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Thmuywhpmkuhmmnmarﬁmwamdarﬂ-i
mﬂtummﬂmmLHmmnnmmm:
gamicanductor lasar, The A-1 comes in twa ypes: Type £, &n open
cullectar encoder, and typa L, & e drive encoder, which output 2-
ﬂmwmwwmﬁi;mﬂau-mﬂdmwpmw
natatiea. In addiSon @ Z-phase SOUANe wave oulpuls one pulse per
nakaticn.
Pﬁa:nuadhwmwcﬂmsmdwwwmmmmn!
this fine product 10 the hullest.

PRECAUTIONS

1. mm:mmmwmmm-nm

2, Thapmmmpdnbﬁuhts\rbcisﬁ

3. Movar push or pull the cable stongly.

4, m“muuuhpﬂmmmmﬁwunﬁ-ﬂna
distty, greasy o damg environment

5, 'Whenconnectng thi connecior, confirm the unction of sach pin
and connadt it camacily.

6 Becsusethisunit utes a semiconouctor laser, nevar remave the
units cover, Dolng s may be hazardous.

7. Connesct e R-1 with & fiaxible coupling.

CONNECTOR PIN NO. FUNCTION

MO, FUNCTION (L 1=8 FUNCTION
R0 | CRIL) R10 AL

1 | Aphase | Aprasa | 7 +5Y 48V
i aND R 8 GND GND
3 | B-phase | B-phase ] By By
4 GHD B 10 GND GHD
5 | Zphase | Z-phase 11 NG
& GHD z 12 Casa/Shiskd (eabie)

Plug : HRA10A-10P-12F

Beceptachs . ; HR1DA-10R-125 (Manutacturad by Hitoae)
Cable Langth : 1m

Nt

The cable shislkdwina Is connected to the plug shell sectinn and pin no.
12, which afé connaced 1o tha encodes, Connact the shed section and
i P 12 o tha circuit GHD (Quiet GND with a small nelsa cument]. Ba
sie o mvoid Bew of pulsa-ike molsa current in this fina, s @ may lesd
1o chadarioration of e somiconducton laser and cause emors fromnaise
contarnination of $ie signal

OUTPUT WAVE FORM
R-10,R-1L

Z-Phass i 1
Wih codowise reiaton whan Wil
wiewad fom hashifland  whan viewsd from tha shall snd
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Mecrbe:
7-phass i not synchionized with A-phase or B-phase.

OUTPUT CIRCUIT
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Ln.m_[;}—mT
1 (Corpanrng

R-1L
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ED ]

Diferarnal bne drivar
[AM 20 LS 31 o equivalint
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2 1500l
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ADDITONAL INFORMATION ABOUT THE Z-PHASE

1. ThieZ-phesesutput s cne pulss per ratation. As the putse widh
i arow, thawavedomm cannat be viewed aesdy using & sandand
ascilloscope. Therefore, check by using equipment such as a
high iritenaity asefloscope of @ siomge optiloscops.

3 Ancther mathed les canfirmation ol the 2-phase oulput is o use
& "D Rip-fop. By using he D fip-fop, two pulzes sre combined
b ks T pudse wislih wider and thersfate gasies o recogiza.

E [.,n m_lour 1 Aotaton
:




racabving IG needs a widar pulse width Incraasa the width using

& ene-shot mubi-whbrator (74 L5221 el
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SPECIFICATIONS

1.

10
11
12,

Uit pulse no/rotaion:

81,000 {without electric divisloa)
Angaiipuise:

18are-gec, [Withoul electic division)
Max, responsa; 500 kiHz {8rpa}
Culpu signal;

B1,000 pulses por rolalion; 2-phase sguate wave (nofa-

mantal signale, plus 8 Z-phace square weve signal.

a. Aephate and B-phase:
R-10: Dpan colliscior outpua
b = B Max, (Vi & 0.4)

Fecommended load resistance: §800 (5V)

Pull-up voltage: 15% Max.
R-1L: Lime driver output (Baianced)
Load cumant; £20mA Max.

Difference between A-phase snd B-phass! 907 £10°

{Bath R-10 and R-1L)
b. Z-phase: 1 pubsairtation:
10 Opan colectr ouput
bou = 16mA Max, (Vou 5 D.4Y)

Recommaondod load resistance: 3900 (5V)

Pull-up woltage: 5.25% Max,
Pulse width: 100 - 250 nsac.
A1L: Lina drivar output {Balanced)
Lead cumsnd: +20mA Max
Pulsé width: 100 - 280 nsac,
Cuter diamater. 36 mm
Crearall langth: R-10; 48 mm; A-1L: 88mm
Waight: R-10- 60 g: R-1L:95g
Max parméssitle miating speed: 5,000 rpm
SRarting orque: § g-cm Max
Ratar's intartial moment {GD2)- Sg-cm?
Fowes supply (woitage). +5V DO, +5%
Fowes supply {ourrent).

R-10: +5V ... 200mA Max. {Recommandad koadf)

-5Y . 100mA Max;
A-1L: +5V .. 250mA Max. [N laad)
BY L 100mA. Max

Semiconductor keser
Wave length: TBOnm,
Max output;  SmW

4. Working environment.
Operating lemperatune; 0°C - 507G
Starage emparature; -30°C - BI°G
Humidity: 3006 AH Max, (Mo condensation)
Vibration: 106G 500 HE of kss
Impact: 304G 11msac. or loss

15, Max parrissible shaft load;
Radial 0.4 kg
Theust 1.0 kg

PRECAUTIONS FOR INCORPORATING THE R-10,
R-1L INTO EQUIPMENT

‘When conraciing tha R-10, R-1L 1o the drive shaft of aquapmant,
shaft misalignment, shaft deflection, or shrust fluctuation of the drive
shaft causes excess force on e bearng causing recuced accuracy
and serviceability of $he enodder, and damage i the enooder,
Make sure the wark load for esch model (s within the specilied
pammissrle load when connedling the encoder b eguipment

Panmissible load
Radal 0.dkg
Thrust 1.0k

Whan the encoder is rigicly connected to egquipment, the shakt mis-
slgnmant shauld be Jiem of less aad e thiiet Buchuation shauld be
Tum ar less,

Whan precise shaft alignment |s impessisle, |t = recomimended ta
‘absord tha shaft misalignmant, shaf defection, or thrust thectuation by
using a flexible caupling.

A Baxible coupling with enough torsional rigidity should ba selected o
chiain precies Fansnmsion When afaching the fesible coupling 12
thiz @ncoder shalt, be very careful nad to apply any unnacessary ibad
o the encoder ghafl. )

Th Readili coupling can be altached to the stats encoder shalt gven
1 the b caiised by the deflection and nclination of te drive shalt
emeeeds the maximim sefing, In his case, howaver, rouble may
esGUr bacauss undet red sress can ba imposad on the ancodar shah
whan it rodales.

For further detads conceming the A-10, B-1L, please directinguires 1o
e follawing in wiiting or by ielephone.

Canon

CANON LLE.A., INC.

Components Division

One Canon Plaza, Lake Suceass, MUY, 110425678 US.A,
Telkephona 516-488-6700 Facsimile 516-358-1114
TahBE-1333

CANON EURQPA N, V.

Incussrial Preducts Divigion

Unit 3, Brent Trading Gentre, North Cincular Rioad, Neasden,
Londan NW10 OUF, Linited Kingdam

Talephane (1) 451-4511 Facsimie (81) 455-0331

Telax J5TTE

CANON AUSTRALIA PTY LTD

| Thomas Holt Drive, North Riyde NSW 2113

Taleghare (02) BT-0186 Facsimile (02] 8574484

Telex AAZITE2

CAMOM INC.

7-1, Nishl-Shinjulu 2-Chome, Shinjuku-ky, Takyo 163, Japan,
Masling address: P.O. Box 5050, Daiehl Seimei Building, Tokyo
163, Japan.
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MODEL 7226%1
ﬁ%} LINE4B0LATED AC BRUSHLESS SERYD AMPLIFIER
WITH +-10% AMALDG UV INPUTS

1 = Enablo input
i lavsl conlral

L0 = anabind { Enabla }

Unfiled Notes Page 12



MODEL 7225X1
@% LINE-ISOLATED AC BRUSHLESS SERVO AMPLIFIER
WITH +/-10¥ ANALOG U-V INPUTS

HEADER SOCKET COMPONENT SELECTION

LOAD INDUCTANCE
L {mH) HE, Fi1 @ B0V | HA, i1 @) 160V A
0.4 T6.5k 1k i3nE |
1 324k 182k 33nF j
3 — 886k 42.4k TF
10 Z48k 124k 33nF
30 TE0H R EET
Mote: Table valuas apply with components HO & H12 ned mstatied. Values in bold and ialle are faciery instalied.
CURRENT LIMITS

& micro contraller uses an 1T algerithm &0 maniter 45 protect against cverdoad conditions, The 1T overioad protection for each channel
operates independent of tha other. The aigorithm detects when the curment i any ;ma:tmmlhe continuous curment lime leve: set
by the header companent H1%. The I°T algorithm tracks the enargy of fhe overload (A° sec) and when the I°T limit Is reached, the
autput current s limited to & level set by H4 and H&. The foliowing tables or equations can be used to select header componsnt values
to obiain the desired over-current protection sefiing.

Cont. Gument (A] | _H4 & HE (Ohm_j HA13 {Ohmj
[] U 0 Ohms (short)
B 2.5k L=
[: 825
4 383 150k
2 150 <out>
T Limit {A”sec) H14 [Ohm])
1350 ]
20 AEx
450 A5y
200 1508
] =Lt
H
(6.25 - ~1||IHM. )
10 -1 32
H13 = 47 Bk ohms® ﬁ H14 = 47 5k chms % —
3 T
nf — B _1.25)
32

Exarnple: The I*T se1 point applies only to the enengy defivered 1o the load over and above the canfinuous rating of the load. The
amplfiers microchip s infarmed of the continucus current rafing of the (oad via header resigtor H13, The T set point is sat via header
rasistar H14. Using 8 0 Ohm valus for H14 gives an I°T set point of 1250 A*Z"S. If a 0 chm value Is also used for H13, the confinuous
curment satting is set 1o 104, Ths means for a 25 Armne cuerent on: aﬂharghusa UV, or W, the "2*T protection will activabe [current 5
forcad to confinuous limit =5 set by H4,HE after & time T = 1250 AMS425%10%) = 2 4 seconds.

BALANCE RANGE AND TRANSCONDUCTANCE SETTINGS

Header compansnts H1 & HZ control the offset range. Default vakue is 1.5Mohm that gives a range of +/-350mA. The ratic batwean
autpu® current, and the reference valtage ai the input is the fersconduciance of the amplifier, It iz meagured In AmpaNolt. and is
controfied by components H3 & HS, The chan below gives some comman settings,

Gain (AN H3 & H

2.5 102k

2.0 T8.0k

15 B0k

1 29,4k

0.5 Tk
e T ——
Copley Contrals Corporation, 20 Dan Rd., Canton, MA 02021 Tel: TE1-828-8080 Fu:?ﬂ"l-ﬂl;fl-ﬂl-‘l‘
www soplaygoninois.com Fage 3 of1
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MODEL 7225X1

@;ﬁﬁ LINE-ISOLATED AC BRUSHLESS SERVO AMPLIFIER
.

WITH +/-10V ANAL OG U-V INPUTS

PC BOARD LAYOUT
J1 = Enable input
active level control Header Socket
LO = enabled ( /Enable ) e 3
(default) & |oHEe—
Do i,
HI = enabled ( Enable | E i bt
J1 5
Power & Maotor Signal
654321 - i3
CYARX) i
HEADER SOCKET COMPONENTS
Farl | Value Remarks ]
Ais | Ni'a Ma funciion I |
Hia | Baemg [ Current Limit selact 1
H12 | Oo<shor> | T Threshold Gument ssiect
H1Z <put= Cn. v Gurment Ermor Arng hi-neguency roll off
i1 0. a2 Ch. V Curmsnt Eror Amp progodienal gain
HiD 100nF | Ch W Cument Eror Amg integraior
HZ =pid= Ch. U Current Errar Amp hi-fraquency ol off |
HE | 1k Ch. L Gurrent Errar Amp proparianal gain |
HT | 130nF Ch\ Current Emor Amp integrator |
HE =guf= Ch,  Cordinlous Curment Lma 1
__HS THRLE Ch. V Transtontuctancs |

Hd <puf> h. 1 Contnuous Cument Limit |
H3 TEki} Ch, U Traneconduciancs |
HE 1.5M0 Ch. Ul Balancs Range select |
R L T —

Copley Gontrols Corperation, 20 Dan Rd., Canton, MA 02021 Tel: 781-828-8090 Fax: Pr:ugufs;?
Wi, copleyeon innl. ¢ oe 7 of 1
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AMPLIFIERS SETTING

Eixeel sproahest: Wiringcl

Mini Brushless Amplifiees (Copley Conteols 7225X1)

Waist and Shoulder Joints

Peak continuous curnemst
H4, H6

H13

Transconductanee

H3, HS

E2T Linit

Hi4

Elbow Joint
Peak continucus curresnt
H4, Hé
H13
Transcondpctance
H3, H5
12T Limit
Hi4

Macze Amplifiers (Copley Controls 4122)
Default configuradons

3 Amp

280 ohms

330 kobens

1AW

30 keohms

200 (T = 22 sec at 104 peak current)
130 kohms

3.5 Amp

390 ahins

200 kohmes

14

3] kohms

200 (T = 2.4 sec at 10A peak curcrent)
150 kokms

Unfiled Notes Page 15



BRUSHLESS MOTOR CALIBRATION

TEA Workrbaatselt Brashiers Motor Calibration

The maini beoshless motors are calibeated by vaing their respectve HET senscrs. The calibeation
routing iz described in my notebook (will kave to document this),

| Joint Brushless Type Index Location
WAl Kollmosgen RBE1513B 236

SH1 Kollmorgen REE1513B 15041

EL1 Kolmorgen REE1311B 140.45

WAl Folimorgen REE1513B 2525

SH2 Kolmorgen RBE15138 276.8

ELZ Kellmorpen RBE1511E 6.8

The HET &s coming of a DB connector and has HAB, HBC and HCA signals corresponding 1o the
thiee HET sensoss in each brushless motoe

MOTOR EXCITATIO SEQUENCE AND |
SEXSOR OTTMT FORECTL
BROTATION VIEWING LEADWIRE EXD

AEOE TIRDSC DIAGRAM
P A" Bed Lead

:
:
:

1|2 )3 |45 |6]1X

wAnE | - - |=

Praee “B” Thoe Leag i =

Fhase T Back Lead

5[ F
a8 2

Figure 1: HET infirmation ffom Kolimorgen datarbeer.

The calibration process {only done once pet motor)

Goal: relating location of index signal from brushless motor encoder with current abeolute elecrrical
angle of the rotor, The electzical angle is used for the sinusoidal commutation, Once calibrated, each
brushless motor can be initishized by finding rhe index pulse and setting the cumrent electrical angle
position to the recorded valie,

Process:

Unfiled Notes Page 16



o Run miWithlsded) from blde cpp

o Rotate the joint to caibrate until an index pulse is found snd 2 messape i disnlayed on the
screen. The corrent HET state (the lower 3 bits of PORTD) and the cursent encoder coune
(C1) are displayed

©  Keep rotating untl HET changes stare and ke pote the new encoder count {C2)

©  The difference berween C2 and C1 s the distance in count berween the index pulse and the
HET mansidon point. Caloulare the corresponding engle by doing the convemsica from
encoder count to mechanical angle and then to elecercal angle AB, (1 mech. depree = 6 elec.
degrees). The transition point angle can be found by noang the previous and cusent states
of the HET.

o Lock at the HET chart from the data sheet for the electrical angle at the trensition paint.
Subéract {or add, depending on the direction of rotton) AB, from it 1o pet the cerrent the

current electrical angle 6,
AC=C2-C1
-
€1 c2
HET=8§ HET = 4

Index pulse
at 8, !‘\
I
I HET transiticn

Q e e R R . S 5 e

607 paint
Examplt
For WAL
C,=1361
C,=1499
AC=C,-C, =138 coimis
. lrev  360mechdeg 6 electrical deg
A o i Trev Imadhmiiiieg
=36.38
Transition point=60° (from HET = § to HET = 4)
6, =60°.36.38°=23 62°

Coindex for WAl is at 23,627

Unfiled Notes Page 17
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N-Series ServoDisc

PERFORMAMNCE DATA
Perfariraecy Sgueilicatiesi Lalts _ BALA NIMMT  WOMALE  MOMMLRT  NIIMM NIIMMT  NIAMLE NIIMALRT
Pesk Tergae T _ma [ = [ET 1516
? TR 5l 3] EE ar 112k e LR
] 00 EL]

[ i T

35 [

43 =

T ol T05_ FLT] 150 0 T [ L] 0
T [Ty —— - ; Al L (T 3 (3 ]

W ox 3 T [T} . 0
Coeitviecs S0l Caren: 1, A= 15 = ik jEE] B0 T TaT T
%mt 15 Ohms (0 (3] 500 LR (2] T [ET1 [EFT]
MMW+=I [T [0 [RET] (A1 [ (1, S ¥ v R 1
i = - T ) o I
wa, I 7
o g i % ﬁﬂm i . | L) 0 FE N — -
N e K] | 11 K] T8 %] I
Viecom Dunipicy Comstast K T T [T ] pI} ¥ K
Areaie [ndaciance L 1] <TG B i G a0 i
11 e AL 35 410 EiH] L0 Al
a v ki 15} 15 TiT T [[1] &L 14
Miachuil Specilications s e .
: ; [TL3 i [ [ LRI (7] fgs0  GAiWD
Momatfhiertt  popoaoy % ] ] [ — ST SR W | S
7 [TE] &l a5 [T [E] b3 55 EE] A
Btate Pl T T N T i 2 5 1] T} 7
; o : 2 i b & i3 T3 k]
Wi ol — E T T 1 o i b
b o o (%] [ 37 [ ] 1% T 5A
" mm M [ TIER J1§T) [ E ki [ELN]
p— 10— [T [ (] [EH ar i LI 110
~ma b1 FER] il ] Tl i) Big] Tz k]
EEM
Pk Azcieraion By Hagw 00 B [ HE TN [ A L)
WMezhalzal Time Comiaal T (L] FE] 15 15 70 ] ph; ]
. P T T T S ¥ S
4] T TE 43 (4] i3
5% w14 T8 T2 T4
i in L] 7] 150 .
= EE] = T = £,
— L] — ] = I
= [ - [0 = ['K1]
= ki) — [ - (]
Howx:
1. Al videes e e wpon & L30T st krrgecwure limel and wel e mot 5. Prak s anad curmens i cakolated baded a3 s pulie daration of 5 miliseronde md
emmisd oo an B 567 x 3 abues e Baateink with oo forced ar cooling. Other i 1% duty eyle.
‘wetiages, oo, and torgues, wad duty cyekes are aciivabie a5 kg as e 5. The operatig woltage can be calouliied ax: | = Sl forgue +TF + KD-x 10001 KT
e sarrperiere of LSAC i oot moeded 7. The eperating wolmge can be cabpsiaded ap: V= KE x (005 ¢ BT < L
1. efasr i flows (i) = e vl (CFM) 3 e demity (s 4. Tachansr ripple meserod Wk & peststhee Load of | dokem and m single kow s (e
1. Termizal resutancs & misisered of 4.9 e BT vanes as o fonction of spphbied coment. weidh 3db ol of Tt 500 He.
4. Unkes ofimwie g, 1l ipecith vove agply o 257, 4, Bidictiveal mimmos of tach will not exzeed 5.
44 Kollmorgen Mation Technologies Group « Commack, Mew York - 1-B00-77 SERVO
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N-Series ServoDisc

PERFORMAMNCE DATA
Nan4 NOMAT
b T || o 1
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N-Series ServoDisc

DIMENSIONS
NIZM4L NIZM4LRT
o —r - a0
-t | 1 | e
b e L L TN i
| | T |
I s T T £
S o e = P O O o]
| =l L |
| .
=
L] ! . HH-‘-""-_-..,___‘_ - 1o vk ...l:.
| & - i
T 1
gk n-p a0 1;:. 180 :ﬂh 5 300 e nak n': E‘ﬂ 150 '-I:-I:I 1;‘0 ﬂlu 300 ssdn
L R T T T P TR TR [T Tomis [T R 0 mEs (b s 2dasem
Maolex:

A. All curves are drwem for 3 fived smmaiore temperaturs of 150°C,

B_ The moter can be operated a2 any point on the graph below 4000 BPM.
‘Highes speads ire possitis for some applications. Cootset a Kallmorgen
Sales Oiffice fior more details.

C. Determing volage requirsd. for 2 desired combasation of speed and
Sorquz by estimating i ag 2 line perallel to coe of $ie constemt
serminal voltags {E) Tines.

NIM4NIMAT
o 8 oy
[T ey

+E1
Az i oA
£ BOLCHE

.

D The opecating curnent can be caloulaied as:
[ = (Bhaft toeque + TF + Db BULODIET

E The opecating vohage can be calouladed as:
V=EExN/I003+RTx 1.

—

]
Hﬂ:‘ﬁ“ — ﬂ -?'l;;:ma
— o
LT ) e
T B s
- mﬁ.ﬂ —im iR

4 HELEE EOAMLLY HT DEIET
RLLIL R (L R
46 Kollmorgen Mation Technologies Group + Commack. New York - 1-B0D-77 SERVO
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Thank you for purchasing e Cance Lasar Fatary Encoder R-1.
The R-1 is an vltra-compact, high precision retary encader Lsing a
semiconducios laser. The A-1 coms in two types: Type O, an open
coflecior encodar, and typa L, a Ene drive encoder, which oulpul 2-
pharse square wave incremantal signals at a fete of 81,000 pulses per
retation. In addifion a £-phase squane wave outputs ane pulse per
rofation,

Pinass raad the koliowing instrucions carehuly 2 1ake advantage of
this fine produsct fo She uilest.

PRECAUTIONS
Use tha encoder in the specilied working environmant

1,
2 The power supply vokags is T8V DO, 5%,
3 Nover push or pull the cable stnargly.
4. Basure o use the protective cover when operaling the R-1 ina
dugly, greasy of damp anvinanmend.
5 Whan conmecting the connecior, confirm fhe hunction al each pin
and connect it comactly,
6 Bocause this il uses a semiconductor lagar, never remove ha
unil's cower, Doing 50 may be harardous,
7. Connect the -1 with a flexble couplng.
CONNECTOR PIN NO. FUNCTION
=8 FUNCTION =) FUNGTION
R-10 RIL R-10 AL
1 | Aphase | Aphasa | T +5Y 45V
GHOD A B GND | GND
3 | B-phasa | B-phase 9 -5V BV
4 GND B 1 GND GND
—
§ | Zphase | Z-phasa | 11 NC
[ GND i 12 CasaShieid (cable)
Plug : HR1BA-10P-12P

Recoptacie . HA10A-10R-125 (Manutactured by Hirose)

Cabla Langth | im

Naba:

Thia cable shield wire is connected to the plug shell secticn and pin no.
12, which are connacted io Be encoder. Connict h ghel section and
i o, 12 1o the cineult GND (Cuiet GND with a small aolsecurent]. Be
s 1o avoid flow of pulse-like noise cument in this fne, as it may leed
o dateroralion of the semiconductor laser and causa emors from noise
contarmination of the signal

OUTPUT WAVE FORM

R-10,R-1L

e[|
=L

Wi clockeisi B Ban whan Wi counieetiockmiss sialion
vowod [rom i shatiand.  when viewsd o= [he shaf aed

5

Mo
Z-phase is not synchronized with A-phase or B-phase.

QUTPUT CIRCUIT

R-10
q-ﬂm—b—-#—ﬂ' :-m@-—m
Tii B
AR narganics

R-1L

!—-A.S.Z ouT
ABZ.phase

——AEZ ouT

Dforerial ine drives
{AM 28 L5 31 or aquivaleni]

RECOMMENDED RECEIVING CIRCUIT

R-10
5V (11}
AB Pross mn‘; £ -Prasa mnk
e T4 LE 14 eio 1 T4 L3 18 .
ESCIIRH Ingager i) {Behmit ingger By

TSLS
THITA ETC.

AMMNLEITA
T3
75175, ETC.

ADDITOMAL INFORMATION ABOUT THE Z-PHASE

1. The Zphaseculputls one pulss par rotation. As the pulse width
|8 naTow, therwavedorm cannot be viewed easily using a standard
oscilioseapa. Tharefore, check by Using equipment such as &
high imensity csoiloscope or a slorage osclloscope.

2. Another method for confirmation of the Z-prase cutput is 1 use
a "D flip-fop.™ By using the D flip-flop, two pulses are combined
‘1 make the pulse width widir and theralore aasier io recegnize.

i =]

Lalgud ! THLEN our — L
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receiving 1C needs a wider pulse widih Increase the width using
a ani-shat multvibrator (74 L5221 i)

OUTLINE DIMENSIONS
R-10

e Ecaly soncod

]

L] jip 1] Ll:l 10K Appenn. |

SPECIFICATIONS

1.

2

3
4.

Unil pulse nofrotaton;
81,000 {without eleciric divisian)
Anguiipulse:
{Earc-see. (Without electric division)
Max. resparss: 500 kHz (Gms)
Cutput signal:
B1.000 pulses por rotation; 2-phase Squane wave inshe-
mantal signals, plus 8 Z-phase square wave signal
a  A-phase snd B-phase:
A-10x Cpen collecior ouwput
lou = B Max [Voo g5 0.4)
Recommended lpad resistance: B800 (5V)
Pull-up vollage: 15V Max,
R-1L: Line driver outpat (Balancad)
Load curment: £20mA& Max,
Differenas between A-phase and B-phase: 907 £10°
(Beth B-10 and R-1L}
b Z-phase: 1 pulseirotabon:
R-10: Opan collacor outpld
Lo = 16mA Max (Voo = 0.4Y)
Fiacommandad load rasistance; 38040 (5V)
Pull-up veltspe: 525V Max.
Pulse width: 100 - 280 nsec.
RIL Lina driver output (Balanced)
Load cumant: 220mA Max.
Pulse widih: 100 ~ 250 nses.
Cuter dismedter: 36 mm
Cveral langth: R-10: 48 mm; B-11L: 58men
Waight: R-10cB0g: R85 g
M parmicsible retaling speed 5,000 pm
Siaring ionque: B g-cm Max
Aotar's imbertial moment (G02); Bg-om

. Power supply (voltage): 15V DG, £5%

Pawer supply (currentj:
F-10k +5V... 200mé Max. (Rscommendad load)
SV . 100mi Max,;
R-fl: +8V... PSOmA Max, (No load)
BV ... 100mA Max.

Tad LR S,
Semiconductor lasar
Wave lengih: 7E0nm,
Maxoutput  SmW

1d.  Working environment:
Operating temperatre: 0°C - 867G
Bwrage femperature: -30°C — BIFC
Humidity: $0% RH Max. (Mo condensation)
Vibration: 106 500 He or lese
Impact 306G 1 imeac. o lass

15. Max. parmissibie shatt load:
Radial 0.4 kg
Tharust 1.0 kg

PRECAUTIONS FOR INCORPORATING THE R-10,
R-1L INTC EQUIPMENT

‘Whan conmacting the B-10, R-1L 1o the dive shall of equipment,
shall misaignment, shaft daflection, or thrust fushsation of the drive
shak causes excess e on e Dearkng causng Mduced scuracy
and serviceabilty of he encodar, and damage b the encoder.
Make sure S woek bad 1of each modal is within the specified
permissible bad when connecting the ancoder & equipment.

Parmissible laad
Aadial  0.dkg
Thust  1.0kg

When tha encoder |3 rigldy comnected to equipment. the shakt mis-
aligrimant should ba 2um or le=e and the thruet fuctuatisn should be
1jarm of legs,

When pracise shall aignment is Impossible, Il B ecmrandad lo
abeort the shall misaiignment, shaft deflection, or thrust flucteabon by
using a flaxible coupling.

A exibie coupling with enough tarsional rigidity should be saleciad 1
obtain precise transmisslon, When atikching the Reible soupling lo
the encoder shaft, ba very caraful nat 1o apply any unnecessary load
ta the encodar shas, |

The flaxible coupling can be attached to the static encoder shalt even
It the load coused by the deflection and inclination of the dive ahaft
sxoneds the maximum seting. in tig case, however, Fauble may
ptur bascauss undesined stess can be imposed on the encodar shatt
whan it miates.

For further details concerming the B-10, R-1L, pleasa direct inguinies to
thit Tofiowing in weiting or by lslephona.

Canon

CANON ULS.A., INC.

Components Division

One Canon Plaza, Leke Succass, NUY. 11042.0073 US4,
Telephone 516-488-5700 Facsimile 515-354-1114
TelexbE-1333

CANON EUROPA M. V.

Inschsstrial Products Division

Lknit 3, Brgmit Trading Centre, Morth Carcular Road, Neasden.
Lonon MW10 OJF, United Kingdom
Talsghone (81} 451-4511 Facsimils [B1) 4500331

Talax 295776

CANOM AUSTRALLIA PTY LTD

Oyptical Producis Divisien

I Thomas Helt Diva, North Ryde NSW 2113
Talephane (2} 887-0166 Facemile (02) B3 7-4484

Telax AAZITER

CANCH INC,

7-1, Nishi-Shinfiskis 2-Chame, Shinuku-k, Tolys 163, Japan,
Madling address: P.O. Box 5050, Dal-chi Seimei Building, Tokyo
163, Japan,
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MODEL 7225X1

LINE-SOLATED AC BRUSHLESS SERVO AMPLIFIER
WITH +/-10V ANALOG U-V INPUTS

FEATURES

& Compatible with controllers
that output +-10V analog
torgue commands for
U & V phases
Reduced offset drift
FAULT PROTECTIONS
Short-circuits

output to output
output to HV (+)
output to HV (-}
Qver | under voltage
Over temparature
Self-raset or latch-off
® No Transformer Required!
Operates from power supplies
that rectify the line directly
with full optical Isolation
between signal and power
stages.

® CURRENT LIMITING
User selectable, T Limit
with, indicater signal for
control system

&  Grester than 3 kHz Bandwidth

WORKS WITH POPULAR
CONTROLLERS
Technology 80 BEE1A
PMD MCA231A Chipset
Delta Tau PMAGC

ME| DPS Seres

Galil DWC-1T00

" 8 8B 8 &

THE OEM ADVANTAGE

® [nternal goldariess header
configures amplifiar for plug
and play operation

POWER

I-COMT (A) | I-PEAK (A) |

MODEL |
T225X1 |

24~1B80VDG

10 25

FEATURES

The TaEX1 model s a PWM seno-
ampdfier for AC Brushiless senormolors
that =re commutsied esterncly by
digital control sysiems that oubput m
+-10V signals thal repesent
PGS The. amathur synthasizss ihe
windings. froc
m:?gnmmand for the W winding,
Control cands take feedoack from an
encocer on the molor and use vanous
techniques o datermine the rofor
D eoRGs I, abi output e
condrolier is abie to Wi sig
thal co to the current in the U
and 'V windings to producs tonqua in the
miotor. The ampifier syniheszes tha W
winding cument fram UV signals that
ang 120 efectrical degress apart.

Ampifier sgjustments with this syslem
consist of Inductance compansation,
currend  limit, transconductance, &nd
offsst Tharesfier, the controller does @
af the welneity andior pasition control of
the motor.

Intemal solderass sockels let the user
configure the varous gain and cumant
limit settngs to cuslom the amplifiers
for & wide range of loads and
applications.  Hesder  components
pemit compEnsation over a wide range
of load nductamce’s to maximize
bandwidih with differen] molors,

The [Enable nput active logiclevel is
umper-selectable 1o ground or <5V to
mi=rface with all types of sonirol cards.

MOSFET oulput stage csliver four
quadrant  power  for  bloinectional
acceleration and decsleraton  of
motars.

All models are profectad against output
shart croulls (output to cutpud, sutput 1o
ground, output o +HV) and et
overternparatura, With the (Reset

powared-dawn
toggled. The amplifier

automatically from feulls if the /Reset
mput is wired to GND.

#

Copley Controls Corporation, 20 Dan Rd., Canton, MA 02021

A t
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MODEL 7225X1
@;‘ﬁ:& LINEJSOLATED AC BRUSHLESS SERVO AMPLIFIER

WITH +/-10V ANALOG U-V INPUTS

TECHHNICAL SPECIFICATIONS
Tesl corditions 25°C. amblant, Lead = 400uH in serias wilh 10k +HY = 160
DOEL TIBENA
OUTPUT POWER
Paak powsr A @1TOVEC
miﬂ' 24 0 A phak power _Fte-bu'nl:d
ol P 104 &
“UTPLT VOLTAGE
DOir-ressancs (Ro, ohms) oz
Wi AR Pliskc Cutped Viohage st = (VENE D §7) - (Rlaulle)
INPUT POWER
DG wohaga 2188 VDG
ooty confuoum mulpul ekl 184
LDAD INDLUCTANCE
Rinimam induciancs 400 M.
KAamderum Induckance W mdmun. Bandwicth veres wih nductants, +HY, gnd neader pars.
BANDRNIOTH  Small egnal <38 ) 3kl with minimas load & nominal supply volnge. Varios with osd Rdustieci and hiader saiues.
PWM DUTPUTS
P frecuancy 2 kHE
Carier-canelifion, 50% duty oyce m 0 oupd
REFERERCE MNFLUT Deffermctial, $4 KG2 misce, 55 4T kil evin. badwsen inpuls, =20 V madmus
POTENTIORIETERS
A U R Fina Gain Diafaul = Cariar S incraases gain of L) outssl phase cumen.
FZ6 W Ref Fine Gain Diafaut = Camer G moremies gain of 'V sulpul phuss cumact,
F4d U phovs ourend Zes Aot U castped curmen 55 e with U ond Y inpue = O .
4tV phase cament Zen Achusts ¥ iged sument [ 2o with: U and  inputs = 0,
INTERHAL JUNFER
JP Enabe eul acthe polanty Pos. 92 (defeull ) {@ng enabies ampiler, open or +5V inhitita,
Peoa. 2.3 @nd inhibs, ppen or +8 ¥ enablia
LOGIC IWPUTS
IEnabis Dyl = GO achve (SH0 el channe open of =25y inhibis with JF1 on 1-3, F5M en2-5ihen GND inhists
ispoi firmm i 1 ms from enabls ache o orpifer outp 06
Nitemp Phalisr Hamp sanmor H[quﬂ_wmmmq
L3 fgnd) = llatier 08, amp will i
IRemet Detauk = Opes (BHD reckels latehing fault condtion, grownd fof sl el eyl e
inpat resistance 108 o+, F=C e on ingsds
Logcthmsheld witige  2.5% (Bchmit tgges inputs wih frastesesa, TSHC4)
Ingrt VORS0S MANgE OV o +32v00
LOGIC CUTPUTS
NoE LO fouument sk ngh when chastsl (8 Enables AND O
Aprp 0K = (PEOT Bharf) AND (NOT Cvar, Undervolage, o Bassiemp) AND [Molof Temeg
H Utpar woitoge +5V [no oot Cuiged % M-channel MOSFET drak ierminal with ) 040 pulbup mesision i +61
L) et votnge O resistmce Fa = 50, ki sink cument of 250 m. s olf-voitige = S0WV0G
Ayl il whan amplifler & not curment liriing; LO when cument is Bmit & scive,
HI output woltage +5Y (Mo boad]). Cutpet s LNZS asen oollecor with 1060 pullup resisier b +51
L ciatpet voltags Mzon mink cursend of 15 M, mox off vokage = I2VDC
A Ciplt-aelmed Signal; opto-iansisor ouput sige of aptecoushe
Tranusistor is ON whien Armp - O8] (see Rbcve)
e oot i eonenied o pine T & 19.0f both 1 & J3
ETATUB LEDS
Amp Gk Bining Snoan Power DK, nodacks, amp wil run whin snetes
Homal ol Gardennt gl e O AND Asmp Enadled
Failt Sodd Red BmpiFior NOT O (O woltags, Slowmp rol connacied of open)
Lstching Fad Btinidrg Risd Heatpime owariasg or Shaft &l {eutut-cutput, cutpul-ground, culps-+HY or itomal |
MONITOR QUTPUTE
Crareend Manilar ) Netovicr winding curmant i U R 1100V @ =25 Aor 28 AN {3 k0L 4T oF R-C WRen
Curent Moniar 'V Wicter winding cumadnd in V prase: £90 V@ 235 A or 25 AN (2.2 60 AT nF R-C A

ﬂ

Coplay Controls Corporation, 20 Dan Red., Canton, MA 02021 Tel: TE1-828-8030 Fax: TB1-828-8547
www.cogleyeoptroly.com Fage 2 of 10
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Com.

PROTECTIVE FEATURES

MODEL 7225X1
LINEJSOLATED AC BRUSHLESS SERVO AMPLIFIER
WITH +/-10V ANALOG U-V INPUTS

el it Lt it OFF [Power offien, of ground ot Resel nput reoois)
Crartrgpsniiirs Latches unid OFF 8 TI'C on hastpiain Fowsr offon, or ground of (Flessd infal resem)
Ve Pl inpe! fo roond for acfomere resef afer bt il
Umnider achags Edwddewn @t DC buss < 22 VDC
Creter woitnge Sl at DT buss = 108 VDO
{Aumabfier eperation resumes when inlemal DS buts i NOT Under velage or NOT Cuer woltage)
Curens-imiing Gantnuous curment and T fmit sel by beader componenis
Cument i reduced 1o corrinucas metlng whan T bmi ks reached.
[l Jof = haschwors mited 10 258, whenss fd # L+ ot all imas
Madmus PT setfing {H13 = Hid = 0 cfras) wil sctivale lsching faul afer 25ms for 2.5
Mnimum P seting (H13 = H14 = Opée) will Bothans Ssiching Tauk ofer 254nms for BimS
Limiing aoiior: redues Fansconducian e i SRS BrTpELSe of LYW oumems is maintaned fo no o of prase
AUl oudpd noecries wien curssnd Emitisg is acthve,
Armgifier wil atruidown Saiching S el = 708 &t any ine,
AMPLIFIER DISEHPATION
Wiatts mand mum Wi = 0, fm pfe snatbal T
\Wfte OO G L T mw
THERMAL RECLHREMENTS
Storage leTperTune RAGE -30C o 8500
mﬂw 0% b TG basagiais tempentuns
Fibestin s (hemlplme 10 am ooty Mo hestsini or fan; 2.7 dog. COW; YT heatsing, no fo 1.6 deg. W
Hho hestsint with Fan: § deg. GO, With heaink nnd f Oddeg G
MECHANKIAL
S 7.35 x 4.4 x 1.40 in. wihout ool Saatank
i ght 148 1B {087 kgl
COMMECTORS
Ji Fower & Motor monrecions B-poaiicr: Burs cxnacion
Sgnal comedtiens 25-poaton famale Sub-D type B0 sandofs o cablo shel look sohews

ﬂ
Copley Controls Corporation, 20 Dan Rd., Canton, MA 02021 Telk: T84-828-5080 Fax: T81-828-864T
. copleyEantrols. com

Page 3 of 10
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MODEL 7225X1
@@B LINE-SOLATED AC BRUSHLESS SERVO AMPLIFIER

WITH +/-10V ANALOG U-V INPUTS

FUNCTIONAL DIAGRAM

e e ¥ s I S S - —
Caopley Controls Corporation, 20 Dan Rd., Ganton, MA 02021 Tel: T64-828-2090 Fan: ui-ﬂuﬂﬁ-ﬂ#
www coplayeontrols com Fage &

Unfiled Notes Page 29



MODEL 7225X1
@% LINE-ISOLATED AC BRUSHLESS SERVO AMPLIFIER
Com. WITH +/-10V ANALOG U-V INPUTS

TYPICAL AMPLIFIER CONNECTIONS

[\ uRels) 2]
| fusats ),

i"g;ﬁ;.’;:j uf;t

| —rlﬂ,_— v Rgﬁf};

Enable e =

Mot Erabin inpt acies leesd
sepciabie wih inlemal gemper

R HOTI
i i i potential
Copley Controls Corporation, 20 Dan Rd., Ganton, MA 02021 Tal: TB1-828-8080 PFax: TB1-828-8547
www.copigycontrole. com Page & of 10

Unfiled Notes Page 30



MODEL 7226X1
@m LINE-ISOLATED AC BRUSHLESS SERVO AMPLIFIER
Corp. WITH +/-10V ANALOG U-V INPUTS

PC BOARD LAYOUT

J1 = Enable input
active level control

Header Socket
LO = enabled { /Enable ) [o &
(defal) 1 ’ siiie

|
faciory st il |
e —

===
wI
=22

Hi = enabled { Enable )

J1
Power & Motor

654321

22D

HEADER SOCKET COMPONENTS

Part Valug Remarks
H15 Mra Mo functicn

14 BEEk0 | [T Gurrant Limit select
Hi3 Cument select
Enmor Amp hi-frequency roll off |

h
b 1 Current Error Amg hi-frequency il off

<out> | O
HE S0.1kEL | Ch. U Current Eseer Arp proportional gain
HT 100nF | Ch. W Current Ermor Amp inbegrehor
| HE =put= Ch. W Confinugws Currart Limit
__HE Toki | Ch. W Transconductance
Hd <o Ch_Ll Contintous Current Limé
| H3 Tkl Ch Ll Transcancuctance
HZ 150400 | Ch. U Balance Renge select
R 158 | 0. Balance Range selsct

e ——————————

Copley Controls Corparation, 20 Dan Rd., Cantan, MA 02021 Tel: T81-828-8090 Fax: maw
WL CODIeVEnNITS, COm Page 7 of 1
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MODEL T225X1
@s LINEJSOLATED AC BRUSHLESS SERVO AMPLIFIER
WITH +/-10V ANALOG U-V INPUTS

HEADER SOCKET COMPONENT SELECTION
LOAD INDUCTANCE

C{mH] | WEFI1@eov | HE H11@ 160V [ W7, H1D
0.4

6.5k 1k ﬁ
£l 2.4k 183k FInF
Qﬂ 86.5k 424K X3InF
1 240k 124k 2anF
3 TS0k 32k =3ni
Mote: Table values apply with companenis HE & H12 not instalked. Valuss in bold and iafic are faciony insalied.

CURRENT LIMITS

& micro contreller uses an T algorihm to manitar to protect against overioad condilions. The I*T overicad protection for each channel
cperates independent of the athar. Tha algonthm detects when the curent |a any phase sceeds the continuous currant fimit bevel sl
ty the header companent H13, The T algorithm tracks the energy of the overioed [A% sec) and when the °T limit i reached. the
putput cument is limited to @ leved sat by Ha and HE. The foliowing fbies or equations can be used o ssiect header companent values
1o oitain the desired over-cument proftection sefting.

Cont. Gurrent (A] | _FA & HE (Ohm ] Hi
10 0 Dhms [
A ng 16k
g B2 '_r,%; 2y
4 584 7
3 - 2 150 =gt
1T Limit (A's0c) H14 (Ohm) it
7250 Oshort r':'";1 =T
20 o W22 retse
200 150k T
50 =out I°T =at5p

fo- 34 [6.25 - ! |2Tm )
10 -1 32 =
H13 = 47 .5k chms¥* ( ) H14 = 47 5k ohms *
(loon =2} ( " i O
4=t
32

Example: Tha I°T set point eppfis only to the eaergy delivered to tha load over and above the continuous rating of the icad The
amplifier's Fisreship |s informed of the corEnuaus cumen: rating of tha kad via headsr resistor H123. The I°T se! palnt is sst via header
resistor H14, Using a © Chm valug far H14 gives an I°T set point of 1250 A*2*5. 1fa 0 ohr value is slso usad for H13, tha continucus
current setting is set to 10A. This means for a 25 Ama current on ether gh LV, or W, the 12T protection will activate {current is
forced to continuous limit 25 st by Hé HE afier a tme T = 1250 A™SN257107) = 2.4 seeands.

BALANCE RANGE AND TRANSCONDUCTANCE SETTINGS

Headar components H1 & H2 confrol fhe offset range. Default value is 1.5Makm that gives a rangs of +/-350mA. The rtio batween
output cument, and the reference voltsge at the input is the ensconductance of the amplifier. It is measured In Arrpatolt, and is
cantrollad by companents H3 & HS, The chart befow gives some common settings.

)
W\"
Gain [AIV] Ha & 15 T 40 e/
B} o | 2
FA TE.Gk
15 S8k
1 25,4k
| gt oE 4.3k
T ———— e
Copley Contrals Corparation, 20 Dan Rd., Canton, MA 02021 Tal: T81-828-8080 Fax: 781-828-564T
wenw. cogleveontrols. com o Pags B of 10
Gl o e o by oA - = Yane delz
1-:—‘_—: eyl k:»lf- 5':'r|' g = N t__r
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MODEL 7225X1
Copley LINE-SOLATED AC BRUSHLESS SERVO AMPLIFIER
corp. WITH +-10V ANALOG U-V INPUTS

DIMENSIONS

Mota: Dimansions in inches (mm.)

- 7.35 (186,7) .
| : : P S 1.40 {35 56)
o000 R —e
440 (111.8)
A .
hitotor & Power 2
—_ & Pt
2z #37% (et [
I =% i
— 2 EEss
I'——-11 signal A
eeeeed | —— HEEER
— 1 el
i 1-828-8090 Fax: 781-528-5547
Coplay Gnnmh:ﬂzpunm 20 Dan Rd., Canton, MA 02021 Tel: 78 uﬁw Sl
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MODEL 7225X1
Py LINE-ISOLATED AC BRUSHLESS SERVO AMPLIFIER
Corp. WITH +/-10V ANALOG U-V INPUTS

NOTES
R A 11522000
———— e e S
Copley Controls Comporation, 20 Dan Rd., Canton, MA 02021 Tel: TB1-828-5090 Fax: TA1-828-8547
www.coplaycanirols.com
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Tichnical Note: I'T Overfoad Protection Capley Contrals Corporation

Technical Note: Protecting Motors against overload conditions

using “I squared T” methods

The geal of an effective motor overload protection schemes is to prosect the motor from demage while
allowing it 1o operste normally up 1o its thermal lmit. Ideally soch a scheme would be based on a direst
measursment of temal medor wemperatres. Unformumately the temperature af different points within a
given motor varies widely and it is thus difficult to accurately messure “hot spot” temperatures. An
altemative overload protection method monitors poveer flow to the motor and keeps track of the magnitude
and duration of overload events. Such & method can peovide ecellent performance withoot the need for
direct messurement of motor temperature. Since power deliversd to the motor flows through the drive
amplifier, an everload protecsion scheme based on power flow s well suited to mplementation within the
amplifier.

Most of the energy dissipated In & mosor as heat is the result of loases in the moter windings. This kst
energy (not converted fo mechanical energy by the motor) is calcolsted as Energy = Power * Tima =
iR, *Tlme where T is the RMS carrent and R, is the effective motor winding resistance. In order for the
motar 0 achieve temperaturs equilibriam, the flow of energy nto the motor must belance with the encrgy
flow 1o the mechanical load phs the enengy lost a3 hear. The continuous corrent rating of the motor s
determinad 25 the maximuom smount of power (Power = 12*By) the motor can continuously dissipate
without excesding its temperatune rating,

Ir 2 wransient condition, the motor can tolerste & certain amount of energy in excess of the comtinuous limit.
The amount of everload energy the motor can handle is dependent on the motor size, cooling methods and
corfiguration. For & given molor with winding resistance By the energy dissipsied in excess of the
contimuous Hewit is given by: En = P*RU*Time = Jow™Ry “Time where T 5 the actus RMS current. and
Lo i5 the continuous RMS current reting of the motor. The motor overload prodection method

here 15 achieved by continuously monitoring this transient overload energy and imtermupting the amplifier
output current befiore the transient ensrgy exceeds the modor limits.

From a thermal standpoint, the key motor information is most often prondded in terms of (1) The
cortineous current rating (Arms) (2) The trnsient peak current rating (Arms) and (3) The maximum
duration of the peak current transient (5). Recognizing this we can drop By and redefine the key equation in
terors of current amd fime only. Thus we have: E,., = P*Time — I, *Time where E.., s units of
Amperes squared-Seconds and s called *T squared T° and is & measue of the energy content of an
overload translent. The comparshle measure of motor overload capability s calealated s the square of the
pezk current mating (Amperes squared) times the rated pesk current tme (Seconds). The slgorithm
sitenzstes the output currcat when the measured 1 squared T of the overload exceeds the caloulated 1
squared T rating of the motos.

2.0 Example - The Copley T225X1 single axis UV amplifier

The model 7225%1 amplifier is a single ads, UV sine amplifier. Under normal aperating conditions the
TAIEX] receives two sinusoldal reference signals (U and V) that are phase shifted 120 degrees from one
another. The amplifier produces a belanced three-phase output. The U and V outputs are currents that are
replicas of the reference inputs. The third phase, phase W, i genesated as the inverted sum of the U and V
sipnals thus producing the halanced, threc-phase output. Current sensors are used to provide current
feedhack for the control loops.

The ¢urrent sensor outputs are also fied back to the microcontroller (with integral AMD) for we by the
overload prosection adgerithm (zka I°T algorithm). The input voltages to two additional AT channels are
et and provide the algodithm with measures of the rated continious motor current and the
mater I°T rating. The I°T algorithm is implemented independently on each ousput (phase U, ¥ asd W), bu
an overlond detected on any one phase will intermapt current on all three oulputs. A flow diagram of the
algorithm for a single phase is provided in Fig, 1.

Page l of 1
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Technical Nowe: FT Overload Prowection Copley Controds Corporaiion

T Motor Overload Protection Algorithm

Selup
1. Pragram amg wi' malor conbnuous current Irnit {Header sompanant Ha, HE and H13)
2, Pragram aeg wi' molor BT Limi (Header component H14)

“régts e i i be pilie pusilve or nogaT, but
e BT gk voram deefin Lrvies o o e B men

Figure 1 - | syusred T overload protection algerithm as implemented for the Copley Model T225X1
UV sime amplifier.

The fowchart is broken up feto e sections. The first section on the left shows the Enitialization rowtine
thar gocurs every fime the unit is powered up, Three major events happen at initislization. First the main
varighle in the routine, the P°T wacking variable, 15 given an initial value of zera. Second, the motor
contimsous current kimit is read via the voliage present at one of the AD i of the microcontraller. This
valtage is detesmined by the header component Hi3, Third, the motor 1T limit s read via the volage
preseat at another of the microcontroller AD inpids. This veltage Is determined by the header companent
Hid,

The “run-time™ partion of the routine is shown in the other section of the flowehart, This routine is interrpt
driven by a 1mS timer and la implemented on sach phase (U7, V and W) The flowchar shows the
implementation of just one phase for simplicity, At each interrupt, the output current is sampled via Lhe
AT converter on board the microcomiroller. The aigorithm then caloulates the difference between the
square of the sample and the square of the continuous current limit (determined by H13 and read dusing
inltiatizetion). This difference it then added w the present value of the I'T trecking variable to determrine an
mdmdwusfar&ul‘rmdmgm.ﬂmmmisdﬁmmmbedmmﬂmwmgﬁmm
the T tracking variable can grow or fall, but it can never bave a value below zero, Once the I°T tracking
variable ls updated it is then compared with the I'T set-point (determined by HI4 and read during
initinlization). If the I*T tracking varinhle is greater than the set-point, the microcontroller Ivokes curent
limiting and the amplifier owpwt surent is forced to a level no greater than the continuous limit sed by Ha
and HE, I the I°T tracking variable 13 less than the set-paint, no action is taken and the amplifier opendet
pormally.

Page 2 of 2
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Technizal Note: FT Chverload Protection Coplay Contrals Carporation

3.0 - Application Example
In this exemple the moded 7225%1 amplifies ks being used to drive a mator with the following averload
characteristics:

= Continuous Current Limit: 6 Arms

> Peik Cinrent Lisit: 18Amms

= Max. Duration of Peak Current: (L5 Seconds

Use the following procedure 1o select the header components for proper protection,

Step 1: Sclect H4, Hb and H13 from the table below.
H4 =H& = §25 ohms, HI3 = 47.5 kohm

Cont. Corrent (A) | H4 & H6 (Ohm) H13 {Ohm}
1] <out> 0 Chms
8 2.5k 15.5k
(] 825 47.5k
4 383 1425k
1 150 “out>

One can also use the following formula to caleubate the value of H13 from the given continuous carrent:

9 L0-L)
H13 =47 Sholm* =

Step 2: Calcakate the °T Himit from the given data:
PT_LIM =((184)" = (64)")# 055 = 1444’5

Step 3: Select H14 from the table below or one can also use the formula provided to caloulate the value of
H14 from the desired 1T limit {I°Ty,y, is the desired 1°T set-point having units of A%S):

I'T Limit (A%ec) | H14 (Ohm) |
1250 0 (short)
00 15.8k
00 56.2K
150 310k
50 St
Fl
(6251 me)
H14 =47 Skohm*
[} ’HA —1.25
32

Using the formula, we find that H 14 = 225 kohms to give 144 A’S,

Regsrdless of the inpat command, the amplifier will invoke cusrent limiting following an overlcad on one
or mare phascs of 18 ampenss for 0.5 stconds. Note that the constant in the squation s the I°T limit of 144
A8 set by header component H14. Therefore Lmiting will go Into effsct soaner if the overioad current s
greater than 184 or later if the overload current is loss than 184, As an example with an overload of 234,
limiting will go into effect after a time T1 given by:

144428

o e

T=

Page 3 of 3
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Tecknical Wete: FT Grverfoad Protection Copley Contrals Corparatian

It is important to0 note the algoritim behavior when the limit bas been reached. Omee the surment Hmiting
ogours, the oulpul current in all phases will fall 1o 2 level less than or equal o the contiavous current
settings, When the output curment has fallen below the continuous limit, the difference between the actual
current and the continuous limit current will be negative and the I*T tracking variable will fall. When the
[T tracking varishle falls below the IT limlt, current Hmiting is tursed off and the amplifier output then
foliows the carput nommally.

Mede that under some conditions, the amplifier can limit cycle mesning that the limiting fums on and off
periodically. This cocurs when the U end.for 'V fnputs remain &1 & [evel above the continuous current Himit
after limiting is imvaked. In this cass the limiting will force the current to a level below the continuous fimit
ard thus cause the I'T tracking varisble to full. When the I°T tracking vardable falls below the I'T limit,
limiting 1% turned off and the corrent will morease back o 8 level cormmesponding to the input. Since this
level is greater than the continzous limit, the 1°T tracking veriable will increase back up and eventually
reach the °T Jimit agsin. As long as the input signals remain at 3 level higher than the continuous current
limit, this cvelical operation will contivue, The cycle period &5 influenced bor all of the factors used in
computing the IPT zlgarithm, thus the greater the cverload, the shorter the cycle perind.

T226xX1IsqTnote.doc
Rev. 1.1 08131
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RBE(H) Motor Series

COMMUTATION AND CONMECTION DIAGRAMS

MOTOR WIRING DIAGRAM

vl | MeeAt | Redlewt
@dw Fhase “f" White Lead
blal | ersecr Black Lead

SENSOR WIRING DIAGRAM (53 &

MOTOR EXCITATION SEQUENCE AND
SENSOR OUTPUT LOGIC FOR CW.
ROTATION VIEWING LEADWIRE END

T -
EXCITATION STEP 1 1|3 |4/(3 )% |1

Motor (REDy A + |+ | = | - + l

Leads (WHT) B - + + - -
(BLE) C - | - |+

Sensor (BRN1 A 1 1 '] | |

Cutpots  (ORG)B ¢|lt|l1f1]o|ofo
(YEL}C o L4 1 1 | 0

:
| % | 3

Lkl

" | %R ;ié%”fum
[Moe o0 0"
DROMET

DRANGE TRk
CHITPUT TP QUTRLUT
PHABE - &8 FHABE - BC PHASE - G&
@ EHEIEE
RN
b 4 bra i £85.3
I
b L g
SENSOR AND MOTOR FAASE OUTPLT
[ENCODER WIRING TABLE |
CHA& LEADS CH 8, C.0W.
T FUNCT s
| PN HE -5 At Br b=
PN 2 bl £40N CONECTOR IDENTIFIES Hre: @ I8
P COMMON PIN &1 0N BOTH LD
PR 4 NE AND MODULE
P& CIATA A
P& DATA &
LPHT DATAE |
e OATAR.
T INDEX % »
PR 10 INDEXZ | "

KOLLMORGEN = Radford, Virginia = 1-800-77 SERVO
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AMP_OK

RS BLDC Breakout Board

Stanford Robotics Laboratory Current Bignal
Conditioner

220

_J.w.m%
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- LR -L-1)

va

R7
3.3k
Offset voltage for LME144

output

RE&
3.3k

Digital 5W Digital BEND
ET@ card Ground
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RBE(H) Motor Series

RBE(H) 01510 MOTOR SERIES PERFORMANCE DATA
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RBE(H) Motor Series

INTRODUCTION

Moter Parsmeters

Motor parameters are listed on the individual data page for
each motor, These parameters are dependant upon e size and
shape of the modsl, but are independent of the winding used.
Following 15 a brief description of the motor paramsaters,

Maximem Continoons Owput Power at 25°C Ambient
(HF Rated). This & the maximum continoms power ouput
based on a 130°C tempeématurs nse and & Randard slomimm
heat sink. (Standard heat sink size is lsted just above the ean-
tiruous performance curves). The madmum comtinuous power
output camn be increassd i addizional cooling iz provided.

Speed at Rated Power (¥ Rated) is the speed at which the
NI Soft A0S pOWET i5 output.

Maximum Mechanical Speed (N Mex) s the maxinum
speed which will not compromise rotor integrity.

Continaous Stall Torgue at 25°C Ambient (Tc} is the max-
nnum constant torgue withowt rotation resulting in 2 steady
state winding tempersture rise of 130°C with the smandard
alurminium heat $ink. The size of the standard heat sink is
listed above the comtinwous performance curve for each
RBE(H) series. The continuoes stall tonque c2n be increased
if additional cooling & provided.

Peak Torgue (Tp) is the maximum weque availables from a
given size of motor and is the torque the motor will proviée
when pesk current Ip is provided. Peck torque (s based on
the maxismum current density in the winding and iz available
for & maximum durstion of 10 seconds.

Mazimum Torgue for Linear KT (Tal) is the maximum
tarque for which Kt will be grester than 90 percent of Kit at
lovw torguee, As the tosque increases ahove Tsl, Kt will drop
below 90 percent of Kt at low torque and an incremenial
increase in current will yield a reduced increase mn tongae,

Motor Constant (Km) ts the ratio of peak torque to the
sqquare root of power input at 25°C and at sall:

Em = Tpi{Pp)™.5

This ratic is useful during the inital selection of & motor,
because it indicates the ability of a motor to convert electri=
cal power into torque. A common wse of Km is to determine
how much power a motor will dissipate in order to generate
2 erizin amount of torque by using the following equation:

Watts Dissipated = Torque™2 / Km*2

Thermal Resistance {Rth) s the ratio of winding tempers-
fure rise io sverage power Josses continuoushy dissipated
from the stator.  Motor Rth values assume a standard alu-
minum heat sink which is specified above the continuous
speed torque curve for each RBE(H) series. Customer sup-
plied supplemental cooling can reduce the Rth value signif-
icantly resulting in increased continuous speed and torque
operation,

Visens Damping (F7) is the torque loss dus to rotational
lsses, mostly eddy current, which is proportional to speed.
A lower Fi indicaes less loss during high speed operation.

Maximom Static Friction (Tf) is the sum of the retarding
torgues at Sart-up or at stall within the moter. In o frameless
brushless metar, retarding torques consist of magnetic fric-
tional foegue and copring tonque. Housed motor TF inchsfes
hearing and other retarding torques.

Maximum Cogging Torque (Teog) iz a torque disturbancs
hased on the megnets in the fiald attraction to the teeth in the
armature. Cogpring torgque is minimizad in the motor design
by sirategic sclection of slot / pole combinations and by
skewing the laminations in the armaturs.

Mamber of Poles (P) iz the number of magnetic poles in the
field The electrical cycles per revelution is equal to the
number of poles to the number of pales divided by 2.

KOLLMDRGEM = Radford, Virginia = 1-B00-TT SERVO
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AN899

USING THE INPUT CAPTURE
MODULE

Hall Sensors A, B and C are connectad 1o IC1, 1C2 and
1G3, respecthely, on the knpul Cagture (IC) module.
The Input Caplure module is used in “Ingut Captuns on
Stats Change” moda, kn this moce, the |G madule infer-
rupts every fransifion on any of the IC pins. Also,
TimerS i captured on @very transition and cleared at
the beginning of the nex clock oycle. The caplured
Timers vaile i usalul in determining the speed of the
mator, Msaguning the spesd and confraliing the motor
in closed loop i discussad in detail in the section
“Closed-Leop Control Using Hall Sensors®,

Ugon IS nterrupt, in the IC Intermapt Senice Routine,
the stalus of all three input capduds pins & read and the
pombnation & used o pick up the comect sequanca
froem Fue iable.

Tabla 1 showsa hypical ailching seguance used 1o run
the mator in the dockwlsa direction and Table 2 shows.
tha countercociwise sequence, These tables ama
taken directly from the motor date sheet '),

Mote 11 Mator Data Shest
Manufaciurer: Bodine Electric Company
Type Mumntar: 22B48EEL
Senes: 3304

Wb Site: www. badine-slactric.com

if tha mofor you have uses a diferent sequence, [
should be enterad In the firmware. Figure 2 shows the
ralationship betwesn the mater phass curren? and the
Hall Sansor inpuls and the cormesponding PWH signals
{0 be activated 1o follow the switching sequence, which
in turn, rune the motor in the clackwise direction.

TABLE1: SEQUENCE FOR ROTATING THE MOTOR iN CLOCKWISE DIRECTION WHEN
VIEWED FROM NON-DRIVING END
Sequence Hall Sensor Input e Phzse Current
va PiVils
Number A B [ A B | c
=1 | 3 o 1 N E off Be-
F 0 [} 0 PR | P2y DO+ DC- o
3 1 ] ] PAAME0S) | PYWRR[G2) Off DC- DC+
4 1 1 [ PWMEQS) | PWMO[C0) |  DC- Off DC+
5 1 1 i PWMI[a3) | PWMOC0) | De- DC+ o
B [ 1 PWM303) | PWM4[C4), O DC+ DC-
TABELE?2: SEQUENCE FOR ROTATING THE MOTOR IN COUNTERCLOCKWISE DIRECTION
WHEN VIEWED FROM NON-DRIVING END
Sequence Hall Sensor Input F Phase Currant
Mumber A B = A B c
1 [ 1 3 PWhIBIS) | PV Q2] off DGC- OC+
F] 1 1 1 PR | PeMEG2) | DG+ Dc- Off
E] 1 1 o PoMIET) | Peaaqad)| Do+ o oG-
4 i o o PYWMZIEE) | PWMADa) | of oC+ oC-
5 o o o POWMHGE) | PWMDIQD | DC- OC+ o
fi 0 a 1 Pamesis) | PwMoioD | De- OF DC+

}ﬁ-ﬁm#m_..

@ 2004 Micrachip Techrology Inc.
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MOTOROLA ANTBITID
SEMICONDUCTOR APPLICATION NOTE
AN1627

LOW COST HIGH EFFICIENCY SENSORLESS
DRIVE FOR BRUSHLESS DC MOTOR USING
MC68HC(7)05MC4

By Leos Chakupa
Roznov System Application Laboratory
Matorola, Roznov pod Radhestem, Czech Republic

1 INTRODUCTION

Thie application note presents a low-cost sensorkess speed control system for Brushless DC (BLDC)
mators. Espedaly suitable when high efficiency and low-price are requised, the drive system is bazed
an a high efficiency Brushless DC maotor, sensoriess rofor position detection, low cost components and
the motor control dedicated kew-cost microcontroller {the Molorola's MCEBHCOSMEA).

Today more and more variable speed drives ane putIn appliance products 1o increase the whole system
efficiency and the product performance. The low dynamic drive s a sclution in many cases for common
appfiance applications, whersby the load or speed ls changed quite slowly in companison with the
system mechanical Eme constant, Quite simpde algorithmes can perfom (he control tagks. Moreover, thi
necessary comguling power can be minimised by using & dedicated microcontrolier and efficient use of
its internal function blocks (such a3 A/D converter, dadicated PWM outputs, input capture and output
compare functions...).

Theee phase Brushiess DC (BLDC) motom are good candidates because of their high afficiency
capability and sasy to drive featurss. The disadvartage of this kind of motor is the fact thal commutation
of motor phases relies on its rotor position. Although the rotor position is usually sensed by sensors, the
requirement for sensorless solufions bacomes more and more real.

The sensorless rotor position technique developed detects the zer crossing points of Back-EMF
induced in the motor windings. The phase Back-EMF zem crossing points ane sensed while one of the
thwee phase windings 15 not powered. The obtained information ls procassed in order o control e
phase veltage, using Pulse Width Modulation.

This application note ties o give a fundamental mathematical method for modeling, mrue calculation
and contral concept of the presented drive. The dive was developed in order o drive simple
applications (e.g. pumps, compressors, Tans._) within certaln rangas of speed and lead. Resulls from
simulation show the drive behaviour st different working conditions and baetter explaina the drive
sirategy.

14 Classical System

Az iz well known, the Brushless DC motor (BLDC matar) is aiso named electronicaty commuied motor.
There are no brushes on the rotor and the commutation is padformed olectronically st certsin rtor
positions. The three phase voltage system (see Figure 1-1.), with a rectengular shaps, is used to creata

Thin ol oA FIEE i
WrioTola FESEress the right 1 changs of discoatinue these procuct. withsut nofics.
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a rolationalf [eld. This sasy to creats shape of applied voltage ensures the simplicity of controda nd drive,
The rotor position must be known at certain angles in order to align the applied voltage with the
Back-EMF, which is induced in the stator winding due to the movarmant of the parmanem magnets on
the rofor. The alignment between Back-EMF and commuttion events & very important. At this condition
e mobor behaves as a DC mator and mms at the best working polnt. The simplicity of control and good
performanca makes this molor a natural choice in low-cost and high-efficiency applications.

Valtage §
120*
Fhased L1 . . —t—t—t———"
s
Fhase B S . .[ — -
ST
Phase C | b f— [ — .
—1 " :
alacirizal
KDy 0 1807 210 e 30 angle
1
Figure 1=1. Three Phase Voltage System
12 Why Sensorless?

A3 sxpleined in the pravious section, the rolor position must be known in order to drive 2 Brushises
DG mator. If any sansors are used fo detect rotor position, then sensad information must be transfemed
to 2 control unit {see Figure 1-2.). Therafore addional conneclions io the molor ane necessary. This

AC LinaVokage | | . "__ Fowar Stgs M} Fosiion Lo |
Control Signals
Spead Pasition
Fadadback
- »| Control Unit |
MOTOR DRIVE

Figure 1-2. Classical System

may nit be accoptable for scime kind of applications, Thene are at least two reasona why you might wank
to sliminate the position sensors:

1, Real impossibillty to make additonal connections betwesn positien sensors and the control unit
2, Costof the position sensors & wirng

The first point might be solved by integration of the driver within the mator bady. However 2 significant
number of apalications requiring 2 sensodess sobuton still remain.

MOTOROLA AN1B2T
2 REV 0.2
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2 THEORY

21 Power Stage - Motor System Model

In order o explain and simulaie the idea of Back-EMF sensing techniques a simplified mathematical
enbdel, based on the basle alrcult pokogy (see Figure 2-1.), has bean created.

Figurs 2-1.  Power Stage - Motor Topology

Tha secand goal of the model is 1o find how the motor characeristics dapend on the switehing angle.
The switching angle is the angular diffsrence between & real switching evant and an ideal one (at the
point whera the phase o phase Back-EMF cmases zero).

The motor-drive modal consists of a normal three phase power stage plus a Breshless DC motor, The
powear for i syslem s provided by a voltege source {Ug). Six semiconductor switches. (Saac
controfled alzewhers, sllow the reclangular voltage wavelorms (see Figure 1-1.) fo be applied. The
samiconductor switches and diodes are simulated as ideal devices. The zem valtage Jevel of the whole
modal s put at one half of the DC-Bus veliage, This simplifies the mathematical expressions when
outpul wavelorms fram the power stage are caloulated.

AN1BET MOTOROLA
REV 0.2 3
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2.1.1 Mathematical Model
The following set of equations ks valld for the presenied topology:

;[h”—u"—nﬂa z uu}

uy -i[hn—km Wy + Ea]
rad

i (EQ 2-1.)
b i[hrc"“n“"'-m" E [

Tad 4
&
YT u- T
J-A Xmd
O=iyrigwip

winere:

Mpyotipe A “branch® voltages; the voltages behwesn one power stage output and s virual zen,
Uy.lip are modor phase winding voltages.

Uygeliye @06 phase Back-EMF voltages induced In the atator winding.

Uy Is tha voltage betwaean the caniral paint of the star and the power stage virtuel zero
Tyedp ara phase currants

The eguations (EQ 2-2.) can be writlen taking intp account the motor phase resistance and the
inductance. The mutual inductance betwean the two mofor phase windings can be neglacied because
it is very small and has no significant efect. In other words, the motor must be designed this way,
othensise sensing of the back-EMF would be almost impeasible.

of
Hy.q-"u—' E”h E"u] f"'.d"f'd—_r‘

:.:.1
4;' iy

a3 [’E W= ¥, “r.:] =Rilpe L;

a=d

e
RL - molor phase rasistance, inductance
The intemal tarque of the mator 2l is defined as:

& c M
ﬂiéiuk-lxl EE‘J‘ (EQ 2-3.)

Tmd rmd

;- intemal metor torque (ne machanical losses)
w8 - rolor speed, rotor position
¥, - magnatic fux of phase winding x

KMOTOROLA AMNAB2T
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It Ig important to understznd how the Back-EMF can be sensed and how the motor behaviour cepends
an the alignment of the Back-EMF to commutation events. This ks explained in the nest sections,

22 Back-EMF Sensing

The Back-EMF sensing lechnigue is based on the fact that only two phesss of a DC Brushless motor
ane conmected at @ time (see Figure 1-1.), so the Mird phase can be used o sensa the Back-EMF
voltaga.

Let us assume the situation when phases & and B are powerad and phase C is free. No cument is going
through this phasa. This is described by the following conditions:

8,y By PN

1 1
iy = T3t Org mEuy (EQ 2-4)
Iy=dgip= Gdip=0

By vt b= 0
The branch voltage C can be calculated when considering the above conditions:

3
Mo = Juc {(EQ 2:5)

It is aan from the Figure 2-1, that the branch voltage of phase C can be sansed between the power
stage output C and the zero voltage fevel. Thus the Back-EMF voltage is obtained and the zero crossing
can be recognized.

The same expressions can &lso be found for phase A and B:

By, = %u‘_.._‘;\— AR {EQ 2-6.)

There are byt necessary conditions which have to be mat -
«  Topand battom switch (in diagonal) have to be driven with the same FWM signal
= Mo curent is going through the phase used o sense the Back-EMF

The Figure 2-2, shows branch and motor phase winding voltages during a 0-380°electrical intenval,
Shaded rectanglas designata tha vﬂ]uﬂ'_.' of fhe equa'ul:»n {EQ 2-5.). In other words, the Back-EMF
voltage can be sensed during designated interva

%5

e ft

=2

- Bk cas Ex pirmiid

Figure 2-2. Phase Voltage Waveforms
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23 Motor Behaviour at steady state condition

The praviously described modal is used to obtain the typical waveforms at difierent switching angles.
Swea Figure 2-3., Figure 2-4. and Figure 2-5.

EE]

/—I—\r .
ymlummtauﬂﬂﬂﬂﬂ

)

A M @ WE (8 0 Im_ WM »

3 M M 1¥ WD M D M0 DM Wa N M M

sl

Flgura 2-3.  0° switching angle

Tha x-axis mpresents electrical degrees of rotation, The y-axis reprasants relative amplitudes only. Uy,
is voltage crasted by the power stage and appied to the motor. U, is the voltage across the mofor phase
winding. A detailed look &t waveforms g, and ws, shows one interesting fact, These voliages can differ

MOTOROLA ANTB2T
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quite 8 Int because the three phase system, created by the power stage, is not symmetrical. i it was
symmetrical, ug would sgual zero, The expression of ug {s=e [EQ 2-1.)) explains how this degends on
the motor construction (U g o) and the implemented three phase system {“'L-'-'B-C]' The Back-EMF of
phase A can be sensed mlnm foligwing intervals: 330°-30° and 150°-210°,

=i

.

Sy

1 A N A
Plane o ik w g m op

® & W i M0 I @b, W DT oma dOf W WO

o8 M @0 ¥ M 3 M I XD 1IN W0 3

=

Figure 2-4. -20" switching angle
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Flgure 2-5.  15° switching angle

Let's suppass that the motor is fed from a veltage source, the fundamentsl frequency created by the
power stage 15 constant. Figure 2-8. shows how the average motor iorque (y-aucs, refative amplitudes
only) depends on the switching angle (x-axis) at constant speed and applied voltage (PWM duty cycle

MOTOROLA AN1BET
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value) as & paramater, The working point can be found for a cenaln load torque and PWAM duty cycle. If
tha load torque changes and the PWM duty cvcle remains constant, the swilching angle changes
accordingly. The zero crossing event is used to caltadate the actusl swilching angle. il i& known,
& comeciive action can be made 1o keep the switching angle within the desired intenval, This will allow
contral of the motor at the best efficiency point without need of position senaors.

average lorgue par commutation

e TR

-3 20 ~1'n | 111] 2 30 4'4
switching angéa [*]

Figure 2-8. The Average Molor Torque

3 USUAL REQUIREMENTS

A5 was shortly Introduced In the previous sections, the low-dynamic application is the fisld whera this
drive can ba usad. The speed and lhad vary during a much longer ime than the sysiem machanicall ime
canstant.

The Table 3-1. summarizes the requirements of a typlcal (low-cost high-volume) application with
& Brushless DC motor,

Mot type: o ol £ P DG Mot Specteatins
Mighor characiensic: Spead range: 300-3000 RPM
Tafque range: 10R%-120% of noaminel
e elecirical powsar <T00W
Dwive input characbenislic: Inpaut “nrush™ mae cument <304
Target effidancy: o8
Win afficancy: 0.8 ower whoie range
Fuifil Europeen Commundy Regulation [ECE55-1
LLioand chaarclenishic: Type arying
Siert-up lomque Ivbne 150% of nominal
0w ) 0me:
Teble 3-1.
ANGET MOTOROLA
REV 0.2 9
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4 SYSTEM CONCEPT
The concept belew was chosen. The cost target, especially, forced the design o be as simple as

paasible.
Power Su Pawer 5]
J + Line and RF filters [Ixdciver & BIGET)
- i
ol 1 g Py E | =(w)
I
— | P
Currant & Voliags | m
Speed Setting L]
§ Control Board Prosiion
% MGCEEHCTOSMCS i
SENSORLESS MOTOR DRIVE

Figure 4-1. System

The BEHCTOSMES |8 an HCDS5-based MG designed for three-phase Brushisss DT motor (permanent
magnet) drive applications, Ganeralf saturas include 3.5 kb of EPROM, 176 bytes of RAM, a 16-bit limer
including an output compare and two iInput captures, 4 general-purpose |0 pins, and an &C1 (UART)
port In a 28-pin SCIC or CHP packags. In addition the MC4 has spacific features that target Brushless
DC motor controd, including a 2-channel, 8-oft PWM madule, a high curent source port, and a &
channel, -5 AID medule,

Key feabures of the S-pin, 2-channel PWM moduls include 16 PWM rates batwesn 122Hz and 23 dkHz
for each PWM channel, bufferad data registers with an iInterocking mechanism for coherent updates of
the pulse width outputs on each PWR channel, and a 3-outpul commutstion MUX on each PWM
channel for easy control of outputs to the motor drive. Thie st PWM ocutputs of the commuitation MUX
are connected ko an output port with 10 mA curment source capability per pin, thus reducing the cost of
gxtemnal components reguired for building motor drives,

The Back-EMF zero crossing detection enables position recognition, a5 explainad in previous sections.
The resistor natwerk is used o divide sensad vollages down to a 0-15V vofage level, Simpls fittering
the comparators being disturbed by high voltage spikes produced by the swilching of the
¥3ET's. The mufipiexer selects the phase comparator output which corresponds to the cument
commutation stage. This signal is transfemed to the microconirelier Input Captura pin (TCAPZ).
The voltage drop resistor (0,50hm/2W) is used to measure the DC-bus curment which [s chopped by the
FW, The obtained signal is reclified and amplifiad (0-5). The intemal microcontroller AT converter
is synchrontzed with the PWM signal. This synchionization avoids spikes when the HEBET's am swilthing
and simplifies the elactric circut.
The A/D convensr |5 also used to sanse the DC-Bus Voltage end spesd setting, The DC-Bus voltage is
divided down to a 5V signal Fevel by 2 resistor netwerk.

The six IGBT's (copach with buillin fiy back diode) and high voltage gate drivers creale a compact
power stage, The drivers provide th level shiftng that is required to drive high sida bridge circuits
cammanly Lssd in modoe drives, PWM technigus |5 usad fo the control moter phase volage.

& Simple powar supply (rectified malns) containg & Ling and a RF fitter in onder to fulfl the Eurcpaan
Community Regulation (IECS85-1).

As apparent, this concapt Lses a comman ground (no Esokation s used).

MOTOROLA AN1E2T
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WARNING

It is strongly recommendad to use opfo-isolation (optocouplars and optoisolation amplifiers)
during tha development time to aveid any damage to the development agquipment.

ANTE2T MOTOROLA
REV 0.2 P
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5 SOFTWARE

51 GControl Algorithm

Two methods ware trisd, The first idea was to calculste the commutation events from the obtadned zeno
crossing times., This method was shown to be not robust anough. Any disturbance to the feedback signal
(dug to noise or mater asymmetry) causad high forque rpples and motor stoppaga.

Bacause of these problems, the second mashod was developed. Here, the motor is running as
a synchronows motor. The apesating value of the voltage Is created in such 2 way, that the Back-EMF
is alignad with the commutation, The phase Back-EMF zero crossing poirt is kepl within a Bme window
(B0 <q=180" sen Figure 8-2.; this can be changed with respect to type of application). This principle i
close o 2 simple vactor conlroim ethod, This does not require calculation of the nest commutation event,
direcily basad on the Back-EMF sensing. Thenelore this is a more stable algorithm in cese of feedback
;&gnai disturbance. No mator stoppage can occur, When using this algorithm the motor speed variation
wviary low.

The control flow consist of five phases: Alignment siage, Ramp-up stage, Stabilizing stage, PLL (Phass
Locked Loop) Acquisiion stage and Running (PLL Locked) stage,

5.1.1 Alignment

Beiore the motor starks, there is @ short time (which depends on the motors electrical ime canstant)
when two phases s supplied by power, The Current Contrelies keaps the cument within predefined
limits. This staga is necessary In order to craate a high start-up omue (see (EQ 2-3.))

5.1.2 Ramp-up

Hers the metor is starting and ramped 1=p (an "S" curve ramp cresates a smooth transient) untl it reachas
the working spead. The Cument Controller keeps curment at the maximum limit in order m ensure that
the rotor will not become kocked. The Back-EMF sansing technique enables a sensorless dotection of
the rotor position, however the drive must be slarted without this feedback. It is caused by the fact that
the amplifude of the induced voltege is proportional to the mator speed. Hence, the Back-EMF cannol
be seraed at a very low speed and a gpecial atart-up algorithm must be parformed,

5.1.3 Stabilizing

The motar is now running for a short time at constant speed. The motor speed is stablized before the
synchrantzalion with the Back-EMF feedback takes placa.

5.1.4 PLL Acquisition

The current contraller is switched off. Only the over-current detection i left on. The motor is supplied
from a voltage sourse. This ransifion must ba done very carefully. The actual PWM duly cycle (phasa
voltage) is decreased unill several 2eno crossing points can be sensed within the target time: window
{80°*<n<180" see Figure 5-2.), The raie of decrease mus! be tuned for the appication and must not
creats oscilaticn of the whole drive.

5.1.5 Running {PLL Locked)

The following conditions have to ba met to enter this staga:
1. Zem crossing Bvents have 1o be sensed within & time window (50%=0=130%
several times {o.g. §<)-
2. Cument peaks during one commutetion pariod must be below a certain Smit

Then the PLL contraller keaps the phasa shift a at the right value by controlling the phase voliage. The
motor is now running with & good efficency. Curment measurement, cver-curent datection and motor
stall detacBon is stlll continuously applisd.

MOTORCLA AN1BZT
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52 Main routines

The software ls divided into several main routines: INIT, START, BODY ang INTERRUPT SERVICE
ROUTINES (ISR). Several commaon subroutines are callad throughout these routines and are deseribed
in more details later In Section 5.2.4. The Figure 5-1. shows the sequence of the routines.

program ficw
rﬁmmm [DC-Bus cument measursmani, Over-curmen! Dadacion)
: [ Timar Input Caplure 2 Y

[ - intarval whes a subroutina i cabad
Figure 51, Program Flow

5.2.1 INIT
INIT does all necessery inftialization before the drive s started.

Porls imbatzation: PAT-E- PWM output
PES-T- output
PCO-T- inputs
PDE&-T- Inputs

A indfialization: The DC-Bus current zer vaivs and DC-Bus voltage limits (high and low)
are testad in order to prevent the drive from being damaged. The spead
setting s sampled.

After the START switch is turnad on (ses Figure 5-1.) the initiakeation con-
unues.

P initiatization: etz the PWM frequency (38kHz) and the PWM  polarity
{POLA=POLE=0). The time point for synchroenization of the curmant meas-
urement with the PYWM is taken, The pointer for commutation look-up
table is initialized.

Timer Owlput Compare  Software Timer1 ks synchronized with PWM In order to hande the intemal
Funclion hifielzation: AND converter. Software Timer2 (creates commatation period) is Inffial-
ized,

inpet Capiure Function  The Input Capture Function and Input pin (TCAPZ) are initialized,
inilialzation:

Currant Coniroller ANl ragisters used by P| type of Current Controlter are clearad.
Initializstion:

Finally, interrupts are enablad,

AN1GET MOTOROLA
REW 0.2 13
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522 START

This routiee performs the start slgorthm and consists of the pars mentiened in the Control Algosithm
Saction.

5221 Alignment

The required valus of the current i set. The Curmant Conlrolier keeps the curment at the requined valus.
The Cument Controliar subroutine B called evary 512us after new value of the DC-Bus current have
bean obtained, The PWM signals are applied onto onby two motor phases (no commutetion). The motor
curment and rotor position is stebilzed.

B222 Ramp-up

The commutation period & decreased in order fo reach the maximals peed within 5 seconds (see Figure
5-4.).

The following subrouings are called: Cumrsnt Contrellas (S12ps period), Speed Selting 4 DC-Bus
viltage sensing, Commutation and Ramp.

When finished ramping-up (the molor is rupning &t the required speed), the program flow continues.

5223  Stabilzing

Heri, the mosor speed is stabilized bafore the PLL Acquisiion tekes piace. The motor is running with
constant speed, After a certain time {which depends on the application), the program fiow confinues to
the nesd staga.

The Curment CoriroBer (S124s perod), the Speed Seitng & DC-Bus wvollage sensing and
the Commutation subroutines are called from this part.
5224 PLL Acquisition

The curment peak during cne commutation is detectad, If [ 1s higher than the presat fimit {2.54), then the
PWM duty cycle s decréased, The Timar Input Capture interrupt is enabled -20us afier

= B el Seg w.ll.‘.‘#:l i

i Foamm:  GUEX Vet BUEX Maer

Friase Back-EMF
is erassing Targ

Figure 5-2. PLL Acquisition

MOTOROLA AN1B27
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the eommutation, disablad bafore the successive commutation (OC ISR or disabled whan the edge of
the Zero Crossing signal s detected by the IC function {see Figure 5-3.). If a zero crosaing edge is
detected, then the time intarval from the commutation |8 calculated and condition the B0*=o<180° is
evaluated. if this condition ks met six imes and the current peak s within the limit then the program fiow
confinues. The follwing subroutines am calied: Speed Sefting & DC-Bus woltage sensing,
Commastation.

The Figura 52, shows the moment when the Zero crossing points can be sensed, The actual angle o is
less than 80°, so the entry condition o the Running stage is not mat and the DC-Bus voltage is
decraased further.

523 BODY
This routine parforms the Running stage. Speed Setting & DC-Bus voltage sensing and Commutation
subroutings are called. The zem crossing feedback & handied and the anple o s evaluated, if no

feadback is caphrad betwaen commutations, then the zeno crossing comparalor feedback (TCAP2 pin)
Is samplad directly_just bafare the commutation takas place (see Figune 5-3., @ samples).

m?«n@@a@@@?

“Branch” Votage A

b
a
Bwilch A PN P PAM b PVM Ay
Swilch & L I PwniBeel ] Pwh Beal | PWA Bpatl

Swiths _[PWMCeal P Cioel [ Pwmicoal |
Pha I 1 1 1 L

phe 1 1 | | 1

i e = S B OO0 O
ko2 gpg L L ML LT

Zam Crossing
finterial feg)

=5]"
QORGEEABS om--eee e e
QEABF  reererereres i e S s e

Figure 5-3, Conirol signals:
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The foliowing formuia is then used to evaluate F a<8”" or o> 180%;

it {{{Rising edge s expected) AN (TCAPZ pin ls Hi)) or ((Faling edge is expectad) aup (TCAPZ pin
i Lo} chen <807

if {{Rising edge is expecied) axD (TCAPZ pin s Lo)) or {(Faling edge iz expactad) ann (TCAP2 pin
B HD)) then a>180°

All thres cases {o<30", 30" =n<180" and o>180"} are counted (by EMF_Lo, EMF_OK and EMF_Hi
countess) during one revolution (18 commutations par revolution). The resulls are then usad in the PLL
Controfier.

The stall detection is performed using another formuda:
if (EMF_Lo=Stall limit) chen call Emergency Service routineg,

5231 PLL Controbier
Based on gbove counters values the PLL Controller changes PWM duty oycle (PWMA and PWMEB
registars)
i (EMF_OK=B) then stay with the same PWM duty cvcle
alaa if (EMF_Lo=EMF_Hi) thendacraase PWM duty cyce
else Incraase PWM duty cyce

The PLL Confroller can be more sophisticated for other applicationg {the fime window can ba dividaed
inte several sublnlereals #ic.). In any case some kind of statistical evalusation is strongly recommended.

NOTE

If the cument is higher, then the slignment of alectrical and magnetic felds should be adjusted. The
bast ce ks no longer 307 but higher. The used algorthm does this improvement automatically.

- When load forque Is Increased, the phase curment is also increased aulomatically &nd the
fly-back dindas ara epen for @ longer ime. Thus the time window (when Zero crossing can be sensed)
i shrurk. This reduction can be so big that the time window becomes |6ss than 30° ong (also o>&0").
If the previously explained contral algedthm is appBed, then the switthing angle is increased so that the
alignmant of electrical and magnetic fislds |s improved (see Figure 2-3., Figure 2-4, and Figure 2-5.).

524 Subroutines

524 Ememency Stop Subroutine

This routines turns OFF all PWM outputs and waits. After some fime the drive tres to stanl again
(opfionat).

5242 Spead Sefting & DC-Bus Voltage Measurament

The result from an A'D comversion of either the Speed Setting or the DC-Bus voltage is stored into
memaory. The successive AD channel is selected and an AJD conversion is started,

5243 Cumrent Condraller Submoutine

Tha Currant controier subsouting is called every 512ps. The Pl controfier calculates the FYWM value
based on the required and measured values of the DC-Bus curment. The result from the Pl controlier is
a scabed value of the duty cycle which ks directly used by the PWM reglsfers.

5244 Commutaion Subrouting

The values for the PWM contrel registers and the MUK command ane found in look-up tables. The MUK
command is a three bif word which contrels the mulbplexer (MUX). The multplaxer handias he phase

MOTOROLA ANTE2T
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Zero ¢rossing signaks (see Figura 6-1.). The values obfained from the tables are alored info intermal
termporary variahles in ordar to be ready when commutation is performed. The polarity edge sensitvity
{|£genz}uru-n Timer Input Capture 2 Function is toggled {see Figure 5-3.} in order o detect the rising
or falling edge of the zers croasing signal. The edge polarity cormespands fo the rofor pasition and the

actual commutation stage

5245 Rarmp Subroutine

The Ramp routine calcidates commutation perod (Timer1) such that an “5" speed ramp is achieved, No
afilhmatic division is reguined.

The formulas iImplemented are given below:

tFaeri gl = PerlodStop) - Const -
1khex

Apceleration: Perigdy, g+ Period;,, - 1 [EQ 51}

(Pertod; .y - PeriodStarr) - Contt "

Decsleration:  ferlod), , iy & Periody, + T

1 ([EQ52)

Conxt s & parameter which changes the slope of the Ramp
PerfodStarr s the value of the commutation pericd when ramging is started,
PeriadSiop is the value of the commutation perod when ramping s finished.

Speed [rpm]
2500 T

2000
1500 +
1080 4

500

L]
0.000 2,003 4000
time [s]

Figure 34, Ramp

525 ISR - Intarrupt Services Routines

5251 Timar Output Compara Intemmupt Service Routine

Timer (&/0 conversion) and Timer? (commutation) are asynchronous softwars timers senved by this
rauting.

If the OC Internupt is caused by Timer! the A/D conversion of DC-Bus curent is done here first n order
to e synchronized [within 4j15) willh the PWK signal (see Figure 5-5.). The chtained value goes through
the: Over-curment and Peak-current detection routines to make sure that it is within the limits. The flag for
the Cument Controller is set This flag causes tha Currerd Contraller subnouting o be caled with new
data measured in this ISR,

On the other hand, i OC Interrupt is caused by Timer2, then the preset values (calculated in
Commutalion subfouting) are put into the PWK reglstars (CHA, CHE) and the MUX command is output
o,

ANIE2T MOTOROLA
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The IC Interrupt (ICEE2) is disabled here to presenve the Back-EMF detection from the disturbances
produced during the commutation (sse Figus 5-3.). it Is anabled again after approximately S0us.

if thaza two ovents are golng to happen coser than 133us, then TimerZ oblains priorty and the
commustation is performed at the rght moment (no speed variation) whie the A/D conversion s
posiponed by 2568 (see Figure 55.).

A new valua for the Timer Output Compara Register (OCRHIL) ks caleulsted, based on the states of
Timer1 and Timer2.

I unable start ASD
?Mmm_ Inlerupt Evert canvarsion at O »
cnmm; ﬂhﬂﬂmmmmke:phce mwh‘,ﬂ
Top switch ey - bf'ff"“”“ 3
1l B i [l Hi [
; il 1 | | 1l :
i i i ]
[ i h| | B o | AT oSt 4L N ____ b
EI::HE‘I‘I_I‘NM I - ' R R
i il 1l ol
i i o ] 4

= 512us T

Figure 5-5. Measwement Synchronization with PYWM

5252 Tirmer Input Caplure Intarrupt Serice Routine

The signal generated by the Position Recognition Logic causes this inferrupl. Special cane must be
taken due to noise, which can disturb the Incoming signal. The respective pin (TCAP2) is sampled in
suitable placas within the BODY and START routings. The pariod is lass than $0jus and is typically 30us.
When this ISR is Initiated, then ancther three samples of the TCAPZ are taken and the state of the
TCAP? pin is then evaluated. Based on the last sample hefore the ISR i executed, the selectad edge
sensitivity (IEDG2) and the samples after 1SR is IniSated, and the Input Capture event is verifled, If it s
acceptable then the capturad time is stored in memory and the Input Capture Intemupt ISR & finished.
The capiured ime is then used to calculate the angle o In the PLL.

5253 IRG

The wake up signal is sefvicad here. This allows the system to perforn communication whis the
microcontrollar is in the stand-by mode.

53 Program Load
The cycie time of the main routines was messured. The values obiained are given in the following table.
— Cyele time (BMHz clock frequancy)}
Min. typical Mhax,
Star, s ~Tlys 170ps
Body 2 ~Bilps 180ps:
ISR=-0C Sips B S0ps
ISRAC — T X
Tabla 5-1.
MOTOROLA AN1G2T
18 REV 0.2

Unfiled Notes Page 64



54 Memory Map Usage
The figure bebow shows the overall memary usage for the system. it can be seen that very lite ROM
spac |5 required by the systam,
50000 o
48 Bytes
Unused
i internal FAM '
1TE Bytas Enci e -
% __________ ; ) - 1.2 ’7 WY ariabies
Stack #
64 Bylos it iz
m’ ==f 100 WRIT
1.35 kB W ErartAdign
L it oA [ Shart-Rzsmp-up
EPROMROM ' ] B St Sinkil
3584 Bytas : ki W Stert-PLL lock
Y WEOCY
EEBT ".I Houo O Subrmutings
Sell-Checkl i i : JIER-OC
Bootstrap ROM
soeer il H 2z i
FFQ User Veclors | L]
Eprom/ROM
$aFFF 16 Bytes ~ 0.00
Figure 5-8. Memory Mapping
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6 HARDWARE

6.1 Power Stage Board
.11 Back-EMF sensing
An outling of the Back-EMF senaing clroult ks shown below.

‘WJE Phpsa A Phesa B PhaseC
%m ?m: ?m Z‘mu
§sem §meoc § 50K
:

; oo faoc §emk § ba0x
mﬁ' f:m im
"mflmg'mru]mﬂ
1

Figure §-1. Back-EMF Sensing Circuit Diagram

&5 oxplained in he theoretical part of this application nota, the phase 2er crossing event can be
detected at tha moment when the branch voRage (of a free phase) crosses the half DC-bus voltags level,
Thee resistor network i used to divide sensad valiagas down &0 a 0-15V voltage level. The comparatorg
sense the zero voltags differencs of the input signal, The mullipls resistors reduce the woltage across

Pl 1 f

Figure -2, The Zero Crossing Detection

each resistor component to an eoceptable level A simple RC (S4k0=1nF) filter provents the
comprators being disturbed by high voltage spikes produced by IGBT switching. The MUK selects the
phase comparator output, which corresponds o the current commutation stage. This Zare Crossing
Datection signal s transfemed io the microcontroller's Inpul Capturs pin (TCAPZ)

MOTOROLA AN1G2T
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B.1.2 Currant Sensing

In & star connected motor winding, the phase cument can ba sansad on the DC-Bus rail as each motor
phase pair i energlsed. The voltaga drop resistor (0,60hm2W) is vsed to measure the DC-Bus cument
{0-4A), which is chopped by the PWM. The obtained signal is rectfled and amplified (0-5V). The intemal
AD converter is synchronized with the PWM signats (sea Figure 5-5.). The current signal is converted
20us before the end of the PWM "OM-ime". This synchronization avoids spikes when the |GET's are
switching and simplifies the electric circuit. The over-current fimit (3,8A) Is detecled by a comparaior.
This output is used to directly switch off tha IGBT's and for the IRC interrupt input,

Figure 6-3.  Curent & Voltage Sensing

6.1.3 Valtage Sensing

Tha DC-Bus voltags is divided dewn-1o a 5 signal level using a seriad resistor network. This signal is
usad for over-voitage and under-voliage dataction.

6.1.4 Power Devicas

Thers are six MGPINGIED WGET's (copack; with buillin fiy back diode) driven by three IR2112 high
vaiage gate drivers,

Switching times, ssturafion voltage, and shor cireuit ime of the IGBT's have been optimized for mator
drives. In addition, the gate threshold voltage is higher than usual for MOS gatod power devicas. The
highes threshold eliminates the need for negative gats driva,

The high voltage driver C's are designed o directly drive tha gates of power MOS devices. They provice
the level shifting that is requined to drive high side bridge circuits commanly used n motor drives and
other power applications. They are capsble of withstanding floating supply offset woltages up to
600 wodts, The Snut-cown Input of the IR2112 is used to switch off alll GET's when over-purrént detection
is activatad.

Cetaled Information 2bout the power stage board can be found in the application nofa: AN 1550 - “High
Voltaga Medium Powes Board for Three Phase Motors”,

AN1G2T MOTOROLA
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8.2 uC 68HC(7)05MC4 Board

The MCBEHC[T)DSMC4 is a low cost microcontroller espacially dedicated for mator control, Dus to this
fact, the board schematic is very simple,

i 7
T
P < oo
P « bt

PEAN ﬁ T
LECu e LEE]
FRLTEAFE Wmm an
POATCMATIAR| salap

il |
I

]

# j
g
ga

POTAREFL I o
18 Avadng ey
e e e
5 -
BT it PG T T P =
AL Velage =ty

Figure 6-4. Microcontroller Board Schematc
There are no special requirements as long as commaon niles for microcontroller design ans fallowad,

6.3 Power Supply Board

Tha rectified ine voitage is filered by a 100uF (400V) capacitor. The RFI filker and the Low-frequency
(harmaonic) filter are uaed to maet tha new EMC regulation (IECS55-1),

Any type of power supply system (.0, SMPS or classical cantre-taped transformar) can be used to
produce the auxiliary voltage lavels (+15V, -15V and +5V},

This solution does have one limitation. The DC-Bus voltage can be 280V - 350V (the best case) which
might not be sufficlent for very larga required speed range. Tha DC-Bus voltage should be thres times
higher [in siar connection) than the phasse Back-EMF woltage at maximal speed.

6.3.1 Meeting European Community Regulation IEC555-1

The epplication was designed to meet this regulation. The cheapest way often i 10 use one RF fiter
and one LF filter to imprave the line current shape, The value of the inductanes In the LF fitter is a trade-
off between power factor and cument shape., | must be also kept in mind that any inductance before or
afer the mains rectifier decreases the DC-Bus voltage. This reduces the speed range this application
can be used for.

|:| 75 mH d= I NS404RL

.m% Q%

HF Filas

20 ek

T LIpEee)
242500 pF (¥)

Figure 6-5. Main Power Supply Filters
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9 REV 0.2

Unfiled Notes Page 68



6.4 Conclusion

Thi: presented resl application shows a typice! system solution which was designed according lo known
market neads,

The microcontrolar wsed is based on 8 HCOS core which |s able 1o control such a low dynamic
application and even more.The lefiover memery space (~2kB) and performance capacity (free time is
~500us each 1ms} are avaiable for other applicafion purposes. It aliows one to design more
sophisticated control algorithms or implement some customer code o perfarm ofher tasks (keyboand
contred, digplay control ate.) as well as senal communication,

But, 2 complate system solution depends not only on @ microcontrober. Moltor control design can ba

drastically simpiified using integrated pants, such as co-pack |GBT's and integrated drivers, so that
a low-cost fargsd can be achieved.,

ANAGET MOTOROLA
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APPENDIX A
MEASURED RESULTS

A1 Power Stage Board

During the development it was important to find out if the power devices are suilad for the appeication,
Therefore a 30min test was performed, The temperature of the devices was checked 1o be within the
range sliowed by the manufacturer (105°C)

The gate resistance was 220hm. All IGBT's were in an upright position withoul heatsink and the
temperature was measured on the centralp in, The foliowing tabla summarizes the oblained resulis. The
maximal tarnperature does not excesd the allowed limit and the devices passed the test.

Device: MGPANBIED TO220 Copack
Settings Rosults

Lead targue 0.07Mm 1.134 mean

Motar phase currant 1,384 RIS

Miotor speed 1D0ZRFM 2144 peak
DC-Bus voltege 5.5V Tamperature at the stard of the lest W0EC
PWM frequency A 9kHz Temperatura at the end of the sest moc
Asnibient temparsture o Max tempesature during 30min 1est E1.1"C

Table 1.

A typical oscilogram of the phase curent (Ch1; 1A/10mV), the branch vallage (Ch3) and one half of
the DC-Bus veiage (Ch2) waveforms (Ch2 and Chd are divided by resistor network) was faken during
the test. In the points where the channel 3 i crossing the channel 2, the Zem Crossing pelnts are
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Figura 1. Magsured wavalorms
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dalected (3ee 2.2 Back-EMF Sensing). The akgnment of the Back-EMF with the commutation evends
is good and the modor runs with high efficiency. The cursors defing the time interval whare the
measurement of mean, RMS and peak values of the phase curmant are done. See results on the right
sida of the oscillagram.

A1 Mater Load

Tha star-up capability of the drive was tested at more than 150% of the nomingl load. The drive
succassiully reached the working spesd {2400mpm) within 55, a5 required. Figure 2. shows the sitained
wayvelorms al the steady state condition.

i L
Chi is phasd curramt - 1A ey

a8 v
Figure 2.

Ch1 |s the motor phase current, Chi Is one half of the DC-Bus voltage and CH3 is the branch voltage
ChZ and Ch3 are divided by the resistor network down-io D-15V lewed). The DC-Bus woltage is created
by rectifiing the maine and therefore channel 2 varies according to chargingidischarging of the DC-Bus
capaditor (10ms perlod), This variztion has na impact on the Beck-EMF zero crosging detection.

el B %0.6h5 Haam,
3 Swous
y o CY Mgan
\ o Mmy
. I
fm ""ﬁ"\. iy 1 A=
” 2 N
[ - “j;""-' . 5.,.,‘\ 'F.""'"!
2 pow] | 1 !
' \a_v,.»«i‘(
i
i ’
T TR =7 3 Wi L F=I T
ih ] Cir is phase currert - 1AMGmY
Figure 3.
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A2 Microcontrolier Usage

The following tables show how much of the microconioller MCBSHOOSMOA was wsed to dive the
sensoress application.

A2 VO Used
Table 2, summanzes the use of B0 plns. it can be found thal six ping are still available.

in} Availabla pins Used pins Purpose
PAQ Diraciion command
Port & PAD-PAT FAL-FRE = ]
Fa START/STOP command
FB4 Communisaton - TOO
PBS Communication - RDI
PortB PR4-PET
PB& Fault
PET RUNLED
PCOPC2 MUK command Pha-FhC
Port PCO-PCT
PC3PCT AD3-AD5; VReHL
Port D PDEFDT PO7 TOAPZ - Zom cross. delacton
IRCH RO (] ‘Waka up signal
RESET RESET RESET RESET

Tabie 2.

A.2.2 Modules Used

Motorola's MOEEHCOSMOA microcontroller offars many features which simplify the controll of
an application. The following table explains which funclion modules are usad and their purposas.

Module Used Purpose
PR s P of motor phase voltage
Maasurement of Speed Seting, DC-Bus cument,
AT Comverier yes DCBus voRsge
Commutation (softwars Timer2) and synchronize-
Cuiput Conpire | y68 Sion of AID ooy, will PAVM (saftware Timer1)
Inpual Capiune 1 no
Ingut Capliine 2 VES Capture of edae of Zero Crossing Detection signal
SCl na
Cora Timer o
Table 3.
MOTOROLA AMN1B2T
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A.23 Total RAM & ROM Used

The program was wiitien with special care ko reducs memery use in order o achieve the best resull.
Table 4. shows how much memory was needed to run the BLDC mofor in the sensorless application.
A significant pant of memaory is still available.

Memaory Avallable Used
SRAM 1TEByies BOByles
User EPROMROM | 3.5dBytzz | 1.35kyies
Tabla 4.

AN1G2T
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555 Timer
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¥OU ARE HERE: HOME > DEVICES > 555
What is the 555 timer?

The 555 timer is one of the most remarkable integrated circuits ever developed. It
comes In a single or dual package and even low power cmos versions exist - ICM7555.
Common part numbers are LM555, NES55, LM556, NESSS, The 555 timer consists of
two voltage comparators, a bi-stable flip flop, a discharge transistor, and a resistor
divider network.

I am particularly indebted to P
for their most generous assistance in gi\ﬂng me access ta mawtal prasentad an tms

page.

Philips describe their 555 monlithic timing circuit as a "highly stable controlier capable
of producing accurate time delays, or csclilation. In the time delay mode of operation,
the time is precisely controlled by one external resistor and capacitor, For a stable
aperation as an oscillator, the free running frequency and the duty cycle are both
accurately controlled with two external resistors and one capacitor, The circuit may be
triggered and reset on falling waveforms, and the output structure can source or sink
up to 200maA."

What are the 555 timer applications?

Applications Include precision timing, pulse generation, sequential timing, time delay
generation and pulse width modulation (PWM).

Pin configurations of the 555 timer

Hers are the pln configurations of the 555 timer in figure 1 below.

P CONFIGLERATIONS
0. K. FE Packages.

s -

I ofT 12732004 536 PM
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AT o RN TR T TR

Figure 1 - 555 timer pin configurations
Pin Functions - B pin package
Ground (Pin 1)
Mot surprising this pin is connected directly to ground.
Trigger (Pin 2)

This pin is the input to the lower comparator and is used to set tha latch, which In turn
causes the output to go high.

Output (Pin 3)

Qutput high is about 1.7V less than supply. Output high is capable of Isource up to
200mA while sutput low is capable of Isink up to 200maA.

Reset (Pin 4)

This is used to reset the latch and return the output to 2 low state. The reset is an
overriding functlon. When not used connect to V+.

Contrel (Pin 5)

Allows access to the 2/3V+ voltage divider polnt when the 555 timer Is used in voltage
control moede. When not used connect to ground through a 0.01 uF capacitor.

Threshold (Pin 6)

This is an input to the upper comparator. See data sheet for comprehensive
explanation.

Discharge (Pin 7)

This is the open collector to Q14 in figure & below. See data sheet for comprahensive
explanation.

V+ (Pin 8)

This connects to Voo and the Philips datebook states the ICM7555 cmos version
aperates 3V - 16V DC while the NESSS versian is 3V - 16V DC. Note comments abaut
effective supply filtering and bypassing this pin below undar "Ganeral considarations
with wsing a 555 timer”

555 timer in astable operation
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When configured as an oscillator the 555 timer s configured as in figure 2 below. This
is the free running made and the trigger Is tied to the threshold pin. At power-up, the
capacitar Is discharged, holding the trigger low. This triggers the timer, which
estahblishes the capacitor charge path through Ra and Rb. When the capacitor reaches
the threshold level of 2/3 Vex, the output drops low and the discharge transistor turns
on.

The timing capacitor now discharges through Rb. Whean the capacitor voltage drops to
1/3 Ve, the trlgger comparator trips, automatically retriggering the timer, creating an
oscillator whose frequency is determined by the formula in figure 2.

= B

L
S C— e
i i |

e

L4

o

%
-

- WO 1 1 P
Astable Operation (Ra+2Rb)* C

Figure 2 - 555 timer in astable operation

There are difficulties with duty cycle here and 1 will deal with them below. It should
also be noted that a minimum value of 3K should be used for Rb.

Yoo
Ra

i = "

.

c
t (output high) =067 RaXC L
t1 (output low] = 06T Rb X C

T=t 42 (otal period)  F= =

Figure 2a - modified duty cycle in astable operation

Here two signal diodes {1N914 types) have been added. This clrcuit is best used at Vec
= 15V,

555 timer in monostable operation

Jef7 L2/3/2004 9:36 PM
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Another popular application for the 555 timer Is the monostable mede (one shot) which
requires only two external components, Ra and C in figure 3 below. Time period is
determined by 1.1 X Ra C.

:
Wi o e }—L‘F i
I el | = L

Monostable Dperation

Figure 3 - 555 timer in monostable operation
General considerations with using a 555 timer

Most devices will operate down to as low as 3V DC supply valtage. However correct
supply filtering and bypassing is critical, a capacitor between .01 uF to 10 uF
(depending upon the application) should be placed as close as possible to the 555
timer supply pin. Owing to internal design considerations the 555 timer can generate
large current spikes on the supply line.

While the 555 timer will operate up to about 1 Mhz it is generally recemmended it not
be used beyond 500 Khz owing to temperature stability considerations.

Owing to low leakage capacitor considerations limit maximum timing pericds to na
more than 30 minutes.

External components when using a 555 timer

Care should be taken in selecting stable resistors and capacitors for timing components
in the 555 timer. Also the data sheet should be consulted to determine maximum and
minimum component values which will affect accuracy. Capaciters must be low leakage
types with very low Dvefectric Absorption properties. Electrolytics and Caramics are not
especially suited to preclsion timing applications.

ECUNALENT SCHEMATIC

oL
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Figure 4 - eguivalent schematic of a 555 timer

Very low frequency timing

There have been a few people who have written to me about problems in using the 555
timer In very low frequency applications, One particular case was at 10 Hz:

*I made an oscillator using 555 IC running in astable mode, at 10.0H2. My problem is
extreme over heating and ultimate burn out. Can you give & stable circult as 555 to run
at 10HZ withaut over heating and extremiy stable”

My advice was to consider using another device such as the Z4HC4060 "14-stage
binary ripple counter with oscillator”. You can use more than one device in saries
{cascading) for higher division numbers (with some often inconvenient gaps).

The 74HC/HCT4060 are 14-stage ripple-carry counter/dividers and oscillators with
three oscillator terminals (RS, RTC and CTC ), ten buffered outputs (03 to Q5 and Q11
ta Q13 ) and an overriding asynchronous master resat (MR).

The escillator configuration allows design of either RC or crystal oscillater ircuits. The
oscillator may be replaced by an external clock signal at input RS. In this case keep the
other ascillator pins (RTC and CTC ) floating.

One device |s capable of dividing by Q13 (that's Philips netation for 14 as they consider
Q0 as a valid first nurnber division). If you don't understand binary division it may pay
to look at my page on digital basics. You can cascade as many devices as you llke
although you will get some gaps in divisions available to you - see data sheet.

To achieve a highly accurate 10 Hz output I'd suggest doing this:

“CONSULT DATA SHEET" a
320 Hz
ETHES [T L
] [ RS Yee
4060 ADED
13— &
17 o —
Mt MR 10 Hz
g GND E GND
e panaa iie = M9 ann_

5of 7 120372004 9:36 PM
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Figure 5 - 74HC/HCT4060 14-stage ripple-carry counter/dividers used to
achieve 10 Hz output

Mow if I've got it right and, it's been a long while since I did this, that schematic should
work.

I've selected the Q13 output of the first device (which 15 actually the 14th stage) and
this gives us 5242880 Hz divided by 16384 = 320 Hz. This is fed into the RS input of
the second device where the output is taken from the Q4 stage which is 320 Hz divided
by 32 = 10 Hz.

To some people the confusing part is Philips use the system of QC, Q1, Q2.., Q12 and
Q13. So Q13 is actually the 14th stage and Q4 Is actually the 5th stage. Adding the

two together, 14 + 5 = 19 {oh duh), means if we successively divided 5242880 by 2
for nineteen times we will get down to L0 Hz.

Several points to bear In mind:
® maximum clock frequency is a very generous B0+ Mhz
® you can cascade as many devices as you like

® the accuracy of your output frequency is entirely the same as your source
® this only one example - use your imagination

It's an Interesting device to play around with. I've used it to play around with hee-haw
sirens and other amazing vet, foolish projects.

Don't forget to consult the data sheet, print it out and lack at my page on digital
basics.

IC 555 Projects - E.A. Parr - Babani 141 pages
This book by E.A. Parr proves a very inexpensive source of "555 timer projects”

%5 ORDER - U.K. - IC 555 Projects - E.A. Parr - ORDER NOW £3.99 This title is
usually dispatched within 2-3 days.

555 Timer Applications Sourcebook, With Experiments

555 Timer Applications Sourcebook, With Experiments
by Howard M. Berlin

Out of print but available second hand,
Got a question on this topic?

If you are invelved in electronics then consider joining our "electronies Quastions
and Answers” news group to ask your question there as well as sharing your thorny
guestions and answers. Help cut your colieagues!,

The absolute fastest way to get your gquestion answered and yes, I DO read most
posts.

This is 2 mutual help group with a very professional alr about it. I've learn't things, Not
for absolute newcomers to ask questions BUT it is an excelient learning resource for
lurkers,

RELATED TOPICS on 535

Unfiled Notes Page 80



333 timer
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btpfwwew,glectronics-tutorials. com/devices/ 555 htm

555 car tachomater
555 light dimmer paga
555 timer data sheet - (120K} In POF format.

Bibliography: - Philips Semiconductors - Dats Handbook IC11

YOU ARE HERE: HOME > DEVICES > 555

the author Ien C, Purdie, VK2TIP of www.ebectronics-tutorials.com asserts the moral right to be identified as
thiz authar of this web site and ai contents herein. Copyright @& 2000, all rights meserved. See copying and
[inks. These elactronic tutorials are provided for individusl privete use and the author assumes no liakility
whatscever for the apelication, use, misuse, of any of these projects or elecoronics tutorials thak may result
in the direct or indirect damage ar boss that comes from these projects or butoriats. All materials are
provided for free private and public use.

Commencial use prohibited without prier written parmission from wew.electronics-tutorials,com.

Copyright & 2000 - 2002, all rights reserved, URL - http:/fwww. electronics- tutorials. comy/devices/555.hm
Updated 16th Juky, 2002
webmasterfielectronlcs-tutorials com

127372004 9:36 PM
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4 Kinematic and Dynamic Anafysis of ﬂiiﬂhff;puiamr 28

End Effector
m, (lumped)

Link 3: Forearm /5

— YCM, | Link 1: Shoulder
—— Iy, my

Figure 4.1: Coordinate systems for the analysis of the Stanford 3-DOF HFE. The coor-
dinate systems are aligned following the conventions for the use of Denavit-

Hartenberg parameters,
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4 Kinematic and Dynamic Analysis of the Manipulator 28

End Effector
mg (lumped)

Link 2: Upper Arm
[2 » My

—  YCM, | Link 1: Shoulder
—1— : — I‘l . “-.1

Figure 4.1: Coordinate systems for the analysis of the Stanford 3-DOF HFR. The coor-
dinate systems are aligned following the conventions for the use of Denavit-
Hartenberg parameters.
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Mass prapertes of Peter Ebow Joinl Assambly
Output. cordmate System: Coordnaie Syatami
Dansity = 2450500 kilograms per cullic metar
IMags = 1.154 kingrams
Volama = (000 cubic meters X
Surtaca area = 0,323 square melers
Center of mass: | meters |

X=0072

=007
& =-0.001

Principal aves of ineriia and principel momants of inertie: | Kiograms * squan: mebers |
Taken & e center of mass.,

ke = {0U960, 0,123, 0.001) P = DA

Iy = (D139, 0950, 0.096)  Py=0015

= {0002, 0046, 1.000)  Pz=0.018

Momaents of inertia: | kilograms * sguare meters |
Taken at the cantar of mass ard slgned with the culput coordinate sysbam,

L = 0.002 Ly = 0002 Lz = 0,000
Ly = 0.002 Lyy=0.015 Ly =0.000
Lo = 0000 Lzy = 0,000 Lz = 0.016

Moments of inerti; | kilograms ® squane mebers |
Takmn at the cutpul coordinate systam,

et = D00 By = 0003 bz ® 0000
st = 0L00E Iy = 003 fyz = 0,000
Izt = 0000 Ty = 40,000 |z = 0025
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