ET ZMC900E F uhiEiE 10 A HLITHI R A

Application — -
Note E &%= 1E 10 15k AN01010101 1.00 Date:2025/11/18

K5 ES
K] Serp e 10 My 4R b 20D LR Ml |
ZMC900E
HE FOZ F 5 RIVF K B R R 10 B R

z LG iiﬁ@? ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.



ET ZMC900E FuhiE3E 10 B HLIZHIN A

E gy”%ﬁ 10 *ﬁﬁ% Application Note
BT s

[[7%: HEA eS|

V1.00 2025/11/18 B TRy

ZLG

©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.




ET ZMC900E FuhiE3E 10 B HLIZHIN A

E ZFISE 10 iR

Application Note

BH xR

1 BTGB oo 1
2. BT ZMCI00E FRFFEUE C/CHATFEIE .o 2
2.1 TIERIREE oottt 2
2.2 BEBETETE oo 4
2. BB AT R e 4
2.8 ENT SEPEAE R oo 4
A I TT ZE oo 4

242 TRIIARIER oot 5

2.4.3 FCE NI PDO TEFEEITE oo 5

244 FHIENL ..ottt 7

2.5 TEFEEIIE PDOO ..o 7

2.8 BT oo 9
2.8 T L E TR <o 9

2.6.2 WTURAEIREE oot 10

2.6.3 WAL TET oottt 10

2.6.4 BB PDO TFI oot 10

2.8.5 TEAEIE oo 10

2.6.6 EtherCAT JRZS T ..ot 11

2.8.7 FBH ettt 11

2.7 FEE TLFETRATIEI oo 11
2.8 HIH LA oo 13
2.8.1 CIAG02 RASHLIATIY oo 13

2.8.2 CiA402 BATRE G EIHLELE (oo 15

2.8.3 SDO g2 & E CiA402 FIHLIZATIEIN oo 16

2.8.4 CIA402 JRZSIFEHAETH oo 17

2.8.5 EtherCAT J& BB AL FEES B FEHLEE T oo 18

2.9 FEIETRITIARID oo 19

B B BRI et 31

ZLG

©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.




ET ZMC900E FuhiE3E 10 B HLIZHIN A

E ZFISE 10 iR

Application Note

1. EEHEHE

ASCAH T BOE IR ZMCO00E v 28 5 E R A4 A 20mE 10 M,
&5 10 S ML S 7~

Mt b B E RS ABCT R A By e AR LDt r LR AR %

ZLG

©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.

1



ET ZMC900E FuhiE3E 10 B HLIZHIN A

E gy”%ﬁ 10 *ﬁi;% Application Note

2. T ZMC900E H#FFuh C/C++HIFEE

ZMC900E #24E T C/C+HET ) EtherCAT EubhAS . 2 R B BH Hsh S B At 4
LB, aT LIsHEE 1T EtherCAT E3k. 78 EuhFE 5 Hh#/E PDO $dE . iE:k SDO i
BfrA, AT CLEEH B g, Sl EALES) .

2.1 IR
BN
® ZMC900E 3 ukidss i 2%

& 2.1 ZMC900E Fihizslze

NI

ZPT-8080 #h# &%

ZDM-E0016N ¥4 Hi i
ZDM-E1600N {1 N E
ZMTI-EF1200 53k LR A bk

Z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.

2



ET ZMC900E FuhiBiE 10 REHITHIN A

E :?tﬁ']%’ﬁ 10 *ﬁﬂ% Application Note

eI - P es ¢ o em ¢
e « o
4 e

* eam‘eo @m o @m o ¢
S - e = » = \ P @ o @ o @ o @» ¢ @
(0 » @B » - ° @WF * @ ¢ @ o @W> o @ ¢ @ o
P WS P EE P ER P EE s E P 0T ¢ ¢ @
EF P WES O WEM S W P W ° W™ o ™ o ® o & o d

El22 MNihiR&REMERBFNITR

oAb A -
B RPN IT KN (Windows. Linux. FEFANLI A
fid & 4L (Windows)
kL
BRI (4. 50
LA (. g0
Pl AL R A
W2+
24V HLJE
AT IR
® AWStudio iZzh ¥R FLE BALHL
® 7ZMC900E A2 X 4 13055
B A ASHE I RIS E#OR Windows 28 W g PRI 14

ZLG

©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.

3


https://manual.zlg.cn/web/
https://manual.zlg.cn/web/

ET ZMC900E FuhiE3E 10 B HLIZHIN A

E gﬁ” §F [e] *iik Application Note

2.2 GEEE

FH I 283582 ZMC900E T3 [f] ECAT 111 ZPT-8080 #4251 IN [, 4 SR Hu i v i@
RS LEETFE . 24V I A4E45 ZMC600E 35 Al ZPT-8080 4 & %% o

Fe 7R AT HI15 5 . ZDM-E0016N %%y i BB (1 4 H 5 B 51 Y o 3L 1E S B3
ZDM-E1600N =4 N H 5 N 51 6. B LI SR 3h 28 4% I 7 #2 31 ZMTI-EF1200 1] 9~12
Fs . A g 885 5 3] ZMTI-EF1200 k. B4, ZMTI-EF1200 & 75 Z4HAMA 1
% FEL YRS NAE N B ALK B FL YR
23 EBITHR

JRENFEE R, EuiV)#E] Operation #E/EIRZS . HHLRGHENIEILDIRE R A SN, ST
1o

R tig Tt 2 5, BTSN, ST H . Watfsibeg, ByUsibsn, ST %
SN

HAT S & B IR SE L 5%
thiEfTi s, HILRGIKEE

2.4 ENITHERL
KA HIEE AWStudio 12 3 F5 HIl AR EC B A7 HLAE B ENT SCEFS
241 MEBRAER
AWStudio 3 3 Ja BRINEA MR TT 5, TR B SeR @sld T It — M 7 % .

| AWstudio - o X

& EILREHNETURS, BiUs LSy, DT, %k
7

FERATR x

RALE

& 2.3 $7i& EtherCAT RS E

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.

4



ET ZMC900E FuhiE3E 10 B HLIZHIN A

E %’@U%E 10 *ﬁi;% Application Note

2.4.2 FIMMNIL
AN AT DS E 28 A 8T shds i) o 2K

24 IEHMIE
AN JE P 2.5 P

Slavel (ZPT- | {(EtherCAT Slave)

4 Portl:K(E-bus) (EtherCAT Port)

2.5 EtherCAT M4&R%1

2.4.3 ELEHE11AY PDO TEHIE

Xk it ZMTI-EF1200, 37 “MNGECE-AA &7 , oL EE] w ESIEVARE
PDO ¢ &, . BRINBEA—ERe 2 AT HI TR K . ZMTC-EF1200 2R\ & CSP #i
P A . A BN T LA AT R E AL PDO AR &,

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.




ET ZMC900E FuhiE3E 10 B HLIZHIN A

E %’@U%E 10 *ﬁi;% Application Note

£ Q0 A0

2.6 MuhHy PDO i8R

19T “ MESBCE-MDP 8 ” , af LAE B i 5 A WA~ X, 7238 “HRiERCE” N2l
JAFHRBCE I, A7 MAEER 2 Dy BA T SR RT FRREER, R BUE B B B2 4% CiA402 FLL
MR X . BRI CSP A,

[ Awstudio - c\Users\} j JioSoluti herCATConfiguration170 - o x

2.7 MDP R E

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.




ET ZMC900E FuhiE3E 10 B HLIZHIN A

E %’@U%E 10 *ﬁi;% Application Note

2.4.4 SHENI
[RIFE AL B LA sl A 28, SE s S ENT SCHF.

2.8 SHRZKEEZR| ENIXH

2.5 TiEHEE PDO
R Sl T BRI 25 PR g, AT AR SCY AT HR D R A8 F (4 PDO HdE 454 .
FTH “FuhieE TR T, BEMLAINSIHIN R 8EE L.

io(iE - e\U: jun\Dx I i CATConfiguration170 - a X

Masterl
S
S
faster] (EtherCAT o T RF A

Qo A0 F v X

i ==
B o e

QoAD

2.9 EtherCAT 243R$lY PDO TI2HRE

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.




ET ZMC900E FuhiE3E 10 B HLIZHIN A

E ?ﬁy”%ﬁ 10 *Eik Application Note

g Nl T E S0, AT RAE SO BL T &5
LITIIITI LTI P77 7 1777717777711 7771777777117
[/ EEBE
#tpragma pack(push, 1)

typedef union {

struct {
uintl6_t switch_on: 1;
uintl6_t enable_voltage: 1;
uintl6_t quick_stop: 1;
uintl6_t enable_operation: 1;
uintl6e_t pade: 3;
uintl6e_t fault_reset: 1;
uintl6e_t halt: 1;
uintl6e_t padl: 1;
uintl6e_t pad2: 6;

} b;

uintlée_t v;

} servo_ctrl_word;

typedef union {

struct {
uintl6_t ready_to_switch_on: 1;
uintl6_t switched_on: 1;
uintl6_t operation_enabled: 1;
uintle_t fault: 1;
uintl6_t voltage enabled: 1;
uintl6_t quick_stop: 1;
uintl6_t switch_on_disabled: 1;
uintl6_t warning: 1;
uintl6e_t pade: 1;
uintl6_t remote: 1;
uintl6_t target_reached: 1;
uintl6_t internal_limit_active: 1;
uintl6e_t padl: 4;

} b;

uintl6_t v;

} servo_stat_word;

typedef struct {
servo_ctrl word ctrl;
int32_t p;
uint8_t pad[6];

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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} servo_ctrl;

typedef struct {
servo_stat_word stat;
int32_t p;
uintl6_t error;
uint32_t inputs;

} servo_stat;

typedef struct {

servo_ctrl servos[NUM_SERVOS];

uintl6_t outputs[NUM_DO];

} proc_img_o;

typedef struct {

servo_stat servos[NUM_SERVOS];

uintl6_t inputs[NUM DI];

} proc_img_i;

#tpragma pack(pop)

2.6 FihiFHl

AT A28 e ] FH 2 3k 22 R 4% 11 RA% ] EtherCAT B4k

2.6.1 X TIERTEE

SDOTE M 3
EcatCoeSDOUpload

SDOiR We
EcatCoeSDODownload
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2.6.2 MRWIHME
G vk FE 42 R AL &R .
/1 FIRRA w5
LOG_RET(ret, EcatMasterLibInit(ECAT_NULL));
if (ECAT_FAILED(ret)) return -1;

2.6.3 ¥iaLEuh

QU Euh, FOEX A (R B R — BCAT I, %S HA R, BE Lk
PEIA 3, PA K B 1) ENT e B0 F g A, BRIAN test.xmls
[/ JaBh Ak
memset (&m, @, sizeof(m));
.Ctx.NICO = ECAT_ETHO;
.Ctx.ENI = "test.xml";
.ctx.MainCycleTimeUs = MAIN_CYCLE_TIME;
.ctx.SubCycleTimeUs = SUB_CYCLE_TIME;
.ctx.AutoRecoveryTimeoutMs = 100;
.ctx.RpcServerPort = RPC_SERVER_PORT;
ret = EcatSimpleStart(&m.ctx);
if (ECAT_FAILED(ret)) {
_ERR_("EcatSimpleStart failed: ret=%d", ret);

S 3 3 3 3 3

return -1;

}
2.6.4 & E PDO [Eif

BEE PDO [l R, Fuhe e i Z BE R, R AN PDO S8 4644
B EZE, B EEIIT SR,
// Y E PDO [H]iH

EcatSetExtCtrlTaskHandler(m.ctx.Master, (EcatExtCtrlTaskHandler)ecat_master_task,
&m);
2.6.5 EfEH

T3 E A 50 A FK I LFERIAT, EtherCAT IR, Kk 3= 2R A2 7] DA R fl— L
AR, i 5iEieE 4% .

/] K BT S 2 RE, IRSE A 5o

struct sched_param sched;

sched.sched_priority = 50;
pthread_setschedparam(pthread_self(), SCHED_FIFO, &sched);

/] Ef¥

while (getchar() != 'e') usleep(50000);

ZLG
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2.6.6 EtherCAT K75k
3K EtherCAT S 2k V) HIR A o

bool ecat_master_request_state(ecat_master_t *master, ECAT_BYTE state, int retry)
{

ECAT_RESULT ret;

ECAT_BYTE query = EcatStateNotSet;

LOG_RET(ret, EcatRequestMasterState(master->ctx.Master, state));
if (ECAT_FAILED(ret)) return false;

while (retry--) {
LOG_RET(ret, EcatGetMasterState(master->ctx.Master, &query));
if (ECAT_FAILED(ret)) break;
_DBG_("request_state=%d, query_state=%d", state, query);

if (query == state) return true;
usleep(1000000) ;
}
return false;
¥
[/ BENBRARIRAS, BB B ] AL
if (!ecat_master_request_state(&m, EcatStateO, 30)) {
_ERR_("ecat_master_request_state(EcatStateO) failed!");
return -1;
¥
2.6.7 BH
N R IR, BB ECAT il IR AL & .
// BH

LOG_RET(ret, EcatSimpleStop(&m.ctx));
LOG_RET(ret, EcatMasterLibExit());

2.7 IRBRIETATIES

ZN AP ARSI (5 FIRE (D BITRET (8 BRRET (D
P AL ARSI, X EEAN T REL T .

LGB ATIREAT TR BALEAT, IS TR INE, 1817 IRE T ASIT R,
HERETEITHE K,

2. BRBRESITHTHRRRGEHNE SRS, ERRETLITHEK. BESRETLITH
5o SRR

3. BATHM TR BN, BEANBITRE. AT Ib e, EAEIRIRE.

4. PO I B & W ARG, 2% AR BER RS0 B N SURES .
HANRZRE)E, LA ER NIRRT,
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DA_b- ] 1B 45 SLIATE EtherCAT #4H F2 % 19 151 4 pR 250

static ECAT_RESULT ecat_master_task(ecat_master_t *m, proc_img i *pi, proc_img o *po)

{

static
static
static

static

static
static
static

static

uinté4_t loops = 9;

int
int

int

int
int
int

int

loops++;

btn_run = 0;
btn_stop = 0;

btn_close = 0;

run_cmd = 0;
run[NUM_SERVOS] = {0};
stop_cmd = 0;
halt_cmd = 0;

/] SOFEHIIE TR, A JRB

btn_run

if(btn_run) {

run_cmd = 1;

stop_cmd = 0;
halt_cmd = 0;

[/ AEFEAEE T, BAUE LB

btn_stop = !((pi->inputs[@] >> BTN_STOP) & oOx1); // M NEH XL

if(btn_stop) {
stop_cmd = 1;

run_cmd = 0;

}

else {

stop_cmd = 0;

/] BEEAERE, BRURE

I ((pi->inputs[@] >> BTN_CLOSE) & ox1); // HiAKAH KL

if(btn_close) {
halt_cmd = 1;

btn_clo

se

run_cmd = 0;

/1 ST

if(run_cmd) {

ZLG

I ((pi->inputs[@] >> BTN_RUN) & @x1); // HiAEARK
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/] W
po->outputs[@] |= (1 << LED_GREEN);

}
else {
// ¥ 2Hz
if (loops % 500 == @) {
po->outputs[@] ~= (1 << LED_GREEN);
}
}

/1 ATIRES

if(halt_cmd) {
po->outputs[@] |= (1 << LED_RED); /] AR
po->outputs[@] &= ~(1 << LED_GREEN); /] GSTHK

}
else {

po->outputs[@] &= ~(1 << LED_RED); /] AITHRK
}

/*x L] */
}

2.8 ®BHIFH
2.8.1 CiA402 R7SHLE/T
PLR  CiA402 FITE 52 SURPIRASHLEE o AL,

Start
Not ready to
switch on
-------- Switch on

disabled

Ready to
switch on

Power off or reset O

(A): Low-level power
Power for control unit enabled
High level power can be enabled

N

Switched on
Quick stop Operation
active enabled

Fault reaction
active

r;ba‘l; : Optional state
State can be changed manually by the slave
State is checked by master

& 2.11 CiA402 JR7ASHL

a
z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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CiA402 28] 7 H T A IERESFHAF R, HADE L.

The bits of the controlword are defined as follows:

15 11 10 2] 8 7 5] 4 3 2 1 4}
manufacturer reserved | ha | Fault Ope ration Enable Quick | Enable | Switch
specific reset | mode specific | operation stop | voltage on
0 (o] [s] M (o] M M M M
MSB LSB
0 - Optional M - Mandatory

BITS 0 -3 AND 7:
Device control commands are triggered by the following bit patterns in the controlword:

Bit of the controlword
Command Fault reset OE:ra;:il:n er:';k E;::;i Switch on Transitions
Shutdown 0 X 1 1 0 2,6,8
Switch on 0 ] 1 1 1 3
Switch on o] 1 1 1 1 3
Disable voltage 0 X X 0 X 7,910,112
Quick stop o] X 0 1 X 7.10,11
Disable operation 0 0 1 1 1 5
Enable operation o] 1 1 1 1 416
Fault reset i X X % X 15
Table 4: 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.)

& 2.12 CiA402 trAEITHIFEE X

FIBREERE, BIDRE TR IIREF AT T, BRI JE A ReR R HoIREs, IR
AT HILLE LT

=
o

Bit Description

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

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

14 - 15 | Manufacturer specific

Table 6: Bits in the statusword

& 2.13 CiA402 tRAEIRTSEENX

ZLG
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BITS 0-3,5AND 6:

The following bits indicate the status of the device:

Value (binary)

State

XXX xxxx x0xx 0000

Not ready to switch on

XXX Xxxx X1xx 0000

Switch on disabled

Xxxx xxxx x01x 0001

Ready to switch on

XXxx xxxx x01x 0011

Switched on

XxXxx xxxx x01x 0111

Operation enabled

0000 xxxx x00x 0111

Quick stop active

X xxxx xOxx 1111

Fault reaction active

XXXX Xxxx XxOxx 1000 | Fault
Table 7: Device state bits (x ... irrelevant for this state)
214 REFH R

2.8.2 CiA402 ZfTHERKHEIHE
JI1111171111771117111711777711777177171711177717717771117711777171117711117111111111

/] EZREESH

#define ECAT_ETHO "zecmd"
#define RPC_SERVER_PORT 5000
#define NUM_SERVOS 1
#define NUM_DO 1
#define NUM_DI 1
#define LED_GREEN 0
#define LED_RED 1
#tdefine BTN_CLOSE (%]
#define BTN_RUN 1
#define BTN_STOP 2

enum {
OP_MODE_PP
OP_MODE_PV
OP_MODE_PT
OP_MODE_HM

OP_MODE_CSP =

OP_MODE_CSV
OP_MODE_CST

}s
ZLG

©20

/7 TS BB R 5
/] SN

/] AT
// AT

/] FEEAR RS

/] st
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uint32_t g op_mode = OP_MODE_CSP;
uint32_t g run_task = 1;

g_op_mode W & BT, ARy CSP s,
2.8.3 SDO W4 E CiA402 HHLIEITHER

motor_mode_init FJAAIZ T, FERIEL SDO A4 EHHH 0x6060 X %, W EIiE
Iy S
bool ecat_master_config(ecat_master_t *master)
{

ECAT_RESULT ret = ECAT_S_OK;

ECAT_DWORD 1len;

unsigned i;

ecat_sdo_t items[] = {

{ 0, 0x6060, 0x00, 1, g _op_mode }, // FEHIMN
}s

for(uintl6_t s = @; s < NUM_SERVOS; s++ )
{
for (i = ©; i < ARRAY_SIZE(items); i++)
{
ecat_sdo_t *item = &items[i];
len = item->len;
item->slave = s+3; // HHLATHEEE T 3 MR
ret = EcatCoeSDODownload(

master->ctx.Master,

item->slave,

item->index,

item->subindex,

ECAT_FALSE,

&len,

(ECAT_BYTE*)&item->val,

len,

5000) ;

if (ECAT_FAILED(ret)) {

_DBG_("EcatCoeSDODownload failed: ret=%d, slave=%d, index=0x%04x,
subindex=0x%02x, value=0x%08x(%d)", ret, item->slave, item->index, item->subindex,
item->val, item->val);

return ret;

¥
_DBG_("EcatCoeSDODownload succeeded: slave=%d, index=0x%04x,
subindex=0x%02x, value=0x%08x(%d)", item->slave, item->index, item->subindex,

item->val, item->val);

¥
z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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return ret;

}
2.8.4 CiA402 IR7SHEIRALIE

CiA402 Pl T B 4EFRASHL I, 7E motor_control PR SLIN, ELFEFHEALIE B A
DRI N e AR HE
CiA402 RSN Fe 4, FFEAE PDO I T BHLNES) . S5, BRI FIE B
&, #CHE CiA402 JRSHLELIL . E¥R¥E motor control 75 EAE EIEI R Z A .
bool servo_control(servo_t *servo, int axis, servo_stat_word *s1, bool show)
{
/] 402 JREHLALHE
do {
servo->sc.v = 0;
servo->sc.b.enable_voltage = 1;
servo->sc.b.quick_stop = 1;
servo->sc.b.enable_operation = sl->b.switched on || sl->b.operation_enabled;

servo->sc.b.switch_on = sl->b.ready_to_switch_on;

/1 AR RCIR A TR 2 1R
if (s1->b.fault && !servo->fault_reset_delay) {
[/ SR 1R RIKE, B LR AR A SR AR 5 v fse B3 DR D) 4545 I FiL
_DBG_("axis %d: delay fault reset", axis);
servo->fault_reset_delay = 1000; // 1s(&l 1000 4 EHH])
servo->run_delay = 2000; // HHRKERIFAMRL J1)G, T 2s BTG IE (RYE

IR A7 B [ 3 224 1/ % )
break;
¥

[/ AR LA R, HAE SR SR A 3
if (servo->fault_reset_delay) {
servo->fault_reset_delay--;
if (!servo->fault_reset_delay) {
[/ FEREE] 0, R BEATHHRIKE
_DBG_("axis %d: start fault reset", axis);
servo->sc.b.fault_reset = 1;
}

break;

}
} while (0);

ZLG
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// 2GR Pl D 1og
sl->b.target_reached = 0;
sl->b.pado = 0;
sl->b.padl = 0;

servo-»>ss.v = sl->v;

return sl->b.operation_enabled;

}
2.8.5 EtherCAT FHABRALIBIZHIRANIER

FEh AT R 1280 1) £ ZZHRAE main RECPIEFASCHL. 7E CSP BEAUR, BpmiditA
PR ENAE G, 53 PDO AR . SRJ5 T 0 RIE T — IR W 585 5 1 AL B I 2
M3t I A RE A ] FE AL B

/7 AR PR N A

for (int i = @; i < NUM_SERVOS; i++) {

if (loops % 1000 == @) {
_DBG_("servo[%d]: p=%10d", i, pi->servos[i].p);

if(halt_cmd | stop_cmd) {
// HHL halt

po->servos[i].ctrl.b.halt = 1;
}
else {
po->servos[i].ctrl.b.halt = 0;
}
do {
servo_t *servo = &m->servos[i];
if(!run_cmd || (i > @ & run[i-1] == @)) {
break;
}
/] ARG IR 25 R R
run[i] = servo_control(servo, i, &pi->servos[i].stat, false);
/] RAH Ty, BRE I EIER REE R, i 1R S)
if (!run[i] || servo->run_delay != 0) {
servo->out_p = pi->servos[i].p;
servo->out_v = 0;
servo->out_t = 0;
}
z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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[/ FAIRCH T, ZER A0
if (run[i] && servo->run_delay)

servo->run_delay--;

/7 fARREH Sy, SERFEER, BEAT IEF 4%

if (run[i] && !servo->run_delay) {

switch (g_op_mode) {
case OP_MODE_CSP:

{
/7 AFEEERALRTREA—FF, TERE XA B K
int32_t range_min[NUM_SERVOS] = { -50000 };
int32_t range_max[NUM_SERVOS] = { 50000 };
int32_t step_size[NUM_SERVOS] = { 50 };
if (servo->reverse && servo->out_p < range_min[i]) servo->reverse
= false;
if (!servo->reverse && servo->out_p > range_max[i]) servo->reverse
= true;
servo->out_p += (servo->reverse ? -1 : 1) * step_size[i];
}
break;
}
}
/] EHEHAE
po->servos[i].ctrl = servo->sc;
switch (g_op_mode)
{
case OP_MODE_CSP: po->servos[i].p = servo->out_p; break;
}
}while(0);
}

2.9 STERGMCH

#include <stdio.h>
#include <stdlib.h>
#include <stdbool.h>
#include <stdint.h>
#include <string.h>
#include <unistd.h>
#include <time.h>
#include <math.h>

#include <pthread.h>

ZLG
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#include "ecat/zecm_zh.h"

LILITTILT TP I I L I LTI 7117717171771 7771777777
#tdefine MSG_(flt,fmt,args...) printf(flt ": %s<%d>: " fmt "\n", _ PRETTY_FUNCTION_,
__LINE__, #t#args)

#tdefine _INF_(fmt,args...) _MSG_("INF", fmt, ##args)

#tdefine WRN_(fmt,args...) _MSG_("WRN", fmt, ##args)

#tdefine _ERR_(fmt,args...) _MSG_("ERR", fmt, ##args)

#tdefine DBG_(fmt,args...) _MSG_("DBG", fmt, #i#args)

#tdefine BREAK_IF_FAILED(ret, expr) { ret = (expr); if (ECAT_FAILED(ret)) { _ERR_(#expr
" failed: err=%d", ret); break; } else { _INF_(#expr " succeeded"); } }

#tdefine LOG_RET(ret, expr) { ret = (expr); if (ECAT_FAILED(ret)) { _ERR_(#expr
" failed: err=%d", ret); } else { _INF_(#expr " succeeded"); } }

#tdefine ARRAY_SIZE(a) (sizeof(a) / sizeof(a[@]))

#define BIT_STR(v,i) ((v).b.i ? (" " #i) : "")

LIITTTTITEP L L0 L0 T LTI T IT T L0111 T 7777717111171 77777177
/] ZREESH

#define ECAT_ETHO "zecmo"
#define RPC_SERVER_PORT 5000 [/ FERCS AL R b S
#define NUM_SERVOS 1 /] SEHLE
#define NUM_DO 1
#define NUM_DI 1
#define LED_GREEN ) /] ST
#define LED_RED 1 // 4T
#define BTN_CLOSE ) [/ B REE
#define BTN_RUN 1 // Gz
#define BTN_STOP 2 // AtaiEd]
enum {

OP_MODE_PP = 1,

OP_MODE_PV = 3,

OP_MODE_PT = 4,

OP_MODE_HM = 6,

OP_MODE_CSP = 8,

OP_MODE_CSV = 9,

OP_MODE_CST = 10,
¥

uint32_t g op_mode = OP_MODE_CSP;
uint32_t g run_task = 1;

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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LITILTIIIITI LTI T 1177177777777 7 7777171777 7777777777
/] SEBE
#tpragma pack(push, 1)

typedef union {

struct {
uintl6_t switch_on: 1;
uintl6_t enable_voltage: 1;
uintl6_t quick_stop: 1;
uintl6_t enable_operation: 1;
uintl6_t pade: 3;
uintl6_t fault_reset: 1;
uintl6_t halt: 1;
uintl6_t padl: 1;
uintl6_t pad2: 6;

} b;

uintle_t v;

} servo_ctrl word;

typedef union {

struct {
uintl6_t ready_to_switch_on: 1;
uintl6_t switched on: 1;
uintl6_t operation_enabled: 1;
uintl6_t fault: 1;
uintl6_t voltage_enabled: 1;
uintl6_t quick_stop: 1;
uintl6_t switch_on_disabled: 1;
uintl6_t warning: 1;
uintl6_t pade: 1;
uintl6_t remote: 1,
uintl6_t target_reached: 1;
uintl6_t internal_limit_active: 1;
uintl6_t padl: 4;

} b;

uintle_t v;

} servo_stat_word;

typedef struct {
servo_ctrl word ctrl;
int32_t p;
uint8_t pad[6];

} servo_ctrl;

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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typedef struct {
servo_stat_word stat;
int32_t p;
uintl6_t error;
uint32_t inputs;

} servo_stat;

typedef struct {
servo_ctrl servos[NUM_SERVOS];
uintl6_t outputs[NUM _DO];

} proc_img o;

typedef struct {
servo_stat servos[NUM_SERVOS];
uintl6_t inputs[NUM DI];

} proc_img i;

#tpragma pack(pop)

LITIITTTI LTI LI LTI 7L I 777777777717 777077777777717777
// fRARIEZ)
typedef struct {

servo_ctrl_word sc; e kitiks

servo_stat_word ss; [/ ARG T
int run_delay; // JERFEF)
int fault_reset_delay; // IERfF4EHIRIKE
int32_t out_p; // A E
int32_t out_v; // HiHEE IR
int16_t out_t; // HiHHsE
bool reverse; /] HHTT7 R
} servo_t;

bool servo_control(servo_t *servo, int axis, servo_stat_word *s1, bool show)
{
/] 402 JREHLALHE
do {
servo-»>sc.v = 0;
servo->sc.b.enable_voltage = 1;
servo->sc.b.quick_stop = 1;
servo->sc.b.enable_operation = sl->b.switched on || s1->b.operation_enabled;

servo->sc.b.switch_on = sl->b.ready_to_switch_on;

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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/7 ARIBRARZ TG DN B4 1%

if (s1->b.fault && !servo->fault_reset_delay) {
/7 JERS 1R IR, B F RAE B R AT K R o S SRR ) SR R R
_DBG_("axis %d: delay fault reset", axis);
servo->fault_reset_delay = 1000; // 1s(&l 1000 4 EHH])

servo->run_delay =

W A7 B T3 24 1 % )
break;
}

2000; // HERKEEIFERL J)E, BN 2s BT INE (R YR

// PRk AR, HAEIER 2545 Ab B
if (servo->fault_reset_delay) {

servo->fault_reset_delay--;

if (!servo->fault_reset_delay) {
// JEBTIRE] 0, Sl AT RIKE

_DBG_("axis %d: start fault reset", axis);

servo->sc.b.fault_reset = 1;

}

break;

}
} while (0);

// g — RIS DL 1og
sl->b.target_reached = 0;
sl->b.pado = 0;
sl->b.padl = 0;

if (servo->ss.v l= sl->v)
show = true;
if (show) {

_DBG_("+++ axis=%d", axis);
_DBG_("old_stat:%s%s%s%s%s%s%s%s%S%s%s%s%hs" ,

BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,
BIT_STR(servo->ss,

ZLG
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BIT_STR(servo->ss, internal_limit_active),
BIT_STR(servo->ss, padl)

)

_DBG_("new_stat:%s%s%s%s%s%s%s%s%S%S%s%s%S" ,
BIT_STR(*s1l, ready_ to_switch_on),
BIT_STR(*s1l, switched on),
BIT_STR(*s1l, operation_enabled),
BIT_STR(*s1, fault),

BIT_STR(*s1l, voltage enabled),
BIT_STR(*s1l, quick_stop),
BIT_STR(*s1l, switch_on_disabled),
BIT_STR(*s1, warning),

BIT_STR(*s1, pade),

BIT_STR(*s1, remote),

BIT_STR(*s1l, target _reached),
BIT_STR(*s1l, internal_limit active),
BIT_STR(*s1l, padl)

)

_DBG_("ctrl:%s%s%s%s%s%s%s%sks" ,
BIT_STR(servo->sc, switch_on),
BIT_STR(servo->sc, enable_ voltage),
BIT_STR(servo->sc, quick_stop),
BIT_STR(servo->sc, enable operation),
BIT_STR(servo->sc, pade),
BIT_STR(servo->sc, fault reset),
BIT_STR(servo->sc, halt),
BIT_STR(servo->sc, padl),
BIT_STR(servo->sc, pad2)

)

_DBG_("---");

}

servo-»>ss.v = sl->v;

return sl->b.operation_enabled;

LITILTTI LTI L7171 7777771777777 7777777777
// EuERNH
typedef struct {

ECAT_SIMPLE_START CONTEXT ctx;

servo_t servos[NUM_SERVOS];

} ecat_master_t;

ZLG
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typedef struct {
ECAT_WORD slave;
ECAT_WORD index;
ECAT_BYTE subindex;
ECAT_DWORD 1len;
ECAT_DWORD val;

} ecat_sdo_t;

bool ecat_master_request_state(ecat_master_t *master, ECAT_BYTE state, int retry)
{

ECAT_RESULT ret;

ECAT_BYTE query = EcatStateNotSet;

LOG_RET(ret, EcatRequestMasterState(master->ctx.Master, state));
if (ECAT_FAILED(ret)) return false;

while (retry--) {
LOG_RET(ret, EcatGetMasterState(master->ctx.Master, &query));
if (ECAT_FAILED(ret)) break;
_DBG_("request_state=%d, query_state=%d", state, query);
if (query == state) return true;
usleep(1000000) ;
}

return false;

bool ecat_master_config(ecat_master_t *master)
{
ECAT_RESULT ret = ECAT_S_OK;
ECAT_DWORD len;
unsigned i;
ecat_sdo_t items[] = {
{ 0, 0x6060, 0x00, 1, g _op_mode }, // FEHIMN
¥

for(uintle_t s = @; s < NUM_SERVOS; s++ )
{
for (i = @; i < ARRAY_SIZE(items); i++)
{
ecat_sdo_t *item = &items[i];
len = item->len;
item->slave = s+3; // HHLATHIEE T 3 MHibe
ret = EcatCoeSDODownload(

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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master->ctx.Master,

item->slave,

item->index,

item->subindex,

ECAT_FALSE,

&len,

(ECAT_BYTE*)&item->val,

len,

5000) ;

if (ECAT_FAILED(ret)) {

_DBG_("EcatCoeSDODownload failed: ret=%d, slave=%d, index=0x%04x,
subindex=0x%02x, value=0x%08x(%d)", ret, item->slave, item->index, item->subindex,
item->val, item->val);

return ret;

}

_DBG_("EcatCoeSDODownload succeeded: slave=%d, index=0x%04x,
subindex=0x%02x, value=0x%08x(%d)", item->slave, item->index, item->subindex,
item->val, item->val);

}

return ret;

static ECAT_RESULT ecat_master_task(ecat_master_t *m, proc_img_i *pi, proc_img o *po)
{

static uint64_t loops = 0;

static int btn_run = 0;

static int btn_stop = 0;

static int btn_close = 0;

static int run_cmd = ©;
static int run[NUM_SERVOS] = {0};
static int stop_cmd = 0;

static int halt_cmd = 0;
loops++;

/] SOEHIE TR, AR5
btn_run = !((pi->inputs[@] >> BTN_RUN) & ox1); // HiAKARL
if(btn_run) {

run_cmd = 1;

stop_cmd = ©;

ZLG
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halt_cmd = 0,

[/ AEFEAEE T, B IRET
btn_stop = !((pi->inputs[@] >> BTN_STOP) & ox1); // M NEH R
if(btn_stop) {

stop_cmd = 1;

run_cmd = 9;

}
else {

stop_cmd = ©;
}

/] AR
btn_close = !((pi->inputs[@] >> BTN_CLOSE) & @x1); // HAN{KA Rk
if(btn_close) {

halt_cmd = 1;

run_cmd = 9;

// EITIRES
if(run_cmd) {
/] W
po->outputs[@] |= (1 << LED_GREEN);

}
else {
/] Wk 2Hz
if (loops % 500 == 0) {
po->outputs[@] 2= (1 << LED_GREEN);
}
}

if(halt_cmd) {
po->outputs[@] |= (1 << LED_RED); /] ANTE
po->outputs[@] &= ~(1 << LED_GREEN); /] GITHRK

}
else {

po->outputs[@] &= ~(1 << LED_RED); /] AITHRK
}

/7 AR PR  fa  A E
for (int i = @; i < NUM_SERVOS; i++) {
if (loops % 1000 == @) {

ZLG
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_DBG_("servo[%d]: p=%10d", i, pi->servos[i].p);

if(halt_cmd | stop_cmd) {
// FHL halt

po->servos[i].ctrl.b.halt

L}
[any
e

}

else {

po->servos[i].ctrl.b.halt

]
(]
(o

do {
servo_t *servo = &m->servos[i];
if(!run_cmd || (i > @ & run[i-1] == @)) {
break;
}
/1 FRARIKE A IR A B2 ) 7

run[i] = servo_control(servo, i, &pi->servos[i].stat, false);

/1 RAH ), BRE I EER ARG, ifE IR S)

if (!run[i] || servo->run_delay != 0) {
servo->out_p = pi->servos[i].p;

0;

0;

servo->out_v

servo->out_t

[/ FAIRCH T, G0
if (run[i] && servo->run_delay)

servo->run_delay--;

/7 fARREH Ty, SERFEER, BEAT IEF 4%

if (run[i] && !servo->run_delay) {

switch (g_op_mode) {
case OP_MODE_CSP:
{
/7 AFEEERALRTREA —HF, T ERE XA B K
int32_t range_min[NUM_SERVOS] = { -50000 };
int32_t range_max[NUM_SERVOS] = { 50000 };
int32_t step_size[NUM_SERVOS] = { 50 };
if (servo->reverse && servo->out_p < range_min[i]) servo->reverse

= false;

ZLG
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if (!servo->reverse && servo->out_p > range_max[i]) servo->reverse

= true;

servo->out_p += (servo->reverse ? -1 : 1) * step_size[i];

}

break;

}

/] AR
po->servos[i].ctrl = servo->sc;
switch (g_op_mode)
{
case OP_MODE_CSP: po->servos[i].p = servo->out_p; break;
}
}while(0);
}

return 0;

LTI EP L L0 LT LTI I PP P 71711 TP 7 777771111 77777177
/] EERH

int main(int argc, char **argv)

{

ECAT_RESULT ret;

ecat_master_t m;

/] RS H

if (argc > 2) g run_task = atoi(argv[2]);

if (g_op_mode < OP_MODE_CSP || g_op_mode > OP_MODE_CST)
g op_mode = OP_MODE_CSP;

_DBG_("OP_MODE=%d, RUN_TASK=%d", g op_mode, g run_task);

/1 s ERTRAR NS R, RSB0 50

struct sched_param sched;

sched.sched_priority = 50;
pthread_setschedparam(pthread_self(), SCHED_FIFO, &sched);

// WIEEAL E L FREE
LOG_RET(ret, EcatMasterLibInit(ECAT_NULL));
if (ECAT_FAILED(ret)) return -1;

// RBhEsk

memset(&m, @, sizeof(m));

z LG ©2025 Guangzhou ZHIYUAN Electronics Co., Ltd.
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m.ctx.NICO = ECAT_ETHO;
m.ctx.ENI = "test.xml";
m.ctx.MainCycleTimeUs = O;
m.ctx.SubCycleTimeUs = 0;
m.ctx.AutoRecoveryTimeoutMs = O;
m.ctx.RpcServerPort = RPC_SERVER_PORT;
ret = EcatSimpleStart(&m.ctx);
if (ECAT_FAILED(ret)) {
_ERR_("EcatSimpleStart failed: ret=%d", ret);

return -1;

/1 ABENEEIR
if (g_run_task) {
/] FENBARGS, WA B HAL
if (!ecat_master_request_state(&m, EcatStateO, 30)) {
_ERR_("ecat_master_request_state(EcatState0) failed!");

return -1;

/] FCE RN
if (ecat_master_config(&m)) {
_ERR_("ecat_master_config failed!");

return -1;

// B E PDO [A]if
EcatSetExtCtrlTaskHandler(m.ctx.Master,
(EcatExtCtrlTaskHandler)ecat_master_task, &m);
} else {
/1 FEANIRIRGS, T BT RR 54
if (!ecat_master_request_state(&m, EcatStateI, 30)) {
_ERR_("ecat_master_request_state(EcatStateIl) failed!");

return -1;

}

/] FEfE

while (getchar() != 'e') usleep(50000);
// BH

LOG_RET(ret, EcatSimpleStop(&m.ctx));
LOG_RET(ret, EcatMasterLibExit());

return 0;

}
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3. AR

AAE A AR B RS R, T BOZ BT IR ABR AR CRRR “Boz 17 ) £
AT b R T MO T RELESE S WERA 1077 S 2. BT AR T A R A — 2
R, BOZ LT ANRE 58 4 DR UE T2 SORE AT I B R I R 5508 P o 3802 f 1A BRI
KOG DL SR AT BRI AT R, AT . N TR RIS S, 5
PRI B 1) S0 HE 1 B T M e B S BOZ H T TAE N R R . R B A S SRR
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