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System Background

Main Units

Z EXisting engine compressor baseg primarily
reciprocating slow speed integrals
Z 307 Recips
250 rpm
300 rpm
£330 rpm
350 rpm
Z 57 Gas turbines
Z 04 Steam turbines
Z 23 Electric motors




First High Speed Experience

L

CAT/Ariel Installation




First High Speed Experience

CAT/ArleI UnitSpecifications

Engine:

Z CATG3616

£ V-16 Turbo-charged

£ Compressionratio: 9.2:1
£ BoreX Stroke: 11.8 x 11.8

£ Displacement 20,704cu.in.

£ SpeedRange: 7507 1000
rpm
£ ContinuousBHP:
4,735@ 1,000 rpm
4,260 @ 900 rpm
3,790@ 800 rpm
3,550@ 750 rpm

Compressor:

Z Ariel JGZ6
Z 6 Throw
£ Two Stage
£ Stroke Diameter: 6.75-in
Z Roddiameter: 2.875In
£ Cylinders
Z First Stage:
EThree 9.125in
Z Second Stage
EThree 5.875in
£ Clearance Volume Pockets
Z Plate Valves

A4



First High Speed Experience

AT/Ariel Compressor Layout

265 in?3 265 in?3 265 in?

Cyl #1 Cyl #3 Cyl #5

CAT-Ariel JGZ/6

Photo Courtesy of ACI






Analyzer Performance
Acceptance Testing

Verifying What Was Purchased






Veritying What Was Purchased

"est Data- Analyzer

sta Collected: 11/12/2009 Printed
Station: 8077 Date: 5/19/10
Machine: U04 Time: 6:01:46 AM
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Total IHP = 3335.8 @ 1000.4 average RPM
Total BHP = 3580.4 Current load = 75.6%

B 95.0 efficiency with 69.0 Hp auxiliary load
Rated BHP = 4735.0 @ 1000.0 RPM
Unable to do BSFC calculation - No Fuel Flow available
Analyst: Dixon, Noah H

Unable to do BSFC calculation - No Fuel Flow available
RAnalyst: Dixon, Noah H

Unable to do BSFC calculation - No Fuel Flow available
Analyst: Dixon, Noah H

@ 95.0 efficiency with 69.0 Hp auxiliary load
Rated BHP = 4735.0 @ 1000.0 RPM
Unable to do BSFC calculation - No Fuel Flow available
Analyst: Dixon, Noah H




ﬂ / ' Verifying What Was Purchased

Curve Example Analyzer

3500

3188 /8

2875

2562 A

2250

1938

1825

1312 4

1000

0 10 20 a0 40 50 80 70 80 a0 100

PERCENT SWEPT VOLUME
1> Comp B H Pressure, R=1,LS=5,C=5 2> Comp B C Pressure, R=1,LS=5,C=5




Verifying What Was Purchased

V Curve Example Analyzer
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PERCENT SWEPT VOLUME

1= Comp B H Pressure, R=1,L.5=15, C=5 2> Comp B C Pressure, R=1,LS5=45, C=5




redicted

Verifying What Was Purchased
Unit Load- Modeling Software

Lurrent Point's Detailed Analysis

BE®

ALACALC AVTEL

APOR~1\0OLKA1\Unit #4 Ariel.rcm

S

Unit Results

Adjusted Load:
Flow (dry):
Fuel Rate:
Isentropic Eff.:
Rated Load =
Max Driver Load =
Max Allowed Load =

I
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fvze (F10) ]' Graph/Analysis I Reports Tuning
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|_ Stage Results
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Don't Clipt [~

Suction Temp:

Torque Setpoint:

r Ps vs Flow Pd vs Load Pd vs Flow Paints
STEP SIZE: 5500.00 = ; :
mirL  max
Suction Pressure: |  621.0 psig _‘f 7J = _j .
Discharge Pressure: 3180 psig ;l _[ _'j 4700.00 =70 e
Rotation Speed: [ 1000 rem ¢ ]

o |
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|| 3900.00

2nd Stg Suct Temp:

] i —

3100.00

2300.00

PORTIONS OF THIS SOFTWARE POWERED BY:

ACI fSarvices. Inc. eCurves®

1500.00
450.00

730.00

[~ Marker 590,00 660.00

520.00 500.00
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Verifying What Was Purchased

redicted PV Curves Modeling Software

eRCM: Pressure-Volume/Pressure-Time Graphs -- Changes here are TEMPORARY. Make permanent change from main program.

- Display Options: —————————————— Close
& pyCard W Blue =Head End Pressure at crosshair: 2,413.9 _ Print
; - Percent Swept Volume: 50.6% _ Copy Graph |
‘ E »I Cyllnder: H6 " prcard ™ Magenta = Crank End P ® i

4,154.6

SHGRIT G s s s e s s s et | e e e e e
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P
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264.1
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- Dynamic Analysis:

HE: RF-Suction Active: W 4 —J— > CE: Rf-Suction Active: [1_54_; > —J— 4 HE: Eé?s_' J1

HE Rf-Suction - Deactivated: [1 </ »|  CE Rf-Suction - Deactivated: [1 il ’ ce: fzor ¢ ’
HE: Rf-Discharge Active: W “ ?‘J » CE: Rf-Discharge Active: W 4 —J *{  %DropIn: {0_' 4 »

HE: Rf-Discharge Deactivated: [1— < J »| CE: RF-Discharge Deactivated; ]1 4 J *| %Drop Out: [n_ 4 »
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' Verifying What Was Purchased
nit Load Values- Comparison

Software CAT
Model Percent Analyzer
Prediction Load Measured

98 % 107 % 76 %

Which Horsepower Is Correct?

14



How Do We Determine

CorrectHorsepower

15



Determine Cause Of Discrepancy

Review Of Horsepower Values -

°
U Predicted Modelz calculated value ‘Q.
C Analyzer based tuning 4
C Known compressor geometry and parameters
C Typically 23 percent less than actual

U CAT % Loaq calculated value
C Based on fuel flow, BTU and engine speed
C CAT calculated fuel flow matched station
custody transfer flow measurement
C Typically 23 percent more than actual

U Analyzerz measured value

C Industry standard for determining actual load "




Determine Cause Of Discrepancy

nderstanding The Unit Load Display

U CAT Publication
C Understanding The Engine Load Display That Is
A Part Of The Engine Supervisory System (ESS)
C Media Number SEBD930-00

SheREnginellload#thatiisidisplayedionitie
@NVSipanellistintendeditelgivielthelcUstomeiain
idelaleofithelengineiipesfionmancektivadisiielative

tolthelspetifidiatinghtvaisipiogiiaimmedlinto
thelpersonalitdmedulelofftheleninekaifte
[RCEOrY."

Publication Courtesy of Caterpillar 17



Determine Cause Of Discrepancy
CAT Percent Engine Load Accuracy
U4 EA AAAOOAAU | £

I OE

, T AAd OAI OA xEI 1T A
following parameters:

C Emission settings

C Misfire

C Fuel quality

C Valve lash adjustments

C Fuel correction factor

C Pre-chamber tuning

A
A

18



" Determine Horsepower With Analyzer

Factors Which Affect Accurat Horsepower

Mating of |
Sensors
Valves

Indicator

Valves
Mechanical
Condition

Calibrated ' Correct
Pressure X Loading
Sensors . ’ Sequence

Machine Accurate

: a Station
Operating
Setup Data Horsepower | Conditions

19




ctors Which Affect Analyzer Values

onfiguration

Machine Geometry oy ﬂ
Machinel = Articmatedl Engine Spec | EPhasel E Events | E Tracking :

:I Comp B I Loadstep 1 I Loadstep 2 | ;\disc;lianeous |

m 5 Ph_aa& Bare ’ Coh R o ad] G ilTension &asﬁ: ;
jl 9250 6750 18500 2875 0.000 80000.0 |75000.0 7900
l2-— 0.000 6250 6750 18500 2875 0.000 80000.0 75000.0 7900
,3,__ 120.000 9.250 6750 18500 2875 0.000 80000.0 75000.0 790.0
§ 120.000 6.250 6750 18500 2875 0000 B80O00O.0 75000.0 790.0
5 240,000 9.250 6750 18500 2875 0.000 800000 75000.0 790.0
5 240.000 6.250 6750 18500 2875 0.000 80O00O.0 '75000.0 790.0
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BNFactors Which Affect Analyzer Values

o
[N -

U No TDC indicator
provided

U Installed pointer on
Engine and verified
compressor timing

U Flexible shim pack
type coupling

U Separate TDC
Indicators required for
engine and
compressor

21



U Transco standard valve
Z Anderson Greenwood

s zbo AEAI AOAO
\\*— (i Acceptable on slow

e speed machines

U Industry Standards
OANOEOA Cbo
valves on high speed
machines

22



TORQUE QUESTION

From:H
Sent: Wednesaay, April 14, 2010 12:57 PM

To: Dixon, Noah H; Howerton, T Bruce
Cc xell

Subject: Torque on Unit #4 @ Station 77

Noah / Bruce,

F and | noticed some higher than expected torque on Unit #4
IS morning at Eminence and were wondering if we need to be
alarmed by this reading® have attached a plot below that shows
the torque on the unit getting as high as 108% over the last couple
I £ AAUOS

Thanks for looking into this for us.

23



ORQUE

Station 77 - Unit #4 Torque — BO7STORQO4
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Verity Analyzer IHP

Locate Compressor TD€Ariel Procedure

U Move towards ODC

U Set dial indicator on crosshead to zer
reading when close to ODC

U Place mark on flywheel or hub

U Note maximum reading at TDC

U Continue moving past ODC and stop when dial
Indicator reading matches starting point

U Place mark on flywheel or hub

U Carefully split the difference between marks

U This should be the TDC mark

02 AAEAAE82AAEAAES82AAEAAE,

26




Verify Analyzer IHP

Compressor Timing

Compressor timing checked and verified at least
four times during this process

\ %ﬁ
S
L

VeriFvi



Verity Analyzer IHP

Typical Transco Sensor Assembly




Verify Analyzer IHP

ypical Transco Indicator Valve

Anderson Greenwood rising |
stem plug valve with a Y4
iInch straight though port

Standard valve used on
all slow speed
COMPressors

29



4 Verify Analyzer IHP
‘New Quadrant Valve

Worked with Kiene Diesel
to locate this valve

Difficult locating full
opening ¥z inch valve for
high pressure and
temperature applications

30



ANALYZER

/j TRANSDUCER
7/

- COMPRESSOR 31
Photo Courtesy of Kiene Diesel INTERNAL VOLUME: 1.06 CU. IN.



COMPRESSOR

INTERNAL VOLUME: 2.80 CU. IN.

Photo Courtesy of Kiene Diesel
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Verity Analyzer IHP

ndicator Valve Comparison

3500

; . : : Comp sssssss ions
" S
3188 A 7 S A S T < ',, —
2> i |
PR " d Copal 1D
2875 - e
0
2562 A
2950 -> c 423 16 999 5
2> C 512 36 1001.6
1938 A
21 % IHP leferenc
1625 A
1312 A
1000 y T T + y - - : .
0 10 20 30 40 a0 B0 70 80 90 100
PERCENT SWEPT YOLUME
1= Comp 4 H Pressure, R=1,L.5=3, C=5 2= Comp 6 H Pressure, R=1,L.5=3, C=5

Anderson Greenwood New Full Opening
Ya-inch Transco Valve Y-inch Ball Valve
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3500

3188

2875

2562

2250

1938

1625

1312

1000

Verify Analyzer IHP

ypical Transco Indicator Valves

100

/ Compressor Calculations ,.-]Z]
ps | bis [ suc [ pis | suc Cal,
N =1 (89 |25 095 (600  [140.4  [11-12-0915:24:13 -
- 100 2.7 11.07 50.0 1135.4 11-12-09 15:25:14
TSN
mﬁ;
J fi g
1001.0
0 10 20 30 40 50 BO 70 B0 50
PERCENT SWEPT YOLUME

1> Comp 4 H Pressure, R=1,LS=5,C=5

2> Comp B H Pressure, R=1,15=5

Anderson Greenwood
bdo 40AIT OAI
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r Verity Analyzer IHP
Sensor Installation Comparison

3500

=1xI

Set Cal.
B 45710 1001.6 30053 13 AN 99,1 5-01-10 16:31:45

2C 422,64 |1000.9 29935 |13 Con I:'un'lprESSDr l:'ah:llla 6-01-10 16:27:351

3188

2875

2582 1

2250 A

1938 -

2=0C  |422.64 1000,9

1628 4

1312 4

3 % IHP Difference

1000

0 10 20 30 40 £0 B0 70 50 50 100
PERCENT SWEPT vOLUME
1= Comp 4 H Pressure, R=3, L5=3, C=5 2= Comp 4 HPressure, R=2 L5=13, C=5

Blue - Sensor installed directly on valve
Red- Transco standard monitoring assembly 35



Cyl End

1H
1C
2H
2C
3H
3C
4H
4C
SH
5C
6H
6C

% Load

Verity Analyzer IHP

ad/Percent Load Comparisons

Pred. HP CAT % Loa

After Test Projected BHP

Used BHP from like
configured cylinders to
project the BHP on
cylinders which still had
OEA O4UDEAA]
Indicator valves installed

BLUE > Y4 inch dia valve$
RED > % inch dia valves

Typical Valve Valve Test After Test
Meas. HP  Meas. HP Proj. HP
110 123 216
350 340 433
198 297 297
312 358 358
119 216 216
352 433 433
423 423 512
307 269 351
109 112 216
336 330 433
420 512 512
301 351 351
3337 3764 4328
76 84 96

98 107
36



Round 2

Conclusions

U Verified timing was not a problem- less than a
degree difference between the engine indicator
and compressor indicator mark

U Verify the valve/sensor combination has no
significant influence on the measured pressure
waveforms

U Restrictive valve causes pressure waveform to be
filtered and delayed, causing lowered IHP and
flow measurements

U Large volume in sensor assembly had little
Influence on IHP

37






rDefermine Correct Indicator Valve
ew Compressor Station Installation




IHP Comparison Testing

Background

Test Objective:
ComparelHP values of various sensor

and indicator valve combinations

U Tests were conducted on January 19, 2011 on a
KB-Z 6-throw compressor
U Test conducted on the crank ends of the

compressor because:
C no unloadersor pockets installed on these ends
C all cylinders are identical

U4 EAT OAOEAAT AOOOA AAOAA
end clearance of 46.11%

40



IHP Comparison Testing

arious Configurations

41



