
101_3: Genetic Systems + Non-standard Modes of (Re)Production 6160 New Constellations New Ecologies

Frame & Textile: Hybrid Materials, Hybrid 
Methods

Ben Hagenhofer-Daniell 
University of Michigan

Digitally-controlled production can achieve repeatable, and infinitely cus-
tomizable, precision.  However, these tools can displace and reformulate 
traditional craft skill and knowledge.  Frame & Textile deploys elemental 
aspects of architecture, a simple material palette, and a tight focus on two 
ways of making with a natural tension between them, as a way to track and 
highlight these potential shifts.  The steel Frame leverages the specific 
capacities of robotics and scripting, while the smocked and pleated rub-
ber Textile can only be achieved with the skillful use of the hand.   By using 
materials, methods and forms, that can only be worked on in specific ways, 
the project relocates the tacit, embodied knowledge associated with craft, 
and how its digital and traditional manifestations might interact.

Smocking, the technique of organizing a grid of dots into cellular forma-
tions through fastening pleats, is a labor-intensive activity. Smocking 
occurs strategically to create a thickened surface, to seam between 
pieces, and to hold rods in place. Changes in grid size, orientation and 
direction produce different, spatial and material effects. The behavior of 
smocked rubber is predictable and repeatable, but loose. While the overall 
pattern and design can be done digitally—flat yardage is cut and inscribed 
with a CNC knife cutter—the work of production is opportunistic, sponta-
neous and fluid.  It relies on practice, dexterity, and a complete tacit under-
standing of that process

The fundamental aptitude of CNC equipment and robotics is their ability 
to repeatedly, and with a knowable degree of precision, locate points in 
space.  To use these tools merely to produce a multitude of varied parts 
is to use them at half speed.  Additionally, computation and scripting excel 
at managing, parsing and deploying data.  In the metal framework each 
member has unique spatial data associated with it:  location, orientation 
and dimension.  By deploying the robot as an infinitely reconfigurable fix-
ture we can keep our data in the computer.  The labor and skill is precisely 
located in the design of the process, and development of the specific tools 
needed to execute that process, and in the fabrication of a final installa-
tion, and explicitly not in the physical sorting and organizing a vast collec-
tion of individual parts, or the secondary production of jigs and templates, 
as one typically sees in digitally fabricated work.  

If digital technologies that directly fabricate computational output do 
relocate and displace some skill and knowledge, then this shift or disap-
pearance occurs in terms of specific content (trading skill with a chisel for 
an intuitive sense of the position a vector produces).  As a way of know-
ing though, craft continues to reside in an ability to fully know one’s own 
processes of making.  This kind of knowledge is also what drives the spe-
cific refinements of an iterative design process.  Knowing how to do it—
technique and process with any tool—is inextricable from the ends—the 
design—such processes are put towards.

&ACCESS RVP
DEF HD_MEMBERS_040512()

EXT BAS (BAS_COMMAND :IN,REAL :IN )

SIGNAL RODGRIP $OUT[99] TO $OUT[100]; two bits for relevant DO of 
gripper('B10' or 2 for close and 'B01' or 1 for open)...could also be 
pulse to open? 
SIGNAL GRIPCLOSE $OUT[102]; one bit for pulse use
SIGNAL GRIPOPEN $OUT[101]; one bit for pulse use
SIGNAL BENDCLAMP $OUT[112] TO $OUT[113]; two bits to activate bender 
clamp...add pressure for 3?
SIGNAL PUMPON $OUT[107]; one bit to turn on pump
SIGNAL SHEAR $OUT[108]; one bit to shear, or two to pressure and 
shear....could be pulse to include time delay
SIGNAL PRESSURE $OUT_C[109]; pressurize manifold
SIGNAL COLLETGRIP $OUT[110] TO $OUT[111]; two bits to open and close 
collet, or 3 to add pressure? could be pulse?

DECL REAL SHEARDELAY
DECL REAL GRIPDELAY
DECL REAL COLLETDELAY
DECL REAL CLAMPDELAY
DECL REAL APPROACHVEL
DECL REAL POSVEL
;DECL REAL dblLength
;DECL FRAME arrApproach
;DECL FRAME arrFinal
DECL FRAME SHIFTED
DECL E6AXIS BENDHOME
DECL FRAME XMINPOS
DECL FRAME XGRIPCLEAR
DECL FRAME XGRIPENGAGE
DECL FRAME SHEARMINPOS
DECL FRAME XMAXPOS
DECL FRAME XNEGROT
DECL FRAME XPOSROT
DECL FRAME BENDZCLEAR
DECL FRAME BENDZSAFE
DECL FRAME SHEARXCLEAR
DECL FRAME SHEARZSAFE
DECL AXIS MIDPOS
DECL AXIS SAFEENDPOS

INT I

BAS (#INITMOV,0 )

;******SETTINGS FOR PTP MOTION***********************
;FOLD SET PTP $VEL_AXIS AND $ACC_AXIS
FOR I=1 TO 6
  $VEL_AXIS[I]=100
  $ACC_AXIS[I]=50

ENDFOR
;ENDFOLD (SET PTP $VEL_AXIS AND $ACC_AXIS)

;******SETTINGS FOR LIN AND ARC MOTION***************
;FOLD SET LIN AND ARC MOTION VARIABLES
$VEL.CP=0.2
$VEL.ORI1=400
$VEL.ORI2=400
$ACC.CP = 10.00000
$ACC.ORI1=1000
$ACC.ORI2=1000
;ENDFOLD (SET LIN AND ARC MOTION VARIABLES)

;******SETTINGS FOR POSITIONING CRITERIA*************
;FOLD SET POSITIONING CRITERIA
 $APO.CDIS = 10.00000
 $APO.CPTP = 10
 $ORI_TYPE = #VAR

;ENDFOLD (SET POSITIONING CRITERIA)

;user process constants
SHEARDELAY = 1; seconds
GRIPDELAY = 3;seconds
COLLETDELAY = 0.5; seconds
CLAMPDELAY = 0.5; seconds
APPROACHVEL = 0.5; m/s
POSVEL = 0.1;m/s
SHIFTED={FRAME:X -800,Y -1400,Z 45,A 180,B 0,C 0}
BENDHOME={E6AXIS:A1 -107.7,A2 -57.32,A3 84.04,A4 -0.22,A5 63.28,A6 
-17.12,E1 -648.20,E2 0}
XMINPOS={FRAME:X -1239.95,Y 1960.2,Z 752.4,A -90,B 0,C 180};minimum x to 
safely clear the shear for loading rod
XGRIPCLEAR={FRAME:X 10,Y 0,Z 0,A 0,B 0,C 0};X move in Tool coordinates to 
clear the gripper; must be accompanied by #TOOL
ZGRIPSAFE={FRAME:Z -20};-Z move in Tool COordinates to clear the gripper; 
must be accompanied by #TOOL
XGRIPENGAGE={FRAME:X -10};X move in Tool coordinates to clear the gripper; 
must be accompanied by #TOOL
ZAPPROACH={FRAME:Z -150};Approach point to the final pos, shifted by 150mm 
in TOOL coordinate system.
SHEARMINPOS={FRAME:X -1150,Y 1960.2,Z 752.4,A -90,B 0,C 180}; this is the 
minimum x to safely shear the rod without a kink
;XMAXPOS={FRAME:X,Y,Z,A,B,C};max x to approach bender
;XNEGROT={FRAME:X,Y,Z,A,B,C};min x to safely rotate the rod
;XPOSROT={FRAME:X,Y,Z,A,B,C};max x to safely rotate the rod
;BENDZCLEAR={FRAME:X,Y,Z,A,B,C};position to safely clear the bender for 
switching the bender
;BENDZSAFE={FRAME:X,Y,Z,A,B,C};position to safely clear the bender for PTP 
move
SHEARXCLEAR={FRAME:X 100};position to clear the shear before moving to 
safe Z...this may be a relative move along x?
SHEARZSAFE={FRAME:Z 500};z position to move the rod to safely move PTP for 
positioning...this may be a relative move along Z?
MIDPOS={AXIS:A1 0,A2 -120,A3 120,A4 0,A5 45,A6 0};safe midpoint for the 
move at the end of the track
SAFEENDPOS={AXIS:A1 70, A2 -90, A3 90, A4 0, A5 45, A6 0};safe endpoint 
for the approach to final pos

Bas(#TOOL,4); this is the rod gripper

$BASE=BASE_DATA[2]; this is the BASE aligned with the BENDER/SHEAR axis( 
all moves are planned in this coordinate system)
$ACT_BASE=2
$ADVANCE = 1

;************PASTE FROM RHINO HERE

;*********************MEMBER 1***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 462.133}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 80.592,Y 525.0,Z 343.373,A -167.53,B 0.0,C -138.3, E1 
-880.592} C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 109.319,Y 395.084,Z 194.052,A -167.53,B 0.0,C -138.3}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 80.592,Y 525.0,Z 343.373,A -167.53,B 0.0,C -138.3} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 2***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 155.249}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 3.26,Y 34.166,Z 343.339,A 144.59,B 0.0,C -109.95, E1 
-803.26} C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X -105.668,Y -119.067,Z 275.115,A 144.59,B 0.0,C -109.95}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 3.26,Y 34.166,Z 343.339,A 144.59,B 0.0,C -109.95} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 3***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 312.5}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X -62.672,Y -48.214,Z 353.706,A -53.88,B 0.0,C -121.08, E1 
-737.328} C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 75.689,Y 52.754,Z 250.45,A -53.88,B 0.0,C -121.08}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X -62.672,Y -48.214,Z 353.706,A -53.88,B 0.0,C -121.08} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 4***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 282.235}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 422.481,Y 195.226,Z 349.285,A 106.28,B 0.0,C -114.6, E1 
-1222.481} C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 247.918,Y 144.253,Z 266.041,A 106.28,B 0.0,C -114.6}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 422.481,Y 195.226,Z 349.285,A 106.28,B 0.0,C -114.6} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 5***************************

PTP BENDHOME
RODGRIP = 1

WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 510.963}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 837.216,Y 591.556,Z 347.338,A 176.72,B 0.0,C -135.4, E1 -1637.216} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 829.184,Y 451.359,Z 204.93,A 176.72,B 0.0,C -135.4}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 837.216,Y 591.556,Z 347.338,A 176.72,B 0.0,C -135.4} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 6***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 466.174}
PUMPON = TRUE

RUE
COLLETGRIP =
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 411.513,Y 175.717,Z 351.254,A -93.7,B 0.0,C -131.52, E1 -1211.513} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 560.953,Y 166.049,Z 218.687,A -93.7,B 0.0,C -131.52}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 411.513,Y 175.717,Z 351.254,A -93.7,B 0.0,C -131.52} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 7***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 467.526}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1200.375,Y 44.568,Z 351.15,A 74.84,B 0.0,C -131.65, E1 -2000.375} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 1056.122,Y 83.65,Z 218.245,A 74.84,B 0.0,C -131.65}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1200.375,Y 44.568,Z 351.15,A 74.84,B 0.0,C -131.65} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 8***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 601.288}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1252.36,Y 63.27,Z 352.8,A -12.76,B 0.0,C -129.23, E1 -2052.36} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 1286.59,Y 214.363,Z 226.313,A -12.76,B 0.0,C -129.23}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1252.36,Y 63.27,Z 352.8,A -12.76,B 0.0,C -129.23} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 9***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 517.956}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1830.523,Y 273.525,Z 348.355,A 157.55,B 0.0,C -134.53, E1 
-2630.523} C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 1776.069,Y 141.762,Z 208.094,A 157.55,B 0.0,C -134.53}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1830.523,Y 273.525,Z 348.355,A 157.55,B 0.0,C -134.53} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 10***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 476.816}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1284.324,Y 16.42,Z 351.715,A -112.28,B 0.0,C -130.92, E1 
-2084.324} C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 1424.179,Y -40.868,Z 220.724,A -112.28,B 0.0,C -130.92}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1284.324,Y 16.42,Z 351.715,A -112.28,B 0.0,C -130.92} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 11***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 348.652}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS

RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X -386.863,Y 265.029,Z 352.502,A -44.23,B 0.0,C -118.52, E1 -413.137} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X -264.276,Y 390.937,Z 257.006,A -44.23,B 0.0,C -118.52}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X -386.863,Y 265.029,Z 352.502,A -44.23,B 0.0,C -118.52} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 12***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 351.449}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 89.545,Y 625.252,Z 352.805,A 118.5,B 0.0,C -119.04, E1 -889.545} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X -64.122,Y 541.831,Z 255.711,A 118.5,B 0.0,C -119.04}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 89.545,Y 625.252,Z 352.805,A 118.5,B 0.0,C -119.04} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 13***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 418.679}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 3.898,Y 591.927,Z 349.009,A -72.5,B 0.0,C -114.33, E1 -803.898} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 177.7,Y 646.719,Z 266.603,A -72.5,B 0.0,C -114.33}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 3.898,Y 591.927,Z 349.009,A -72.5,B 0.0,C -114.33} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 14***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 573.535}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 785.98,Y 663.866,Z 349.896,A 87.13,B 0.0,C -133.06, E1 -1585.98} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 640.025,Y 671.188,Z 213.354,A 87.13,B 0.0,C -133.06}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 785.98,Y 663.866,Z 349.896,A 87.13,B 0.0,C -133.06} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 15***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 614.879}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 878.8,Y 651.692,Z 352.097,A -104.04,B 0.0,C -130.37, E1 -1678.8} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 1026.612,Y 614.723,Z 222.54,A -104.04,B 0.0,C -130.37}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 878.8,Y 651.692,Z 352.097,A -104.04,B 0.0,C -130.37} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 16***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 615.966}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1818.604,Y 347.593,Z 352.036,A 68.19,B 0.0,C -130.46, E1 -2618.604} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X 1677.332,Y 404.125,Z 222.243,A 68.19,B 0.0,C -130.46}
HALT

RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR #TOOL
LIN_REL ZGRIPSAFE #TOOL
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X 1818.604,Y 347.593,Z 352.036,A 68.19,B 0.0,C -130.46} C_DIS
PTP MIDPOS C_PTP
PTP BENDHOME
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 1
WAIT SEC COLLETDELAY
PRESSURE = FALSE
PUMPON = FALSE

;*********************MEMBER 17***************************

PTP BENDHOME
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN_REL XGRIPCLEAR C_DIS #TOOL
LIN XMINPOS:XGRIPCLEAR
LIN_REL XGRIPENGAGE #TOOL
HALT

RODGRIP = 2
WAIT SEC GRIPDELAY
LIN_REL {X 430.361}
PUMPON = TRUE
PRESSURE = TRUE
COLLETGRIP = 2
WAIT SEC COLLETDELAY
PRESSURE = FALSE
COLLETGRIP = 0
RODGRIP = 1
WAIT SEC GRIPDELAY
LIN SHEARMINPOS
RODGRIP = 2
WAIT SEC GRIPDELAY
PRESSURE = TRUE
SHEAR = TRUE
WAIT SEC SHEARDELAY
SHEAR = FALSE
PRESSURE = FALSE
PUMPON = FALSE
LIN_REL SHEARXCLEAR
PTP_REL SHEARZSAFE C_PTP

PTP MIDPOS C_PTP
PTP SAFEENDPOS C_PTP C_DIS
$VEL.CP=APPROACHVEL
LIN SHIFTED:{X -141.622,Y 101.67,Z 602.265,A 5.34,B 0.0,C -166.64, E1 -658.378} 
C_DIS
$VEL.CP=POSVEL
LIN SHIFTED:{X -145.926,Y 147.699,Z 407.682,A 5.34,B 0.0,C -166.64}
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