Controller for operation of

evaporator on water chiller
EKC 316A

REFRIGERATION AND

AIR CONDITIONING Refer €nce manual



Contents
Installation 3
AKS33 Pressure transmitter connected to two EKC316A .
controllers 3
Stepper motor Output 3
Output relay contacts 3
Settings and checks to be made before start..........cceceevencens 4
Basic Settings 4
Finding the optimum settings. 6
Details on the controller algorithm and settings............... 6
The regulation modes for controlling superheat.............. 6
Problems of start up 7
Types of regulation
Manually operating the valve 11
Operating the valve manually from the EKC316A ............
controller 1
Operating the valve manually by an extern analogue ......
signal 1
Operating the valve manually by an extern analogue ......
signal with MOP active 11
Battery back-up. 13
Troubleshooting. 13
Alarms 14
References 15
Installation
Data communication 18\/ 8 8 o~
- a3
The EKC 316A is normally mounted on a DIN rail, and the neces- 7 | a%
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to connect the S3 sensor. The 18Volt battery input at terminals 5 DI D02 DO1
and 6 is not required if battery back-up is not needed.
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Communication to controller is an option and can only be
achieved by inserting the data communication module EKA 174 or
EKA 175 in the EKC 316A controller. EKA 174/175
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Darifil

T To ETS Valve

The maximum length of cable between EKC 316A and the ETS
valve is five meters. If cable lengths are in excess of this value then
it is recommended to use an inductive filter.

Filter

{ o ) s R o |

AKS 33 Pressure transmitter connected to two EKC 316A
controllers

An AKS33 pressure transmitter can be connected up to two EKC
316A controllers. ° EKC 316A EKC 316A
In case of problems the following checks can be made: E
1) Ensure that the voltage between terminals 14 and 16 is ;§ e m—— e ———
approximately 14.5 Volts. J—Qw M
. . . 1415 15 16
2) Check that the resistance between terminals 15 and 16 is 100 " | Z |
Ohms.
3) If there are problems in connecting the AKS 33 and EKC316A J ‘ ﬁiAKS 33
controllers as shown above, disconnect the controller to the @ v
right and place a 100 Ohms resistor between the wires that s2
were previously connected at terminals 15 and 16. Check that
the pressure reading in the controller to the right is correct. If
there are still problems and assuming that checks 1) and 2) have ’s2
been carried out, check the connections to the AKS 33. =
Stepper motor Output

After installation the following checks can be made to the connec-
tion between the EKC316A controller and the stepper motor of
the ETS valve.

1) With the power off, check that resistance between terminals
21 and 22 and terminals 23 and 24 is approximately 53 Ohmes.
Make slight allowances for cable resistance.

2) With the power on and parameter 018 set to 1, measure the
phase current from terminals 21 (or 22) and terminals 23 (or 24)
with a true RMS multimeter when the valve is operating. The
valve can be driven from 0% to 100% and vice versa by chang-
ing valve opening percent in parameter 045. The phase current
should be 70 mA rms when operating.

Remember to set 018 back to 0 after checks.

3) If the checks 1) and 2) are not correct, ensure that motor cable
corrections are correct and the cable length is less than five
meters (see section 1)

Output relay contacts

The two output relays in the controller are respectively the relay
for starting refrigeration and alarm relay. Ensure the following
action:

1) The contact for refrigeration will be made when the superheat
regulation in the controller starts operating. The contact will be
broken if the regulation cannot start or is stopped.

2) The contact of the alarm relay will be made when there is an
alarm.

EKC 316A Reference manual RS8ED102 © Danfoss 03-2006 3



Setting and checks to be made before
start

Basic Settings

Before using the EKC 316A controller, there are settings that
have to be made for each individual application. These are the
refrigerant type, the pressure transducer range and the total
number of steps for the ETS valve. It is good practice and some
cases necessary to set the Main Switch r12 to OFF when making
these changes.

Refrigerant Type.

Itis possible to choose from a list of 28 different refrigerants in the
controller. If refrigerant is not found on the list, it is possible using
AKM and setting 030 to 13 to plug in the Antione constants for the
unlisted refrigerant.

Refrigerant setting 030
Before refrigeration can be started, the refrigerant must be defined. You can select the
following refrigerants:

1=R12. 2=R22. 3=R134a. 4=R502. 5=R717. 6=R13. 7=R13b1. 8=R23. 9=R500.
10=R503. 11=R114. 12=R142b. 13=User defined. 14=R32. 15=R227. 16=R401A.
17=R507. 18=R402A. 19=R404A. 20=R407C. 21=R407A. 22=R407B. 23=R410A.
24=R170. 25=R290. 26=R600. 27=R600a. 28=R744. 29=R1270.

(Warning: Wrong selection of refrigerant may cause damage to the compressor).

Refrigerant

ETS Valve type
Each ETS valve has a specified number of steps as given below:

Total steps ETS 50:
ETS 100:

ETS 250 and 400: 3810 [+160 / -0] steps

2625 [+160 / -0] steps
3530 [+160/-0] steps

The number of steps can be set in the controller at address n37:

The parameters “n37" to “n42" are settings for step motor ETS 100. The settings
in n37 must be changed when another valve is used. The other settings should
not be changed.

Number of steps from 0% to 100% open n37

Max. steps (0 - 5000 step)

In practise, the EKC316A display can only manage 3 digits.
Therefore the set value at address n37 is always 10 times greater
i.e.if n37 is set to 263 then the true value is 2630. The same applies
to the n37 address in the AKM system.

“n37"to "n42” are adapted to valve type ETS 100 and should only be changed through the
use of another valve.

Number of steps from 0-100% opening degree (x10) n37
(ETS = 262. ETS 100 = 353)

000 stp** 5000 stp ** | 263

The range of the pressure transmitter can be set by entering the
transmitter’s minimum value at address 020 and maximum value
at address 021.

Working range for pressure transmitter 020
Depending on the application a pressure transmitter with a given working range
is used. This working range (say, -1 to 12 bar) must be set in the controller. The min.
value is set.

MinTransPres.

The max. value is set 021

MaxTransPres.
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Backlash Compensation

The controller includes a procedure for compensating for
backlash on the ETS valve spindle. The parameters involved in this
procedure are listed below

Compensation value for spindle play at valve's closing point (number of steps)

n39

Start bcklsh (Menu=Danfoss only)

Compensation value for spindle play during operation (number of steps)

n40

Backlash (Menu=Danfoss only)

Valve definition

1=Valve must open when more capacity is required (NC function)
2=Valve must close when more capacity is required (NO function)

n41

Valve type (Menu=Danfoss only)

Compensation direction

1=Compensation takes place when the valve opens (normal setting)
2=Compensation takes place when the valve closes

n42

Comp.dir. (Menu=Danfoss only)

These parameters should not be changed and the reason the
parameters are accessible is only historical, and at some point will
be withdrawn from the menu.
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Finding the optimum settings

Details on the controller algorithm and settings
Kp factor and Kp min

The Proportional Gain is dependant on the value of the measured
superheat SH relative to Reference superheat SH ref. The Propor-
tional Gain has the following values relative superheat SH:

If SH is more than 2.5K greater than SH ref then Gain equals Kp
factor.

If SH is within the range 2.5K and -0.5K from SH ref, then Gain
equals Kp factor times Kp min.

The reason for this variable Gain is to give stabile superheat for
values near the superheat reference.

Note the value of Gain does not change suddenly but gradually
when SH gets close to SH ref.

Initial start-up “Kick start”

In general the valve opening degree is controlled by the measured
value of the superheat SH. This means that during certain situa-
tions during start up, the valve will be slow to open due to the
built of superheat from a small value. To prevent this happening,
the valve is given an initial opening degree dependant on the Kp
factor, the measured superheat SH and SH closes as given in the
following relationship:

Initial OD% = kp factor*(SH - SH close)

The regulation modes for controlling superheat

There two different ways of controlling superheat i.e. control-
ling according to the minimum stable superheat (MSS) and Load
Defined superheat.

The parameter SH mode selects the controlling form where it can
be set to MSS when set to 1, or Load Defined superheat when set
to 2.

SHmode =1
The superheat reference SH ref is adaptive adjusted

The diagram shows how the SH ref is decreased 0.1 K every 30
seconds until instability in SH is detected. The SH ref will continue
increase at 0.1 K every 30 seconds until stability is achieved again.
More less the same behaviour will continue as shown where the
operation is attempting to find the minimum stable superheat.

When using this form of control, there are three settings that have
major affect on this mode of control

Kp factor—..

A

Proportional Gain

OD %

Kp factor * (SH — SH Close)

When Kp factor = 3, SH = 12, SK Close = 2
Initial OD % = 30%

START

P Time

= SH = SH_ref
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Max SH — The maximum limit of SH ref.

Min SH - The minimum limit of SH ref. Care should be taken not to
set value too low in order to avoid flooding back in the
compressor.

Stability — This factor determines how much instability can be
accepted. Small values will cause the SH ref to increase
if the slightest instability in SH is detected. Conversely,
higher values will accept a higher degree of instability.

SHmode=2

SH ref follows a defined curve as shown below. This curve is defi-
ned by three values: SH close SH max and SH min.

This form of regulation is similar to the thermostatic valve where
the spring force can be adjusted to keep the SH (superheat) in the
stable region to the right of the curve.

The advantage over the thermostatic valve is that there are three
settings to define the operating curve.

Problems of start up

Sometimes in one to one applications, the valve does not open
sufficiently on start-up, and troublesome low pressure trips hap-
pen. This problem is typical when using the single loop control
where the only the SH controls the opening of valve.

The force opening of valve function has been implemented in the
EKC 316A controller. This is not stated in the controller manual,
but please be aware that this function will give after start up, a
constant set minimum opening degree during a set time period,
without any regard to the superheat value. The setting parameters
are called Start OD% (n17) and StartUp time (n15), and are found

in the For Danfoss only menu in AKM and also in the EKC 316A
controller.

Please observe that the Start OD% is a minimum value after start
up and if the measured superheat (u21) produces a value greater
than Start OD% then this value will be valve opening degree (u24)
- see diagram.

oD[%]
100

DANFOSS
AB4B1441.10

50+

Forced Opening of Valve

oD% 4

Valve OD%

—
Reag. 0D% \\ |
7 A
N

Normal Reg.

Start OD% —

Forced OD%

>

StartUp time * Time from Start

* No Low Superheat Protection during the StartUp time period
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Types of regulation

Single Loop (address 056 Reg.type = 1)

The EKC 316A has the traditional Pl controlling function with the
Kp factor for Proportional Gain and Tn for Integration Time in se-
conds. This also is known as the Single loop control with only one
Pl block as shown in the diagram below.

Superheat Ref.
SHref

Superheat
(S2-81)

Evaporator Temp. S1

Refrigerant Temp.
S2

Instability cause by too much Proportional Gain can be corrected
by reducing to value of the Kp factor. This should be done redu-
cing with small steps at a time and observing the results before
making further reductions.

If the superheat response is slow to changes, it can be increased
by reducing the value of the Integration Time Tn.

When tuning the superheat stability, it is good practise to have a
fixed superheat reference by making SH max the same as SH min.
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Double Loop (address 056 Reg.type = 3)

The controller can regulate the superheat using a double loop
system. The so called outer loop is really the same as in the single
loop system except output of Pl block is the reference for the inner
loop.

The inner loop also has also Pl block with Proportional Gain factor
is KpTO and the Integration Time is TnTO.

The double loop control system is shown in the diagram below.

Superheat Ref. SHref

Refrigerant Temp. S2

The feedback of the inner loop is temperature difference between
media temperature S3 and S1. This value represents the load on
the evaporator and large values will tend to increase the opening
degree OD% of the valve.

The tuning of the double loop is more complicated than the
single loop and it is advisable not change to many parameters at
the same time. The starting point should be to use the following

settings.

Parameter Value Address
Kp factor 0.7 n04

Tn sec 120 n05
KpTO 3 n20
TnTO sec 30 n44

If the superheat is unstable, the KpTO parameter should be slightly
reduced. The value parameter Kp factor is not large so little is gain
by reducing this parameter.
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When to use Single or Double loop

In most applications and especially air coolers, the single loop is
the best option because of simplicity and easier to tune.

In water chillers where the S3 sensor is located at the leaving wa-
ter outlet, the double loop gives some advantages in terms of be-
ing less susceptible to compressor or fan step changes. Further, it
gives a quicker opening of the valve during start up. However the
double loop is less advantages on air coolers of slower response of
the media temperature.

NOTE
The settings Atten.factor (address n43) and Min.Lim.Ref (address
n45) should not be changed without the help of trained staff.

The S3 sensor has to be connected when Reg.type = 3, or else an
alarm is given.

Recommended control loop type and settings for some ap-
plications

From the experience of using single loop and double regulation,
the following recommendations are given for the applications
that EKC 316A has been used in. These are only recommendations
and the final choice is made by the end user.

Application Reg. type Kp factor Tn sec KpTO TnTO sec
address n56 address n04 address n05 address n20 address n44
Air cooler 1 (Single loop) 3.0 120 0.4 -
Water chiller 3 (Double loop) 0.7 120 2.0 30

10
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Manually operating the valve

There are three modes for operating the valve manually and are
described in the following sections.

Operating the valve manually from the EKC 316A con-
troller

The opening degree of the ETS can be operated manually by
setting parameter 018 to 1 and then setting parameter 045 to
required opening degree from 0 to 100%

Note, relay outputs can also be checked using parameter 018 as
shown in extract from manual.

Manual control of outputs 018
For service purposes the individual relay outputs and the ETS-output can be forced
However only when regulation has been stopped.

OFF: No override

1: Relay to the solenoid valve is ON.

2: Relay to the solenoid valve is OFF

3: Alarm relay is activated (connection established between terminals 12 and 13).
After 600 seconds the manual control will be interrupted, and the setting will return
to "0"

In settings 1-3, "045” will become active and the ETS output can be set manually.

Manual ctrl

Operating the valve manually by an extern analogue
signal

The opening degree of the ETS valve can operated manually with
0 to 20 mA or 4 to 20 mA external analogue signal connected

to terminals 16 (-) and 17 (+) of the controller. This can be done
by setting parameter 018 to 4 for 0 to 20 mA signal or 5 for 4 to
20 mA signal. The analogue input 0 or 4 mA will correspond to a
valve open of 0% and 20 mA will correspond to 100%.

Note this is not shown in the manual.

Operating the valve manually by an extern analogue
signal with MOP active

The opening degree of the ETS valve can operated manually with
0 to 20 mA or 4 to 20 mA external analogue signal connected to
terminals 16 (-) and 17 (+) of the controller in the same way as Sec-
tion 5.2. The difference is that the superheat controlling function is
still with transmitter and sensors connected. The signal operating
the ETS comes from the external signal or superheats controlling
function and will always be controlled by the smallest value of
these two sources

Input signal for reference displacement 010
Definition of function and signal range.
: No signal
: Displacement of temperature reference with 0-20 mA
: Displacement of temperature reference with 4-20 mA
: Displacement of superheat reference with 0-20 mA
: Displacement of superheat reference with 4-20 mA
: Forced control of valves opening degree with 0-20 mA
: Forced control of valves opening degree with 4-20 mA
(4 or 0 mA will not give a displacement. 20 mA will displace the reference by the value
set in menu r06)

QU hArWN—=O

Al Atype
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410 20mA Analogue
Signal

i1

Current to OD%
Caonversion

2

Win. of inputs
P TS valve }—’{ Evaporatar

Evaporator Temp. 81

Superheat Ref.
SHref

Refrigerant Termp
g2

The diagram is a simplified form of the EKC 316A algorithm,
where sections (1) and (2) have been added in connection with
modifications made in software version 1.24.

Sections (1) and (2) are active when parameter 010 is set to 5

or 6, and in this situation, the analogue current signal applied

to terminals 16 and 17 in certain circumstances can control the
opening degree OD% of the valve. With 010 set to 5, a current
signal 0 to 20mA can be applied to terminals 16 and 17. Similarly a
4 to 20mA signal can be used when 010 is set to 6.

When the sections (1) and (2) are active, the function in section
(2) will choose the lowest value of OD%, that comes from either
sections (1) or the Pl Control.

This means that the valve can be manually controlled by the
external analogue voltage as long as the output of section (1) is
smaller than the output from the Pl Control section. If output of
the PI Control section is smaller than the output from section (1),
then the valve opening degree OD% will regulated according to
superheat values and MOP setting. This prevents excessive values
of opening degree OD% that might cause low superheat values or
high suction pressure.

The opening degree OD% will go to zero if there is a fault in any of
the sensors.
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Battery Back-up

A battery back-up can be connected to terminals 5 (+) and 6 (-).
The voltage should be at least 18 Volts and this can be achieved
by using two 9 Volt 100 mAh batteries in series.

The back-up voltage can also come from UPS giving 24 Volts.

Note: In the case where no battery back-up is used, the valve will
always close correctly even when the valve is fully open before the

power is interrupted.

The valve will be driven 110% of the steps during start up.

Troubleshooting
Symptom Possible Cause Remedy
Suction pressure too low Pressure drop across the evaporator too
high
Lack of subcooling ahead of expansion Check refrigerant ahead of expansion
valve valve.

If the valve is placed much higher than
condenser outlet, check pressure differ-
ence

Evaporator superheat too high

1. Check superheat performance, the set-
tings SH min and SH max.

2. Check valve capacity.

3. Check that the maximum number of
steps of valve is same as parameter n37

Pressure drop across the expansion valve
less than valve is sized for

Check pressure drop across expansion
valve. Replace with larger valve.

Expansion valve too small

Check refrigeration system capacity and
compare with expansion valve capacity.
Replace with larger valve if necessary.

Expansion valve block with foreign mate-
rial

Evaporator wholly or partly iced up

De-ice evaporator

Liquid hammer in compressor

Superheat of expansion valve too low

Increase the values of SH close and SH min.

Superheat reference set too low

Increase the value of SH min

The S2 sensor not in good contact with the
suction line

Ensure that S2 sensor is secured on suction
line. Insulate sensor.

EKC 316A
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Dacifi

Alarms
Symptom Possible Cause Fault Message Remedy
All Light emitting diodes S2 sensor cut-out. E15 Check connections at terminals 18-19 and
flashing sensor.
S2 sensor short-circuited E16 Check connections at terminals 18-19 and
sensor.
S3 sensor cut-out E17 Check connections at terminals 18-20 and
Sensor.
S3 sensor short-circuited E18 Check connections at terminals 18-20 and
sensor.
Analogue input outside range. E19
Pressure transmitter outside E20 Check pressure transmitter, connections at
range. 14-15 and pressure.
High Temperature alarm Al Check cooling is effective. Check thermo-
stat relay at terminals 8-9
Low Temperature alarm A2 Check ETS valve is full open and relay at
terminals 8-9
No refrigerant selected A1 Select refrigerant
Supply to stepper motor A43 Check connections from EKC316A to ETS
valve.
Battery alarm Ad44 Check the battery voltage is the nominal
voltage.
Notes:

1) Only one alarm is displayed at a time in the controller display
and are shown in the order given above i.e. E15 will be dis-
played if S2 is not connected. If S2 is connected successfully
then the next alarm will be E17 if S3 is not connected. All alarms
are displayed in the AKM system.

2) The alarm E19 will only be active if address 010 is set to 1 or
more.

3) The alarm E17 and E18 will be only active if the Therm.Mode ad-
dress r14is set to 1 or Reg.type address 056 is set to 3.

4) The battery alarm A44 is only active when Batt.alarm address
A34 is set to ON.
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