To our customers,

Old Company Name in Catalogs and Other Documents

On April 1!, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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START/STOP WL L) BB b 3
UES Je o wageted o]
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FEHLE IR M2 LED I BoR.
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CHT B IR 1200 Jhtd 7 v e Nt . O

FRECISHUNT HURMERIE | o 1T %
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Vu = E%-M .cos(8+a)
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R 4-2. BUEANEREBBZEIRR RE\EBRIIPAER)
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i, e HE
BROWN MOTOR ¢ A AL U
RED MOTOR ¢B AHAL V
ORANGE MOTOR ¢C AR W
GREY SENSOR ¢1 HALL1
BLUE SENSOR ¢2 HALL2
WHITE SENSOR ¢3 HALL3
VIOLET SENSOR Vce
BLACK SENSOR GND
K 4-4. 120° AR P R BUBE X B RIL RS H
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4.9 FHEFH
M B 5 A O A PWM VR IR B TR i A, PRI . HUE A A B PID Fsifl e

49.1 PID #4#l
T3 S5 U5 o e SR S A JRE A R i 22 £ DC LY LTS A BB AT PID 23R4, R E . AR dr & fE
A AR AR T LU IE ] TR i CESIRED ISR PID S5
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A IVIVn = Kp(en - en-l) +Ki x ent Kd((en - en-l) - (en-l - en-Z))

MV,:  YETHEAE AR R
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en: TR ZE G T8 RE N S B 3 B 2 1R) PR O 22
en1: Z AT 2

en.2: 2T 2 T T 22

Kp: SRR CEEIRR)
Ki: R RE (FRAPIAHT
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4. 10 HERALE
ARG MPRE AW Pros.

Bl 4-6. RARPREHBK

Start/RESET

Ll A
SELF &R

- B 1L — >
H

BB
HL I i A B AR

f5ik
FRE (113 L ks

N R
N A

\
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REVERSE

S (RN}

SPEED RN

FHE 0 P 2R

SE I F(E AR

Bk [0 W 200 ps kA
B IRAL 2% v W SR Ve 5 A2 IR
4.11 EHEBEFREIIR
PRI 2 AR R RFI TSR SR R 56 AL SR ETE B, SRR
4.11.1 ] A F R

* 4-6. FH P arMER R

ME 4 e Riig
motor_init() HIH B E AT H DL B B IRIEALL, AR R 2501 2 A 45 B0 R Th T i
.,
motor_start() fAshTe 4 TER BN R iEs: .
motor_stop() 1EIFR4 ETEANG IR IR =
motor_rotation() e T MR TR LB (177 1)
motor_pid() PID #1F 578 PID #R1E.
motor_pset() ZHRRE WA RN E IS4
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4.11.2 HEHHIEART B

R 4-7. HBIHLEE R

ER 8 e Fili&
system_restart() e b 5 R R I R TS
system_stop() 15 1 b3 1FEIERSE.
init_PORT() Ui 1 BCE AL B W LS S R 11
init_OSC() IR B AL BE i CPU AR ELIAT I i
init_TWO() AR AR R B AL P BB ATE 4
start_TWO() A% I B A JA BB E I 2 o
stop_TWO() ARAFAR AT 11 A HE {22 AR B I
set_TWO() PWM 1t kb3 BE PWM,
init_TMO0O0() TMOO 1% & ib 2 W 16 1758 I 4% o
start_TMO00() TMOO Ji Bli4k A5l 16 7 I 2%
stop_TMO0() TMOO £ 1AL 2 5 1E 16 758 I 4%
init_ RTPMO1() I A o 1 5 B A BT ST 3
start_RTPMO1() SN A o 1 Bl Ak S Bl T2 I A o
stop_RTPMO1() SN A S g 1 1 457 1 AL B 15 1E S I A HE o 1

end_RTPMO1()

SN A g 11 A5 £57 1 b A 2R

NS i 3 D10 PWM i

set_RTPMO1() WO b 2 TSI I L i A R R AT R D AL
init_AD() AID BB AR PE AID B,

start_AD() A/D JA kb #E Ja5h AID 4,

init_WDTM)() B I A A WEE TR 2.

init_TM51() TM51 B AL WH 8 E M.

start_TM51() TM51 i B kb2 Jei 2l 8 47 52 I 4% o

read_fE/R_IC() TEIRAG IR 15 BRI i 1 3RH B AR AL I L

INTPO_on() INTPO fCVFAb B SOVE I T

INTTWOUD_on() INTTWOUD ftifib B FOVFEENE A5 W

INTTWOUD_off() INTTWOUD 2% |- 4bF AR LB R

INTP5_on() INTP5 fuifAb#E ORI AT R IR T
INTP5_off() INTP5 2% 1407 A b A R T

INTTM51_on()

INTTM51 foiFab

FEVEXS HLIL R AR I 2 o

int_speed() AR RRIU R 5 e e PR et S A B AR A

int_fault() R IR Ss R {5t I B LAL B

int_carrier() b Q) IREREF VI, SR R LIRS W B TARIRAS .

int_TM51() R SR T I 45 SR A A

get_coswt() COS #4421 AT COS k.

set_pwm() Ab B PWM {H AR SRIK) 7B IR AL R T A BRI PWM I #E
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4113 SEBFRH

X 4-8. BEBRFER

R4 it Fig
print_error() R R H LED B RS .
get_sw() TERE R4 BEHX MC-10 #_E ISR HiR 7~ A5 B IRk Bl O B OC (A 5 B
speed_print() THE o JH LED WoRig e .
led_print() BoREEE FEE LSS P LED.
led_set() LED &R F LED 5%
wait() £ EEEiEpinlniER

startup_disp()

RSN LED 2o

JABIIY LED 2o

vol2speed() R4S IRECHFE o

get_vol() T AR R4 678 MC-10 BRI i Fs s A LK 52
init_ PORT() ity 1 PAT MC-10 R - fyim B
init_TM50() TM50 B E AL B WHE 8 4.

start_TM50()

TM50 J& shAb#

JA B 8 {7 5E I 3

wait_TM50()

TM50 %5 R4 HE

SRR E KN A
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TR T2 N A Hs .
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W I TM51,
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WEE .

Rl e
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PeE /0 3 .
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W E N 4 TMOO,
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SIS
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E 4-8. EEHLBEFNEE (motor_start FHD

motor_start()
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THBRE L B E RS
R AR bR
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EEEACE Il Y

start_TWO()
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R
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BB SRR A

R
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R
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B 4-27. BEAERDI# 5 0 PWM BB U0 # b # (end_RTPMOL %D

end_RTPMO0L()

i

Yl PWM #ir K.

el

Kl 4-28. ¥R IKE (set_ RTPMOL B0

set_ RTPMO01()

i

i B
7 I v IR B UL AT AR

iz Al
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Bl 4-29. A/D ¥1Ea ¥ BAHE (init_ AD E¥)

init_AD()

i

BeE AID

-
=

&l 4-30. A/D ¥:¥#RMERENALE (start_AD D

start_AD()

L

TER PRI AR o
A B
S P T S

R[]

B 4-31. FIIfIE S5 EELE (nit_WDTM R

init_WDTM()

|

TR T2 I A Hedds

B SRR I 1]

R[]

Bl 4-32. 8 prElfas (TM51) FILARE LR (init_TM51 KD

init_TM51()

i

WE RSN 1.43 ms.

R[]

B 4-33. 8ALERTEE (TM51) B3IkkE (start_TM51 BED)

start_TM51()

i

TER PRI AR o
A8l 8 L E I &

H
=
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K 4-34. BIR{EBEERAE (read_Hall_IC D

B 4-35. SHA K R VFAEEE (INTPO_on BED

INTPO_on()

!

BERE TR SE RN o
e il A A -
TR T TR SR bR
Y3 B e

R[m

K 4-36. HELFELHPH (AL AFAE UNTTWOUD on R

INTTWOUD_on()

|

T B T SRR
SV

iz [m

& 4-37. HEEFEB T (AL 2 E4AF (INTTWOUD off BHD)

INTTWOUD_off()

|

AP

iz [m

& 4-38. INTP5 H#F b (INTP5_on EE0

INTP5_on()

!

SOV T o

R[]
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Bl 4-39. INTP5 HliZE LA (INTP5_off R#D

INTP5_off()

i

I

I
=

B 4-40. HEFREIRELAVAEE (INTTM51 on &30

INTTM51_on()

|

BB P TIR R ARG .
ST,

I
=

B 4-41. SHRPEIRSFEF (int_fault %)

int_fault()

N
N
o

=
.
mE
S
=
e

system_stop()
RS

R[]

B 4-42. EEREUH RS FERF (int_speed D

int_speed()

i

BEE SRR o

R[]

K 4-43. HRIRECPWRSFER (int_TM51 R0

int_TM51()

i

ARIPOLILE

I
=
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B 4-44. COS #AEAHE (get_coswt EH)

He 4y 360 BELLA

SR 90 B AL .

| AL |

| L PWM .

‘ + A ‘

IR [e]

B 4-45. PWM B EAH (set_pwm RED

WIS
|
| UV AT |

get_coswit()
AT U ) COS #4E.
|
get_coswt()
PUT V AHIT) COS Bt

AT WA COS #1E,

M H%id U18913CA1VOAN
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K 4-46. BHFLFN (AL (1/2) (int_carrier B#D

I Lk Herh A2

=
AR ?
. P
@ AEA I
- system_stop()
" 5 1E RS,
&[]
gy -
Rt >
- system_restart()
B AT I gk b
3L
PWM
2830 3 LA
= | wmsE. |
I
Raise PWM. system_stop()
BRI R . 1EIER %
) A
) b A A
read_Hall_IC()
IRHUE R AL IS (.
=z
FAMERER
FRIRARE .
A
" TRAETE R LR AR
RPN
B TN S bR A
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B 4-47. BFEFDFN (FALE) (2/2)

(int_carrier E#)

— Y LI &5
EMIE L%,
Bl bR, i S RTPVOL0
LD iﬁiﬁiﬁ%ﬁ}ﬁ‘ﬂﬁfm
F SeLTWO()
BB H PWM.
180° Wiz
o
start_ RTPMO1() set_pwm()
JA B . HHEA PWM 1.
[
(EAIRGIR set_TWO()
B AR BEZHIPWM .
P, >
o
end_RTPMO1()
PWM #ir th =
Bl bR
0 180° Bk
AN T (R FLEE y 2/3,

I
AR S 1

IR [A]
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4.13 HIPLEFE BFIR
4131 AP REHMER

o (RIRAR A BB

£ 4-9. APWEREPEEE (L/V)

e & X WHEM #i
PWM_F_MIN 72 B 1 B /M 5
PWM_F_MAX 72 B d KA PWM_BASE_REF
STARTUP_METHOD_REF| #IIX 3771k PWM_START T Io AR A IR R Sh Ak B
T_KNEE_REF IR Bh Y14 i) 0.75 B A
— HAwE, S GUIHRA.
T_END_REF I B &5 R ) 1.50 Ui PWM2_REF.
RPMO_REF VIR B IR W ae 4 4 60
RPM1_REF WIS B D)3 S 1) 1 5 100
RPM2_REF VIR Bh 48 A R A 45 200
|_REFO_REF WIS 3 ] (R 4 PR 140
|_REF1_REF VIV B D)4 301 10) 1 e A 160
|_REF2_REF IV B &5 R () gt 160
PWMO_REF VI EN IR 0 46 PWM 1B 100
PWM1_REF WIS Y)W Y PWM A 100
PWM2_REF VI 2 45 RN ) PWM i 100
PWM_F_START JA BT PWM 1B 10
ADGAIN_REF A/D I IO 1.0
ADOFFSET_REF AID A RS 0
MAXCURRENT_REF S KA 1024
MINCURRENT_REF /N HAE 10
MAXSPEED_REF SN 5000
MINSPEED_REF TN 300
|_RATE_MAX_REF FHL YL LAV N ] 1) T2 900
RPM_RATE_MAX_REF | FH A )iy T4 2000
KRP_REF_REF ) Kp {H 0.05
KRI_REF_REF U Ki e 0.02
KRD_REF_REF B Kd {E 0.01
KIP_REF_REF LI Y Kp B 0.10
KIl_REF_REF R K B 0.04
KID_REF_REF LAY Kd B 0.02
CLIMIT puR/ntital NG ERTRE] 700
48 % U18913CALVOAN
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4.13.2 FAPW5I HMER

x 4-10. AP U5 RINEEE

e X WEME i
FLG_ON bR e 1 KWIRERT A
FLG_OFF FraEAE 0
cw T 77 1) 0 WAL BERE 77 1) o
ccw e J5 ) 1
ERROR_NONE FEIRBR G AL 0x00 Tk
ERROR_HALL AP A VA 0x01 FEIRAR IR AR AR
ERROR_OC B IRBR AL 0x02 G R R 1R
ERROR_MOTOR | fiiiRbrEN 0x04 LB AL s 5 | e i
ERROR_S_OC FEIRBR AL 0x08 G R R 1
MOTOR_SPEED SR E RS 0x01 W LA
PID_INTERVAL SRR 0x10 W E PID WK .

MODE SHRCE Y 0x12 BEB

KRP ZHEAUS 0x20 BCE AU Kp 18
KRI SHRCE Y 0x21 BCE ) KifH.
KRD ZHCEAUS 0x22 BCE A Kd 8.
KIP SHBCE T 0x23 BE AN Kp fH.
Kil ZHOEAUS 0x24 BCE LI KifH.
KID SHRCE T 0x25 BE AN Kd .
WDTE_CLR F 1158 N 28 Oxac WDT R 1{E
CURRENT_START | #I¥Ja sl 0x01

PWM_START WIS Bk 0x02

NOTABLE_START | #I1U8 st 0x03

SPEED_CMD PRAER 0x01

|_CMD PR 0x02

V_CMD PR 0x03

AD_ISHUNT FEL AL RS 01 3 3 5

UNIT_RPM TR o 2343750
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4133 AHHE

R 4-11. BHFHEARTEE

EA s e paty e

FLG_ON bR e 1 KWIRERT A
FLG_OFF FraE A 0
FLG_WAIT bR e 2 ERSI A
FLG_SW bR AE 3 EERPIE
FLG_120 bR e 12 120° il 7 ik
FLG_180 bR AE 18 180° Jilf 771
PWM_BASE_REF PWM K44 1000 T PWM fir
PWM_F_REF PWM BRIA(H 0
PWM_DTM_REF BEIX 15 8] 0
IN FHF o 1 e 1 F ke i 1 D fig
ouT T ARCE 0
CLEAR T &R E 0 FH Sk V) ) B A7 A IR A7
SET T HFAR AR E 1
INV_OFF F A Sl 1/0 RS
INV_ON A gl 0/1
INVERTER_SW AR il i 11 P54 AR ) i 11
INVERTER_SW_MODE | A&45i45 il PM54 AR il
INTPO iy VS ) A7 PMOO TR I3
IMS_DATA b A NGANIE L 0xc8
WDTM_SET WDT # E1E Ox6f
P_OFF WL 0x3f SN Rl
P_STOP WOl 0x15
P_T1 WL 0x36
P_T2 WL Oxle
P_T3 WL 0x1b
P_T4 WA 0x39
P_T5 WL ox2d
P_T6 WL 0x27
INT_CNT_MAX SRR 500 T IS e ()
START_PWM_FF_MAX | FtBR{H 300 T HIW AT (B
DELTA_CW FERipE R 0 CW iy (1 1T £
DELTA_CCW T - 0 CCW 3t (1148 iy 1
CHANGE_SPEED SRR 100 M 120° i) 180° il i) ) Heisk i
CRO1_ADD THEEE 3 WA A D) 45545 1 )
PWM_MIDDLE PWM {if 500 PWM_BASE_REF + 2
PWM_x3 PWM {if 1500 PWM_MIDDLE x 3
INTERVAL_BASE Z#Ad 5 PR 1 [ms)iNS %
TIME_OUT 2%l 5000 PR [sIB %
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4.14 SERFEEYIR

4141 NEEE

®4-12. ZERFABER (1/2)

B X e ik
AD_VOL A/D iiiE 4 MCIO & L 8%
IN FHT o e 1 FH kg s o 1 D g
ouT FTai A A 0
CLEAR IR R e A VA AN 0 FSK S Iv) B A7 A R AL
SET T &R E 1
KEY_WAIT Y45 A5 I [ 10 FSk i L 5)

SwW BIPS (P7&0xH) | V)it O

SW2 iy [ 5 1) A7 2 PM73 START/STOP ({3 I
SwW3 iy VS ) A7 PM72 FORWARD I3 11
SwW4 iy [ 98 1) A7 2 PM71 REVERSE (13 [
SW5 ity VS ) A7 PM70 MODE [fJ3if; 1
LD_LEDO iy [ 5 1) A7 2 PM64 FHT LED JEHE M 11
LD_LED1 Uity 15 ) 25 A7 2% PM65

LD_LED2 iy [ 5 1) A7 2 PM66

LD_LED3 Uiy 195 ) 25 A7 4% PM67

LD_DATA iy [ 98 1) A7 2 PM4 ] LED % th £5cHis 1y o 11
START_SW =k 0x7 TFRRE

STOP_SW (s 0x7

FORWARD_SW cw Oxb

REVERSE_SW ccw Oxd

MODE_SW K Oxe

START_TR HTRE®RE 0x01 PR TR

STOP_TR AFREwE 0x02 15 1R Fa il
FORWARD_TR HTRE®RE 0x04 S OIERE A CW
REVERSE_TR AFREwE 0x08 SR, ) CCW
MODE_TR HPRE®RE 0x10 MODE JF X% N IR
LED_O LED R/-%dE 0xc0 WoR “0” .

LED_1 0cf9 B “17 .

LED 2 Oxa4 W “27 .,

LED_3 0xb0 Bos “37 .

LED_4 0x99 R “4”

LED_5 0x92 Box “57 .

LED_6 0x82 BR “6” .

LED_7 0xf8 Bos “77 .

LED_8 0x80 Br “8” .,

LED_9 0x98 B “97 .

LED_O 0xc0 WoR “07 AR “07 .
LED | Oxcf BT I

LED C 0xc6 BR “C” .,

LED_H 0x89 BoR “H” .
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®4-12. BERFABER (2/2)

B X Paaii ik

LED_A LED R/-%dE 0x88 WK “A”

LED_L 0xc7 BIR “L7 .

LED_ Oxff R “”

LED_S 0x92 B “S”

LED E 0x86 B “E” .

LED_F 0x8e BIR “F7 .

LED P 0x8c BE <P,

LED_dot ox7f o«
4.15 BIPEZRET|IR
4.15.1 SMEAFFRR

&R 4-13. SMRATFRBIHLERR (1/2)
B4 et X HE

sys_flag char PElbR & PR

err_flag char B RbR A& RS

stop_wait char IR T R R RATF IS
cw_ccw_flag char TERET7 1 fir 2 b ik e 77 TPIRZS
cW_ccw_wait char S5 1A A bR AR R KA A R 4o
maxed_flags unsigned char E bR & U B N T 7 b B e I R AR AR
print_cnt unsigned int O BRI PRI T A5
pwm_ff int M7 PWM iy & {8 AT PWM (528 H
pwm_ff_o int PWM fir &1 PWM 2% iy &
m_speed int S S BEIHLINFSE (rom)
krp_ref float AT Kp {85 ST

kri_ref float O KifE

krd_ref float A Kd fE

kip_ref float HLI IR Kp 1 FHLIAE P ER R

kii_ref float HL I Ki {8

kid_ref float HLI IR Kd i

startup_method | unsigned char [R5 J8 8l 77 i

|_ref float HL 3t w4 T FRLRLAE

I_ref o float CER/ TR I}

|_measured float AR

speed_ref int YRR A A {E

speed_ref o int THE A A

maxspeed int T K

minspeed int /N

dspeed_ref_max | int EPLANT I T pA) 47 S P 8 AR A

di_ref_max float AT N i) P A TR PR A

RPM_rate_max | float AT N ] P TR AR,

52
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R 4-13. I ATFIHEIPESE (2/2)

AR 4 HH Epd St

|_rate_max float AT i e e

t_knee float IR SR B Y)45 Ta)

t_end float WIS BN &5 SR )

RPMO float IR B3 1R PRI AT 0k e

RPM1 float IV A SIS e

RPM2 float W Bl A RN R 2

|_ref0 float VIR B33 1R] R4 4 P

|_refl float IR Bl P45 39 18] 1) L i

|_ref2 float VIR B 6 I 1 L

PWMO float IR S SR B14G PWM {E

PWM1 float HIRIE B Y11 () PWM {E

PWM2 float WV B &5 S i PWM {8

adgain float AID FEAR AR O

adoffset float AID F AR E 1) A% i

maxcurrent float = INGERKE

mincurrent float BN A
4152 AFRE

& 4-14. BBHEATLZE
BlS ¢4 ) X HE

old_hdata char RIS T L T IR AL AR AE
speed_flag char A BARE BRI A R 5 B A SR B 2 S AP A
int_cnt unsigned int RN IR e Ik R A4
pid_cnt unsigned int PID &4l Bk [R5 o A4
pwm_base int PWM FEH 4l PWM #:3% 56 [
old_ff int PWM i & {E 5 HT ) pwm_ff {E
up_flag char SRR SRS bR Tt S e e 1
capture_flag char TE N A IR bR 2

clk_flag char FE NV VPR AG

old_clk unsigned int U THT A I

new_clk unsigned int ORI I B

mvn_f float BT PR B

startdelay char FL ARSI I s S R AT

start_flag char WEHE T U hr ik

cy_time int PID #as il ] B

cmd_mode char P IR

dpwm_ff_max int PRI 8] A 2RI PWM AR
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4.16 ZEBRTFEEIIR

4.16.1 WMEE

54

* 4-15. SERFRE

ad_flag char TR ST b S B FH 2 1 R S S e 4
led_data] ] char LED it ##h 1 LED &R
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4.17 HBIHLEEEICE

g A/N ROM: 23A8h
RAM: 420h

BLDCM ‘ilf i At ey CHEZRARIERE) 14 180 S Jr ik

BRI A VRS BERRAS R I B3R 700
SRR

F#% : uPD78FO714 HiIZIHLAL 15
H# : 2007/05/30
XfE4 : motor.h

NEC Micro Systems,Ltd

*/

#ifdef LOW

* *

1 T Pittman HizhHL */

#define PWM_F_MIN 5 1% KAl */
#define PWM_F_MAX PWM_MIDDLE I M *

=R
#define STARTUP_METHOD_REF PWM_START /* {11 )57%: PWM_START, CURRENT_START &t NOTABLE_START */

#define T_KNEE_REF 2.0 %5 A BB TR *
#define T_END_REF 4.0 P AR BB S+
#define RPMO_REF 100 * MG E) RPM %/
#define RPM1_REF 200 oy ) RPM */
#define RPM2_REF 300 * R A8 RPM %/
#define |_REFO_REF 140 1 YRR AR 4
#define |_REF1_REF 160 /* P B LA 4+
#define |_REF2_REF 160 Pyl s */
#define PWMO_REF 140 /* VI B
#define PWM1_REF 145 /* o B0 LU R
#define PWM2_REF 150 TS A LR B

[+ 3515 NOTABLE_START */
#define SYNC_DEF_REF 500

#define PWM_F_START 150 P TFUIN BRI */
*ad Wi B8 (CHERT GUI) ¥

#define ADGAIN_REF 4.0 /* mA = Gain*(A/D - Offset) */
#define ADOFFSET_REF 0 I**

#define MAXCURRENT_REF 1023 I*mA*/

#define MINCURRENT_REF 10 I* mA*/

#define MAXSPEED_REF 5000 1* RPM */

#define MINSPEED_REF 300 1* RPM */

1AL R AE L 1

PR ROE AN ¥

#define |_RATE_MAX_REF 900 P dI_int/sec Al */
#define RPM_RATE_MAX_REF 2000 /* RPM/sec */

PORBERS . AID BT T R, PWM%*10 Py (1) HL R/
1 R | 4 RPM #define */

#define KRP_DEF_REF 0.05 [+ dI_ints/dRPM 15 % */
#define KRI_DEF_REF 0.02 I*dI_ints/RPM £ */
#define KRD_DEF_REF 0.01 /* dI_ints/d(dRPM % %) */
[* RABE] PWM iy 4 11 FLii */

#define KIP_DEF_REF 0.025 1* dPWM/dI_error */

#define KII_DEF_REF 0.010 /* dPWM/I_error */

#define KID_DEF_REF 0.005 [* dPWM/d(derror) */

* */

#else

* *

P T A sh L

#define PWM_F_MIN 5 1 KAl */
#define PWM_F_MAX PWM_BASE_REF  /* fi/]Mi *
CEE =)

#define STARTUP_METHOD_REF PWM_START /* {{if]{777%: PWM_START, CURRENT_START &k NOTABLE_START */
#define T_KNEE_REF 0.75 PO A BB TG *
#define T_END_REF 15 AR BB IS A+
#define RPMO_REF 300 * YRR E) RPM %/

#define RPM1_REF 300 1+ oh RS RPM ¥/

#define RPM2_REF 300 * 35 A 8 RPM ¥/

#define |_REFO_REF 140 PR BB A A+
#define |_REF1_REF 160 PR B A A+
#define |_REF2_REF 160 PSR B LR A
#define PWMO_REF 195 PRI IA BB B
#define PWM1_REF 195 PR BB R
#define PWM2_REF 195 1* B IR E R B

[+ J5H) 15 NOTABLE_START */
#define SYNC_DEF_REF 500

#define PWM_F_START 70 P IR BRI *
I ald W B CEZT GUD +/

#define ADGAIN_REF 1.0 /* mA = Gain*(A/D - Offset) */
#define ADOFFSET_REF 100 ]

#define MAXCURRENT_REF 1023 mA*

#define MINCURRENT_REF 10 mA*

#define MAXSPEED_REF 3000 /* RPM */

#define MINSPEED_REF 300 * RPM ¥/
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PEAR RS

T RE RN M

#define |_RATE_MAX_REF 900
#define RPM_RATE_MAX_REF 3000

I R R
P RBEE] 1 dn 4 RPM #define */

#define KRP_DEF_REF 0.4
#define KRI_DEF_REF  0.005
#define KRD_DEF_REF  0.05

P REE] PWM iy & [ L +/

1+ dI_int/sec fg K4 */
/* RPM/sec */

AD SC IR, PWMY%*10 P (1 LK */

/* dI_ints/dRPM 1% */
/* dI_ints/RPM 225 */
/* dI_ints/d(dRPM i) */

#define KIP_DEF_REF 0.9 I* dPWM/dI_error */
#define KII_DEF_REF 0.9 /* dPWM/I_error */
#define KID_DEF_REF 0 I* dPWM/d(derror) */
I* */

#endif

#define CLIMIT 1024 11024 %/

#define AD_VOL 4 /*VoL 5l */
#define AD_ISHUNT 5

[* +H+ e+ DN AN BET .

B e e

#define CW 0 1 *
#define CCW 1 1= A *
#define ERROR_NONE  0x00
#define ERROR_f2/k  Ox01 PR o *
#define ERROR_OC 0x02 JaB Uik *
#define ERROR_MOTOR  0x04 1% LB *
#define ERROR_S_OC  0x08 12 Rbi AR */
#define MOTOR_SPEED  0x01 IECENL )
#define PID_INTERVAL 0x10 1+ PID Fihilla] i */
#define PWM_LIMIT ~ Ox11 1+ PWM AL B */
#define MODE 0x12
#define KRP 0x20 I* Kp {8 */
#define KRI 0x21 1 Ki i */
#define KRD 0x22 1 Kd {8 */
#define KIP 0x23 I+ Kp {8 */
#define Kl 0x24 %Ki ft %/
#define KID 0x25 1+ Kd fE */
#define WDTE_CLR Oxac
#define CURRENT_START 0x01
#define PWM_START 0x02
#define NOTABLE_START 0x03
#define SPEED_CMD 0x01
#define I_CMD 0x02
#define V_CMD 0x03
I
m_speed % x[rpm] = ( 60[s] * 78.125[Krps] ) / 6
T THHR R
t T F
T TEIRHEIEE5(6)
TTMOO - Hit e
178.125[KHz]
*/
#define UNIT_RPM 2343750 124 %
#define CARRIRE_DEF_CONST 50000
#define SPEED_CAL_CONST 100000
I */
extern char sys_flag; I* RGFIERE *
extern int speed_ref; 1* FeoR I+
extern int speed_ref_o;
extern int m_speed; 1M+
extern char stop_wait; PO bR *
extern char cw_ccw_wait; 1% R I S bR */
extern char cw_cew_flag; 1 T T TR A */
extern char err_flag; 1 HEbR R */
extern unsigned char maxed_flags;
extern int pwm_ff;
extern int pwm_ff_o;
extern float 1_ref;
extern float I_ref_o;
extern float |_measured;

extern float kip_ref, kii_ref, kid_ref;
extern float krp_ref, kri_ref, krd_ref;
extern unsigned char  startup_method;
extern float t_knee;

extern float t_end;

extern float RPMO, RPM1, RPM2;
extern float I_ref0, I_refl, I_ref2;
extern float PWMO, PWM1, PWM2;
extern float adgain;

extern int adoffset;

extern float maxcurrent, mincurrent;
extern float
extern float
extern int
extern int
extern unsigned int
extern unsigned int

di_ref_max;
dspeed_ref_max;
maxspeed, minspeed;
print_cnt;
ad_data_vol;

/* */

I_rate_max, RPM_rate_max;

void motor_init(void);
void motor_start(void);
void motor_stop(void);
void motor_rotation(char);
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void motor_pid(void);
char motor_pset(unsigned char, long);

PMSM ‘i fr FiAf ks CRERAEIEER) 10 180 JLJihi Iy ik

R R A RS FERRAS G I 38 3R 730
SRR

H#x : uPD78F0714 HIZIHLAT LA
H : 2007/06/26
Y4 motor.c

NEC Micro Systems,Ltd
*/

#pragma sfr
#pragma ei
#pragma di

#pragma INTERRUPT INTPO  int_fault rbl
#pragma INTERRUPT INTP5  int_speed rbl

kiR

#pragma INTERRUPT INTTWOUD int_carrier rb2 /* % [il25 il */

#pragma INTERRUPT INTTM51 int_TM51  rb3

I* */
#include "motor.h"

I* */
#define IN 1
#define OUT 0

#define FLG_ON
#define FLG_OFF
#define FLG_WAIT
#define FLG_SW
#define FLG_120 12
#define FLG_180 18

1

0
2

3

#define START_TR 0x01
#define STOP_TR 0x02
#define FORWARD_TR 0x04
#define REVERSE_TR 0x08
#define MODE_TR 0x10

#define IMS_DATA 0xc8

#define WDTM_SET 0ox6f

#define P_OFF 0x3f
#define P_STOP 0x15
#define P_T1 0x36
#define P_T2 Oxle
#define P_T3 0x1b
#define P_T4 0x39
#define P_T5 ox2d
#define P_T6 0x27

#define INT_CNT_MAX 500
#define START_PWM_FF_MAX 300

#define DELTA_CW 0
#define DELTA_CCW 0

#define CHANGE_SPEED 100
#define CHANGE_TIME 2500

#define CLEAR 0
#define SET 1

#define CRO1_ADD 3

#define PWM_BASE_REF 1000
#define PWM_F_REF 0
#define PWM_DTM_REF 200

#define PWM_MIDDLE PWM_BASE_REF /2
#define PWM_x3 PWM_MIDDLE * 3

#define INTERVAL_BASE 5
#define TIME_OUT 5000

#define INV_OFF 1
#define INV_ON 0
#define INTPO PMOO

#define INVERTER_SW P54
#define INVERTER_SW_MODE PM54

I* */

[k (12N
Aty *
AT
P &)
1Y+

1% 120 S iR 510+l
1% 180 JE i J7 vk *

I PUNIE FIITR

1% SR S G

L
PR 2
PR3
PR 4
PR
e

I BUIANER . x200 us */
1 JCTER I SR 10%  */
1% CW 5 [ 8 i £ */
1% CCW 3 (f 1T £ *

1% I\ 120 J U E) 180 i) DI 1 +/

% YIRS ) T2
[ RIS TMOO iR/

X PWM I —
1< BN PWM BOBAE */
1% BEKIN [i1) *

/* 1ms = 200[us] * INTERVAL_BASE
/*1s = 200[us] * TIME_OUT *
1< AT AR ATE I 2 *

/¥ H-¥- LowVoltage */

it el R )
1% ASARBRAETE 5 10 %

AR

static const unsigned int sin_tbl[91] = { /* sin(theta) x (2716 - 1) */

0, 1143, 2287, 3429, 4571, 5711, 6850, 7986,
9120, 10251, 11380, 12504, 13625, 14742, 15854, 16961,
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18063, 19160, 20251, 21336, 22414, 23485, 24549, 25606,
26655, 27696, 28728, 29752, 30766, 31771, 32767, 33753,
34728, 35692, 36646, 37589, 38520, 39439, 40347, 41242,
42125, 42994, 43851, 44694, 45524, 46340, 47141, 47929,
48701, 49459, 50202, 50930, 51642, 52338, 53018, 53683,
54330, 54962, 55576, 56174, 56754, 57318, 57863, 58392,
58902, 59394, 59869, 60325, 60762, 61182, 61582, 61964,
62327, 62671, 62996, 63301, 63588, 63855, 64102, 64330,
64539, 64728, 64897, 65046, 65175, 65285, 65375, 65445,
65495, 65525, 65535

const unsigned char tr_sw{2][8] = {  /* ik *
#ifdef LOW
m
PITTMAN N2311A011 12VDC driveLayer Us £33, V: 0%, W: s
HORMEERS U K, Ve Wi, W: (6
EIR-1 ER-2 FER-3

*

{P_OFF, P_T4, P_T6, P_T5, P_T2, P_T3, P_T1, P_OFF}, /*CW */

{P_OFF, P_T1, P_T3, P_T2, P_T5, P_T6, P_T4, P_OFF} /*CCW */
#else

I

OrientaMOTOR FBLM575W-A driveLayer U: (1, V: B5(, W: Kt
BRI U: K, Ve B, W: Ba6
WIR-1 HUR-2 FER-3

*/

{P_OFF, P_T3, P_T5, P_T4, P_T1, P_T2, P_T6, P_OFF}, /*CW */

{P_OFF, P_T6, P_T2, P_T1, P_T4, P_T5, P_T3, P_OFF} /*CCW */
#endif
h
const unsigned char next_type[2][8] = { /* T/ i /RALEES (i */

{8,3,6,2,5,1,4,8},

{8,5,3,1,6, 4,28
h
unsigned int int_cnt; 1% IR TR A B
unsigned int pid_cnt;
unsigned int start_cnt;
unsigned int print_cnt;
unsigned int cnt_data;
unsigned int cnt_datal;
unsigned int cnt_data2;
unsigned int cnt_data3;
int m_speed =0;
int speed_ref = 0; I* 5 E R */
int speed_ref_o=0;
float 1_ref;
float I_ref_o;
float |_measured;
char stop_wait; 1A A bR S *
char cw_ccw_wait; 1% 7 ) SRR *
char cw_ccw_flag; 1% e T AR A */
char sys_flag; 1* RGHAERA *
char err_flag = FLG_OFF; 1 SRR *
static char start_flag; 1% FERETFUR AR %
static char speed_flag; P PEAS BARAE [ AAEAE
static char TEIR_new;
static char FE/R_old;
static char clk_flag;
static char capture_flag;
static unsigned int new_clk, old_clk; [ R T R e I A
int sin_table_end = 90;
static unsigned int angle; 1 f AR A *
int pwm_ff; /* i3 m!{{: 0 % 500 *
int pwm_ff_o; I AR 0 % 500 *
int old_ff; I* ﬁxﬂh . 0 %) 500 *
int pwm_base = PWM_BASE_REF; 1< PWM FIIR—2F:  [% % 1000 */
unsigned char startup_method = STARTUP_METHOD_REF;
unsigned char maxed_flags; 1A FR, $RErIf: 5 7-6-5 6740 ok RPM-FLi- LR */
int maxspeed = MAXSPEED_REF;
int minspeed = MINSPEED_REF;
1 BEA IR KA
float RPM_rate_max = RPM_RATE_MAX_REF; /* RPM/sec */
float |_rate_max =I|_RATE_MAX_REF; 1+ dI_int/sec f KA */
static int dpwm_ff_max = PWM_BASE_REF /10; /* &AMl A pwm fidse KABAL */
int dspeed_ref_max; A R ) P9 R B KR A+
float di_ref_max;
float t_knee = T_KNEE_REF;
float t_end = T_END_REF;
float RPMO = RPMO_REF;
float RPM1 = RPM1_REF;
float RPM2 = RPM2_REF;
float 1_ref0 = |_REFO_REF;
float I_refl = |_REF1_REF;
float I_ref2 = |_REF2_REF;
float PWMO = PWMO_REF;
float PWM1 = PWM1_REF;
float PWM2 = PWM2_REF;
1 R | i 41 RPM */
float krp_ref = KRP_DEF_REF; /*dI_ints/dRPM 22 */
float kri_ref = KRI_DEF_REF; /% dI_ints/RPM 5% *
float krd_ref = KRD_DEF_REF; /* dI_ints/d(dRPM 3 %
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P RARE] PWM i 4 i */

float kip_ref = KIP_DEF_REF; /* dPWM/dI_error */
float kii_ref = KII_DEF_REF; /* dPWM/I_error */
float kid_ref = KID_DEF_REF; /* dPWM/d(derror) */
float adgain = ADGAIN_REF;

int adoffset = ADOFFSET_REF;

float maxcurrent = MAXCURRENT_REF;

float mincurrent = MINCURRENT_REF;

I

*

static unsigned int cy_time = 150 * INTERVAL_BASE;

static char cmd_mode = SPEED_CMD;

static char up_flag; 1 3o I AR R
static unsigned int pwm_ff_u, pwm_ff_v, pwm_ff_w;

static float mvn; [ AET AR R */
static float en,en_1,en_2; 1 % */
I* *

static void init_PORT(void);
static void init_OSC(void);
static void init_TWO(void);
static void init_TMO00(void);
static void init_RTPMO01(void);
static void init_AD(void);
static void init_TM51(void);
static void init_WDTM(void);

static void start_AD(void);
static void start_TWO(void);
static void start_TMOO(void);
static void start_TM51(void);
static void start_ RTPM01(void);

static void stop_TWO(void);
static void stop_TMO0O(void);
static void stop_RTPMO1(void);

static void INTPO_on(void);
static void INTP5_on(void);
static void INTTM51_on(void);
static void INTTWOUD_on(void);

static void INTP5_off(void);
static void INTTWOUD_off(void);

static void set_TWO(unsigned int, unsigned int, unsigned int, unsigned int);
static void set_RTPMO1(unsigned char);

static void wait(unsigned int);

static void system_restart(void);
static void system_stop(void);

static char read_%E /K_IC(void);
static void filters(void);

* *
I
X 2 T P LA Tl e $5 B
*
I
FIAHLEE B G ) oR H ) BT e
*

void
motor_init(void)

init_OSC();
init_ WDTM();
init_PORT();
init_TWO();
init_TMO00();
init_RTPMO1();
init_AD();
init_TM51();

dspeed_ref_max = (int)(RPM_rate_max/10.0);
di_ref_max = (float)(I_rate_max/10.0);

start_TM51();
INTTM51_on();

start_AD(); I* 53 AID 4l *

INTPO_on(); 1 B BE G T

EI(); * fevreh b *
}

void
motor_start(void)

{
en_1
en
mvn
int_cnt
pid_cnt
print_cnt
start_cnt
cnt_datal
cnt_data2 =
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cnt_data3 =500;

cnt_data = 1500;

new_clk =

old clk =

m_speed =0;

sys_flag =FLG_120;
start_flag = FLG_ON;
stop_wait = FLG_OFF;
cw_ccw_wait = FLG_OFF;
speed_flag = FLG_OFF;
clk_flag =FLG_OFF;
up_flag =FLG_OFF;
capture_flag = FLG_OFF;
err_flag =ERROR_NONE;
pwm_ff = (int)PWM2;
I_ref = |_measured,
speed_ref = (in)RPM2;
#K_old  =read_1E/K_IC();

start_TMOO();
INTTWOUD_on();
INTP5_on();
start_ RTPMOL();
start_TWO();

INVERTER_SW = INV_ON;

motor_stop(void) {
stop_wait = FLG_ON;

}
*
FBNBLERE J7 1 i A FTL
*
!
void
motor_rotation(char dir) {
switch(dir) {
case CW:
if(cw_ccw_flag == CCW) {
cw_ccw_wait = FLG_ON;
cw_ccw_flag = CW;
b’reak;
default:
if(cw_ccw_flag == CW) {
cw_ccw_wait = FLG_ON;
cw_ccw_flag = CCW;
h
}
T —
PID #l
________________________________ */
void

motor_pid(void)

unsigned long tmp;
unsigned long old_tmp, new_tmp;
int pwm_tmp;

if(speed_flag == FLG_ON){
speed_flag = FLG_OFF;
if(start_flag == FLG_OFF){
if(clk_flag == FLG_ON){
clk_flag = FLG_OFF;
up_flag = FLG_ON;
angle = cnt_datal;
DI();
new_tmp = new_clk;
old_tmp = old_clk;
EI();
if(old_tmp > new_tmp){

tmp = (unsigned long)((65536

Jelse{

tmp = new_tmp - old_tmp;

}
m_speed = (int)(UNIT_RPM/tmp);

)els’e{

start_flag = FLG_OFF;
}
}
if(pid_cnt >= cy_time){
pid_cnt = 0;

if(up_flag == FLG_ON){
up_flag = FLG_OFF;
if((sys_flag != FLG_OFF) &&
(stop_wait !'= FLG_ON) &&
(cw_ccw_wait = FLG_ON)){
maxed_flags = 0;
switch(cmd_mode) {
case V_CMD:
J* R E BT IR A
speed_ref = m_speed;
1V B R
I_ref = I_measured;

P RS BEEA (gt R BR ) */

1% S S 7 e o1
1S R TR A sl *

/¥ INVERTER fu¥F */

1 M TR

xR A ¥

- (long)old_tmp) + (long)new_tmp);

1% 35— AN BARMAL

[+ cy_time (ms) CL43E 2 %/

e E) *

PRI *
xRS T e 45 11 %/
PAEIX RIS ATRRS

PORUEEER: B GUI BB pwm +/

if((pwm_ff_o - pwm_ff) > dpwm_ff_max) {

pwm_ff += dpwm_ff_max;

maxed_flags |= 0x20;

POEEIS, BB 5
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} else if((pwm_ff_o - pwm_ff) < -dpwm_ff_max) {

pwm_ff -= dpwm_ff_max;

maxed_flags |= 0x20; [ IRBIGR, BCE A 5L ¥
}else {

pwm_ff = pwm_ff_o;

Hreak:

case |_CMD:
case SPEED_CMD:
1L B T
I_ref = |_measured;
xRS (3 By
if(speed_ref_o - speed_ref) > dspeed_ref_max) {
speed_ref += dspeed_ref_max;
maxed_flags |= 0x80; POEF G, SR T ALY
} else if((speed_ref_o - speed_ref) < -dspeed_ref_max) {
speed_ref -= dspeed_ref_max;
maxed_flags |= 0x80; [FIEFIFR, BEH 744
}else {
speed_ref = speed_ref_o;

én_2 =en_1; 1 b BN
en_l=en; 1 AN ¥
en = (float)(speed_ref - m_speed);  /* il Ii5 % ¥/

mvn = mvn
+ krp_ref*(en - en_1)
+ kri_ref*en
+ krd_ref*((en - en_1) - (en_1 - en_2));

pwm_tmp = (int)(mvn);

if(pwm_tmp > dpwm_ff_max) {

pwm_tmp += dpwm_ff_max;

maxed_flags |= 0x20; PIRBIGHR, VEH 5 ¥
} else if(pwm_tmp < -dpwm_ff_max) {

pwm_tmp -= dpwm_ff_max;

maxed_flags |= 0x20; PORBIGER, WEH 5
s

pwm_ff += pwm_tmp;

if(pwm_ff > PWM_F_MAX) {
pwm_ff = PWM_F_MAX;
mvn = 0.0;

} else if(pwm_ff < PWM_F_MIN) {
pwm_ff = PWM_F_MIN;
mvn = 0.0;

i3
break;

h
MDBO = (unsigned int)pwm_ff;

char
motor_pset(unsigned char com, long data) {
char status = 1;

switch(com) {
case MOTOR_SPEED:
speed_ref_o = (int)data;
break;
case PID_INTERVAL:
if(sys_flag == FLG_OFF) {
cy_time = (unsigned int)((int)data*INTERVAL_BASE);
}else {
status = 0;

break;
case PWM_LIMIT:
if(sys_flag == FLG_OFF) {
if(data < 0) {
status = -1;
}else {
dpwm_ff_max = (int)data;
h
}else {
status = 0;
b
break;
case MODE:
if(sys_flag == FLG_OFF) {
cmd_mode = (char)data;
}else {
status = 0;

break;
case KRP:
if(sys_flag == FLG_OFF) {
if(data < 0) {
status = -1;
}else {
krp_ref = (float)data / 1000;

}else {
status = 0;
b
break;
case KRI:
if(sys_flag == FLG_OFF) {
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if(data < 0) {
status = -1,
}else {

}else {
status = 0;
h
break;
case KRD:
if(sys_flag == FLG_OFF) {
if(data < 0) {
status = -1;
}else {

}else {
status = 0;
h
break;
case KIP:
if(sys_flag == FLG_OFF) {
if(data < 0) {
status = -1;
}else {

}else {
status = 0;
h
break;
case Kll:
if(sys_flag == FLG_OFF) {
if(data < 0) {
status = -1;
}else {

%

}else {
status = 0;

h

break;

case KID:

if(sys_flag == FLG_OFF) {

if(data < 0) {

kri_ref = (float)data / 1000;

krd_ref = (float)data / 1000;

kip_ref = (float)data / 1000;

kii_ref = (float)data / 1000;

status = -1;
}else {
kid_ref = (float)data / 1000;
b
}else {
status = 0;
h
break;
default:
status = -1;
h
return(status);
}
I* *
I
ANEF P 2 TF 1 e S AL il e 2
X
!
I
N 1 TR 7 A b T )
*
/
void
system_restart(void)
init_TWO();
en_1 =
en =
mvn =0.0;
int_ent =
pid_cnt =
print_cnt =
start_cnt =0;
cnt_datal =
cnt_data2 =
cnt_data3 = 500;
cnt_data = 1500;
new_clk =
old_ck =
m_speed =0;
sys_flag =FLG_120;
start_flag = FLG_ON;
cw_ccw_wait = FLG_OFF;
speed_flag = FLG_OFF;
clk_flag =FLG_OFF;
up_flag =FLG_OFF;
capture_flag = FLG_OFF;
pwm_ff = (int)PWM2;
I_ref = |_measured;
speed_ref = (int)RPM2;
fE/R_old  =read_$E/R_IC();
}
I
EX N
*
void
system_stop(void)
pwm_ff =0;
INVERTER_SW = INV_OFF; /* INVERTER %% 1 */

INTTWOUD_off();
INTP5_off();
stop_RTPMO01();
stop_TWO();

AL [ g+

*

*

62

M H%id U18913CA1VOAN




F4E EHERF

stop_TMO00();
init_TWO();

sys_flag = FLG_OFF;
stop_wait =FLG_OFF;
cw_cew_flag = CW;
m_speed =0;

}
I

*
static void
init_PORT(void)
{

INTPO = IN;

INVERTER_SW_MODE = OUT;
INVERTER_SW  =INV_OFF;

EGP5 = SET;
EGN5 = CLEAR;

I
[NRARPIES

*/

static void

init_OSC(void)

{

IMS = IMS_DATA;
WDTE = WDTE_CLR;
while(OSTC != 0x1f);

PCC = 0x00;
MCM.0 = 1;
VSWC.1=1,

}

I
AR LI 2
*

static void
init_TWO(void)
{

TCLO2 =0;
TCLO1 =
TCLOO
IDEV02
IDEVO1
IDEVOO
TWOM

TWOCM3 _BASE_|
TWOCMO = PWM_BASE_REF - PWM_F_REF;
TWOCM1 = PWM_BASE_REF - PWM_F_REF;
TWOCM2 = PWM_BASE_REF - PWM_F_REF;
TWODTIME = PWM_DTM_REF;

TWOBFCM3 = PWM_BASE_REF;

TWOBFCMO = PWM_BASE_REF - PWM_F_REF;

TWOBFCM1 = PWM_BASE_REF - PWM_F_REF;

TWOBFCM2 = PWM_BASE_REF - PWM_F_REF;
}

static void
start_TWO(void)
{

}

static void
stop_TWO(void)
{

}

void

TWOC.7 = SET,;

TWOC.7 = CLEAR;

Pk 16 R0 I *

* % 0 */

LR

[*INVERTER 0¥ / 2511 */
/¥ INVERTER #£11- */

P ETHEA % *

1 UHRAT A28 R/ */

SRR R+
1* BLE S AR *
XL R *

/< O 20 MHz */

PRI %

1 B B [ *

P RBER

PAFIRER S Y

set_TWO(unsigned int u, unsigned int v, unsigned int w, unsigned int base)

TWOBFCMS3 = base;

TWOBFCMO = base - u;

TWOBFCML1 = base - v;

TWOBFCM2 = base - w;
}

s
16 fir i I 4

CROL Sz o 1 Ak e
*/
static void
init_TMOO(void)
{

ES000
ES001 /¥ TI000 SIIEIA AT FREHY *
CRCO000 = 1; 1* CROO #ifi 3k 75 7725 *
CRCO001 = 1; 1% T1000 5 | IR 28078 9 B 1) AR A It 3K/
CRCO002 = 0; /* CROL LB# 75 72 *
PRMO001 = SET;
PRMO000 = CLEAR; 1< VR 78.125 kHz */
}
static void

start_TMOO(void)
{

TMIF00 = CLEAR;
TMCO0 = 0x04;
}

A s AT *

=5
=l
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static void
stop_TMOO(void)

TMCO0 = CLEAR;
}

I
SR g 1

*

static void

init_RTPMO1(void)

{

RTPMO1 = 0x3f;

RTPCO1 = 0x20;

DCCTLO1 = 0xc0;

RTBLO1 = 0x3f;
}

void
start_ RTPMO1(void)
{

DCCTLO1.7 = SET,
RTPCO01.7 = SET,
}

static void
stop_RTPMO1(void)

RTPCOL.7 = CLEAR;
}

void
end_RTPMO01(void)

DCCTLO01.7 = CLEAR,;

void
set_RTPMO1(unsigned char data)

RTBLO1 = data;
CRO1 =TMOO + CRO1_ADD;
}

I
AD

*

static void

init_AD(void)

{

ADCS2 = SET,;
ADS = AD_ISHUNT;
ADM = 0x04;

}

static void
start_AD(void)
{

ADIF = CLEAR;
ADCS = SET;
while(ADIF 1= SET);

}

I
B

*

static void
init_WDTM(void)

WDTE = WDTE_CLR;
WDTM = WDTM_SET;
}

[

8 frsE I 2% 51

static void

init_TM51(void) {
TMC51 = 0x00;
TCL51 = 0x05;
CR51 =28;

}

static void

start_TM51(void) {
TMIF51 = CLEAR;
TCE51 = SET;

}

,*
B A

1A LR I g% *

e RE THT S .l
/<64 x 1 ¥
< PWM il *
1 it A7 */

> ST */
1 FEVFRA */

PR

P AR E R o

S *

1 FVF LR RAE *
/* SHUNT */
/* 3.6us */

PR WE AR A
PRV
PSR ¥

1* & PWM, TIMER 4fith4k il %/
*19.53KHz */
1*1.43 ms */

13 B R A R
I ABNER 2 *

*
char
read_%E/X_IC(void)

return((char)((P0>>1)&0x7));

*

*

I
ARV / AR IR AL
*/

I
JuRl Gl PN GE
*/

void

64
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INTPO_on(void)

{
PROL.1=0; AR M
EGN.O =1; P*ORERAY M
IFOL.1 = CLEAR; 1 ERbRE
MKOL.1 = CLEAR,; S

}

I

B T Ay
*

static void
INTTWOUD_on(void)

IFOH.1 = CLEAR; PR R b
MKOH.1 = CLEAR; 1% SEVFRIgE *
}
e
WL h AR I
¥
/
static void
INTTWOUD_off(void)
{
MKOH.1 = SET; IS TR
}

static void

INTP5_on(void) {
PIF5 = CLEAR;
PMK5 = CLEAR;

static void
INTP5_off(void) {
PMK5 = SET;

static void
INTTM51_on(void) {
IF1H.0 = CLEAR;
MK1H.0 = CLEAR;
}

* *
I

R 5 R
*/
I */

__interrupt void
int_fault(void)

err_flag = ERROR_OC;
system_stop(); 1A IERGE

I
INTPS

*

__interrupt void

int_speed(void)

capture_flag = FLG_ON;
}

%

B R
*/

static unsigned int
get_coswt(unsigned int wt)
{
unsigned int n;
unsigned int answer;
unsigned char dir, pm;

n=wt/90;
if(n > 3}
wt -= 360;
n-=4;

3

switch(n) {
case 0:
dir = Oxff;
pm = 0x00;
break;
case 1:
wt -= 90;
dir = 0x00;
pm = Oxff;
break;
case 2:
wt -= 180;
dir = Oxff;
pm = Oxff;
break;
default:
wt -= 270;
dir = 0x00;
pm = 0x00;
)3
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if(dir == 0) { MDAOL = sin_tblI[wt]; }
else { MDAOL = sin_tbl[sin_table_end - wt]; };

DMUCO = 0x81;
while(DMUE == 1);

if(pm == 0) { answer = PWM_MIDDLE + MDAOH;}
else { answer = PWM_MIDDLE - MDAQH;};

return(answer);

}

static void
set_pwm(void)

unsigned int  p, p_u, p_v;

#ifdef LOW
if(cw_cew_flag == CW) {
p = ((60 * int_cnt)/angle) + DELTA_CW; P SREEANT R A e 2

e

switch(#E 7K _new) {
case 4: /*0-59 */
p_u=p;
p_V =p_u+ 240;
break;

case 5: /* 60 - 119 */
p_u=p+60;
p_V =p_u + 240;
break;

case 1: /120 - 179 %/
p_u=p+120;
p_V =p_u+ 240;
break;

case 3: /* 180 - 239 */
p_u=p+180;
p_V =p_u+ 240;
break;

case 2: /* 240 - 299 */
p_u=p + 240;
p_V =p_u+ 240;
break;

case 6: /* 300 - 359 */
p_u=p + 300;
p_V =p_u + 240;
break;

default:
p_u=90;
p_v =90;

Jelse{
p = ((60 * int_cnt)/angle) + DELTA_CCW; 1SRRG R E
switch(# /R_new){
case 1. /*0-59 *
p_u=p;
p_V =p_u + 240;
break;

case 5: /* 60 - 119 */
p_u=p+60;
p_V =p_u+240;
break;

case 4: /*120- 179 */
p_u=p+120;
p_V =p_u + 240;
break;

case 6: /* 180 - 239 */
p_u=p+180;
P_V =p_u+ 240;
break;

case 2: /* 240 - 299 */
p_u=p + 240;
p_V =p_u + 240;
break;

case 3: /* 300 - 359 */

p_u=p + 300;
p_Vv = p_u + 240;
break;
default:
p_u=90;
p_v=90;
h
h
t#els
if(cw_ccw_flag == CW) {
p = ((60 * int_cnt)/angle) + DELTA_CW; PSPEANY A I

switch(#E /K_new) {
case 5:/*0-59 */
p_u=p;
p_V = p_u + 240;
break;

case 1: /* 60 - 119 */
p_u=p+60;
p_V = p_u + 240;
break;

case 3: /120 - 179 */
p_u=p+120;
p_Vv = p_u + 240;
break;

case 2: /* 180 - 239 */
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p_u=p + 180;
p_V =p_u + 240;
break;

case 6: /* 240 - 299 */
p_u=p + 240;
p_Vv = p_u + 240;
break;

case 4: /* 300 - 359 */
p_u=p + 300;
p_V =p_u + 240;
break;

default:
p_u=90;
p_v =90;

Jelse{
p = ((60 * int_cnt)/angle) + DELTA_CCW; 1 SHEEANS R A B %
switch(# /K _new){
case 3:/*0-59*/
p_u=p;
p_V = p_u + 240;
break;

case 1: /*60 - 119 */
p_u=p+60;
p_V = p_u + 240;
break;

case 5: /* 120 - 179 */
p_u=p+120;
p_V = p_u + 240;
break;

case 4: /* 180 - 239 */
p_u=p + 180;
p_V = p_u + 240;
break;

case 6: /* 240 - 299 */
p_u=p + 240;
p_V = p_u + 240;
break;

case 2: /* 300 - 359 */
p_u=p + 300;
p_V = p_u + 240;
break;

default:
p_u=90;
p_v=90;

b

h
#endif
pwm_ff_u = get_coswt(p_u);
pwm_ff_v = get_coswt(p_v);
pwm_ff_w = PWM_x3 - (pwm_ff_u + pwm_ff_v);

WDTE = WDTE_CLR;
}

__interrupt void
int_carrier(void)

unsigned int  tmp_pwm;

int_cnt++;
print_cnt++;
if(int_cnt > INT_CNT_MAX){ e *
if(stop_wait != FLG_OFF){ ARSI *
system_stop(); IR *
return;
Jelse if(cw_ccw_wait != FLG_OFF){ 1 SERF R BERE R A5 1L+
system_restart(); DB R B *
return;
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Jelse if(pwm_ff > START_PWM_FF_MAX){ /* sishibl Ak figks *
system_stop(); P AF IR S *
err_flag = (ERROR_%/K | ERROR_MOTOR);
return;

Jelse{
pwm_ff++; [* B8 *
int_cnt=0;
start_cnt = 0;

MDBO = (unsigned int)pwm_ff;

}

pid_cnt++;

start_cnt++;

HIK_new = read_# /K_IC();

if(# /K_new == next_type[cw_ccw_flag][# /K_old]){ /* FE/RAEIEES (50 F—AME */

/R _old
cnt_datal = int_cnt;
int_cnt =0;
speed_flag = FLG_ON;

}

if(sys_flag == FLG_120){ 1% 120 FE g7 *1
pid_cnt = 0; P ARPAT PID 541 */
if((stop_wait = FLG_OFF) || (cw_ccw_wait = FLG_OFF))X{

set_RTPMO1(P_OFF); 1% 45 11 *

sys_flag = FLG_WAIT;

Jelse if((m_speed != 0) && (start_cnt > CHANGE_TIME)){
set_RTPMO1(P_OFF); 1% 45 11 *
sys_flag = FLG_SW;

Jelse{
set_RTPMO1(tr_sw[cw_ccw_flag][#E /X _newl); /* & Bk */
if(pwm_ff != old_ff) {

set_TWO((unsigned int)pwm_ff,
(unsigned int)pwm_ff,
(unsigned int)pwm_ff,

(unsigned int)pwm_base); [l i A */
old_ff = pwm_ff;
}
}
Jelse if(sys_flag == FLG_180){ 1* 180 JE il ik 1

if((stop_wait = FLG_OFF) || (cw_ccw_wait = FLG_OFF))X{
start_RTPMO01();
set_ RTPMO1(P_OFF); 1 A5 1L *
sys_flag = FLG_WAIT;
Jelsef{
set_pwm();
set_TWO(pwm_ff_u,
pwm_ff_v,
pwm_ff_w,
(unsigned int)(pwm_base));

}
Jelse if(sys_flag == FLG_SW){ 1% M\ 120 FEIH 180 3 Ja S RIHAT */
if((stop_wait = FLG_OFF) || (cw_ccw_wait = FLG_OFF))X{
sys_flag = FLG_WAIT;
Jelsef{
end_RTPMO1(); e G5 ARSI iy U <
tmp_pwm = (unsigned int)(pwm_base >> 1);
set_TWO(tmp_pwm, tmp_pwm, tmp_pwm, pwm_base);
sys_flag = FLG_180;
pwm_ff = (pwm_ff/3)*2; 1< YRR WL A 213 %/
MDBO = (unsigned int)pwm_ff;
}
I

if(capture_flag == FLG_ON){
if(CROO != new_clk){
old_clk  =new_clk;
new_clk = CROO;
clk_flag =FLG_ON;
capture_flag = FLG_OFF;
I

}

return;

__interrupt void
int_TM51(void) {
unsigned int x_filt, reg;

reg = ADCR; /%10 fii. AID B */
x_filt = reg>>6;
I_measured = (float)x_filt;

}
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4.18 ZHFL PP A
-

PMSM i BAL IS CHERAGIRER) 119 180 Sl )y %

R R T RS BERRCAS G I 38 3R 7720
SRR

H#x : uPD78F0714 HIZIHLAT £

[« 2007/05/21
AF4 . main_mcio.c

NEC Micro Systems,Ltd
*/

#pragma sfr

#include “"motor.h"
#include “sub_mcio.h"

*
TR

*/

void

main(void) {
unsigned char sw = 0;
unsigned char tmp_sw = 0;

I* WG R GECE *
motor_init();
init_PORT();
init_TM50();

1 LSRR E
motor_pset(PID_INTERVAL, 150); /* PID #&HlHFE: 150 ms */

motor_pset(KRP, 50); [ RPM-Kp #H . B &L 1000 11 *
motor_pset(KRI, 20); [ RPM-Ki #'5. # E F€LL 1000 ({8 *
motor_pset(KRD, 10); [ RPM-Kd %', B Lk 1000 [f){H *

startup_disp();
while(1){
clear_WDTM();
vol2speed();
speed_print(200);
sw = get_sw();
if(sys_flag '= FLG_OFF){
if((cw_ccw_wait == FLG_OFF) &&
(stop_wait == FLG_OFF)) {
if(sw != tmp_sw) {
switch(sw){
case STOP_TR: motor_stop(); break;
case FORWARD_TR: motor_rotation(CW); break;
case REVERSE_TR: motor_rotation(CCW); break;
default: ;
h
g

motor_pid();
}else { PEREE
if(sw I= tmp_sw) {
switch(sw){
case START_TR: motor_start(); break;
case MODE_TR:
if(ad_flag == FLG_ON){ 1 WA AT R
ad_flag = FLG_OFF; 1FWSRE
Jelse{ 1* WA R AL
ad_flag = FLG_ON; AR M

break;
default: ;
I8
h

tmp_sw = sw;
s
return;

}

PMSM AL B AL A CHERALIEES) (1) 180 Sl ik

SO R LA VRS BERAS G I e 37 i)
BRI

H¥x : uPD78F0714 HiZhHLAI &M
Hi : 2007/05/22
XfF4 : sub_mcio.h

NEC Micro Systems,Ltd

*

#define CLEAR 0
#define SET 1

#define IN 1 FEIAH

#define OUT 0 /*Hith +/

#define FLG_ON 1 /*472*/
#define FLG_OFF 0 /* K&/
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#define KEY_WAIT 10
#define SW (P7&0x0f)
#define SW2 PM73
#define SW3 PM72
#define SW4 PM71
#define SW5 PM70

#define LD_LEDO PM64
#define LD_LED1  PM65
#define LD_LED2 PM66
#define LD_LED3 PM67

#define LD_DATA PM4

#define START_SW  0x7
#define STOP_SW  0x7
#define FORWARD_SW Oxb
#define REVERSE_SW 0xd
#define MODE_SW  Oxe

#define START_TR  0x01 PO R IITR H
#define STOP_TR  0x02

#define FORWARD_TR 0x04

#define REVERSE_TR 0x08

#define MODE_TR  0x10

#define LED_O 0xc0 /¥ LED SR
#define LED_1 0xf9
#define LED_2 Oxad
#define LED_3 0xb0
#define LED_4 0x99
#define LED_5 0x92
#define LED_6 0x82
#define LED_7 0xf8
#define LED_8 0x80
#define LED_9 0x98

#define LED_O 0xcO *0.C. *
#define LED_C 0xc6

#define LED_| Oxcf /1 *
#define LED_H 0x89 IR *

#define LED_A 0x88

#define LED_L 0xc7

#define LED_ Oxff e *
#define LED_S 0x92 /* SELF *
#define LED_E 0x86

#define LED_F 0x8e

#define LED_P  Ox8c /*PC *
#define LED_dot  Ox7f . */
* *

extern unsigned char ad_flag;

I */

extern unsigned char get_sw(void);

extern void speed_print(unsigned int);

extern void init_PORT (void);

extern void init_TM50(void);

extern void vol2speed(void);

extern void startup_disp(void);

extern void clear_WDTM(void);
” EOF -- ¥/

PMSM i fir ¥ (e sty CHlERAEIKER) 19 180 [ il 7ik

SO REEAGTR LR A G I SRR i)
LA

Hbr : uPD78F0714 HIAIHLAL 44
i : 2007/05/22
IfF4 : sub_mcio.c
NEC Micro Systems,Ltd
#pragma sfr
#pragma stop
#pragma ei
#pragma di

#include "sub_mcio.h"
#include "motor.h"

#define PRINT_INTERVAL 10 /*100[us] * 10 = 1[ms] */
”
AR
*
static const unsigned char led_data[10] = { W iR RN 2

LED_O, LED_1, LED_2, LED_3, LED_4,
LED_5, LED_6, LED_7, LED_8, LED_9

g
static void led_set(unsigned char, unsigned char);
70 [ %0 U18913CALVOAN




F4E EHERF

static void led_print(int, char);
static void wait(int);

static void start_TM50(void);
static void wait_TM50(void);
static void print_error(char);

static unsigned int get_vol(char);
unsigned char ad_flag;

1

*

I
BN
*
static void
print_error(char eno) {
switch(eno){
case ERROR_#E/K:
led_set(0, LED_H);
led_set(1, LED_A);
led_set(2, LED_L);
led_set(3, LED_L);
break;

case ERROR_OC:
led_set(0, LED_);
led_set(1, LED_O & LED_dot);
led_set(2, LED_C & LED_dot);
led_set(3, LED_);
break;

case ERROR_MOTOR:
led_set(0, LED_F);
led_set(1, LED_A);
led_set(2, LED_|
led_set(3, LED_L);
break;

case ERROR_S_OC:
led_set(0, LED_S & LED_dot);
led_set(1, LED_);
led_set(2, LED_O & LED_dot);
led_set(3, LED_C & LED_dot);
break;

default:
led_set(0, LED_F);
led_set(1, LED_A);
led_set(2, LED_|
led_set(3, LED_L);
k

STOP();

s
B MCHIO 775
¥

/

unsigned char
get_sw(void)

unsigned char data;

int i;
unsigned char tmp;
static unsigned char start_stop_flag = FLG_OFF;

if(err_flag 1= ERROR_NONE){
print_error(err_flag);

data = SW; [T
if(data != Oxf){
for(i=
tmp = SW; i3 SIS
if(data == tmp){
i++;
Jelse{
i=0;
data = tmp;

}
wait(2);

if(sys_flag != FLG_OFF){
switch(data){
case STOP_SW:
if(start_stop_flag == FLG_OFF){
data = STOP_TR
start_stop_flag = FLG_ON;

}
break;

case FORWARD_SW: data = FORWARD_TR; break;
case REVERSE_SW: data = REVERSE_TR; break;
case MODE_SW: data=MODE_TR; break;
default:

}
Jelse{
if((data == START_SW) && (start_stop_flag == FLG_OFF)){
data = START_TR;
start_stop_flag = FLG_ON;
Jelse if(data == MODE_SW){
data = MODE_TR;
h
I
h

<KEY_WAIT;} PR AT

*
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if(data == Oxf){ I IR R+
start_stop_flag = FLG_OFF; 1% JE START Kl STOP Z [a] {427 */
return(data);
/*
THE R
*
void

speed_print(unsigned int ms)

if((MODE_SW == SW) || (sys_flag == FLG_OFF)){
led_print(speed_ref_o, ad_flag);
Jelse{
if(print_cnt > (Ms*PRINT_INTERVAL))Y{
led_print(m_speed, FLG_OFF);
print_cnt = 0;

k

LED 7t 7 Bt LED |- Wonife
*

static void
led_print(int data, char flag)
{

unsigned int tmp;
int fly = FLG_OFF;

tmp = (unsigned int)(data / 1000);

if(tmp != 0){ PR RLAE 0 %
flg = FLG_ON; B R S L b
led_set(0, led_data[tmp]);

Jelse{

led_set(0, LED_);

b
data %= 1000;
tmp = (unsigned int)(data / 100);

if((tmp != 0) || (flg == FLG_ON)){ PR 0 S A7 L R o
flg = FLG_ON;
led_set(1, led_data[tmp]);

Jelse{

led_set(1, LED_);

data 9%= 100;
tmp = (unsigned int)(data / 10);

if((tmp 1= 0) || (flg == FLG_ON)}{ PAEANE O SE BT DR on
led_set(2, led_data[tmp]);
Jelse{

led_set(2, LED_);

h
data %= 10;
if(flag == FLG_OFF){
led_set(3, led_data[data]);
Jelse{
led_set(3, (unsigned char)(led_data[data])&LED_dot);
¥

£ 7 B LED b SboR¥id
no: NI LED M
data: S (2
*
static void
led_set(unsigned char no, unsigned char data)

unsigned char p;

P6 = 0x00;
P4 = data;

switch(no){ 1 BRI
case 0: p = 0x80; break; 1% fei% *
case 1: x40; break;

case 2: p = 0x20; break;

default: p = 0x10; break; * 4% *
b

P6 =p;

I ms
*
static void
wait(int cnt)
{

inti;

for(i=0;i<cnt;i++){
start_TM50(); 1% JE SE I 3 *
wait_TM50(); I SRR SR R
clear_WDTM(); SR I */

return;

I
JA AR

*

void

startup_disp(void) {
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P

*

led_set(0, LED_S);
led_set(1, LED_E);
led_set(2, LED_L);
led_set(3, LED_F);
wait(2000);

B 46 TR U
SN

#define SHIFT_BIT 2
void

vol2speed(void)

{

}

unsigned int data;
unsigned long tmp;

if(ad_flag == FLG_OFF){
data = get_vol(SHIFT_BIT);

data = ((data - 3) * 12) + MINSPEED_REF;

if(data > MAXSPEED_REF){
data = MAXSPEED_REF;

Jelse if(data < MINSPEED_REF) {

data = MINSPEED_REF;

h
tmp = (UNIT_RPM / (unsigned long)data);

speed_ref_o = (int)(UNIT_RPM / tmp);

}

static unsigned int
get_vol(char s_bit)

{

I+
I+

*/

unsigned int data;
unsigned char ads_backup;

DI();

ads_backup = ADS;
ADS = AD_VOL;
ADIF = CLEAR,;
while(ADIF 1= SET);
data = ADCR;

EIQ);

ADS = ads_backup;
ADIF = CLEAR;

return((data>>(s_bit+6))&0x3ff);

i 11 T

void
init_PORT(void) {

I+

*

W2 = IN;
SW3=IN;
SW4 = IN;
SW5 = IN;
LD_LEDO = OUT;
LD_LED1 = OUT;
LD_LED2 = OUT;
LD_LED3 = OUT;

LD_DATA = OUT,;

8 5L N 2% 50

void
init_TM50(void)

}

TCL50 = 0x06;
CR50 =78;

static void
start_TM50(void)

{

}

TMIF50 = CLEAR;
TCES50 = SET,;

static void
wait_TM50(void)

}

while(TMIF50 1= SET);
TCE50 = CLEAR;

void
clear_WDTM(void)

}

WDTE = WDTE_CLR;

*/

/* START/STOP *
/* FORWARD */
/* REVERSE *
/* MODE *

/¥ LED 38 it #/

/¥ LED SR8 fth o/

/*1ms */

1% 3 B R R A b
1 JABE I 2 */

R
gt EAVEL R *
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fRA PR
AL 2 T R R B B H LR E TR (GUI F2JF) RIS T shfliEd] 110 R L RS-232C 5| k¥ HliZ &
G AR Pl
Al GUI ZERBRFRHTIR

F AL GUI ZEEFRH

%4 e Hi&
uart_set() UART % & WE UART Zhfg.
get_uart() A A4 FRoR L UART 3817 v 30 47 S0 I3 (B0 181 52 B 1 B A A
uart_read() B UART $¥ FR7R UART B2l (1 250803 (1 13 10

) SR 5 i A - A — '

uart_wait( fgffj AR CIBACERTBRE I R 30 04 5 50 0 A B 1 K
uart_send() UART %#i & % Fe78 UART S5 H K 3%
int_uart() UART 21 UART A5 AT M) v 7 e 450
set_error() Ve AT RN 174#% UART J0A5 B0 b A IR .
led_set() LED &R F LED 3%
startup_disp() Ja B LED Bon JashIN Y LED 2R
init_PORT() Uity 1 AT MC-10 B _E 1y FBCE
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A2 GUI E£REFEEIIR

A21 HAHEHWE

EA-2. GU SERBFARER (1/2)

EA i e Paaii L
IN FHF o 1 e 1 FH ke i 1 D fig
ouT H o R 0
CLEAR T A7 30 e 0 FHR; 1 25 A7 348 B A7
SET MV HFAARALRE 1
LED_O LED &/-%di 0xc0 BR “07 .
LED_1 0cf9 B “17 .
LED 2 Oxa4 W “27 .,
LED_3 0xb0 Box “37 .
LED_4 0x99 BoR “4”
LED_5 0x92 Box “57 .
LED_6 0x82 BR “6” .
LED_7 0xf8 B “77 .
LED_8 0x80 Br “8” .,
LED_9 0x98 B “97 .
LED_O 0xc0 WoR “07 AR “07 .
LED_I Oxcf B«
LED C 0xc6 BR “C” .,
LED_H 0x89 BoR “H” .
LED_A 0x88 BoR “A” .
LED_L 0xc7 Bos L.
LED_ Oxff R«
LED_S 0x92 BoR “s” .
LED_E 0x86 BoR “E” .
LED_F 0x8e BoR “F7 .
LED_P 0x8¢c BoR “P” .
LED_dot ox7f o “
LD_LEDO Uit 1 4 2 A7 745 PM64 FIT LED & $%H o 1
LD_LED1 PM65 i) LED % tH 2508k 1y o 11
LD_LED2 PM66
LD_LED3 PM67
LD_DATA PM4
START_TR HFREEE 0x01 PR oE B
STOP_TR 0x02 {5 a4
FORWARD_TR 0x04 W URER: S CW.
REVERSE_TR 0x08 e A CCW.
MODE_TR 0x10 MODE JF X #4% N IR
RTS AR E P11
CTS P10
RX_BUFF_SIZE SLNEE 2 NN 6
MD_ERROR_%E /K WA R O0xFO
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®A-2. GU BERFARFEER (2/2)

EA s e Backict L
MD_ERROR_OC SCIEFEEFENSS OxF1
MD_ERROR_MOTOR OxF2
MD_CMD_START SRS 0x20
MD_CMD_STOP 0x21
MD_CMD_RESET ox2f
MD_CMD_GETID 0x10
MD_CMD_GETVER 0x11
MD_CMD_SETSSPEED 0x30
MD_CMD_GETSSPEED 0x31
MD_CMD_SETPIDPARAM 0x40
MD_CMD_GETPIDPARAM 0x41
MD_CMD_GETPIDI 0x42
MD_CMD_GETPIDV 0x43
MD_CMD_SETPIDI 0x44
MD_CMD_SETPIDV 0x45
MD_CMD_GETSPEED 0x50
MD_CMD_GET_|_SHNT 0x60
MD_CMD_GET_PWM 0x61
MD_CMD_GET_|_CMD 0x62
MD_CMD_SETICMD 0x70
MD_CMD_SETVCMD 0x71
MD_CMD_SETSTART 0x72
MD_CMD_GETSTART 0x73
MD_CMD_SETLIMIT 0x74
MD_CMD_GETLIMIT 0x75
MY_ID 0x02
VER_MAJOR 0x01
VER_MINOR 0x00
VER_SEQ 0x01

76 RHIZEIE U18913CALVOAN




MF A Bl

A3 GUI 2ERBFZREIIR

A3l HHEE

R A-3. GUI BEEFARTER

ad_flag char T4 B bR R el A
led_data[ ] char LED % th ¥ FH LED BoRifH

A4 GUI ZEREFERER

PMSM il i Ei AL & CHEZRAEIRES) 1) 180 L5 i%:

A )P A T RS BERRAS G a3 20
SRR

Fbk : uPD78F0714 HIZIHLAT AL
i PRARIE T GUL: 1] GUI

Hi  : 2007/05/22

XfE4 : main_guic

NEC Micro Systems,Ltd
*

#pragma sfr

#include "motor.h"
#include “sub_gui.h"

1
Bl

*

void

main(void) {
unsigned char sw = 0;
unsigned char tmp_sw = 0;

1 WU RGBT +
motor_init();
init_PORT();
uart_set();
startup_disp();

I HEIHLS RO

while(1){
clear_WDTM();
sw = get_uart();
if(sys_flag != FLG_OFF) {
if((cw_ccw_wait == FLG_OFF) &&
(stop_wait == FLG_OFF)){
if(sw !=tmp_sw) {
switch(sw){
case STOP_TR: motor_stop(); break;
case FORWARD_TR: motor_rotation(CW); break;
case REVERSE_TR: motor_rotation(CCW); break;
default: ;
I8
h

g
motor_pid();
}else {
if(sw != tmp_sw) {
switch(sw){
case START_TR: motor_start(); break;
default: ;
h
h
h
tmp_sw = sw;
h
return;

}

motor_pset(PID_INTERVAL, 150); /* PID #ziiliFBg: 150 ms */

PMSM 7l BAL AT CRERAEIEER) 1) 180 SN Jy %

CHE AR A RS BERRAS G2 I B 3R 7720
SRR

H#x : uPD78F0714 HIZIHLAITLEME
i PEAIEIT GUI: 1] GUI

H#  : 2007/05/22
X4 2 sub_guih

NEC Micro Systems,Ltd

*/

#define IN 1 ik 7N
#define OUT 0 I+
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#define CLEAR 0
#define SET 1

#define START_TR  0x01
#define STOP_TR  0x02
#define FORWARD_TR 0x04
#define REVERSE_TR 0x08
#define MODE_TR  0x10

#define FLG_ON 1
#define FLG_OFF 0

#define MD_ERROR_HALL OxFO
#define MD_ERROR_OC 0xF1
#define MD_ERROR_MOTOR  OxF2
#define RTS P11

#define CTS P10

#define RX_BUFF_SIZE 6
#define MD_CMD_START 0x20
#define MD_CMD_STOP 0x21
#define MD_CMD_RESET ox2f
#define MD_CMD_GETID 0x10
#define MD_CMD_GETVER 0x11

#define MD_CMD_SETSSPEED  0x30
#define MD_CMD_GETSSPEED  0x31
#define MD_CMD_SETPIDPARAM 0x40
#define MD_CMD_GETPIDPARAM 0x41
#define MD_CMD_GETPIDI ~ 0x42
#define MD_CMD_GETPIDV ~ 0x43
#define MD_CMD_SETPIDI ~ Ox44
#define MD_CMD_SETPIDV ~ 0x45
#define MD_CMD_GETSPEED ~ 0x50

#define MD_CMD_GET_I_SHNT 0x60
#define MD_CMD_GET_PWM  0x61
#define MD_CMD_GET_|_CMD  0x62
#define MD_CMD_SETICMD ~ 0x70
#define MD_CMD_SETVCMD  0x71

#define MD_CMD_SETSTART ~ 0x72

AR
1 ER

PRI R

et
1* LB

*

*

1/~ UARTOO M 47 KA %/

* START
/* STOP

* RESET
R
1 AR

[ PID 2%
* PID L

1* SR

#define MD_CMD_GETSTART 0x73

#define MD_CMD_SETLIMIT ~ 0x74

#define MD_CMD_GETLIMIT ~ 0x75

#define MY_ID 0x02 7 B FRR D
#define VER_MAJOR 0x01 * AR B
#define VER_MINOR 0x00

#define VER_SEQ 0x01

#define LD_LEDO PM64

#define LD_LED1 PM65

#define LD_LED2 PM66

#define LD_LED3 PM67

#define LD_DATA PM4

#define LED_O 0xc0 ¥ LED Bo- %
#define LED_1 0xf9

#define LED_2 Oxad

#define LED_3 0xb0

#define LED_4 0x99

#define LED_5 0x92

#define LED_6 0x82

#define LED_7 0xf8

#define LED_8 0x80

#define LED_9 0x98

#define LED_O 0xc0 /*0O-C
#define LED_| Oxcf

#define LED_C 0xc6

#define LED_H 0x89 IR
#define LED_A 0x88

#define LED_L Oxc7

#define LED_ Oxff

#define LED_S 0x92 I* SELF
#define LED_E 0x86

#define LED_F 0x8e

#define LED_P 0x8c I*PC
#define LED_dot ox7f

I *
extern unsigned char get_uart(void);

extern void clear_WDTM(void);

extern void uart_set(void);

extern void init_PORT (void);

extern void startup_disp(void);

* EOF --*

/*

PMSM 757 B AL IS CRERPEIEAR) 1) 180 [ 77k

S PR LA VIR BERRAS G I RSB 3K 7 7D

SCRFRESE R

EER
PR ARIET GUI:

uPD78F0714 HzHLATIEES:
[ GUI

*
*

%
!

*

*

*

*
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[ : 2007/05/22
XAfE4 : sub_guic

NEC Micro Systems,Ltd

*

#pragma sfr
#pragma INTERRUPT INTSR0O0 int_uart rb1 /* Il T- UARTOO fir 4k *

#include "sub_gui.h"
#include "motor.h"

,x
A

*

static const unsigned char led_data[10] = { 1T SR *
LED_0, LED_1, LED_2, LED_3, LED_4,
LED_5, LED_6, LED_7, LED_8, LED_9

h

static unsigned char uart00_data[RX_BUFF_SIZE];  /* UARTOO #{Z: 47 *
static unsigned char read_p, write_p; I* BATHRET *

static char uart_err_flag;

static unsigned char uart_read(void);
static unsigned char uart_wait(void);

static void uart_send(unsigned char);
static void led_set(unsigned char, unsigned char);
static void set_error(char);

#define WDTE_RESET ~ 0x00

* */
* *
I
UARTO0 i
*
void
uart_set(void) {
PM10 =IN;
PM11 =OUT;
PM13 =IN;
PM14 =O0UT;
RTS 1;
P14 =1;
BRGCO00 = 0x56; /* 115200 */

PS001 =CLEAR;
PS000 = CLEAR;
CLO0 =SET; 184 *
SL00 = CLEAR;
POWERO0O = SET;

TXEOO =SET;
RXEOO = SET;
STIFOO = SET;
SRIF00 = CLEAR;
SRMKO00 = CLEAR; 1% Fe R T v
RTS 0;
read_p
write_p = 0;
}
I

i UART Gl {5 SRR &

unsigned char
get_uart(void) {
unsigned char data;

int ss, ref;

unsigned char hi, lo;

float shunt_volt;

float shunt_command;
float tmp_float;

int tmp_int;

P IR

#define GET16to(thevar) \
lo = vart_wait(); \
hi = uart_wait(); \

thevar :7(((int)(hi))<<8) +lo;

#define SETUART (thevar) \
uart_send((char)(((int)(thevar))&0xff)); \
uart_send((char)((((int)(thevar))>>8)&0xff));

if(err_flag '= ERROR_NONE) {
set_error(err_flag);

data = uart_read();

switch(data){

case MD_CMD_GETID: 1<K ID */
uart_send(data);
uart_send(MY_ID);
break;

case MD_CMD_GETVER: 1% SRR A *1
uart_send(data);
uart_send(VER_MAJOR);
uart_send(VER_MINOR);
uart_send(VER_SEQ);
break;

case MD_CMD_START: e

M H%id U18913CA1VOAN
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uart_send(data);
data = START_TR;
break;

case MD_CMD_STOP:
uart_send(data);
data = STOP_TR;
break;

e

case MD_CMD_RESET:
uart_send(data);
while(STIFOO != SET);
WDTM = WDTE_RESET;
break;

T X v

case MD_CMD_SETSSPEED:
#if 1
lo = uart_wait();
hi = uart_wait();
ss = ((inhhi<<8) + lo;
#else
GET16to(ss);
#endif
uart_send(data);
if(hi > 0x80){
Sss=~ss+1;
data = REVERSE_TR;
if(sys_flag == FLG_OFF){
cw_ccw_flag = CCW;

1 BB BSE MM+

/¥ CCW */

Jelse{
data = FORWARD_TR;
if(sys_flag == FLG_OFF){
cw_ccw_flag = CW;
}

}

speed_ref_o =ss;
motor_pset(MODE, SPEED_CMD);
break;

P

case MD_CMD_SETICMD:
#if 1
lo = uart_wait();
hi = uvart_wait();
ss = ((int)hi<<8) + lo;
#else
GET16to(ss);
#endif
uart_send(data);
if(hi > 0x80){
ss=~ss+1;
data = REVERSE_TR;
if(sys_flag == FLG_OFF){
cw_ccw_flag = CCW;

I CCW */

}
Jelse{
data = FORWARD_TR;
if(sys_flag == FLG_OFF){
cw_ccw_flag = CW;

}

I_ref_o = (float)ss;

speed_ref = m_speed;

motor_pset(MODE, |_CMD);
break;

1 L FFER +
PR o

case MD_CMD_SETVCMD:
#if 1
lo = uart_wait();
hi = uart_wait();
ss = ((int)hi<<8) + lo;
#else
GET16to(ss);
#endif
uart_send(data);
if(hi > 0x80){
ss=~ss+1;
data = REVERSE_TR;
if(sys_flag == FLG_OFF){
cw_cew_flag = CCW;

I*CCw */

}
Jelse{
data = FORWARD_TR;
if(sys_flag == FLG_OFF){
cw_ccw_flag = CW;

}

pwm_ff_o =ss;

I_ref = |_measured;

speed_ref = m_speed;

motor_pset(MODE, V_CMD);
break;

1R L ITTER *
IR

case MD_CMD_GETSSPEED:
uart_send(data);
ss = speed_ref;
if(cw_ccw_flag == CCW){
ss=~ss+1;

P AR I RE *

}
#if 1
lo = (unsigned char)((unsigned int)(ss)&0xff);
hi = (unsigned char)(((unsigned int)(ss)>>8)&0xff);
uart_send(lo);
uart_send(hi);

else
SETUART(ss);
#endif
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break;
case MD_CMD_GET_|_SHNT: P 3RIRS AL ald (L)
shunt_volt = |_measured*10.0; 1¥10 47 */
uart_send(data);
#if 1

ss = (int)shunt_volt;

lo = (unsigned char)(ss&0xff);

hi = (unsigned char)(ss>>8)&0xff;
uart_send(lo);

uart_send(hi);

#else
SETUART(shunt_volt);
#endif
break;
case MD_CMD_GET_I_CMD: PRI ald (LT */

uart_send(data);
shunt_command = |_ref*10.0;
#if 1
ss = (int)shunt_command; /%10 {if (TEMPORARY)  */
unsigned char)(ss&O0xff);
hi = (unsigned char)(ss>>8)&0xff;
uart_send(lo);
uart_send(hi);

#else
SETUART(shunt_command);

#endif
break;

case MD_CMD_GET_PWM: 1< 3K PWM {i %/

uart_send(data);
ss = pwm_ff;
if (ss > 1000) ss=1000; 1 bRk I it R+
if (ss < 0) s5=0; b AE A I (k1 T+

lo = (unsigned char)((unsigned int)(ss)&0x(f);
hi = (unsigned char)(((unsigned int)(ss)>>8)&0xff);
s

XA 10 firdsdE, AR AL R
J2i% maxed_flags 7% 4.
*
hi |= maxed_flags; I Al 7,6,5 AR bk */
uart_send(lo);
uart_send(hi);
break;

case MD_CMD_SETPIDI:
GET16to(ref);
kip_ref = (float)ref/1000.0;
GET16to(ref);
kii_ref = (float)ref/1000.0;
GET16to(ref);
kid_ref = (float)ref/1000.0;
uart_send(data);
break;

case MD_CMD_SETPIDV:
GET16to(ref);
krp_ref = (float)ref/1000.0;
GET16to(ref);
kri_ref = (float)ref/1000.0;
GET16to(ref);
krd_ref = (float)ref/1000.0;
uart_send(data);
break;

case MD_CMD_GETPIDI: 1 HuidE i PID
uart_send(data);
uart_send((char)(((int)(kip_ref*1000))&0xff));
uart_send((char)((((int)(kip_ref*1000))>>8)&0xff));
uart_send((char)(((int)(kii_ref*1000))&0xff));
uart_send((char)((((int)(kii_ref*1000))>>8)&0xff));
uart_send((char)(((int)(kid_ref*1000))&0xff));
uart_send((char)((((int)(kid_ref*1000))>>8)&0xff));
break;

case MD_CMD_GETPIDV: 1+ izl PID +/
uart_send(data);
uart_send((char)(((int)(krp_ref*1000))&0xff));
uart_send((char)((((int)(krp_ref*1000))>>8)&0xff));
uart_send((char)(((int)(kri_ref*1000))&0xff));
uart_send((char)((((int)(kri_ref*1000))>>8)&0xff));
uart_send((char)(((int)(krd_ref*1000))&0xff));
uart_send((char)((((int)(krd_ref*1000))>>8)&0xff));
break;

case MD_CMD_GETSPEED: P BRI
if(uart_err_flag != ERROR_NONE)
uart_send(uart_err_flag);
err_flag = ERROR_NONE;
uart_err_flag = ERROR_NONE;
Jelse{
uart_send(data);
if(m_speed == 0){
uart_send(0);
uart_send(0);
Jelse{
ss = m_speed;
if(cw_ccw_wait == FLG_OFF){
if(cw_ccw_flag == CCW){

ss=-~ss+1;
}
Jelse{ I SRR I g (¥ A L o
if(cw_ccw_flag == CW){
ss=~ss+1;
}
}
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uart_send((unsigned char)((unsigned int)(ss)&0xff));
uart_send((unsigned char)(((unsigned int)(ss)>>8)&0xff));

#if 1
#else
SETUART(ss);
#endif
break;

case MD_CMD_SETSTART:
GET16to(ref);

startup_method = (unsigned char)(ref);

GET16to(ref);

t_knee = (float)ref/1000.0;
GET16to(ref);

t_end = (float)ref/1000.0;
GET16to(RPMO);
GET16to(RPM1);
GET16to(RPM2);
GET16to(l_ref0);
GET16to(I_ref1);
GET16to(l_ref2);
GET16to(PWMO);
GET16to(PWM1);
GET16to(PWM2);
uart_send(data);

break;

case MD_CMD_GETSTART:
uart_send(data);
uart_send(startup_method);
uart_send(0x00);
SETUART(t_knee*1000);
SETUART(t_end*1000);
SETUART(RPMO);
SETUART(RPML);
SETUART(RPM2);
SETUART(1_ref0);
SETUART(I_ref1);
SETUART(I_ref2);
SETUART(PWMO);
SETUART(PWM1);
SETUART(PWM2);
break;

case MD_CMD_SETLIMIT:
GET16to(ref);
adgain = (float)ref/100.0;
GET16to(adoffset);
GET16to(ref);
maxcurrent = (float)ref;
GET16to(ref);
mincurrent = (float)ref;
GET16to(ref);
|_rate_max = (float)ref/10.;
GET16to(maxspeed);
GET16to(minspeed);
GET16to(ref);
RPM_rate_max = (float)ref;

di_ref_max = I_rate_max*0.1;

1% gui s LRI R ) 2541

1 RIE A E B 5 E] gui */

1A guith, U AL char 1 int A2i% +/

I AJD 38 3 R R+

12 0.1 FPEN dt, SORAEA I B

dspeed_ref_max = (int)(RPM_rate_max*0.1); /* 0.1 Fop¥y dt, XA I d5c K AR AL 1

uart_send(data);
break;

case MD_CMD_GETLIMIT:
uart_send(data);
SETUART (adgain*100);
SETUART (adoffset);
SETUART(maxcurrent);
SETUART(mincurrent);
SETUART(I_rate_max*10.);
SETUART(maxspeed);
SETUART(minspeed);
SETUART(RPM_rate_max);
break;

default:
5

return(data);

I
R[] UARTOO 02 £7 5
*
!
static unsigned char
uart_read(void) {
unsigned char data = 0;

if(read_p != write_p){
data = uart00_data[read_p++];
read_p %= 6;

}
return(data);

s
415 UARTOO 21

x

!

static unsigned char

uart_wait(void) {
unsigned char data;

while(read_p == write_p);

<[] */

1 B AELE
* YA *
ol i34 € i

xR BB N B AT
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data = uart00_data[read_p++]; 1+ SECEHE *
read_p %= 6; 1 TR *
return(data);

M UARTO0 %%

*

static void
uart_send(unsigned char data) {

}

while(STIFOO 1= SET); PR RIBTER ¥
STIF00 = CLEAR;
TXS00 = data; PRk *

s

JIT UARTOO fiir &1l

*
__interrupt void
int_uart(void) {

unsigned char tmp;

tmp = ASIS00; 1 U R *
uart00_data[write_p++] = RXB0O; PAEBRAF AR M
write_p %= RX_BUFF_SIZE; 1 TR *

* *
s

[ P3FN

*

static void

S

s

*

et_error(char eno) {

switch(eno){
case ERROR_fE/K:
uart_err_flag = MD_ERROR_#/K;
led_set(0, LED_H);
led_set(1, LED_A);
led_set(2, LED_L);
led_set(3, LED_L);
break;

case ERROR_OC:
uart_err_flag = MD_ERROR_OC;
led_set(0, LED_);
led_set(1, LED_O & LED_dot);
led_set(2, LED_C & LED_dot);
led_set(3, LED_);
break;

case ERROR_MOTOR:
uart_err_flag = MD_ERROR_MOTOR;
led_set(0, LED_F);
led_set(1, LED_A);
led_set(2, LED_I);
led_set(3, LED_|
break;

case ERROR_S_OC:
uart_err_flag = MD_ERROR_OC;
led_set(0, LED_S & LED_dot);
led_set(1, LED_);
led_set(2, LED_O & LED_dot);
led_set(3, LED_C & LED_dot);
break;

default:
uart_err_flag = MD_ERROR_MOTOR;
led_set(0, LED_F);
led_set(1, LED_A);
led_set(2, LED_I);
led_set(3, LED_L);

£ 8 Bt LED L @ R ¥idis
no: IR LED ffE B
data: Lt i) el

static void
led_set(unsigned char no, unsigned char data) {

unsigned char p;

P6 = 0x00;
P4 = data;
switch(no){ I TR
case 0: p = 0x80; break; I FEihs *

case 1: p = 0x40; break;
case 2: p = 0x20; break;

default: p = 0x10; break; I Aiil% *
h
P6=p;
}
s
JAB) R
*
void
startup_disp(void) {

led_set(0, LED_P);
led_set(1, LED_C);
led_set(2, LED_);
led_set(3, LED_);
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}

/*

B E b 3%

*

void

clear_WDTM(void) {
WDTE = WDTE_CLR;

}

I* *
1
Sy B
*
void
init_PORT (void) {
LD_LEDO = OUT; /< LED 4% i +/
LD_LED1 = OUT;
LD_LED2 = OUT;
LD_LED3 = OUT;

LD_DATA = OUT; [* LED SoR¥di: il +/
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