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class servo_ctrl_word

{
public servo_ctrl_word()
{
vV = 0;
}
public UIntl6 switch_on
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, O,
}
public UIntl6 enable_voltage
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, 1,
}
public UIntlé quick_stop
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, 2,
}
public UIntl6 enable_operation
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, 3,
}
public UIntl6 fault_reset
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, 7,
}
public UIntl6 v;
}s

class servo_stat_word

{

public servo_stat_word()

0); }

value);

1); }

value);

2); }

value);

3); }

value);

7); }

value);

}
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public UIntl6 ready_to_switch_on

{

get { return Uintl6BitGet(v, ©); }

set { Uintl6BitSet(ref v, 0, value); }
}
public UIntl6 switched_on
{

get { return Uintl6BitGet(v, 1); }

set { Uintl6BitSet(ref v, 1, value); }
}
public UIntl6 operation_enabled
{

get { return Uintl6BitGet(v, 2); }

set { Uintl6BitSet(ref v, 2, value); }
}
public UIntl6 fault
{

get { return Uintl6BitGet(v, 3); }

set { Uintl6BitSet(ref v, 3, value); }
}
public UIntl6 voltage_enabled
{

get { return Uintl6BitGet(v, 4); }

set { Uintl6BitSet(ref v, 4, value); }
}
public UIntl6 quick_stop
{

get { return Uintl6BitGet(v, 5); }

set { Uintl6BitSet(ref v, 5, value); }
}
public UIntl6 switch_on_disabled
{

get { return Uintl6BitGet(v, 6); }

set { Uintl6BitSet(ref v, 6, value); }
}
public UIntl6 warning
{

get { return Uintl6BitGet(v, 7); }

set { Uintl6BitSet(ref v, 7, value); }
}
public UIntl6 remote
{

get { return Uintl6BitGet(v, 9); }

ZLG
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set { Uintl6BitSet(ref v, 9, value); }

}
public UIntl6 target_reached
{
get { return Uintl6BitGet(v, 10); }
set { Uintl6BitSet(ref v, 10, value); }
}
public UIntl6 internal_limit_active
{
get { return Uintl6BitGet(v, 11); }
set { UintleBitSet(ref v, 11, value); }
}

public UIntil6 v;
}s

class pdo_entrys_config

{
public class servo_entrys_config
{
public Int32 po_offset_mode;
public Int32 po_offset _ctrl;
public Int32 po_offset_pos;
public Int32 pi_offset_mode;
public Int32 pi_offset_stat;
public Int32 pi_offset_pos;
public Int32 pi_offset_err;
public Int32 pi_offset_inputs;
}
public pdo_entrys_config()
{
servo_offset = new servo_entrys_config[NUM_SERVOS];
for (int i = @; i < NUM_SERVOS; i++) servo_offset[i] = new servo_entrys config();
pi_offset di = new Int32[NUM DI];
po_offset _do = new Int32[NUM _DO];
}
[MarshalAs (UnmanagedType.ByValArray, SizeConst = (int)NUM_SERVOS)]
public servo_entrys_config[] servo_offset;
[MarshalAs(UnmanagedType.ByValArray, SizeConst = (int)NUM DI)]
public Int32[] pi_offset _di;
[MarshalAs(UnmanagedType.ByValArray, SizeConst = (int)NUM_DO) ]
public Int32[] po_offset_do;
}s
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class servo_output

{

public servo_output()

{

mode (byte)OP_MODE.OP_MODE_CSP;
ctrl = new servo_ctrl word();

p=0;

public byte mode;
public servo_ctrl word ctrl;
public Int32 p;

}s

class servo_input
{
public servo_input()
{
mode = (byte)OP_MODE.OP_MODE_CSP;
stat = new servo_stat_word();
p = 0
error = 0;

inputs = ©;

public byte mode;

public servo_stat_word stat;
public Int32 p;

public UIntl6 error;

public UInt32 inputs;

s

class proc_img_o

{
public servo_output[] servos = new servo_output[NUM_SERVOS];
public UIntl6[] outputs = new UIntl6[NUM_DO];

public proc_img o()
{
@; i < NUM_SERVOS; i++) servos[i] = new servo_output();

0; i < NUM DO; i++) outputs[i] = new UIntle6();

for (int i

for (int i

}
public void CopyToOutputs(ref byte[] buff)

ZLG
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for (int i

{

0; i < NUM_SERVOS; i++)

Application Note

if (__entrys_config.servo offset[i].po_offset_mode != -1)

buff[__entrys_config.servo_offset[i].po_offset _mode] = servos[i].mode;

if (__entrys_config.servo offset[i].po_offset_ctrl != -1)

CopyToByteArray(servos[i].ctrl.v, ref buff,

__entrys_config.servo_offset[i].po_offset ctrl);

if (__entrys_config.servo_offset[i].po_offset _pos != -1)

CopyToByteArray((UInt32)servos[i].p, ref buff,

__entrys_config.servo_offset[i].po_offset_pos);

}

for (int i

{

0; i < NUM DO; i++)

if (__entrys_config.po_offset _do[i] != -1)

CopyToByteArray((UIntl6)outputs[i], ref buff, _ entrys_config.po_offset_do[i]);

}

public static void CopyToByteArray(UIntl6 v, ref byte[] buff, int start)

{

buff[start + 0]
buff[start + 1]

}

(byte)v;

(byte)(v >> 8);

public static void CopyToByteArray(UInt32 v, ref byte[] buff, int start)

{

buff[start + 0]
buff[start + 1]
buff[start + 2]
buff[start + 3]

}

(byte)v;
(byte) (v
(byte) (v
(byte) (v

>>

>>

>>

8);
16);
24);

public static void CopyToByteArray(UInt64 v, ref byte[] buff, int start)

{

buff[start + 0]

buff[start
buff[start
buff[start
buff[start
buff[start
buff[start
buff[start

s

ZLG
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+

+
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2]
3]
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5]
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(byte)v;
(byte) (v
(byte) (v
(byte) (v
(byte) (v
(byte) (v
(byte) (v
(byte) (v

>>

>>

>>

>>

>>

>>

>>
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class proc_img i
{
public servo_input[] servos = new servo_input[NUM_SERVOS];

public UIntl6[] inputs = new UIntl16[NUM_DI];

public proc_img i()
{
@; i < NUM_SERVOS; i++) servos[i] = new servo_input();

@; i < NUM DI; i++) inputs[i] = new UInt16();

for (int i

for (int i

public void CopyFromInputs(byte[] buff)
{
for (int i = @; i < NUM_SERVOS; i++)
{

if (__entrys_config.servo_offset[i].pi_offset _mode != -1) servos[i].mode

buff[__entrys_config.servo_offset[i].po_offset_mode];

if (__entrys_config.servo offset[i].pi_offset_stat != -1) servos[i].stat.v
= BitConverter.ToUIntl6(buff, _ entrys config.servo offset[i].pi offset_stat);
if (__entrys_config.servo offset[i].pi_offset pos != -1) servos[i].p =

BitConverter.ToInt32(buff, _ entrys config.servo_offset[i].pi_offset pos);

if (__entrys_config.servo_offset[i].pi_offset_err != -1) servos[i].error
BitConverter.ToUIntl6(buff, _ entrys config.servo_offset[i].pi_offset_err);
}
for (int i = @; i < NUM_DO; i++)
{
if (__entrys_config.po_offset_do[i] != -1) inputs[i] =
BitConverter.ToUIntl6(buff, _ entrys config.pi offset di[i]);
}

}s

Hrb pdo_entrys_config F KA it A2 & (1w #% , 1Ml proc_img_o M proc_img_iFR 1 & X PDO
L5 SN, B LT CopyToOutputs £l CopyFromlInput 8%, H R S HUE 1)3% 42 PDO
BRIy CHAR .
2.6 EuGIEH

AT AU PCle F235F ¥) SDK 42 [R5 EtherCAT &4 . AR BSR4
[F] A7 BAB 2 A8 e Bt o (R0 BAA R 384 T B A e o
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&¢£$th ouT | i - % H1 BL 31 (OutputQueue) > i
‘Pmﬁﬁ ‘ EcatPIWrit gt FeN Gt st
EcatPIRead

A Lo
EcatPIOutputQueuePush

— e ‘ PO B R

A\ 4

| |
| |
| f =
EcatPIpea | I
v : |
A | | w7 :
|
| |
| |

29 [RIFBAFIRIERE

2.6.1 ¥MisELh

/6 )A 3l EtherCAT, HH ALIAS 752N E i R0 &4 gt 2845, “protal3.xml” 75 %
B v H FiE R AWStudio 5 HE #] ENLxml SCAH
//PCIe-2E XA —NilliE,PCIe-4E A PMilliE
EXIT_IF_FAIL("EcatOpen", EcatOpen(ref ecat_dev, BOARD_ALIAS(alias), channel));
RETURN_IF_FAIL("EcatBusRun", EcatBusRun(ecat_dev, eni_file));

2.6.2 EtherCAT K&

53R BtherCAT SR DI HIRES
/] VERDIBARS
byte state = 0;
RETURN_IF_FAIL("EcatRequestMasterState", EcatRequestMasterState(ecat_dev,
EcatState0));
for (int i = @; ; i++)
{
RETURN_IF_FAIL("EcatGetMasterState", EcatGetMasterState(ecat_dev, ref state),
false);
Console.WriteLine("{1,2}: request is: 8, curr is: {@}", state, i);
Thread.Sleep(500);
if (state == EcatState0) break;
}
2.6.3 AL PIEZIEXTE
T %%, @i EcatGetEnilnfo # 13REL PDO % & 1K FE 55 (5 B . 285 7 inputs A1 outputs
Zerh X, JFAIE proc_img i Ml proc_img_o AL Ht. fi /5 F EHIUGLALf# PDO i 1) 4% H
pdo_entrys_config init.

/7 S FEBAG NG G ER
ECAT_ENI_INFO ptInfo = new ECAT_ENI_INFO();

ZLG
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RETURN_IF FAIL("EcatGetEniInfo", EcatGetEniInfo(ecat_dev, ref ptInfo));
Console.WriteLine("Eni Info input size:{@}, output size: {1}",

ptInfo.u32PIInputByteSize, ptInfo.u32PIOutputByteSize);
pdo_entrys _config init();

byte[] inputs = new Byte[ptInfo.u32PIInputByteSize];
byte[] outputs = new Byte[ptInfo.u32PIOutputByteSize];
proc_img o po = new proc_img _o();

proc_img i pi = new proc_img _i();
2.6.4 {HEE Pl REHIBETH
FEREH AL A N UIRAS 2 1T, FRESefiRe PL &5

RETURN_IF_FAIL("EcatPIEnable", EcatPIEnable(ecat_dev));

2.6.5 FiEFE PDO FA%

NT I F R B R R Gi L Bk BtherCAT J 2838 B IRI52 0, BT LAIA) PDO A% B FiJE 78
JUMEE AR vz
for (int i = 0; 1 < 2; i++)
{
EcatPIOutputQueuePush(ecat_dev, false, 100);
}

2.6.6 EtherCAT FEHIAIEEEIF

A&+, EcatPlInputQueuePop S5 A SR T FI Kt . H ) i 48 g icdle =, Jl i
EcatPIOutputQueuePush pRZCE £ 3 IH AN BA 1 .
while (true)
{

if (EcatPIInputQueuePop(ecat_dev, false, 100) == 0)

{

loops++;

/] BIREEIRS
if (loops % 1000 == 0)
{
RETURN_IF_FAIL("EcatPIInputQueueSize", EcatPIOutputQueueSize(ecat_dev,
ref ecat_queue_size), false);

Console.WriteLine("EcatPIInputQueue size: {@}", ecat_queue_size);

RETURN_IF_FAIL("EcatPIRead", EcatPIRead(ecat dev, PI_AREA_LOCAL_INPUT, O,
ptInfo.u32PIInputByteSize, ref inputs[@]), false);

ZLG
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AR PN
pi.CopyFromInputs(inputs);
for (int i = @; i < NUM_SERVOS; i++) _ servos[i].input = pi.servos[i];

__user_controller.UpdateButton(pi.inputs);

/] JAEHENL
__user_controller.run(ref run_cmd, ref stop_cmd, ref halt_cmd);
if (run_cmd != 0)
{
for (int i = @; i < NUM_SERVOS; i++) _ servos[i].motor_run(i, loops,
__range_min[i], __range_max[i], _ step_size[i]);

}

/1 PR R

for (int i = @; i < NUM_SERVOS; i++) po.servos[i] = __ servos[i].output;
__user_controller.UpdateLED(ref po.outputs);

po.CopyToOutputs(ref outputs);

RETURN_IF_FAIL("EcatPIRead", EcatPIWrite(ecat_dev, PI_AREA_LOCAL_OUTPUT, O,
ptInfo.u32PIOutputByteSize, ref outputs[@]), false);

RETURN_IF_FAIL("EcatPIOutputQueuePush", EcatPIOutputQueuePush(ecat_dev, false,
100), false);

}

}

2.6.7 B
SN AR PP i EHR I, A5 A ECAT Euf .
/1 BH

EXIT_IF_FAIL("EcatBusStop", EcatBusStop(ecat_dev));
EXIT_IF_FAIL("EcatClose", EcatClose(ecat_dev));

2.7 BRBRIERKTER

BRI AR TR (5 . IR () . BEERELT (8 . BARET (1) .
BT AL AN, AR A R

LR TR ST, (1R TG IRR, 347k T AT H2,
B aRE FEATIER.

2. EARAAT AR RSN B ARA . ERRA PO RR. B akA FL AT
7, GATHK.

AR TR A AL, B RA . FE IR T BT, B IR,

4. PO B & R ARGER, 2% AR T BN RS EHE AR SURE .
HANRSRE)E, DA ER BYLRS.
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private class user_control

{
const ushort LED GREEN = @; // &%/T
const ushort LED RED = 1; /] 44T

const ushort BTN_CLOSE = @; // HEEAGIERES
const ushort BTN_RUN = 1; // SRt
const ushort BTN _STOP = 2; // It

ushort led _green = 0;
ushort led_red = 0;
ushort btn_close = 0;
ushort btn_run = 0;
ushort btn_stop = 0;

static int count = ©;

public void UpdateButton(UIntl6[] buff)

{
if (__entrys_config.pi_offset_di[@] != -1)
{
btn_close = Uint16BitGet((UInt16)buff[@], BTN_CLOSE);
btn_run = Uint16BitGet((UInt16)buff[@], BTN_RUN);
btn_stop = Uint16BitGet((UIntl6)buff[@], BTN_STOP);
}
}

public void UpdateLED(ref UIntl6[] buff)

{
if (__entrys_config.po_offset_do[0] != -1)
{
ushort temp = (UIntl6)buff[0];
Uintl6BitSet(ref temp, LED_GREEN, led_green);
Uintl6BitSet(ref temp, LED_RED, led_red);
buff[@] = temp;
}
}

public void run(ref int run_cmd, ref int stop_cmd, ref int halt_cmd)
{
if (btn_run == 0)
{
/1 BNEAR
run_cmd = 1;

ZLG
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stop_cmd = 0;

halt_cmd = 0;
}
if(btn_stop == 0)
{
/1 BNMEE
run_cmd = 0;
stop_cmd = 1;
}
if (btn_close == 0)
{
/1 BNMEE
run_cmd = 0;
halt_cmd = 1;
}
if(run_cmd == 0)
{
count++;
if (count > 500)
{
if (led_green == @) led_green = 1;
else led_green = 0;
count = 0;
}
}
else
{
led_green = 1;
}
if (halt_cmd == @)
{
led_red = 0;
}
else
{
led green = 0;
led _red = 1;
}

ZLG
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2.8 ®BHIFH
2.8.1 CiA402 R7SHLEI/T

LAR 4 CiA402 T 52 AR SN E R .

Start

o

Power off or reset O

N

ot ready to

switch on

r

Fault

i Switch on 41—5
| disabled
[t
I . T
1
N Ready to
12 : 10 switch on
|

Quick stop
active

I State’ } Optional state

Operation
enabled

State can be changed manually by the slave

state

State is checked by master

2.10 CiA402 JR7SHL

CiA402 ¥l = H T RIZBREFE G R, HAE T,

The bits of the controlword are defined as follows:

Fault reaction
active

(A LowHevel power
Power for control unit enabled
High level power can be enabled

15 1" 0 9 8 7 ] 4 3 2 1 0
manufacturer | oo | pay | Fault Operation Enable | Quick | Enable | Swilch
specific reset | mede specific | operation stop | voltage on
(0] o] o] M o] M M M M
MSB LSB
0 Optional M Mandatory
BITSO-3AND7:
Device control commands are triggered by the following bit pattemns in the controlword:
Bit of the controiword
Command Fault reset of;‘;‘:::n 2;‘;‘:‘ Eonl?:!!: Switch on Transitions
Shutdown 0 X % 1 Q 26,8
Switch on 0 0 i 1 1 3
Switch on 0 1 1 1 1 g
Disable voltage 0 X X 0 X 7.9,10,12
Quick stop 0 X 0 1 X 7,10,11
Disable operation 0 0 1 1 1 5
Enable operation 0 1 1 1 1 4,16
Fault reset K X X X X 15

Table 4:

ZLG

Device control commands (bits marked X are irrelevant, * ... In the state
SWITCHED ON the drive executes the functionality of this state., ** ... It exists no functionality
in the state SWITCHED ON. The drive does not do any in this state.)

& 2.1

CiA402 FrEEHIEE X
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FIBREERE, BIDRE TR IIREFARAZ T T, BRI JE A ReR R HuIREs, IR

ATHINLE LW .

Bit

Description

=
o

Ready to switch on

Switched on

Operation enabled

Fault

Voltage enabled

Quick stop

Switch on disabled

Warning

Manufacturer specific

Ol Nl |lwWwW|N]|=2]|O

Remote

-
o

Target reached

11

Internal limit active

12-13

Operation mode specific

14 -15

Manufacturer specific

ololg|Ig|I=Z|ICo|o|IZ|I=|I=|I=|IE|IE|E

Table 6: Bits in the statusword
212 CiAd02 FrERESFE X

BITS 0-3,5AND 6:
The following bits indicate the status of the device:

ZLG

Value (binary)

State

XxXxx xxxx x0xx 0000

Not ready to switch on

XXXX Xxxx x1xx 0000

Switch on disabled

Xxxx xxxx x01x 0001

Ready to switch on

0000 xxxx Xx01x 0011

Switched on

00 xxx x01x 0111

Operation enabled

XXxx xxxx x00x 0111

Quick stop active

XXXX XXxX x0xx 1111

Fault reaction active

X0 xxxx xOxx 1000

Fault

Table 7:

2.13 RTSFEFEG

Device state bits (x ... irrelevant for this state)

©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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2.8.2 CiA402 EITERAHEIKE

enum OP_MODE
{

OP_MODE_PP
OP_MODE_PV
OP_MODE_PT
OP_MODE_HM =
OP_MODE_CSP
OP_MODE_CSV
OP_MODE_CST

3

3

1
3
4,
6

3

8,
9

3

10,
s

const uint NUM_SERVOS = 1;
const uint NUM_DO = 1;
const uint NUM DI = 1;

byte run_mode = (byte)OP_MODE.OP_MODE_CSP;
WHE BILEITE, ARGy CSP i,
2.8.3 SDO ® 4% E CiA402 BHE{THER
motor_mode_init ¥JAEIZ 1T, FERIEL SDO A4 EHlHH 0x6060 X %, W EIig
TR
// B BB

RETURN_IF_FAIL("EcatCoeSDODownload", EcatCoeSDODownload(ecat_dev, 3, Ox6060, 0, 1, ref
run_mode, 1000));

2.8.4 CiA402 IR7SHEIRALIE

CiA402 Pl T B 4EFIRASHL I, 7E motor_control FRELH SLIN, ALFE AL E B A
DRI N e AR HE

CiA402 RSP Fe 4, FFEAE PDO Mg T NGRS, S5, BRI FIE B
&, #CHE CiA402 JRSHLELIL . E¥R¥E motor control 75 ELAE EIEI R Z A .
public bool motor_control(int axis)
{

output.ctrl.v = 0;

output.ctrl.enable_voltage = 1;

output.ctrl.quick_stop = 1;

output.ctrl.enable operation = (UInt16)(input.stat.switched_on |
input.stat.operation_enabled);

output.ctrl.switch_on = input.stat.ready_to_switch_on;

if (input.stat.fault != © && fault_reset_delay == 0)

ZLG
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/] JERS 1P EHRIKE, B F RAE B R AT K R S SRR ) SR R R

Console.WriteLine("axis {@}: delay fault reset, ctrl:{1:X}, stat:{2:X}", axis,
output.ctrl.v, input.stat.v);

fault_reset_delay = 2000; // 2s(fll 2000 /4 F )

run_delay = 2000; // MEHRKEMINFEIMRL )5, IERF 25 FEITARANIE (AR 3 i 301 F i 1)
IE )

return input.stat.operation_enabled != 0;

/7 AR EHR, BAEGER &AL
if (fault_reset_delay != 0)

{
fault_reset_delay--;
if (fault_reset_delay == 9)
{
[/ FEEE 0, AT IRIKE
Console.WritelLine("axis {@}: start fault reset", axis);
output.ctrl.fault_reset = 1;
}
}
return input.stat.operation_enabled != 0;

}
2.8.5 EtherCAT FHABRLIBIZHIRANIER

FEHI AT R 1280 (1) £ ZZHRAE main RECPIEFASCHL. 7£ CSP BEAUR, BpmiditA
REHENAE G, 53 PDO AR . SRJ5 0 RIE T — IR W 585 5 1 A LA B I 2
M3, Wt gl B 428 ) FEATL L B0
public void motor_run(int axis, UInt64 loops, Int32 range_min, Int32 range_max, double

step)
{

bool run = motor_control(axis);

/] BoREEIRE
if (loops % 1000 == 0)
{
Console.WriteLine("servo[{0}]: run:{4}, p={1,10}, ctrl:0x{2:X4} stat=0x{3:X4}",
axis, input.p, output.ctrl.v, input.stat.v, run);

}
[/ fAIRAH Ty, B H R ARG, Rife 1B )
if (!run || run_delay != @)

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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output.p = input.p;

zero_p = (double)output.p;
offset_p = 0,

reverse = false;

[/ fAIREH Ay, SERN T HOS R
if (run && run_delay != @) run_delay--;

[/ fAIRCH Y, FERTEEIR, HEAT IE ]
if (run && run_delay == 9)

{

/1 AFRERARTREA—AE, R E A B

if (offset_p < range_min) reverse =

if (offset_p > range_max) reverse =

false;

true;

offset_p += (reverse ? -1 : 1) * step;

output.p = (Int32)(zero_p + offset_p);

}

2.9 STERGMCH

using System;
using System.
using System.
using System.
using System.
using System.

using System.

using static

Collections.Generic;
Ling;

Text;

Threading;
Threading.Tasks;

Runtime.InteropServices;

pci.zecm;

namespace test

{
class Program
{
public enum OP_MODE
{
OP_MODE_PP = 1,
OP_MODE_PV = 3,
OP_MODE_PT = 4,
OP_MODE_HM = 6

OP_MODE_CSP = 8,

ZLG
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OP_MODE_CSV = 9,
OP_MODE_CST = 10,
¥

const uint NUM_SERVOS = 1;
const uint NUM_DO = 1;
const uint NUM DI = 1;

static void EXIT_IF_FAIL(string expr, int ret)
{
if (ret != 0)
{
Console.WriteLine("{@} failed, error({1}): {2}", expr, ret,
DriverGetErrStr(ret));

Environment.Exit(1);

¥
¥
static void RETURN_IF_FAIL(string expr, int ret, bool show_success = true)
{

if (ret != 0)
{
throw new Exception(string.Format("{@} failed, error({1}): {2}", expr,
ret, DriverGetErrStr(ret)));
}

if (show_success) Console.WritelLine("{@} succeeded.", expr);

static UInt16 Uintl16BitGet(UIntl6 v, UIntl6 bit) { return (UIntl6)((v >> bit)

& ox1); }
static void Uintl16BitSet(ref UIntl6 v, UIntl6 bit, UIntl6 value) { v = (UInt16) ((v
& ~(1 << bit)) | ((value & 1) << bit)); }

class servo_ctrl_word

{
public servo_ctrl word()
{
vV = 0;
}
public UIntl6 switch_on
{
get { return Uintl6BitGet(v, ©0); }
set { Uintl6BitSet(ref v, @, value); }
}
z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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public UIntl6 enable_voltage

{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 1,
}
public UIntl6 quick_stop
{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 2,
}
public UIntl6 enable_operation
{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 3,
}
public UIntl6 fault_reset
{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 7,
}
public UIntl6 v;
¥
class servo_stat_word
{
public servo_stat_word()
{
vV = 0;
}
public UIntl6 ready_to_switch_on
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, O,
}
public UIntl6 switched_on
{
get { return Uintl6BitGet(v,
set { Uintl16BitSet(ref v, 1,
}
public UIntl6 operation_enabled
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, 2,
}

ZLG

1); }

value); }

2); }

value);

3); }

value);

7); }

value);

0); }

value); }

1); }

value); }

2); }

value); }
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public UIntl6 fault
{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 3,
}
public UIntl6 voltage_enabled

{

get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 4,
}
public UIntl6 quick_stop
{
get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, 5,
}

public UIntl6 switch_on_disabled
{

get { return Uintl6BitGet(v,
set { Uintl6BitSet(ref v, 6,
}
public UIntl6 warning
{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 7,
}
public UIntl6 remote
{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 9,
}

public UIntl6 target_reached

{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 10

}
public UIntl6 internal_ limit_act

{
get { return Uintl6BitGet(v,
set { Uintlé6BitSet(ref v, 11

}
public UIntl6 v;

3); }

value); }

4); }

value); }

5); }

value); }

6); }

value); }

7); }

value); }

9); }

value); }

10); }

, value); }

ive

11); }
, value); }
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class pdo_entrys_config

{

public class servo_entrys config

{
public Int32 po_offset_mode;
public Int32 po_offset_ctrl;
public Int32 po_offset_pos;
public Int32 pi_offset_mode;
public Int32 pi_offset_stat;
public Int32 pi_offset_pos;
public Int32 pi_offset_err;
public Int32 pi_offset_inputs;

}

public pdo_entrys_config()

{

servo_offset = new servo_entrys_config[NUM_SERVOS];

for (int i = @; i < NUM_SERVOS; i++) servo_offset[i] = new
servo_entrys_config();

pi_offset_di = new Int32[NUM DI];

po_offset_do = new Int32[NUM _DO];

}
[MarshalAs(UnmanagedType.ByValArray, SizeConst

(int)NUM_SERVOS)]
public servo_entrys config[] servo_offset;
[MarshalAs(UnmanagedType.ByValArray, SizeConst
public Int32[] pi_offset di;

(int)NUM DI)]

[MarshalAs(UnmanagedType.ByValArray, SizeConst
public Int32[] po_offset do;

(int)NUM_DO) ]

s

class servo_output

{

public servo_output()

{

mode (byte)OP_MODE.OP_MODE_CSP;
ctrl = new servo_ctrl word();

p=0;

public byte mode;
public servo_ctrl word ctrl;

public Int32 p;
¥

ZLG
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class servo_input

{

public servo_input()

{

mode (byte)OP_MODE.OP_MODE_CSP;
stat = new servo_stat_word();
p=o;

error = 0;

inputs = 0;

public byte mode;

public servo_stat_word stat;
public Int32 p;

public UIntl6 error;

public UInt32 inputs;

s

class proc_img o

{

public servo_output[] servos = new servo_output[NUM_SERVOS];

public UIntl6[] outputs = new UIntl6[NUM_DO];

public proc_img o()

{
for (int i = @; i < NUM_SERVOS; i++) servos[i] = new servo_output();
for (int i = @; i < NUM_DO; i++) outputs[i] = new UIntil6();

}

public void CopyToOutputs(ref byte[] buff)

{

for (int 1 = @; i < NUM_SERVOS; i++)
{
if (__entrys_config.servo _offset[i].po_offset _mode != -1)
buff[__entrys_config.servo_offset[i].po_offset _mode] = servos[i].mode;
if (__entrys_config.servo offset[i].po_offset ctrl != -1)
CopyToByteArray(servos[i].ctrl.v, ref buff,
__entrys_config.servo_offset[i].po_offset ctrl);
if (__entrys_config.servo_offset[i].po_offset pos != -1)
CopyToByteArray((UInt32)servos[i].p, ref buff,
__entrys_config.servo_offset[i].po_offset_pos);

}
for (int i = @; i < NUM_DO; i++)

ZLG
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if (__entrys_config.po_offset_do[i] != -1)

CopyToByteArray((UIntl6)outputs[i], ref buff, _ entrys_config.po_offset_do[i]);

s

}

public static void CopyToByteArray(UIntl6 v, ref byte[] buff, int start)
{
buff[start + 0]
buff[start + 1]

(byte)v;
(byte)(v >> 8);

}
public static void CopyToByteArray(UInt32 v, ref byte[] buff, int start)

{
buff[start + 0]
buff[start + 1]
buff[start + 2]
buff[start + 3]

(byte)v;

(byte)(v >> 8);
(byte)(v >> 16);
(byte) (v >> 24);

}
public static void CopyToByteArray(UInt64 v, ref byte[] buff, int start)

{

buff[start + @] = (byte)v;

buff[start + 1] = (byte)(v >> 8);
buff[start + 2] = (byte)(v >> 16);
buff[start + 3] = (byte)(v >> 24);
buff[start + 4] = (byte)(v >> 32);
buff[start + 5] = (byte)(v >> 40);
buff[start + 6] = (byte)(v >> 48);
buff[start + 7] = (byte)(v >> 56);

class proc_img i

{

ZLG

public servo_input[] servos = new servo_input[NUM_SERVOS];

public UIntl16[] inputs = new UIntl6[NUM DI];

public proc_img i()
{

for (int i = @; i < NUM_SERVOS; i++) servos[i] = new servo_input();

for (int i = @; i < NUM DI; i++) inputs[i] = new UIntil6();
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public void CopyFromInputs(byte[] buff)
{
for (int i = @; i < NUM_SERVOS; i++)
{
if (__entrys_config.servo offset[i].pi_offset_mode != -1)
servos[i].mode = buff[__entrys_config.servo offset[i].po_offset_mode];
if (__entrys_config.servo offset[i].pi_offset_stat != -1)
servos[i].stat.v = BitConverter.ToUIntl6(buff,
__entrys_config.servo_offset[i].pi_offset stat);
if (__entrys_config.servo_offset[i].pi_offset _pos != -1)
servos[i].p = BitConverter.ToInt32(buff,
__entrys_config.servo_offset[i].pi_offset_pos);
if (__entrys_config.servo_offset[i].pi_offset_err != -1)
servos[i].error = BitConverter.ToUIntl6(buff,
__entrys_config.servo_offset[i].pi_offset_err);
}
for (int 1 = @; i < NUM_DO; i++)
{
if (__entrys_config.po_offset_do[i] != -1) inputs[i] =
BitConverter.ToUIntl6(buff, _ entrys_config.pi_offset_di[i]);
}

s

class servos_t

{
public servo_output output = new servo_output(); // HEHLEHE
public servo_input input = new servo_input(); // HEALEHIA

public bool motor_control(int axis)
{
output.ctrl.v = 0;
output.ctrl.enable voltage = 1;
output.ctrl.quick_stop = 1;
output.ctrl.enable operation = (UInt16)(input.stat.switched on |
input.stat.operation_enabled);

output.ctrl.switch_on = input.stat.ready_to_switch_on;

if (input.stat.fault != @ & fault_reset_delay == 0)
{
/7 JER 1B SRR IKR, B AR ARAE AR IR AN TR o e R AR D 45 8 L
Console.WritelLine("axis {@}: delay fault reset, ctrl:{1:X},
stat:{2:X}", axis, output.ctrl.v, input.stat.v);

ZLG
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fault_reset_delay = 2000; // 2s(Rll 2000 4 EH])
run_delay = 2000; // MHHRKERINFAERM G, T 2s HHLENE (IRIE
1) 2 A B [ 35 24 2 )

return input.stat.operation_enabled != 0;

/7 AR AR, BAEGER A3
if (fault_reset_delay != 0)

{
fault_reset_delay--;
if (fault_reset_delay == 0)
{
[/ FEREE 0, ZH#ATHIRIKE
Console.WriteLine("axis {@}: start fault reset", axis);
output.ctrl.fault_reset = 1;
}
}
return input.stat.operation_enabled != 9;

}

public void motor_run(int axis, UInt64 loops, Int32 range_min, Int32
range_max, double step)

{

bool run = motor_control(axis);

/] BIRBCEIRES

if (loops % 1000 == @)

{

Console.WriteLine("servo[{@}]: run:{4}, p={1,10}, ctrl:ex{2:X4}

stat=0x{3:X4}", axis, input.p, output.ctrl.v, input.stat.v, run);

}

[/ fAIRAH Ty, B H R ARG, Rifs 1B )

if (!run || run_delay != @)

{
output.p = input.p;
zero_p = (double)output.p;
offset_p = 0;
reverse = false;
}

[/ fAIREH Ay, SENTHHOS R
if (run && run_delay != 0) run_delay--;

ZLG
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static servos_t[] __servos =

{

s

private

{

ZLG

Application Note

/7 MR A, GERSER, BEAT IR 4%

if
{

private
private
private
private

private

new ser

new ser

new ser

const u

const u

const u
const u

const u

ushort
ushort
ushort
ushort

ushort

static

public

(run && run_delay == 9)

/1 R AR, T e S B PR

if (offset_p < range_min) reverse = false;

if (offset_p > range_max) reverse = true;
offset_p += (reverse ? -1 : 1) * step;

output.p = (Int32)(zero_p + offset_p);

int run_delay = 0;

int fault_reset_delay = 0;
double zero p = 0;

double offset_p = 0;

bool reverse = false;

new servos_t[]

vos_t(),
vos_t(),
vos_t(),

class user_control

short LED GREEN = @; // &7
short LED _RED = 1; /] 4T
short BTN_CLOSE = @; // EiLfb/kas
short BTN_RUN = 1; /] GEEH
short BTN_STOP = 2; /] Ot

led_green = 0;
led_red = ©;
btn_close = 0;
btn_run = 0;

btn_stop = 0;

int count = 9;

void UpdateButton(UIntl6[] buff)

// JERS R

/] JERS AR IR
/] FRAiE

/1 s e A
/] HETTTIA

©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.

32



ET PCle i+ CHERE 10 XEBHIZEFHINA

E ?ﬁy”%ﬁ 10 *Eik Application Note
{
if (__entrys_config.pi_offset_di[@] != -1)
{

btn_close = Uintl6BitGet((UIntl6)buff[@], BTN_CLOSE);
btn_run = Uintl16BitGet((UIntl6)buff[©], BTN_RUN);
btn_stop = Uint16BitGet((UIntl6)buff[@], BTN_STOP);

public void UpdateLED(ref UIntl6[] buff)

{
if (__entrys_config.po_offset_do[0] != -1)
{
ushort temp = (UIntl6)buff[e];
Uintl6BitSet(ref temp, LED_GREEN, led green);
Uintl6BitSet(ref temp, LED_RED, led red);
buff[@] = temp;
}
}

public void run(ref int run_cmd, ref int stop_cmd, ref int halt_cmd)

{
if (btn_run == 0)
{
/] BNEH R
run_cmd = 1;
stop_cmd = 0;
halt_cmd = 0;
}
if(btn_stop == 0)
{
/] BNEH R
run_cmd = 0;
stop_cmd = 1;
}
if (btn_close == 0)
{
/] BNEHE R
run_cmd = 0;
halt_cmd = 1;
}

ZLG
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if(run_cmd == @)

{
count++;
if (count > 500)
{
if (led_green == 0) led green = 1;
else led_green = 0;
count = O;
}
}
else
{
led _green = 1;
}
if (halt_cmd == 9)
{
led_red = 0;
}
else
{
led_green = 0;
led_red = 1;
}

static user_control _ user_controller = new user_control();

static pdo_entrys config _ entrys config;

static private void pdo_entrys_config_init()
{
__entrys_config = new pdo_entrys_config();
int servo_pi_offset = 12, servo_po_offset = 12;
for(int i = @; i < NUM_SERVOS; i++)
{
__entrys_config.servo_offset[i].po_offset _mode = -1;

0 + 1 *

__entrys_config.servo_offset[i].po_offset ctrl
servo_po_offset;

__entrys_config.servo_offset[i].po_offset pos = 2 + i *
servo_po_offset;

__entrys_config.servo_offset[i].pi_offset _mode = -1;

ZLG
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__entrys_config.servo_offset[i].pi offset stat =0 + i *

servo_pi_offset;

__entrys_config.servo_offset[i].pi_offset_pos 2 + i *

servo_pi_offset;

__entrys_config.servo_offset[i].pi_offset err = 6 + i *
servo_pi_offset;
__entrys_config.servo_offset[i].pi_offset inputs = 8 + i *
servo_pi_offset;
}
for(int i = @; i < NUM DI; i++)
{
__entrys_config.pi offset di[i]

i * 16 + (int)NUM_SERVOS *
servo_pi_offset;

}
for (int i = @; i < NUM_DO; i++)
{
__entrys_config.po_offset_do[i]

i * 16 + (int)NUM_SERVOS *
servo_po_offset;

}

static Int32[] _ _range_min

new Int32[] { -50000 };
static Int32[] _ _range _max = new Int32[] { 50000 };
static double[] _ step _size = new double[] { 50 };

static void ServosTest(IntPtr ecat_dev, string eni_file)

{
RETURN_IF_FAIL("EcatBusRun", EcatBusRun(ecat_dev, eni_file));

[/ ERYIBORES
byte state = 0;
RETURN_IF_FAIL("EcatRequestMasterState", EcatRequestMasterState(ecat_dev,
EcatState0));
for (int i = 0; ; i++)
{
RETURN_IF_FAIL("EcatGetMasterState", EcatGetMasterState(ecat_dev, ref
state), false);
Console.WritelLine("{1,2}: request is: 8, curr is: {@}", state, i);
Thread.Sleep(500);
if (state == EcatStateO) break;
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byte run_mode = (byte)OP_MODE.OP_MODE_CSP;

// FLEHNLIEITER
RETURN_IF_FAIL("EcatCoeSDODownload", EcatCoeSDODownload(ecat_dev, 3,
0x6060, 0, 1, ref run_mode, 1000));

[/ THEA
for (int i = 0; i < 10; i++)
{
EcatPIOutputQueuePush(ecat_dev, false, 100);

/7 SRR B N R

ECAT_ENI_INFO ptInfo = new ECAT_ENI_INFO();
RETURN_IF_FAIL("EcatGetEniInfo", EcatGetEniInfo(ecat_dev, ref ptInfo));
Console.WriteLine("Eni Info input size:{®@}, output size: {1}",

ptInfo.u32PIInputByteSize, ptInfo.u32PIOutputByteSize);
pdo_entrys _config init();

byte[] inputs = new Byte[ptInfo.u32PIInputByteSize];
byte[] outputs = new Byte[ptInfo.u32PIOutputByteSize];
proc_img o po = new proc_img o();

proc_img i pi = new proc_img i();

UInt64 loops = 0;

UInt32 ecat_queue_size = 0;

int run_cmd = @, stop_cmd = @, halt_cmd = ©;
RETURN_IF_FAIL("EcatPIEnable", EcatPIEnable(ecat_dev));

while (true)
{
if (EcatPIInputQueuePop(ecat_dev, false, 100) == Q)
{
loops++;
/] BIRVBCEIRES
if (loops % 1000 == 0)
{
RETURN_IF FAIL("EcatPIInputQueueSize",
EcatPIOutputQueueSize(ecat_dev, ref ecat_queue_size), false);

Console.WriteLine("EcatPIInputQueue size: {0}",

ecat_queue_size);
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RETURN_IF_FAIL("EcatPIRead", EcatPIRead(ecat_dev,
PI_AREA LOCAL_INPUT, @, ptInfo.u32PIInputByteSize, ref inputs[@]), false);

/7 FREU N8
pi.CopyFromInputs(inputs);
for (int 1 =0@; i < NUM_SERVOS; i++) _ servos[i].input = pi.servos[i];

__user_controller.UpdateButton(pi.inputs);

// JRBIHL
__user_controller.run(ref run_cmd, ref stop_cmd, ref halt_cmd);
if (run_cmd != 0)
{
for (int i = @; i < NUM_SERVOS; i++) _ servos[i].motor_run(i,
loops, __range min[i], __range_max[i], _ step_size[i]);

}

/7 AR

for (int i = @; i < NUM_SERVOS; i++) po.servos[i] =
__servos[i].output;

__user_controller.UpdateLED(ref po.outputs);

po.CopyToOutputs(ref outputs);

RETURN_IF_FAIL("EcatPIRead", EcatPIWrite(ecat_dev,
PI_AREA LOCAL_OUTPUT, @, ptInfo.u32PIOutputByteSize, ref outputs[@]), false);

RETURN_IF_FAIL("EcatPIOutputQueuePush",
EcatPIOutputQueuePush(ecat_dev, false, 100), false);

}

static void Main(string[] args)

{
IntPtr ecat_dev = new IntPtr();

UInt32 channel = @, alias = 0;

string eni_file;

if (args.Length != 3)
{

Console.WritelLine("usage: sync_control test alias channel eni_file");

Environment.Exit(1);

alias = Convert.ToUInt32(args[0]);
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channel = Convert.ToUInt32(args[1]);

eni_file = args[2];

//PCIe-2E R —AN@IE,PCIe-4E A FANilHiE
EXIT_IF_FAIL("EcatOpen", EcatOpen(ref ecat_dev, BOARD_ALIAS(alias),

channel));

try
{

ServosTest(ecat_dev, eni_file);
}
catch (Exception ex)
{

Console.WriteLine("{0}", ex);
}

EXIT_IF_FAIL("EcatClose", EcatClose(ecat_dev));
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