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ABSTRACT−This paper presents a method for analyzing epicyclic gearboxes by evaluating the speeds, torques and power

of the external elements in epicyclic gear mechanisms, as well as the total ratios of the gear box. The method is based on the

equations that describe each epicyclic gear mechanism and rules that assign appropriate codes to the external elements. The

method emphasizes how power flows are transmitted through the epicyclic gears, as well as power losses. Analysis of an

epicyclic gear box is performed to illustrate the proposed method.
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1. INTRODUCTION

Principles of Mechanisms (Willis, 1841) is widely consi-

dered to be the first publication dedicated solely to the field

now called kinematics, and discusses analytical modeling

of an epicyclic gear train for the first time in published

literature. Later, Analysis and Design of Mechanisms (Lent,

1970) presents the methodology proposed by Willis for

finding the rotational speeds of each branch of the epicyclic

gear train in detail, along with specific methods for

designing three- and four-gear trains. Further developments

of the method were made by Tsai (2001), by using graph

theory, and extending “the traditional concept of a lever

representation of a planetary gear set to one that includes

negative lever ratios” (Raghavan, 2007). These methods

have been found to be suitable in a series of applications

(Ashmore, 2006) and (Karaivanov and Popov, 2008).

Epicyclic gearboxes have been used as an alternative to

other methods (Kim et al., 2008b, 2008a) more frequently

because of their advantages: compact design, automatic

shifting, and increased control possibilities, for example. 

The goal of analyzing an epicyclic gearbox is to evaluate

the gear ratios, the power flow and the efficiency for every

stage (Lee, 2007). This paper presents a methodology to

analyze epicyclic gearboxes using elements of power flow

theory. This methodology was established for the use a

computer for efficient calculations, and to evaluate the

symbolic expressions for gear ratios, torques and power

flows for all the elements. This paper presents the metho-

dology applied to a stationary working regime characteriz-

ed by invariant speeds (dω/dt=0); consequently, the inertia

of gears and shafts is neglected.

2. APPLICATION OF POWER FLOW THEORY

The epicyclic gear box consists of one or more epicyclic

gear mechanisms (EGM), clutches and freewheels. Every

element may be described using linear equations to calcu-

late speeds, torques and powers (Fogarasy and Smith,

1995; Du and Zhang, 2007).

A power flow graph is a graphical representation of a

system of linear equations. The power flow graph establi-

shes the link between the input variables (speed, torque and

power) and the output variables and emphasizes how the

power flow is transmitted (Ryu et al., 2009). Consequently,

the power flow graph represents a visual tool to easily

generate an epicyclic gearbox diagram, as well as an

analysis tool.

The power transmitted by an element may be calculated

using the following formula:

, (1)

where P is power (W); M is torque (Nm); and ω is angular

velocity (rad/sec). 

The above formula indicates that the power is computed

as the product of two factors: the load factor (torque) and

kinematic factor (velocity). Both torque and velocity may

be positive or negative; consequently, the power is positive

(input or convergent power) or negative (output or emer-

gent power).

The power flow graph uses the following basic elements:

• nodes that transform at least one factor (load or kinematic);

• arcs that transmit the power flow without changing the

factors.

The graph elements obey the following two rules:

(1) For every node, the sum of convergent power balances

the sum of emergent power and dissipated power; thus

the total sum of power is zero:

P=M ω⋅
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, (2)

where P
τi represents the dissipated power in node i.

This rule is derived from the general law of energy

conservation applied to the epicyclic gearbox structure.

(2) For every node, the sum of the torques is zero (the law

of torque balance):

. (3)

There are several types of nodes used to describe the

kinematic structure of epicyclic gearboxes. The most fre-

quently used nodes are summarized in Table 1. Using the

graphical symbols listed in the table below, any kinematic

gearbox can be transformed into power flow graphs. 

3. EPICYCLIC GEAR MECHANISM 

FUNDAMENTALS

The epicyclic gearbox consists of one or more epicyclic

gear mechanism clutches and brakes. Its kinematic diagram

is presented in Figure 1.

Consequently, the epicyclic gear consists of 3 elements

with fixed axles (sun gear, ring gear and carrier arm) and

one element with a rotating axle (planet gear). The epi-

cyclic gear mechanism presented in Figure 1. Epicyclic

gear. has 2 degrees of freedom (DOF), but there are

mechanisms with more DOF, for instance, the Ravigneux

mechanism.

According to the Willis principle, the equation describ-

ing the kinematics of EGM is as follows:

, (4)

where  is the ratio when the power is transmitted from

element x to element y and the axle of element z is fixed.

The indices that indicate the elements of EGM have the

following rules (where n represents the total number of

EGMs in the gearbox):

• for sun gears: 1, 4, …, 3j – 2, …, 3n – 2;

• for ring gears: 2, 5, …, 3j – 1, …, 3n – 1;

• for the carrier arm: 0, 3, …, 3j – 3, …, 3n – 3.

Applying the index rules listed above, equation (4), in

general, becomes the following: 

. (5)

For a single EGM (in this case j=1), equation  takes the

following form:

. (6)

If the carrier arm is fixed (ω0=0), EGM transforms into

an ordinary gear mechanism with fixed axles; consequent-

ly, equation defines the ratio :

. (7)

For this ordinary mechanism, the EGM constant is defin-

ed as:

,

or for the EGM presented in Figure:

. (8)

In general, depending on the EGM structure:

 
i 1=

n

∑ Mi ω i⋅ +P
τi=0

 
i 1=

n

∑ Mi=0

ωx−ix y,

z
ωy− 1 ix y,

z
–( )ωz=0

ix y,

z
ω3j 2– l3j 2 3,– j 1–

3j 3–

– − 1 l3j 2 3,– j 1–

3j 3–

–( )ω3j 3– =0

ω1−i1 2,

0

− 1 l1 2,

0

–( )ω0=0

l1 2,

0
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0

=
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ω2

-----
ω
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K=
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K=
Z2
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-----

Figure 1. Epicyclic gear.

Table 1. Main types of nodes.

Node Equations
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(9)

or:

. (10)

In conclusion, the kinematics of an EGM with 2 DOF is

completely described by a single equation with 3 variables.

The distribution of torques among the EGM elements is

given by the following system of equations:

. (11)

From the first equation, the following relation results:

. (12)

For an ideal EGM (no power losses), equation (12) is

similar to equation (7), but it has a different meaning.

Equation  (7) defines the kinematic ratio, and equation (12)

defines the torque transformation ratio. For an ideal EGM,

the two ratios (kinematic and torque transformations,

respectively) are equal numerically. 

For each external element of the EGM, the power is

calculated using the following equation:

. (13)

An EGM with 2 DOF has the representation shown in

Figure 1. It is assumed that there is an ideal meshing of

gears, so there are no power losses.

In a real situation, the meshing of gears generates power

losses, mainly due to the friction. The lost power is

transformed into heat and is dissipated. 

The existence of power loss modifies the torques but has

no influence on the speeds of the external elements of the

EGM. Consequently, equation (7) remains valid, but the

real torque transformation ratio is given by the following

equation:

, (14)

where the sign “~” (tilde) applies to the real torques and

powers to indicate that they differ from their respective

ideal values. 

Considering only nodes with two external elements, the

efficiency of the transmission is given by the following

equation:

(15)

where the value of the exponent u takes into consideration

the sense of the power flow. For a transmission including

epicyclic gears, the value of the exponent u could be

calculated using the following relation:

, (16)

where indices a and b represent the input and output shafts,

respectively.

4. ANALYSIS OF THE EPICYCLIC GEARBOX

Within an epicyclic gearbox, the power flows from input a

to output b using one or more paths, according to the

structure of the transmission. 

Analyzing the epicyclic gearbox requires calculating the

total ratios of the gearbox for each stage, the distribution of

the power flows among the EGMs, and the overall effici-

ency for each stage. The proposed method calculates all

these data in an efficient manner using commonly available

software for solving algebra problems.

The method is best illustrated using a gearbox as an

example; a kinematic diagram is presented in Figure 3.

The considered gearbox consists of 3 epicyclic gears

with the constants K1…K3, 3 brakes denoted by B1…B3,

and a clutch. Moreover, it can achieve 4 forward speeds.

The input shaft is denoted by a, and the output shaft is

denoted by b. This gearbox is part of the ZF 4 HP 250

transmission; the reverse is realized using an EGM as an

inverter. 

The sequence of the brakes and clutch usage is presented

in Table 2.

l1 2,

0

= 1–( )
n
e
K⋅

l3j 2 3,– j 1–

3j 3–

= 1–( )
n
ej
Kj

ix y,

z
Mx+My=0

Mx+My+Mz=0⎩
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z
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Figure 2. Power flow graph of the EGM with 2 DOF.

Figure 3. Kinematic diagram of the gearbox.

Table 2. Sequence of brakes and clutch.

Stage B1 B2 B3 C

1st operated

2nd operated

3rd operated

4th operated
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The equivalent power flow graph of the epicyclic gearbox

is presented in Figure 4. 

The epicyclic gearbox consists of 3 epicyclic gear mech-

anisms with constants K1, K2, and K3, respectively; 3 brakes,

F1, F2 and F3; and the clutch A. The power flow diagram

includes the branched nodes n1…n3. The input shaft is

labeled a, and the output shaft is labeled b. 

The power flow diagram allows links between the ex-

ternal elements of the EGMs to be identified quickly, and

facilitates calculation of the gearbox ratios.

The first step in analyzing the epicyclic gear box is

calculating the gearbox ratios.

For each EGM, a single kinematic equation may be

written. By rearranging the order of terms, the following

equations are obtained:

; (17)

; (18)

. (19)

The links between the external EGM’s elements are

described by the following equations: 

; (20)

; (21)

; (22)

. (23)

The input element a is presumed to have a known speed:

for convenience, it is assumed that:

. (24)

Consequently, the gear box ratio will be:

. (25)

Equations (17)~(24) are valid for each stage of the gear-

box. A specific stage is obtained as a single brake or the

clutch is activated according to the shifting diagram pre-

sented in Table 2. Consequently, the following equations

may be written for each of the four stages:

• for the 1st stage:

; (26)

• for the 2nd stage:

; (27)

• for the 3rd stage:

; (28)

• for the 4th stage:

. (29)

Adding one equation from relations (26)~(20) to the set

of equations (17)~(24), a system of 9 simultaneous equa-

tions is obtained. Consequently, the nine variables ω0…ω8

can be calculated. 

The calculation could be performed symbolically; thus,

the ratio of the gearbox is expressed as a rational function

whose variables are functions of the constants of the EGMs.

Solving the systems of simultaneous equations for each

stage, the following speeds were obtained.

In order to calculate the torques, the following equations

are derived for each node:

• for EGM 1:

; (30)

• for EGM 2:

; (31)

• for EGM 3:

; (32)

1 i1 2,

0
–( )ω0−ω1+i1 2,

0
ω2=0

1 i4 5,

3
–( )ω3−ω4+i4 5,

3
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6
–( )ω6−ω7+i7 8,

6
ω8=0

ω1−ω4=0
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1
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⎧

M7+M8+M6=0
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⎨
⎧

Figure 4. Power flow diagram of the epicyclic gearbox.

Table 3. Speeds for EGM’s external elements.

Gear 1 Gear 2 Gear 3

ω0

ω1 1 1 1

ω2

0
ω3

ω4 1 1 1

ω5

0
ω6

ω7 1 1 1

ω8 0

ia,b 1+K1

Π3=(1+K1)(1+K2)(1+K3)
Π1,2=(1+K1)(1+K2)
Π2,3=(1+K2)(1+K3)

1
1 K1+
-------------

1 K1 K2+ +( )

Π1 2,

----------------------------
Π3 K1K2K3–

Π
----------------------------

1
1 K2+
------------- 1 K1 K2+ +

Π2 3,

------------------------

1–

K2

------
1

1 K3+
-------------

1 K2 K3+ +

K2 1 K3+( )
------------------------

1
1 K3+
-------------

Π1 2,

1 K1 K2+ +( )
----------------------------

Π3

Π3 K1K2K3–
----------------------------
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• for the branched node 1:

; (33)

• for the branched node 2:

; (34)

• for the branched node 3:

. (35)

The following restrictions apply for each stage respec-

tively:

• for the 1st stage:

; (36)

• for the 2nd stage: 

; (37)

• for the 3rd stage:

; (38)

• for the 4th stage:

. (39)

Equations (30)~(35) together with one of the restrictions

(36)~(39) compose a system of simultaneous equations; for

instance, for the first stage, the system is the following:

(40)

Taking into consideration equations (9), (15), and (16)

and a real situation with power losses, the system of

simultaneous equations (40) becomes:

(41)

The exponents u1, u2, and u3 can be calculated using the

relations determined for gearbox ratios presented in Table

3.

To calculate the efficiency of the gearbox, equation (15)

is applied to the overall structure of EGMs:

(42)

The gearbox ratio is expressed as a rational function

whose variables are the EGM constants:

. (43)

In the presence of power losses, the torque trans-

formation ratio is given by the same rational function but

with different variables:

M1+M4+M7+M9=1

M2+M3+M10=0

M5+M6+M9+M11=1

M8=0; M9=0; M11=0

M8=0; M9=0; M10=0

M9=0; M10=0; M11=0

M8=0; M10=0; M11=0

ηab=−
P̃b

P̃a

-----=−
M̃b ωb⋅

M̃a ωa⋅

---------------=
ĩa b,

ia b,

------

ia b
1

,
=F K1, K2, K3( ), i 1, 2, 3{ }∈

Table 4. Speed, torque and power flow calculation results.

1st stage 2nd stage 3rd stage

No
losses

Real
No

losses
Real

No
losses

Real

ω0 0.21550 0.38451 0.60000

ω1 1 1 1

ω2

0 0.21551 0.49010
ω3

ω4 1 1 1

ω5

−0.27470 0 0.35000
ω6

ω7 1 1 1

ω8 0.62470 0.35000 0

ia,b 4.64000 2.60000 1.66700

4.640 −4.514 −2.600 −2.538 −1.667 −1.637

1 1 0.560 0.562 0.359 0.363

3.64 3.514 2.040 1.975 1.308 1.274

0 0 −2.040 −1.975 −1.308 −1.274

0 0 0.440 0.438 0.282 0.282

0 0 1.600 1.538 1.026 0.992

0 0 0 0 −1.026 −0.992

0 0 0 0 0.359 0.355

0 0 0 0 0.667 0.637

3.640 3.514 0 0 0 0

0 0 1.600 1.538 0 0

−1 −0.973 −1 −0.976 −1 −0.982

1 1 0.560 0.562 0.359 0.363

0 0 0.440 0.426 0.641 0.624

0 0 −0.440 −0.426 −0.641 −0.624

0 0 0.440 0.438 0.282 0.2823

0 0 0 0 0.359 0.347

0 0 0 0 −0.359 −0.347

0 0 0 0 0.359 0.355

0 0 0 0 0 0

ηab 1 0.973 1 0.976 1 0.982

M0; M̃0

M1; M̃1

M2; M̃2

M3; M̃3

M4; M̃4

M5; M̃5

M6; M̃6

M7; M̃7

M8; M̃8

M10; M̃10

M11; M̃11

P0; P̃0

P1; P̃1

P2; P̃2

P3; P̃3

P4; P̃4

P5; P̃5

P6; P̃6

P7; P̃7

P8; P̃8
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. (44)

To perform the numerical calculations, an average value

was adopted for the efficiency of the EGM: η=0.9653. The

final numerical results are presented in Table 4.

For the first stage, the reduced power flow diagram is

presented in Figure 5. It can be observed that only the

epicyclic gear mechanism denoted K1 contributes to the

transmission of the power flow. The same conclusion could

be formulated by analyzing the structure of the function

derived for the first stage:

Because the constant K1 is the only variable, this EGM

only transmits the power flow.

For the second stage, the ratio is calculated by:

,

and the transmission of the power flow is realized by two

EGMs; the same conclusion results from the diagram

presented in Figure 6.

For this stage, the power flow is transmitted through two

paths. It may be observed that the power flow is trans-

mitted by each link in the same direction; in other words,

there is no internal power flow within the closed loop.

For the third stage, brake F3 is engaged. The power flow

diagram for this stage is presented in Figure 7. It may be

observed that, in the third stage, all epicyclic gear mech-

anisms contribute to power flow transmission. The input

power splits among the three EGMs, and the EGMs de-

noted K2 and K1 act as summing mechanisms.

5. CONCLUSIONS 

The proposed method for analyzing the epicyclic gear

boxes has the following main advantages:

(1) It can be used to calculate the gear ratios, speeds,

torques and powers for all paths;

(2) It uses a computer for calculations, and the proposed

algorithm can be used to generate adequate software;

(3) It can evaluate the EGM constants if the numerical

values of the ratios are known.

Additionally, the proposed method may generate ade-

quate software applications that benefit both undergraduate

automotive students and gearbox specialists.
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Figure 5. Power flow diagram for the 1st stage.

Figure 6. Power flow diagram for the 2nd stage.

Figure 7. Power flow diagram for the 3rd stage.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


