EFRC Training Workshop

Condition Monitoring for
reciprocating compressors

Block | — CM Basics
Mr. Guillaume Christin — Baker Hughes, a GE Company
Mr. Jan Loken — PROGNOST Systems GmbH
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Topics

« Why condition monitoring?
« Sensor locations and data management

« Signal analyses: -Acceleration (CHS, cylinder, bearings)
-Velocity (frame)
-Proximity (piston rod)
-Dynamic pressure (compression chamber)
-Piston rod load
-Temperatures (valve, gas and bearings)

« Early Failure Detection vs. Machine Protection
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Why Condition Monitoring?

« Challenge: Increase machinery uptime with constant maintenance
budget

« Solution: Max. component lifetime for extended meantime
between maintenance (MTBM)

« Statement: Maximum MTBM depends on the "weakest link in the
chain", i.e. valves

 Task: Determine and monitor the "weakest link" to predict
necessary overhaul stops
Condition

P (Potential Failure) F (Component failed)

Good ‘ ) ;

Failure -

occurs =
Lead time
= Bad > Time
-~
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Maintenance Costs and Faillure Modes

Reciprocating Compressor Condition Monitoring

Maintenance Costs of Reciprocating Compressors
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“Monitoring Reciprocating Compressors.” Presented to the NFRA, May 21st, 1997

Maintenance personnel must decide between taking a leaking compressor offline or running to
a scheduled period.
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Sensor types and locations

Crosshead Piston rod Cylinder
vibration position vibration

» Speed / phase reference o
 Process data DynamIC indicated

cylinder pressure
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Data management

Data acquisition

Trend values Dynamic signals
- Vibration amplitudes - Crosshead acceleration vs Crank angle.
- Temperatures - Cylinder acceleration vs Crank angle
- Rotating speed - Rod movement vs Crank angle
- Suction / Discharge pressure - Pressure vs Cranck angle
- Etc ... - PV diagram

- Spectrum are useless ?? ...
- Timing is the key !
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Trend plot

Prytection Limit

/

2"d Warning threshold

01.01.2000 01.01.2000 01.01.2000 01.01.2000
16:00:00 18:30:00 20:00:00 21:30:00

Machine Measuring Point Data name TAG-Name Segment Value Unit Status
- Machine V CHS RMS values via 36 Seg. .. 10 degrees 1111 SIR 14 5 0 - 2500 m/s? 0x0

Machine: Machine 1 Trend 9 hours, CHS - 36

01.01.2000 02.01.2000
23:00:00 01:00:00

Min - Max TrendID
23,74 - 90,37 62
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Crank Angle (P-0) Plots

Animation: Pressure vs. crank angle for head-end chamber.

Crank Angle: 1 degrees
HE Pressure: 100 PSIG

Pressure (PSIG)

Crank Angle (Degrees After TDC)

Full Screen: PT_animation.wmv
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PT_Animation.wmv

Piston Angle / Phase reference

Determining Piston Angle

Piston Angle: 0.0 degrees

”

PistonAngle.wmv
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Machine Measuring Point Data name TAG-Name Value Unit
M1000 Zylinder St.1 Vib. cylinder S 10044 -2000 - 2000 m/s?
M1000 KKB Stufe 1 Vib. cross head slide S 10043 -250,0 - 250,0 m/s?
M1000 Druck St.1 DS Press. head end P 10047 -2,207 - 97,79 bar a
M1000 Druck St.1KS Press. crank end P 10046 -1,438 - 98,56 bara
& M1000 RD Stufe1 Rod position X 10044 0-2250 pm
M1000 Saugdruck St.1 Suction pressure P 10049 0-40,00 bara
M1000 Enddruck St.1 Discharge pressure P 10056 0-100,0 bara
M1000 HydroCOM St.1 HydroCOM regulation PV 100498 50 %

Online 14.09.2015 15:52:14, M1000 , 332,7 1/min
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3-D trend / Waterfall plot

0 16 32 48 64 80 mis?

31.01.2012 07:16:40

Amplitude

29.01.2012 12:05:00

27.01.2012 16:53:20

25.01.2012 21:41:40

e

\\
'\ TOC 36
‘ 24.01.2012 02:30:00

l 1% CHS 10-RMS values via 36 Seq. .. 10 degrees (0-80,00) m/s®
l 2 Trigger-Rotation speed201,3 (0-300,0) 1/min

Maximum Value B0-C-1002 1st Stage, 24.01.2012 02:30:00t0 02.02.2012 02:02:25  Line distance: 1295 minutes
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Sensor locations

| Cylinder
Crosshead Piston rod vibration
vibration position /l

Gro0y

» Speed / phase reference Dynamic indicated
* Process data cylinder pressure
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Crosshead vibration

With acceleration sensors...
 mechanical damages

» clearance in the reciprocating
drive train

* loose crosshead-piston rod
connection

...can be detected in early stage

;,_ EFRC

Expert session condition monitoring 13



Typical Frequency Ranges

Seismic Transducers
Accelerometer: Highest frequency ™
response. Used for crosshead and +10

. . . } j Useful Frequency Range
cylinder impulse/impact monitoring a8 o [

_ _ _ o / Accelerometer
Piezovelocity Sensor: Lower high 20 [

frequency response, but less noise i ‘
than using an external integrating +10 /\

. g . Useful Frequency Range
amplifier with an accelerometer, .y *1/ \
used for frame vibration o //' TIPS EEL IS

+20

Moving Coil Sensor: Limited

+10

frequency response, no requirement UsefotFr smency Birie
for an external power supply. Widely € i /« _ 4\\ |
used before piezo sensors perfected = - { [ Moving Coil sensor |\

-20

1 10 100 1000 10000 Hz

_ N o Typical Frequency Ranges
Expert session condition monitoring September 13/14 2017 14




Accelerometer Specifics

r
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L

case charge amplifier
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charge amplifier

grimne

el
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s 1/
y‘( -[:/’ ) preload band ./‘ _]
i | <—L

preload screw mass

" «—— element

mounting stud

mounting stud

compression type sensor shear type sensor

Piezoelectric Accelerometer
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Velocity Sensor Specifics

LA
- _Chargeamp. & | == case
magnet integration circuit | £ 3

= = /

_/I F preload band /

moving coil B
g Sensitive _ I ass
Axis ~

4 L /i crystal

mounting stud

Traditional Moving-Coil Sensor Piezo-Velocity Sensor
(self-powered) (Accelerometer with onboard integrating circuit)

Integration within the sensor minimizes signal noise
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Crosshead vibration

TDC BDC TDC

280
m/s?

250
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-25
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125
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175

200

225

250
275

0 15 30 45 60 75 920 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 360
°CA

Machine Measuring Point Data name TAG-Name Value Unit
I : V Z1St.1KKB Vib. cross head slide 5328 SIR 14 -2500 - 2500  m/s?

Online 20.10.2012 12:00:01, 5321 V 01 - Zyl.1 Stufe1 , 570,1rpm
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Case 1: Loose Connection

1z0
mf==

T C

105

(= 1u]

=
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a0

15

-15

ey Coupling flange

=TS

-an

gt e b

e

u] 30 S0 20 1z0 150 10 z10 240 z7o |
| Ce L
tdachine e asuring Point Data name TaG-Hamea wWalue Unit] . .- . Pressure nut
B s0-c100Z2 1st St W CHS 1D Z9/01/2012 12:00:01 SO T 10343 -Z00.0 - 2000 mist N . ~ Support
I s0-c100z 1=t St W CHS 1D E101/2012 12:00:00 SOV T 10243 -200.0 - Z00.0 | més? ) T PP

Online 21/01/2012 12:00:00, G0-C-1002 1=t Stage - Crank 2 - W CHS 1D . 2002 1/min - Fixing Rin
* Crosshead / Distance piece
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Case 2. Loose piston nut

Large inspection
found loose nut

e
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50,00 p—

m/s?

;47,50

45,00

142,50

140,00

37,50

35,00

32,50

30,00

7,50

25,00

2,50

0,00

117,50

L5,00

112,50

110,00

7,500

5,000

R.500

0

01.01.2000

Case 2: Loose piston nut

g = - e

Increase of segment #24 in 6 months
Protection Limit

ks
P

01.02.2000
00:20:00

01.03.2000
00:30:00

01.04.2000
23:40:00

01.05.2000
23:50:00

01.06.2000
00:00:00

13.06.2000

00:00:00 00:00:00

Value Unit
0-250,0 m/s?

Status
0x0

Min - Max TrendID
0-31,48 61

Measuring Poi
CHS1

nt Data name

RMS values via 36 Seg. .. 10 degrees

TAG-Name
X11111

Segment
24

Machine
I Vachine 1
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Case 3— Acceleration Trend

o 2808 g pk 277 rpm
Combining Measurements 28619 pk 277 rpm

T T Intermittent alarm prompted staff to R
- _ _ _ _ evaluate corresponding waveform ]
- | | | | | samples. : .
- 3 m——4—— - — 7 — — —_—— T -
wg L 1 T —C T T 1" T _ [ i, e
=k = ALERT setpoint | == = s e ———t T__'__
ég_w.l.lww|.|.||M",|,H.JN|U..:
< 1l L ?1___|_ 1_4_J_'_ _r__!.l L
Ty lﬁ. . ) .*,.“*.I" W
N "‘.“‘MWH“ﬁ‘.‘wmr"l"u"‘.'-‘*f*"lrw'-fﬁ N { [ T N4
e e e e O R
‘1 ___________________________________
i | | | | | | | | | | | _
Z | | | | | | | | | | | Z

D | I | I | I | I | I | I | I | I | I | I | I |

4 002807 00:30:07 00:32:07 00:34:07 00:36:07 00:38:07 00:40 M

TIME : 30 Secs /div
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Case 3 — Acceleration Waveform

' LP STG 2 Xhead W — Synch

pf Crank Angle

¥ LP STG 2 Xhead E Synch

¢ Crank Anale

L

“ TDC BDC

-399¢g
358.0 Degrees
140qg
358.0 Degrees

One cylinder had a very
high impulse at, and
just before TDC while

|| “knockout drum” upstream
of the affected cylinder.

| . . . . | the intermittent alarm .

2 .]_ ________ T was occurring. | _
> | & N | \ S " | |
%% |' W Y s ¥ I
%2 0 r.‘hl’ fi hl lr v ﬂ1 h ‘,‘. ! l, l_u W u't.Vf |”“~ I H y f”hw“mw l)l
= I
5 | I I Further investigation

o | [| showed that condensation |

was occurring at the

1 I'"'

',l '|II fqtd

L i

Expert sessioff tondition moniggggggeeskﬁfo
Crank Angle
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Case 3 — Liguid Injection

Combining Measurements — looped playback of event

ADD the VIDEOQ / file to big to send by email
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Piston rod displacement

Movement / displacement of the rod
measured with a proximity probe...

« Debris and contaminants
(e.g. piston ring or valve fragments)

« Oill or condensate accumulation
In the compression chamber

« Condition of the piston rod
(incipient fracture)

« Rider ring wear monitoring
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Rider ring wear

Origin value

A Piston rod position \

Rider ring wear

« The actual wear will be compared to a reference point of time
* Analysis is based on rod piston and dimensions (applied intercept theorem
* Adjustment of reference point necessary (zero adjustment)

Expert session condition monitoring September 13/14 2017 25




Case 4. Rider ring wear

2274 B
pum .
34 Warning threshold Manual machine /
20|  Possible information shutdown after 3 days 1
through DCS-system violation W/
1800 = N
/v/
- f/ 3'd Warning Thresholds
1350 ‘ 2"d Warning Thresholds
1125 /
|
900 ‘ .
675
450
01.01.2000 02.01.2000 03.01.2000 04.01.2000 05.01.20 =" lilll ‘” B W , y
12:00:00 12:00:00 12:00:00 12:00:00 12:00:0 N f A \

Machine  Measuring Point Data name

Segment Value Unit
Machine 1 RD Stufe 1 Rider ring wear

Expert session condition monitoring

0 - 2250 ym

1T ES
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Case 5 : Rod Drop Trend Example

Fundamentals .
: : Proactive
Calculated rider ring wear .
maintenance
Based on:
- Cylinder dimensions T
- Proximity signals

60

50

40

Rod Drop (mil)

6-Jul-00 25-Aug-00 14-Oct-00 3-Dec-00 22-Jan-01
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Cylinder vibration

With acceleration sensors...
+ Valve impacts |
* Broken valve plate |

3115 SR

:
 Loose valve cage |
« Leakages
 Liquids

...can be detected
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Case 6: Poppet valve failure

s

>
M‘M

e aal
n«""””", \
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~Cylinder V|brat|on measurement

bar a bc

DV HE
» Pressure HE  pv CE SV HE DV HE sV GE

ooy fE i Dlsc;harge pressure\é\

.
140 .

‘ y M‘M‘ B u‘” Ll : ! : b ‘ Lkt l
P AT
Al ¢ i1 Vibration ati |

SR the cylinder; | i | suction pressute

80

70

Pressure CE

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 360
°CA

Those impacts always take place at the same time / °CA
HE = head end CE = crank end; DV= discharge valve; SV=suction valve

6

S
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Case 7: Sticking poppet

" Dynamic pressure: | Pon s -
- Late DV closing o
400 _ / | | ‘ T 1000
AN . ) : ; \
= J Cylinder Vibration: o
- ':lll - - - f
' /H|gh impact DV closing L
0 W e ‘ i”"u" N A s e it e /i -.-IV'_. [ e Rk Al ﬂWWMNW i
-100 )I'
0 / oo
, ~.
\ /
0 i y o
400 ]I'l //,/ e
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Case 7. Sticking poppet

20 40 60 80 100

Trend over 3 weeks

14.11.2009 06:21:00

Cyl. vibr.” .~

Tesmperabure suction side

WMWMMMWMW
T suction/discharge

Termpershure dscherge s

S st o f E 50 EEEEEE B.g

=
mm

o B

231402000 2590 2006 20,90 2006 01912009 08.11.2000 09.11.2000 ATN08 14.11.2000
004600 0342 00 2098 00 138400 07 0000 00,0800 474200 062600
TOC 1 — — — — ——

*Const. temperature values
*Early indication on pV

23.10.2009 00:46:00
ToC ' 1%/ CYL 182-Absolute maximum via 36 Seg. .. 10 degrees (0-1000) més®

. 3 T Disch. 1B2-Temperature discharge side91,39 (0-160,0) Deg C

Average Value  2B-306, 23.10.2009 00:45:00 10 14.11.200906:21:00  Jl] 47 sue. 182 Temperatus suction sid239.25 (-160.0) Deg € ° Ear I y | n d | C atl on on Cyl . V| b r
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Dynamic pressure

S i -
[ LW B e
i A . - <

f = T

With pressure probes or strain
rings
« Condition of the valves

« Condition of the sealing
elements such as piston rings
and stuffing boxes

» Efficiency / losses
« Pulsations

« Monitoring of the control
devices:

— Suction valve unloaders

— Clearance pocket -
unloaders Lo
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Pressure Sensor Installation
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Valve Events & Processes
Crank Anale (P-6) Plots

@Throw 1 - HP Stage 1 - Reciprocating Machinery Plot [Pressure Crank Angle] Plot 1 =10l x|
»” HP Stage 1 East (CE) = Synch 305.38 psig
»? Crank Angle 0.0 Degrees
==HMC2 Compressor Trai From 17JUN1982 07:01:28 To 17JUN1982 07:01:28 Historical
& HP Stane 1 Weast (HF) — Synch 697 21 psig
; . 0.0 Degrees
DISCharge valve al From 17JUN1982 07:01:28 To 17JUN19¢ Dlscharge Historical
closles | | valve opens
| | | ‘ | | | L 1 ‘\I |
Discharge
600
Expansion : T
¢ - _ Compression | |
23400 | : - | : —
52 Suction I o o i
BN
200 — SUC'[IOH Valve ' Suctlon Valve ' ' ' ' T
i opens closes N
O T T ! T T ! T T ! T
0 100 200 300
20 Degrees/div
Crank Angle
ﬂ_l j ﬂ ﬂ ﬂ Page:1 @j
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Dynamic pressure - pV diagram

55,0
bara  |TDC BDC
Output disch
51,0 _ p g
W
49,5 /o
48,0
46,5
45,0
43,5
42,0
Re-expansion Compression
39,0
37,5
36,0
34,5
33,0
315
30,0
28,5 -
Input suction
27,0 >
—
25,5
0,0 1,0 2,0 3,0 4,0 50 6,0 7,0 8,0 9,0 10,0 11,0 12,0 13,0 14,0 15,0 16,0 17,0 18,0 19,0
Piston volume [Liter]
Machine Measuring Point Data name TAG-Name Value Unit
Machine 1 Cyl.1,CE p-V-Diagram PR-1111 -87,77 - 109,(bar a
Machine 1 SP Cyl.1 Process Data Standard Analysis PR-1111T 0-110,3bara
Machine 1 DP Cyl.1 Process Data Standard Analysis PR-1111T 0-110,3bara
Machine 1 Cyl. 1, CE Break through suction pressure PR-1111 0-150,0°CA
Machine 1 Cyl.1,CE Break through discharge pressure PR-1111 200,0 - 350,C° CA

Online 01.01.2000 12:00:00, Machine 1 - Cylinder 1 - Cyl. 1, CE (Type:Pressure) , 500,0 1/min
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Exercise: Detection of leakages

,Longer” to discharge pressure ,~Shorter” to discharge pressure
—> Suction valves or packing (crank end) | | = Discharge valves

a

TDC BDC

Discharge pressure

Suction pressure

~Shorter” to suction pressure ,Longer” to suction pressure
—> Suction valve or packing (crank end) - Discharge valve
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Piston rod load

 Calculation = Inertia force + Gas forces

s(t)
éL (t) )
A A A AR A A A AR
< > < >
< > < >
l > < .
< >
l _) —_ — _______'___8___ é
< > Piston rod load
< > < >
< > < >
< > < >
YV VvV VY YV VvV VYV
compression iston compression
chamber HE P chamber CE
Inertia force - piston, rod and crosshead mass Gas force - dynamic pressure
- speed - piston area
- connecting rod ratio HE = head end

CE = crank end
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Piston rod load

Online

.. |~.Gas Force | B
Piston rod Load P
Pressure CE Inertia Eorce Pressure HE | |,

What are MACGL and MACRL ?
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Degree of rod reversal

 Rod load reversal is the periodic shifting of piston rod load
between tension and compression during a complete stroke.
— Important for adequate crosshead pin and bushing lubrication.

- ]

E - 1-

w7 :

/ .‘f_
. ] l
~ 8 e
E
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Piston rod load

Cnline
28,5 15
27,0 40
55
25,5
Piston rod Load -
25
225
20
prali] i = 15
. Reversal Period
19,5 £ < 10
1
18,0 : :
1
16,5 0
1
15,0 1 5
13,5 -10
12,0 -15
=20
10,5
-25
9.0
30
7.5
35
6,0 40
W 45
30 50
i) 15 30 45 Bl 75 a0 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 Ky 360
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Piston rod load vs. Vibration

Online

bs‘aor’g ToC BDC Toc IE
28,5 45
77,0 F
35

Piston rod Load \\\m
3 Reversal Period R -
3 I‘ VI 10

18,0 5

bl .
16,5 b iy e ; Hﬁ 0

15,0 . . 5
Crosshead vibration .
13,5 g

-15

12,0
/ -20

10,5
-25

9,0
30

7.5
35
6,0 40
W 45
3.0 50

0 15 30 45 60 75 a0 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 KW 360
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Case 8: Valve fallure

barg —|TO€ o

Good |~ |
condition |..

B ad 75 ﬂm A . T fmﬁ_r\,_n”'“\ah_% e
condition |7 | ™ Valve ?
: :

\ Suction pressure ~._ Discharge pressure

“ T\ is reached later “isreached earlier

' —.

SN —— T Line of
e A e e e e e o i i Pperam S o o o o i A et g

N et e

\ compression

steeper

3 Ny

'
= E
gﬁ.
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Case 9: Valve failure 2

WEalVI-a18l7 = /907 Leit Direct OFFEBZ007 02:16:22 5669 pk 0 rpm
s=HP 4100 From O7FEB2007 02:16:23 To O7FEB2007 02:27:23 HW Alert/alarm 1
o 20 1 I 1 | L I 1 | | I L I 1 I L I 1 I 1 I 1
B—_—— — ———— —— — —
i =
=R ~ -
== » -
EE e
(¥ ] - -
= ]
5 —— — — — — — — — — — —— — — — — — — — — — — — — — — —
C' T | T | T I 1 | I I 1 l I I T I 1 I T I 1
02:16:22 f2:18.22 nz2.20.22 02:22:22 02:24:22 02:26:22
OYFEB2007 O7FEBZ007 O7FEBZ007 O7FEBZ007 Q7FEBZ2007 OFFEB2007
TIME - 30 Secs /div
b C4100_KPHI = /BT REM OVFEBL00Y U2: 1a:ll 350 rpm A
=HP 4100 From O7FEB2007 02:16:22 To O7FEB2007 02:27:22 Historical
1 | f | L | 1 | L | 1 | L | L | 1 | L | 1
400 [INDER RANGE §
Ay At AP PR AP I e e e O P AN i P s At ]
wh———
i, = N 7
S22 F ]
Fg o0p-——————-—-— —- — - - - - ——————————————————— — ] —
S ]
W—————— e ——
C‘ T I 1 | I I 1 | I I 1 I I I I I 1 I I I 1
02:18:22 02:18:22 022022 Q22222 Q22422 Qz:2e22
O7FEB2007 O7FEBZ007 O7FEBZ007 O7FEEZ007 O7FEBZ2007 QFFEEZ007

TIME: 30 Secs /div

On February 7th, 2007 at 2:26 in morning, the 3500 rack issued a hardware alarm
on the crosshead acceleration As it can be seen in Figure 2, the compressor shut
down 2:27 am as a result of this high vibration .
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Case 9': Valve failure 2

.{-@cs Force — Synch
L Crank Angle
From OFFEB2007 02:26:13 To O7FEB2007 02:26:13 Historical
Historical
" Combined Farce
b Cr gle
Historical
Synch
From O7FEB2007 02:26:13 To O7FEB2007 02:26:13 Historical
synch
From O7FEB2007 02:26:13 To O7FEB2007 02:26:13 Historical
Synch
From O7FEB200Y 02:26:13 To O7FEBZ007 02:26:13 Historical
synch
From O7FEB2007 02:26:13 To O7FEBZ007 02:26:13 Historical

1 | L 1 | L 1 1 !

MACHINE SPEED: 348 rpm

-55561.9 |bf [-247152 kM|
12,0 Degrees

54630.3 Ibf (243008 kN)
12.0 Degrees

-931.6 |bf (-4144 kN)
12.0 Degrees

-15¢g
12.0 Degrees

0849
12.0 Degrees

12.8 mil (326 pm)
12.0 Degrees

8.72 mil 221 pm)
12.0 Degrees

1 1 1

[

Crank Angle

|
. . ‘ I ‘ . . . I 1 2 1
w D
" { . - . . ' T 4 . . 4 ..m""c"-” 0
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Figure 3 shows the combined rod load data 6 seconds prior to the alarm. The red
line is the inertial load curve, the blue line is the gas load curve and the green line
is the combination of the two. The top grey line shows the unfiltered cylinder

accelerometer
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,'Case 9:’ Valve failure 2
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it can be seen that the crosshead vibration, from approximately 230° after TDC to
0° TDC, has increased. In addition, the crosshead vibration, from 0° TDC to
approximately 100° after TDC, has also increased. A leaking crank end discharge
valve or a leaking head end suction valve can cause this pattern of vibration.
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Case 9: Valve failure 2
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Pressure can only rise faster if gas enters the cylinder from another source. The
cylinder discharge manifold is the only potential source for this leak and the crank
end discharge valve seems the most likely candidate.
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Case 10: Loose connection CHG
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Case 10: Loose connection CHG
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Case 10: Loose connection CHG

* Loose connection crosshead / piston rod after
restart of a overhauled compressor
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Temperature measu rements
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Y

B (L
/\« S
31,16 C -

T e N pt0somen %
S

Common 5
« Valve m-’%z?{:;? A
« Gas LAY
« Packing vent or case
e Bearings

=
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3815barg 4584°C

| T 25568
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Status: 2nd upper warning level

Uncommon —F
» Crosshead guide

« Connecting rod bearing and crosshead pin based on wireless
very expensive and not reliable
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Summary

Benefits & Challenges of Condition Monitoring are:
 Ability is there to avoid successfully secondary damage

« Technology is available to provide early failure recognition to
Increase machine running time

« The latest system generation is providing end user
Information instead of data display

« Different approach for recips, which is not comparable with
those for centrifugal machines

« Threshold and limit setting demands experiences and
dedication
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