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Contact with electrical power can cause death or serious
| personal injury.

1 | . To avoid electrical shock, disconnect the power before
| troubleshooting the electrical components.
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General Safety Considerations
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General Safety Considerations
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1. Safety

Mechanical Hazards

/1\ CAUTION
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Electrical Hazards

/1\ CAUTION
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1. Safety

Ergonomic Hazards
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NOTICE

* Connect the system to an appropriate electrical supply.

*  Turn off the power before servicing the unit.

-

Turn off the power before disconnecting the cables.

Improper handling of the power source or connecting devices may cause component damage or equipment fire.
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Ergonomic Hazards
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Part Number; 628699 Rev, A Emergency Stop Circuit (E-Stop)
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Brooks Automation 2. Service Procedures

Part Number: 628699 Rev, A Troubleshooting

“Encoder Battery Low” SR HIOoIAS EUX MDA BHEHCI WA

“Encoder Battery Down” ANDEH AHOIS0| 2el= R 2 RS UAl BEGIAAIL. tiE{ 2]l 80| 2.5V
0lotz EHXIH AIH BHECIE LMt 22 CHAl R EOHA K.

“Encoder Operation Error” SO0 HE AEHOIAN ZQIEDN HS Wel SIMMSLICH Ot EXtE
Z 0N R.

“Encoder Data, Accel/decel FPGA 2 E9| EMIt 2012 18 252 0| I &QIGIME. 228t 22

Limit Error” FPGASE € 12I0ISotMAIR. A2 %IOI%OI SAE D AAHS S0
HEHOZ SHIN AR 2RI EScle HA0| e = ASLICL EH
22 A0S ANDH HUYEE SHOIGHMAIL. HOISS LHMOIAAIL. 2EHE
WHSHMAI2.

“Encoder Communication Error” | FPGA 2 E=2| &Mt 2012E 1€ 252 0| F QI X| EQIotNR. 23 2l
A2 ADH HUHE QIS AL, OJE'_E-I AOIE L= 2EH/ANDEHE
WHSHYAIL.

"Encoder quadrature error" SE 22 WHGHAIR. 2EH/MNDEHE WHMotAAI2(DdelH 2B o).

"Missing zero index" "R MY LFR"E FXoAAL.

“Motor duty cycle exceeded” SR BEULIIBEEE SYLICH SAHF HE S0IGHAIR.

“Amplifier under voltage” CH M = EXJLEF MEtol E2otd SSE/ASLICL 2RSS A &0l
U X EZ PCAE E0IGHNIR. 48V &2 X E WHSIAAIL

“Amplifier Fault” otUlA2F 2H 0 &0l A=K &5 AL,

“Amplifier Over Voltage” HUX @ EEE WG AL, StUIA 0 BHEHXIDF A=K ERIGHM L.

“Soft Envelope Error” R0 HHE 2K L= SHAAL. JelHUA Ol 40| BI=ERHO 2
2MotH SEE S WHOHYAIL

“Hard Envelope Error” detdoz RO RAHAIM S Ch= 20l LICH

S JdelH dA0F ZHS6tHA =SS Soll HOIS2 HAEHS SISt AL AAI ECIAHE D Y=
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ZOIEJ MS3HLE 2 éékxl U2X EQICHUAIL. E0HNE AR WE
s FYotHAIL. JelHel 2 B0l ol E &olst & S-S
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“Joint Out of Range” ZOIES AN AKX = BHE AR AZEQN SH BXE ZUE =
USLICHL IS HHES DLIHE SOt Z2E S YR 0O R LA

“PAC Files Corrupted” ZH4E PAC IIY =7 E EX0HNR.
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2. Service Procedures

Calibrating the Robot; Setting the Encoder Zero Positions
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Load &t =2 & &5t ] Perform Operation 2 226t AI2. EcAI CIAZ0 UL &S ItsE
D2ME BY 220 ZAIELICH
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12,

2 J2lHe < J62 CALPP AXIOA HH 2% 2ol ASLICH

13.

CALPP O Z2IAI0I &0l 2= & AEHOI M Start Application = A E{EILICE. O TS erform
Operation 2 22/6IMH 2. 0HE2IH0IE0] AIEZ D AIZXUHH RE S s SHIZ 22 2AXE
=olotet= HAIXIOF EAIEI O OF & LICH

System Messages

Encoder Zero Position Calibration

K WARNING ***

Executing this procedure modifies the zero positions
of some or all of the robot’s axes. You should only
execute this procedure if you have read the Service
Chapter of your robot’'s Hardware Manual and are
sure that you wish to PERMANENTLY change this
robot’s calibration data.

Robot type:

PRECISEFLEX 400

Continue | Quitl

= [10 20 30 [40 (50 [0 [70 20 (90 100 | <=
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Manual Calibration of PCR Robots Part Humber:; 628699 Rev. A

This robot has ABSOLUTE ENCODERS in one or
more axes. This procedure can either: (1) clear all
absolute encoder multi-turn counters AND set the
zero position of all axes, or (2) just clear all
absolute encoder multi-turn counters. The first
procedure must be performed if the zero position of
any axis must be set. However, due to inaccuracies
inherent in this procedure, after the zero positions
are set, any taught points must normally be
retouched. The second procedure can be performed
if the axis zero positions are set but the absolute
encoders have lost their battery power. This will
permit formerly taught locations to continue to work
properly.

Please select what is to be done:

Clear multi-turn counters and set axis zero
positions

Only clear multi-turn counters

Quit Cal_pPP

15 wHO 2= = 20l okl HES MESIH ZES ot= A50AN AZ 0ISEULICH 012
) +2otAl RotH 220l AZE X SHE HOUEZ LF O YA LICH
16. EOl MHE A=K IS Al 2.
17. S E43tol) ERE E/XNZ 0ISELILL nE=2 220 FAXE UMK H2E X
2SLICH

PCRZx2 == WE

PreciseFlex 400 & PreciseFlex 34002 & W& EXl= 22 WA 019H HE X E8 =20
LEE O USLICH DdL 22 E= WA AX0 XIS 2= gl &E0| /JUS =
IO 2ol 2 == A= B Ao E=2E ZER).0 c o

&= ASLICH
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Manual Calibration of PCR Robots
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2. Service Procedures

Replacing Belts and Motors
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Part Number; 628699 Rev, A Tensioning the J1 (Z Column) Belts
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Tensioning the J1 (Z Column) Belts Part Humber:; 628699 Rev. A
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Tensioning the J2 Belt
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2. Service Procedures

Tensioning the J2 Belt
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2. Service Procedures

PreciseFlex™ 3400 Robots - Service Manual
Tensioning the J3 and J4 Belts

Part Humber:; 628699 Rev. A
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X0 HHE EFoIEAL

Motor Locking Screws

Motor Locking Screws

Microphone on
belt tension
meter

Pluck belt gently
with L key to
measure tension.




2. Service Procedures

Brooks Automation

P

Tensioning the Belt on the Optional Linear Axis

628690 Rev. A
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2. Service Procedures

d3 32 X, 00X = PCA
T=EJ2HH(EE)EOIY HE
mbz |

PreciseFlex '™ 3400 Robotls - Service Manual
23 815:628699 Rev. A

¢ 3.0mm =2 S0l = |2 L EX
« 25mm =2 S0l = |2 L EX
2R 08l F5:

&Xl, PS10-EP-24150 £ =
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M B5 X, HUX EZ PCA £= J1 2HH(E=5) EI0IY REES WHGHHAS UsS EXE
O AIL.
A ds
1 SR ESZZH 0ls dH2Z 0lSELIC
2 2RO MRS NDACHERE DEE HAHTHMIR.
dt ZC0IEE Z 280 FXots 222 4H SA0IEM A (4) M5 23 ol = LIALE
3 Mot 222 & ZC0IEE MAHSLITH
g SdoIEE SHSE LI




Brooks Automation 2. Barvice Procedures

Part Number; 628699 Rev, A Replacing the Power Supplies, Energy Dump PCA, or J1 Stage Two (Output) Timing Belt
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| M5 Set Screw |

| M4 Locking Screws |

| M5 Shoulder Screw |

| M5 Shoulder Screw |

4.
| Z Carriage Inner Cover |
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6. Hd=clE MAHELICL OI0I=H EdI0IE HAEL WR0 A= &S M AE ATSS
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2. Service Procedures PreciseFlex'™ 3400 Robots - Service Manual
SIZ HS-
He BI =X, LUK 2 PCA TS S 628699 Rev A
ol ¢

e U128 (S R) E0|Y —E

mbs|
CHA| =
I MAIE Z=ER0 DHO= LIAF4H2F A MAISH EXIES HIOIA S0IEN HE o=
LEAF2JHE HMIAELICEH
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| J1 Motor Connector |
| Battery Connector |
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) =0 HOIZE 2= A0l =201 & = USLICL HIOHE S=0/ Al 20AM 01 NAXIH HAHAS
S0l =0 HOEO| 242 = USLICE SAU X MAIEZSE 122 2D F
H&EScelE HI0IZ /0l =sLUICH
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Brooks Automation 2. Service Procedures

Part Number; 628699 Rev, A Replacing the Power Supplies, Energy Dump PCA, or J1 Stage Two (Output) Timing Belt

|




2. Service Procedures PreciseFlex™ 3400 Robots - Service Manual

Replacing the Robot Controller Part Humber:; 628699 Rev. A

)| &2

SR AESHE wHMotI &0l AC 8 S M IHoHOF & LICH

28 ibl £3:

+ JiOIEA G1400C 21 EE21 PN G1X0-EA-C1400-13
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Brooks Automation
Part Humber; 628699 Rev, A

2. Service Procedures

Replacing the Robot Controller
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TS DAELICH 312 Il B HUE 2re
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2. Service Procedures PreciseFlex™ 3400 Robots - Service Manual

Replacing the Robot Controller Part Humber:; 628699 Rev. A

=5 £

—

14.

LS 230 AES2 It EXE 0 ASLICH

15.




Brooks Automation 2. Service Procedures

Part Number; 628699 Rev, A Replacing the Linear Axis Controller
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CHAH| M=
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’ SEF0W HEo6l= ot LIAHRINE 20 HUH A= 2 ZE0{0F & == USLICH
2 R ALY AHOIE HHE HIASHD 2R =TS HAELICH
Y 5 HEE BEEE DAMEULC 2 Z2HOL Ot D0 201 EF &K A2 BHE | 2401 It
Ot 20| CHAl HE & J=X %*O_EMIR 0l EEE wAdt EO 2120 BiE 2l 201 It
2elE 2R 222 CHAl &6l ok ELICH.
Remove
robot
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2. Service Procedures PreciseFlex™ 3400 Robots - Service Manual

Replacing the Linear Axis Controller Part Humber:; 628699 Rev. A

T8 2-2: 48 & 2HE Z2{(GSB Revision 2)

J7 jumper
pins 1 &2
(LED not used)

Remove J8
(Address Bit 0)

LS

Remove J6
(RS485 term)

J3 jumper
pins 2 &3
(Connect 48V)

Battery
Pin 1 + 3.6VDC

8 2-3: 848 = HE 224 Rev2(GSB Revision 3)




Brooks Automation

Part Number; 628699 Rev, A

2. Service Procedures

Replacing the GIO Board

GIO 2& Wi
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& otLIA
AMEQDZ

Ol HEE YUHO2 BHOIA X EXIQ HEs Z 2
Z2 SO AXIE & UsLICH
Lost T

3mm 2 E210|H £= |27 L X
F2t S2H0IH
=2tolH

+ M5 2Z QIE HiX|

2.5mm

- M5 A2

2gst il £3

+ GIOOXIE IO EE"NH &8 SE8" &=

x

0

=0l A= 2R0 GIO 2=

Jt MIEELIC

HC =
P R T

(4) M3 X 10mm

S LI

O A=2012E 72 0IF HiSE 2R 2

EXE oY AIL.
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2. Service Procedures PreciseFlex™ 3400 Robots - Service Manual

Replacing the GIO Board Part Humber:; 628699 Rev. A
CHA| H=
O 201 GIO EE J7-J108 =2 HIH 40 E 25 HAELICH
Digital Outputs 1-8
Default Position is J5: Digital Inputs 19-12
sinking. Moving sourcing position
bo?h jumpers gp1
pin for sourcing J1: Digital/Analog Input 11
Connect Pins 1&2 for
digital input
3.
J4: Digital Inputs 5-8
sourcing position
J2: Digital/Analog Input 12 J3: Digital Inputs 1-4
Connect Pins 1&2 for sourcing position
digital input
(4)M3X10mm SHCS & &= AMHE AME0IH & S0l GIO EEE & XI&LICH
J GIO Board
4.
5 (4)H 22 98l Dsub HIHE HUHN HZE 108 HUH SHIANMN SH NS MIAHGHD
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8. " e an ne GIO 8“0' El [ § /\—| X-| ol—Ll [:l,
of Hhgt 4= & */DHJHHJ-*.— HIO|E1H1|OIA/@§§E+/AI£E:*J IDOIN &S == UASLICH
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Brooks Automation

Part Number; 628699 Rev, A

2. Service Procedures

Replacing the Main Harness
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J4 Motor
Interface Board
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PreciseFlex™ 3400 Robots - Service Manual
Part Humber:; 628699 Rev. A

2. Service Procedures

Replacing the Cuter Link Harness
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Brooks Automation 2. Service Procedures

Part Number; 628699 Rev, A Replacing the Cuter Link Harness
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2. Service Procedures PreciseFlex™ 3400 Robots - Service Manual

Replacing the Z-axis Motor Assembly Part Humber:; 628699 Rev. A
CHA| H=
15. HUEE YEE Soll 22 2330 &4ELICH
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Brooks Automation 2. Service Procedures

Part Number; 628699 Rev, A Replacing the Z-axis Motor Assembly
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2. Service Procedures PreciseFlex™ 3400 Robots - Service Manual

Replacing the Z-axis Motor Assembly Part Humber:; 628699 Rev. A
CHH| H=
J1 26 CIHHOIA 2EEMA tHE2IE Zel& LI
| J1 Encoder Connector ‘
| J1 Motor Connector ‘
| Battery Connector ‘
8. | Splash Guard ‘
| E Chassis Screw ‘
J1 2H &=
M4 Locking
Screws and
lock washers
9.
M4 Tension
Screw
10 (4) M5 SHCSE HMIHGHH HIOIA & S0IEE MAHELICH RLEZE AZScHAl JtE= HIOIA &=
’ SdI0IEN 2E N ASLICH
1. J1 28 Z& EHAS ZZH0 FEt=E M4 3 LHAFSE MIHELICH
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Brooks Automation

Part Number;

628690 Rev. A

2. Service Procedures

Replacing the J2 (Shoulder) Axis Motor or Timing Belt
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2. Service Procedures PraciseFlex™ 34

00 Robots - service Manual
B S: 628699 Rev. A

J2(01TH)E RF T= EolY we TS
WAl
CHA| A=
3. 2RO MAS NN ACHR DEE MAHGHAR.
4 A SHOEEZZH0 2ol 2R 4 SE0IEMNAM (4) M5 23U 5lE LIAFS MIHGHH
’ 229 A ZH0IEE MAHELIC
5. M HHE =822 SH2SdH MAHAELICH
(5) M3 X 10mm FHCSZ HIH5t01 Z el X LiS HHE M AHESLICH
| M5 Set Screw |
‘ M4 Locking Screws |
| M5 Shoulder Screw |
6. | M5 Shoulder Screw |
| Z Carriage Inner Cover |
7 (3) M3 X 8mm SHCSE M5t J2 28 2EHHOIA PCANA HEE S &0t 2101 E HHE HIAELICH
8. StUlA 2 E Z el X0l DF 3= AHIOIE EHOIE HMIoH8rLICY.
J2 2H QIHHOIA BEE0HAM M2 2 E2 2 2l= HAOIZSS MAELUICH
9. E2 U 24 S22 0.062/ X 2AH ECH0IHE AHE0I0 IS T A0 S0k 8 LICH
M3 X 8mm SHCS 2IHE M HGIH J2 2 & CIEHHIOlA PCAE M HELICH J2
28 AOISS Z M2l X0l 2&dt= AH0I= EHOIE MHELICH
J2 2 E 2IEHHOIA PCAGA J2 2H & 212G HOIE2 22l&LIC
| J2 Motor Interface Board |
10.

Check Belt Tension on this
segment of belt by plucking
belt and measuring tension
with tension meter.
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Part Number; 628699 Rev, A Replacing the J2 (Shoulder) Ax

2. Service Procedures

is Motor or Timing Belt

CHA| SH=E
" ZMHelXNOA StillA DE S8 & 2clots StHIAE J2 220l HZ6t= 222 MAHGHA DFY Al 2.
12 SIUIAE FANR. 6t% Z22 E-Mo0 HZE AEZ RXED OE & Z22 J2 220 HZELICHL
13 (3) M3 X 10mm FHCSE MG J2 B E HHE MIHotD D0l S22l otllA fIZ2 BEERE2Z Y

) J2 EO|Y HEE S AIZLICHL

E-HQ StHlA DE NIOHES (3) £= (4)E 2 Ml XA |2 ZHot] E-M el StHAS
SR M SIS BN B AZ FIz N Lot & X E =5 &LIC
\ | Harness retaining clip. |
A )
| J2 Belt Cover. |
14. Tension Spring
Clamping Shoulder Screw
3 Clamping Screws

15. J2 2FH 22212 225 (3) M3 SHCS (1) M4 01T LEAH LICH.
16 QIE AT FHZEUAM HIKINNK HElE SEGHL IIEs U2 & AT E d=5t= M4 X

’ 20mm SHCDS 2t HE HMIAHELICH
17 CHE J2 220l DIZ D2 Ol0I = & 229 !IZ EIO|Y HEE Y H HE AH=S 211 BHE

) MAHE = U= B3 =&l XA &L
18 J2 EHOIY HEE WXoOFole B3R HEE WHct] 2= UAl ZEHOHMAIR. JOE X

’ HOoH 0l HAHE AT D 19N Z HL MAGHAR
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S

19, | DEIE TSN D6 012E SANSE Z HANON LA LA 4N SHE BLICH O
| BEOIA 012 LAIE HRIKOI I0I2 S 200/ IR 41S & ASLICH
j0. | ZHEITI BENH Qs GHHIA TS o 2E AN0IBS NS EOIY WES B2l BAK A2 DIs
| sot OE olMERIE ollZoZ BOjTRILICH
o1 | 47121 M5 X 12mm SHCSE MI015101 DEH S5t 2420004 2EHS HHELICH Loclite 2438
| Amotol M REIE DE A Dy SREL,
by | EE LA EXIST GH A0S Z NI NN SHAZ OIS EHO|Y WES Bel SaX =
- | 22U @i 2E UAE ANBSI0 QHE 2aEUC, 23S fiyniatstettr VS
M4 X 20mm Bl SES CIAl S50 B8 ATRIS 0|8 2O AZELICH M4 & HEES X0f
Scolpix Ames AU, 012 015 PH 01 MZ2I0l &0 LAIA SI86D E012 B
23. | mao A,
Sam UAES X000 80l J2 22 225 9512 S24A
EIOIR ®ED} &2 Zol0iA MIOHZ MS6lD A LICH
SUD UAME Z0IMQ. B2 SIS ABE 4 s A9 WE T240] 24 150N T
24. | HosaNQ. (B2 E WE met Ho|E Mot ZXI'E HESMK.)
25, | Moioiio 40 S MSIGD 222 CHAl ZYSHL
26, | BE2H B LSO D B UOGD2E DA: 01T0 §F 7T ST B0 [
| 222 0A 2E
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Brooks Automation 2. Service Procedures

Part Number; 628699 Rev, A Replacing the J3 (Elbow) Axis Motor or Timing Belt

T £

Ol 2HE WHIGHI &0l AC &S KIHOHOF & LICH

+ J32H e =22I(PFO0-12/12-00030 ) = J3 EHOIY H E(PFO0-MC-X0066)

+ 21/8x 82Xl H0IZ ELOI
- SE0IE 222 & 243

00
:
Im

J3 28 (&=2=J3 28, HEH & EHOIY 2ol 2dELILL J3(EER) = 24
T=EOIY HES WHcHHY U3 2XE 4‘—%”8}{;!/49.

| dS
1 ERS EH HUUAN SEE SO HIEH0ILI E2 B0 X222 =&LICH
2. ERXRZSZZY0ls AHUM 222X OlcHE Ol SELICH
3 ERO HEES NI ACHE ZEE MIAGINIR
4 At S0ESE ZZH 0 RAGts E%EI At SC0IENAM (4) M5 A3 ollE LIALE
HHotH 2R2 &t SC0IESE MALICH
5. HHEHHE B2 SUHSH MASLICH
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J3(EER)S 2H L= EHOIY
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(5) M3 X 10mm FHCSE HIH5H0 Z W2 Xl LIS HHE M HELICH

| Z Carriage Inner Cover |

Light Bar

un

(3) M3 X 8mm SHCSE KMl Haot1) J2 28 2EHHOIA PCANA HEEHE &0t 201 E bt
MIA LI C.

8. HE E30AM AESHE HAHELICH

(6) M3 X 35mm SHCS ¥ &2 2AMHE MAHGHH Z M2 XM LW A E Z2el&LICh

| Harness retaining clips. |

Remove controller first,
unplugging cables, then
detach inner link.

10. (5) M3 FHCSE Mot LIS EA0A S 22| 2 ZdI0IEE HMAHELICH
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2. Service Procedures

Part Number; 628699 Rev, A Replacing the J3 (Elbow) Axis Motor or Timing Belt
A M=
4012 M3 X 5mm SHCSE M HGIH W MM JSAHEEH &= EI0IEE MHELICH
| Pulley Mount Plate. |
| Controller Mount Plate. |
1. )
| Belt Tension Screw |
2HE Z2H ¥ SdI0IEN 220t= M4 LIAF2IHE MIAGHH J3 2HE NMHGHD 2HE 2H
12 = ZYHO0IENM |2 ™A IHHLICH
: Ol EXt= 2E s RNot) &8 ZEFHIIE ASotH MEZE 2RIt (&S LI
2H = ZH0IES |XE RASIEZ HE FSH0| A& LICL
Loctite 2432 AI206l0 J3 2HE DM HL ZR&t 2R HEHOZ JIEIO|Y HEES
13. DHSIMNAIR. 26 OI2E SdI0IED MIHEX AU HE HaE s ZFE ZRIt
&L
HWE MY EFIISAMSE £ Y= FLESE WE I H0IE ZH =)0 et BE
IS HOIGHIAIR. J3 B 2219 105 SN0 HE HS S0I5I N "SSE WE K2l
14. OIS Z ZFI0IM IS LS KR WE Bais 240 AFELICH
15. Loctite 2225 AtE0t0 Scl & ZH0/EE WANHotD 2R S CHA| ZEGHAAL
16. ZR2 LA WESHYAIL.
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WAl

JA(E2) = OF £= EH0|Y HE DR

)| &2

Ol 2HE WHIGH| &0l AC &3S K HOHOF & LICH

+ J42H & 2CI(PF04-12112-00023 ) £= J4 EHOIY H E(PFO0-MC-X0065)
- SE0IE 222 & 243

J4 ZH Od=cl= J4 2H, HYH L EHOI1Y BE 222 R2HEELILL J4(E=)F 2H E£=
EIOIY HES WHctHAY O3 EXE =L AIL.
A ds
1. 2R IS MHOH| Rl 2R 2= Z €2 Helg =012 0lsELICH
2. 2RO MBS NI ACHE DEE MAGA 2.
3. (4) M3 X20mm SHCS ¥ &2 &AM E MAHGHH LR &3 HHE FMIAELICH
4. (4) M3 X20mm SHCS € &= AME HHOHH AR &3 HHE MAHELILH




Brooks Automation 2. Service Procedures

Part Number; 628699 Rev, A Replacing the J4 {Wrist) Axis Motor or Timing Belt
S
M3 X 10mm FHCS 27HE Mot €22 J4 2H HHE MAHELILCH
J4 Motor Cover

5.

AL YA FX XNEUH SLE MDERI AlH 2R 01I N2 ez sl d&tUICh
6. Ol ot StLIA D0l 2EE D ST = Ofc DD 20l HAHUAH 210 & EOH& X0

UA & LICH
7. A2 I0A J4 2H CLIHHIOIA EEE MG HOI=2 &SLICH
8 AR UIE 2HG=J3ES Z2/0M 6912 M3 X 35mm SHCSE HMAHGH AR S IE

’ MIAEHLIC.
9 Jdelld StLA2 EHIE &0 M3 X8mm SHCS4)HE MAHGHNE el EEHE MHELIC
’ &2 PreciseFlex N2 12|IH AFE &Y A.
(4) M3 X 10mm SHCSE MMt 95 213 WE HH S M HE LI
Sl
| seamaxassHes |
| J4 Motor |
| 4 Motor Interface PcA |
10.
| Gripper Controller |
| Outer Link Belt Cover |
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2HE 2 & Sd0IEN 2ESH= M4 LEAF 2JHE HIHGHAH J4 28 S M2 6t HE 2H
1 HZ SdlOIEMAM 2IZ 3/ M AIZA HYLICEH
. Ol 2Xt= 2E ¥HE |RAGtD &8 EFIIE ME0H MEZg 220t = ol SLICH
E2H B Sd0IES R/IXE RNoEE2 8E HH0| A LIC
12 Loctite 2432 AIE3I0 J4 2EHE WHGHALI 2ERF 3R SSRO=Z J4 EHO|Y HEES
: WHHMAIL.
ZHOI2E ZI0IEI HAHEX Aoz HE Aas 2 IRIE SISLICH
YE M2 XIS AISE 4+ Y= P "PSEUE T oIS B EHI|"0 M2 BE
13 S EQoNAR.J4 £ I 10 2/ HOICH LE S SQIGt N "ES E: HE M
’ HOIE S SZI|"0IM IS K2 XNES HE HHES FAgte2 SF UL
14.

15.
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General Specification Range

Performance
Payload 3kg
1500 mmisec (horizontal)
TSRS 500 mmisec2 (vertical)
J1-500 mmisec
) J2 -360%/sec
Max Joint Speed J3-720%sec
J4 -T20%sec
Max Acceleration 1000 mmfsec2 with 0.5 kg payload
Repeatability +0.090 mm at tool flange center
Range of Motion
Joint 1 (Z) Axis 400, 750, 1160 mm
Joint 2 +93°
Joint 3 (Elbow) +168°
Joint 4 +100° to +470° (+960° with servo gripper)
: 588 mm
LI TEE (666 mm with servo gripper)

Communications
100 Mb Ethemet, TCF/IP

General ModbusiTCP
R5232, at end-of-arm
E-stop Dual-channel E-stop

Operator Interface

Web-based operator interface

12 inputs, 8 outputs at base of robot
Optically isolated, 24V @ 100 mA

Soso 2 in, 4 out for end-of-arm-tooling
Remaote /O available
Facilities
90 to 132 VAC and 180 to 264 VAC
Auto selecting, 50-60 Hz
FILE 100-250 watts typical operation
DC power option available
) Two 3.2 mm OD (1.7 mm 1D) airlines provided for end-of-arm-tooling.
e 4.9 bar max (71 PSI)
Operating Temp 0-50°C (32-122°F)
Relative Humidity %0% non-condensing

Controller Mounting

Air Lines

Weight

Embedded into robot base

Two, 3.2mm OD, 1.6 mm ID
Max pressure 500 kba (75 PSI)

25 kg (400 mm Z-axis)
30 kg (750 mm Z-axis)
35 kg (1160 mm Z-axis)
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Part Number; 628699 Rev, A Appendiz A: Product Specifications

General Specification Range

Moise Level = R0 dB(A)
Software

Programming via Guidance Development Studio (GDS)
Programming Guidance Programming Language (GPL)
TCS API

Hand Guiding (standard)
Enhanced Functions Horizontal Compensation
Z-Height Detection

Peripherals and Accessories
IntelliGuide 523
IntelliGuide s60

IntelliGuide s23D (Dial Gripper)
Remate /O (RIO)

Linear Rail 1.0,1.5, and 2.0 M travel

IntelliGuide v23 Vision
IntelliGuide v60 Vision

General

Vision




2= PreciseFlex™ 3400 £ £ - AUl A i<
SZB: 32 AFY £5 H5:628699 Rev. A
9= st 2 @]
£= B: 28 A

HI2: PreciseFlex 222 U& &8 25 J|s0| W& E 24VDC & 48VDC H& L DC
A B3 X2 FSELICEL 0218t 0! 2 PreciseFlex 22 0l= SCCR(H& &K
20| elsLICh

PreciseFlex 222 S AH2H0Hl ek 2ot D S=EEA @E2 &30 £ XIS 00F &LIC

H 2-2: 3 M

QB ALY HY Y =
=H 2C 4°C ~ 40°C
8- HLOIAE AE
SH ez 26 25 G - 455G
el 10~55%, 5| S 2, H| 54!
= £ [§ 3000m
g 100-240VAC +/- 10%, 50/60Hz
Fd8 IE 82, H4 1BAWG, 3 conductor, £ 4 5A
oTEHT 2
=01E M= IPA, 70% | B =/30% =, H202 7| &0} 1000ppm
IFE2 1

IK 28 =3I} IKD8: 5 Joule
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Appendices

Appendix C: Spare Parts List

SC b =3 ==

0l 2: Ol support_preciseflex@brooksautomation.com 0fiH| £ LM =SS
BrO4d
a9 k=] JH&E CPN
H=SE ADH b2 Hal=el PFOH-MA-00057
J1 2H & =2l - 3KG, PF3400 PF00-MA-00071
JT1EHH HE PF00-MC-X0021
J1 2CHH 21E 400mm PF00-MC-X0022
JT 25T ZE 750mm PF00-MC-X0023
& 10: PO2 &2 750mm
J12EH A 2 E 1160mm PF00-MC-X0023
Z1: PO2 B2 1,160mm
J2 400W 2H & Z2l 20mm =2 PF02-MA-00020
(PreciseFlex 3400)
J2 HE = 9mm PF00-MC-X0005
J2 HE =Z 12mm(Rev B, C) PF00-MC-X0081
IMM EEZ 2 B==2RA2MH NE) PF00-MA-00023
12mm 2 EZ J2 & Z22(2)0 Ml E)(Rev B) PF00-MA-00024
J3EH £¢g PF00-MA-00030
J3EE, SHEE & el PF00-MC-X0066
J4 50W 2 H O & =2l(PreciseFlex 3400) PF04-MA-00023
J4 2 E - LR 3MM LI x| GT2,TRUMOTION,232G PF00-MC-X0065
23N AE 2l - 24 18 PF0S-MA-00001-1
23N AE el &0 PF0S-MA-00010
60N ME “12|1{ PF3S-MA-00001
1z 2= 2t0ldIA DL = G1400C A EEH G1X0-EA-C1400-13
cal T)elIHE JH0IE 1100T =40l E(GSB) G1X0-EA-T1101-4
S 2 H/H Y= J0lE 1100T =d 0] E(GSB) G1X0-EA-T1101-4D
24VDC =22 PS10-EP-24150
48VDC 2H =22 & Xl PS10-EP-48500
=g JoflUX NE&SC], 23N &2 A& 397515 182+0[ O
JelH
=¢ 2 oldlA oA =2l, 60N A2l )2 I PF04-_12|11-00030-E2
otdlA, FFC, J4 2 & PFOH-MA-00002-02
otdlA, FFC, J4 212 (H PFOH-_12/11-00020-2
otdlA, el HE=H PFOH-_12|12-00036
J1 2H 2IEHHOIA PCA PF00-EA-00031
J2 2 H CIEHHO[A PCA PF00-EA-00030
MIDS 21EH H O] A PCA PF00-EA-00032 HYE I HE =
J4 2 H CIEHHOlA PCA PF00-EA-00033
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Appendix D: Preventative Maintenance
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H=
==

2 2 E: PreciseFlex 3400 ==& 2=

PreciseFlex 34002 ==& &

[PAC Files PraclseFlex 33005

170713
Configuration £ N N R N - S N ! G - - Rail hyrd
10351 4000 | 12000 | 14000 500D | D NA
103532 -2600 | 12000 | -14000 | 5000 | D 0
Peak cument, tonts 7077 | 7702 | 24278 | 14837 | 6356 | 72933
PID Error (10352) % of peak 37 | 43% | 5@ | 6l% | 100% | 100%
Standard Configfor oash tests 50 -52 13 | -6l 02 -230
Config for J2 Rotation (max velodty) 44 -1 (= -334 flor] A
100% Joint Speed 500mmys S0degfs | 720deg/s 720deg/s|400mm /5| 750mm/s
100% Joint Acce| 1800 | 1100 | 1200 | 4000 | 10000 | 1000
100% XYZ Speed _ | [ [ 500
1008 HYE Acce] 2000
P FRa0 Collisions at Gripper, 50mm progrmammed interference Z deceleration %
Speed Manual Control Free Space Collision Rigid Surface Collision 10084 A%
Ncart | Yeart | Zlke | X@t | Yeart | Z10ke | Xart | Yeart | JZmt | -Z10kz | F1Dks
1008 a e - oo 105 : 5
2084
=0
0%
2084
55

2! 2-4: PreciseFlex 34002 Z=2 O
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Appendixz F; Belt Tensions, Gates Tension Meter
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Appendices
FEFEE ZHE, NE T

=3I

PracicaFle

X' 3400 Robols = 3ervice Manu;

£ 5 P S:628699 Rev. A

7. LBHOZ 3mm EX OILHS 2E 2 X0l 0013 E XIS LICH HED M SoIESE RFEE
PN

—
Hsoz2HYE

gES Ao

8 2-6: HE &2 gt PreciseFlex 3400

Mass Width Span Tension | Tension | Freguency |Freguency

Belt {g/m) {mm} {mm) Min (N) | Max (N) Min Hz Max Hz
£51 2.8 g 58 50 70 384 454
Z 52 PF3400 4.1 12 575 140 180 4h 53
Z 52 PF3400 4.1 12 820 140 180 24 33
Z 52 PF3400 4.1 12 1340 140 180 20 23
J2 PF3400 2.8 20 108 250 350 309 366
J3 PF3400 2.8 12 113 90 120 228 264
J4 PF3400 2.8 g 146 65 g0 174 193
Linear Axis 4.1 20 500 135 160 41 44
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Appendix G: Table A2 from IS0/TS 15066; 2016, Biomechanical Limits

A2

== . . A _‘”O:I%FI-I <) j;”O' IT
Quasi-static contact Transient contact
Maximum - Maximum Maximum
Bod . T permissible M?m.m".]l];il permissible | permissible
e e S pressure 2 pe;:}_l:ﬂ} = pressure force multi-
s multiplier ¢ plier e
N
Njecm?2 Pr Fr
Skull and fore-| 1 Middie of forehead 130 not applicable ol
head d 130 = not applicable
e 2 |Temple 110 not applicable

Face d 3 |Masticatory muscle 110 65 not applicable | not applicable

4 |Meck muscle 140 2
Neck 150 2

5 |Seventh neck muscle 210 2
Back and shoul-| 6 |Shoulderjoint 160 o 2
ders 7 |Fifth lumbar vertebra 210 2

§ |Sternum 120 2
Chest 140 2

9 |Pectoral muscle 170 2
Abdomen 10 |Abdominal muscle 140 110 2 2
Pelvis 11 |Pelvic bone 210 180 2 2
Upperarmsand| 12 Deltoid muscle 190 - 2 5
elbowjoints | 13 |Humerus 220 2

14 |Radial bone 190 2
Lm:verjalr'ms A 15 |Forearm muscle 180 160 2 2
wrist joints

16 |Arm nerve 180 2

2 These biomechanical values are the result of the study conducted by the University of Mainz on pain onset levels.
Althoush this research was performed using state-of-the-art testing techniques, the values shown here are the result
of a single study in a subject area that has not been the basis of extensive research. There is anticipation that additional
studies will be conducted in the future that could result in medification of these values. Testing was conducted using 100
healthy adult test subjects on 29 specific body areas, and for each of the body areas, pressure and force limits for quasi-
static contact were established evaluating onset of pain thresholds. The maximum permissible pressure values shown here
represent the 75th percentile of the range of recorded values for a specific body area. They are defined as the physical
guantity corresponding to when pressures applied to the specific body area create a sensation corresponding to the onset of
pain. Peak pressures are based on averages with a resolution size of 1 mmZ2, The study results are based on a test apparatus.
using a flat (1,4 = 1.4) cm [metal) test surface with 2 mm radius on all four edges. There is a possibility that another test
apparatus could yield different results. For more details of the study, see Reference [5].

b Thewvalues for maximum permissible force have been derived from a study carried out by an independent organization
(see Reference [£]), referring to 188 sources. These values refer only to the body regions, not to the more specific areas.
The maximum permissible force is based on the lowest energy transfer criteria that could result in a minor injury, such as a
bruise, equivalent to a severity of 1 on the Abbreviated Injury Scale [AIS) established by the Association for the Advancement
of Automotive Medicine, Adherence to the limits will prevent the occurrence of skin or soft tissue penetrations that are
accompanied by bloody wounds, fractures or other skeletal damage and to be below AIS 1. They will be replaced in future
by values from a research more specific for collaborative robots.

¢ Themulriplier value for transient contact has been devived based on studies which show that transient limit values can
be at least twice as great as quasi-static values for force and pressure. For study details, see References [2]. [3], [£] and [Z].

d  Critical zone (italicized)
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ARt B2l 2 A2

Quasi-static contact Transient contact
szf;;g:ﬁle Maximum Maxi_ml_u:n M;:xi_mqm
Body region Specific body area pressure pelf‘::i: :?ﬂhle p;?:;:?r]ﬂe I;;;ﬂ":‘:j;?éf
Ds i multiplier ¢ plierc
N/cm? Fr Fr
17 |Forefinger pad D 300 2
18 |Forefinger pad ND 270 2
19 |Forefinger end joint D 280 2
20 |Forefinger end joint ND 220 2
g;_';ds and fin| 53 | Thenar eminence 200 140 2 2
22 |PalmD 260 2
23 |Palm ND 260 2
24 |Back ofthe hand D 200 2
25 |Back of the hand ND 190 2
Thighs and| 26 Thigh muscle 250 . 2 5
knees 27 |Kneecap 220 2
s 28 |Middle of shin 220 i 2 3
29 |Calf muscle 210 2

42 These biomechanical values are the result of the study conducted by the University of Mainz on pain onset levels.
Although this research was performed using state-of-the-art testing techniques, the values shown here are the result
of a single study in a subject area that has not been the basis of extensive research. There is anticipation that additional
studies will be conducted in the future that could result in modification of these values. Testing was conducted using 100
healthy adult test subjects on 29 specific body areas, and for each of the body areas, pressure and force limits for quasi-
static contact were established evaluating onset of pain thresholds. The maximum permissible pressure values shown here
represent the 75th percentile of the range of recorded values for a specific body area. They are defined as the physical
quantity corresponding to when pressures applied to the specific body area ereate a sensation corresponding to the onset of
pain. Peak pressures are based on averages with a resolution size of 1 mmZ, The study results are based on a test apparatus
using a flat (1,4 = 1,4) em (metal] test surface with 2 mm radius on all four edges. There is a possibility that anether test
apparatus could yield different results. For more details of the study, see Reference [5].

b The values for maximum permissible force have been derived from a study carried cut by an independent organization
{see Reference [g]]), referring to 188 sources. These values refer only to the body rezions, not to the more specific areas.
The maximum permissible foree is based on the lowest energy transfer criteria that could result in a minor injury, such as a
bruise, equivalentto a severity of 1 onthe Abbreviated Injury Scale [AIS) established by the Association for the Advancement
of Automotive Medicine. Adherence to the limits will prevent the occurrence of skin or soft tissue penetrations that are
accompanied by bloody wounds, fractures or other skeletal damage and to be below AIS 1. They will be replaced in future
by values from a research more specific for collaborative robots.

¢ The multiplier value for transient contact has been derived based on studies which show that transient limit values can
be at least twice as great as quasi-static values for force and pressure. For study details, see References [2Z], [3], [4] and [Z].

8 Critical zone (iralicized)
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Appendix H: Safety Circuits for PreciseFlex 3400 3 kg Payload

£ = H: PreciseFlex 3400 3kg HOI2&5Z otN 3|2

&=
5|2
£ 3
Z 2
Estop Yes | Yes
Encader Feedback Yes | No
ICPU hanitor Yes | Yes

Pasitlan Envelope Errar | Yes | Yes

Power amp Fault Yer Yes
jcolizb Farce Limit Yes | Yes
‘elocity Restrict Yes | Yes

Continuoe Test

o

Ter

TeL

Diggrostic Coweage @

b}
4

25

BATTRAL Vears

S8

100

100

3w

Pever OHOn Failu e

Yes

ez

Tes

Yes

fes

Tes

Tes

FL

Category Satety

w

w

w

w

Mates [PF3400t has redundant Extop and 48V powerzupply enahle)

Startup test forces Estop, checks 48V power disable, zeryamp current
Dual Estop circuits tums off amp enable and PWn

Dual Estop clrcuits tums off 48V power

stopping robot with hand turns off amp enable, PWM and 48v

Startup test checks encaoder communication, prevents mtr pawer if fault
serlal update at 8Khz w checksum, comm check, accel check
Counter embedded In pasition word to confirm CPU read from FPGA

Startup test forces CPU WD law, checks 48V power diszbled
Independant dual watchdogtimers turn off amp enable, PWH and 48V
Processar an safety board manitars main CPU. Disables 48V if fallure.

Startup test checks encoder communication, prevents mtr power If fault
Serlzl update at Bkhz w checksum, comm check, accel check

SW watchdog In serva loap tums offamp enable, PWMand 48v
Counter embedded In position word to confirm CPU read from FPGA

Startup test confirms zero current when 48V enablad

Excess current to ground or phase to phase tiggers shutdown in 20 usec
sSsturated PIDcument cammand triggers shutdown in .050sec

Sharted transistor just locks up brushless mator

Tests 2, 3, 4 above test HW. Mator driven against brake to test SW current limit.|
Paosltlon envelope emortrizgers fault turns off poweratamp and 48v

Current ssturstion trigge s separate fault, turns off power 2t amp and 487
manitor function with WD turns of f power at amp and 48v

Manltor and CPUWD tested at startup turning off 48w

Aszsymetric current limits limit Z foree even with gravity load

Startup test, setsflagtotriggerthiz ermor, then resets
Checks velocity limit In FPGA In additian ta chedk In CPUserva softwars

1. Cat Zand Cat 3 require startup test before enabling motor power

_1& 2-9: PreciseFlex 3400 3kg
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HOIZEE et 3l 2

EStop 1

Encoder

Amp Enable, PWM

212 2-10: PreciseFlex 3400 3kg 2t& 3|2
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Appendix |; Robot Anatomy

-T- . -T-
Z Column
Z Carriage
Joint 1
(Z-axis)
Inner Link
Joint 2
(Shoulder)
Outter Link
[erg ]
Joint 3
(Elbow) f
Joint 5
qﬁ Servo Gripper ~ (Gnipper)
Joint 4
(Wrist)
i
Joint 6
{Linear Axis)
. : R in)
—1& 2-11: PreciseFlex 3400 o £ &= — 2+ &
Z Column
0o 7 Carriage
Joint 1
(Z-axis)
M2
[~
&
& M3
=|
2 T3 Belt ]
I=|
Inner Link
Joint 2
Shoulder)
M4
J4 Belt |
Outer Link
Joint 3 Gripper
Fron /
Joint 5
< Servo Gripper (Gripper)
Joint 4
Linear Axis Belt 1 (Wrist)
ﬂ
Jaoint 6
(Linear Axis)
=]
dE C2tolE

18 2-12: PreciseFlex 3400 /2 —
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M5,
RS232110

J2 Harness
"D @ M1, E1, M2, E2. P1,
P2, Ethemet, Air
lines
P2ERVI G 24
E-Chain Eowey 1400 Controller
M1 MIDS4 board =y J3 Hamess
E M3 Amplifier board @ M4, £4, RS485/10,
P1 (48V) Air lines
P2 (24V)
Ethernet 324:;
Air lines HPPY,
RS485/10,
M GSB
(SE)
Eacilities Gripper
Panel ’":E‘
AC Power
Pendant
(MCP)
10
E-Chain (Linear Axis): GIO Facilities Panel (Linear
AC Power, Ethernet, e Axis]
Pendant (MCP), Air lines — o
Pendant (MCP)
—tee  AC Power

_1& 2-13: PreciseFlex 3400 =& — & &

Z Golumn

W wotor
& Z Carriage
™ Bl Passive breakout board
[] Active servo component
Joint 1 oo [ Power supply
(Z-axis) = | merwzezm, [ Timing bett
P2, Ethernet, Air
lines

b2 20y

E-Chain = m_ 1400 Controller
M1 L MIDS4 board  — J3 Hamess
E1 % M3, E3 Amplifier board @ M4, E4, RS485/10,
P1 (48V) = Airfines
P2 (24) 3 T3 Belt ]
Ethemet =
Al ines Inner Link nsass
Joint 2
(Shoulder) M5, E5,
RS232/10
RS
Outer Link
Joint 3
AG Power Etbow) P
Joint 5
) Servo Gripper (Gripper)
Joint 4
Tinear Aocs Belt ] (Wrist)
e in (L is): Gio
: ; E-Chain (Linear Axis): -
(Linear Axis) AC Power, Ethemet, %ﬁ‘
Pendant (MCP), Air lines
=~ Pendant (MCP)
= | Fthemet
AC Power

O 2-14: 4120 A= PreciseFlex 3400 oll £ =
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Joint 1
(Z-axis)

P1(48V)
P2 {24V)
Ethernet
Air lines

Facilities
Panel

AC Power
Ethemet
Pendant

>|II

Z Column

(MCP)
10

J1Belt (Stage 2)

Z Carriage . Motor
. Passive breakout board
D Active servo compenent
J2 Hamess D Pawer supply
@ M1, E1, M2, E2, P1, [ Timing bett
P2, Ethernet, Air
lines
B s [
GORES 1400 Controller
MIDS4 board ==y J3 Harness
M3, E3 Amplifier board @ M4, E4, RS485/10,
Air lines
J3 Belt |
inner Link
Q o RS48510
Joint 2 _ e
(Shoulder) e ':g'ng;.o
J4 Belt
Quter Link
Joint 3
(Elbow) P
: Joint 5
@ Servo Gripper (Gripper)
Joint 4
(Wrist)

& 2-15: PreciseFlex 3400 /2~ - 4|2 A=
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S JAIAE L0108 & dE S5 EX

RO ZS0=24VDC & 48VDC M 2 Xt AsULCHL &3 B2 EXls UEF L HAY
23 J|ls2 25 AF10 UA2H CSA, UL EJ CE2I5S st

SR HESA A J2lH= 24VDC M= Sofl 82301 S=SELICHL 402 =2 2R ZH=
48VDC ME2Z 2=ELILH 48VDC E= EXl= HUHXN EX 322 Soll MY HA
BILPOZ2H E2sELICL 0l 3l2= 80| 56V0Hl =22 [ 48VDC = =20 ZH 25W
8O MEIIE Haot) 80l 52VE EXAIE EX2 MEIIE 2elgLith 2E.0

S5 X H0 =Otels G188 M= 88 [ 05 2H 25 S0 33 32 EXIE
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e 4n

flel 2 AESH2 402 CIXNE LU 442 CIXNE 258 A== 10042 218H 2= AH0I=

=0l MIDS MR CIEHHIOIA 2S00 HZELICH GHLS CIXE ¢85 450 DI3E =M Phoenlx
Estop HEE N H2& P12l= H0ISS Soil 2R HIOIAZ etREELICH 0l= 2t QIS
SHS e UXNE LS MSELICLMIDS 83 2E0l= 0l {ISE P1 AHO0ISZ HXEot= Bt
USLICE 0l AZ0| A sotd® 0l HIHE & XIoHOF & LICH
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HEE Ol E-Stop H2 HEZ2 HHHZEZ S HUEH 25 E-Stop 3|2 E =24ot= E1H £ = E-Stop
ALK EXIE O QAOI0F &LICH
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Part Number; 628699 Rev, A Appendix J: System Diagram and Power Supplies

— 24VDC
Regeneration Resistor

—— RS232

Front Panel

LED
RS485 Serial - jumper

RS485

RS485 Serial + jumper
RS485 Termination

——  Ethernet

System Reset J8

8 2-26: AE S 2& HUYH

Digital 1O

RS485

Battery (not used)
Motor Power (not used)
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2 K: LIS 3 3t

LT FAIGHA e & 2E UIAF L IHAHO0I 0] £3 342 ABTHIAIR.
FEOIH Sl E3 gt
|=§ e AI§| Otet |§ v AI§| ored

SHCS BHCS BHCS FHCS
1.6 0.18 0.15 0.00 0.00 0.00 0.00
2 0.37 0.31 0.00 0.00 0.00 0.00
25 0.77 0.64 0.00 0.00 0.00 0.00
3 1.34 1.12 0.56 0.51 0.83 0.75
4 3.16 2.63 1.31 1.17 1.53 1.38
S 6.48 5.40 2.66 2.39 3.1 2.79
6 10.96 9.14 4.50 4.05 5.40 4.86




