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TYPICAL APPLICATIONS 

This Gliagram shows a simple form of speeGI control 

wiring. Please refer to page 28 for block aiagram 
See application drawings at the back of the manual in section 6 
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~ CCT.BREAKER 
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-12 ss +12 
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~-

RUN 

SETPOINT 

optional 
DC tach. 
(minus on T9) 

M 

I M 0 H ·l;h I 3!.. IMPORTANT WARNING 

Page3 
For applications in the European Union special precautions 
may have to be taken for EMC purposes. A line filter may be 

re!!quireGI (shown as GlotteGI box) in non-inG!ustrial installations, 
anGI EMC guiG!elines followeGI. See section 6.18. 

3 PHASE MOTOR 

VENT UNIT 

(FORCED VENT 

MOTORS ONLY) 

0 m ~ ~ ~ 
~ ~ ~ ~ ~ 

TIM AV OM DO so 

AC FIELD 
SUPPLY 

FIELD 

LINE INPUT 
FUSES 
SEE RATING 
TABLE 
PAGE 4 &29 

RO 10 ZS ST -24 

)C1 

L_____j_-! 
CONTACTOR AC SUPPLY 

This typical application shows the motor field energised permanently by the auxiliary supply. This allows dynamic 
braking systems to function. Precautions must be taken to prevent the field overheating while the motor is at rest. 
See section 6 page 12 for Glelayed turn off or main contactor energised field applications. 

I! I: I J;! 1-Fi i·1 ;t IMPORTANT WARNING 

All thyristor 3 phase convertors commutate the load current between devices and lines. During the process of 
commutation which lasts approximately 100 microseconds, notching will appear on the incoming supply lines. To 
prevent possible disturbance to the supply it is necessary to use a 3 phase LINE REACTOR between the POWER 
connections of the drive and the supply lines. Sprint has developed a range of Line Reactors to suit all models in 
the SLE range. It is essential that all three phase drive systems incorporate the appropriate Line Reactor. See 
Rating Table page 4 and Dimensions On page 29. @ INTERNATIONAL GROUND SYMBOL n 'H 1 n tt -w . • :; \ w 1 1 n. r IMPORTANT WARNING = ~~~~~~~ ;~~~~~~~~~~~~~L 
All incoming main power supply connections must be protected by the correct fuses (warranty re!lluirement). 
A substantial earth connection must be made to the earth terminal of the drive. 
SAFETY EARTHING. The isolated control common (OV) must be connected to protective earth to ensure the 
ellluipment meets protective class 1 criteria. Refer to section 6.18 for analogue signal earthing details. 

iJol 1M;JomJ,}id#;lol3 .. IMPORTANTWARNING 

The POWER ON/OFF control facilities (T28/29) integral to the drive must be used to energise the main contactor. This 
ensures correct power sequencing. The armature current may not be commutated to zero correctly, and could cause 
non-warranty damage if this advice is ignored. If safety codes mandate external contactor control, then the POWER OFF 
function on T28/29 must be initiated 1 OOmS prior to contactor opening to avoid damage. (See application 6. 7) 
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M:~l}3: t·1: I tf£·1! ,] 1~'~13:tit•l: t;F Page4 
Four corner mounting slots are provided to mount the unit. 
Use M6 {1/4in) screws. A substantial earth connection 
should be made to the stud provided. Nominal cooling air 
throughput is specified in the rating table below. NOTE: Do 
not block the heatsink fins. Allow 50mm (2 in) space. Note: 
Ensure connections to power terminals are tight. 

Please consider the total dissipation within the enclosure 
when calculating the reQuired air throughput. This includes 
the fuses, line reactors and other sources of dissipation. 
See the appropriate pages for dissipation ratings. 
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Ill:!] BEFORE APPLYING 
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fix 
ce 

ing 
Ill:!] 
Ill:!] [ Rating label ntre 
Ill:!] 
Ill:!] Weight D tOO% ARMATUREo 

4Kg 
CURRENT (AMPS): 
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175 
215 

@ INTERNATIONAL GROUND SYMBOL 
(BLACK ON GREEN BACKGROUND) 
IDENTIFIES DRIVE EARTI-l TERMINAL 

n 
Line reactor 
dimensions page 29 

air t flow 
~ 

~ I fan 

~ - 10 
-

si!Je 
cheek 

-

fin 

BlrEI 

l-----so ~ 

l----- 155 _ ___j 

I ;f. S ; I I [ tj d :! ~ ¥ (more detailed fuse information on page 29) 

(rating !Jepen!Js on motor type) (35 cubic It /min = 1 cubic m) 

DRIVE TYPICAL MOTOR 0/P MAXIMUM MAX MAXIMUM FUSE RATINGS LINE UNIT AIR FLOW 

MODEL AT 460V at 500V CONT. AMPS FIELD AUXILIARY POWER REACTOR 
N natural 

NUMBER ~ HP HP liP 0/P AMPS " ' TYPE 
F force!J 

AMPS I I AMPS I I elm watts 

SLE 14 14 19 20 27 AC 34 DC 2.5 3.15 50 35 600 LR4B 17 N 120 

SLE 24 24 32 30 46 AC 58 DC 2.5 3.15 50 60 5000 LR4B 17 N 150 

SLE 34 34 46 50 66 AC B2 DC 2.5 3.15 50 so 5000 LR120 35 F 250 

SLE 44 44 60 60 85 AC 106 DC 2.5 3.15 50 100 11850 LR120 35 F 250 

IMPORTANT WARNING. DO NOT ALLOW ARMATURE CURRENT LIMIT TO EXCEED MOTOR RATING. IF THE 
MOTOR CURRENT RATING IS LESS THAN THE DRIVE RATING, USE MAXIMUM CURRENT PRESET TO 
REDUCE THE CURRENT LIMIT. 

THE FUNCTION SWITCH S1 MAY BE USED TO SET THE DRIVE CURRENT RATING TO 50% WHEN OFF. 
EG. WITH S1 OFF AN SLE14 WILL BE DERATED TO 17AMPS AT 100% CURRENT OUTPUT. 
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� 	 � � � - � 	 � � - � � � � � � 	 � � 
 � � � � � � � � � 6 � % � � = @ � � � � 6 � � � � 	 � � � � � � � � � � 	 � � � � � � � � � � � � � 
 . � � - � � � ' � � � � � � 	 � � � � � � � � = � � � � 
 . � � 9 � � � � � � � � - � �

� 	 � � � � � � � � � � � - � � � 
 
 � � � � � 
 � � - � � � 
 � � � . � � � � � � � � � - � � � � � - � � � � � � � � 9 � � � � � � � � � � � � � � � � � � : � � � � � � � � � � � � - � � � � . � @ � � 	 � � � � � � � � 	 � 9 �

6 - � 	 � � - � � � � � � � � � � � � � � � � � � � � � � � � � � � � : � � � � � � �

� � � � 	 � � � � � � � � � 	 � � � �

B � ) / � * � ) > � � � � � 8 8 � A � ; * + ; � # ! � < � / � � � ! ) � "

� - � � � � - � 	 � � � � � - � � � � � � � � � � � 6 - � � - � � - � � � � � � � � � � � � � � � 	 � � � � � � � � 	 � � � � � � � � � � � � & � � = � � � - � � � � � � 	 � � � � � � 
 � � - � � � 
 � � � . � � � � � � � � � � � � � 6 � �

� - � � % � � = � � . � � � 	 � � � � � � � � � � - � � � � � @ � � . � � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � & � � = � � � - � � � � � � � � � � � � � � � � � � � . � � � � � 9 � - � � 
 � � A - � 	 �

. � � 	 � � � - � � � 
 � � � . � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � - � � � � - � � � � : � � . � � � . � � � 	 � � � � � � 	 � � � 
 � � 	 9 � � � � � � � � � � . 	 � - � 	 � � � @ � � 	 � �

� - � � � � � � � � � � � � � � � � � � � . � � � �

� � - � � � � - � � � - � � � � � � � � � � � � � 	 � � � � � � � � � � � 	 � � � � � 
 � � � � � � � � � � � � � � � . � � � � � 	 � � � � � � � 
 � � � � � 	  �

� 2

� � � & � 2 � 3 % � � = 4

� 1 � � 2 � 3 % � � = 4
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This layout may be used to log preset and jumper positions !II 
~------~---------------r--------------------------------~~ LAMPS EL1 EL2 EL3 ~ 

: ~~~~~~1~1~1~1~1~1~1 0 0 0 1§1§1§1 ~ 
Anticlockwise Miclway Clockwise 

on condition 

stall timer trippe<l 

stall timer active 

ON 

STALL 

TIMER • I~ ~1~1~1~1~1~ ~~~~~ L

1 

L2 L

3 ~0 ~ 
on MAX Rotate clockwise to increase speed. 

Change range with S3 an<l S4. a 
2
1 = CURRENT = TIMERRL1 

-------------------Jr-----3 = SPEED 
SPEED 

81 allows the current rating of the !Slrive unit to be set at 50% when off. The internal 
scaling circuits will all automatically a!Sijust to the correct levels. 

82 allows the relay on 10, 11, 12 to be energise61 by the STALL TIMER when on, the 
relay remains energise61 for current 61eman611evels below 105%. Rotate clockwise to increase ~ 4 = RANGE 

minimum spee<l. Also use to a<ljust a 5 = STALL RL1 
SPEED 4-20mA loop bur<len resistor. 6 = ZERO RL 1 S3, S4 These two switches allow four maximum feedback voltage ranges to be 

-------------------1-----7 = RAMP selected. Use the MAX SPEED PRESET to adjust within the range. The drive will 

MIN 

JOG Rotate clockwise to increase level 
of positive jog speed a<ljustment, 

SPEED and anti-clockwise for negative a 
8 c:::::::r:::::: TAC/AV controlfromOVtotheselecteclmaximumforaOto+10Vspee!Sl reference input. 
-==-,..IQ sc OcoM S3 -=:J off S3 c:=- on S3 -=:J off S3 c:=- on 
1Q3 RAMFQ-0 84 -=:J off 84 -=:J off 84 c=- on 84 c=- on 

3G-60V 60-125V --- 125-250V -- 250 to 500V 
SP70DIP+ 

UP 
RAMP 

Rotate clockwise to increase ~ 

acceleration, note the limit may be a h 10 DSPo"'oTOo 'o0 D 011 
determined by the available power ~ 1 J L 

S5 an616 allow the function of the relay on 10, 11, 12 to be selecte61. 

S5 when on, the relay remains energise61 until a stall con61ition occurs. 
S6 when on, the relay remains energise61 for spee61s above 5% of full scale. 
NB. with both switches on the relay 61e-energises when a stall con61ition 

-------..Ro"'t"'at"'e-cc"'loccockw=is"'e"to""'incccr"'ea"'s"'e----lf-----lh~ D ~~m~ ~ D D [ 
DOWN decceleration, note, the limit is ~a I 
RAMP determined by the natural coast 

down rate. 

has occure61 AND the spee61 has fallen below 5% of full scale. 
87 RAMP CONNECT When on the spee61 setpoint ramp is internally connecte61. When 

off the ramp is internally 61isconnecte61. The ramp output is on T56, 61irect input T70. 

• SB This switch allows the selection of the source of spee61 fee61back. When on, the 

STAB 

IR 
COMP 

MAX 

Rotate clockwise to increase 
response. Excessive rotation may 
cause instability. 

Rotate clockwise to compensate 
for armature resistance losses. 
Excessive rotation may cause 
instability. (do not use with tacho) 

Rotate clockwise to increase current 
limit. 

CURRENT 
TORQUE OR SPEED MODE JUMPER. This jumper 
alters the function of the AUX input on terminal 6. 

4-20mA. Link both and terminal 2 is input, 5 return. 
MIN SPEED to set zero. 

link to implement 50% STALL THRESHOLD 

MICRO ANALOG 
PROCESSOR 

SIGNAL PADS 0 0 
ID CUrrent demand 

DIDOPA _J ~ 

AUXTRIP ARMATURE VOLTAGE is selecte<Sl. When off, a tache. Calculate the maximum 
Tenninal&9 fee61back voltage from the chosen source in or61er to set switches 83, 84. (e.g 

Tacho 180V at full speed S3 off, S4 on, S6 off, tache fitted. Armature voltage 460V, 
armature voltage fee61back selecte61, S3 on, 84 on, SB on). For low voltage tache 
signals it is possible to link 2 sol61er pa61s marke61 DIFF an61 re61uce the full scale 
ranging to 50%. 

slgnal0to-7.5V ~~ 
ITITIJ TORQUE ~ ~ The relay RL 1 on 
=SPEED 00 DIFF terminals 10/11/12 

l_ n <le-energ ised state 
DANGER 

ELECTRIC SHOCK RISK 
50'J' ITITIJ STALl. Q.1 SLAVE 

FAN 

240 OR 480 PAIR I 240V I) 
<I 480V I 

I 48ov I 

I 240V I 
SUPPLY SELECT 

240 OR 480 PAIR I 240V I) 
<I 480V I 

I 480V I 

I 240V I 
SUPPLY SELECT 

240 OR 480 PAIR I 240V I) 
<I 480V I 

I 480V I 

I 240V I 
SUPPLY SELECT 

On when internal slave 
oantact energises 
Tenninals 31 ancl32 

.SLAVE 

100% ARMATURE D 
CURRENT DEMAND 

Rating label

Model label----, 

D 
TEMP OK in<licator shows that the <I rive heats ink 
is at a satisfactory temperature 

== •L-2000PmA '=c_g ,--0 __ _j is shown here in a 

~ 
~~--~T~E=M~P=O~K~~~r=~~~~~ y y ~ 

L..~@-~ ~-~-~~-~~;_~....;;;t;:;:_l?;;;;;~;_~~ @..::B~;:_f~~ b"--'1:'"'-:. ~--'"~''--1.1 ~-:1:'---~:J....~'_._t_~~-~J....A_+ o ___ A-o __ ---L-.:.....I...-;....I...-:--'-g-EF2...1...;_F3.1...---l~ 



� � � � � � � �

�
�
�
�
�
�

�
�
�
�
	



�
�

�
�

�
�

�



�
�

�
�

�
�


�
�

�
�

�
�

�
�

�
�

�
�

	


�
�


�
��

�
�


�


	
	

�
�
�
�
�
�
�

�
��

�
�
��
	
�


�
�
�
�

�


�
�
�


�


	
	
�
	
�

�
�
�
�

�
	
�

�


�
�

� �
�
�
��
�
� 
!
��
	
�
�"
#

$�
�%

&#
 
�'
��
(
��
�
��
�

&'
�'
�
"
)
#
��
�
��
�&
#
� 

*
�
+�
#
�
�,
&'
�
*
�'
$ 
$�

�


�
�

� � � � � � �

� � �  � �  � � � � � � �

�
�
�
�

�

�

�
�
�
�
�

�


�
�

�
�

�
�

�
�

�
�

�



�
�

�
�

�
�
�

�


�
�

�
�

�
�

�
�

�
�

�



�
�

�
�

�
�
�

�
�

�
�
	


�
�
�
�
�
�

�
�
�

�
�
�

�
�

�
�
�

�

�
�

�
�

�


�
�
�
�



-
.

-
+

�
-
�

�
-
�

�
-
�



.



+

	
�

	
�

	
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�

�
�
(
�


�
�
�
	
/
�
�
	
�
�
�


�
�
�
	
/
�
�
	
�
�
�


�
�
�
	
/
�
�
	
�
�
�

�
�
(
��

�
��
�
(
��


��

�
�
(
��

�
��
�
(
��


��

�
�
(
��

�
��
�
(
��


��

�
�
�
�
��

0

�
	

�
�

�
�
�
�
�
�
�
�
�
	
�

�
	
�
�
�
�
�
 
!
"
�
#
 
�
$
!
#
�
%
&'
!
$
(�

�
"
)
�
�
�
*
�
+

�
�
�
�
,
$
%
 
�
$
!
'
( 
�
#
 
�
$
!
#
�

�
"
)
�
-
�
+

�
�
�
+
�

�
!
�
.
,
 
!
�
%
($
/
 
�

0
)
!
"
$
0
"
�
 
!
 
�
'
&%
 
%

�
 
�
�
&!
$
(%
�
�
�
�
$
!
#
�
�
�

�
�
1
�
�
�
�
�

�
2
�
.
,
 
!
�
�
3
3

�
 
�
�
&!
$
(�
�
�

�
�
�
4

3
�
�

�
�
�

�
�
�

�
�
�


��


�
�

�
�

��
.


�
�
(

�
�
�

�


�
�
�
�
�
�
	
��

��
�
�
��




-
�
�
/
�1



�
�
��
�
��
2
�
�


2


�
�
�
�

�
�


��

-
��
2
�
�

�
�
��
��

�

�
��


�
�
�
�
�
�

�

�
�
�
�
�
�
�

	
3�
�
�
��
�
�
�

�
�
�
�
2
�

�
/
��


�
�
��

-
�

�
2
�
��
	
�
�
�
�
�
�
��

�

�
�
�

�
�
��
�
�
�
��
��
�
�
��
�

4
�


�
�
��
�
��
2
�
�
2


�
�
�
�



�
�


3�
�


0
�
��


�
�
��
�
�

0
�
�
�
��
	
�


�
��

-
��
2
�
�

2
��
2
��
�
�
�
�
�
�

	
�

�
�



� 

	
1


/

��
�

�
�
�
��
2
�
�

�
�
�
�
�
��

��
�
�
�
�
�
�
	
/
�


�
�
�
�
�
�
�4
/
��
2
�
��
��
	
��
�

�
�

�

�4
�
-
�
�
�
�

�
�
	
/
��
�
�

�
�
1
�
�
��
�
��
2
�
��
�
��

� 	 
 � � 

�
	
�
�
�
�

�
	
�
�
�
�
��
�
2
�
�
0
��
�
0

�
	
�
�
�
�

�
	
�
�
�
�
��
�
2
�
�
0
��
�
0



	
1


/

��

�
�

��

�
	


�
�
�
�



�
5
�

�
�
�
�
�
�

�
�
�
	

�1

2
�
�
�

�
2


�
�
��
�
�

�

�
�
�

�
�
�

�
�


"
#

�
�
�
�
�
��

�
�
	
��
�
�
2
�
1
�

4
/
��
�
�
�
�
�
�	
��
�



�

�

�

� � � � � � � �

�

�

��

�

�

� � � � � � � � � � � � 	 
 � �  � � � � � � � � � � 	 
 � �  � � � � �

� � � � � 	 
 � �  � � � � �� � � � � 	 
 � �  � � � � �

�

�

� �

�

�

� � � �� � � �

�

�

�

� � � � � 	 
 � �  � � � � �� � � � � 	 
 � �  � � � � �

�

�

� �

�

�

� � � �� � � �

�

�

�

�

� � 	 
 � � � � �  � � � � � � 
 � � � � � 

�

� � � � � � � �

�

� � � � � � � 	 
 � � � � � � � 	 � �  	 � � � � 

��

� �  � � � �  � � � �  � � � � � � � �

�

� � � � � 	 
 � �  � � � � � � � � � � 	 
 � �  � � � � �

� � � � � � 	 �  � �  	 � � � � � �

� 	  � � � � � � � � �

� � � � � �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� 	 � � � � � � � � � �  � �  � � �

� 	 � � � � � � � 	 �  � �  	 �

� 	 � � � � 	 � � 	 � � � � 	 

� � 	 � � � � � � � 	 � � � � � � � � � �

� � � � � � � � �  � � � � � �

� � � � � � � 	 � � � � � � � � � �  � �

� � � 
 � � � 	 �  � �  � � � � �
� 	 � � � � 	 � � � �  � � 	

� � � � � � 	 �  � �  	 �

� � � � � � � 	 � � � 	 �  � �  	 �
�

� 	 � � � � � � � � � � � � � � � 	 �

� � 	 � � � � � � � � � � 
 	 �  �

�  � � � �  � � � � �  � � � �

� � � � � � � � � � �  � � 	  	 �

 	 � ! � � � � 	 � � � 	 � �

� � � � � � � � � � � �  � � � � "

	 � � � � � 
 � � � � � � � 	  	 �

� � � �  

� � � � �

� �

� � � 	 � � � �  � � � � � � � � � �

�  � � � �  � � � � � 	 � �

� � � � � � � � � � � � �  � 	 �

� 	  � � 	 � � � � 

� �

� �

� � � � � � � � � � � � � �

� 	 � � � � � � � � � � � � � � � � �

� � � 	 � � � �  � � � � � � � � � �

� � � � � � � � � � � � � � � � � � "
� � � � 	 � � � � 

� � � � � � � � � � � � � � �

� � � 	 � � � � 

 � � � � � � � � � � � � � � � # � $

� 	 � � � � � �  	 �  	  � �

� �  � 	 � �  � % � $ " � � � &

� � � � � � � � � � 	 
 � � � � 

� � � � � �  � � � � " � � 	 � � � � 

� � � � � � 
 	 �  � � � � � �

 	 	 � � 	 �

� � � � � � � � � � � � 
 	 �  � � �� ' � '

� � � � � �  	 	 � � 	 � (

� � � � � �  	 	 � � � � � � � � �

�  � � � �  � � � � �  � � � �

� ) � � � � � 
 � � � � � � �

� � � � � � � � � � �  	
� � � � � � � � � � � � "

� � � � � � � � � � � � � �

� 	 � � � � � � � � � � � � � � � � �� �

� � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � �

� �  � � � � � � � � � � � 	 � � � � �

	 �  	 �  � � � � � � � � � � � �

� � � � � � � � � � 	 � � � � 	 �

� � � � � � � � � �  � � �  � � �

� �  � � � �   � �  � �  � � � �  � � �

� �  � � � � 	 � � � � 	 �  � �

	 � � � � � � � � � � � � � �  � � * � � � � � � � � � � � � 

� � � � � � �  � 	 �

� � ) " �  � � � �  � � � � � � � � (

 � � � � � �  	 � � 	 � � � ' �

	 
 � � � � �  � � � � 	  	 � � � � � � � � � � � � 	 	 � � � �

� 	 � � � 	  	 � "

+ � � �

� �   � � � � � � � � � � � �

� � � � & � � � � &

� � � � & � � � � &

� & � � � � & � � �

� � � � � � � � � 	 � � 
 � � � �  �
� � � � � � �

# � �  � � � � � 	 � � � � � � � � � 	  � � 	 
 � � � � � � � �  � � � � � � � �  ( � � � � � �  �  � � � � �  � � � � � � 	 � � � � � � � � � � �  � � �  	 � � �  � � � � � � � �  � � � � � � � �  � � �  � � � � � 	 � � � � � � � � � � � � � � � �  � � "

� 	 � � � � � � � � � � � � 	 � � � �

, - �  � �  � � # . . � �

/ 	 � � � � �  � � � � � � � 	 � � �  � 	 � � 	 � �  � � � � � � � � � 	 � � � � 	 � � � � � ( � � � � � � �  	 �  � � � � � 	 � � � � � � � � � � � 	 � � � � � � � � � " � � � � � � � � � � � � � 	 � � � � � � � � � � 	 ) � � � � � 	 � � � �  	 � � + ( � � � � � � � � 	 �  � � � �

� � � � 	  � � � 	 � � � �  � � � � � �  � � � �  	 � � � � � � � � �  � 	 � � 	 � �  � � � � � � 
 � � � � �  " � % 0 . 1 2 3 1 � . 4 / 1 � 5

� � � � � � �

� � � � � � �

� � � � � � �

� � � �  � � � � � � � �  � � � � 
 � � � � � � 	 �  � � � � � �

� � � � � � � � � � � � � � � � � � 	 � �  � � � � � � � �  � � � � � � � � � �  � � � �  � �  � � � 	 � � � � � � � � � � � � � � � � � � 	 � �  	 � � � � 	 � � � � � � 	 � � � �  	 �  � � � � 	  	 � " � 5 	 � � � � �  � � � � � � � � �  	 � � �  � � �  � � � � � � � � � �  �

� 
 � � � � � � �  � 	 � " � / � � � � � � �  	 � � 	 � � � � � � �  � �  � � � � � � � ! � � � � � � �  � � � � � � � � � � � � � � � 	 � � � �  � � � � �  � 	 � � � � � 	 � � � � � � � � �  	 �  � � � � � � 
 � � � � � � 	 � � � � �  � � � �  � 	 � � � � � � � � � � �

� � 
 � � � � �  � � � � � � � � � � � �  � " �

� � � �  � � � 
 � � � �  � � 


� 6 � 4 � � � � )  � � � � � � � � � � � � � � �  � � � � 	 � �  � � � � 	 � � � �  � � �  � � � � � � � �  � � � " � � � � � # �  � � �  � � � � � � �  � � � � � � � � �

 � � � �  � � � � �  � � � � � � � � � � � � � � � � �  � � � � �  � � � �  � � � � " � � � � � � � � � � � � � � � � � � � � � � � � � � ) � � � � � � � � � � � � "
� � � � � � 	

 � � � � � � � �

� � � � � � �

� 6 � 7 � � � � �  � � � � � � � � � � � � � ) � � � � � � � � � � � � � � 
 	 �  � � � � � � � � 	 � � �  � � � � � � �  � �  � � � � � � 
 � � 
 	 �  � � � �

� �  � � � � � �  � � � " � 8 � � � � � � � � � � � 
 	 �  � � � � � � � � �  	 � � � 	 � � � 	 � � � � � 	 � � � 6 �

�

� � � � � � 	

� 6 � 7 � � � � �  � � � � � � � � � � � � � ) � � � � � � � � � � � � � � � � � � � � � � 	 � � 1 9 � � � � � � � ! � �  � � �  	 �  � � � � � � � � � � � 	 � �

 � � � � � � � � �  � � � � � � � � � � � 	 � � 9 � � � � � " �
� � � � � � 	

+ 6 � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � � � � 
 	 �  � � � � � �  � � � � ( � � � 	 � � � � � � � � 	 � � �  � � � � �

� �  � �  � � � � 	  	 � � � � � � � 	 � � � � � ! � � � � � � �  � " � 8 � 	  � � � � � �  � � � � � � � � � � � � � ( � � � � � � �  � � � � � 
 	 �  � � � 6 "
� � � � � � 	

� 6 � � � � � � � � � � � � � � � �  � � � � � �  � 	 � � � � 	 � � � � � � � � �  � � �  	 � � � � � � �  � � � � �  � � � � � � � � �  � � �  � � � 	 � � 	 � � �

 � � � � � � � � 7 �  � � � � � �  � � � � � � � � ( � � � � � � � � �  � � � � � �  � 	 � � � � � 	 � � � � � � �  � � �  " �
� � � � � � 	

' 6 � � � � � � � � � � � 	 �  � �  	 � � � � �  � � � � 	 � � � �  � � � � � �  � � � � � � 
 � � � 	 �  � �  � 	 � �  � � � � � � � � � � � � � � � � � (

� � � �  � � � � 	 � � � �  � 	 � � � �  � 	 � � 	 � �  � � � � � � 
 � � 
 � � � � � � � � � � � 	 � �  	 � � � � � � � � � � � 	 � � � �  	 �  � � � � 	  	 � � "
� � � � � � 	

& 6 � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � 	 � � � � 	 �  � � � � � � �  � � � � �  � " � 4 7 � � 	 � � � �  	 � � � 	 � � � ( � � � � � � � �

� � � � � 	 �  � 	 � " � : 7 � � 	 � � � �  	 � � � 	 � � � ( � � � � � � � � � � � � � 	 �  � 	 � " � . � � � � � �  	 � � 	 �  � 	 � � � � � � � � 	 � � � "

: � � � 	 � � � �  �  � � � � � � 
 � � � 	 � � � � � � � � �  � �  � � � � � � � � � � � � � � � � "

� � � � � � 	

� 6 � � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � 	 � � � � � � �  � � 	 � � � � � � �  � � � � � � � 	 � � � ( � � �  � 	 � � � � 	 � �

� �  � � � �  � 	 � � � � � 	 � � � � � � � � 	 � � � " � � � � � � � �  � � � �  � � � � � � � � � � � � �  � �  � � � " � � � � � � 	

� � � � � � � � � � � � � 
 � � � �  � � 


� 6 � � � � � � 	  	 � � � � � � � 	 � � � � � � � �   � � � � � �  � � � � � � � � �  	 � � 	  �  � � � �  � 	 �  � � � � � � � � � � � � � � � � 	 � �

� � ; � � � ( � � 
 � � � � � �  � � � � 
 � �  � 	 � � � � � 	 � � � �  � � 	  �  � 	 � � � � � � �  � 	 � ( � 	 � � � 	 � � � 	 � � � 	 �  � 	 � "

� 6 � � � � � � � � � � � � � � � �  	 � � � � � � � � � � � � � �  � � � � 	 � � � � � � ( � � � � � � � � � � � � 	 � � � � � � � � � � � 	  � �

� �  � �  	 � � � � � �  � � � � � � � � � � � � � � � 	 � �  	 � � � � � � � � � � � 	 � � � �  	 �  � � � � 	  	 � "

� 6 � � � � � � � �  � � � �  � 	 � � � � �  � � � � � � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � ( � � � � � � � � � � ( �  	 	 � � �

�  � " � � � � � � � � � 	 � � � � � � � �  � � � � � � � ! � �  � � � � 
 � �  � � �  � � � � �  � � � � � � � � � � � � � � �  � � � � � � � � " �

� � � �  � � � � � 
 � � � �  � � 
 � � � � � � � � � � � � � 
 � �  � � � 	 �  � � � �

� 6 � � � � � � � � � � � � � � � 	 � �  	 � ! � � � � � � � � � � � � � � � � 	 � � � � � � �  � � � � � �  � � 	 � � � �  	 �  � � � � � � � � �  � � � � � � � � �  � � � " � . � � � � � � � � � � � � � � � � �

�  6 � 4 � � � 	  � �  � 
 � � � � �  � � � 	 � � � �  � 	 � � � � �  � � � � � � � � �  	 �  � � � � 	 �  � 	 � � 7 % < < % = � 8 � � 6 �  	 �

� � � � � � �  � �  �  � � � � � �  � � � �  � 	 � � � 	 � � � � � � � � �  � � � � 	  � �  � 
 � � � � � � � � � � � � ! � � � � � � �  � " � �

� � � � � � 	

� 6 � � � � � � � � 
 � � � � 	 � � � � � � � � �  � � � �  	 � � � � � � � � � � � �  � � � � 
 	 �  � � � � � � � � � � � � � � 	 � � � � � �  � � � � � �  	 � � � � � � � �  � � �  � � � 	 � � � 	 � � � �  � � � � � � � � � � �  � � � � 8 � � � � �   � � 6 �  	 � � � � � 	 � � � " " � �

� 6 � / 	 � � � � �  � � � � � �  � � � � �  � � � � � � 	 �  � 	 � � � � � � � �  � � � � � � 	 � � � 	 � � � � ) � � �  � � � �  � 
 � � � 	 	 � � � 	 � � 	 � � �  � ( � � � �  � � � � � � � � � �  � � � � � � 
 � � � � � � � � � � � � � �  � � � � � � 	 � � �

� � � � � � � � � �  �  	 � 
 � � � � � � � � � � 	 � � � � � � � �

+ 6 � / 	 � � � � �  � � � � � � � � 	 � � � � �  	 � ! � � � � 	 �  � 	 � � �  � � � � � � � 	 � � � � � � � �  	 � � �  � � � � � � � � � � � � � � � � � � � � 	 � � � � � � �  � � � � 	 � � � � �  	 � � �  � � � � � � � � 	 � � � �  � � � � � � � � 	 	 � �

� � � �  � 	 � � � � � � � � � � � � � � � �  � 	 � " � = 	  � > * � ? �  � �  � � �  	 � ! � � � � � � � � � ; � � � � � � � � �  	 � ! � � � � 	 � � �  � � � � � � 
 � � � � � � � � 	  � � � � � � �  � 	 �  � � �  	 � ! � � � � � � � � � � 	 � �  � � � � � � � � ' " � � �

� 6 � 4 � � � � �  � �  � � � � � � 	  � �  � 
 � � � � �  � � � 	 � � � �  � 	 � � � � � � � � 	 � � � � � � � � �  � � � � � � 
 � �  � � 	 � � � �

� � 	 � � � � � � � � � � � �  	 �  � � �  � � � � � � � � � � 	 
 � � � � "

� � � � � � 	

� � � � � � 	

� � � � � � 	

� � � � � � 	

� 6 � ? � � � � � � � *  � �  � � � � � � �  � � � � � �  � 	 �  � � � � 	  	 � � � � � � � � � 
 � � � � � � � � �  � � � � � 	 � � � � � � �  	 � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � � � 	 � �  � � � � � � �  � � � �

� � � 4 3 / � � 	 � � ( � 	 � �  � � � � � � � � " � � � � � � � � � � � � � � 	 � �  � � � � � � � �  � � � � �  �  � � � 	 � � � �  � 	 � �  	 � � � � 
 � � � � � � � ( � � � � � � � � � 	 ) � � �  � � � � � � � � � �  	 � � � � � � � 	 � � � � � � � � "



� � �  � �

2 � � 	 � � � � � � � � � � � � � � � � � � � � � �

4 � � 	 � � � �  � � � �  � 	 � � � � � � �

� � � � � � � �  	 � �

� � � � � � � � � �

< 7 7 � & � * � + � 	 �

$ � � � � 
 � � �

� 6

� 6

� 6

8 � � � � � � � � � � � � 	 � � � �  	 �

	 � � � 	 � � � � � 
 � �  � � � �  � 6

� � � � � � �
� � � � � � � � � � �

4 � � �  � � � 	 � � � � � � � � ( �  � � � � � �  � � � � � 	 � � � �  � � � � �  �  � � � � � � �

� � ! � � � � � � � �   � � � � 	 �  � � � � � � � �  � � � � � � " � $ � � � 	 � � � � � � � � � � � � �

� � 	 � � � � � � � � 	 � � � � �  � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � �

� 	 �  � � � � �  � � � � � � " � 7 � � � � � � � � � � 	 � � � �  � 	 � � � � 	 � �  � � �  � � � � �

� � � � � � � � 	 � 	 � �  � 	 � � � � � � � � � � � �  � � � � � � �  � � � 	 � � � � � � � �

� � �  " �

# � �  � � � � 
 � �  �  � �  �  � � � � � �  � � � �  � � � � � � � * � � � � � � � � � ( �

	 � � � � ! � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � �  � � � 	 � � � �

� � � � � � � � � � � � � � 	 � � � � � � � � � � � 	 � � � " �

� � � � � � �  � � � � � 	 � �  � � �  � � � � �  � �  � � � � � � � � � � � 	 � �

� � � � � � � � � � � � � �  � " � � 	 � � � � * � � � � � � � � � � 	 � � 	 � �  � � �

� � ! � � � � � � 	 �  � � � � � � � � � 	 � "

/ � � �  � � � � 	 
 � � � � � � � � � � � � � " � 9 	 	 � � � � � � � � ) � � � � � � � �

� �  � � � � � � � � � � � � �  � � 	  � � � � � � � " � . � � � � � � � � � � � � � � � � � 	 � � �

 � � � � � � � � � � � � 	  �  	 � � 	 � � � � �  � � � � � � � � �  � " � � 	 � � � � 	 
 � �

� � � � � 	 � � � � 	 � � 
 � �  � � � � � �  � � � � � 	 � � � < + � � � ) � � � �

� � � � � � ( � � � � � � � � � � � � � � 	 � � � �  	 � � � � � � "

� 	 � � � � � � � � �  � � � � 	 � � � � � � � � ( � � � � �  � � � � � � � � � � 	  � �

� � � �  � � � � � � � � � � � � 	 � �  � � � � �  	 � � �  	 � � � � � 	 
 � � � � � � � � �

� � � �  � � � � � � � � 	 � � � �  � ' � � � �  	 � � � � � � � � � � 	 � �

 � � � � �  	 � � " � � � � � � � � � � � � � � � � � � � � �  � � �  ( �  � � � � 	  �  	 �

� � � � � � � � � � � � � � � � � � � 	 � � � � � � � " � � � � � � � � � 	 
 � �

� � � � � � � � � �  � � � � �  	 � � � � � � � � " �

2 � � 	 
 � � � � � �  � � � � � � � � � � � � � � � + � � � � � � � � � �  � 	 � � � � 	 � � � �

� � � � ( � � � � � � � � 	 
 � � � � � � � � � 	 �  � � � � � � � � � � � " � , � � � � � � �

 � � � � � � � � 	 � � � 	 � �  	  � � � � � � 	 
 � � " � 4 � � � � � � � � � � �

� � 
 � � � � � 	 � � � � �  � � � � � � � � � � �  	 � 	 � � � � 
 � � � 	 � � � �  �

 	 � ! � � � 8 � " � � = � ( �  " � � � � � ( � � " � � � � �  � @ � * �  A 6 � � � � � �

 � � �  � � � � � �  � � � � �  	 � � " � < � � � � � � � � � � �  � � � 	 � � � �  � 	 � �

� � � � � � � � � � � � 	 � � � � � � � �  � � "

� � � � � � � � � � )  � � � � � � � � � � � � � � � � � � � � � �  � � � �

� � � � * � 	 � � � �  	 � � � � � � � � 	 � �  � � � � 	 � � � �  � � �  � � � " � , � � � 	 � �

� � � � 	  � � � �  � � � � � � � � � 	  � � � � 	 � � � � � � ! � �  � � � � 	  � �  � 	 � �

� � � � � � � � � � � � �  � � � � � � � � � � �  	 �  � � � � � �  " � $ � 	 � � �  �

� � � � � �  � � � � � � � � � � � � 
 � � � � �  � � � � � � � � � �  � � � � 	 � � � �  �  � � � �

� � � � � �  � � � � 	 � � � � � � � � � � � � � � " � . � � � � �  � � � �  � � � � � � 	 � �

# = $ , � � / , . 1 " � 8 . � � � $ � � � � � � 6

, - �  � �  � � # . . � �

1 4 2 � B
� � �

� � �� � �

� � �

� � � �

� � � � �

� � �

9 � 9 � 9 �

4 @ 4 *

� � 	 �

� B 5 2 # . � % 2 � . 7 2 1 ? .

� � �

+ �

' � / 4 . � % = � $ 9 , - .

� � � � � � � 
 � � �  � 	 � � � 
 � 	 � � � �  � � � �  �

� � � � � � � � � � � , � � � � � � � � % � � �  � � � � � �  � � � �  � < % � � � � � � � � ( �

� � � � � � � 	 � � 	 � � � � � � � � � �  � � 	 � � �  � 	 � � � �  � � � � � 4 @ � � � � �

9 � � 9 � � 9 � � � � � � 4 * � � � � � 9 � � 9 � � 9 � " � 8 ' � � � � � � � � � � � � � � � � 6 � �

# � � � � � � � � � � � � � � � � � � � � � �  � � � � �  � � � � � �  � � � � � � � � � �  �

� � � � � � � � � �  � � � � �  	 � " � ? � � � �  � � � � � � � � � � � � � � � � � � 	 � �

� � � � � � � � � 	 � � � � � 	 � �  � � � � � � � � � � � � � � � � �  �  	 � � � � � � � � � � �

 	 �  � � � � �  � � � � ) � �  �  � 	 � � 
 	 �  � � � " "

� � � � � � � � � � � 7 � � � � � �  � � � � � � � � � 	 � �  � � � � �  � � �  	 � �   �

% � � � � � � � � � � � � � � � �  � � � � �  � �  	 � � �  � 	 � � �

� � � � �  � � � � � 	 � � � � � � �  � � � � �  	 � " � 8 0 �  � � � � �  � � � � � � � � � � �

� � � � 	 � � � � � � � � 	 � �  � � � � �  � � � 	 � � � �  � 	 � � 6 " � 4 � � �

� � � � � � � � 	 �  � � � � �  � � � � � � � � � � �  	 � � � � % � � � � � � � � � �  � � �

� � � � � � � � � �  � � � � �  	 � "

� � � � � � � � � � � ? � � � �  � � � � �  	 � � � � � � � � � � � � � � � �  � � � �

� 	 � �  � � � � � � 	 � � � � � � �  � �  �  � � � � � � 	 � � �  � � � � �  � � � � � � � � �

� 	 � � 	 � � �  � � � � � � � � � 	 � � � � � � � � � � � " � � � � � � � � � � � � � �  �

� � � � � � 	 � � � � � � � �  � �  � � � �  � � � � � � �  � � � � � �  	 �  � � �

� � � � � � � � � � 	 � � � � 	 � � � � � 	 � � � � �   � �  � 	 � " � 4 � � � �  �  � �  � � � � �

� � � � � � �  � � � � � � � 	 � � � � � 
 � � � � � � � � � � �  	 � �  � � � � � � � � � � � � � � � �

 � �  � � �  	 � � � � � � � � � �  � 	 � � 	 � � � � � � � � � � � �  � � � ( � � � � �  � � �

� ) � � �  � � � 	 � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � �

� � � � �  	 � � � 
 � � � �  � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � �  �

� �  � 	 � � � 	 � � � �  � � � � � � � 
 � �  � 	 � � 	 � �  � � � � � 	 � � � � " �



� � �

� � �

� �

� � 	

� � � � � � � �

� 	 
 � � 

� � � � � �

� � � � �

� 


� � 	 
� � 	 


� 


� � � � �

� � � � � �

� 	 
 � � 

� � � � � � � �

� � 	� � �

� � � 
 � �

� � � � � � � � �   � � � � � � � � � � �   � �

� � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � �  � � ! � " # � � � � � � � �  $ � � � � � � � � % # & & � � � � � � � � � � � � � ' � � � ( # ( � � # � � # � � ) � � 
 � & � � �  � � ! � * � ( � � * �

�

� � � � � � � � � ( � � � # � � # � � � � � � � � �  � 
 � � � � � � � � � � � � � � � � �  � � ! � � �  $ � � � � � � � � % # & & � � � � � � � � � � � � � + , � � � � " � � " # � � � � � � � � " � � * �

�

� � � � � 	 � � � + � � � * � � # � � # � � � � � � � " � � � � � ) � � 
 � & # � � � � " � � � � � � * - # � � ( � � � � � & � ' � . � + / � � � � � � � � � � � 0 � � � � � � � � � � � , � � & # � � � � " � � � � � � � * � � � � & � � ( � 	 
 � 1 �  2 3 � � � � 4 
 �

1  2 3 � � � 
 � � � � & # � � � � " � � � � � � � � � � � � � � � � �  � � ! � � �  $ 5 , ( � � � � � � � � � % # & & � � � � � � � � � � � � �

�
� � 
 � � � � � � ( � � * � � # � � # � � � � � � � � �  � 
 � � � � � � � � � � � � � � � � � �  � � ! � � � � � * � * � ( � � * � � � , � � � � � � � , � � & � � � � � � # ( ( � � � � � � � & � � � � � � , � � � � � � * � * � ( � � * � � � � # � � � �  $ �

� � � � � � � % # & & � � � � � � � � � � � � �

�

� �  � � � � �  � ( ( � � � � � 
 � & � � � * � � 6 � � � � � " � � � � � " � �

�

� � � � � � � � � � � � ( � � # � � � � 6 � � � � � � � � # � � # � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � 
 � � � ( � � # � � � 6 � � � � � � � �  $ 5 , ( � � � � � � � � � � � � � � � � � �

�
� � � � � � � � � � ' � � � � � � � � � * � � 6 � � � � / � / � � � � � � " � � � � " � � � � � # � � # � � � � 	 � 
 � ( � � � � 6 � � � � � � � 0 , � � � � & & 7 � � � ( � � ( � � � � " # � � � � � � 0 , � � � � � � � � � & � � % � " 8 � * � � * � � � � �

� � " � # * � * � � � , � � � * � � 6 � � � � � � * � � � � � � � � � � * � 0 , � � � � , � � � � � � � � � � ( � � � � � � � � � � � � � � � � � � � � � � � 1 " # � � � � � � * � ( � � * � � � " � � * � �  � � ! 3 �

�
� � � � � � � � � � � # � � � � * � � � � � � �  � ( � � " � � � % � � � � � 7 � � , � � � � " � � " # � � � � � � � � " � � * � � � , � � � � � � � � � � � 6 � * � � � � � 0 � � � � � � � , � � * � � 6 � � � � � " � � � � � " � 7 � � , � � * � � 6 � � 0 � � � � � � � �

& # � " � � � � � 0 , � � � � � , � � � � � � � � � � � � , � � � � * � � � & � � � � � � � # � � * � & � � � � � � � � � � � � " � � " # � � � � � � � � � � � � � � � # � � � � , � � � � � � � � � % # & & � � � * � & � � ( � � � � � � % � � � � � � � � & � � � � " � � % � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � " � � � � � � � � � � � � � % � � � � � � � 9  � � � � 6 � � # � � % � � 0 � � � �  � � � � * �  � � � 5 , ( � � � , � # � * � % � � � * � : # � � � �

�

� � � � � 	 	 � + � 5 / ; + � � � � � � , � � � � � � # � � " � � � % � � # � � * � � � � � � � " , � � � � # � � � � " , � � , � � � � � � � � " � � " # � � � � � � � ( � � � % � � � � " � � � � � � � � � � * � � " � # � � � � � , � � � 0 � � , � � � � �  # < �

" � � � " � � � � � � � �  5 ' � � ' � ( � � � � � � � " � � � � � � � � �  � 
 � � 9 = � � � � � � � " , 7 � " � � � � � � � � �  � 
 � � 9  � � � � # � � � � " , �

�

� � � � � � � � � � � # � � � � * � � � � � � �  � ( � � " � � � % � � � � � 7 � � , � � � � " � � " # � � � � � � � � " � � * � � � � � 
 � � � , � � � � � � � � � � � 6 � * � � � � � 0 � � � � � � � , � � * � � 6 � � � � � " � � � � � " � 7 � � , � � * � � 6 � � 0 � � � � � � � �

& # � " � � � � � 0 , � � � � � , � � � � � � � � � � � � , � � � � * � � � & � � � � � � � # � � * � & � � � � � � � � � � � � " � � " # � � � � � � � � � � � � � � � # � � � � , � � � � � � � � � % # & & � � � * � & � � ( � � � � � � % � � � � � � � � & � � � � " � � % � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � " � � � � � � � � � � � � � % � � � � � � � 9 = � � � � 6 � � # � � % � � 0 � � � �  � � � � * �  � � � 5 , ( � � � , � # � * � % � � � * � : # � � � �

�

� � � � � � � � � � � � � � � � � � � � � � * � � � & � � � � " � � � # � � # � � � �  � 
 � � � � �  � 
 7 � �  � $ � � � � � � � � � � � � � � � � � � � � � � � � , � � � � # � � # � � ( � � � % � � � � , � � � � * � � � �  5 ' � 1 � 
 3 � � & � * � � � � � * � �

� � � � � � , � � > 5 ? � / � � + � � � � � � � � � � � � ( � � � � � � % � � 0 � � � � � ; � � � � 
 � � � � ( � 8 � � � , � � � � � # � � & # � � @ � � � � � � � � * � � & & � � � � � � � � � � � 0 , � � � � � � # � � � � � � � � 9 � � � � � � 9 9 �

�
� � � � � � � � � � ( � � * � � # � � � � 6 � � � � � � � � � � # � � �  � 
 � � � � � � � � � � � �  � � ! � � �  � � $ � � � � # � � � ( � � * � � " � � � � � � � � A � & � � � � � � � � # � � � 1 � � � * � ( � � * 3 7 � � , � � � � � � � � � � � � � ( � �

" � � ( � � � � � � � � ! � � � , � � � � � � # � � � � � � � � � # � � % � � � � � � � � # ( ( � � � � � � � # � � 0 , � " , � � � 6 � � � � � � , � � � � " � ( � � � � � � & � � � � " � �

�

� � � � � � � � � � ( � � * � � # � � � � � � � � � � � # � �  � 
 � � � � � � � � � � � �  � � ! � � � � � $ � � � � � # � � � ( � � * � � " � � � � � # � � % � � � � � � � � � � � � � 6 � � � � � � � � # ( ( � � � � � � � # � �

�

� � 
 � � � � � 6 � � � � � � � � � � B � � � � # � � � � * 7 � # � � � � � � " � � * � � ( � � � 6 � � � � % � � 0 � � � � = 9 
 � � � * �  C 
 � * � � � � * � � � � � � � � � � * � � � � � � * � � # � � � � � � 5 # � � # � � " � � � % � � � � � � � � ( � � �

� � � � � � � � 6 � � � � � * � � � � � , � � � � � , � � � � � � � � �

� 9 C �  5 ' � " � ( ( � � � � � 
 � & � � � * � � 6 � � � � � " � � � � � " � �

�
� � � � � � � � � � � � � � � � � � � # � � � � � % � � � & � � � ( � � � � " � � � � " � � � � � � � 6 � � � � � � ( # � � � % � � " � � � � " � � * � � � �  5 ' � 1 � 9 C 3 � � � � � � � % � � � � , � � / 5 2 � � � 5 � ; 5 < < � " � � " # � � � � � � �

, � � � � � = $ = � � # � � � # � � � � � � � � � � � � � � � � 	 
 7 � � � * � � � 4 
 � � � � � � � � � � � � , � � � , � � * � � � � � ( � � � % � � # � � * � 0 � � , � � , � � ( � � � � � � � � � � � � � � � � � � � � " � � � � � � � * � � � �  5 ' � � � , � � � B . � �

� � � / � � � ( � � � � � # ( � � � � � � � 0 , � � � � , � � � � � # � � � � " � � * � � 4 
 � � � � � & � � � � � � � � � � � , � � � � ( � � 0 � � � � " � ( � � � � � � � * � � , � � ( � � � � " � � � � " � � � � 0 � � � � * � � � � � # � � � � * � # � � � � " , � �

� 
 � � � � � � � � � " � � � � � � * � � � � # � � � � � � � � � ; �  � 
 � & � � � � � � � � � ; �  � � ! � * � ( � � * � � � , � � � � � � � # � � % � � � � � � � � � , � � � � � � � � � � � � � ( � � " � � " # � � � � � � � � � � " � � � � " � � * � � � � � , � �

� � � � * � - # ( � � � � � � � � � � � � � � � � � � � � � � � � � � � 6 � � � � � � � � ( � � � � � 9 � � � � � # � � � ( � � * � � " � � 	 ) � $ 5 , ( � � � � � # � � % � � � � � � � � � � � � � 6 � � � � � � � * � � � " � � � # ( ( � � � � � � � # � � �

�
� � � � � � � � � � � $ � �  � � � � � 5 � � � 5 � � 5 B  D � � � E � D � ? D � / 5 � � � � � � � � / � � � + � 5 � � � � D � � B � � � � 2 D � � + � � / � 5 F � � ? � � D � + � � � � � ' � � � � + �

�  � � 
 � �

B ?  �  C � 	 � � + + )

� � � � � � � � 6 � � � � � � � � � � # � � � � # � � � � * 7 � # � � � � � � " � � * 7 � ( � � � 6 � � � � % � � 0 � � � � � = 9 
 � � � * � �  C 
 � * � � � � * � � � � � � � � � � * � � � � � � * � � # � � � � � � � , � � � � � � � � � � � � � � ( � � � � � �

� � � 6 � * � * � � � � � # � � � � � � � � � � � � � � � � � � � � � � � � � � � � # � � * � � � � " � � - # � " � � � � � 0 � � , � � � � � � � = � � 9 � � � 5 # � � # � � " � � � % � � � � � � � � ( � � � � � � � � � � � 6 � � � � � * � � � � � , � � � � � , � � � � � � � �

�

� � � � � 	 � � 	 
 � � � �  � � � � � �  � � �  � � � � � � � � � � � � � � � � � 
 �  � � � 
 � � 
 � � � � � � � � � � � � � � 
 � � � �  ! � � � � " " � � # $ � � � � � � � � �   � � 
 �  ! � � � � � � � � � � 
 � � � � " � � % � � & � � � � � � � " �  �
� , � � � � � � � � " � � � � � � � � � " � # * � * � � � � � , � � * � � 6 � � " � � " # � � � � �

�

� � � � � � 	 � ' �  � � ( � � � � �  � � � � � �  � � �  � � � � � � � � � � � � � � � � � 
 �  � � � 
 � � 
 � � � � � � � � � � � � � � 
 � � � �  ! � � � � " " ) � # $ � � � � � � � � �   � � 
 �  ! � � � � � � � � � 
 � � � � " � � % � � & �
* � � * � � & � � � � , � � � � � � � � " � � � � � � � � � " � # * � * � � � � � , � � * � � 6 � � " � � " # � � � � �

� $ C � $ C

� � � � ( � * � � � � , � 6 � � � # � � � � � � � � � � � � � � � � � � � ( � � � � � 7 � ( � � 8 � * � �  � � � � ) � 7 � � � � � , � � # � � � � � � * � � � � & � � , � � " � � * � � � 5 � � � � , � � � � � � � � � � � � ( � � � � � � # ( % � � � � � � � � � � � ( �

� � � " � ( ( � � � � � � � � , � � � + / � � � � � � � �  � � �  � * � � 6 � � # � � � � � � � � �  � � � � � � � � � � ( � � � � � � � � : # � � � � �  � � � � ) � � � ) � � % � � � � � � � � � � � � � C � � � � � (

� � � 
 � � � � 
 � � � � � �  � �



� � � � � � � � � � � 	 � � � � � � � 
 � �  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � 	 � � � � � �

� � � � � � � � � 	 � � � � � � � � � � � 	 � � � 
 � �  � � � �

� � � � � � � � � � � � 	 � � � � � � 	 � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � �

� � 	 � � � � � �  � � � � � �

� � � � 	 � � � � � � � �  � � � � � � � � 	 � � � � � � � � � � � � �

� 	 � 	 � � � � � � � 	 � � � � 	 � �

� �  � � � � � � � � 
 � �  � � � � � 	 � � � � 	 � � � � � � � �

� � � � � 	 � � � � � � � � �  � � � � � �

� � � � � � � � � 	 
 � � � �  	 � � � � 


 ! " # " $ % % � � & & � $

' � � � � � � 	 � � �  � � � � � � � � � � � � � � � � � � � � � � � 	 � � � 	 � � � � � � � �  � � � 	 � � �  	 � � � � � � � � � 	 � � � � � � � � � � � � 
 � 	 � � � � � 	 � � � � 	 � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � ( � � � � � � � � � � � � � � � � � � � � � � � � � � ( � � � � � 	 � � � � � 	 � � � � � � � � � � � � � � � � 	 � � � 	 � � � � � � � � � � � � � � � � � � � � � ) � � & * + � , - �

* � � 	 � � � � � � � 
 � 	 � � � � � � �  � � � � � � � � � � � � � � � � � � ( � � � � � � � � � � � 	 � � � �  � � 	 � � � � � � � � � � � � � � � � 	 � � � . � �  � & * + � , - � 	 � � � � � � �

 � � � 	 � � � � � � � � � � �

, � � � � � � � �  � � � � � � � � � � � 	 � � � � � � � � � 	 � � � �  � � � 	 � � � 	 � � � � � � & * + � , - � 	 � � �  � � � � � � � � � � � �

& * + � , - � 	 � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � . � � � � 	 � � � � � � � � � 	 � � � � � / � � � � � � � � � � � � � �  � 	 � � ( � � � � � � 	 � � 	 � � � � � � � � � �  	 � � � � � �

� �  � � � � � � �  � � � � � � � 
 � 	 � � � � � 	 � � � � � � � � �

� � � � � � � � 	 � � � 	 � � � � � � � � � � 	 � � � � � � � � � & * + � , - � � � � � � � � � � � � � � � � � � �  � � � � � � ( � � � � � � � � � 	 � � � �  � � � � � � � � � � 	 � � � � � � ' � � � � � �

 � � � � � � � � � � � � � � � � � � � � � � � �

, � � � & 0 � � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 � � �  � � � � � 	 � � � � � � � �  � � � � � � � � � � � � � � � � � 	 � � � � � 	 � � � � � � � � � � � � �

� � * 0 , � � * 1 ' � & * + � , - � * , � 2 3 � 4

� � � � � � � � 	 � � � � � � � � � � � 	 � � � � � � � � � � � � � 	 � � 	 � � � � � � 	 � 	 � � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  � � 	 � � � � � � �

� � � � � � � � 	 � � 	 � � � � � � � � � � 	 � � � 	 � � � � � � � � � � 	 � � � � � � � � � � � � � 3 � � � � � . � � � � � �  � � � � � � � � � � � � � � � � � � � � 	 � � � 	 � � � � 	 � � � 	 � � � � � � � � � 
 � �  � � � � �

	 � � � � � � � 	 � � � � � 	 � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � � � 	 � � 	 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �   � � � �

� � � � � �
� 0 � 5 , � � 5 � & � 3 5 4 � � � & 4

1 � � � � � , � � � � � � � � � � � � � � � � � � � � � 	 � � 	 � � 	 � � � � � � � � � � � � 	 � � � � 	 � � � 	 � � � � � � � � � � � � � �  � � � � � � � � � , � � � � 	 � � � 	 � � � � � � � ( � � � � � � � � ( � � � � � � � � �

� � � � � � � � � � � � � � � 	 � � � � � � � � � � � � � � � � 	 � � �  � � � � � � � �  � � � � � � 	 � � � � � � � � � � � � � � � � � � � � � 1 � � � � 	 � � � � � � � � � � 	 � � �  � � � � � � � � � � � � � � � � � � � � �

� � � � � � � � 1 � � � � 	 � � � � � � � � � � 	 � � �  � � � � � � � � � � � � � � � � 	 � � 	 � � � � � � � � � � � � � � � � � � � �  � �  � � � � � � � 	   � � � 	 � � � � � � � � � � � � & 0 � � � � � � � � � � � � � � � � � � � �

� � * ' � * 1 ' �  1 ' � � & , * 1 ' � , � � & � 6 * 1  * 0 � � 7 � + 3 � � �

* � � 0 - � 1 ! � � 3 2 � � � , 3 � , � � � & 0 � � 6 3 , 3 � � ' � � 8 � �  1 � ,



 

IS
S

D
20

D
18

I/P

B
LO

C
K

 D
IA

G
R

A
M

O
N

/O
FF

PO
W

ER

O
FF

O
N

TR
3

TR
2

TR
1

IN
 3

80
/4

80
V 

PO
SI

TI
O

N
SU

PP
LY

 L
IN

K
S 

SH
O

W
N

24
0

24
0

48
0

48
0

TR
3

TR
2

TR
1

LA
TC

H
ED

ST
AL

L

ZE
R

O

ST
AL

L

652
TI

M
ER

LO
G

IC
 1

 T
O

 R
E

SE
T

-
R

L3

+

SP
51

SP
63

SP
61

SP
67

SW
IT

C
H

 C
IR

C
U

IT
S

FI
RI

N
G

 A
N

D
 B

R
ID

G
E

PS
U

5K+
12

O
U

TP
U

T
LA

TC
H

ED
ST

AL
L 

TI
M

ER

S 
8S0

IO

ST
AB

TI
M

ER

D
ET

EC
TO

R
LE

VE
L

TI
M

ER
ST

AL
L

 T

7.
5V 5V

-

+

-
+

I/P

-

2.
5V

4-
20

m
A

2.
5

39
0R

C
O

M
54

R
L3

R
L4

R
L3

+

4-
20

m
A

M
AX

ST
AB

ST
AB

EL
3

EL
2

EL
1

+

+
10

-1
0

M
IN

-

O
/P

32
31

30
29

28

O
FF

+
24

D
EL

SL
AV

E
C

O
N

TA
C

TO
R

M
AI

N

LA
T

C
O

M

P.
U

. R
ES

E
T

F-F+

S 
4

S 
3

O
/P

-
+

+
+

-2
4

-1
2

+
12

+
24

PH
AS

E
 D

EM
AN

D

P+
I

C
U

R
R

EN
T

A-A+

L3
L2

L1

AM
PL

IF
IE

R
IS

O
LA

TI
O

N
AR

M
 C

U
R

RE
N

T

AR
M

. V
O

LT
S

AM
PL

IF
IE

R
IS

O
LA

TI
O

N

D
O

W
N

U
P

P+
I

SP
EE

D

JU
M

P
ER

121110TA
C

9C
O

M
8

+
10

S

R
U

N

AU
X

76I/P3M
IN

2

R
AM

P

+
101

5K

10
K

0-
10

VO
LT

A
G

E
 IN

PU
T

3 
I/P

, 2
 M

IN

IN
P

U
T 

6
1)

IN
 T

O
R

Q
U

E
 M

O
D

ES
,

TH
E

 D
R

IV
E

 N
E

E
D

S
A

 S
P

E
E

D
 IN

P
U

T 
T3

A
S

W
E

LL
 A

S
 T

O
R

Q
U

E
D

E
M

A
N

D
 IN

 T
6

2)
 L

O
W

E
ST

 W
IN

S
,

S
C

A
LE

 C
O

R
R

E
C

TL
Y

(p
ag

e 
20

)

(p
ag

e 
11

, 1
7 

18
, 5

)
+

10
 V

O
LT

 R
E

FE
R

EN
C

E

10
m

A

TH
IS

 P
R

E
C

IS
IO

N
 +

10
V

S
O

U
R

C
E 

C
A

N
 P

R
O

VI
D

E
U

P
 T

O
 1

0m
A

, A
N

D
 IS

A
B

LE
 T

O
 S

U
P

P
LY

P
O

TS
 W

IT
H

 R
E

S
IS

TA
N

C
E

1K
 O

R
 H

IG
H

E
R

. 1
0K

IS
 R

E
C

O
M

M
E

N
D

ED
.

TH
E

 M
IN

 S
P

E
E

D
 T

2
IS

 S
IM

P
LY

 A
 5

K
 P

R
ES

E
T

TO
 C

O
M

M
O

N
. I

T 
LI

FT
S

TH
E

 B
O

TT
O

M
 E

N
D

 O
F

TH
E

 E
X

TE
R

N
A

L 
S

P
E

ED
P

O
T.

 IT
 A

LS
O

 T
R

IM
S

TH
E

 B
U

R
D

E
N

 R
E

S
IS

TO
R

IN
 4

-2
0m

A
 L

O
O

P
M

O
D

E
 O

F 
O

P
E

R
A

TI
O

N

S
U

M
M

IN
G

 S
P

E
E

D
 I/

P
.

T6
6 

IS
 N

O
N

-IN
VE

R
TI

N
G

A
N

D
 A

C
C

E
PT

S 
+

 O
R

 -
S

IG
N

A
LS

.
A

N
D

 A
C

C
E

PT
S 

+
 O

R
 -

S
IG

N
A

LS
. S

A
TU

R
A

TI
O

N

  .
 T

65
 IN

VE
R

TS

O
F 

TH
E

 R
A

M
P

 C
IR

C
U

IT

R
A

M
P

 O
/P

 T
55

B
U

FF
E

R
E

D
 S

U
M

M
A

TI
O

N

TO
TA

L 
D

E
M

A
N

D
 O

/P
T5

7.
 IS

 A
N

 IN
VE

R
TE

D
TO

TA
L 

S
U

M
M

A
TI

O
N

 O
F

A
LL

 T
H

E
 S

P
E

ED
 I/

P
S

O
F 

R
A

M
PE

D
 S

P
E

E
D

D
E

M
A

N
D

 IN
P

U
TS

.

T5
6 

SP
EE

D
O

U
TP

U
T

TA
C

H
/A

VF
.

B
U

FF
ER

ED

S
TA

LL
 T

IM
E

R
 (p

ag
e2

1)
TH

IS
 D

E
TE

C
TO

R
 L

O
O

K
S

A
T 

C
U

R
R

E
N

T 
D

E
M

A
N

D
.

A
FT

ER
 T

IM
IN

G
, T

H
E

S
TA

LL
 O

U
TP

U
T 

LA
TC

H
TR

IP
S

 T
H

E
 M

A
IN

C
O

N
TA

C
TO

R
. B

O
TH

 A
R

E
A

VA
IL

A
B

LE
 O

N
 R

L1

TH
E

 M
A

X 
C

U
R

R
E

N
T

P
R

E
S

E
TS

. T
H

E
 C

U
R

R
EN

T
D

E
M

A
N

D
 IS

 F
ED

 IN
TO

TH
E

 C
U

R
R

E
N

T 
LO

O
P

C
U

R
R

E
N

T 
O

U
TP

U
T 

T5
4

+
5V

 =
 +

10
0%

O
F 

TH
E 

M
O

D
EL

 R
A

TI
N

G
(S

1 
H

A
LV

ES
 R

AT
IN

G
)

TH
E

 M
A

X 
LE

VE
L 

W
IL

L
D

E
PE

N
D

 O
N

 M
A

X
C

U
R

R
E

N
T 

P
R

E
SE

TS

M
A

IN
 P

O
W

E
R

 IN
P

U
TS

C
A

B
LE

 S
IZ

ES
, F

U
S

E
R

A
TI

N
G

S
 A

N
D

 L
IN

E
R

EA
C

TO
R

S
 P

A
G

E
 4

P
H

A
S

E 
R

O
TA

TI
O

N
 IS

N
O

T 
IM

P
O

R
TA

N
T.

FU
S

IN
G

 A
N

D
 R

E
A

C
TO

R
S

P
O

W
E

R
 C

O
N

TA
C

TO
R

.
IT

 IS
 E

S
S

E
N

TI
A

L 
TH

A
T

TH
E

 P
O

W
ER

 T
O

 L
1/

2/
3

IS
 C

O
N

TR
O

LL
E

D
 B

Y 
A

C
O

N
TA

C
TO

R
 W

H
IC

H
 IS

E
N

E
R

G
IS

E
D

 F
R

O
M

 T
H

E
S

LA
VE

 R
E

LA
Y 

O
N

 T
31

A
N

D
 T

32
.

TH
IS

 W
IL

L 
E

N
S

U
R

E
TH

A
T 

W
H

E
N

 T
H

E
P

O
W

E
R

 O
FF

 C
O

M
M

A
N

D
O

C
C

U
R

S
, T

H
E

 M
A

IN
C

O
N

TA
C

TO
R

 R
E

M
A

IN
S

E
N

E
R

G
IS

E
D

 W
H

IL
S

T 
TH

E
A

R
M

A
TU

R
E 

C
U

R
R

E
N

T 
IS

C
O

M
M

U
TA

TE
D

 T
O

 Z
ER

O

M
O

TO
R

 A
R

M
A

TU
R

E.
C

H
EC

K
 T

H
E

 R
A

TI
N

G
P

LA
TE

 T
O

 C
O

N
FI

R
M

C
A

LI
B

R
A

TI
O

N
 P

R
O

C
E

D
U

R
E

C
U

R
R

E
N

T 
A

N
D

 V
O

LT
A

G
E

S
E

TT
IN

G
S

 A
R

E
 V

ER
Y

IM
P

O
R

TA
N

T.
 M

A
K

E
 S

U
R

E
W

IR
IN

G
 IS

 C
O

R
R

E
C

T.

A
U

XI
LI

A
R

Y 
S

U
P

P
LY

E
L1

, E
L2

, E
L3

.
TH

E
S

E
 M

U
S

T 
H

A
VE

S
A

M
E

 R
E

S
P

EC
TI

VE
P

H
A

S
IN

G
 A

S
L1

, L
2,

 L
3

TH
IS

 IS
 P

A
R

A
M

O
U

N
T.

D
O

U
B

LE
 C

H
E

C
K

 T
H

IS
.

A
U

XI
LI

A
R

Y 
S

U
P

P
LY

IN
P

U
T 

TR
A

N
S

FO
R

M
E

R
S

A
R

E
 D

U
A

L 
TA

PP
E

D
. 3

P
A

IR
S 

O
F 

JU
M

P
ER

S
O

N
 T

H
E 

P
O

W
E

R
 B

O
A

R
D

M
U

S
T 

B
E

 S
E

T 
TO

M
A

TC
H

 T
H

E
 S

U
P

PL
Y.

N
O

TE
. T

H
E

 M
A

IN
P

O
W

E
R

 IN
P

U
TS

 N
E

E
D

N
O

T 
B

E
 T

H
E

 S
A

M
E

 A
S

TH
E

 A
U

X
IL

IA
R

Y 
S

U
PP

LY
A

S
 L

O
N

G
 A

S
 T

H
EY

H
A

VE
 T

H
E 

S
A

M
E

P
H

A
S

IN
G

. E
G

 B
A

TT
E

R
Y

C
H

A
R

G
IN

G
 S

YS
TE

M
S

A
U

XI
LI

A
R

Y 
S

U
P

P
LY

M
A

IN
 C

O
N

TA
C

TO
R

S
LA

VE
 T

31
 T

32
.

TH
IS

 M
U

ST
 B

E
 U

S
E

D
TO

 C
O

N
TR

O
L 

TH
E

M
A

IN
 P

O
W

E
R

 S
U

P
P

LY
C

O
N

TA
C

TO
R

W
A

R
N

IN
G

. D
A

M
A

G
E

M
A

Y 
O

TH
E

R
W

IS
E

 O
C

C
U

R

P
O

W
E

R
 O

N
/O

FF
(p

ag
e 

11
, 1

5)

U
S

E 
T2

8 
T2

9 
T3

0

R
L3

 E
N

E
R

G
IS

E
D

 B
Y 

T2
9

R
L3

 L
A

TC
H

E
D

 B
Y 

T3
0

R
L3

 D
E

-E
N

E
R

G
IS

E
D

 T
28

R
L4

 IS
 D

E
LA

YE
D

 O
FF

TO
 A

LL
O

W
 C

U
R

R
EN

T
  C

O
M

M
U

TA
TI

O
N

TH
IS

 T
R

A
N

S
IS

TO
R

 IS
TU

R
N

ED
 O

FF
 B

Y 
A

S
TA

LL
 O

R
 A

U
X.

 T
R

IP
C

O
N

D
IT

IO
N

. I
T 

O
PE

N
S

TH
E

 P
O

W
ER

 O
FF

 L
IN

E
W

H
IC

H
 C

A
U

S
ES

 T
H

E
M

A
IN

 C
O

N
TA

C
TO

R
 T

O

C
O

IL
R

L4
C

O
IL

TH
E

 C
O

M
M

E
N

T 
B

O
XE

S
 S

U
R

R
O

U
N

D
IN

G
TH

E
 B

LO
C

K
 D

IA
G

R
A

M
 A

R
E

 IN
TE

N
D

E
D

TO
 G

IV
E

 A
 B

R
IE

F 
D

E
S

C
R

IP
TI

O
N

 O
N

LY
O

F 
TH

E
 K

E
Y 

FE
A

TU
R

ES
.

P
LE

A
SE

 R
EF

E
R

 T
O

 T
H

E 
M

A
N

U
A

L 
FO

R
A

 M
O

R
E 

C
O

M
P

LE
TE

 D
E

S
C

R
IP

TI
O

N
.

TH
E

 C
H

E
C

K
LI

S
T 

A
T 

TH
E

 T
O

P 
O

F 
TH

E
P

A
G

E 
H

IG
H

LI
G

H
TS

 T
H

E
 K

E
Y 

A
R

E
A

S
O

F 
C

O
N

C
E

R
N

 F
O

R
 C

O
M

M
IS

IO
N

IN
G

.

1)
C

O
R

R
E

C
T 

O
P

E
R

A
TI

O
N

O
F 

M
A

IN
 C

O
N

TA
C

TO
R

2)
3)

C
O

R
R

E
C

T 
S

C
A

LI
N

G
 O

F
S

P
E

E
D

 A
N

D
 C

U
R

R
E

N
T

S
P

E
E

D
 D

E
M

A
N

D
 0

K
,

C
U

R
R

E
N

T 
D

E
M

A
N

D
 O

K
4)

A
R

M
A

TU
R

E
 W

IR
IN

G
FI

E
LD

 W
IR

IN
G

5)
R

U
N

 L
IN

E
, 

 P
O

W
E

R
 O

N
/O

FF
6) P

R
E

C
A

U
TI

O
N

S
 !

S
A

FE
TY

50
%

ST
AL

L

9
10 11 12 15 16 17

18
19

20
21

22
23

24

252627282930

D
E

-E
N

E
R

G
IS

E
.

IS
 +

10
.5

V
 O

R
 -.

5V

M
A

X
 C

U
R

R
E

N
T

TH
E

 O
U

TP
U

T 
FR

O
M

 T
H

E
S

P
EE

D
 E

R
R

O
R

 A
M

P
IS

 S
C

A
LE

D
 B

Y

PR
ES

E
T

SL
E

2 
Q

U
A

D
R

A
N

T

7

C
LA

M
P

M
AX

C
U

R
R

EN
T

-

-7
.5

V
-5

V

U
G

10
18

05

66
65

57
56

60
62

52
TI

M
SS

ST
O

54

EF
1

EF
2

EF
3

+
24

V 3K
3

69 AT

C
O

M

2

JO
G

 S
PE

ED

-1
2

M

10
K

+
12

JO
P

64

R
L1

 (P
A

G
E

 8
,2

6)

TH
E

 F
U

N
C

TI
O

N
 O

F
TH

IS
 R

E
LA

Y 
IS

 S
E

T
B

Y 
S

 2
/5

/6

TH
E

 R
E

LA
Y 

IS
 S

H
O

W
N

D
E

-E
N

E
R

G
IS

E
D

R
L1

TH
E

 R
E

LA
Y 

FU
N

C
TI

O
N

S
C

A
N

 B
E

 L
O

G
IC

A
LL

Y
"A

N
D

E
D

"
E

G
. S

2 
A

N
D

 S
6

(T
IM

E
R

 A
N

D
 Z

ER
O

S
P

EE
D

) G
IV

E
 A

 T
A

C
H

O
LO

S
S

 F
U

N
C

TI
O

N

R
L1

 C
A

N
 A

LS
O

 G
IV

E
A

 Z
E

R
O

 R
EF

E
R

E
N

C
E

IN
TE

R
LO

C
K

 F
U

N
C

TI
O

N
.

TH
IS

 IS
 IM

P
LE

M
E

N
TE

D
B

Y 
LI

N
K

 C
H

A
N

G
E

S
 O

N
TH

E
 C

O
N

TR
O

L 
M

O
D

U
LE

.
ZE

R
O

 S
PE

ED
 S

6
B

EC
O

M
E

S
 Z

ER
O

 R
E

F.

TH
E

 T
A

C
H

O
 IN

P
U

T
P

O
LA

R
IT

Y 
M

U
S

T 
B

E
O

P
P

O
SI

TE
 T

O
 T

3.
(S

A
M

E
 A

S
 T

57
).

S
C

A
LI

N
G

 O
N

 S
 3

/4
.

A
 D

IF
FE

R
E

N
TI

A
L 

TE
R

M
M

A
Y 

B
E

 IM
P

LE
M

EN
TE

D
B

Y 
A

D
D

IN
G

  0
.1

uF
 C

AP
 

D
IF

F

91
0K

33
0K

AD
D

 0
.1

 C
AP

H
EA

TS
IN

K
SE

N
SO

R

AU
X.

 T
R

IP
TE

M
P 

O
K

S 
7

R
AM

P
C

O
N

N
EC

T

55

70 I/P

S 
R

AM
P

O
PT

IO
N

T7
0 

P
R

O
VI

D
ES

 A
D

IR
E

C
T 

IN
P

U
T 

W
IT

H
 A

FA
S

T 
R

E
S

P
O

N
S

E.
 T

H
E

R
A

M
P

 IS
 B

YP
A

S
S

ED
.

TH
IS

 IN
PU

T 
M

A
Y 

B
E

U
S

ED
 F

O
R

 D
IR

E
C

T
S

P
EE

D
 IN

P
U

TS
 IF

 T
6

IS
 IN

 T
O

R
Q

U
E 

M
O

D
E

TH
IS

 IN
P

U
T 

IS
 V

IA
 A

N
U

P
 D

O
W

N
 R

A
M

P 
A

N
D

M
A

Y 
B

E
 S

U
M

M
E

D
 W

IT
H

O
TH

E
R

 IN
P

U
TS

 F
R

O
M

T6
6 

A
N

D
 T

65

FI
E

LD
 O

U
TP

U
T

TH
E

 F
IE

LD
 B

R
ID

G
E 

IS
A

N
 IN

D
E

P
E

N
D

A
N

T
FA

C
IL

IT
Y 

A
N

D
 M

A
Y 

B
E

C
O

N
FI

G
U

R
E

D
 A

S
 2

 O
R

3 
P

H
A

SE
. V

A
R

IO
U

S
M

O
D

E
S

 O
F 

O
P

E
R

A
TI

O
N

A
R

E
 P

O
S

S
IB

LE

E
F1

 E
F2

 E
F3

 A
R

E
TH

E
 A

C
 S

U
PP

LY
IN

P
U

TS
 T

O
 T

H
E

 F
IE

LD
B

R
ID

G
E

. T
H

E
Y 

M
U

S
T

B
E 

FU
S

ED
 E

XT
E

R
N

A
LL

Y
W

IT
H

 C
O

R
R

E
C

T
S

E
M

IC
O

N
D

U
C

TO
R

 F
U

S
E

S

TH
E

 A
U

X
IL

IA
R

Y 
TR

IP
IN

P
U

T 
M

A
Y 

B
E 

U
S

ED
FO

R
 A

 M
O

TO
R

TH
E

R
M

IS
TO

R
 IN

P
U

T.
IT

 M
U

S
T 

B
E

 T
IE

D
 T

O
C

O
M

M
O

N
 IF

 U
N

U
S

ED
.

IF
 T

R
IG

G
E

R
E

D
 T

H
E

M
A

IN
 C

O
N

TA
C

TO
R

IS
 D

E
-E

N
ER

G
IS

E
D

68

IN
 T

H
E 

E
VE

N
T 

O
F

E
XC

E
S

SI
VE

 H
E

A
TS

IN
K

TE
M

P
E

R
A

TU
R

E
, T

H
E

M
A

IN
 C

O
N

TA
C

TO
R

W
IL

L 
B

E
 D

E-
E

N
E

R
G

IS
E

D
A

N
D

 T
H

E
 L

A
M

P
 W

IL
L

E
XT

IN
G

U
IS

H
. T

H
IS

S
H

O
W

S
 IN

A
D

E
Q

U
A

TE
VE

N
TI

LA
TI

O
N

TH
E

 J
O

G
 S

P
E

ED
P

R
E

S
E

T 
P

R
O

VI
D

E
S

 A
N

U
N

C
O

M
M

IT
TE

D
 O

U
TP

U
T

FO
R

 A
 S

E
C

O
N

D
A

R
Y

S
P

EE
D

 R
E

FE
R

EN
C

E
. I

T
M

A
Y 

B
E

 U
S

E
D

 A
S

 A
ZE

R
O

 S
P

E
ED

 O
FF

S
ET

TR
IM

.

TH
E

 2
40

V 
P

O
S

IT
IO

N
S

P
A

N
S 

20
0 

TO
 2

40

TH
E

 4
80

V 
P

O
S

IT
IO

N
S

P
A

N
S 

38
0 

TO
 4

80
W

IT
H

 +
/-

5%
 T

O
L.

W
IT

H
 +

/-
5%

 T
O

L.

59 AV

13 14

1
2

3
4

5
6

7
8

BLOCK DIAGRAM Page 28

P
ag

e 
16

+

ID

G
ai

n 
0.

5 
st

an
da

rd
G

ai
n 

1.
0 

w
ith

 T
FL

 re
si

st
or

PA 0-
8V

IP
+

PH
AS

E 
LO

SS



 

AC  SUPPLY INPUT SEMICONDUCTOR FUSE TABLE 
FOR SLE DRIVES.
M

O
D

E
L

AC
 I/

P
AM

PS
D

C
 O

/P

AM
PS

SL
E 

14

SL
E 

24

SL
E 

34

SL
E 

44

27 46 66 85

34 58 82 10
6

L2
5S

L2
5S

L2
5S

L2
5S

L5
0S

L5
0S

L5
0S

L5
0S

35 60 80 10
0

35 60 80 10
0

60
A

FW
H

 - 
60

A
FW

X 
-

FW
H

 - 
80

A

FW
H

 - 
10

0A
FW

X 
- 1

00
A

FW
X 

- 8
0A

L
IT

T
L
E

F
U

S
E

B
U

S
S

Appendix Page 29

UG101806 ISS12

IN
 G

EN
ER

A
L 

TH
E

 A
C

 S
U

PP
LY

 C
U

R
R

EN
T 

PE
R

 P
H

AS
E

 IS
 0

.8
 T

IM
ES

 T
H

E 
D

C
 O

U
TP

U
T 

C
U

R
R

EN
T,

 A
N

D
 T

H
E 

FU
S

E 
R

AT
IN

G
 S

H
O

U
LD

 B
E 

A
PP

R
O

X.
 1

.2
5 

TI
M

ES
 T

H
E 

IN
PU

T 
C

U
R

R
EN

T.

TH
E 

FU
SE

S 
S

PE
C

IF
IE

D
 IN

 T
H

IS
 T

AB
LE

 H
AV

E
 B

EE
N

 R
AT

ED
 T

O
 IN

C
LU

D
E

 T
H

E
 1

50
%

 O
VE

R
LO

AD
 C

AP
AB

IL
IT

Y 
AN

D
 O

PE
R

AT
E 

U
P 

TO
 5

0C
 A

M
BI

E
N

T 
AT

 T
H

E 
M

AX
IM

U
M

 D
R

IV
E 

R
AT

IN
G

. T
O

 
SE

LE
C

T 
A 

FU
SE

 A
T 

O
TH

ER
 R

AT
IN

G
S 

FO
R

 E
X

AM
PL

E 
W

H
EN

 U
SI

N
G

 A
 M

O
TO

R
 R

AT
ED

 A
T 

A 
LO

W
E

R
 P

O
W

ER
 T

H
AN

 T
H

E 
D

R
IV

E 
U

N
IT

 O
R

 O
PE

R
AT

IN
G

 A
T 

A 
R

ED
U

C
ED

 M
AX

IM
U

M
 

C
U

R
R

EN
T 

LI
M

IT
 S

ET
TI

N
G

. S
EL

E
C

T 
A 

FU
SE

 W
IT

H
 A

 C
U

R
R

EN
T 

R
AT

IN
G

 C
LO

SE
ST

 T
O

 T
H

E 
AR

M
AT

U
R

E
 C

U
R

R
EN

T 
AN

D
 W

IT
H

 A
N

 I 
 t 

R
AT

IN
G

 L
ES

S 
TH

AN
 T

H
E 

M
AX

IM
U

M
 S

H
O

W
N

 IN
 T

H
E 

TA
B

LE
. 

U
P 

TO
 2

50
V

AC
 S

U
P

PL
Y

U
P 

TO
 5

00
V

AC
 S

U
P

PL
Y

U
P 

TO
 2

50
V

AC
 S

U
P

PL
Y

U
P 

TO
 5

00
V

AC
 S

U
P

PL
Y

U
P 

TO
 2

50
V

AC
 S

U
P

PL
Y

U
P 

TO
 5

00
V

AC
 S

U
P

PL
Y

IR
 A

m
e
ri

c
a

n
 S

ty
le

XL
25

X5
0

XL
25

X7
0

XL
25

X7
0

XL
50

F0
60

XL
50

F0
80

XL
50

F1
00

U
P 

TO
 2

50
V

AC
 S

U
P

PL
Y

U
P 

TO
 5

00
V

AC
 S

U
P

PL
Y

IR
 B

S
8
8

L3
50

-6
3

L3
50

-8
0

L3
50

-1
00

66
1R

F0
0 

63

66
1R

F0
0 

80

66
1R

F0
0 

10
0

FW
H

 - 
35

A
FW

X 
- 3

5A
XL

25
X3

0
XL

50
F0

35
L3

50
-3

2
66

1R
F0

0 
35

AU
X

FU
SE

U
P 

TO
 2

50
V

AC
 S

U
P

PL
Y

U
P 

TO
 5

00
V

AC
 S

U
P

PL
Y

F
E

R
R

A
Z

N
 8

19
84

W
 7

66
55

Z 
85

55
9

Y 
85

55
8

Z 
94

82
8

T 
94

82
3

A 
94

82
9

Y 
94

82
7

6,
60

0 
C

P 
U

R
D

 2
2-

58
/3

2

6,
60

0 
C

P 
U

R
D

 2
2-

58
/6

3

6,
60

0 
C

P 
U

R
D

 2
2-

58
/8

0

6,
60

0 
C

P 
U

R
D

 2
2-

58
/1

00

U
R

E 
32

U
R

G
S 

60

U
R

G
S 

80

U
R

Z 
10

0

A 
06

0 
U

R
D

00
3 

T1
3I

A 
06

0 
U

R
D

00
3 

T1
3I

B1
00

0F
3

A3
50

-3
XL

25
X3

XL
50

F0
03

FW
X-

3A
FW

H
-3

A
L6

0S
 3

L2
5S

 3
2.

5
3

M
AX

I  
t  

O
F

FU
SE

2 60
0

50
00

50
00

11
85

0

50

2

U
P 

TO
 5

00
V

AC
 S

U
P

PL
Y

(E
ur

op
ea

n)

17
0M

15
66

17
0M

15
66

17
0M

15
67

17
0L

10
13

FW
H

 5
A1

4F

15
0.

00

97
.0

0

10
5.

00

22
0.

00

85
.0

0

13
2.

00
LR

48
 u

p 
to

 m
od

el
 S

LE
24

LR
12

0 
up

 to
 m

od
el

 S
LE

44
LR

12
0:

   
w

ei
g

ht
  7

K
g

R
A

TI
N

G
: U

P
 T

O
 1

20
A

TE
R

M
IN

A
LS

: M
10

 L
U

G
S

M
O

U
N

TI
N

G
 H

O
LE

S
: 4

 O
FF

, 5
M

M
M

O
U

N
TI

N
G

 C
E

N
TR

E
S

: 1
90

 X
 6

3M
M

D
IS

S
IP

A
TI

O
N

 A
T 

R
A

TE
D

 C
U

R
R

E
N

T 
40

W

LR
48

:  
  w

ei
gh

t  
 2

.5
K

g
R

A
TI

N
G

: U
P

 T
O

 4
8A

TE
R

M
IN

A
LS

: M
6 

S
TU

D
S

M
O

U
N

TI
N

G
 H

O
LE

S
: 4

 O
FF

, 4
M

M
M

O
U

N
TI

N
G

 C
E

N
TR

E
S

: 1
37

 X
 4

4M
M

D
IS

S
IP

A
TI

O
N

 A
T 

R
A

TE
D

 C
U

R
R

E
N

T 
25

W

L
IN

E
 R

E
A

C
T

O
R

 
D

IM
E

N
S

IO
N

S

N
O

T 
U

L
N

O
T 

U
L

N
ot

e.
  O

nl
y 

us
e 

C
S

A
 c

er
tif

ie
d

 li
ne

 re
ac

to
rs

 fo
r i

ns
ta

lla
tio

ns
 c

om
pl

yi
ng

 w
ith

 
C

S
A

 c
od

es
.T

he
se

 u
ni

ts
 a

re
 n

ot
 C

S
A

 c
er

tif
ie

d.
 R

ef
er

 to
 s

up
p

lie
r f

or
 fu

ll 
ra

tin
gs

 
of

 C
S

A
 c

er
tif

ie
d 

al
te

rn
at

iv
es

.

UL recognised fuses must be used in
systems complying with UL codes.

50
uH

50
uH

50
uH

50
uH

50
uH

50
uH

S
P

R
IN

T 
C

H
00

74
0A

1 
P

O
LE

 1
4 

X
 5

1 
m

m
 C

P
10

20
53

FU
S

E
H

O
LD

E
R

S
LE

14
34

A
48

0
B

U
S

S
' 1

70
M

15
64

S
LE

24
S

LE
34

58
A

82
A

48
0

B
U

S
S

' 1
70

M
15

66
S

P
R

IN
T 

C
H

00
88

0A
1 

P
O

LE
 0

0 
   

   
   

   
   

C
P

10
20

54
FU

S
E

H
O

LD
E

R

S
LE

44
10

6A
48

0
B

U
S

S
' 1

70
M

15
67

S
P

R
IN

T 
C

H
00

81
00

1 
P

O
LE

 0
0 

   
   

   
   

   
C

P
10

20
54

FU
S

E
H

O
LD

E
R

E
u

ro
p

e
a

n
 s

to
c
k

 f
u

s
e

s
 a

n
d

 f
u

s
e

h
o

ld
e

rs

M
ai

n 
fu

se
s 

an
d 

ho
ld

er
s 

w
ith

 c
ov

er
s

D
riv

e
C

ur
re

nt
A

C
 

vo
lts

fu
se

 
ty

pe

To
 o

pt
im

is
e 

st
oc

k 
av

ai
la

bi
lit

y 
so

m
e 

fu
se

s 
ha

ve
 h

ig
he

r t
ha

n 
ne

ce
ss

ar
y 

cu
rre

nt
 ra

tin
gs

bu
t w

ill
 s

til
l p

ro
vi

de
 p

ro
te

ct
io

n 
be

ca
us

e 
 th

e 
co

rr
ec

t I
  t

 ra
tin

g 
is

 th
e 

pr
im

e 
fa

ct
or

.

A
ux

ilia
ry

 fu
se

s 
an

d
ho

ld
er

s 
w

ith
 c

ov
er

s

S
P

R
IN

T 
C

H
00

60
8A

6 
X 

32
   

C
P

10
20

71
 

ap
pr

ox
. d

is
si

p
at

io
n 

fo
r 

3 
m

ai
n 

 fu
se

s 
at

 1
00

%

15
 W

50
 W

70
 W

35
 W

S
P

R
IN

T 
C

H
00

60
8A

6 
X 

32
   

C
P

10
20

71
 

S
P

R
IN

T 
C

H
00

60
8A

6 
X 

32
   

C
P

10
20

71
 



� �

�

�

�

� �

�

�

�

� �

�

�

�

� �

� �

�

� � � 	 
 � � �  � � � 
 	 � �  � � � � � 	 � �

� 	 � � �  � � � � � 	 � �

� � � 	 � � �  � � 	 � � � �

� � � � � �  � � � 
 � � �

� � � � 
 	 �  � 	 � � �  � � 
 � � �  � � �  � � �  � � � � �  	 � �  � � � � � � 


! 
 � � � � � � �  
 � �  � �  �  � 	 � �   � � �  � 
 � � � � � �

" � � � � � 
 � � �  � �  	 � # � � � 	 � �  � � � � 	 �  � � � 	 � �

! � � � �  � � � 	 �  � � � � � � �  � � �  � 	 � � �

$ � 
 � � � 	 � � � �   � 
 �  	  % & "

" � � 
 � � �  � � 	  � � � �  � � � � � � 
 � �  % & "  � � 
 � � 
 �

' � � � 
 �  � � 
 � � � � 
 (  � � � 	 �  � � �  � � � � �

& � � 	 �  � �  � � � � 
 �  � � � � �  � � � 	 � �  � � � � � 
 � �  � �  �  � 
 � �

) 	 � 
 � � * � � 	 � �  � � � � �  � � � � �  � �

& � 	 �  � � 	 � � � �

+ � � � � � �  	 � � � � � 	 
 � � �  � � � � �  
 � �  � � ,   � � � � �  � 	 � �

-

.             �                 & � � � � � �  � � � � � �  
 � � � 
 � � � (  � � �  
 � � � � (  	 � �  
 � � �

              �                 % �  � �  � �  � � 
 � � � � � �

              �                 ) � 
 � �  
 � � � � � � 
 � �

              �                 " � � 
 	 � 
 � �  � �  	 � � 	 
 � � �  � � � � � � 


              �                 % �  � �  � �   � 
 �  � 	 � � 
 	 � � � �  � � � 
 	 � 


/             �                 0 � � �  � � � � � � � � �  � � 
 � � � � � �

1             �                 ' � � � � � � � �  � � � 
 � �

� ,           �                 2 � � � � �  � 	 � � � � �  	 � �  � � � � � � 
 �

� �           �                 3 � �  � � � � �  � � � � � �   � 
 �  � 	 � �  � � � � � � � � �

              �                 3 � �  � � � � �  � � � � � 
 � �  � �  �  � 
 � �

              �                 3 � � � � � �  � �  � 	 � �  � � � 
 	 � 
 � �   � 
 �  � 	 � �  � � � � � � � � �

              �                 3 � � � � � �  � �  � 	 � �  � � � 
 	 � 
 � �   � 
 �  4 � �  � � � � �  � � � � � � � � �

� �                             ) � 
 � �  � � � � �  � � � � � � 
 �

              �                 �  � � 	 � �  � 	 � �   	 � �  � � � � �  	 � �  � � � � � � �  � � � �

              �                 �  � � 	 � �  � � � � �  � � � � � �   � 
 �  � � � 	 � � �  
 � � �  � � �

              �                 5 � � � �  � � � � � � � � �  � �  � 	 � �  � � � 
 	 � 
 � �

� �           �                 ) $ " ' 6  � 7 � & 6 8  % ' 6 " 9 2 2 6 '

                                2 � � � 	 �  � 	 �  � � � 
 � � � 

� ) 	 � 
 � �  � � 
 � � � � 
  
 �  � � � 
 � � � �  � � � � � �  � � � � �  � � � � � �  � 	 � � :

� � � � � � � �

% 	 � � � � � : � � � � � � 	 
 � � �

� � � 	 
 � �  
 � � � � 
 � � � � � � � � � � � � � � � 	 � � � �

� � �  
 � � � �

� � � � � � � � � � � � �

� � � � �  	 � � � � � 	 
 � � �  � � 
 � �  	 � �  � 
 � � � 
 � �  � � �  	 � � � � 
 	 � � �  � �  
 � �  � � � � � 	 �  � � � � � � � � 
 	 
 � � �  � �  2 � � � � 
  � � � � � � 
 � (  	 � �  	 � �  � � � � � � � �   � � �  � � � � � 	 �  � � � � 	 � � � 

� �  � � � 
 � �  	 � � � � � 	 
 � � � � :  $ 
  � �  � � 
 � � � � �  
 � �  � � � � �  � � � � � � � � � � � � 
 �  
 �  � � � � � �  
 � 	 
  	 � �  � � � 
 � �  � �  � � � 
 	 � � �  � � �  
 � �   	 � � � � � 	 
 � � �  � �  � � � � 
 � � �  	 � �  	 � �  � � � 

� 	 � �  � � �  � �  
 	 � � �   � 
 �  � � � 	 � �  
 �  � � � � 	 � �  � 	 � � 
 �  � �  
 � �  � � � 
 	 � � 	 
 � � � :  2 � � � � 
  9 � � � 
 � � �  � � � �  � � 
  	 � � � � 
  	 � �  � � 	 � � � � 
 �  � �  � � � � � � 
  � �  
 � �  	 � � � � � 	 
 � � � :

� �           �                 " � � 
 � � �  � � � � � � 
  � � 	 � � 	 �

� �           �                 % �  � �  � � � � � � 
  � � 	 � � 	 �

� -           �                 " � � � � � 
  � � 	 � �  � � � � � � � � 
  � 	 � � � 


� .           �                 & � � 	 �  
 � 	 � � � � � � � �  � �  � �  � � � � � � � �

                                % �  � �  � � � � � �  � � � � � 
 � � �

� /           �                 9 ) "  � � � 
 	 � � 	 
 � � �  � � � � � � � � � �

� 1           �                8 � � � � 	 �  �  � � 	 � �  � :  " :  � � � � � �  	 � � � � � 	 
 � � � �

� ,           �                8 � � � � 	 �  �  � � 	 � �  � :  " :  � � � � � �  	 � � � � � 	 
 � � � �

� � � � � � �



 

10
K

S
PE

E
D

S
ET

PO
IN

T

R
U

N

C
O

N
TA

C
T

C
O

N
TA

C
T

R
U

N

S
ET

PO
IN

T

S
PE

E
D

10
K

TA
C

H
O

P
O

LA
R

IT
Y

10
K

S
PE

E
D

S
ET

P
O

IN
T

R
U

N

C
O

N
TA

C
T

C
O

N
TA

C
T

R
U

N

S
ET

P
O

IN
T

S
PE

E
D

10
K

th
e 

pe
ak

 b
re

ak
in

g
 c

ur
re

nt
 s

ho
ul

d 
no

t e
xc

ee
d 

3 
tim

es
 th

e 
no

m
in

al
 a

rm
at

ur
e

cu
rr

en
t.

Th
e 

re
si

st
or

 m
us

t b
e 

ab
le

 to
 d

is
si

pa
te

 th
e 

w
as

te
 h

ea
t.

C
1 

no
rm

al
ly

 o
p

en
.

C
2 

no
rm

al
ly

 c
lo

se
d.

Th
e 

re
la

ys
 o

p
er

at
e 

to
ge

th
er

.

TO
R

Q
U

E

S
ET

P
O

IN
T

th
e 

cu
rr

en
t d

em
an

d 
co

m
es

 o
ut

 o
f l

im
it 

an
d

 th
e 

sp
ee

d 
lo

op
 ta

ke
s 

co
nt

ro
l.

If 
th

e 
sp

ee
d 

ex
ce

ed
s 

th
e 

le
ve

l p
ro

gr
am

m
ed

 b
y 

th
e 

sp
ee

d 
se

tp
oi

nt
, t

he
n

S
E

LE
C

TE
D

B
A

S
IC

 C
O

N
N

E
C

T
IO

N
S

. 
M

O
D

E
L
 S

L
E

1
) 

B
A

S
IC

 C
O

N
N

E
C

T
IO

N
. 

A
R

M
A

T
U

R
E

 V
O

L
T

A
G

E
 F

E
E

D
B

A
C

K

3
) 

B
A

S
IC

 C
O

N
N

E
C

T
IO

N
. 

D
Y

N
A

M
IC

 B
R

A
K

IN
G

U
G

10
18

11
 IS

S6

4
) 

T
O

R
Q

U
E

 C
O

N
T

R
O

L
, 

O
V

E
R

S
P

E
E

D
 L

IM
IT

IN
G

 B
Y

 S
E

P
E

R
A

T
E

 S
P

E
E

D
 S

E
T

P
O

IN
T

2
) 

B
A

S
IC

 C
O

N
N

E
C

T
IO

N
. 

T
A

C
H

O
 F

E
E

D
B

A
C

K

TYPICAL APPLICATIONS Section 6  Page 1

H
EA

LT
H

 A
N

D
 S

A
FE

TY
 A

T 
W

O
R

K
. E

LE
C

TR
IC

AL
D

E
VI

C
E

S 
C

O
N

S
TI

TU
TE

 A
 S

A
FE

TY
 H

A
ZA

R
D

. I
T

IS
 T

H
E 

R
E

SP
O

N
S

IB
IL

IT
Y 

O
F 

TH
E

 U
SE

R
 T

O
E

N
S

U
R

E 
C

O
M

PL
IA

N
C

E 
W

IT
H

 A
N

Y 
A

C
TS

 O
R

B
YL

AW
S

 IN
 F

O
R

C
E.

 O
N

LY
 S

K
IL

LE
D

 P
ER

SO
N

S
S

H
O

U
LD

 IN
ST

A
LL

 T
H

IS
 E

Q
U

IP
M

EN
T.

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

TO
R

Q
U

E
 J

U
M

P
E

R

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

C
2

D
B

 R
ES

IS
TO

R

A
R

M
.

-V
E

 S
P

R
IN

T 
E

LE
C

TR
IC

 L
TD

. D
O

E
S 

N
O

T 
AC

C
E

PT
 

A
N

Y 
LI

A
B

IL
IT

Y 
W

H
A

TS
O

E
VE

R
 F

O
R

 T
H

E
 

IN
ST

A
LL

A
TI

O
N

, F
IT

N
ES

S 
FO

R
 P

U
R

PO
S

E 
O

R
 

A
PP

LI
C

A
TI

O
N

 O
F 

IT
S

 P
R

O
D

U
C

TS
. I

T 
IS

 T
H

E
 

U
S

E
R

S
 R

E
S

PO
N

S
IB

IL
IT

Y 
 T

O
 E

N
SU

R
E

 T
H

E 
U

N
IT

 IS
 C

O
R

R
E

C
TL

Y 
U

SE
D

 A
N

D
 IN

ST
A

LL
ED

. 

C
19

94



 

10
K

S
PE

ED

S
E

TP
O

IN
T

R
U

N
C

O
N

TA
C

T

24
0

24
0

S
P

E
E

D
 IN

D
IC

A
TO

R
C

U
R

R
E

N
T 

IN
D

IC
A

TO
R

D
IG

IT
A

L 
P

A
N

E
L 

M
ET

ER
S

 T
YP

E
 3

5S
 U

S
ED

ZE
R

O
SP

E
ED

R
EL

A
Y

LE
D

FI
LA

M
E

N
T

LA
M

P
M

U
LT

I-L
E

D
A

R
R

A
Y

4K
7

TO
 S

H
O

W
 S

PE
ED

 A
N

D
 C

U
R

R
E

N
T

C
O

N
TA

C
T

R
U

N

S
E

TP
O

IN
T

S
PE

ED

10
K

S
W

1

C
O

N
TA

C
T

R
U

N

S
ET

P
O

IN
T

S
P

E
E

D

10
K

3)
C

O
N

N
EC

TI
O

N
 O

F 
AU

XI
LI

A
R

Y 
SI

G
N

A
L 

R
EL

A
Y.

 m
in

im
um

co
il 

re
si

st
an

ce
 1

K
. S

TA
LL

, Z
E

R
O

 a
nd

 T
IM

E
R

  f
un

ct
io

ns
 

av
ai

la
bl

e 
on

 te
rm

in
al

s 
52

/5
3 

an
d 

60
.  

Th
ey

 a
re

 a
ls

o
sw

itc
h 

se
le

ct
ab

le
 fu

nc
tio

ns
 fo

r t
he

 o
n 

bo
ar

d 
re

la
y

10
K

S
P

E
E

D
S

ET
P

O
IN

T

R
U

N
C

O
N

TA
C

T

1)

B
A

S
IC

 C
O

N
N

E
C

T
IO

N
S

. 
M

O
D

E
L
 S

L
E

1
2

3
4

5
6

7
8

9
10

TY
P

E 
35

S
 P

A
N

EL
 M

E
TE

R

1
2

3
4

5
6

7
8

9
10

TY
P

E 
35

S
 P

A
N

EL
 M

E
TE

R

U
G

10
18

12
 IS

S6

TYPICAL APPLICATIONS Section 6  Page 2

H
EA

LT
H

 A
N

D
 S

A
FE

TY
 A

T 
W

O
R

K
. E

LE
C

TR
IC

AL
D

E
VI

C
E

S 
C

O
N

S
TI

TU
TE

 A
 S

A
FE

TY
 H

A
ZA

R
D

. I
T

IS
 T

H
E 

R
E

SP
O

N
S

IB
IL

IT
Y 

O
F 

TH
E

 U
SE

R
 T

O
E

N
S

U
R

E 
C

O
M

PL
IA

N
C

E 
W

IT
H

 A
N

Y 
A

C
TS

 O
R

B
YL

AW
S

 IN
 F

O
R

C
E.

 O
N

LY
 S

K
IL

LE
D

 P
ER

SO
N

S
S

H
O

U
LD

 IN
ST

A
LL

 T
H

IS
 E

Q
U

IP
M

EN
T.

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H CT LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H CT LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

 S
P

R
IN

T 
E

LE
C

TR
IC

 L
TD

. D
O

E
S 

N
O

T 
AC

C
E

PT
 

A
N

Y 
LI

A
B

IL
IT

Y 
W

H
A

TS
O

E
VE

R
 F

O
R

 T
H

E
 

IN
ST

A
LL

A
TI

O
N

, F
IT

N
ES

S 
FO

R
 P

U
R

PO
S

E 
O

R
 

A
PP

LI
C

A
TI

O
N

 O
F 

IT
S

 P
R

O
D

U
C

TS
. I

T 
IS

 T
H

E
 

U
S

E
R

S
 R

E
S

PO
N

S
IB

IL
IT

Y 
 T

O
 E

N
SU

R
E

 T
H

E 
U

N
IT

 IS
 C

O
R

R
E

C
TL

Y 
U

SE
D

 A
N

D
 IN

ST
A

LL
ED

. 

C
19

94

2)
 O

P
EN

IN
G

 T
H

E 
R

U
N

 C
O

N
TA

C
T 

C
AU

SE
S 

TH
E

 D
R

IV
E 

TO
 C

O
A

S
T 

TO
 R

E
ST

 A
N

D
 

R
E

S
E

TS
 T

H
E

 S
E

TP
O

IN
T 

R
A

M
P

. O
P

E
N

IN
G

 S
W

1 
C

A
U

S
E

S
 T

H
E

 S
E

TP
O

IN
T 

R
A

M
P

 O
U

TP
U

T 
TO

 

G
O

 T
O

 Z
E

R
O

 A
T 

TH
E

 R
A

TE
 S

E
T 

O
N

 T
H

E
 D

O
W

N
 R

AM
P

 P
R

ES
E

T.
 T

H
E

 M
O

TO
R

 W
IL

L 

FO
LL

O
W

 T
H

E
 D

O
W

N
 R

A
M

P
 P

R
O

VI
D

IN
G

 T
H

E
 C

O
A

S
T 

D
O

W
N

 R
A

TE
 IS

 F
A

S
TE

R
.

4)
 U

S
IN

G
 R

E
LA

Y 
D

R
IV

E
R

S
 F

O
R

 L
A

M
P

S
Th

e 
re

la
y 

dr
iv

er
s 

m
ay

 a
ls

o 
dr

iv
e 

va
rio

us
 ty

pe
s 

of
 in

di
ca

to
rs

. 
S

ho
w

n 
he

re
 a

re
 3

 ty
pe

s.
 T

he
 la

m
ps

 m
us

t b
e 

24
V 

25
m

A
 ty

pe
s.

 
M

ax
. t

ot
al

 2
5m

A
.



 

10
K

S
PE

E
D

S
ET

PO
IN

T

R
U

N

C
O

N
TA

C
T

1
)

IN
TE

R
FA

C
IN

G
 W

IT
H

 A
 P

LC

S
PE

E
D

10
K

O
N

 F
O

R
 T

O
R

Q
U

E

10
K

LI
M

IT
 (F

R
O

M
 P

LC
)O

N
 F

O
R

 R
U

N

FR
O

M
 P

LC

2
)

C
O

N
TR

O
L 

VI
A

 O
PE

N
 C

O
LL

E
C

TO
R

 P
LC

 O
U

TP
U

TS
.

TR
1

O
N

 T
O

R
U

N

3
)

LO
C

A
L4

)

10
K

S
PE

E
D

S
ET

PO
IN

T

C
O

N
TA

C
T

FR
O

M
 P

LC

TO
 R

E
S

ET

ST
A

LL
 T

IM
ER

TR
2

10
K

SP
EE

D

S
ET

PO
IN

T

R
U

N

O
N

 T
O

(v
ol

ta
ge

 s
ig

na
l

fro
m

 P
LC

)

TH
E

 D
R

IV
E

 S
P

E
E

D
 IS

  S
E

T 
B

Y 
A

 R
E

M
O

TE
 0

 T
O

 +
10

 V
O

LT
 S

IG
N

A
L.

 T
H

E
 D

R
IV

E

ZE
R

O
 IS

 L
O

C
A

LL
Y 

TR
IM

M
E

D
 B

Y 
S

U
M

M
IN

G
  T

H
E

  J
O

G
 O

U
TP

U
T 

R
E

FE
R

E
N

C
E

 IN
TO

 T
66

.

TH
E

 M
A

X
IM

U
M

 S
P

E
E

D
 W

IL
L 

B
E

 T
H

E
 S

U
M

 O
F 

TH
E

 R
E

M
O

TE
 A

N
D

 Z
E

R
O

 S
IG

N
A

L.

TH
E

 T
O

TA
L 

IS
 L

IM
IT

E
D

 T
O

 1
0.

5V
O

LT
S

 IN
TE

R
N

A
LL

Y

R
E

M
O

TE
 S

IG
N

A
L

LO
C

A
L 

O
R

 R
E

M
O

TE
 S

PE
E

D
 D

E
M

A
N

D
 S

E
LE

C
TE

D
 B

Y 
S

W
IT

C
H

. T
H

E
 D

R
IV

E
 W

IL
L 

R
A

M
P

B
E

TW
E

E
N

 T
H

E
 S

E
TP

O
IN

TS
 W

H
E

N
 S

W
IT

C
H

E
D

.

B
A

S
IC

 C
O

N
N

E
C

T
IO

N
. 
M

O
D

E
L
 S

L
E

U
G

10
18

13
 IS

S 
6

TYPICAL APPLICATIONS Section 6  Page 3

H
EA

LT
H

 A
N

D
 S

A
FE

TY
 A

T 
W

O
R

K
. E

LE
C

TR
IC

AL
D

E
VI

C
E

S 
C

O
N

S
TI

TU
TE

 A
 S

A
FE

TY
 H

A
ZA

R
D

. I
T

IS
 T

H
E 

R
E

SP
O

N
S

IB
IL

IT
Y 

O
F 

TH
E

 U
SE

R
 T

O
E

N
S

U
R

E 
C

O
M

PL
IA

N
C

E 
W

IT
H

 A
N

Y 
A

C
TS

 O
R

B
YL

AW
S

 IN
 F

O
R

C
E.

 O
N

LY
 S

K
IL

LE
D

 P
ER

SO
N

S
S

H
O

U
LD

 IN
ST

A
LL

 T
H

IS
 E

Q
U

IP
M

EN
T.

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

D
R

IV
E

 H
E

A
LT

H
Y

S
IG

N
A

L 
R

E
LA

Y

1K
 M

IN
 2

4V
 C

O
IL

 S
P

R
IN

T 
E

LE
C

TR
IC

 L
TD

. D
O

E
S 

N
O

T 
AC

C
E

PT
 

A
N

Y 
LI

A
B

IL
IT

Y 
W

H
A

TS
O

E
VE

R
 F

O
R

 T
H

E
 

IN
ST

A
LL

A
TI

O
N

, F
IT

N
ES

S 
FO

R
 P

U
R

PO
S

E 
O

R
 

A
PP

LI
C

A
TI

O
N

 O
F 

IT
S

 P
R

O
D

U
C

TS
. I

T 
IS

 T
H

E
 

U
S

E
R

S
 R

E
S

PO
N

S
IB

IL
IT

Y 
 T

O
 E

N
SU

R
E

 T
H

E 
U

N
IT

 IS
 C

O
R

R
E

C
TL

Y 
U

SE
D

 A
N

D
 IN

ST
A

LL
ED

. 

C
19

94



 

13

S
E

T 
TE

R
M

IN
A

L 
66

 T
O

 1
V,

 U
S

E
JO

G
 S

P
E

E
D

E
XT

E
R

N
A

L

TE
N

S
IO

N

A
D

JU
S

T

E
XT

E
R

N
A

L

TA
P

E
R

A
D

JU
S

T

10
K

10
K

W
E

B
 D

R
IV

E
 I

N
 S

P
E

E
D

 M
O

D
E

W
E

B
 S

PE
E

D

10
K

C
1 

C
LO

S
E

 T
O

 R
U

N

R
E

E
L
 D

R
IV

E
 I

N
 T

O
R

Q
U

E
 M

O
D

E

C
LO

S
E

 T
O

 R
U

N

C
2

JO
G

C
3 

C
LO

S
E

TO
 R

U
N

R
E

E
L 

D
R

IV
E

 M
U

S
T

TH
E

 M
A

X
IM

U
M

 W
E

B
 S

P
EE

D

A
T 

M
IN

IM
U

M
 D

IA
M

ET
E

R
.

(S
E

T 
TH

IS
 U

P 
FI

R
S

T 
IN

S
P

E
E

D
 M

O
D

E
 IN

IT
IA

LL
Y)

W
IN

D
E

R
 C

A
R

D
 T

Y
P

E
 4

3
0

B
E

 IN

TO
R

Q
U

E
 M

O
D

E
.

TH
E

 1
00

%
 S

P
E

E
D

 S
C

A
LI

N
G

S
H

O
U

LD
 A

C
C

O
M

M
O

D
A

TE

TH
E

 R
E

LA
Y 

C
A

N
 B

E

U
S

E
D

 T
O

 IN
D

IC
A

TE

TH
A

T 
TH

E
 R

E
E

L 
S

P
E

E
D

IS
 B

E
LO

W
 T

H
E

 T
H

R
E

S
H

O
LD

FO
R

 C
A

LC
U

LA
TI

O
N

. T
H

IS

C
A

N
 E

A
S

IL
Y 

H
A

P
P

E
N

E
G

. F
O

R
 A

 1
0:

1 
D

IA
M

E
TE

R

C
H

A
N

G
E

 A
N

D
 A

 2
.5

%

TH
R

E
S

H
O

LD
 T

H
E

 D
IA

M
E

TE
R

C
A

LC
U

LA
TI

O
N

 W
IL

L 
H

O
LD

A
T 

25
%

 O
F 

LI
N

E
 S

P
E

E
D

W
H

E
N

 T
H

E
 R

E
EL

 IS

N
E

A
R

LY
 F

U
LL

.

op
tio

n

W
E

B
/R

E
E

L

21

O
/P

TA
P

I/PTA
P

-+

-
+

+ +

TA
P

E
R

 O
U

TP
U

T

12

H
O

LD
R

L3
R

L2
R

L1

10 9 7O
/P

IN
E

R
TI

A

D
YN

A
M

IC

C
O

M
P.

D
E

C
EL

A
C

C
EL

.

64 C
O

M

C
O

M

532111 +
10

S
ET

H
O

LD

TE
N

SI
O

N

I/P

D
O

/P

TO
R

Q
U

E

S
TA

TI
C

+
++

+

P
R

E
SE

T

W
EB

R
E

E
L

D
IA

S
O

T1

S
O

T2

M
IN

M
A

X

B
A

T

-+NL

S
U

P
P

LY

P
O

W
E

R

LI
M

IT
S

E
N

D

LO
G

IC

S
TO

R
E

S
TO

R
E

S
P

E
E

D

ZE
R

O

C
A

LC
.

D
IA

M
E

TE
R

8S
TS

U
G

10
18

14
 IS

S 
6

W
IN

D
E

R
 A

P
P

L
IC

A
T

IO
N

. 
M

O
D

E
L
 S

L
E

TYPICAL APPLICATIONS Section 6  Page 4

H
EA

LT
H

 A
N

D
 S

A
FE

TY
 A

T 
W

O
R

K
. E

LE
C

TR
IC

AL
D

E
VI

C
E

S 
C

O
N

S
TI

TU
TE

 A
 S

A
FE

TY
 H

A
ZA

R
D

. I
T

IS
 T

H
E 

R
E

SP
O

N
S

IB
IL

IT
Y 

O
F 

TH
E

 U
SE

R
 T

O
E

N
S

U
R

E 
C

O
M

PL
IA

N
C

E 
W

IT
H

 A
N

Y 
A

C
TS

 O
R

B
YL

AW
S

 IN
 F

O
R

C
E.

 O
N

LY
 S

K
IL

LE
D

 P
ER

SO
N

S
S

H
O

U
LD

 IN
ST

A
LL

 T
H

IS
 E

Q
U

IP
M

EN
T.

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3

A
V

A
T

COM

A
U

X
FU

SE
S

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3

A
V

A
T

COM

A
U

X
FU

SE
S

C
U

R
R

E
N

T 
D

E
M

A
N

D
 F

R
O

M
 W

IN
D

E
R

 U
N

IT

10
0%

 C
U

R
R

E
N

T 
D

E
M

A
N

D

 S
P

R
IN

T 
E

LE
C

TR
IC

 L
TD

. D
O

E
S 

N
O

T 
AC

C
E

PT
 

A
N

Y 
LI

A
B

IL
IT

Y 
W

H
A

TS
O

E
VE

R
 F

O
R

 T
H

E
 

IN
ST

A
LL

A
TI

O
N

, F
IT

N
ES

S 
FO

R
 P

U
R

PO
S

E 
O

R
 

A
PP

LI
C

A
TI

O
N

 O
F 

IT
S

 P
R

O
D

U
C

TS
. I

T 
IS

 T
H

E
 

U
S

E
R

S
 R

E
S

PO
N

S
IB

IL
IT

Y 
 T

O
 E

N
SU

R
E

 T
H

E 
U

N
IT

 IS
 C

O
R

R
E

C
TL

Y 
U

SE
D

 A
N

D
 IN

ST
A

LL
ED

. 

C
19

94



 

10
K

S
P

E
ED

S
E

TP
O

IN
T

R
U

N
C

O
N

TA
C

T
C

O
N

TA
C

T
R

U
N

S
E

TP
O

IN
T

S
P

E
ED

10
K

R
U

N

C
O

N
TA

C
T

C
O

N
TA

C
T

R
U

N

S
E

TP
O

IN
T

S
P

E
ED

10
K

LO
C

A
L

M
A

S
T

E
R

D
R

IV
E

S
L
A

V
E

 F
O

L
L
O

W
E

R

1
)M

AS
TE

R
 D

R
IV

E 
W

IT
H

 S
LA

VE
 F

O
LL

O
W

IN
G

 IN
 S

PE
ED

 M
O

D
E.

TH
E 

SP
EE

D
 D

EM
AN

D
 F

O
R

 T
H

E 
SL

AV
E 

C
AN

 B
E 

SE
LE

C
TE

D
 T

O
 B

E 
TH

E 
R

AM
P 

O
U

TP
U

T 
FR

O
M

 T
H

E 
M

AS
TE

R
. T

H
E 

D
R

IV
ES

 A
R

E 
SH

O
W

N
 U

SI
N

G
 O

N
LY

 O
N

E 
M

AS
TE

R
 P

O
W

ER
 O

N
 P

U
SH

BU
TT

O
N

 A
N

D
 IN

D
IV

ID
U

AL
 P

O
W

ER
 O

FF
 P

U
SH

 B
U

TT
O

N
S.

O
R

 A
 L

O
C

AL
 P

O
T.

In
se

rt 
a 

re
si

st
or

 v
al

ue
 <

 1
KO

hm
 in

 th
e 

TF
L 

po
si

tio
n 

on

th
e 

sl
av

e 
to

 re
sc

al
e 

th
e 

10
0%

 to
rq

ue
 d

em
an

d 
le

ve
l t

o

5V
. T

he
 s

la
ve

 m
us

t b
e 

in
 T

O
R

Q
U

E 
m

od
e.

U
G

10
18

15
 IS

S 
6

M
O

D
E

L
 S

L
E

1
) 

S
P

E
E

D
 F

O
L
L
O

W
IN

G
 S

C
H

E
M

E
.

2
) 

L
O

A
D

 S
H

A
R

IN
G

TYPICAL APPLICATIONS Section 6  Page 5

H
EA

LT
H

 A
N

D
 S

A
FE

TY
 A

T 
W

O
R

K
. E

LE
C

TR
IC

AL
D

E
VI

C
E

S 
C

O
N

S
TI

TU
TE

 A
 S

A
FE

TY
 H

A
ZA

R
D

. I
T

IS
 T

H
E 

R
E

SP
O

N
S

IB
IL

IT
Y 

O
F 

TH
E

 U
SE

R
 T

O
E

N
S

U
R

E 
C

O
M

PL
IA

N
C

E 
W

IT
H

 A
N

Y 
A

C
TS

 O
R

B
YL

AW
S

 IN
 F

O
R

C
E.

 O
N

LY
 S

K
IL

LE
D

 P
ER

SO
N

S
S

H
O

U
LD

 IN
ST

A
LL

 T
H

IS
 E

Q
U

IP
M

EN
T.

2
)  L

O
AD

 S
H

AR
IN

G
. T

H
E 

C
U

R
R

EN
T 

SI
G

N
AL

 F
R

O
M

 T
H

E 
M

AS
TE

R
 P

R
O

VI
D

ES
 A

 T
O

R
Q

U
E 

D
EM

AN
D

 IN
PU

T 
TO

 T
H

E 
SL

AV
E.

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

H C T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A

-
A

+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
ax

 c
ur

re
nt

re
se

tra
m

p

m
ax

 s
pe

ed

A
M

P
ER

R
O

R
st

ab

C
IR

C
U

IT
S

AN
D

 F
IR

IN
G

C
U

R
R

E
N

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
SS

+
12

C
O

M
D

O
SO

R
O

IO
ZS

ST
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M -+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3 AC
 F

IE
LD

S
U

P
P

LY

A
V

A
T

COM

A
U

X
FU

SE
S

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

th
en

 a
dj

us
t J

O
G

 S
PE

ED
 p

re
se

t t
o 

gi
ve

 -1
V

on
 te

rm
in

al
 6

5

M
ak

e 
sp

ee
d 

sc
al

in
g 

of
 b

ot
h 

dr
iv

es
 m

at
ch

ed
 

O
N

C
O

N
TA

C
TO

R
C

O
N

TR
O

L

 S
P

R
IN

T 
E

LE
C

TR
IC

 L
TD

. D
O

E
S 

N
O

T 
AC

C
E

PT
 

A
N

Y 
LI

A
B

IL
IT

Y 
W

H
A

TS
O

E
VE

R
 F

O
R

 T
H

E
 

IN
ST

A
LL

A
TI

O
N

, F
IT

N
ES

S 
FO

R
 P

U
R

PO
S

E 
O

R
 

A
PP

LI
C

A
TI

O
N

 O
F 

IT
S

 P
R

O
D

U
C

TS
. I

T 
IS

 T
H

E
 

U
S

E
R

S
 R

E
S

PO
N

S
IB

IL
IT

Y 
 T

O
 E

N
SU

R
E

 T
H

E 
U

N
IT

 IS
 C

O
R

R
E

C
TL

Y 
U

SE
D

 A
N

D
 IN

ST
A

LL
ED

. 

C
19

94



 

TA
C

H
O

10
K

S
PE

ED
R

A
TI

O

R
A

TI
O

S
PE

ED

10
K

TA
C

H
O

TA
C

H
O

10
K

R
A

TI
O

S
PE

ED

10
K

TA
C

H
O

M
AS

TE
R

SP
E

ED

TH
E

 R
A

M
P

 S
E

TT
IN

G
S

 O
N

 T
H

IS
 D

R
IV

E 
W

IL
L 

B
E 

FO
LL

O
W

E
D

 B
Y

TH
E

 O
TH

E
R

S

H
EA

LT
H

 A
N

D
 S

A
FE

TY
 A

T 
W

O
R

K
. E

LE
C

TR
IC

AL
D

E
VI

C
E

S 
C

O
N

S
TI

TU
TE

 A
 S

A
FE

TY
 H

A
ZA

R
D

. I
T

IS
 T

H
E 

R
E

SP
O

N
S

IB
IL

IT
Y 

O
F 

TH
E

 U
SE

R
 T

O
E

N
S

U
R

E 
C

O
M

PL
IA

N
C

E 
W

IT
H

 A
N

Y 
A

C
TS

 O
R

B
YL

AW
S

 IN
 F

O
R

C
E.

 O
N

LY
 S

K
IL

LE
D

 P
ER

SO
N

S
S

H
O

U
LD

 IN
ST

A
LL

 T
H

IS
 E

Q
U

IP
M

EN
T.

U
G

10
18

16
 IS

S 
7

47
0K

R
15

R
16

R
17 R

18

47
0K

47
0K

47
0K

10
R

0.
1u

F

0.
1u

F

10
R

47
0K

47
0K

47
0K

47
0K

R
19

R
20

R
21

R
22

11
0V

C
O

IL

13
0V

C
O

IL

O
N

 L
AM

P
SQ

1
-2

4V

S
Q

2 
+

24
V

+
12

-1
2V

V

0.
1u

F

0.
1u

F 0.
1u

F

0.
1u

F
0.

1u
F 5 0 K

10
K

10
0K

10
0K

10
0K

10
0K

47
0K

5 0 K

+
12

-1
2

10
R

I/PI/PI/PO
/P

+
12

-1
2

5 0 K

1 0 0 K

5 0 K
10

K

10
0K

10
0K

10
0K

47
0K

10
0K

10
R

S
C

A
L
E

9 10 11 12
K001

C
H

A
N

N
EL

 3

S
C

A
L
E

J1
J2

8
O

/P7
I/P6 I/P

5

C
O

M

1 O
/P 2 I/P 3 I/P 4 C
O

M

13 I/P14 I/P15 I/P16 O
/P17 I/P18 R
/R19 O
/P

10
O

K

10
0K

4K
7

10
R

10
uF

10
uF

4 7 0 K

2M
E

G

10
0K

20 V-21 V+22 11
0

23 24
0

24 L
F1

10
0m

A

cw
 to

 r
ed

uc
e

ga
in

cw
 fo

r -
ve

cw
 fo

r -
ve

C
H

A
N

N
EL

 4

cw
 to

 r
ed

uc
e

ga
in

cw
 to

in
cr

ea
se

ra
te

C
H

A
N

N
E

L 
1
 D

IF
F
E
R

E
N

T
IA

L 
A

M
P

L
IF

IE
R

C
H

A
N

N
E

L 
2
 D

IF
F
E
R

E
N

T
IA

L 
A

M
P

L
IF

IE
R

C
H

A
N

N
E

L 
5
 R

A
M

P

S
U

M
M

IN
G

 C
H

A
N

N
EL

 4

S
U

M
M

IN
G

 C
H

A
N

N
E

L 
3

+-

+ -

+-

+ -

+ -

+ -

+-

+-

O
FF

S
ET

R
A

M
P

 R
A

T
E

M
a

s
te

r 
S

e
tp

o
in

t 
a

p
p

li
c
a

ti
o
n

.
M

o
d

e
l 

S
L
E

TYPICAL APPLICATIONS Section 6  Page 6

30

29

28

32

31

HC T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A-

A
+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
a

x 
cu

rr
en

t
re

se
tra

m
p

m
a

x 
sp

ee
d

A
M

P
E

R
R

O
R

st
ab

C
IR

C
U

IT
S

A
N

D
 F

IR
IN

G
C

U
R

R
EN

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59
TI

M
C

O
M

+
24

IP
-IP

-1
2

S
S

+
12

C
O

M
D

O
S

O
R

O
IO

ZS
S

T
-2

451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R
54

55

56

57

58

64

65

66

68

S
LE

10
K

2M
-+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3

AC
 F

IE
LD

SU
P

PL
Y

A
V

A
T

COM

A
U

X
FU

S
ES

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

HC T LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A-

A
+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
a

x 
cu

rr
en

t
re

se
tra

m
p

m
a

x 
sp

ee
d

A
M

P
E

R
R

O
R

st
ab

C
IR

C
U

IT
S

A
N

D
 F

IR
IN

G
C

U
R

R
EN

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
S

S
+

12
C

O
M

D
O

S
O

R
O

IO
ZS

S
T

-2
451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M
-+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3

AC
 F

IE
LD

SU
P

PL
Y

A
V

A
T

COM

A
U

X
FU

S
ES

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

HCT LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A-

A
+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
a

x 
cu

rr
en

t
re

se
tra

m
p

m
a

x 
sp

ee
d

A
M

P
E

R
R

O
R

st
ab

C
IR

C
U

IT
S

A
N

D
 F

IR
IN

G
C

U
R

R
EN

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
S

S
+

12
C

O
M

D
O

S
O

R
O

IO
ZS

S
T

-2
451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M
-+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3

AC
 F

IE
LD

SU
P

PL
Y

A
V

A
T

COM

A
U

X
FU

S
ES

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

30

29

28

32

31

HCT LA

ON

OFF

EL3

EL2

EL1

C
1

C
1

C
1

L3
L2

L1
A-

A
+

L3
L2

L1
A

R
M

A
TU

R
E

10
K

+
5K

sp
ee

d
m

in

m
a

x 
cu

rr
en

t
re

se
tra

m
p

m
a

x 
sp

ee
d

A
M

P
E

R
R

O
R

st
ab

C
IR

C
U

IT
S

A
N

D
 F

IR
IN

G
C

U
R

R
EN

T 
LO

O
P

+
+

+

re
se

t r
am

p
op

en
 R

U
N

 to

+
-

+

IP

70

69

60

59

TI
M

C
O

M
+

24
IP

-IP
-1

2
S

S
+

12
C

O
M

D
O

S
O

R
O

IO
ZS

S
T

-2
451

52

53

61

62

63

67

+10

MIN

I/P

COM

AUX

RUN

COM

TAC

10

11

12

1
2

3
4

5
6

7
8

9

O
N

O
FF

C
1

B
LK

L R
L R

L R

54

55

56

57

58

64

65

66

68

S
LE

10
K

2M
-+

JO
P

jo
g

sp
ee

d

F+

F-

EF1

EF2

EF3

AC
 F

IE
LD

SU
P

PL
Y

A
V

A
T

COM
A

U
X

FU
S

ES

C
O

N
TA

C
TO

R
C

O
N

TR
O

L
C

O
IL

 S
U

P
PL

Y
FE

IL
D

TH
IS

 D
R

A
W

IN
G

 S
H

O
W

S
 H

O
W

 T
H

E
 

B
U

FF
E

R
 C

A
R

D
 C

A
N

 B
E

 U
S

ED
 T

O
 

P
R

O
VI

D
E

 A
 M

A
S

TE
R

 S
ET

P
O

IN
T 

TO
 

M
U

LT
IP

LE
 D

R
IV

E
S

 W
IT

H
  A

 R
A

TI
O

 P
O

T 
FO

R
 E

A
C

H
 O

F 
TH

E
  F

O
LL

O
W

E
R

S
(O

nl
y 

on
e 

ch
an

ne
l i

s 
ne

ed
ed

, t
he

 re
st

 
m

ay
 b

e 
us

ed
 fo

r o
th

er
 p

ur
po

se
s)

 S
P

R
IN

T 
E

LE
C

TR
IC

 L
TD

. D
O

E
S 

N
O

T 
AC

C
E

PT
 

A
N

Y 
LI

A
B

IL
IT

Y 
W

H
A

TS
O

E
VE

R
 F

O
R

 T
H

E
 

IN
ST

A
LL

A
TI

O
N

, F
IT

N
ES

S 
FO

R
 P

U
R

PO
S

E 
O

R
 

A
PP

LI
C

A
TI

O
N

 O
F 

IT
S

 P
R

O
D

U
C

TS
. I

T 
IS

 T
H

E
 

U
S

E
R

S
 R

E
S

PO
N

S
IB

IL
IT

Y 
 T

O
 E

N
SU

R
E

 T
H

E 
U

N
IT

 IS
 C

O
R

R
E

C
TL

Y 
U

SE
D

 A
N

D
 IN

ST
A

LL
ED

. 

C
19

94



 

1 METHOD FOR ENABLING POWER ON FOR MULTIPLE DRIVES WITH ONE SET OF POWER ON I POWER OFF PUSHBUTIONS. INITIALLY THE DRIVES WILL BE IN THE AUX. TRIP CONDITION. 
THE POWER ON BUTION ENABLES DRIVE 'A' WHICH LATCHES THROUGH ITS POWER OFF BUTION CAUSING TERMINAL 30 TO GO LOW. THIS SEQUENCE RIPPLES ROUND THE RING 
WITH DRIVE 'D' LATCHING 'A'. EACH DRIVE MAY HAVE ITS OWN POWER OFF BUTION WHICH TURNS OFF THE WHOLE RING. THE PROPOGATION DELAY IS ABOUT 25mS PER DRIVE. 

A 

POWER POWER 

ON OFF 

2 

POWER ON INTERLOCK 
THE MAIN CONTACTOR 
CAN ONLY BE 
ENERGISED IF C2 
IS CLOSED AT 
POWER ON. EG. 
ZERO REFERENCE 
INTERLOCK. 

POWER 

OFF 

POWER 

ON 

FIELD 

CONTROL 

SUPPLY 
~TROL 

8UPPLY 

4 

WARNING 
The srmatura voi!Bga faa~back 
signal Is lost when the conts.ctor 
opens. If you sre using the AVF 
signal lor lielt!l weakening control 

POWER 
OFF 

this leads to excessive srmature volts. OFF ON 

CONTROL 

SUPPLY 

CONTROL 

SUPPLY 
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HEALTH AND SAFETY AT WORK. ELECTRICAL
DEVICES CONSTITUTE A SAFETY HAZARD. IT
IS THE RESPONSIBILITY OF THE USER TO
ENSURE COMPLIANCE WITH ANY ACTS OR
BYLAWS IN FORCE. ONLY SKILLED PERSONS
SHOULD INSTALL THIS EQUIPMENT.

The rectangular 
signal pads on the 
processor are able 
to accept a 
standard 2 by 10 
surface mount pin 
header.

 SPRINT ELECTRIC LTD. DOES NOT ACCEPT 
ANY LIABILITY WHATSOEVER FOR THE 
INSTALLATION, FITNESS FOR PURPOSE OR 
APPLICATION OF ITS PRODUCTS. IT IS THE 
USERS RESPONSIBILITY  TO ENSURE THE 
UNIT IS CORRECTLY USED AND INSTALLED. 

C
1994



 

SPEED 
SETPOINT 

RUN 

E3-E1 

loa.Q voltage is zero for 
suration of commutation 
because E1-E3 are at 
zero 

OTHER EQUIPMENT 

SUPPLY 

commutating from E1-E2to E3 -E2. E3-E1 are shortas sua to 
the commutation procBSs in the armature thyristor bric;lge. 

notch (a) in E3·E1 is causes by E3 baing shortac;l to E2 
notch (b) in E3-E1 is causecsl by E3 being shortecsl to E1 
notch (c) in E3·E1 is caused by E1 baing shortac;l to E2 

3 phase tSliotSle britSlge 1600V 
with surge rating minimum140A 

4.7uF 
1000V 

When the tSlrive is being supplie('ij from a local transformer, 
the commutation process in the thyristor britSlge will cause 
high voltage overshoots to occur on the incoming supply. 
This is ('ijue to the intSluctance of the transformer antS! the 
lack of any other substantialloa('ij to absorb the high 
energy spikes. 

E3-E1 

a b 

The high energy spikes may cause 
('ijamage to other eQuipment, the IS! rive 
auxiliary inputs, the blower motor or 
unwantetSl thyristor triggering. To 
prevent this it is necessary to fit a 
supply con('ijitioning BUCKET circuit to 
the tSlrive supply. 

The BUCKET circuit will soak up the 
spikes an('ij prevent tSlamage. 

As a general rule a BUCKET circuit will be re~uire('ij with 
local transformer supplies unless the consumption of 
current by other non-intSluctive loatSls connectetSl to the 
same transformer excee('ijs the IS! rive current at any time. 

1-f):/1.';1@ 
/J@!it1 19114 

SPRINT ELECTRIC Lm. !lOEB NOT ACCEFT 
Al'ff UAl!IUTY WHATSOEVER FOR THE 
INSTAUATION, FITNESS FOR PURPOSE OR 
APPUCATION OF ITll PAODUCTll. IT IS THE 
USERS RESPONSI!IUTY TO ENSURE THE 
UNIT IS CORRECTLY USED AND INSTALLED. 

~~~~~g~T~,t;~~=~~ 
IS THE REBPONSI!IIUTY OF THE USER TO 
ENSURE COt.lPUANCE WITH ANY ACTS OR 
!!YLAWS IN FORCE. ONLY SKILLED PERSONS 

l<i-OULDINSTA THIS EOUIPt.lENT. 
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Special consiCiieration must be given to installations in member states of the European Union regarCiiing noise 

suppression anCii immunity. AccorCiiing to IEC 1800-3 (EN6800-3) the Ciirive units are classifieCii as complex components 
only for professional assemblers, with no CE marking for EMC. The Ciirive manufacturer is responsible for the provision 
of installation guiCiielines. The resulting EMC behaviour is the responsibility of the manufacturer of the system or 
installation. The units are subject to the LOW VOLTAGE DIRECTIVE 73/23/EEC anCii are CE markeCii accorCiiingly. ( E 

Following the proceCiiures outlineCii below will normally be requireCii for the Ciirive system to comply with the 
European regulations, some systems may require Ciiifferent measures. Installers must have a level of technical 
competence to correctly install. Although the Ciirive unit itself is not subject to the EMC Ciiirective, consiCiierable 
Ciievelopment work has been unCiiertaken to ensure that the noise emissions anCii immunity are optimiseCii. * EN6800-3 specifies 2 alternative operating environments. These are the domestic (1st environment) and 
industrial (2nd environment). There are no limits specified for conducted or radiated emissions in the industrial 
environment, hence it is usual for the filter to be omitted in industrial systems. 

Definition of an inCiiustrial environment. All establishments other than those Ciiirectly connecteCii to a low-voltage 
power supply network which supplies buiiCiiings useCii for Ciiomestic purposes. 

Keep parallel runs of power 
antlf control cables at least 
0.3m apart. Crossovers 
must be at right angles 

Keep sensitive components 
at least 0.3m from the drive 
antlf power supply cables 

The AC connections from 

The AC supply filter must 
have a gootlf earth 
connection to the enclosure 
back plane. Take care with 
paintetlf metal to ensure 
gootlf contlfuctivity. 

The metal enclosure will be 
the RF grountlf. The AC filter, 
tlfrive earth antlf motor cable 
screen should connect 
tlfirectly to the metal of the 
cabinet for best performance 

The AC input filter has earth leakage currents. Earth RCD 
tlfevices may neetlf to be set at 5% of ratetlf current 

Linear control signal cables must be 
screenetlf with the screen earths<! at 
the tlfrive entlf only. Minimise the length 
of screen strippetlf back antlf connect it 
to an analogue earth point 

The motor cable must be screenetlf or 
armouretlf wnh 360 <Iegree screen 
terminations to earth at each entlf. The 
cable must have an internal earth cable -----------1 the filter to the tlfrive must I USERS METAL ENCLOSURE antlf the screen must extentlf into the 

be less than 0.3m or if I enclosure antlf motor terminal box to 
longercorrectlyscreenetlf I DC DRIVE MODULE formaFaratlfaycagewithoutgaps 

I The internal earth cable must be 
Do not run filteretlf antlf I DRIVE DRIVE DRIVE ARMATURE earthetlf at each entlf. The incoming 
unfilteretlf AC supply CONTROL AC SUPPLY EARTH AND FIELD I earth must be effective at RF. 
cables together I TERMINALS INPUTS TERMINAL OUTPUTS /WARNING! the earth safety must 

Control signals must be CONTROL FUSES, MAIN , ~ 1 I 1 always take prec~nce. 
filteretlf or suppressetlf eg - SIGNAL CONTACTOR. ~ I .. Ll--- o' 
control relay coils antlf Fl L TEAS LINE REACTOR I I ) 
current carrying contacts. * AC SUPPLy l..___r::;; :- I 
The tlfrive motlfule has built FILTER UNITC. ~-:- ..,---~--- -~ 
in filters on signal outputs -- - 1 1 1 - ---.. ~ 

~ 
IMPORTANT SAFETY WARNINGS 

DANGER 
ELECTRIC SHOCK RISK 

The AC supply filters must 
not be usetlf on supplies 
that are un-balancetlf or 
float with respect to earth 

The tlfrive and AC filter must only 
be used with a permanent earth 
connection. No plugs/sockets are 
allowetlf in the AC supply 

The AC supply filter contains high 
voltage capacitors and shoultlf not be 
touched for a period of 20 seconds 
after the removal of the AC supply 

1,',111 IIi I J ~. •l ;l ~'A =t>-w1.'l i i: l•lll. ~Ill i 3 ;W·W ·• :n ;i i: II ltt"J ,',I =i i: t•l •f# 
The tlfrive units are 
tlfesignetlf to function 
normally on unfilteretlf AC 
supplies sharetlf with other 
thyristor DC tlfrives. (not 

DRIVE 
1 

AC tlfrives). The filter '"'=~~';'1-r 
is ratetlf for total "' 

3PHASEAC 
FROM MAIN ••••••••••• 
FILTER UNIT 

FILTER* 

11 OV CONTROL.---.1 

STAR 

DRIVE 
2 

MOTOR 1 

MOTOR 

CABLE ----· 
SCREEN 

WARNING 
DO NOT EARTH 
ANY CONTROL 
TERMINALS OF 
NON-ISOLATED 
DRIVE UNITS 
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Larger DC motors normally 11KW and above require the use of 3 phase DC converters. Whilst there are many control comparisons with the 1 phase 
drives, the 3 phase converter has additional features which are useable in more sophisticated drive applications.

1. Field Weakening. (this function is not available on the SLE model)
An additional feature on the Sprint SL/SLX range of drives is auto field weakening. This built in device 
proportionately reduces the field flux, whilst  maintaining the armature flux constant to give an increased 
speed output. Most DC motors have some inherent field weakening range  which can be  used to good 
effect on certain applications, as shown later. The output characteristic of the drive/ motor combination is 
as shown, and gives a flat top constant KW  characteristic to the motor. Field ranges in excess of 3:1 can 
be achieved at the  smaller KW sizes (say up to 30KW) but reduces as the DC motor gets larger.

2. Load Sharing
Where an application demands close control between a number of drives, but any one drive must not be 
allowed to overhaul the rest, Sprint drives are  configurable for load sharing. Each drive is given an equal 
torque demand, so any change in load demand is shared equally between drives. The simplest form of this 
is a nip, containing product, where each roll is driven. If both drives were independent, it is likely one of the  
drives would start to drive the other, to a point where one drive was idling and the other was taking twice 
the load. There can be several configurations of mechanical systems that involve load sharing, but they 
invariably have a product web of some type (metal, paper, textile) joining them together in the process line. 
The drive configuration is described in the Sprint application manual.

To determine the motor power, we need the maximum torque applied, and the maximum speed of the motor shaft.

The maximum torque is at the O/D of the reel., ie:

   Torque    =Tension (n) x Radius (m)
                  = 200n x 0.32m                   = 64nm.

The maximum speed is at the I/D of the reel.

And    Nmax   = Max line speed (m/min)
                          Core circumference (m)

                       = 100M/min
                          2 x  pi x 0.32  

     = 500RPM

3. Master/Slave Applications.
Where a process involves multiple drive sections that require speed following, 
all Sprint 3 phase drives are configurable for master/slave operation. A number 
of follower drives can be controlled from single master drive so that an 
increase or decrease in the master speed produces a  proportionate increase 
or decrease in the speeds of the following drives. Most multi drive process 
lines have some form of master/slave operation to allow the operator a single 
pot control for the machine (see Figure 3)
Caution!
If the process line has follower drives that require increases in speed relative to 
the master, say metal forming or wire drawing, the relative increase  must be 
accounted for in the mechanical system, as the master drive will only give out 
a maximum speed signal to the followers i.e. if the last drive on the system  is 
20% faster than the master, an increased output speed on the motor must be 
selected to accommodate this.The drive configuration is described in the 
Sprint application manual.
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4. Winder Applications.
For coiling applications using any materials, there are a number of fundamental principles which apply.
a)  The power (KW) requirement is the same at any diameter to maintain a constant tension in the product.
b) When selecting a suitable motor for winding applications, the maximum torque output is at maximum reel diameter, the maximum speed is at 
minimum diameter.
c) The operating speed range of the drive motor combination is not just the reel build up, but is additional to the line speed.
Constant tension in the reel is normally desired to prevent the core from overtightening and/or crushing.

Required motor KW   =T(nm) x n (rpm)
       9549

     = 64nm x 500RPM
      9549

     = 3.35KW.

This would be the selected motor KW to give max torque and maximum speed for the conditions above. Acceleration torque must be added to the 
above to provide a complete picture. With the reel at maximum diameter, additional motor power is required to accelerate the reel and maintain 
tension during acceleration.
It should also be noted that if the line was running at minimum speed, and the reel was near maximum, the actual motor shaft speed would be:

The motor/drive combination should therefore be capable of a speed range of 5-500RPM Ie. 100:1, and for this reason most coilers require a very 
wide speed range. This speed range (100:1) is normal with Sprint 3 phase drive and motors fitted with tachogenerators, but please check the motor 
is capable of the speed range. Sprint have available a winder card which takes a line speed ref and compares it with the drive motor speed to give 
automatic control of motor torque (and thus of tension) as the reel builds up. Other features available on the winder card are:
Inertia Compensation        A large heavy reel may require additional torque during acceleration to prevent the reel "lagging" behind the line - a 
pre-settable compensation function is provided to help prevent this.
Static Compensation:        Frictional losses in the mechanical system will subtract from the torque applied by the motor. An offset is provided for this.
Dynamic Compensation:  Other effects such as "windage" ie. rotating losses can be compensated for.
Taper Current Control:      Certain applications require the tension to be "backed off" as the reel diameter increases, useful when winding say paper 
onto soft cardboard cores to prevent core crushing. The taper setting is variable and set as required. See the Sprint winder card manual.

LINE SPEED
MIN  10M/min
MAX 100M/min

TENSION 200N

32mm radius
core

320mm radius
full reel

N RPM   =      10m/min   
                    2 X pi X 0.32 

               = 5 RPM (at maximum torque)
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General 3 phase D.C. Drives Applications. Section 6 page 20 
5. Regenerative Drives. (This function is not available on the SLE model) 
The Sprint SLX range of drives offer a fully regenerative package suitable for controlled electronic braking antS! reversing. Whilst much is often 
made about AC drives aniSI energy saving, the 4 ~ua!Sirant DC tS:Irive is the most energy efficient tS:Irive. AC inverters usually have some form of 
braking resistor, effectively burning away the energy on the stopping cycle. Regenerative DC Ill rives return their braking energy to the mains 
supply, where it can be drawn on by connecteiSI plant. As the conversion efficiency of the 61rive is approximately 99%, very little is wasteiSI. This 
feature can be usec:;i to positive effect for haulage type systems, anfil can be a major selling feature. The regenerative DC tllrive is a highly flexible 
tllrive that can be applietll to even the most artlluous applications. High speetll braking antll reversing make it suitable for machine tool spintllle 
Cllrives, test rigs of all Cllascriptions, wintlling applications where the real is likely to be ovarhaulatll, out of balance loatlls, high spaatll textile 
machinery. It is also the case that where normal braking antll soma reverse facility is refijuiratll, the installatll cost of a 4 fijuatllrant Cllriva is likely to be 
lass than fitting Cllynamic brake antll reversing contactors, with single ended Cllrives. 

B. Standard And Non Standard Voltages. 
All Sprint 3 phase drives are designed to operate with supply voltages of 190-250Vor 380-500V, depending on the positions of the on-board 
supply voltage jumper links. The maximum output voltages from the tllrive will then be 1.1 x supply voltage for the armature and 0.9 x supply 
voltage for the fieltll. 
Occasionally motor voltages occur at values much lower than the available supply voltage. Although the average drive output can be limitetll to 
lower voltages by the on boartll presets, it is not recommended that this be ISiona. For example, with a 415V supply the output may still contain 
600V peaks, which when prasentetll to a 110V DC motor, say, coultll break ISiown the motor insulation. It is batter to proviiSia a low voltage AC 
supply to match the motor rating. 
This can be done by feeding the main supply terminals allow voltage (e.g. 100V) from a suitable transformer, while still feeding the auxilliary 
supply tllirect from the mains (e.g. 415V). Circuits describing this are shown in the applications manual. The cost of the transformer is offset by the 
fact that no line reactor is refijuiret!il in this configuration. 

7. Industry Applications For 3 Phase Drives. 
Plastics 
Extrutllers Usually non regenerative, simple drives. Almost all refijuest a zero reference interlock, which is a link to 
the zero spaatll relay to prevent re-starting at spaatll after a stop coniSiition. 

Blown Film Extrusion heatll as above. 

Rubber Extruders- As plastic extruiSiers. 

Mixers- Non regenerative, simple tllrives, but with an exception. Most mixers operate uniSier a Clluty cycle, say as follows: 
Cycle 1 - 200% full load tor~ue- 15 sees, Cycle 2 - 90% full load tor~ue - 30 sees. Cycle 3- 40% full load 

tor~ue- 45 sees If we were to size the lSI rive/motor for 100% tor~ue it woultll trip on the first cycle. The RMS value of 
the Clluty must be consitllereiSI. 

Mechjne Toqls 
Spindle Drives. Mainly regenerative, usually controlled through a CNC system. Motors must be well protected against coolant and dirt. 
Most use field weakening for constant KW. 

FeelS! drives Mainly regenerative, mostly in the single phase range. 

Rolling Mill Mainly regenerative due to reversing duty. Usually large KW arduous duty. 

Slitting and Coil Winding Machines mainly regenerative, both slitters antll coil winders. Slitting systems usually simple drives, coil wintllers can be 
complex. 

Metal Forming M/c Mainly non regenerative, one converter driving the whole machine 

Wire Drawing Usually multi drive systems, each section increasing in spaaiSI. Mainly regenerative, with increase motor speed 
controlled by field controller. Rewind is usually a bobbin, not DC controlled. 

Cable protlluction Combination of extruiSier antS! cable handling. Haul off is regenerative, along with rewiniSI stantils. 

Bunchers aniSI Stranders Generally regenerative in meiSiium systems along with take up stand. 

paper anr;t Boar@ 

Paper Production Usually large high cost control systems for complete paper machines. Mix of C:ilrives from large- small KW. 
Board Production Mix of regenerative and non regenerative C:ilrives. Cutters usually regenerative medium sized systems. 
Printing Presses. Almost invariably regenerative, and may re~uire digital locking for print control, can be complex systems. 
ReReelers and Slitters. Regenerative tllrives re~uiring accurate control of motor tor~ue. 
Test Rigs. Usually high response complex systems re~uiring fully regenerative lSI rives, aniSI utilising many of the drives control 
functions, tor~ue, speeiSI outputs etc. 

Textiles 

Spinning Frames Usually regenerative lSI rives for braking control. Drives systems fairly simple but modern computer control making the 
interface mora complex. Non reversing. 
Carding Machines. Can be non regenerative on simple card applications. Non reversing. 
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