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Morgan Advanced Materials is a global engineering company offering world-leading competencies
in materials science, specialist manufacturing and applications engineering.
We focus our resources on the delivery of products that help our customers to solve
technically challenging Problems, enabling them to address global trends such as
energy demand, advances in healthcare and environmental sustainability.
What differentiates us?
Advanced material science and processing capabilities. Extensive applications engineering experience.
A strong history of innovation and reinvention. Consistent and reliable performance.
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Perfect Solutions for Wind Power Products

ABOUT US
Morgan Advanced Materials is a leader in its chosen markets with a global reputation for leading edge materials science
and proven engineering solutions. We maintain consistently high standards of operational excellence through the
outstanding technical capability of our people and a culture of continuous improvement. The group has significant
operational presence in all the world’s major regions, serving customers in more than 100 countries. Our headquarters
is in the UK and the company is listed on the London Stock Exchange.

WHAT DIFFERENTIATES US?
$GYDQFHGPDWHULDOVFLHQFHDQGSURFHVVLQJFDSDELOLWLHV
([WHQVLYHDSSOLFDWLRQVHQJLQHHULQJH[SHULHQFH
$VWURQJKLVWRU\RILQQRYDWLRQDQGUHLQYHQWLRQ
&RQVLVWHQWDQGUHOLDEOHSHUIRUPDQFH
$WUXO\JOREDOIRRWSULQW
We employ and invest in the best people

-40ȭ , Relative humidity (RH) of 90%, corrosion of sea salt;
50ȭ , Relative humidity (RH) of 5%, attack of unbearable heat
They are the extreme conditions for human being, but the daily working environments of wind turbines.
%\XQGHUVWDQGLQJWKHVSHFLÀFQHHGVRIWKHZLQGSRZHULQGXVWU\DQGWKHRSSRUWXQLWLHVDQGFKDOOHQJHV\RXDUHIDFLQJ0RUJDQLVFRPPLWWHGWR
providing innovative & value-added solutions, raising the capacity and running time of wind turbines to fully meet your needs. Relying on our highquality engineering application and global service system, we provide customers with wind power products (including carbon brush, brush holder &
DVVHPEO\VOLSULQJDQGPDLQWHQDQFHJULQGVWRQHIRUVSHFLÀFDSSOLFDWLRQV XVHGLQYDULRXVKDUVKHQYLURQPHQWVDQGDSSOLFDWLRQH[SHUWLVHEDVHGRQRXU
on-site application experience gained from numerous times of wind turbine operation.

Excellent Running Performance

A GLOBAL
NETWORK OF
'MINDS' THINKING
'WHAT IF?'

,QDVSHFLÀFH[WUHPHZRUNLQJHQYLURQPHQWLWLVLPSRUWDQWWRVHOHFWDPDWHULDOIRUPXODWKDWFDQIRUPDKLJKTXDOLW\SDWLQDÀOPEHWZHHQWKH
FDUERQEUXVKDQGWKHVOLSULQJDVWKHÀOPFDQSURORQJWKHVHUYLFHOLIHRIWKHFDUERQEUXVKSURWHFWWKHVOLSULQJVXUIDFHDQGUHGXFHZHDU
0RUJDQ VFDUERQEUXVKPRGHOLVGHYHORSHGDFFRUGLQJWRYDULRXVZRUNLQJHQYLURQPHQWVWRGHOLYHUWKHEHVWSHUIRUPDQFHDWERWKKLJK
and low loads. Our carbon brushes remain excellent technical performances even in environments of low humidity, which is commonly
UHTXLUHGE\ZLQGÀHOGV2XUVOLSULQJVIRUJHQHUDWRUVDOVRERRVWRSWLPDOSHUIRUPDQFHDQGSOD\LQJDNH\UROHLQZLQGWXUELQHV

More Comprehensive Professional Support
$W0RUJDQRXUKROLVWLFVXSSRUWEHJLQVZLWKRXUYHU\ÀUVWPHHWLQJZLWK\RXZKLFKLVEDVHGRQRXUWHDPVDQGFRYHUVHQJLQHHULQJVDOHV
customer service and training.
Engineering design: SURPRWHHDFKGHVLJQSODQIURPH[SHUWV·SRLQWRIYLHZIRUFRQWLQXRXVLPSURYHPHQWORZGHYHORSPHQWFRVW
and high protection for your investment.
On-site troubleshooting: VHQGWUDLQHGTXDOLÀHGDQGH[SHULHQFHGSURIHVVLRQDOVWRWKHÀHOGÀQGLQJRXWSUREOHPVDQG
working out solutions.
Professional training: provide experienced regional sales and application personnel to convey knowledge on products and materials
in ongoing training programs.

Punctual delivery:
our high-standard operational excellence and complete global network enable us to deliver the products you need
on time.
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We work collaboratively to develop materials, components and sub-assemblies to address specific customer needs. The
parts that we make are often required to play a critical role in our customers’ products and systems, helping them to
perform more efficiently, more reliably and longer, sometimes in the most demanding environments.

:LWK0RUJDQ·VSURIHVVLRQDOHQJLQHHULQJVHUYLFHVDQGSURGXFWLRQEDVHVDOORYHUWKHZRUOGZHFDQSURYLGH\RXZLWKFXVWRPL]HGLQGXVWULDO
carbon brush products and solutions at your request. We promise to deliver on time, wherever you are.
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Polar Environment

Dry & Hot Environment

Surges & Waves

Ultra-Low Humidity

Extreme Temperature

Corrosion of Salt Spray

Piercingly Cold Wind

Scorching Air

Fierce Wind

Guide Table for Brush Grades
Typical Physical Property

Carbon Brush for Wind Turbines
:LWKPRUHWKDQ\HDUVRIH[SHULHQFHLQVFLHQWLÀFUHVHDUFKRIFDUERQDQGJUDSKLWHPDWHULDOVJOREDORSHUDWLRQQHWZRUNZRUOGFODVVWHVWLQJHTXLSPHQW
DQGLQVWUXPHQWVDQGDEXQGDQWPDWHULDONQRZOHGJHDQGDSSOLFDWLRQH[SHULHQFH0RUJDQKDVPDGHLWVEUXVKSURGXFWVDPRGHOLQWKHLQGXVWU\IRUWKHLU
excellent performance.

Product features:
 Excellent performance thanks to unique formula
/RZZHDUZLWKDGYDQFHGÀOPLQJSURFHVV
 Applicable to varied environments through multiple
post-treatment processes

Major advantages:
0RUHWKDQ\HDUVRIH[SHULHQFHLQ
manufacturing and application of carbon brushes
 Advanced R&D and design capability
 Independent and complete overall production process
 Technical and application support by professional
teams worldwide
 Optional carbon brush grades for multiple complex environments
&XVWRPL]HGSURGXFWVDFFRUGLQJWRFXVWRPHUV·VSHFLÀFUHTXLUHPHQWV

%HQHÀWVWRFXVWRPHUV
4
 Better overall solutions
 Less wear between slip rings
 Lower maintenance rate of wind turbines

Grade

Maximum Recommended
Content of
Contact
Friction
Constant Current Density
Metal Voltage Drop Coefficient Linear Speed
(Range)
Resistivity
m/s
A/cm2
V
μm
%

Application

Density
g/cm3

Rockwell
Hardness
HR10/588

Bending
Strength
MPa

MG1127

2.44

80

28

3.8

30

~2.5

~0.18

15

8～12

MG1147

2.95

75

30

3.2

50

0.8～2.2

~0.25

35

14～18

For general environment facies

MG1157

2.96

72

24

3.3

50

0.9～2.4

~0.25

35

14～18

For plateau environment facies

MG1167

2.98

77

26

3.3

50

1.0～2.4

~0.25

35

14～18

For marine environment facies

MG1165

3.8

89

30

0.3

65



~0.20

30



Lightning protection brush

MG1190

6.5

63

65

0.06

95



~0.30

20



Lightning protection brush, capable for
larger current than MG1165

MA1147

2.65

95/70

29

1.94

47(s)

0.7～2.2

~0.25

35

12～18

Grounding brush for general
wind turbines

MA1157

2.7

93/70

28

1.8

47(s)

0.8～2.4

~0.25

35

12～18

Grounding brush for plateau
wind turbines

MA1167

2.63

90/70

26

1.85

47(s)

0.8～2.2

~0.25

35

12～18

Grounding brush for marine
wind turbines

Low current density, grade for general
application, used for less than 1MW
wind turbines

Counterfeit
Counterfeit and shoddy products will not only bring direct economic losses to you and your enterprises, but also cause incalculable harm and hidden
GDQJHUVWRWKHPDFKLQHVDQGHTXLSPHQW6RSOHDVHFKRRVH0RUJDQWUDGHPDUNVDQGSURGXFWVDQGUHJXODUVDOHVFKDQQHOV%HZDUHRIWRRFKHDSSURGXFWV
similar trademarks or grades, and beware of imitations!

Choosing the correct brush material according
to your application environment can reduce the
loss of slip rings and reach the maximum service
life of brushes, which is also the decisive factor for
the operation performance of generators. Our
application engineers can help you choose the
right brush grade, and design products specially
based on your needs. You may also refer to
our selection charts, and choose the materials
PHHWLQJ\RXUVSHFLÀFQHHGVDFFRUGLQJWRGLIIHUHQW
application environments.

Quality Assurance
0RUJDQLVWKHÀUVWWRSDVVWKH,624XDOLW\6\VWHP&HUWLÀFDWLRQLQ&KLQD VHOHFWULFFDUERQLQGXVWU\DQGFDQHQVXUHWKDWWKHSURGXFWLRQSURFHVV
meets international quality and safety standards.
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7KHWHFKQLFDOSDUDPHWHUVRISURGXFWVDUHVXEMHFWWRFKDQJHZLWKRXWQRWLFH)RUVSHFLÀFVSHFLÀFDWLRQVRIDFWXDOVKLSPHQWSOHDVHDVN\RXUVDOHVUHSUHVHQWDWLYH
$VWKHDFWXDOVHUYLFHFRQGLWLRQVRISURGXFWVDUHEH\RQGFRQWURORI0RUJDQ$GYDQFHG0DWHULDOV 6KDQJKDL &R/WGWKHXVHUVVKDOOEHVROHO\UHVSRQVLEOHIRUWKHVDIHXVHRISURGXFWV
7KLVSURGXFWPDQXDOLVQRWOHJDOO\HIIHFWLYHDQGLVQRWLQWHQGHGIRUDQ\SDWHQWOLFHQVHRUSURSRVDOZLWKRXWOLFHQVH,WVKDOOEHXVHGIRUUHIHUHQFHUHVHDUFKDQGYHULÀFDWLRQRQO\
0RUJDQ$GYDQFHG0DWHULDOV 6KDQJKDL &R/WGLVDVXEVLGLDU\RIWKH8.·V0RUJDQ$GYDQFHG0DWHULDOV*URXS ZZZPRUJDQDGYDQFHGPDWHULDOVFRP 
0RUJDQ$GYDQFHG0DWHULDOV 6KDQJKDL &R/WG$OOULJKWVUHVHUYHG

Polar Environment

Dry & Hot Environment

Surges & Waves

Ultra-Low Humidity

Extreme Temperature

Corrosion of Salt Spray

Piercingly Cold Wind

Scorching Air

Fierce Wind

Product Performance Table

Slip Ring for Wind Turbines
:LWKPRUHWKDQ\HDUVRIH[SHULHQFHLQVFLHQWLÀFUHVHDUFKRIFDUERQDQGJUDSKLWHPDWHULDOVJOREDORSHUDWLRQQHWZRUNZRUOGFODVVWHVWLQJHTXLSPHQW
DQGLQVWUXPHQWVDQGDEXQGDQWPDWHULDONQRZOHGJHDQGDSSOLFDWLRQH[SHULHQFH0RUJDQKDVPDGHLWVVOLSULQJSURGXFWVDPRGHOLQWKHLQGXVWU\IRUWKHLU
H[FHOOHQWSHUIRUPDQFH)RUYDULHGDSSOLFDWLRQHQYLURQPHQWVWKUHHW\SHVRIVOLSULQJV²JHQHUDOSODWHDXDQGFRDVWDODUHDYDLODEOHLQ0RUJDQ

Product features:
 Press-up or build-up technology
0XOWLSOHPDWHULDORSWLRQV
 Complete product grades to meet different capacity
 Consistent performance under high pressure, ultra-high speed,
extreme temperature and other harsh conditions
 Tests available to adapt to different using environments

Major advantages:
 Rich experience in manufacturing and application of slip rings
 Cutting-edge lab for slip ring models
 Worldwide technical support and application platform
 Independent and complete production process
3URGXFWUHOLDELOLW\YHULÀHGE\\HDUV·DFWXDORSHUDWLRQ
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%HQHÀWVWRFXVWRPHUV
 Better complete solutions
&XVWRPL]DWLRQDFFRUGLQJWRFXVWRPHUV·VSHFLÀFUHTXLUHPHQWV
 Reliable manufacturing quality of sliprings to reduce maintenance
cost on generators for customers
0RUHWLPHO\SUHVDOHDQGDIWHUVDOHVHUYLFHVKLJKHU52,

Model

Capacity

RPM

Outer Diameter

Inner Bore Size for
Mounting

Rated Current

DH240

850KW
K

1000-2000rpm

ĭ240mm

ĭ79/80mm

300A

DH280

1.5MW

1000-2000rpm

ĭ280mm

ĭ119/120mm

480A

DH300

1.5MW

1000-2000rpm

ĭ300mm

ĭ119/120mm

500A

DH320

1.5MW

1000-2000rpm

ĭ320mm

ĭ138/
8 139mm

500A

DH320

1.65MW

700-2000rpm

ĭ320mm

ĭ119/120mm

500A

DH320

2MW

930-2070rpm

ĭ320mm

ĭ138/
8 139mm

800A

DH350

2.5MW

612-1380rpm

ĭ350mm

ĭ149/150mm

1000A

DH350

3MW

665-1344rpm

ĭ350mm

ĭ159/160mm

1000A

DH450

6MW

1170rpm

ĭ450mm

ĭ188/
8 190mm

1800A

Quality Assurance
0RUJDQLVWKHÀUVWWRSDVVWKH,624XDOLW\6\VWHP&HUWLÀFDWLRQLQ&KLQD VHOHFWULFFDUERQLQGXVWU\DQGFDQHQVXUHWKDWWKHSURGXFWLRQSURFHVV
meets international quality and safety standards.
More than selling products, we are also engaged
in the designing stage with customers, offering
a full set of solutions to slip rings, helping
customers reduce costs and raising wind turbines’
adaptability to environments.
Regardless of the piercing and cutting coldness
in Mongolia, or the scorching desert in Western
America, Morgan’s products can always perfectly
perform their functions. With deep insights
into the various challenges you are facing in the
operation of wind turbines, we timely present our
perfect solutions to optimize your wind turbine
performance.
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7KHWHFKQLFDOSDUDPHWHUVRISURGXFWVDUHVXEMHFWWRFKDQJHZLWKRXWQRWLFH)RUVSHFLÀFVSHFLÀFDWLRQVRIDFWXDOVKLSPHQWSOHDVHDVN\RXUVDOHVUHSUHVHQWDWLYH
$VWKHDFWXDOVHUYLFHFRQGLWLRQVRISURGXFWVDUHEH\RQGFRQWURORI0RUJDQ$GYDQFHG0DWHULDOV 6KDQJKDL &R/WGWKHXVHUVVKDOOEHVROHO\UHVSRQVLEOHIRUWKHVDIHXVHRISURGXFWV
7KLVSURGXFWPDQXDOLVQRWOHJDOO\HIIHFWLYHDQGLVQRWLQWHQGHGIRUDQ\SDWHQWOLFHQVHRUSURSRVDOZLWKRXWOLFHQVH,WVKDOOEHXVHGIRUUHIHUHQFHUHVHDUFKDQGYHULÀFDWLRQRQO\
0RUJDQ$GYDQFHG0DWHULDOV 6KDQJKDL &R/WGLVDVXEVLGLDU\RIWKH8.·V0RUJDQ$GYDQFHG0DWHULDOV*URXS ZZZPRUJDQDGYDQFHGPDWHULDOVFRP 
0RUJDQ$GYDQFHG0DWHULDOV 6KDQJKDL &R/WG$OOULJKWVUHVHUYHG

SURFACE APPEARANCE OF BRUSHES

Smooth Polished Surface (S1)

S1

This indicates good performance. However, if the polish is mirror-like
(glazed), high frequency chatter due to low current may be the cause.
Check the side-faces of the brush for signs of vibration.

Burnt Edges (S7)

S7

Pitted Surface (S8)

Open Textured Surface (S2)

S2

This, again, indicates that brush performance is satisfactory. Actual
appearance will depend on the type of grade.

S8

Finely Lined Surface (S3)

S3

Another satisfactory condition. Fine lines indicate the presence of dust in
the atmosphere. This may be overcome by the use of filters or ducting
the machine’s air supply from another area.

S4

S9

As (4) above, but problem is more severe or has been allowed to
continue longer.

This is an unusual condition caused by an armature winding fault giving
rise to poor commutation.

Double-bedded Surface (S10)

S10

This occurs as a result of brush tilting on a reversing machine, i.e. the
brush beds itself in both directions of rotation. In itself this does not give
any cause for concern.

Copper Particles (S11)

Heavy Serrated Surface (S5)

S5

Indicates heavy under-brush sparking as a result of current overload or
brush instability.

Laminated Surface (S9)

Finely Serrated Surface (S4)
This is a further development of (S3) above. The causes are normally
atmospheric contamination or lack of load current.

Normally occurs on the trailing edge of the brush. Caused by poor
commutation and heavy sparking.

S11

Copper pick-up from commutator surface can result from copper drag
problems or heavy peak loads. Can cause further commutator wear.





Ghost Marked Surface (S6)

S6

This may be associated with difficult commutation and can arise from
incorrect neutral position, interpole problems or other causes of poor
commutation.

Chipped Edges (S12)

S12

Normally occurs on the leading (entering) edge of the brush. breakage
can result from poor commutator profile, high micas and severe brush
instability.

PATINA

P1

P2

Light Film (P1)

Bar Burning (P7)

Over the entire commutator surface is one of the many normal conditions often
seen on a well-functioning machine. Film tone is dependent on the brush grade
and current density.

Is the erosion of the trailing edge of the commutator bar. Failed machine
components, maladjusted electrical symmetry of the machine or a poor
commutating brush can result in bar burning. If not corrected, this condition can
cause severe commutator damage or a flashover.

P7

Patina Dark (P2)

Slot Bar Burning (P8)

Good condition. Film can be light to dark in colour but the important feature is
that it is uniform and even. Normally, a good film will have a slightly polished
appearance.

Results in commutator erosion of every second, third, or fourth bar depending
on the winding design of the armature. Improper brush material, brush design
or electrical ad justment of the machine can cause this condition. This condition
severely damages the commutator and reduces brush life.

P8

Blotchy Film (P3)

P3

This non-uniform filming condition is the most common appearance. The
accumulated tolerances in the machine such as commutator roundness, brush
contact pressure, unequal magnetic fields and chemical vapors all contribute to
this type of film development.

Patina Streaked Without Collector Wear (P9)

P9

A streaky film with no commutator wear, tracks can vary in width and colour.
Caused by atmospheric conditions (humidity, oil vapour or other gases) or
insufficient load.

Slot Bar Filming (P4)

P4

Repeating light and dark filming patterns related to the number of armature coils
per slot. This pattern is dependent on the machine design and usually not a
function of the brush grade.

Grooving (P10)

P10

Streaking (P5)

P5
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Of only the film is not detrimental to the commutator. Brush and commutator
life are not at risk in this condition. If metal transfer develops, this condition will
progress into threading. This type of filming can be dependent on current
density or brush grade.

Bright Spots (P6)

P6

Bright spots in the film suggest poor contact or overloading. The resultant
under-brush sparking tends to destroy the patina and will eventually erode the
commutator.

Is the uniform circumferential wear, the width of the brush, that is exhibited on
the commutator. Excessive abrasive dust in the atmosphere or an abrasive brush
can cause this condition. Extreme light spring pressure (below 1.5 psi) can also
cause this condition. Proper brush applications and filtering the air on force
ventilated motors can reduce the commutator wear.

Copper Drag (P11)

P11

Occurs when high energy transfers copper in a molten state. These particles
become coated by contaminants from the surrounding environment and do not
oxidize properly to form the film on the commutator surface. These particles
accumulate at the edge of the bar, eventually shorting across the insulating mica.
This condition needs to be addressed immediately when discovered or serious
damage may occur.
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CHART OF COMMON DIFFICULTIES ON ROTATING ELECTRICAL MACHINES
SYMPTOMS

Note: Collector means slip ring or commutator
SYMPTOMS

M
L
K
J
I
H
G
F
E
D
C
B
A

Serration and grooving of collector
Excessive collector wear-surface blackened
Copper dragging
Excessive collector wear or slip ring wear-bright surface
Unequal brush wear
Rapid brush wear- while commutation good
Flexible burnt out or discoloured
Brushes and brush holders too hot
Collector-slip ring-too hot
Sparking vicious and trailing around collector
Green in sparks
Sparking at entering edge
Sparking at leaving edge

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Interpole field too strong

Weaken interpole by divert or by increase gap

Interpole field too weak

Strengthen interpole fields by reducing air gap

Interpole air gap too small

Enlarge air gap to decrease effective interpole flux

Interpole air gap too large

Reduce air gap to increase effective interpole gap

Air gaps uneven (bearings worn?)

Renew bearings and realign machine

Overload machine

Reduce and limit load on machine

Vibration from external causes, i.e. Prime mover: Nearby forge hammer etc

Locate and remove cause of vibration or mount machine on shock absorbers

Vibration from internal causes, i.e. out of balance, poor alignment etc

Balance armature and check for bearing wear

Quasi electrolytic wear of slip ring

Reverse the polarity of rings periodically

Oil and dirt on collector

Clean collector

Resistance between brushes and brush arms not uniform

Clean and tighten the connections

Grains of abrasive in brush contact face

Re-bed and clean the brush face

Faults in armature winding or equaliser connections

Locate and cure fault or consult manufacturer

Mica proud

Recess mica, or use more abrasive brush

Collector eccentric

Turn or re-grind preferably at near rated speed

Collector riser connections open circuited

Re-solder connections

High or low collector segments

Tighten collector, turn, or re-grind

Collector loose

Tighten collector, re-mica if necessary, turn or re-grind

Flats on collector

Locate and remove cause of flattening, turn or re-grind

Spring pressure too low

Adjust spring pressure to that recommended for brush grade

Spring pressure too high

Adjust spring pressure to that recommended for brush grade

Spring pressure unequal

Adjust spring pressure uniformly to that recommended for brush grade

Brush grade unsuitable for machine duty

Select one of our alternative grades or ask for our recommendation

Brush arc of contact excessive

Reduce the effective thickness of brush, preferably consult manufacturer

Brush arc of contact insufficient

Apply suitable circumferential stagger, preferably consult manufacturer

Brush flexible connection faulty

Fit a new brush with a sound flexible connection

Brush flexible too short or too stiff

Use brushes with flexible of correct length & flexibility

Imperfect brush bedding in

Bed brushes by our recommended method

Radial brush holders mounted at small reaction angle

Adjust holders to a radial position, & correct distance from comm

Reaction type holder mounted trailing

Reverse holders or direction of rotation

Brush sticking or sluggish in brush holder

Check that brush size is correct, clean brushes and holders, remove any burrs

Brushes too loose in brush holder (holders worn?)

Replace holders, or order brushes of correct dimension

Terminal connections loose or dirty

Clean terminals and terminal block. Tighten screws

Brush holder mounted too far from collector

Adjust holder from collector

Incorrect brush position

Adjust holders to correct position

Unequal brush holder spacing or alignment

Correct spacing and alignment of holders

Humidity of atmosphere low

Humidify the cooling air or draw air from normal humidity source

Humidity of atmosphere excessive

Enclose machine or draw cooling air from normal humidity source

Dusty atmosphere

Remove cause if possible or install filter

Gas or acid fumes in atmosphere

Arrange clean air cooling

Long periods of low or steady loads

Change brush grade, ask for recommendation

PROBABLE CAUSE OF TROUBLE
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N
O
P
Q
R
S
T
U
V
W
X
Y
Z

Wear of slip ring on one polarity
Copper picking in brush face
Brush chatter
Collector surface streaky
Collector has unsymmetrical burn marks
Collector has symmetrical burn marks
Collector has wavy pattern
Ghost marks on steel slip rings
Glazed contact surface of brush
Pitted contact surface of brush
Chipping of brush edges or brush breakage
Failure to develop a protective skin
Insufficient voltage on self exciting machines

REMEDY

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
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