or delaying relationship is based upon T/m rule
(symmetrical delaying) then the harmonics that remain
unaffected based upon the delaying of the secondary chain
30 from the chain 24 are determined by the equation:

Am; where A=1,2,3 . . . and m=the total number of

secondary chain(s) 30 and the chain 24.
[0036] The remainder of the harmonics are eliminated or
reduced.

[0037] However, it is very difficult and time consuming to
symmetrically delay (i.e. by using the T/m rule) the equiva-
lent blue links 32 from the blue link 28. In addition, the
sprockets 34, 36 may be delayed with respect to one another
further making it difficult aftain the exact delay requirement
for the chains. If the phasing of the second chain 30 is not
governed by “symmetrical delaying” relationships the har-
monics that would otherwise be eliminated, are now only
reduced. When a harmonic is not completely eliminated, the
NVH produced by a given chain in the assembly at that
harmonic is only reduced rather than completely eliminated.

[0038] Referring to FIG. 3, a second embodiment of the
present invention is shown where the component can be a
sprocket assembly generally indicated at 123 having a
sprocket 124. Similar to the description above, the sprocket
124 has a series of teeth 138, where the choice of beginning
or starting tooth 128 is arbitrary. Again, assuming all the
teeth 138 are approximately alike, a repeating event provides
the arbitrary beginning 128 completing a rotation of

— rad;

where L is the number of teeth 138 on the sprocket 124.
Here, the time taken for sprocket 124 to 2fr travel an angular
distance of

— rad
L

will be the time period (T) of the repeating event.

[0039] Then the sprocket 124 is replicated (divided) so
that an equivalent part of secondary sprocket 130 is formed
from the original sprocket 124. Again, the secondary
sprocket 130 is substantially similar to the sprocket 124, but
if the secondary sprocket 130 is spliced from the sprocket
124, the sprocket 124 and the secondary sprocket 130 are
thinner than the original sprocket 124. The starting points of
the periodic event of the original sprocket 124 and second-
ary sprocket 130 are T/m=T/2 apart (delayed) as m=2. Here,
m is the number of sprockets 124, 130.
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[0040] In operation, the sprocket 124 and secondary
sprocket(s) 130 are operably connected to a chain. Typically,
the sprocket 124, sprocket(s) 130, and chain(s) are used in
a transmission or transfer case in a motorized vehicle, but it
is within the scope of the present invention, that the method
is used where it is desirable to reduce NVH. As the sprocket
124 and secondary sprocket 130 rotate and contact the chain
NVH is produced. By replicating the sprocket 124 and
delaying the secondary sprocket 130, harmonics are elimi-
nated or reduced which eliminates or reduces the NVH
produced by the sprocket 124 and secondary sprocket 130.
If the phasing or delaying relationship is based upon the T/m
rule (symmetrical delaying) then the harmonics which are
unaffected by the delaying of the secondary sprocket(s) 130
are determined by the equation:

Am; where A=1,2,3 . . . and m is the sum of secondary
sprockets 130 and sprocket 124.

[0041] All of the remaining harmonics are eliminated or
reduced.

[0042] When the load applied to the sprocket 124 and the
secondary sprocket 130 are not equal, the uneven load
distribution results in less than optimal NVH and durability
performances. First, the durability of the overloaded
sprocket 124 or overloaded secondary sprocket 130 is
reduced when compared to a sprocket 124 and secondary
sprocket 130 with an evenly distributed load because of the
excess load in which the overloaded component must sup-
port. Also, the amount of NVH eliminated or reduced by
reducing or eliminating harmonics in the repeating event due
to the delaying of the secondary sprocket 130 with respect
to the sprocket 124 is negatively affected.

[0043] In reference to FIGS. 3 and 9, when the load
applied to the sprocket 124 and secondary sprocket 130 are
not equal, an uneven load distribution results. As shown in
the line graph in FIG. 9, for the case of symmetrical
delaying, when the load distribution between the sprocket
124 and second sprocket 130 are equal the NVH at the
harmonic is reduced is zero. However, when an uneven load
distribution is applied between the sprocket 124 and the
second sprocket 130, the NVH at the harmonic which
otherwise goes to zero, now has some NVH but it is still less
NVH than the amount produced at the harmonic if the
second sprocket 130 was not phased from the sprocket 124.
In FIG. 9, A=0 corresponds to equal distribution of loads on
the sprocket 124 and second sprocket 130, while A=x1
represents when the sprockets 124 or second sprocket 130
takes the entire load. It should be appreciated that the above
description of the function referenced sprockets as an expla-
nation but the function is applicable to all of the components
described or the like.

[0044] In reference to FIGS. 4 and 5, the component can
be a gear assembly generally indicated at 223 having a gear
224 that has teeth 238. Similar to the description above, the
gear 224 rotates and has an arbitrary beginning gear tooth
228. Thus, the repeating event of the gear 224 is defined by
the starting gear tooth 128 rotating

2n
L
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where L is the number of teeth 238 on the gear 224. The time
taken to rotate an angular distance of

2
T

is the time period (T) of repetition.

[0045] The gear 224 is replicated (divided) in order to
create a second gear 230 with teeth 241. The start of the
periodic event of the second gear 230 is delayed with respect
to that of gear 224 in the same manner as the sprocket 124
described above in order to eliminate or reduce problem
harmonics of the repeating event. Thus, the secondary gear
230 has an arbitrary beginning tooth 232 that is delayed with
respect to the starting tooth 228 of the gear 224. The
elimination or reduction of NVH by delaying the secondary
gear 230 with respect to the gear 224 is based upon the same
equations as the sprocket 124 described above. Likewise, it
is preferred to evenly distribute the loads applied to the gear
224 and the secondary gear 230.

[0046] 1t should be appreciated that the above method is
applicable for delaying other torsional force transfer mem-
bers components in order to reduce NVH, which when in
operation produce a repeating event, and are used to transfer
forces.

[0047] In reference to FIG. 6, the gear assembly 223 has
gear 224 being replicated (divided) multiple times to pro-
duce multiple (two) secondary gears 230. Secondary gears
230 are “symmetrically delayed” with respect to the gear
224 as governed by the T/m rule. Here m is the number of
secondary gears 230 and gear 224, and T is the time period
of repetition of gear 224. Gears 224 and 230 can be one solid
or connected piece or a series of separated gears on a
common shaft (not shown).

[0048] More specifically, in FIG. 6, the gear 224 is repli-
cated twice (m=3) so that the arbitrary starting tooth 239,
241 on the gears 230 are located

12x 22n
= — rad and = — rad
3L 3L

(or delayed by

away from the tooth 228 of gear 224. In the above example,
all of the harmonics that are multiples of3 (3, 6,9 ...) are
unaffected and the remaining harmonics (1,2, 4,5 ...) are
reduced or eliminated. In another embodiment (not shown),
the gear 230 having the starting tooth 241 can juxtapose the
other two gears of the gear assembly.

[0049] Referring to FIG. 7, the graph shows the elimina-
tion or reduction of NVH harmonics for a sprocket which
has been replicated once with the secondary sprocket 130
being ’symmetrically delayed“with respect to the original
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gear 124 (m=2). An envelope function, when multiplied by
the NVH response of the original component 124 alone,
reproduces the response from the assembly of sprockets 124
and 130 with the delaying relations. This envelope function
is based upon the symmetrical delaying equation referenced
above where the unaffected harmonics are determined by the
equation:

am, A=1,2,3

[0050] In this example, m=2 since the sprocket was rep-
licated once and the secondary sprocket 130 is delayed with
respect to the sprocket 124. Thus, for this case, all odd
harmonics are eliminated or reduced. On the graph, the
envelope function has a range from 0-1, where 1 is the
amount of NVH produced by the sprocket when a single
sprocket is used during operation. Thus, any point on the
graph which is below 1 implies reduction of NVH when
compared to an assembly where a single sprocket is used.
Except for the harmonics which are integer multiples of m,
there is an NVH reduction at all the other harmonics. It
should be appreciated that the above description of the
envelope function referenced gears as an explanation and
not limitation, and the envelope function is applicable to the
other components 24, 124, 224 or the like.

[0051] Inreference to FIG. 8, the line graph represents the
NVH produced at a harmonic with varying load sharing
between the sprockets 124, 130 for the case when m=2 and
the sprocket 130 is symmetrically delayed with respect to
sprocket 124. A=0 when the two sprockets 124, 130 share
equal loads and A=+1 when either one of the sprockets 124,
130 take all the load. It can be seen that the best NVH
response is obtained for the case when the load sharing is
equal between the two sprockets (A=0). For a system of a
sprocket 124 and m-1 equivalent sprockets 130 where all
equivalent sprockets are symmetrically delayed and the load
distribution is equal among all of the sprockets, the harmon-
ics that are not multiples of m are eliminated. However, the
responses at the harmonics that are multiples of m are not
reduced and produce NVH equivalent to a system where a
single sprocket is used. It should be appreciated that the
above description of the graph referenced sprockets as an
explanation and not limitation, and the function is applicable
to other components 24, 124, 224, or the like.

[0052] With respect to the descriptions above of the
method for delaying the components 24, 124, 224 and the
equivalent parts 30, 130, 230, if reduction of the second
harmonic is desired, the component 24,124, 224 needs to be
replicated at least twice to produce at least two equivalent
parts 30, 130, 230 so that m equals three (m=3). If m equals
three, then both the first and second harmonics (among
others) will be eliminated. However, making multiple rep-
lications is expensive and at times it may be desirable to
reduce the first and second harmonics as much as possible
without replicating the component 24, 124, 224 multiple
times and produce multiple equivalent parts 30, 130, 230. It
is possible to reduce the NVH produced at the second
harmonic even when m=2 if it is acceptable to compromise
the performance at the first harmonic. Thus, the equivalent
parts 30, 130, 230 are “asymmetrically delayed” with
respect to the component 24, 124, 224, which results in a
reduction of the first harmonic and second harmonic, but
does not completely eliminate the first harmonic as if the
equivalent parts 30,130, 230 were symmetrically
delayed by T/2.



US 2008/0070728 Al

[0053] Tt can be expensive to replicate or splice a compo-
nent such as a chain, sprocket, or gear once and can be even
more expensive to replicate the component multiple times.
Also, the durability of a component can be reduced the more
times the component is spliced. If the symmetric delaying
relation is used (T/m rule), then the harmonics other than
those that are integer multiple of m are completely elimi-
nated and the harmonics that are integer multiple of m are
completely unaffected. An alternative approach is to set up
optimization cirterion, which reduces the desired harmonics
but does not completely eliminate all of the affected har-
monics. The advantage of the optimization approach is that
it can give a reasonably good solution with lesser number of
replications of components (examples 30, 130, 230) than as
mandated by symmetrical delaying (T/m) rule. The disad-
vantage is that not all the m problem harmonics will be
annulled. The following equations are a general statement
for optimization for determining the phasing of the equiva-
lent parts 30, 130, 230 to reduce the desired harmonics
where the components chain, sprocket, or gears are repli-
cated (divided) m-1 times. For such a system, the amplitude
of' a dynamic quantity (like force, displacement etc) can be
represented by

R e e
mk — Tk
(0 + sinfork ) + ..+ sinfork tmTfl))z
Or,
R = Ey (1+COS(2ﬂk[_7£)+"'+COS(2ﬂk IMY:I))2+
, (0 + sin(Zﬂk[—;) + ..+ Sin(27rk th:l))z

[0054] Here, R, , is the amplitude of the k™ harmonic and
m is the total number of original sprocket (gears) and
equivalent sprockets (gears). E, will be equal to the ampli-
tude if m=1 (i.e, with no phasing). t; is the delay between the
start of periodic event on i+1™ sprocket (gear tooth) and the
start of periodic event on the first. Let’s assume that the
harmonics of interest are S, where,

[0055] S={set of all harmoics of concern}

[0056] Then the optimization problem can be stated as
follows.

[0057] Minimize F(t ,t,,t5,t,, . . .
[0058] F(t,totsty, - - -5ty )=R+R +R +R 4+ . . . +R;
[0059] Here,

[0060] [abed . . . iJeS

, t.,.;) such that

[0061] And t,.t, 0L, . ..

[0062] In general, this optimization problem can be set-up
for minimizing any number of harmonics (n) for compo-
nents chains, sprockets, or gears with any number of equiva-
lent parts 30, 130, 230 (m-1). As an example, if this method
is used with one component 24, 124, 224 and one equivalent
part 30, 130, 230 and the objective is to minimize both the
first and second harmonics, the ability to completely elimi-
nate the first harmonic is lost, but the benefit of reducing the

, t.., are the delays of interest.
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second harmonic, which would otherwise be unaffected
while using a two sprocket system with symmetrical delay,
is gained. Therefore, depending on which harmonics are to
be reduced and how many replications can be made, the
optimal delaying time is determined. Such delaying times
may result in delaying relationships other than as governed
by the symmetrical delaying relation.

[0063] As mentioned previously, from a cost perspective
many applications of the present invention are limited to one
component 24,124, 224 and one equivalent part 30, 130,
230. In an example, for a two sprocket system, it is desired
to minimize the sum of amplitudes of first three harmonics
such that the first and second harmonics are o and } times
more important than the third harmonic respectively. Notice
that if three replications were to be performed (m=4), the
first three harmonics will all be annulled—an ideal solution.
But assuming that we only want to make one replication, the
following procedure shows the “best” or “optimal” delay for
the case when m=2. For the case of one component 24, 124,
224 and one equivalent part 30, 130, 230, amplitude of any
(k™) harmonic can be written as:

Amplitude, = |Zcos(7rk%)|

[0064] Here, t is the delay between the starts of the two
repeating events. This equation has been obtained by sim-
plifying the expressions previously reported in the report.
Hence, the optimization problem may be posed as minimi-
zation of function F(t) with respect to t, where,

Fo = |wcos(7r%)| + |,Bcos(27r%)| + |cos(37r%)|

[0065] While a closed form solution is hard to find, one
can plot F(t) for various values of t,a,f can be made to
determine where the minima is reached. FIG. 10 shows the
values of t (delay times) where a minima is reached for
various values of a, f.

[0066] It can be seen that for small values of o & f3, the
optimum t/T is Y. For small values of a and large values of
B, the optimum t/T is Y. For large values of «, and small
values of f§ the optimum t/T is invariably 5.

[0067] Some specific cases are being pointed out here.
[0068] When =0 and [=0.5, the best delay is T/6.
[0069] When a=0 and (=3, the best delay is T/3.

[0070] When a=3 and =0, the best delay is T/2.

[0071] In general, the delays symmetrical and asymmetri-

cal can be effective plus or minus 10%.

[0072] The description of the invention is merely exem-
plary in nature and, thus, variations that do not depart from
the gist of the invention are intended to be within the scope
of the invention. Such variations are not to be regarded as a
departure from the spirit and scope of the invention.
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What is claimed is:
1. A method for reducing NVH comprising the steps of:

providing at least one component;

providing at least one repeating event of said at least one
component, wherein said at least one repeating event is
a complete cycle of said at least one component, such
that said at least one repeating event ends when said
cycle begins to repeat itself;

replicating said at least one component, wherein said at
least one component is replicated at least one time so
that at least one equivalent part is formed, wherein said
equivalent part has one said repeating event; and

delaying said at least one equivalent part with said at least
one component, wherein said at least one equivalent
part is moved with respect to said at least one compo-
nent by a predetermined amount, such that at least one
harmonic in a NVH-spectra is reduced during said at
least one component’s repeating event and said at least
one equivalent part’s said repeating event.

2. The method for reducing NVH of claim 1, wherein said
equivalent part has substantially the same design as said
component and same function as said component.

3. The method for reducing NVH claim 1, wherein when
said equivalent part is delayed with respect to said compo-
nent, said repeating event of said equivalent part is delayed
with respect to said repeating event of said component.

4. The method for reducing NVH of claim 1, wherein a
load experienced by said equivalent part is approximately
equal to a load experienced by the said component, except
that said loads are displaced in time.

5. The method for reducing NVH on a vehicle of claim 1,
wherein said NVH is produced at said harmonic, and a
reduction of said harmonic reduces said NVH during said
repeating event that said harmonic was reduced.

6. The method for reducing NVH on a vehicle of claim 1
further comprising the step of said component and said
equivalent part are in at least one of a transfer case and a
transmission.

7. The method for reducing NVH on a vehicle of claim 1
further comprising the step of said component is at least one
of a sprocket, a chain, and a gear.

8. The method for reducing NVH on a vehicle of claim 7,
wherein when said component is at least one of said sprocket
or said gear, and said equivalent part(s) is delayed sym-
metrically (using T/m rule) with respect to said component,
all said harmonics are reduced except for said harmonics
that are multiples of the sum of said component and said
equivalent parts.

9. The method for reducing NVH of claim 7, wherein
when said component is a chain, and said equivalent part(s)
is delayed symmetrically (T/m rule) with respect to said
component, all said harmonics are reduced except for said
harmonics that are multiples of the sum of said component
and said equivalent parts.

10. The method for reducing NVH of claim 1, wherein
when said component is replicated once to produce one said
equivalent part, start of the periodic event of the said
equivalent part is delayed by T/2 with respect to said
repeating event of said component, such that all odd said
harmonics are eliminated.

11. The method for reducing NVH claim 10, wherein one
said equivalent part is delayed by a predetermined amount
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other than T/2 with respect to said component, in order to at
least partially reduce a first harmonic and a second harmonic
of'said repeating event of said component and said repeating
event of said equivalent part.

12. The method for reducing NVH of claim 1, wherein
when said component is replicated multiple times to produce
a plurality of said equivalent parts, said equivalent parts are
at least one of symmetrically delayed and asymmetrically
delayed with respect to said component.

13. A method for reducing NVH comprising the steps of:

providing at least one component being at least one of a
sprocket and a gear;

providing at least one repeating event of said at least one
component, wherein said at least one repeating event is
a complete cycle, such that said at least one repeating
event ends when said cycle begins to repeat itself;

replicating said at least one component, wherein said at
least one component is replicated at least one time so
that at least one equivalent part is formed, wherein said
equivalent part has one said repeating event and said
equivalent part has substantially the same design and
function as said at least one component;

providing said at least one component and said at least one
equivalent part is in at least one of a transfer case and
a transmission; and

delaying said at least one equivalent part with said at least
one component, wherein said at least one equivalent
part is moved with respect to said at least one compo-
nent by a predetermined amount, that at least one
harmonic in a NVH-spectra is reduced during said at
least one component’s repeating event and said at least
one equivalent part’s said repeating event.

14. The method for reducing NVH of claim 13, wherein
when said equivalent part is moved with respect to said
component, said repeating event of said equivalent part is
delayed with respect to said repeating event of said compo-
nent, such that a first load applied to said component is
approximately equal to a second load applied to said equiva-
lent part.

15. The method for reducing NVH of claim 13, wherein
said NVH is produced at said harmonic, and a reduction of
said harmonic reduces said NVH during said repeating event
that said harmonic was reduced.

16. The method for reducing NVH of claim 13, wherein
said equivalent part is delayed symmetrically with respect to
said component, all said harmonics that are reduced except
for said harmonics that are multiples of the sum of said
component and said equivalent part.

17. A method for reducing NVH comprising the steps of:
providing at least one component being a chain;

providing at least one repeating event of said at least one
component, wherein said at least one repeating event is
a complete cycle, such that said at least one repeating
event ends when said cycle begins to repeat itself;

replicating said at least one component, wherein said at
least one component is replicated at least one time so
that at least one equivalent part is formed, wherein said
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equivalent part has one said repeating event and said
equivalent part has substantially the same design and
function as said at least one component;

providing said at least one component and said at least one
equivalent part is in at least one of a transfer case and
a transmission; and

delaying said at least one equivalent part with said at least
one component, wherein said at least one equivalent
part is moved with respect to said at least one compo-
nent by a predetermined amount, such that at least one
harmonic in a NVH-spectra is reduced during said at
least one component’s repeating event and said at least
one equivalent part’s said repeating event.

18. The method for reducing NVH of claim 17, wherein
when said equivalent part is moved with respect to said
component, said repeating event of said equivalent part is
altered with respect to said repeating event of said compo-
nent, such that a first load applied to said component is
approximately equal to a second load applied to said equiva-
lent part.

19. The method for reducing NVH of claim 17, wherein
said NVH is produced at said harmonic, and a reduction of
said harmonic reduces said NVH during said repeating event
that said harmonic was reduced.

20. The method for reducing NVH of claim 17, wherein
when said equivalent part is delayed symmetrically with
respect to said component, all said harmonics are reduced
except for said harmonics that are multiples at the sum of
said component and said equivalent part.

21. A torsional force transfer member assembly compris-
ing:

an m number of total sprockets or gears;

and wherein said sprockets or gears are angularly phased
with respect to one another.
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22. A sprocket assembly as described in claim 21, wherein
said torsional force transfer members are phased by

from one another.

23. A sprocket assembly as described in claim 21 having
two torsional force transfer members, said torsional force
transfer members being phased from one another, from one
of a group of

phase delays.
24. A chain and sprocket arrangement comprising:

an m number of chains; and

and wherein said chains are angularly phased with respect
to each other.

25. A chain and sprocket arrangement as described in
claim 27, wherein the chains are phased by

0.1T7
+
m

BN

from one another.



