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PLC (Programmable Logic Controller)= 948 @249 tixg A|oja] 2] 7juke ¢s)
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Gate Array) 718F AlojA]2®lo] tigko g WoEw gt} &A% PLC /LA FPGA 71wk Ao A)2H]
< MEslr] YsiME FPGA /ES $13 AoE AREsloF 3la 7]&9] PLC /MEolA 5% =3¢ &
A2 ANAES ARA BET= T FAZF AT B =RdAE o9 2 EAE Ay 98l
A PLC A&ZEgo] WS 93 ¢do] & 3h}bel FBD (Function Block Diagram)E FPGA 7S 93
st=dle] 71& o] & sl VHDLZS s W3S 9 Wy o]F 7vkoz /dst 2 W =
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Abstract The PLC (Programmable Logic Controller) has been widely used for the development
of digital control system of nuclear power plant. The PLC has high maintenance costs and increasing
complexity, hence, FPGA (Field Programmable Gate Array) based digital control system has been
considered as an alternative. However, the development of FPGA based digital control system is a
challenge for PLC engineers because they are required to learn about new language to develop FPGA
and knowledge and know-how acquired in the development of PLC is not transferable. In this study,
we proposed and implemented an automatic translation tool for translation of FBD (Function Block
Diagram), a programming language of PLC software, into VHDL (VHSIC Hardware Description
Language). Automatically translating the FBD to VHDL using this tool allows PLC engineers to
develop FPGA without any knowledge of the hardware description language.
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1.ME2

A BAL HHATFe] ofEdE e 1&C
(Instrumentation and Control) Al2:®lelA TXE 7]
gho] I&CE AZEHA ’“EE"H‘HQ} WES T} A2
He] dR7F =AUk oE 59 AHAF A= F s}
12l RPS (Reactor Protection System)¢] 73-%- FBD
(Function Block Diagram), LD (Ladder Diagram)$}
22 PLC Z2ag" Qo112 AR AZEdo] A}
&3t vEYAE T3 tE FuER Ttk HA
g AxHlogo] HE % ol A=t o U2 d5s
AFsHA FHAATH2] LZE] Fo YAE 7%
ARGEEA TS ZJ’«] A 7Hs A fAES H]
&, 534 T7]'7]' EAZ W&

sl=do] 7|9kl FPGA (Field Programmable Gate
Array)E o83 tFd FH= FEUJLGOZRE
RPSE H3E3l7] g W F shutelti34]. FPGA=
st=do] Y& dolE AREE) Al&HES EEjor &
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st A Yo)7t FPGA 7|9 Al=®lg sdsls 7)4\
NZ2E AoE F53loF sh= ojele3 PLC 7]|¥He
A A FT& ol&3A Xgrhe FAR] Atk

E =FdA= PLC 2ZEY /NS 93 Ao 5
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2. HiZ X4

2.1 FBD (Function Block Diagram)

FBD+= IEC 61131-3 #%F[1]e] A<el® 57F4] PLC
Zz2a" Ao F dhvelth FBDe 2#l¥ 7)uke]
Edo] 7hsgt dolz2 A7t J%s Fdse
(Function Block)E3} o9 d4=2 xdo] #th. FB

BA

<A 559 @53 AR e AR
o2 Agdn dF &
AND_BOOL_2 E22 29¥sje}l 30¥A A8 <<
7kAE LT_INT 27} Qsﬁﬂ a =9
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2.2 VHDL(VHSIC Hardware Description Language)

VHDL-S IC(Integrated Circuit) 7WEAEA d
AMEEE sl=go] V)& o] & s IEEE %3 ¢

olo]t}[6]. VHDLE o]&3t AAle A&’ FFHE Al
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3. FBDtoVHDL

FBDtoVHDLL 71£¢] PLC 7|9t A|o)71& 7|@s}r]
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Fig. 1 A part of the FIX FALLING logic implemented in FBD
& AAss FHo 1289 9y =¥ o
dnterface> oEH 1_\_.°}‘ ]E]' 9’] E = W=, &9, J]
1. for each input/output variable in FBD - /NPUT| OUTPUT =uo] B2 FESIY in, out, buffers A€l3tal FBD
= [variable name] : in/out/buffer [data typel _ -
* buffer is used for feedback variable 9] zre] ol23} golH EYL o)Lty ’i].oﬂ oA
S " o) o =
2. for each local variable in FBD - CONSTANT VHDL &el& w3kdlch VHDLY dlolE Bye =7|E

= signal [variable name] : [data type] := [initial value]
3. for each connection/continuation variable in FBD - CON
= signal [continuationname] : [data typel

<Body>

4. for executing all FB
= [FB name] _[localid] : entity work. [entity] port map
([portname= => /NPOUTI OUTPUTI CONSTANTI CONJ) *
*: Port name is the other entity’s /NPUT or OUTPUT
* . This symbol means that elements can be repeated

5. forall assignment output variables
= [COM OUTPUTI <= [ CONSTANTI COM

6. forinitialization output variables
= [OUTPUT(buffer)) <= [initial value]

7. forall feedback assignment
= [OUTPUT(buffer)l <= | CONSTANTSI COM

1% 2 FBDE VHDLZS] W& 13
Fig. 2 A translation rule of FBD into VHDL
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T 55 e Y RES wgsie rHeE
FBDe 8oz #& k= A7 CON° ge &
Fahs A7t oldll &3tk BE POUY £¥¢] CON

5 63 7= 72 FBDS u’JEﬂ"TJr SEEEE Y
VHDLOA 58 93152 & 4 QA washe
solck, FBD o4 m=vld) A2 2Ee 218

Fasta AA Aol FW TY F JYow AL

= H

Atk o8 VHDLAA olsh 543 $4% +Y5=s
¥57] HZSHH 75 6ol A=ug 2
E] X
_%

FBDZ VHDLE S EHECE I
HEFH S o] 8% tﬂ% Azt 2l VHDL«] 71EH T
Z7} dasit) wep $2le W 73S 9ske VDL
HE Za Zyde wElen o 19 3% Ptk

1: entity [POUName] is (
2 generic ();

3 port (

4 clk : in std_logic:

& rst ¢ in std_logic:

6 pulse ! in std_logic:
7

8

[[input Name] :in [Data Type:]1] *

-~ PUT
9 [[output Name] : out [Data Type:]] * - ouTPUT
100 [loutput Name] : buffer [Data Type:ll * __ seepgack

)
12: end [POUNamel:

14: architecture Behavioral of [POUName] is

15: [signal [constant Name] @ [Data Typel := [initial Value:1] *
16: - GONSTANT

17: [signal [CON Name] : [Data Type:]]*

18 -- Conneci/Continvation {CON)

20 [[FBname_[local id]] : entity work.[entity] port map
21 ([.[portName] => clk|rst|INPUTICONSTANTS|CONI)*:11*

2 - Entity Gali
24 [[CONIOUTPUT] <= [CONSTANTSICON:1T* __ 4ssipmment

26: process(clk, rst) begin
27 if(rst = 1) then

28 [[OUTPUTIFEEDBACK] <= [initialValue:]]*

29 -~ Quipul Initiatization
300 elseif(pulse =17 then

31 [[FFEDBACK] <= [CONSTANTS|CON:]]*

32 —- Feedback Assignment
33 endif:

34 end process:
35 end Behavioral:

VHDLE =LA entity$} architecture2 A=)
entity= FNA & F e Y87 &Y Ist=
FEE HAsh= R0 architectures WA A}
|HE g Adske FEY 352 @9 F9 750l
AAAY. 28 394 entity9} architecture= POUS]
207 AA"EY entity W9 generice &
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© entity FIX_FALLING is (

. generic(

INT_HI : integer := 8388607:
INT_LO : integer := -8388608

: port(

clk :in std_logic:
rst: in std_logic:

9 pulse : in std_logic:

1
2
3
4
5 )
B
7
8

11 PV_OUT : in integer range INT_ LO to INT_ HI:
13: end FIX_FALLING:

15: architecture Behavioral of FIX_FALLING is

16 signal BNG_MIN: integer range INT_LO to INT_HI := 600;
18 signal LT_INT_2_wire_29_OUT : std_logic:

20: LT_INT_2_29 : entity work LT_INT_2 port map

21 (clk => clk, rst=> rst, ALi => RNG_MIN,
22! B_i => PV_OUT, R_0=>LT_INT_2_wire_29_OUT):

24 TRIP <= AND_BOOL_2_wire_35_OUT:

26 process(clk, rst) begin

27 if(rst="1") then

28 TRIP_LOGIC <=0

29:  elseif(pulse = “1") then

30: TRIP_LOGIC <= SEL_BOOL_2_wire_27:
311 endif:

32: end process:

33: end Behavioral:

7Y 3 VHDL ¥3$ dx =9
Fig. 3 A translation result frame of VHDL

1Y 4 FIX_FALLINGS] 455 W33 A3
Fig. 4 A translation result of a partial of FIX_FALLING
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FBDPath  [CiUsers\dslablUnputiFIX_FALLING.xmI

|| Openl

VHDLPath  [CU

| [ open |

FBD(xml)

- a X
VHDL

<?xml version="1.0" encoding="UTF-8"?>
project xmins="http:/;ww.plcopen.org/xmitc6_0201"
xmins:ns1="http:/;ww.plcopen.orgimiftc xsd™
xmins:xhtmi="http:/www.w3.0rg/1999/xhtmI” xmins:xsd="ht{
<fileHeader companyName="DSLAB"
creationDateTime="2009-07-06T02:47:20" productNamg
<contentHeader author="esk"
modificationDateTime="2014-03-06T00:00:00" name="K
<coordinatelnfo>

entity FIX_FALLING is
generic (

11>

INT_HI : integer := 8388607,

INT_LO :integer := -8388608
):
port (

clk :in std_logic;

rst:in std_logic;

pulse : in std_logic;

<fod> PV_OUT :ininteger range INT_LO to INT_HI|
<scaling x="16"y="16"/> MDL_E :in std_logic;
<ffod> Al_E :in std_logic;
<ld> OB_INIT_STA: in std_logic;
<scaling x="16" y="16"/> PTRIP: out std_logic;
<Nd> TRIP: out std_logic;
<sfc> PTRIP_LOGIC: buffer std_logic;
<scaling x="16"y="16"/> TRIP_LOGIC: buffer std_logic;
<Isfc>
</coordinatelnfo> | PTSP : buffer integer range INT_LOto INT_H_ |
</contentHeader> ] hd|

~| PTRIP_CNT : buffer integer range INT_LO to|
I I [»] < i 1]

2% 5 FBDtoVHDL AHs W3 =7
Fig. 5 An automatic translation tool FBDtoVHDL
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Table 1 Results of structural analysis for 5 main logics of KNICS RPS BP

FED VHDL
POU Name Input Output Constant FB Input Output  Constant  Call
FIX_RISING 4 8 7 33 4 8 7 33
FIX_FALLING 4 8 7 33 4 8 7 33
MANUAL_RATE_FALLING 7 9 10 52 7 9 10 52
VARIABLE_RISING 4 10 10 49 4 10 10 49
VARIABLE_FALLING 4 10 10 49 4 10 10 49
3 2 APR-1400 942 B3 Al2Flo] ZREES] oAS udoz o 723 24 Ay
Table 2 Results of structural analysis for example of a prototype of APR-1400 NPP protection system
FBD VHDL
POU Name Input Output Constant POU FB Input Output Constant Entity Call

g BP 60 43 6 - 60 43 - 6
1. g VAR_OVER_PWR 8 8 - 9 - 8 8 - 9

1) £ VAR_OVER_PWR_Val_Out 3 1 2 - 3 3 1 2 3

2) h_VAR_OVER_PWR_Int_SP 1 1 14 - 158 1 1 14 158

3) £ VAR_OVER_PWR_Trip_SP 2 1 3 - 4 2 1 3 4

4) f VAR_OVER_PWR_Ptrp_SP 2 1 4 - 5 2 1 4 5

5) th_VAR_OVER_PWR_Trip_Logic 2 1 9 - 21 2 1 9 21

6) th_VAR_OVER_PWR_Ptrp_Logic 2 1 9 - 21 2 1 9 21

7) £ VAR_OVER_PWR_PV_Err 1 1 4 - 4 1 1 4 4

8) f_ VAR_OVER_PWR_Trip_Out 5 1 2 - 13 5 1 2 13

9) £ VAR_OVER_PWR_Ptrp_Out 5 1 2 - 13 5 1 2 13
2. g_ LO_SGI1_LEVEL 10 6 - 6 - 10 6 - 6
3. g_HI_LOG_POWER 12 8 - 8 - 12 8 - 8
4. g_LO_PZR_PRESS 11 9 - 12 - 11 9 - 12
5. g_SGI_LO_FLOW 8 8 - 9 - 8 8 - 9
6. g_HL LOCAL_POWER 16 4 - 4 - 16 4 - 4
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WS 913 FBD| Al VHDLZ 9] A5 w3 575

¥ 3 FIX_FALLINGS wde=z 3t A9 844 2 Ay
Table 3 An experimental setup and result of FIX_FALLING

FIX_FALLING

Meaning of value

Initial Value 14,000

PTSP = 13920

Rate of Change 10-100 (Stepwise: 10)

To confirm the various cases

Error Value 0

To observe the production of (P)TRIP by (P)TSP

Number of Input 100

Number of Scenario 1000

To confirm the number of results

Simulation Results

Correct
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