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Kop-Flex History

® Invented First Gear Coupling in 1918 - Fast's®

® Started in 1920 as Bartlett-Hayward

* Koppers Co. purchased Bartlett-Hayward in 1926
® Division of Koppers Co. until 1986

® LBO created (by Management) Kop-Flex, Inc. In
1986

* Emerson Electric Co. purchased Kop-Flex in May
1996
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Kop-Flex Today
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Florence entucky o

Acquired 2003

& s
o

Represented in many
locations across
the globe.

Middle East - Dubai
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Kop-Flex Engineering Excellence

1918 1971 1972 1982 1994
) Fasts Torsionally Disc type Patented ) Torque
Gear and axially ) flexible Gear Meter
Coupling flexible shaft coupling patented
invented ) coupling coupling ) with
patented patented Overload
Protection
1996 -99 2001 2008
Patented Flexible High
) Diaphragm ) diaphragm ) speed
coupling 1999 shaft | gﬁgglrmg
design Retrofit type coupling ) 2003
torque meter  Patented Developed spacer
patented
(Powerwheel) COMPOLINK ,
patented with Jaure é

OP-FLEX. 6 EMERSON.

Industrial Automation



Importance of couplings
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Importance of couplings

“Critical Equipment”
as defined by Shell International Petroleum

 High performance / critical equipment or machines which generally
are (but not limited to) 1000 horsepower and rotate 3000 rpm or
greater.

« All rotating machines whose reliability is essential to plant
operations.

« All rotating machines whose failure (or shut down for maintenance)
cause a unit to shutdown resulting in production loss.

« Safety and environmental issues may qualify a machinery train under
this criteria.
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Importance of couplings

» Demands on High Performance -

Couplings LA
PANS eI
. . . VAV L] VAV
— Transmit massive torque of the prime A L]
movers T
— Rotate at High speeds 6 jE:j
B s

— Accommodate the offsets of the shafts

— Accommodate the angular gbl_k%_&

misalignment —

— Accommodate axial movement of the
shafts at operating temperatures of the
prime movers and driven machines.

/e
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Importance of couplings

— Operate at high temperature and
corrosive atmospheres

— Accommodate torsional vibrations -

— Should perform safely in
hazardous area

— May need to act as safety device

— Should have minimum
maintenance

— Should perform reliably for years
S0 as to avoid production loss and
damages to very expensive
turbomachines.

4
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Importance of couplings

— For large trains coupling also
need Stiffness tuning and
shock torque refining

— API 671 compliant couplings
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Importance of couplings
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Importance of couplings

— Torsional Natural
Frequencies need to 05
change to avoid '

torsional vibrations -

Therefore High
Performance coupling is 2°TNF
one of the most
Important parts of the
Turbomachines and 1° TNF
often need to “Custom
Engineer” for a particular
application.
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Kop-Flex Couplings

High Performance
— Disc

— Gear

— Diaphragm

— Torguemeter

Mill Products

— Large Gear Couplings
— Universal Joints

— Gear Spindles

— Large Max C

Standard Products
— Gear Couplings
— Grid Couplings
— Jaw Couplings
— Resilient Couplings (Max C)
— KD Disc Couplings
— Elastomeric Couplings
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High Performance (HP) Couplings

— Lubricated —

« Gear couplings.

— Very reliable and very high
torque transmission ability.

— Maintenance prone.

— Non Lubricated
» Disc
* Diaphragm
« Special executions

— Very reliable and are
maintenance free designs.

KOP-FLEX. EMERSON.
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Kop-Flex HP Disc Couplings

Reduced Moment Marine Style

Interlocking
Flange

Standard
Flange
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Reduced moment disc coupling

Position of Center of Gravity for the half coupling is brought nearer to
the bearing
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HUB/SHAFT INTERFERENCE = 0.0100/0.0104 [0.254/0.264]
HUB PULL-UP = 0.240,/0.250 [6.10,/6.35)
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TAPER .50C PER FT ON DIA.
RIGID/SHAFT INTERFERENCE = .0200/.G204
RIGID PULL-UP = .480/.430

w
Reduces the load on the shaft bearing
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Interlocking flange

» Fall safe design

&
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Disc Pack features

» Designed for infinite life.

o Higher lateral critical speeds compared to gear
couplings.

o Low reaction load transmitted to machinery

o Flexible Disc Packs

I:‘ Driven bolts

- Transmit Torque Circumferentially B Driving bots
Flexible Links

Disc Pack Multiplicity

Optimized stress distribution

Stainless Steel or Inconel

KOP-FLEX. EMERSON.
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Disc Pack features

» Koplon Coating

o Heat-treated Alloy Steel Hubs, Spacers, and
Sleeves

3-Bolt 4-Bolt 5-Bolt

Torque vs. Misalignment

&

KOP-FLEX 20 e



Kop-Flex HP Diaphragm Couplings

Marine style Reduced Moment
style
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Diaphragm coupling fail safe design

T 3/-:*'—*-‘\%

’ > GUARD TEETH T -
DIAPHRAGM mm@ ”
SIS

‘</7 SEE DETAL 'B’
DETAIL 'B' ]

Redundant
I Drive Teeth o
» Non-contacting during normal operation, engage only during the
event of shock to protect the diaphragm from failure

» Engagement of teeth occurs above normal torque (Typically 1.5 X

normal or more)
o After engagement torque load is shared between the guard and the

diaphragm (Dual torque transmission paths)

K
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Diaphragm coupling fail safe design

» Calculations based on classical spline analysis

— Includes bursting, bending, speed, and shear
components

— Enhanced and verified with empirical data and
FEA

— Based on our analysis classical calculations
are conservative

» Patented design

EMERSON.
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Diaphragm features

o Preferred where shaft axial travel is
more (up to 25 mm).

o For larger sizes diaphragm is less
expensive.

o Easier to install.
o Easier to balance.
» Less windage losses.

» Kop-Flex diaphragms are one piece (no
joints).

» Polished and shot peened.

o Customized Profiles for Special
Applications

KOP-FLEX. -
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Diaphragm designs
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Goodman Diagram

Different vendors rate this differently, Kop-Flex rate the coupling at worst
case — max speed, max misalignment and max torque.

VFD Motor to Compreésor
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an | Alternating Torque = 200,000 Ib-in
Angular Misalignment = +0.20 deg. . . .
Axial Misalignment = £0.120  in. Meodified Goodman Failure Line
od NG Goodman Line
— - — Safety Factor Line, SF = 1.4

50 H  Application Point
g Load Line
W
@ 50
2
an
on
=
= 40
=
g
=3

30 4

20 +

10

0 } } } } } } } ;
0] 20 40 (510 80 100 120 140 160 180 a
4
Mean Stresses (ksi) a
4

OP-FLEX. 26 EMERSON.



S-N Curve
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FEA Diaphragm

Angular = .20 deg

KOP-FLEX.
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29033.51
26136.18
2323384
20331.51
1742817
1452684
11624.5

872217

5618.635
2917 .801
15.16653

Maximum
stress in
profile
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Long Shaft Separation

. Higher Speed Applications with Longer Shaft Separations.

— Balance Lateral Critical Speed, Overhung Moment, and Cost

&
EMERSON.
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FEA Result for Assembly

Lateral Critical Speed —\

KOP-FLEX. EMERSON.
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Lateral Critical Speeds

5.3 The ratio of the lateral critical speed of the coupling on rigid supports and maximum
continuous operating speed (MCOS) shall be at least 2.0. If the ratio is 2.5 or greater, a simply
supported tube equation may be used. If the ratio is less than 2.5, the coupling needs to be

explicitly modeled on rigid supports either using a transfer matrix method or a finite element (2-
D or 3-D) method.

AN
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Lateral Critical Speeds

Coupling End Support Stiffness ROTATING CENTER LINE
—  Bearing

—  Shatft

—  Coupling Flexible Element

gT i
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End Support Stiffness

o Success in the Field With 1.25 Ratio to MCOS

Typical Coupling Floafling Secfion
Critical Speed Map
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Innovation- Hybrids

o Max-C® Resilient

Used in trains with high vibratory
torque loads

Typical applications
* Synchronous motor
« Variable frequency motor

Reduced torsional loads

No lubrication

SBR high dampening blocks
High shock load capacity

Coupled with disc, diaphragm, or
gear

Single source of supply.

KOP-FLEX. .
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Innovation- High Speed Shear

» High Speed Shear Coupling

N = NN
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Innovation -7Pewenfign. Torquemeters

» Why use torque meters?

— Identify machine train performance deterioration and improve
overhaul schedules

— Reduced emissions
— Check fuel costs
— Expanded system control integration; plant-wide

&
K P i EMERSON.
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Torquemeter Benefits

» ldentify machine train performance deterioration and
Improve overhaul schedules

o Reduced emissions
o Check fuel costs
» Expanded system control integration; plant-wide

&
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Simple Gas Compression Train

/

Fuel Input
Output

Time Time

Loss of efficiency over time. Where is the problem?

TURBIMD CORPP.

5/‘
-
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Gas Compression Train with

KOP-FLEX.

Torguemeter
//- - = N
H £2 g
; .
Time Time
Time
TURBINE TORQUEMETER COMP.
X COUPLING /
Problem in turbine. &
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Gas Compression Train with

KOP-FLEX.

Torguemeter
e — S [— _
Z R
£ 5 2
Time Time Time
TURBINE TORQUEMETER = COMP.
/ COUPLING X
Problem in compressor. &
4 EMERSON.



Phase Displacement Systems

o Torgue / twist: phase displacement

» Sensors pick up teeth associated with each end.
Electronics time the pulses relative to each other.

» Several types:
— 2-channel
— 1-channel

0O 'FLG ® 41 EMERSON.
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Sensor Phase Displacement Changes

TORQUE TOOTH
AT ZERO TORQUE

N

REFERENCE
TEETH

REFERENCE REFERENCE
TOOTH TORQUE TOOTH TOOTH
AT ZERO TORQUE

X

N
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Sensor Phase Displacement Changes

TORQUE TOOTH
AT FULL TORQUE

\

REFERENCE

TORQUE TOOTH
TEETH

AT FULL TORQUE

N/

i // |

REFERENCE REFERENCE
TOOTH TORQUE TOOTH TOOTH
AT ZERO TORQUE ,
|
< X > ﬂ

4

‘ &
0O -FLG ® 43 EM_EI%SOI}L

Industrial Automation

\
<
\ 4



Powerlign: Single-Channel System

CANTILEVERED EXCITER TUBE
ATTACHED TO DRIVING END\

g

CANTILEVERED EXCITER TUBE
ATTACHED TO DRIVEN END

e

DRIVEN END

[~
DRIVING END
¥

INNER SPACER
TWISTS UNDER TORQUE

N

OP-FLEX.
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Powerlign: Powerwheel

Retrofit product

EXCITER RING
ATTACHED TO
DRIVING FLANGE

POWERWHEEL

SLEEVE T
~

DRIVING SIDE

N

EXCITER RING
ATTACHED TO
DRIVEN FLANGE

-— DRIVEN SIDE

45

US Patent:
5,969,269
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Powerlign Torsional Stiffness
Calibration

TORQUE ARM LEVEL POWERWHEEL OPTICAL ENCODER
1 —wyrr> ’d

* REACTION STAND

i

‘uﬂ' .

B LOAD CELL DISPLAY

LOAD CELL

DATA RECORDING
(LAN COMPUTE
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Powerlign Dynamic Calibration
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Powerwheel Torqguemeter Analysis
LNF, Deflections, and Stresses

won hises
Ibfiin"2"
440418
AT263.T6

23123349
Z2Eog2 .93
29842 .51
20702.09
16561 .68
12421 .26
2280243
41490 426
0.002s18705
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Powerwheel System ‘Powuenlign .

Driven

Driving Intermeshed Pickup Teeth
Machine

Machine

Monopole Sensors

Conditioning
Unit

KOP-FLEX. EMERSON.
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Powerlign Electronic

3 HOP-!I.G:

Pawenlign.

TORQUE MONITORING SYSTEM

Conditioning Unit

and Sensor

50

KOP-FLEX "o

Display Unit
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Powerlign configuration

Meets international requirements for intrinsic safety / ATEX

Digital Transmission (complete intelligence near sensors) — New System

Y Y y | visual display
Sensor e 1 11010111 11010010
[ Sensor | Conditioning Basic Display Unit 4-20 mA
@ unit HazardousI Safe
- | - -
0 - 100+ ft Area : Area 0 - 4000 ft RS-232
pulse waveforms ~ Signal conditioning I RS-485 serial communications
RTD wiring signal timing ModBUS RTU analog output
temperature measurement digital words
calibration constants error messages
final processing calc.
serial communications
&
S
~

v
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Kop-Flex Powerlign Torque Monitoring

&
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Powerlign / Powerwheel

o Torguemeters provide a tool to measure and improve the
efficiency and reduce emissions of rotating machinery

» Reliable single channel phase displacement systems
have repeatable accuracy to within 1%

» Single source supplier, only supplier that manufactures
the coupling and electronics

» Recently sold 300th Powerlign system

- N
~
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Coupling today

o Turbo machinery couplings are high tech products
o These are engineered solutions

o Help the major machines run reliably

o Turbo train is as reliable as its weakest link

o Torgue meters will help in running the machinery at
Its optimum efficiency

» Always go for engineered couplings with phase shift
type torque meters

K
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Thank you for your time

Any questions?
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